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NATIONAL TRANSPORTATION SAFETY BOARD
Washington, D. C, 20594
SPECIAL STUDY

Adopted July 20, 1976

GENERAL AVIATION ACCIDENTS INVOLVING AEROBATICS, 1972-1974
INTRODUCTION

The National Transportation Safety Board was prompted to study
aerobatic accidents because of the continued occurrence in recent years
of significant numbers of fatal or serious accidents involving aerobatics.
For example, from 1972 through 1974, 105 such accidents resulted in 107
fatalities and 21 serious injuries. The Safety Board believes that in
view of the growing interest in sport aerobatics and the continuing

- manufacture of airplanes certificated for aerobatic operation, an effort

should be made to reduce the number of aerobatic accidents. This study
isolates those problems which require remedial action.

The term aerobatics, as defined in 14 CFR 91.71, is "an intentional

- maneuver involving an abrupt change in an aircraft's attitude, an abnormal

attitude, or abnormal acceleration, not necessary for normal flight."
Rerobatics include snap rolls, chandelles, loops, aileron rolls, lazy
eights, and numerous other precision maneuvers, all of which can be
performed safely within specified design limits in airplanes certificated
for these operations. The primary risk associated with aerobatics is
largely a function of pilot competence, proficiency, and judgment.
Therefore, pilots must understand and adhere to the aerobatic limitations
of their airplanes, operate within the limits of their abilities and
experience, and exercise good Jjudgment in all operational matters relating
to the performance of aerobatic maneuvers.

During the barnstorming era of the 1920's and 1930's, aerobatics,
stunt flying, and other aerial displays effectively conjured up in the
public's mind thoughts of inextricable danger. This interpretation of
the sport may have resulted because of operational or airworthiness
Timitations of the aircraft of that era, and because of the sensationalism
associated with air circuses and airshows of that day. While the events
and circumstances of those days may have provided some justification for
this viewpoint, such a viewpoint is not justified in today's environment.




The maneuvers or circumstances surrounding most of the 105 accidents
evaluated in this report were not related to the performance of professional
or precision aerobatics because they lacked approved or prescribed
operational objectives, related expertise, organization, and planning.

In many accidents, the fundamentals of aerobatics--steep turns and pull-
ups--are involved only incidentally, while other accidents involved
nondescript combinations of aerobatic maneuvers. While these operations
may be technically defined as aerobatics, based on the broader definition
given above, they are more appropriately referred to as stunt flying,
skylarking, or careless and reckless operation,

The aerobatic training manual published by the Cessna Aircraft

~ Company explains that "stunt flying is a situation where the airplane is
doing radical maneuvering and nobody (particularly the pilot) knows what
~ is going on or what will be happening next. Precision aerobatic pilots

. practice hour after hour and know what is going to happen three and
seven-tenths maneuvers from now." The high percentage of pilots involved
in the cause of aerobatic accidents and the nature of their involvement
(attempted operation beyond experience/ability level; failed to follow
approved procedures, directives; exercised poor judgment) further
substantiate this point. Moreover, professional or competitive aerobatics
are conducted only in airplanes designed and approved for aerobatic
flight while a number of accidents in this study involved airplanes in
which aerobatic operation was prohibited.

AEROBATIC ACCIDENT STATISTICS

The Safety Board's records reveal that there were 105 aerobatic
accidents from 1972 through 1974, Seventy-eight aerobatic accidents (74
percent) were fatal and represented 3.76 percent of the 2,071 fatal
accidents. One hundred and seven persons lost their lives in aerobatic
a$cige?ts; 21 persons were injured seriously and 10 persons were injured
slightly.

Seventy-eight aerobatic accidents occurred in "noncommercial"
kinds-of-flying--58 in pleasure flying, 16 in practice flying, and 4 in
other noncommercial flying. Fourteen aerobatic accidents occurred in
the "miscellaneous” kind-of-flying category, 9 of which involved airshows.
Eight aerobatic accidents occurred during "instructional" flying--five
in instructional dual flying and three during instructional solo flight.
The remaining five aerobatic accidents occurred in "commercial" flying--
four during aerial application or crop control-related flights and one
during power or pipeline patrol.

| = I— R o, R U VR .
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The 105 accidents include the following specific first accident
types: Twenty-seven controlled collisions with ground or water; 6
uncontrolled collisions with ground or water; 9 collisions with wires,
poles, or trees; 13 stalls; 36 spins; and 10 airframe failures in flight.

The two most significant broad cause/factor categories for aerobatic
accidents are "pilot" and "terrain." The pilot was cited as a cause in
97 accidents and as a causal factor in 15 accidents. (More than one cause
or factor may be cited in a single accident.) Terrain was a cause of
two accidents and a factor in.nine accidents. (See Tables 1, 2, 3, and 4.)

Stalls and Spins

Forty-nine of the 105 accidents involved a stall or a spin (36
spins and 13 stalls). Most of these were unintentional and were related
to the performance of other aerobatic maneuvers at lTow altitudes--
altitudes which made recovery from the accidental stall or spin either
difficult or impossible. Flights at these altitudes were in violation
of 14 CFR 91.9, "Careless or Reckless Operation," and 14 CFR 91.71(d),
"Aerobatic F1ight" (except for those flights associated with airshows
where the FAA had issued a waiver or letter of competence). The Tatter
prohibits aerobatics below 1,500 feet above the surface. Accident-
prevention efforts, therefore, should be focused primarily on enforcement--(
an intensive and rigorous campaign by the FAA in which the certificate
of any person found guilty of violating these provisions would be suspended
or revoked, The conspicuous posting of notices to this effect at general
aviation airports throughout the country might be effective. In addition,
a regulation to restrict the performance of aerobatic maneuvers to

educational materials should also be considered as a solution to this
problem.

On the other hand, some of the spins were intentional and were
initiated at altitudes which would normally have been sufficient to
permit recovery. Recovery in these cases, however, was not effected
either because of inadequate spin recovery techniques at normal recovery
altitudes, or because the spin was otherwise prolonged to the point that
insufficient altitude remained in which to recover. In some cases, the
airplane hit the ground before the spin rotation stopped; in other
cases, the airplane crashed after spin rotation had stopped, but before
a pullup from the ensuing dive could be completed. Persons involved in
these types of accidents had some previous spin instruction, but their
overall knowledge and proficiency in spins is believed to have been
minimal. For example, they probably were not fully aware of all of the
adverse spin characteristics that could be induced through improper use
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of the flight or power controls, or both, or of the essential need to
use a precise technique appropriate to their particular airplane in
order to optimize the recovery,

The fatal spin accident, which involved a commercial flight
instructor and a passenger in a Cessna Model 150J on November 24,
1974, near Morganton, North Carolina, typifies the above circumstances.
A witness estimated that the spin continued for at least five turns.
Apparently, the airplane had stopped rotating, but struck the ground
in a near vertical attitude (File No. 3-3837).

A number of accidents which include the above ¢ircumstances
involved spins which were apparently initiated at altitudes that
allowed 1ittle margin for error, such as inept application of recovery
controls or a delayed recovery because a pilot misjudged his altitude
or became disoriented. This situation is particularly hazardous in
the case of the novice or relatively inexperienced pilot. The fatal
spin accident on January 28, 1974, just offshore, near Melbourne,
Florida, for example, involved a private pilot with less than 100
flight-hours who had been given several hours of aerobatic instruction
(File No. 3-0118). He was flying a Cessna Model A150L. A witness who
saw the airplane in a spin said the spin continued to a relatively low
altitude. The pilot was observed to bail out and his parachute deployed
satisfactorily; however, he drowned in rough seas.

Another case involving two commercial pilots further illustrates
the potential hazards of initiating spins at relatively low altitudes
(File No. 3-3937). The probable cause of this fatal spin accident is
cited as “pilot-in-command - misjudged altitude." An excerpt from the
factual report describes the circumstances:

At approximately 1600 c.s.t., a pilot and his companion
were observed to board N8344M and depart the airport.
Before departure the pilot had made the comment to persons
at the airport that he intended to demonstrate spins to his
companion.

At approximately 1630 c.s.t., a witness, who was also a
commercial pilot, saw an aircraft in flight from a point
about one mile northeast of the crash site. The witness saw
the aircraft do a series of wing-over maneuvers. After
completing one of these maneuvers, the aircraft made a climb
and went into a spin, rotating to the left. The aircraft
was seen as it continued in a spin until it disappeared from
the witness' view behind some trees. This witness estimated
the aircraft's altitude to be approximately 3,500 feet when “
it began to spin.
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A second witness, who was watching the aircraft in
flight stated that the aircraft turned or spun seven times
before it crashed in an open field. Both occupants of the
ajrcraft were found in the cockpit with their seatbelts
fastened and wearing back-type parachutes.

Investigation disclosed no evidence of an in-flight
malfunction or failure. A1l aircraft control surfaces and
extremities were found within the immediate wreckage area.

The weather in the area was described as clear of
clouds with good visibility.

Both occupants held commercial pilot certificates. The
pilot was enrolled in a 10-hour acrobatic course and at the
time of the accident had received 7.2 hours of dual instruction
including spins and spin recovery.

In one accident which resulted during an intentional spin, the
airplane's spin characteristics or lack of response may have been a
factor in thwarting the pilot's recovery efforts. On September 24,
1972, at Larkspur, Colorado, a Beechcraft Model C-23 airplane failed
to recover from a spin despite repeated recovery efforts by a commercial
flight instructor and his student. Both parachuted from the airplane.
Airworthiness Directive 74-14-05 was issued subsequently to "prevent
in-flight situations in which prompt spin recovery may not be assured."
The AD applied to Beechcraft Models B-19 and C-23 which were originally
approved in the acrobatic category and to intentional spins in the

utility and acrobatic categories. The AD prohibited intentional spins ’

in these airplanes and required that all placards pertaining to intentional
spins and acrobatic flight be removed. In place thereof, a placard

was required which prohibited intentional spins and acrobatic maneuvers
except chandelles, lazy eights, steep turns, and stalls (except whip
stalls). A Beech spin-improvement kit must be installed for these
operating restrictions to be removed.

Several flight instructors have complained of difficulty in
recovering from spins in Cessna Model 150 airplanes. Detailed investigation
by the FAA, however, disclosed that the problems were related to
operational vagaries or anomalies, inadequate knowledge regarding the
precise spin recovery procedures necessary for the airplane, improper
application or misapplication of recovery controls, apprehension, and
confusion. As a result of these incidents and past spin accidents,
the initiation of spins at higher, conservative altitudes is being
emphasized. For example, the 1976 pilot's operating handbook for the
Cessna 150 Aerobat recommends that :
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"Where feasible, entries be accomplished at high enough
altitude that recoveries are completed 4,000 feet or more
above ground level., At least 1,000 feet of altitude loss
should be allowed for a 1-turn spin and recovery, while a 6-
turn spin and recovery may require somewhat more than twice
that amount. For example, the recommended entry altitude
for a 6-turn spin would be 6,000 feet above ground level.

In any case, entries should be planned so that recoveries
are completed well above the minimum 1,500 feet above ground
level required by FAR 91.71. Another reason for using high
altitudes for practicing spins is that a greater field of
view is provided which will assist in maintaining pilot
orientation.” '

While the frequency of spin accidents involving the operational
circumstances described above is not unusually high, these accidents
occur regularly and usually are fatal. Furthermore, in view of the
expanding aerobatic interest in spins, the frequency of these accidents
can be expected to increase unless steps are taken to prevent their
recurrence.

Based on the provisions of 14 CFR 91.71(d), on airplane spin
mechanics and recovery requirements, and on the human potential for
error, the Board believes that a supplemental schedule of minimum
initial spin altitudes should be incorporated into 14 CFR 91.71. For
example, no spin, regardless of duration or number of turns, should be
permitted to begin below 3,500 feet above the surface and spins initiated
at this altitude should not exceed a designated number of turns before
recovery is begun. A conservative increment in altitude should be
required for each additional spin turn or fraction thereof.

In years past, spins and spin-recovery procedures have been over-
simplified. Only recently have precise recovery procedures been
emphasized for a particular airplane. There are, moreover, various
operational circumstances which stem from confusion, apprehension,
disorientation, and the misapplication of flight controls which may
hamper the recovery process. Because some of the knowledge regarding
spins and spin-recovery techniques has been attained only recently,
flight instructors may not be aware of many of the operational implications.

To disseminate recent spin information, the FAA's Central Region,
in cooperation with the Cessna Aircraft Company, devoted most of its
"Flight Instructor Bulletin" of August 1975 to spins, particularly as
th§y relate to the Cessna Models 150, A150, 172,and 177. (See Appendix
F.
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The FAA's Central Region also initiated a spin indoctrination
program relating to the spinning characteristics of typical general
aviation airplanes, particularly those used extensively for training.

On August 16 and 17, 1975, the first of a series of stall/spin clinics
was held at St. Louis, Missouri. The clinic was held to brief flight
instructors on the precise spin characteristics of the Cessna 150 and,
through actual flight demonstrations, provide appropriate operational
indoctrination. A subsequent clinic dealt with the spin characteristics
of Piper Cherokee airplanes.

Collisions With Ground/Water, Wires/Poles, Trees

There were four types of collisions which were associated with 42
(40 percent) of the 105 accidents: Twenty-seven were controlled
collisions with the ground or water, six were uncontrolled collisions
with the ground or water, two were collisions with wires or poles, and
seven were collisions with trees. Again, many of these accidents
reflect the hazards of performing aerobatics at low altitudes. While
a few of these collisions occurred during an authorized airshow, most
involved flights conducted in violation of one or more of the provisions
of 14 CFR 91.71, Safety Board records show that some of the more
signi{;cant causes or causal factors retating to these accidents are
as follows:

Exercised poor judgment.

Misjudged altitude.

Unwarranted low flying.

Attempted operation beyond experience/ability level.
Failed to follow approved procedures, directives, etc,
Alcoholic impairment of efficiency and judgment.
Misjudged altitude and clearance.

Improper operation of flight controls.

COO0O0OO0QCQO

The remedial action necessary to reduce these types of accidents
is jdentical to that previously discussed in connection with stalls
and spins--an intensive enforcement compaign by FAA.

Airshow Aerobatics

Before conducting an airshow, the sponsor of the airshow must
obtain a certificate of waiver or authorization from the Federal
Aviation Administration. The operations authorized and the waived
regulations are specified thereon such as aerobatic flights associated
with an airshow, waiver of Part 91.71(c) (flight within a control zone
or Federal airway), and waiver of Part 91.71(d) (acrobatic flight
below an altitude of 1,500 feet above the surface). The certificate
is accompanied by a 1ist of special provisions pertinent to the operations
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authorized and any participating pilot, {f he is to operate below
1,500 feet above the surface, must also possess a current letter of
competency indicating that he has demonstrated satisfactorily his
ability to perform aerobatics for public airshows. This letter may
contain limitations relating to minimum operating altitude, permissible
maneuvers, and type of aircraft,

As previously noted, there were nine accidents directly associated
with the actual performance of aerobatics at airshows; three of these
were fatal, five involved serious injuries, and one invoived minor
injuries. In addition, 7 of the 16 accidents which occurred in non-
commercial practice flying were related indirectly to an airshow since
their associated flight purposes involved the practice of maneuvers to
be performed at an airshow at some future time. Six of the seven
accidents were fatal; one involved serious injuries. {See Table 5.)

The aercbatic meneuvers being performed included rolls or inverted
flight at Tow altitude, snap rolls, and spins at low altitude.

Airframe Failure In Flight

Airframe failure in flight is one of the several primary types of
accidents relating to aerobatic mishaps and was evidenced in 10 of the
105 aerobatic accidents. Five airplanes involved were experimental or
amateur-built, three were certificated in the aerobatic category, one
was certificated in the normal category, and one was uncertificated.
(See Table 6.) ‘

The avoidance of such a failure is of special interest to aerobatic
pilots since an adequate understanding and respect for an airplane's
structural limitations are fundamental prerequisites for the performance
of aerobatic maneuvers. To avoid exceeding an airplane's design
stress 1imits, the aerobatic pilot knows he must stay within two
structural lTimitations: One pertaining to airspeed, the other to load
factor. Normally, the airspeed indicator is monitored routinely and,
as an aid to the pilot in observing airspeed limits, a radial red line
has been painted on the instrument to designate Vne--the never-exceed
airspeed. The following comments regarding the never exceed airspeed
and 1imit load factor are excerpted from the Citabria Owners Manual:

"The never-exceed speed is equivalent to the limit Toad
factor--it is the maximum speed expected in service. It is
shown by a red 1ine on the airspeed indicator, and, as the
name implies, should mever be exceeded.

"NOTE: In a Citabria, a slightly mose-low attitude when
inverted will allow a rapid buildup of speed. Watch the
airspeed indicator whem inverted to prevent exceeding the
never-exceed speed.
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"If you should ever get into a position from which you
cannot recover without exceeding either the never-exceed
speed or the 1imit load factor, it is usually best to recover
without exceeding the 1imit load factor, even if airspeed
exceeds the never-exceed speed."

Despite the emphasis placed on the critical importance of observing
an airplane's 1imit load factors during the performance of aerobatic
maneuvers, accelerometers (instruments which measure load factor) are
not required on most aerobatic airpianes. An accelerometer is required
in Bellanca's Champion Model 8KCAB (the Decathlon), which has Timit

load factors of -5g and +6g, but not in predecessor Bellanca models,
such as the 7ECA, which have 1imit load factors of only -2g and +5g.

Accelerometers are useful for indicating not only the immediate
load factor, but also for temporarily recording the maximum and minimum
load factors induced during a maneuver or series of maneuvers. This
capability provides a means of assessing or calibrating the adequacy
and precision of certain maneuvers or combinations of maneuvers
(e.g., loops and immelmanns).

As pointed out in studies conducted by the National Aeronautics
and Space Administration, stick forces are not necessarily a reliable
indication of load factor, particularly negative load factor, nor do
they pose any significant physical constraint to the generation of
excessive load factors. While aerobatic pilots may acquire capability
for sensing the approximate load factor, critical dependence on this
means alone to assure operation within precise 1imits does not appear
justified.

While installation of an accelerometer does not assure that an
airplane will not be overloaded, repeated indications to a pilot that
he is inducing Toad factors which approach or exceed structural limits
would prompt him to alter or discontinue his actions, or at least to
exercise more caution. While it is important to avoid exceeding limit
load factors, it is equally important to know when these load factors
have been exceeded.

ATRWORTHINESS STANDARDS
Airplane Categories
The operations or maneuvers which may be performed in airplanes

currently certificated in accordance with 14 CFR 23 are given in Part
23.3, "Airplane categories":
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(a) The normal category is limited to airplanes intended for
nonacrobatic operation. Nonacrobatic operation includes -

(1) Any maneuver incident to normal flying;
(2) Stalls (except whip stalls); and

(3) Lazy eights, chandelles, and steep turns, in which
the angle of bank is not more than 60 degrees.

(b) The utility category is limited to airplanes intended for I
1imited acrobatic operation. Airplanes certificated in the
utility category may be used in any of the operations covered 2
under paragraph (a) of this section and in limited acrobatic ‘
operations. Limited acrobatic operation includes -

(1) Spins (if approved for the particular type of
airplane); and

(2) Lazy eights, chandelles, and steep turns, in which
the angle of bank is more than 60 degrees.

{c) The acrobatic category is limited to airplanes intended
for use without restrictions other than those shown to be
necessary as a result of required flight tests.

(d) Small airplanes may be certificated in more than one
category if the requirements of each requested category are
met.

Limit Maneuvering Load Factors

The related structural limitations associated with the above categories
are given in Part 23.337, "Limit maneuvering load factors":

(a} The positive 1imit maneuvering load factor may not be
less than -

(1) 2.1 + 24,000 for normal category airplanes,
W+10,000
except that n need not be more than 3.8

(2) 4.4 for utility category airplanes; or

(3) 6.0 for acrobatic category airplanes.

(b) The negative limit maneuvering load factor may not be
less than -
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(1) 0.4 times the positive load factor for the normal
and utility categories; or

(2) 0.5 times the positive load factor for the acrobatic
category.

(c) Maneuvering load factors lower than those specified in
this section may be used if the airplane has design features
that make it impossible to exceed these values in flight.

Spinning

The spin requirements for each category are contained in Part
23.221, "Spinning":

{(a) Normal category. A single-engine, normal category
airplane must be able to recover from a one-turn spin or a
3-second spin, whichever takes longer, in not more than one
additional turn, with the controls used in the manner normally
used ‘for recovery. In addition - '

(1) For both the flaps-retracted and flaps-extended
conditions, the applicable airspeed 1imit and positive
Timit maneuvering load factor may not be exceeded;

(2) There may be no excessive back pressure during the
spin or recovery; and

(3) It must be impossible to obtain uncontrollable
spins with any use of the controls.

For the flaps-extended condition, the flaps may be re-
tracted during recovery.

(b) Utility category. A utility category airplane must
meet the requirements of paragraph {(a) of this section or
the requirements of paragraph (cg of this section,

(c) Acrobatic category. An acrobatic category airplane
must meet the following requirements:

(1) The airplane must recover from any point in a
spin, in not more than one and one-half additional
turns after normal recovery application of the controls.
Prior to normal recovery application of the controls,
the spin test must proceed for six turns or 3 seconds,
whichever takes longer, with flaps retracted, and one
turn or 3 seconds, whichever takes longer, with flaps
extended. However, beyond 3 seconds, the spin may be
discontinued when spiral characteristics appear with
flaps retracted.
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(2) For both the flaps-retracted and flaps-extended
conditions, the applicable airspeed 1imit and positive
1imit maneuvering load factor may not be exceeded. For
the flaps-extended condition, the flaps may be retracted
during recovery, if a placard is installed prohibiting
intentional spins with flaps extended.

(3) It must be impossible to obtain uncontroilable
spins with any use of the controls.

(d) AIRPLANES "Characteristically incapable of spinning®.

If it is desired to designate an airplane as "characteristically
incapable of spinning" this characteristic must be shown

with -

(1) A weight five percent more than the highest weight
for which approval is requested;

{2) A center of gravity at least three percent aft of
the rearmost position for which approval is requested;

(3) An available elevator up-travel four degrees in
excess of that to which the elevator travel is to be
limited for approval; and

(4) An available rudder travel seven degrees, in both
directions, in excess of that to which the rudder
travel is to be limited for approval.

The above airplane categories are defined in essentially the same
way in both CFR 23 and Part 3 of the Civil Air Regulations (CAR 3}).
This latter regulatory part was the basis for certification before CFR
23 became effective. The limit maneuvering load factor and spin
requirements in these parts are the same except that the spin requirements
in CAR 3 were applicable to all airplanes of 4,000 pounds or less
maximum weight while those in Part 23 apply only to single-engine
airplanes.

Operational Considerations

Applications for airplane certification received between November 13,
1945, and February 1, 1965, were processed in accordance with the
airworthiness standards in CAR 3; those received before November 13,

1945, were governed by Part 4a or Part 04 of the Civil Air Regulations,
or Aeronautics Bulletin No. 7-a. A substantia} number of older airplanes
operating today such as the Aeronca Champion, Cessna 120/140, Luscombe,
Piper J-3, and Taylorcraft, were certificated under CAR 4a or CAR 04.
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An applicant who certificated an airplane in accordance with CAR 04
or CAR 4a could elect to do so in the normal, acrobatic,or transport
categories depending on the intended use of the airplane. The air-
worthiness standards for the normal and acrobatic categories under these
parts, however, including those relating to maneuvering load factors,
were the same. Additionally, the operational category of some airplanes
certificated under these parts is not specified on the type certification
data sheets. Neither is there an approved flight manual nor approved
operating Timitations governing their use. Consequently, from a regulatory
point of view, these airplanes may engage in aerobatics with no restrictions
as to type of maneuvers which may be performed.

The regulatory requirements for certification in the acrobatic
category have been improved and expanded somewhat over the years with
respect to structural standards which distinguish between type of air-
plane operation, demonstration of maneuvers for which certification is
requested, specifications regarding approved types of acrobatic maneuvers,
and entry speeds. One significant difference in the aerobatic criteria
between Part 23 and CAR Parts 04 and 4a is in regard to the Timit maneuvering
load factor. As noted above, Part 23 requires that the limit maneuvering
load factor envelope extend from -3g to +6g. In contrast, the Citabria,

a present-day aerobatic airplane certificated in accordance with Part 4a
(because it was derived from the normal category, Aeronca Champion
originally certificated under this Part), has an operational envelope

that extends from -2g to +5.2g, The manufacturer of the Citabria also
builds the aerobatic Decathlon, an airplane which was certificated under
Part 23 in the early 1970's. This airplane has an operational limit

load factor envelope extending from -5g to +6g and is capable of performing
many of the more complex inverted competitive type aerobatics.

The National Aeronautics and Space Administration has studied the
actual flight loads on a number of general aviation airplanes for com-
parison with their design flight envelopes, including accelerations
measured during individual practice, and competitive aerobatics. As a
result, one of the conclusions contained in a 1968 NASA report entitled
"Initial Report on the Operational Experiences of General Aviation
Aircraft" pointed out that "A Timited sample of data from aerobatic
operations shows significant exceedances of the minimum negative limit
load factor required by FAR 23 for certification in the aerobatic category
when obligatory groups of maneuvers are performed." A Jjoint program was
subsequently undertaken between NASA and the Champion Aircraft Corp. to
investigate aerobatic loading conditions in more detail. Data were
taken on a test airplane which participated in national aerobatic
competition. This program resulted in the 1970 NASA report entitled
"Loading Conditions Measured During Aerobatic Maneuvers® and substan-
tiated the aerobatic findings in the previous report.




- 24 -

The following excerpt from this report points out the potential for
exceeding the 1imit maneuvering load factors:

"For the maneuvers in which the negative normal load
factor exceeded a value of -3, the maximum stick push forces
ranged 15-44 1b, depending primarily on the elevator trim tab
position. The pilot control force, therefore, would not be a
reliable indication of the negative normal load factor, nor
would the control force be a physical 1imit for load factors
that exceeded the minimum required negative load factor.

"The largest positive normal load factors occurred during
pullout and pullup portions of various maneuvers as the pilot
was trying to turn a square corner. The load factor for two
of these maneuvers came very close to the positive limit
maneuver envelope. The maximum stick pull force for one maneuver
was 55 1b; therefore it would appear that exceeding the
positive 1imit maneuver envelope is not limited by the physical
capabilities of the pilot. It seems quite probable that the
positive 1imit maneuver load factor would be exceeded occasionally,
particulariy during competitive conditions."

The Safety Board realizes that the airworthiness standards in 14 mane
CFR 23 are only minimum standards and that certification in the aerobatic 232;

category does not necessarily mean that all types of aerobatic maneuvers b
may be performed. Moreover, if those aerobatic maneuvers approved for a ' }0”
particular airplane were always flown by experienced aerobatic pilots, altr

the potential for exceeding the design flight envelope would be remote. : no 1
Professional aerobatic pilots, however, tend to fly higher strength, E assu
higher performance airplanes with relatively few rdstrictions while the : may
novice aerobatic pilots routinely fly the more restricted airplanes. as a
Also, the label “"certified for aerobatics" often results in a false appr
sense of security since it implicitly conveys an operational or structural g?:g

capacity which may not exist. This is particularly true in light of the : :
significant differences in structural limitations between various aerobatic ?ﬁt1
airplanes. Additionally, the actual strength of an aerobatic airplane e

designed to the standards of CAR 4a may not be significantly greater : or 1

than that of an airplane certificated in the utility category under 14 requ

CFR 23, 1 use,

of t

In view of the above information, the expanded interest in aerobatics indi

in recent years,and the performance of increasingly sophisticated : orie
aerobatic maneuvers by relatively inexperienced pilots, there is an i

increasing need to assure complete understanding of all of the operational - .

implications associated with the performance of aerobatics and a margin t airp

of safety compatible with the potential consequence of operaticnal error ' %:g%:

in maneuvers flown by these pilots.
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AEROBATIC TRAINING

A course on the fundamentals of aerobatics is usually programmed
for 2 minimum of 10 to 12 hours of flight instruction. The course
generally is for a particular airplane, such as the Cessna 150 Aerobat,
the Bellanca Citabria, or the Bellanca Decathlon. The specific maneuvers
taught include most or all of those approved for these airplanes--spins,
loops, aileron rolls, Immelmanns, and snap rolls,

Except in an isolated case or two involving an FAA-approved aerobatic
course, there are no regulations which relate directly to the aerobatic
curriculum or to pilot flight proficiency or experience since there are
no certification tests or airman ratings required in connection with the
performance of aerobatics. Consequently, although the operator of a
pilot school could apply for FAA approval of an aerobatic course under

14 CFR 141, there are generally no economic or operational reasons for
him to do so.

The lack of regulation prompts some concern regarding the quality
of aerobatic instruction and the unrestricted performance of aerobatic
maneuvers by pilots lacking adequate training or experience in such
maneuvers. For example, a flight instructor holding only an "airplane"
rating cannot instruct in the capacity of an instrument flight instructor
even though he holds an instrument rating, He must pass both an addi-
tional written and a practical test before doing so. By contrast,
although the operating implications and safety aspects of aerobatics are
no less critical, there is no similar Prerequisite or criterion to
assure instructor competence in this area. Even though a flight instructor
may have compiled substantial flight experience, it is essential that,
as an aerobatic instructor, he be thoroughly familiar with all of the
approved flight maneuvers, specialized operational techniques, and
performance flight characteristics of each make and model airplane used.
Since there are no aerobatic certification tests or related airman
ratings, it is not feasible to require aerobatic instructor ratings.
The FAA, however, should consider the issuance of a "lTetter of competence"
or its equivalent. A potential aerobatic instructor would then be
required to demonstrate, in the airplane make and model he intends to
use, all aerobatic maneuvers approved for that make and model. In place
of the demonstration, a certificate would be presented to that instructor
indicating that he has completed satisfactorily an aerobatic instructor's
orientation course given by the manufacturer or its distributors.

A1l aerobatic maneuvers approved for a particular make and model
airplane can be performed safely by pilots who have been adequately
trained in these maneuvers--those who have received comprehensive dual
instruction from a qualified flight instructor and have practiced such
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maneuvers under his supervision. Conversely, these maneuvers, particularly
those involving inverted flight, cannot be performed safely without this
type of training. Regardless of a pilot's flight experience, the ability
to perform aerobatics safely does not stem automatically from such
experience and the acquisition of aerobatic proficiency is not necessarily
a natural extension of his overall flying abilities. The following
excerpts from the respective Cessna and Bellanca aerobatic training
manuals emphasize this point:

0 "0f course, no aerobatic maneuvers should be attempted
without first having received dual instruction from a
qualified aerobatic instructor. Just as you didn't read
a book entitled How To Fly, Jjump in an airplane and
proceed to teach yourself to get the machine off the
ground and back again. You will agree that had you done
just that, you would have been in for a surprising
experience. In addition, had you achieved such'a feat . . .
only bad habits and poor techniques would have developed.

0 "Never attempt to do aerobatics unless you are qualified
as evidenced by a certificated flight instructor. Only
then can you be assured the safety of not exceeding
design limitations."

Despite these precautionary notes and in the absence of regulations
restricting his performance, the novice aerobatic pilot may perform any
of the aerobatic maneuvers approved for his airplane, regardliess of
their complexity or criticality. Moreover, there is no assurance that
dual instruction alone or the completion of an aerobatics course will
result in the student's attaining an adequate measure of aerobatic
proficiency, particularly since there are no established operational or
experience prerequisites for such a course of instruction. The only way
to assure that the student has attained this proficiency is to have his
aerobatic flight instructor endorse his logbook to this effect in those
cases where he believes the student's demonstrated performance warrants
it. This endorsement could reiate to any or all of the aerobatic maneuvers
approved for a particular airplane. Pilots should be prohibited from
performing any critical aerobatic maneuver without first obtaining such
an endorsement. Although they are sometimes considered as aerobatics,
from a technical point of view, chandelles, lazy eights, and other
coordination exercises and maneuvers normally practiced and developed
during the course of training for airman certification tests need not be
included within the context of this endorsement.

LERENITITEY

A a3ty ™
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CONCLUSIONS

0 Since there are no certification tests or airman ratings
required in connection with the performance of aerobatics,
there are no regulations which relate directly to the aerobatic
training curriculum or to the flight instructors' or novice
pilots' aerobatic flight proficiency or experience.

0 The majority of accidents involving aerobatics are unrelated
to precision or professional aerobatics. Many such accidents

are merely the result of careless and reckless operation by
pilots lacking aerobatic knowledge, training, or proficiency,

¢ Over the years, regulatory requirements for aircraft
certification in the aerobatic category have been improved and
expanded somewhat with respect to structural criteria based on
type of airplane operation, demonstration of maneuvers for

which certification is requested, and approved types of aerobatic
maneuvers.

0 The operational category (normal or aerobatic) of some
older airplanes certificated under Parts 4z or 04 of the Civil
Air Regulations is not specified on the type certification
data sheet. Neither is there an approved flight manual nor
approved operating limitations governing their use. Con-
sequently, from a regulatory point of view, these airplanes
may engage in aerobatics with no restrictions as to type of
maneuvers which may be performed.

0 Flight evaluation studies by the National Aeronautics and
Space Administration in one particular aerobatic airplane
disclosed that the minimum negative 1imit load factor required
by FAR 23 was exceeded significantly when obligatory (com-
petitive) groups of aerobatic maneuvers were performed; stick
forces, it was learned, were not necessarily a reliable indi-
cation of load factor, nor was exceeding the 1imit load factor
significantly limited by the physical capabilities of the
pilot.

0 The aerobatic maneuvers being performed during airshow or
airshow-related accidents generally included rolls or inverted
flight, snap rolls, and spins at low altitude,

0 The majority of the stalls and spins involved in
aerobatic-related accidents were unintentional and occurred at

low altitudes--altitudes which made recovery from the stall or
spin difficult or impossible. Those accidents directly associated
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with intentional spins {some of which also occurred because of
a lack of altitude sufficient for a complete spin recovery)
generally related to lTack of pilot experience or proficiency,
poor judgment, improper or inadequate spin recovery techniques,
etc.

0 Because of operational vagaries or anomalies, improper or
inadequate application of recovery controls, apprehension,
confusion, or disorientation, the initiation of spins at higher
altitudes is being increasingly emphasized. Moreover, to
obtain consistent, optimum spin recovery results may require
use of precise spin recovery techniques.

0 Aerobatic accidents involving controlled and uncontrolied
collisions with the ground or collisions with wires, poles, or
trees, 1ike many of the aerobatic-related stall/spin acci-
dents, merely reflect the hazards of performing aerobatics at
Tow altitude. Most such accidents involved flights conducted
in violation of one or more of the provisions of FAR 91.71,
“Acrobatic Flight," particularly FAR 91.7(d) which prohibits
the operation of an aircraft in acrobatic flight below an
altitude of 1,500 feet above the surface.

0 Five of the ten airplanes involved in the aerobatics-
related, in-flight airframe failures accidents reviewed herein
were experimental or amateur built; three were certificated in
the aerobatic category; one was certificated in the normal
category; and one was uncertificated.

0 Despite the emphasis placed on the critical importance of
observing an airplane’s 1imit load factor and the operational
usefulness of recording load factors induced during a maneuver
or series of maneuvers, accelerometers (instruments which
measure load factor) are not required on some aerobatic
airplanes.

RECOMMENDATIONS

As a result of this Special Study, the National Transportation
Safety Board has recommended that the Federal Aviation Administration:

"Expand the presentation of flight instructor stall/spin
indoctrination clinics patterned after the one initially
held in FAA's Central Region on August 15-17, 1975, to
inctude all FAA Regions and various popular make and

model airplanes. (Class II--Priority Followup.) (A-76-105).
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“Require a commercial flight instructor to hold a 'letter
of competence' or its equivalent before providing aero-
batic instruction other than that routinely required
during the normal course of training for airman certi-
fication tests. (Class III--Longer-Term Followup.)
(A-76-106).

"Require that pilots obtain a logbook endorsement from an
aerobatic flight instructor before performing aerobatic
maneuvers other than those required in connection with
airman certification tests. (Class ITI--Longer-Term
Followup.) (A-76-107).

“Issue an Advisory Circular explaining the operational
considerations, airworthiness requirements, and safety
aspects associated with the performance of aerobatics.
(Class II--Priority Followup.) (A-76-108). ‘

“Require that all airplanes subsequently certificated in
the aerobatic category, including those previously certi-
ficated in another category under a Regulatory Part other
than 14 CFR 23, conform with the currently applicable
structural criteria in Subpart C of FAR 23, particularly
the provisions relating to limit maneuvering load factors.
(Class II--Priority Followup.) (A-76-109).

"Evaluate the feasibility of specifying stick force gradient
requirements uniquely applicable to aerobatic airplanes

in 14 CFR 23.155,'Elevator Control Force in Maneuvers:'
(Class III--Longer-Term Followup.) (A-76-110).

"Amend 14 CFR 91.71, 'Aerobatic Flight' to include a
schedule of minimum initial spin altitudes. (Class II--
Priority Followup.) (A-76-111).

"Conduct an intensive accident prevention compaign to
emphasize and enforce effectively the provisions of 14
CFR 91.71,'Aerobatic flight' and 14 CFR 91.9, 'Careless
or Reckless Operation.' (Class II--Priority Followup.)
(A-76-112).

"Require the insta]Tétion of accelerometers in all aerobatic
airplanes. (Class III--Longer-Term Followup.) (A-76-113).

"Amend 14 CFR 23,337, 'Limit Maneuvering Load Factor,' to
increase the minumum required, negative limit maneuvering
load factor for aerobatic airplanes from -3.0 to -4.5,
(Class III--Longer-Term Followup.) (A-76-114).
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“Amend 14 CFR 23.333, 'Flight Envelope' to require that
the negative maneuvering load factor specified in 14 CFR
23.337 for the aerobatic category remain constant between
1I1--Longer-Term Followup.) (A-76-115)."

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ WEBSTER B. TODD, JR.

Chairman

/s/ KAY BAILEY

‘ Yice Chairman

/s/ FRANCIS H. McADAMS

Member

/s/ PHILIP A. HOGUE

Member

/s/ WILLIAM R. HALEY

Member

July 20, 1976




APPENDIX A
LIST OF ACCIDENTS IVOLVING AEROBATIC IN-FLIGHT PHASE OF OPERATION




FILFE
NIIMRFR

3 4120

3 3704

3 2944

3 2276

3 0405

3 3943

3 1847

3 1033

3 0204

3 37n5

3 3418

3 2R8K

3 1176

3 1091

3 0284

3 2759

3 1709

3 1676

3 3127

3 3304

3 3099

3 2527

3 nana

3 3AH4

ATRCRAFT
REGIST.

NRODE

N3AN34
NQOO3
N2NGFA
NR2372
NGOG1A
N1122

NRGE3

NZ2536F
NGO2TL
NR540T
N16230G
NOBR1Y
MB136AX
MNAE39BM
NTBALF
MEORTX
M&YlROA
NGS5
N&1RrR1Y
N31295
N3AN3A3
MBARHRG
NO4TAH
N54112

NQTRSIL
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LIST 0OF ACGCIDENTS INVDOLVING

ACRARATICS INFLIGHT PHASE NF NPERATION
GENERAL AVTATION

e S

1972 - 1974

SORTEN RY AIRCRAFT MAKF AND MODEL

DATE

122174
100673
092273
072973
072274
021074
120873
OT2RT4
N33174
031773
013073
NBROT7T?
1105872
n7Tn872
ng1272
nTaet2
N11R72
Na1RT7As
052474
N62474
100674
111873
N9NRARTL
ngl2i3
060272

092472

LOCATION

VERBANK 4 NY
MARRTISILL
JACKSONYILLE, ARK
RACK SPRINGS 4WYD
STUTTGART 2 ARK
CANNN CITY.COLD
SAUTH HAVEN,MICH
ARCHDALE ¢ NC
XENMT AL OHIN
MANFRACALIF
SLOUGHHNUSE CALTF
MCCORNDSVILLE Y TND
HOGNESDALF  PA
SAN RAMON,CALTF
SHERRILLS EORMGNC
WINDSOR, VA
SANGER s TEX
PAPTLLINN,NFRR
SCOTTSVILLFESVA
MGTLROY +CALIF
MEW CASTLE,IND
SANTA FE,.N MEX
S WEYMALITH,MASS
MHTIPDENTTE NG

MADTSON.MISS

LARKSPUR,,CILA

ATRCRAFT

MAKE MONEL
AVION MUDRY  CAPINB
RELLANCA TGLRC
CHAMPINN TKCAR
AERNNCA TROM
AFRONC A 7AC
RELLANCA TKCAB
CHAMPTON TGCAA
RELLANCA TGERC
CHAMPTON TECA
CHAMP ION TKCAR
AERDNG A TAC
CHAMPION TECA
CHAMPTION TGCR
CHAMPION TXCAR
CHAMPION THCAA
CHAMP 1N TKCAR
CHAMPIOM TGCHC
RELLANCA AKCAR
RELLANCA BKCAB
RELLANCA RKC AR
BELLANCA RKC AR
RELLANCA RK( AR
BELLANCA RKC AR
FAIRCHILD M=£2C
FAITRCHILD M=f2 A
RFFCH €23

APPENDIX A

FNJURY
INDEX

MINDR
FATAL
FATAL
MINDR
FATAL
FATAL
FaTAL
FATAL
FATAL
FATAL
SERINUS
FATAL
FAaTAL
FATAL
FATAL
FATAL
FATAL
FATAL
FATAL
NOME
SERTNUS
FATAL
FATAL
NONE
"TFATAL

SERIOVS
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FILF AIRCRAFT
NUMBER  REGTST.
3 327ThA NAREEH4HO
3 3018 NM511RNM
3 1610 NTTTIV
3 3439 NT238V
3 3818 N21724V
3 0047 NT5J

3 3937 NA344M
3 0141 N18521
3 1R98 NTZ1TS
3 2765 N59046G
3 1881 NlQéTQ
3 2R84 NAG4LIM
3 2967 NB3L3M
3 D3R8 NAZ2BSG
3 3014 NAO4LTJ
3 0118 NB930J
3 2303 NI9266
3 0R31 NH0K2Y
3 3837 NAOSGAL
3 2708 M1195R
3 Q&3R8 NT7284T
3 2795 N93258
3 0452 NTB6GA
3 2283 N9321T
3 0394 N1628T
3 1143 N&44Q9Q
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L15T NF ACCTIDENTS TNVALVING

ACRDBATINS INFLIGHT PHASE NF OPFRATINN

e §. GENERAL AVTIATION

1972 — 1974

SORTEN RY ATRCRAFT MAKE AND MONFEL

NATE

100774

0g0174

n6la7a

062074

121974

012372

110472

030273

073173

100973

61573

N51377

101473

012672

092373

012874

062974

042374

112474

091974

031474

072772

032373

O7L274

022074

080572

LOCATIDN

SOMERVILLF s TENN
WAYNESVILLE #NC
NHOYT,COLL0
STEPHEN,MINN
NWASC. OREG
FREEPNRT »TEX
WENTZVILLE.MD
YORK ¢ NY
HMAMPTON, TOWA
MELROURNFE «FLA
KEY WEST,FLA
METAMORA.MICH
MCARTHUR,OHIO
TOPSATILSNC
HOLLY,MICH
NMELRDOURNE 4 FLA
FAYETTEVILLEWZNC
R10 RANCHN N MEX
MORGANTONg NC
PARKINsARK
STLVER CITY.MN MEX
PNRT CHARLDOTE +FLA
LIVERMDRE;CALIF
NTACOMA s WASH
LERANON, MO

SYLVESTER.GA

ATRCRART

MAKE MONEL
ROF ING A:)
BORFTNG ATSL3
CALLAIR A-9R
CALLAIR A=
CESSHA 120
CFSSNA 140
CESSNA ALBNK
CESSNA 150
CESSMA 1504
CESSNMA 150K
CESSNA 150
CESSNA Al150
CRSSMA AL 0K
CFESSNA 1510
CESSNA AlBNL
CrSSNA A5 0L
CESSNA 15 0L
CESSMA A1S0OL
CESSMA 150d
CESSNA 1500
CESSNA 1724
CESShA 175
CESSNA 1R0OA
CESSNA 180C
CESSNA 414
CESSNA A1BRA

TNJURY
INMDEX

FATAL

FATAL

SERINDS

SERINUS

FATAL

FATAL

FATAL

FaTaL

FATAL

FATAL

FATAL

FATAL

M NOR

NONF

FATAL

FATAL

FATAL

FATAL

FATAL

FATAL

FATAL

SERINUS

FATAL

FATAL

FATAL

FATAL




FILE
NIIMBER

3 3513
3 0A6S
3 1719
3 1672
3 1913
3 4197
3 2468
3 1376
3 3673
3 3031
3 2152
3 2992
3 1916
3 2321
3 0345
31703
3 3095
3 2334

3 2597

ATRCRAFT

REGT ST,

N9GIAG
N6E34AL
NOSOTL
NG44
N398 6D
NBRETY
NS&03]
NZ2RT41
N6Z6N

N3194G
NTO5AC
N1042C
N&703M
N35258
NG2304
N15 04N
N18Z2P
NRR2AL
N&ZG3T
N36240
NS (O16M
N3262K
N334 2K
N2994g
N3LJT

N1269

LIST OF ACCIDENTS INVOLVING
ACROBATIGS INFLIGHT PHASFE NPERATION
Ue Se GENERAL AVIATION
1972 = 1974
SORTEN RY ATRCRAFT MAKFE AND MODFL
ATRCRAFT

DATE LOCATION MAKE MONEL
060372 NSOUTH BEND, IND CESSNA EEY
042173  ERTFE,CALD AMER AV ABY
060473  FATRFIFLD,CALITF AMER AVCN ABTI=~R
122974 NNEWARK CALIF AMER  AVCD) AAL-A
013073 AURORA,COLD RELLANCA 17-314
071573  PINFTOPSWNC RELLANCA 17-30A
070472  MCPNONALD.PA ERCO) 415-C
091672  NGNEN,UT LUSCOMAF CIW
040872  CHANDLER,ARIZ HARVARM MARK TV
073172  KINGMAN,KANS NJAMFRICAN  SNJ=5
070672  THIEF RVR FL.MINN NJAMFRICAN  SNJ-4
061773  SHFLRY,OHIN No AMFRICAN  SM)=5
122174 NBRUNSWICK,0HIN PIPER PA-11
081874  KANKAKFFE,ILL PIPER JAC=A5
041674  CNRNELIUSDREG PIPER J3C-65
111174  FAIRVIFW,NKLA PIPER J-3
100474  HUNTINGTON,W VA PIPER PA=72
081674 CNLFAX,LA PIPER PA-25
091074 NJACKSONVILLF,FLA  PIPER PA=28
060472  WARDEM,WASH TAYLORCRAFT  RC1265
070272  LOVINGTON,N MEX TAYLNRCRAFT RC12-D
012873  DESFRT CNTR,.CALIF GLOAF GC-1B
071374  PLUM ISLAND,MASS  GLOBE GC-1R
NR1972  VANCOUVER,WASH WACO WPF =7
082373 HOMER,NY JEANIES TEENIF
070173  NMONMOUTH,DREG STNRY MK =7
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APPENDIX A

TMNJURY
INDEX

FATAL
FATAL
FATAL
FATAL
FaTAL
FATAL
FATAL
SERINNS
FATAL
FATAL
FATAL
FATAL
FATAL
FATAL
FATAL
SERINUS
FATAL
FATAL
FATAL
SERTNUS
FATAL
FATAL
EATAL
SERINUS
FATAL

SERTINUS
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FILE AIRCRAFT
NUMBER REGIST.
3 4170 NTJ

3 4154 NZTO38
3 2483 N3192
3 1103 NTJG

3 2076 N93003
3 2979 N701D
3 1061 N6T33C
3 0924 NHQWP
3 2056 N3650
3 0487 NS91T
3 0152 MNMORY

3 2630 NYOD21
3 0151 N1151H
3 0453 N149s
3 3399 N5191
3 3231 NI1276
3 0459 N5S13W
3 0446 M14P2HT
3 3090 M1ORA
3 2R49  N3&TT
3 2077 NZ5C

3 1997 NI52RBD
3 1545 NL3HH
3 3542 NRONDZ?
3 4122 NZ2ZXP
3 1132 MNAOZ8
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LIST 0OF ACCIDENTS INVOLVING
ACRNRATICS INFLIGHT PHASE nF OPERATION

the S.

1972 - 1974

GENERAL AVIATION

SORTED BY AIRCRAFT MAKE ANPD MODEL

DATE

122373

031372

051773

052774

052774

101673

061474

041474

052872

061572

os1072

090874

ns1272

n52172

NR1BT4

0491174

n52972

051072

1004973

090273

072074

071774

N61LRTS

111773

090973

080372

LOCATION

LFESBURGsFLA
CARSON CITY.NEV
ATHENS» GA
WESTRERLONY
SALFM,DREG

COMMERCE . TEX

NCLEAR LAKE,CALIF

SANTA PAULALCALIF

ALABRASTER, ALA
CRYSTAL LAKE.ILL
MERCERCALIF
HIGHGROVE ZCALTF
WONODLAKE.CALIF
ADFLANTD,CALTF
WASFCA.MINN
CLAXTOM,GA
NERRY , PA
PERRIS,CALIF
FRANKLINy IND
SAN LEON,TEX
MTPLEFASANTTEX
NEWTON K ANS
GONZALFS,CALIF
ROGALUSA LA
HOMESTEADFLA

MIAMI +FLA

AIRCRAFT
MAKE MIRE L
PITTS S1C
PITTS SC-1
PITTS S1C
GILMNRE 3N

MAY FLYBABY
JUNGMETISTER
STITS
STARDUSTER
STARNDUSTER
LMIWERS
PITTS

PITTS SPL
PITTS
STARNDUSTER
Z ITMMERMAN
RREEZY
PITTS SPCL
STARMISTER
CORRIN

ZLIN

KNIGHT TwWST
RENF

HAZ ARD=TLIKRN
PITTS

PITTS

PITTS SPCL

BUICKER

SAGR

SA-100

TGO

RIRD

SA=-300

R=ACE

1526

Hal

RND-5

T=40H

INJURY
INDFX

FATAL
FATAL
FATAL
NMONE
FATAL
MINOR
FATAL
FATAL
SERINUS
FATAL
FATAL
FATAL
EATAL
FATAL
SERINDUS
NYNF
MINOR
FATAL
FATAL
SERTOUS
FATAL
SFRINUS
FATAL
FAYAL
FATAL

MOINE
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APPENDIX A
LIST 0F ACCIDENTS INVOLVING
ACROBATICS INFLIGHT PHASFE nOF QPERATION
Ue S« GENERAL AVIATION
1972 - 1974
SORTED RY AIRCRAFT MAKFE AND MODFL
FILE ATRCRAFT ATRCRAFT FNJURY
NUMBER REGIST. DATE LOCATION MAKE MODEL  INDEX

3 3R48 NRONZ9 12164673 LETOAHATCHEE s ALA PITTS S-24 MINDR
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APPENDIX ¢
Table 1
ACROBATICS - INFLIGHT PHASE OF OPERATION
lt. S. GENERAL AVIATION
1972 - 1974
INJURIES
FATAL SERIDUS MINOR NONF UNKNITWN TOTAL
PILOT 77 13 A 6 104
COPILOT 7 7
BUAL STUDENT 1 2 1 1 5
CHECK PILDT 1 1
FLIGHT ENGINEER
NAVIGATNR
CABIN ATTENDANT
EXTRA CRFEW
PASSENGERS 21 & 1 1 29
TOTAL 107 21 10 8 ARDARD 144
BTHER AFRCRAFT
OTHER GROUND
GRAND TOTAL 107 21 10 ] 146

INVOLVES 105  TOTAL ACCINENTS
INVOLVES 78 FATAL ACCIDENTS
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Table 2
KIND DF FLYING RY¥Y INJURY TNDEX
ACRHBAT[CS-iNFL[GHT PHASE nF OPERATION
UeSs GENERAL AVIATION
1972 - 1974
TRA 427
TRA 101 NONE F C M N Z OTHER RECORDS ACCIDENTS PERCENT
NONE
DAL 2 1 1 1 5 5 4,75
snLn 3 3 3 2.88
CHECK
TRAINING
PLEASURE 47 ) 2 3 58 B 58 55,24
PRACTICE 11 1 2 2 la ln 15.24
BUSINESS 2 s 2 2 1.90
CURPORATE/EXECUTJVF 1 1 1 495
AERTAL SURVEY 1 1 1 95
COMPANY FLIGHT
OTHER
AERTAL APPLICATION 1 1 1 »95
CROP CONTROL RELATED FLIGHT 1 2 3 3 2.R6
FIRE CONTROL
FIRE CONTROL RELATER FLIGHT
AERTAL MAPPING /PHOTAGR APHY
AER] AL ADVFERTISING
POMER AND PIPEL [NE FATRIIL 1 1 1 .95

FISH SPOTT NG
AR TAXT-PASSENGER APERATIONS
AIR TAXI~CARRA NEERAT INNS

CONSTRUCTIAN WORK

SCHEDULED PASSENGER SERVICE

SCHEDULED Carpn SERVIGF

INTRA-STATE CHArTRR PASSG.

INTRA-STATE CHARTER CARGO.

MILITARY CUNTRACT-PASSENGER

MILTTaRY CONTRACT-CARRA

CHARTER CARGO~NOMEST I ¢

CHARTER PasSG-nOMESTC
CHARTER—C&RGU—INTERNATIUMAL
CHARTER-PASSG-INTERNATIHNAL

OTHER

UNKNOWM/NOT REPIRT F

EXDER[MENTATIUN




ARP

TRA

ENDIX C

1nl

TEST

DEMONSTRATINN

FERRY

SEARCH AND RESCUE

AIR SHOW/ATR RACING

FARACHUTE JUMP

PARACHUTE JUMP-AIR SHOMW

TOWING GLIDERS

SEEQING CLOUNS

HUNTING

POLICE PATROL

HIGHWAY TRAFFIC ADVISORY

ALL NTHER PURLIC FLYING

NTHER
UNKNOWN /NOT

0OTHER

RECORDS
ACCIDENTS

PERCENT

REPORTED

NONE F C
1
1
1
3 5
1
1
78 15
78 15

W0 T4u3 1443

3

6

5.7

Table 2 {cont.)

TRA

427

z

DTHER

RECIRDS
1

1

105

ACCTDENTS

105

PERCENT

TRA

106
NTINE
GRAUND=Y
DRAGGFR
WHEE| S~
WHEEL §-r
GEAR COL
GEAR RE]1
HARD LAM
MOSE QOVE
ROLL OVE
NVERSHOC
UNDER SHO
COLLISTO
BOTH TN
ONE AIRA
BOTH DN
COLLISID
CONTROLL
UNCONTRO
COLLIRER
WIRES /PO
TREES
RESIDENC
BUTLDING
FENCE. F
ELECTRAN
RUNWAY Df
ATRPORT }
ANTMALS
CROP
FLAGMAN {
DITCHES
SNOWBANK
PARKED a1
AUTOMOBT L

DIRT BANK



TRA

106
NONE
GROUND-WATER LOMNP-5WERVE
DRAGGED WINGTIP FOD OR FLOAT
WHEELS-UP LANDING
WHEELS~NOWN LANDING [M WATER
GEAR CULLAPSED
GE 4R RETRACTED
HARD LANDING
NOSE OVER/DOWN
ROLL OVER
DVERSHOOT
UNDERSHOOT
COLLISTIUON BETWEEN ATRCRAFT
ROTH [N FLIGHT
ONE AIRRBORNE

BOTH 0N GROUND
COLLISION WITH GROVND/WATER
CONTROLLED
UNCONTROLLED
COLLIDED WITH
WIRES/PILES

TREES
RESIDENCE/S
BUILDING/S
FFNCE, FENCEPOSTS
ELECTRONIC TOWERS
RUNWAY DR APPROACH LIGHTS
ALRPORT HAZARD
ANIMALS
CROP
FLAGMAN L DADER
DT1TCHES
SNOWBANK
PARKED AIRCRAFT {UNATTENDED}
AUTOMGBILE

DIRT BANK

Table 3

FIRST TYPE 0OF ACCIDENT BY [NJURY INDEX
ACRAOBATICS — INFLIGHT PHASE OF NPERATION
b, S, GENERAL AVIATION
1872 - 1874

TRA 427
NNNE F C M ] I  DTHER RECORDS
21 4 2 27
6 £
1 1 ?
7 7

APPENDIX C

ACGIDENTS

7
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Table 3 (cont.}
TRA 427

TRA 106 NONE  F 4 N I OTHER REGARDS  ACL IDENTS

OTHER INVOLVES 1¢
MY (L .
BIRD STRIKE INVOLYES ‘
STALL 11 2 13 12
SPIN 25 7 2 36 EL)
SPIRAL 1 1 1 BROAD CAUSE,
MUSH 1 1 . & T o
FIRE DR EXPLOSION
P
IN FLIGHT ot
oN GROUND PERSONNEL
ATRFERAME FAILURE
IN FLIGHT & 1 2 10 10 ATRFR AME
ON GROUND LANDING GEAR
ENGINE TEARAWAY
ENGINE FAILURE OR MALFUNCTION 1 1 2 z POWERPLANT
PROPELLER/ROTOR FATLURE SYSTEMS
PROPELLER
NST
TAIL ROTOR INSTRUMENTS/E
MAIN ROTOR ROTORCRAFT
PROP RNTOR ACDNT TO PERSON
JET INTAKE/EXH ACONT TD PERS ALRPORTS/ALRY
PROPELLER/JET/ROTOR ALAST WEATHER
TURBULENCE
HATL DAMAGE TO ATRCRAFT TERRAIN
LIGHTNING STRIKE MISCELLANEDL
EVASTYE MANEUVER
UNCONTROLLED aLT DEVIATION UNDETERMINED
DITCKHING
MISSING ACFT NOT RECOVERED E?EAEQS
M15CELL ANEOUS/OTHER % I AN {
UNDETERMINED CATEGDR
OTHER
RELORDS 78 15 6 3 105

ACCIDENTS 7R 15 6 6 1ns
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Table 4 ENA ¢
LCAUSE/FACTOR TABLE
ACROBATICS = INFLIGHWT PHASE DF DPERAFION
Ua. 5. GENERAL AVvIATION
1972 - 1974
EXCLUDES ACCIDENTS WITH NO CAUSAL DETERMINATION
TNVOLVES 105 TOTAL ACCIDENTS
INVOLVES 78 FATAL ACCIDENTS
FATAL ACCIDENTS NONFATAL ACCIDENTS ALl ACCIDENTS
BROAD CAUSE/FACTOR CAUSE FACTOR TOTALx CAUSE FACTOR TOTAL% CAUSE FaACTOR TOTaAL*
PILOT 73 14 73 24 1 24 T 15 97
93,59 17,95 93,59 88,49 3.70 RB.89 92.38 14,29 92,38
PERSONNEL 2 2 4 2 2 4
2.56 296 5.13 +00 «00 00 1.90 1.90 3.81
AIRFRAME 2 2 4 2 2 & 4 6
2458 2.56 5.13 Tetl «00 Tetel 3.81 ' 1.90 Ge7l
LANDING GEAR
=00 «C0 00 00 =00 00 .00 DG »00
POWERPLANT 1 1 1 1
«00 « 00 =00 3.70 «00 3.70 95 00 95
SYSTEMS 1 . 1 1 1 2 2
1.28 00 1.28 3.70 .00 3.70 1.90 +00 1.90
INSTRUMENTS/EQUEPMENT AND ACCESSODRIES
« 00 « 00 +00 00 <00 00 « 00 00 +00
ROTORCRAFT
+00 +00 «00 00 00 =00 «00 =00 .00
AIRPORTS/ATRWAYS/FACILITIES
+00 « 00 00 =00 «00 00 «00 00 <00
WEATHE R 1 1 1 1
.00 - 00 .00 00 3.70 3,70 00 95 93
TERRAIN ) L} 2 3 5 2 9 1l
«00 Teub9 T.69 Tetrl 1l.11 18.52 1.90 A,57 10.48
MISCELLANENLS 1 1 1 ‘ 1 1 1 2
00 1.28 1.28 3.70 «N0 3.70 «95 95 1.90
UNDE TERMINED 2 2 1 1 3 3
2.56 .00 2456 3.70 .00 3.70 2.86 «00 2.84

THE FIGURES DPPOSITE EACH CAUSAL CATEGNRY REPRESENT THE NUMBER AND PERCENT
OF ACCIDENTS IN WHICH THAT PARTICULAR CAUSAL CATEGORY WAS ASSIGNED

* IF AM ACCIDENT INCLUDES BOTH A CAUSE AND RELATED FACTOR IN THE SAME CAUSAL
CATEGORY, THE ACCIDENT 1S REPRESENTED ONCE UNDER YHE FOTAL FOR THAT CATEGORY
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Table &

CRUSE/FACTOR TFABLE

ACRNBATICS = INFLIGHT PHASE OF ORERATION
e 8. GENERAL AVIATION
1972 = 1874
EXCLIIDES ACCIDENTS WITH NO CAUSAL DETERMINATION

INVODLVES L05 TOTAL ACCIDENTS
INVOLVES 78 FATAL ACCIDENTS

FATAL ACCIDENTS NONFATAL ACCIDENTS ALL ACCIDENTS

NETATLEV CAUSE/FACTNR CAUSE FACTOR TODTAL CAUSE FACTOR TOTAL CAUSE FACTOR TOTAL

*% PILOT =%

FILOT I[N COMMAND

ATTEMPTED DPERATEON W/KNOWN DEFTCIENCIES IN EQUIPMENT 1 1 1 1
ATTEMPTED QPERATION BEYOND EXPERIEMCE/ABILITY LEVEL 12 12 2 1 3 14 1 15
EXCEEDED NESIGN STRESS LIMITS OF AIRCRAFT 2 2 i 1 3 3
FAILED TO SEE AND AVOID DRJECTS OR OBSTRUCT IGNS 1 1 1 1 2 2
FAILED TO DBTAIN/MAINTAIN FLYING SPEED 28 28 5 5 33 33
MISJUDGEDy SPEEDs ALTITUDE OR CLEARANGE 1 1 1 1 2 2
FAILED TO FOLLGW APPROVED PROCEDURES, DIRECTIVES ETC 11 3 14 2 1 3 13 4 17
IMPROPER OPERATION OF FLIGHF COMTROLS 22 z2 7 7 25 29
INADEQUAYE PREFLIGHT PREPARATION AND/OR PLANNING 1 1 2 z 2 3
LACK OF FAMILIARITY WITH AIRCRAFT 2 2 2 2
MISMANAGEMENT OF FUEL 1 1 1 1
EXERCTSEDC POOR JUDGMENT 24 2 26 5 5 29 2 31
OPERATED CARELESSLY 2 2 2 2
MISJUDGED SPEED AWD ALTITUDE 2 1 3 1 1 3 1 &
MISJUDGED ALTITUDE AND CLEARANCE a8 a 2 2 10 10
MISJUDGED ALTITUDE 2Q 20 8 8 28 28
MISJUDGED CLEARANCE 1 1 1 1
INCAPACITATION 1 1 1 1
PHYSICAL IMPAIRMENT 3 6 9 3 & 9
SUBTOTAL 137 i4 151 41 z 43 178 16 194
*% PERSONMEL #*x
FLIGHT INSTRUCTOR
INADEQUATE TRAINING OF STUDENT 1 1 1 1
MAINTEMANCE, SERVICINGy IMNSPECTION
INADEQUATE MAINTENANGE AND ENSPECTION 1 1 1 1
OPERATIDNAL SUPERVISORY PERSONNEL
INADEQUATE GROUND TRAINING-PROCEDURES 1 1 b 1

WEATHER PERS{IINNEL
TRAFFIC CONTROL PERSONNEL
AIRPORT SUPERVISORY PERSOMNEL
AIRMAYS FACILTITIES PERSONNEL
PROGUC TION-DESIGN-PERSONNE L
SUBSTANDARD QUALITY CONTROL 1 H 1 1
MISCELLANEDUS-PERSONNEL
THIRD PILOY
FLIGHT ENGIMEER
FLIGHT PERSONNEL
DEISPATCHING {AIR CARRIER ONLY)

OTHER 2 2 & 2 2 4 2 £
DISPATCHING

DISPATCHED AIRCRAFT [MPRUPERLY EQUIPPED FOR FLIGHT 1 i 2 1 1 2

SUBTOTAL s 5 10 2 2 T S Lz

*x AIRFRAME #*

WINGS
SPARS 1 1 2 1 1 2
OTHER ) 1 1 1 1

FUSELAGE
WINDSHIELDS, WINDOWS, CANOPIES 1 1 1 1

LANDING GEAR

FLIGHT CONTYROL SURFACES . .

ATLERONy SURFACES ATTACHMENTS 1 1 1
HORTZOMTAL STABILIZERs ATTACHMENTS 1 1 1

o

SUBTNTAL 2 2 4 2 2 4 2 6
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Table 5 {cont.)
CAUSE/FACTOR TABLE
POMERPLANT (CONTINUED) MISCELLANEDUS
FATAL ACCIDENTS NONFATAL ACCIDENTS ALL ACCIDFNTS
CAUSE FACTOR 1UTAL CAaUSE  FACTUR  TOTAL CAUSE FACTUR TNTAL
=% POWFRPLANT #* UNDE TERMI NI
ENGINE STRUCTURE SUBTATA
NTHER 1 1 1 1
[GNITION SYSTEM
FUEL SYSTEM GRAND T
LUBRICATING SYSTEM
CONLING SYSTEM wx MISCELLA
PROPFLLER AND ACCESSNRIES
EXHAUST SYSTF™ NISREGARD
ENGINE ACCESSIRIES ] SEAT BELT
ENGINE CUNTROLS-COCKPIT UNWARRANTE
POMERPLANT=IMSTRUMENTS CORRECTING
MISCELLANEOUS FATIGUE FR
REDUCTION GEAR ASSEMALY SEPARATION
COMPRESSNR ASSEMBLY CORRODED/C
LOMBUSTION ASSEMBLY FUEL EXHAU
TURRIME ASSEMBLY ALCOMDLIC
ACCESSORY DRIVE ASSEMBLY IMPROPERLY
LUBRICATING SYSTEM INTERFERER
FUEL SYSTEM ATRCRAFT C
SAFETY SYSTEM NYERLOAD F
IGNITION SYSTEM MATERIAL F
TORQUEMETER DISCONNEC!
AR BLEFD FLUTTER
£XHAUST SYSTEM JAMMED
THRUST REVERSER
PRIPELLFR SYSTEM DIRECT ¢
CONSTANT SPEED DRIVE 1 CAUSAL ¢
PIIMER LEVER
PROPELLER LFVER
REVFRSE THRUST LEVER
EMGINME [NDICATING EQUIPMENT
ENGINE [WSTALLATION
SUBTOTAL 1 1 1 1
wa SYSTEMS &%
ELFCTRICAL SYSTEM
HYDRAULIC SYSTEM
FLIGHT CONTROL SYSTEMS
GLEVATOR AND ELEVATOR TAB CONTRDL SYSTEM 1 1 1 1
RUDDER ANf) RUDDER TAB CONTROL SYSTEM 1 1 1 1
ANTL-1CINGs DE-JCING SYSTEMS
51 CONDETION, HEATING &ND PRESSURIZATION
AUTO PILOT
FIRE WARNING SYSTEM
FIRE EXTINGUISHER SYSTEM
DXYGEM SYSTEM
OTHER SYSTEMS
SUBTOTAL 1 1 1 1 2 2
wt WEATHER ##
DOWNDRAF TS, UPDRAFTS 1 i 1 1
SUBTOTAL 1 1 1 1
% TERRALIN #%
WET, SUFT GROUND 1 1 1 1
SHOW-COVERED 1 ! 1 1
HifH DBSTRUCTIONS 5 5 3 3 8 8
NTHER 1 1 1 1
SURTOTAL & & 2 3 5 2 9 11
%% MISCELLANEQUS #3
UNQUALTFIED PERSON DPERATED AIRCRART 1 1 3 1

FOREIGN MATERIAL AFFECTING NORMAL DPERATIONS 1 1 1 1
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Table 5 (cont.)
CAUSE/FACTOR TARLE
MISCELLANEOUS {(CONTINUED)
FATAL ACCIDENTS NONFATAL ACCIDENTS ALL ACCIDENTS

CAUSE FACTOR TOTAL CAUSE FACTOR TOTAL CAUSE FACTOR TOTAL

UNDETERMINED 2 2 1 1 3 3
SUBTNTAL 2 1 3 2 2 4 1 5
GRAND TOTaL 147 23 175 51 & 57 198 34 232

*x MISCELLANEOUS ACTS, CONDITIONS %%

DISREGARD NF GOOD OFPERATING PRACTICE 1 i 1 1 1 1 2
SEAT BELY NDT FASTEMED 2 2 2 2
UNWARRANTED LOW FLYING 28 16 44 5 5 33 16 49
CNRRECTING LEMSES-NDT USED 1 1 1 1
FATIGUE FRACTURE 1 1 1 1
SEPARATION IN FLIGHT 3 3 3 3
CORRODED/CORROSTION 1 1 1 1
FUEL EXHAUSTION 1 1 1 1
ALCOHOLIC TMPAIRMENT OF EFFICTENCY AMD JUDGMENT 3 5 8 3 5 a
IMPROPERLY LOADEN AIRCRAFT-WEIGHT-AND/OR CG 3 3 3 3
INTERFERENCE WITH FLIGHT CNNTROLS 1 1 1 1
ATRCRAFT CAME T REST IN' WATER B 3] 2 2 10 10
OVERLOAD FAILURE 1 2 3 1 3
MATERIAL FAILURE 1 1 1 1 2 2
DISCONNECTEN 1 1 1 1
FLUTTER 1 1 1 1
JAMMED 1 1 1 1

OUIRECT ENTRY CAUSES AKE CARRIED UNDER THEIR APPROPRIATE
CAUSAL CATEGORIES AND ARE INCLUNER IN THE TOTALS
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AEROBATIC REGULATIONS
(CFR 91 - General Operating and Flight Rules)




There are several regulations under the General Operating and
Flight Rules of Part 91 which relate directly or indirectly to flight

operations involving aerobatics. These include:
CFR 91.9 CARELESS OR RECKLESS OPERATION

1 - 99 -
APPENDIX D
|
|
|

No person may operate an aircraft in a careless or reckless
; manner so as to endanger the life or property of another.

CFR 91.9.15 PARACHUTES AND PARACHUTING

(a) No pilot of a civil aircraft may allow a parachute that
~ 1s available for emergency use to be carried in that aircraft
unless it is an approved type and-

(1) If a chair type (canopy in back), it has been packed
by a certificated and appropriately rated parachute
rigger within the preceding 120 days; or

. (2} If any other type, it has been packed by a certi-
5 ficated and appropriately rated parachute rigger within
: the preceding 60 days.

(b) Except in an emergency, no pilot-in-command may allow,
and no person may make, a parachute jump from an aircraft
within the United States except in accordance with Part 105 of
this chapter,
(c) Unless each occupant of the aircraft is wearing an approved
parachute, no pilot of a civi] aircraft, carrying any person
(other than a Crewmember) may execute any intentional maneuver
that exceeds-

(1) A bank of 60 degrees relative to the horizon; or

(2) A nose-up or nose-down attitude of 30 degrees
relative to the horizon.

(d) Paragraph (c) of this section does not apply to-
(1) Flight tests for pilot certification or rating; or

(2} Spins and other flight maneuvers required by the
regulations for any certificate or rating when given by-

(1) A certificated flight instructor; or

(i1) An airline transport pilot instructing in accor-
dance with paragraph 61.163 of this chapter,
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(e) For the purposes of this section, "approved parachute"
means-

(1) A parachute manufactured under a type certificate or
a technical standard order (c-23 series{; or

(2) A personnel-carrying military parachute jdentified
by an NAF, AAF, or AN drawing number, an AAF order number,
or any other military designation or specification number.

CFR 91.63 WAIVERS

(a) The Administrator may jssue a certificate of waiver amay
issue a certificate of waiver authorizing the operation of

aircraft in deviation of any rule of this subpart if he finds
that the proposed operation can be safely conducted under the

terms of that certificate of waiver,

(b) An application for a certificate of waiver under this
section is made on a form and in a manney prescribed by the
Administrator and may be submitted to any FAA office.

(c) A certificate of waiver is effective as specified in that
certificate.

CER 91.71 ACROBATIC FLIGHT

No person may operate an aircraft in acrobatic flight-

(a) Over any congested area of a city, town, or settlement;
(b) Over an open air assembly of persons;

(c) Within a control zone or Federal airway;

(d) Below an altitude of 1,500 feet above the surface; or

when flight visibility is less than 3 miles. For the
purpose of this section, acrobatic flight means an intentional
maneuver involving an abrupt change in an aircraft's attitude,
an abnormal attitude or abnormal acceleration, not necessary

for normal flight.
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DEPARTMENT OF TRANSPORTATION — FEBERAL AVIATION ADMINISTRATION — CENTRAL REGION

This month's Flight Instructor Bulletin is devoted entirely to excellent
information regarding spins contributed by the Cessna Aircraft Company.
Hopefully, we will be able to present information regarding flight charac-
teristics of other aircraft in fiture issues,

The subject of airplane spinning is a complex ome, which is often over-
simplified during hangar-flying sessions. There are increasing numbers of
pilots, including flight instructors, who, because of the structure of
present pilot certification requirements, have had little or mo training in
spins and spin recovery. This has resulted in some confusion and misunder-
standing over the behavior of airplames in spinning flight, and it appears
that this lack of understanding may have contributed to some serious accidents.
In the interest of expanding each pilot's knowledge and increasing the safety
of his operations, we will discuss some factors influencing spin behavior as
it pertains to the Cessna Models 150, Al50, 172, and 177 which are approved
for intentional spins.

The following list summarizes important safety points relative to the per-
formance of intentional spins.

BASTC GUIDELINES FOR INTEWTIQONAL SPINS

(1) KNOW YOUR ATRCRAFT THOROUGHLY.

(2) PRIOR TO DOING SPINS IN ANY MODEL ATIRCRAFT, OBTAIN THOROUGH
INSTRUCTION IN SPINS FROM AN INSTRUCTOR FULLY QUALIFIED AND
CURRENT IN SPINNING THAT MODEL.

(3) BE FAMILIAR WITH THE PARACHUTE, AIRSPACE AND WEATHER REQUIRE-
MENTS OF FAR 91.15 and 91.71 AS THEY AFFECT YOUR FLIGHT.

(4) CHECK THE AIRCRAFT WEIGHT AND BALANCE TO BE SURE YOU ARE
WITHIN THE APPROVED ENVELOPE FOR SPINS.

(5) SECURE OR REMOVE ALL LOOSE COCKPIT EQUIPMENT PRIOR TQ TAKEOQFF.

(6) BE SURE THE AREA TO BE USED IS SUITABLE FOR SPINS AND IS CLEAR
OF OTHER TRAFFIC,

APPENDIX E
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(7) ENTER EACH SPIN AT A HIGH ALTITUDE. PLAN RECOVERIES TO BE COM-
PLETED WELL ABQVE THE MINIMUM LEGAL ALTITUDE OF 1500 FEET ABOVE
THE SURFACE.

(8) CONDUCT ALL ENTRIES IN ACCORDANCE WITH THE PROCEDURES RECOMMENDED
BY THE MANUFACTURER.

(9) LIMIT YOURSELF TO 2-TURN SPINS UNTIL COMPLETELY FAMILIAR WITH
THE CHARACTERISTICS OF YOUR ATRPLANE.

(10) USE THE FOLLOWING RECOVERY PROCEDURES FOR THE CESSNA MODELS 150,
172, AND 177:

(a) VERIFY THAT THE THROTTLE IS IN IDLE AND ATLERONS ARE
NEUTRAL.

(b) APPLY AND HOLD FULL RUDDER OPPOSITE TO THE DIRECTION OF
ROTATION.

(c) JUST AFTER THE RUDDER REACHES THE STOP, MOVE THE CONTROL
WHEEL BRISKLY FORWARD FAR ENOUGH TO BREAK THE STALL.
Full down elevator may be required at aft center of
gravity loadings in some airplane models to assure
optimum recoveries.

(d) HOLD THESE CONTROL INPUTS UNTIL ROTATION STOPS. Pre-
mature relaxation of the control inputs may extend the
recovery.

(e) AS THE ROTATION STOPS NEUTRALIZE RUDDER AND MAKE A SMOOTH
RECOVERY FROM THE RESULTING DIVE.

For the purpose of this discussion, we will divide the spin into three

distinct phases. These are the entry, incipient, and steady phases.

These are illustrated in the figure. The basic cause of a spin is a differ-
ence in 1lift and drag between the two wings with the airplane operating in
essentially stalled flight., Entry to this condition is initiated, intention-
ally or otherwise, when the airplane is stalled in uncoordinated flight., This
causes one wing to reach a higher angle of attack than the other. Beyond stall
angles of attack, lift begins decreasing while drag rises rapidly. This causes
a sustained autorotation to begin because of the decreased lift and increased
drag of one wing half as compared to the other.

Here, in the entry phase, recovery from or prevention of the spin is as simple H
as normal stall recovery since, in fact, at this point that's all we are really
faced with. Coordinated use of rudder and aileron to oppose any tendency to
roll should be applied with emphasis on the rudder due to its generally moxe
powerful influence at this point. This should be accompanied by relaxation

of elevator back pressure to reduce the angle of attack below that of the stall.
Coordinated use of all controls should then be applied to return to normal
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FULL STALL, APPLY FULL
RUDDER DEFLECTION IN
DESIRED DIRECTION AND
FULL AFT ELEVATOR
CONTROL

INCIPIENT

STEADY ", l

BY FORWARD ELEVATOR

—_—— ”’
RECOVERY
FULL OPPOSITE RUDDER
= APPLICATION FOLLOWED

AS THE ROTATION STO

NEUTRALIZE THE RUDDER
AND MAKE A SMOOTH
RECOVERY FROM THE

RESULTING DIVE, SP'N
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level flight. During this entry phase recovery of control (or prevention of
loss of control) will normally be instantaneous for all practical purposes
as soon as the stall is broken.

The second or incipient phase covers that period of time from the spin entry
to the fully stabilized spin, During this period the yaw being produced by
a deflected rudder while the airplane is stalled is supplemented by the dif-
ferences in 1lift and drag between the two wing panels. These parameters
cause the rotating motion of the airplane to begin to increase.

During this incipient phase, spin recoveries in those airplanes approved for
intentional spins are usually rapid, and, in some airplanes, may occur merely
by relaxing the pro-spin rudder and elevator deflections. However, positive
spin rerovery control inputs should be used regardless of the phase of the
spin during which recovery is initiated. Briefly, these control inputs should
be 1) power off, 2) full rudder opposite to the direction of rotation, 3) just
after the rudder reaches the stop, elevator briskly forward to break the stall,
and 4) as rotation stops, neutralize the controls and recover from the result-
ing dive. TUsing these procedures, recoveries are typically accomplished in
form 1/8 to 1/2 turn during the incipient phase.

The final phase is the fully d=veloped "steady" phase. Here, a more-or-~less
steady state spin results whers the autorotational aerodynamic forces (Yaw

due to rudder deflection, lift and drag differences across stalled wing) are
balanced by the centrifugal and gyroscopic forces on the airframe produced

by the rotsting motionm. Due to the atiitude of the airplane in a spin the
total motion is made up of rolling and usually pitching motions as well as

the predominant yawing motions. Movement of the airplane flight controls
affects the rate of motion about one of the axes. Because of the strong gyro-
scopic influences in the spin, impxoper aerodynamic control inputs can have

an adverse affect on the spin motion.

Aileron variations from neutral can cause a different balaince between the
aerodynamic, inertia and gyroscopic forces and cause some delay in recoveries.
Typically even a slight inadvertent aileron deflection in the direction of
the spin will speed up rotation and delay recoveries. Moving the elevator
control forward while maintaining pro-spin rudder deflection may not provide
a recovery with some airplanes, In fact, reversing the sequence of rudder-.
elevator inputs or even just slow, rather than brisk, inputs may lengthen
recoveries., Finally, it is important, particularly in this steady spin
phase, in addition to using the correct control application and the proper
sequence of control application, to HOLD THIS APPLICATION UNTIL THE RECOVERIES
OCCUR, 1In extreme cases, this may require a full turn or more with full down

elevator deflection.

The preper recovery control inputs to obtain optiaum recovery characteristics
in Cessna single engine airplanes are repeated here and amplified somewhat
from those listed under the incipient phase.

(1) VERIFY THAT THE THROTTLE IS IN IDLE AND AILERONS ARE NEUTRAL.
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(2) APPLY AND HOLD FULL RUDDER OPPOSITE TO THE DIRECTION OF ROTATION.

(3) JUST AFIER THE RUDDER REACHES THE STOP, MOVE THE CONTROL WHEEL
BRISKLY FORWARD FAR ENOUGH TO BREAK THE STALL. TFull down elevator
may be required at aft center of gravity loadings in some airplane
models to assure optimum recoveries.

(4) HOLD THESE CONTROL INPUTS UNTIL ROTATION STOPS. Premature relaxa-
tion of the control inputs may extend the recovery,

(5) AS THE ROTATION STOPS NEUTRALIZE RUDDER AND MAKE A SMOOTH RECOVERY
FROM THE RESULTING DIVE,

The emphasis added to these steps differentiates the steady phase from the
incipient phase. The most important difference in the steady phase is an
increase in the length of recoveries in this phase for some airplanes, and
to a lesser extent the amount of control input needed. Up to a full turn
Or more to recover is not unusual in this phase. Full down elevator deflec~
tion will sometimes be needed to assure optimum recoveries at aft loadings
in some airplanes. Therefore IT IS VERY IMPORTANT TO APPLY THE RECOVERY
CONTROLS IN THE PROPER SEQUENCE AND THEN HOLD THEM UNTIL RECOVERY OCCURS.

Some of the additional factors which have {or may have) an effect on spin
behavior and spin recovery characteristics are aircraft loading (distri-
bution, center of gravity and weight), altitude, power, and rigging.

Distribution of the weight of the airplane can have a significant effect on
spin behavior. The addition of weight at any distance from the center of
gravity of the airplane will increase its moment of inertia about two axes.
This increased inertia independent of the center of gravity location or
weight will tend to promote a less steep spin attitude and more sluggish
recoveries. Forward location of the c.g. will usually make it more difficult
to obtain a pure spin due to the reduced elevator effectiveness. Conversely,
extremely aft c.g. locations will tend to promote lengthened recoveries since
a more complete stall can be achieved. Changes in airplane gross weight as
well as its distribution can have an affect on spin behavior since increases
in gross weight will increase inertia. Higher weights may extend recoveries
slightly.

High altitudes will tend to lengthen recoveries since the less dense air
provides less '"bite" for the controls to oppose the spin. However, this
does not suggest the use of low altitudes for spin practice.

Airplane rigging can have a strong influence on spin characteristics. Improper
elevator and rudder deflection stops can alter the depth of entry into a spin
and also can alter the amount of recovery control available. Low cable tensions
can alter the amount of travel available at the control surface and may thus
reduce the control power available for either entry to an intentional spin or
recovery.
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Power can affect the spinning attitude. If power is carried in the spin the
airplane attitude may be less nose down. In addition the propeller will tend
to add some gyroscoepic inputs which will be reversed between left and right

spins. The effect of leaving power on during a spin may lengthen recoveries

on some airplanes.

The foregoing areas have considered in the design and certification of an
airplane. If the airplane is maintained and operated within manufacturers
approved limitations, then spin characteristics and recoveries will be accept-
able although the trends mentioned above may be evident.

The next several paragraphs will briefly describe the typical spin character-
istics of recent Cessna models approved for spins.

150F through 150L - AL50K through Al50L

Entries at an aft c.g. will be positive from a power off unaccelerated stall.
At more forward c.g. locations, a slightly higher deceleration rate may be

necessary.

The incipient phase rotation will be rapid and the nose will progress to an
average 60°2 to 70° rose down attitude in the vicinity of two turns.

At aft c.g. loadings at 2% to 3 turns as the airplane enters the steady phase,
there may be evident some change in character of the spin. The nose attitude
‘may become less steep and rise to approximately 45° to 509 below the horizom.
In addition some change in sideslip will be felt and rotation rates will change
some. As the c.g. is moved forward this tendency to change character will
disappear and spiral tendencies may appear.

Recoveries during the entry and incipient phases will vary from 1/4 to 1/2

turn typically at aft c.g. loadings to practically instantaneous at forwaxrd
c.g. loadings. Recoveries from extended spins will vary from in excess of

a full turn at aft c.g. to 1/2 turn typically at forward c.g. locations.

150M - AI50M

Spin characteristics for this model are similar to those of the earlier models
except as follows., Entries at forward c.g. loadings will be more difficult
to accomplish without more rapid deceleration.

The incipient phase will be almost the same as for the older models but the
character change upon entering the stable phase will be subdued but still
evident at aft c.z. loadings. The nose attitude change may not be evident
at all, although some variation in rotation rate and sideslip may be noted,

Recoveries will be similar to those of the earlier models from all phases
although a slight reduction in recovery turns (1/8 to 1/4) may be evident.
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172H through 172L (1971)
Utility Category Only

Entries at an aft c.g. (utility aft) will be positive, At forward c.g.
locations, more rapid deceleration or some power will be necessary to obtain
an entry.

The airplane will pass rapidly through the incipient phase into the steady
phase with little change to note.

Recoveries in the entry and incipient phases will be up to 1/8 of a turn at
aft c.g. locations to almost instantaneous at forward c.g.'s. The steady
phase recoveries will take up to 1/2 turn at aft c.g. and to about 1/8 turn
at forward c.g, locations.

172L (1972) through 172M (Utility Category Only)

There is no real steady phase with this model, Recoveries initiated at any
point in the spin at any loading will result in practically instantaneous
recoveries,

177 through 1778 (Utility Category Only)

at forward loadings,

In incipient phase, nose attitude may cycle beyond vertical during the first
2 turns,

In the steady phase spiralling tendencies will be evident especially at for-
ward loadings., Nose attitude will be in the area of 60° nose down, Recoveries
during the entry and incipient phases will take no more than 1/4 turn and dur-
ing the steady phase up to 3/4 turn regardless of loading,

For the purpose of training in spins and spin recoveries, a one or two turn
spin will normally provide all that is necessary. All of the characteristic
motions and control inputs required will have been experienced, Longer spins,
while acceptable as a maneuver in appropriately certified airplanes, provide
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It ig recommended that, where feasible, entries be accomplished at high
enough altitude that recoveries are completed 400J feet or more above g
level, 1In any case, entries should be planned sc that recoveries are cof
well above the minimum 1500 feet above ground level required by FAR 91.7

Another reason for using high altitudes for practicing spins is that a gr
field of view is provided which will assist in maintaining pilot orientat
However, if disorientation does occur and precludes a visual determinatio
of the direction of rotation, the symbolic airplane of the turn cooxdinatol
or the needle of the turn and bunk indicator (not the ball) may be referred
to for this information. .

Finally, a pilot planning to spin a new model for the first time or after a
long absence from this type of maneuver should first fly with a qualified
instructor pilot who can point out key points in the spin and recovery proc
for this particula. type of airplane. The weight and balance should be ched
carefully to assure that the spins will be conducted at an approved loading.
As previously stated, plenty of altitude should be maintained at all times.
Owner's manual procedures for the spin and spin recovery should be rigorousl
followed for the optimum and most repeatable characteristics.

Understanding of the information provided in this bulletin and adherence to
the recommendations will assure each pilot the utmost safety of his flight.

»

.
CAUTIO&

Certain rakes of Emergency Locator Transmitters utilize Litium batteries.
1f these batreries are subjected to.rapid‘“discharge such as when they become
shorted, they quite quickly release a quantity of Sulfur Dioxide. If the
concentration of this gas becomes high, it irritates the eyes and can virtually

incapacitate a pilot.

Luckily this gas has a very "loud" odor like burning sulfur or rotten eggs
and is easily detected.

At the iirst indication of the presence of sulfur dioxide in your aircraft
ventilate the cabin to the maximum degree possible. If oxygen is available,
breathing 100% oxygen will help, as will the use of well fitted smoke glasses,

Indications are that i€ the ELT is within the cabin area and has several cells
in it, the batteries can release enough sulfur dioxide to pose a serious pro-
blem,

# & # #

SAFETY IS EVERYONE'S BUSINESS
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