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NATIONAL TRANSPORTATION SAFETY BOARD
- WASHINGTON, D.C. 20594

SPECIAL STUDY
Adopted: May 31, 1979

- SINGLE-ENGINE, FIXED-WING
GENERAL AVIATION ACCIDENTS
1972-1976

INTRODUCTION

The National Transportation Safety Board has studied statistically general
aviation accidents involving single-engine, propeller-driven, fixed-wing, light
{under 12,500 pounds) aireraft 1/ (single-engine aireraft). The study included data

- from accidents from 1972 through 1976.

From 1972 through 1976, there were 21,366 general aviation
accidents, including 3,517 fatal accidents with 6,941 fatalities. Single-engine
aircraft accounted for 17,312 or 81.0 percent of those accidents, 2,673 or 76.0
percent of the fatal accidents, and 4,806 or 69.2 percent of the fatalities.
Included in the 17,312 accidents are 186 collisions between aircraft. Each aireraft
involved in a collision is coded separately. This produces 17,498 accident records
for the 17,498 aircraft invalved in the 17,312 aceidents. Clearly, the single-engine
aireraft category was by far the largest contributor to general aviation losses from
1972 through 1976. o

Resources have not been available to investigate all of these general aviation
accidents in the same detail, and even if the resources were available, it is not
always possible to obtain the data necessary for a thorough understanding of all
accidents. For example, general aviation aircraft often erash in remote locations
where there are no witnesses and often the aireraft is destroyed and all occupants
killed. In addition, general aviation aircraft under 12,500 pounds generally do not
. contain flight data recorders or cockpit voice recorders, which limits investigative
efforts. Further, many of these acecidents are minor and do not involve field
investigations. Although some valuable data are collected in each of the accidents,
all data elements are not always available from individual accidents to support any

1/ In 1976, light aircraft were redefined as aircraft weighing 12,565 pounds
(5,700 kilograms) or less. Thus, it is possible that the data analyzed include
some aircraft which would have been considered heavy before the change, It
is not likely that this change has had any effect on the results of this study.
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real safety improvement. Therefore, the Safety Board chose to explore statis-
tically the safety of the general aviation system in order to determine areas of
improvement.

Numerous highly interrelated variables are involved in these acecidents
ineluding the pilot, the manner in which he operates the aireraft, the weather and
terrain in which and over which the aircraft is flown, the type of flying, -
maintenance of the aircraft, the aircraft design, and the manufacturing process.
The study, which was a purely statistical comparison of Board data, did not
indicate how all these variables contributed to the accidents,

In particular, the attempts to assess the effect of pilot characteristics such
as experience (total flight time, time in type, and time last 90 days), type of
certificate, age, and medical waivers, and the effects of environment including
flight in IFR conditions, unfavorable winds, high density altitude and terrain lead to
fﬁ]e same conclusions: A lack of exposure data has prevented the effective
assessment of the role of the pilot and the environment in these acecidents.
However, of significance is the fact that the Safety Board has determined that the
pilot was a cause or related factor in 86 percent of these single-engine aircraft
accidents and in 90 percent of the fatal accidents, while the airframe was cited as
a cause or factor in less than 1 percent of all accidents and only 2 percent of the
fatal accidents,

Further, all of the aircraft included in this study have been certified as
meeting the minimum standards imposed by the Federal Aviation Administration
regulations. .

Accordingly, in light of this and the unknown effects of the roles of the pilot,
of the weather and terrain, and of the operation, maintenance, design and
manufacture of these aireraft, the Board does not view this report as a criticism of
any manufacturer, and stresses that these findings should not be construed as
evidence that any of the above aircraft are unsafe or that certain manufacturers
build aircraft that are not safe,

The Board does believe that the magnitude of these unanticipated differences
dictates that these findings be published. The Safety Board further believes the
findings indicate the need for research and analysis by the aviation industry which
will provide an understanding of the pilot/aircraft/environmental system issues
raised in the study, and that this report will act as a catalyst in initiating this
needed effort. :

The study employed three statistical techniques — frequeney distributions,
automatic interaction detector, and the contingency table technique. The
frequency distributions, or numerical counts of the data variables, served as an
audit of the data files to determine the specific information coded in the files.
This technique was also used to develop & general description of the factors in a
typical single-engine aireraft accident.
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The Automatic Interaction Detector (AID) program was developed by the
University of Michigan at Ann Arbor. This multivariate analytical technique can
be used to explore the interrelationships of as many as 41 data variables and
explain the variance of the records as a combination of the variables, AID is useful
in searching out patterns in the data. An advantage of AID, or any other
multivariate technique, is that the amount of data that a researcher can explore by
two- and three-way analyses is limited by the researcher's capacity for handling
large data sets.

The AID program was first applied to the subset of the data where weather
was coded as a cause or factor to explore the feasibility of applying this technique
to Safety Board data. Certain incompatibilities between the AID technique and the
data increased the time, expense, and complexity of using this technique. Most
data analyses, therefore, were performed using the contingency tables,

Contingency tables are two-way tables displaying the joint frequency
distribution of two variables. Contingency tables are useful for assessing the
relationship among two or more variables, since a sequence of two-way tables can
be generated and the joint-frequency distributions can be analyzed statistically to
determine whether or not the variables are statistically independent, or conversely
whether they are related.

Section I of this report presents the results of the frequency distribution of
the data variables in the 17,498 accident records. A composite desceription typical
of a single-engine aircraft accident generated from the frequency distributions was
analyzed. Based on this analysis a group of accident variables describing the
aircraft, pilot, and environment was selected for further analysis of their interre-
lationships. Section II presents the results of the contingency table analyses of
aircraft make, model, and design for accidents in general, for specific types of
accidents, for pilot experience, and for environmental factors,
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Section |
CHAR ACTERISTICS OF SINGLE-ENGINE
' AIRCRAFT ACCIDENTS

Characteristics Typical of Aceidents

Frequency distributions were obtained for 163 of the 285 data fields available
for the storage of data variables associated with the 17,498 accidents, These 163
variables were selected based on their predetermined relevanecy to accident
causation. The frequency distribution audit of the data base revealed a significant
number of blank data fields. That is, no information of any kind was stored for
these accident variables. For example, 113 data fields had no data stored in them
for 14,000 or more records of the 17,498 single-engine aircraft involved in
accidents,

Some of the data fields probably were left blank because the acecident
variables allocated to these fields were not germane to the accident; some data
fields were left blank because the data was not or could not be colleeted; some
data fields were left blank because, although the date was collected, it was not
mandatory that the data be coded into the computer system; still others were blank
for unknown reasons.

Many of the accident variables were alphanumeric. Both alphanumeric
coding and blank data fields present some difficulties in the analysis of data using
the available analytical programs.

A list of factors describing the aireraft, the pilot, and the environment is
contained in Table 1. The list provides a composite deseription typical of the
single-engine aireraft accident and eontains 25 variables which were obtained from
the frequency distributions.

Many variables were not presented in Table 1 because there were too many
blank data fields or entries labeled "unknown" to permit a sufficient degree of
confidence that the data were representative of the accident population, Variables
were not considered if 50 percent or more of the accident records contained blanks
and unknowns for a specific variable. Some variables were eliminated because
their distributions were virtually without any distinctive pattern and, therefore,
provided no information useful to the analysis.

As shown in Table 1, 40 percent of the accidents involved aireraft
manufactured by the Cessna Aircraft Company and 25.0 percent involved aireraft
manufactured by Piper Aircraft Corporation. There are substantially more Cessna-
built aireraft flying more hours each year than any other aireraft. Also, there are
more Piper Aireraft Corporation airplanes flying more hours than any other
airplane except those manufactured by Cessna. Therefore, these percentages



TZ6°T asyna)y TrmIoN WIT1F-ul
[1: 144 T1od Juppuey
058°2 330T2a9] Suppue]
FA T A 4 GETTY TETITUI
058°Z wAopidnoL-a18Td - Boppuwy
WopIeaedp Jo ewedq
958 80z
4] S ozmy oz i Surpuel pasy
16991 suoN gL7°1 133V /pUNOI) YIFA SUOTEFTICD
AITA 0] SUOTIINIAISGD £66°1 STT®IS
615°2 doo] punoigy
Tvo ure 80T°Z 09-1¢ I85'2 8aTowI8q0 YITA SUOFSFIICD
£68°ST SUoN pIz'Y 0s-1Tv 690y amniiei sugdug
CCTELER L SETTF £90°C ov-15 Fuapyody 3o edAf
TZL'Y QE-12 e
979 9997 10 STIW T ELETI T SITLSTHALOVEIVED INAGIOOV WHHILIO
158 Sa[Tu ¢ 03 ITFW T '
I89°ST 2100 10 SITFW § L2140 EXaf]
ST £98°%1 25€ 5 skmp 0§ 38T SWEL .
102°9T 05y S addy uf swyy 9Ty pakoaysaq
LT 1BRIIIAY 09891 0SL°T & w1 w01 6LTCT TepIURIeqng
999°7 ‘37 000*T 240q¥ pazallwag agEmnd 1JRIIITY
OGO-Q .Hdﬂ.ﬁ..v nhH-D.ﬁ ﬁ.ﬂu ﬂugﬂhbm.nlﬂ J0TTd
dofIfpHaa) pnoTl yeg'T uoriwayTddy TwyIey
. ATA R Juamniiseuf esupiua-aydurg EST'E odd
I8 931 10 @jomy ¢1 9vsZ ausueriTnm~a8us 081'6 TeuNg 2VBATIL
LA ZITo0TeA PUTA €5E T puey surdua-ayfuis zo3exadp
] nﬂﬂud& JOTEd
806 a19339g Ul yie's dxo) ooay
IT6'T SITTR (-3TF8 §/1 SE9°T ABATVM YITA IT VSWL) GOTSTAFQ Suymood]
yZg'y SITm § puoday FLT4 IBATWM YITA III PS¥ID 688 d1on s10304 TwivsuiIvey
ov1‘g 12041V BQ 9€6'y 11 99%TD W surlug
I3Tmpxo1g 130431y 10y III 98¥[)

IWITJIIART [P IPIH £26°Z ITAWINIIFY ITLOFIL
ey A i68's POXT TIIATTEL
¥66°T WA 61T S9oULSNg TVFOISEEOOUON Evt'g PXEd #T2437aL
1887yl SuoH 98L°1 uopIwoprddy [eriey Iwey Fuipuwl

T3 IUAFid 30 WAL 9£9°2 TeUOTIIMIISUY
TLL'6 INIWITH [WTIIMMOINOK 98 78T wassa)
£8 SEREFITH AT FaYATd 79 Purd £’ TLT waswa)
Z66 g 0081 §T-¥d redyg
0zz'9t 17T £SE°2 Juapnig 1tz 0ST vussa)
SUOTITPac) Ieqivel jo #di] ety TEEozowmo]) SUAWN

1508 2IwATIg
659 Aeg 33ITFIIID 796 L e
¥’ AIp-34IIN e’y radyg
9€0°ST WdsTeg 18y {1 puemmo) oF 30TF 190°¢L e
TITIPTOOV IGIF1 3O FOTITPAOD WITIPTIIY Peajoan] 30T1d SITIPFIIY ATV

SHLLSTRALOVEVED TVANAWEOUIANA SOTLSRIALOVIVED 10TId SOLLSTHRIOVAVID) LIVEHLY
INEA100V LAVAJMIV aNIONa-dTORIS 40 1VOIdAL SOIISTUALIVEVED
T Tiavl
B L N e e [ e WD Y A ™ o | Q) = WD



should not be construed to mean that these two companies manufacture aircraft
that are less safe or more accident-prone than aircraft manufactured by other
aireraft manufacturers,

Similarly, the particular aircraft contained in the list of aireraft models in
Table 1 should not be considered less safe or more accident-prone than any other.
These aireraft models have the most active aireraft, flying more hours than any
other makes and models. These arguments hold for all of the variables listed in
Table 1. Further examination and analysis are required to determine whether any
of the factors highlighted in Table 1 are illustrative of & problem area or are
indicative of particularly dangerous characteristics. The list does provide an
overview of factors involved in typical single-engine aircraft accidents, and in
conjunction with the exploratory AID analyses, it identified a number of the
accident variables worthy of further analysis by contingency tables.

The contingency table analyses provided valuable insights into the inter-
relationships of a number of the accident factors, including aireraft make and
model, certain aircraft design characteristies such as landing gear and wing
configuration, pilot flight experience, certain environmental factors, and types of
accident. These specific variables were included in the analysis, not only because
the frequency distributions and the AID analyses indicated they were particularly
relevant to accident causation, but also because data on these variables were
stored in a sufficient number of accident records to determine the relationship of
these variables to accident risk.

The annual trend of single-engine aircraft accidents is compared with the
overall general aviation accident history in Figure 1. Although there was a slight
decreasing trend in overall general aviation accidents and fatal accidents, the
number of single-engine aircraft accidents, fatal accidents, and fatalities remained
relatively unchanged from 1972 through 1976.

The number of flight-hours 2/ logged by these two categories of aircraft
increased during that period. (See Figure 2.) Thus, the rates per 100,000 flying
hours of accidents, fatal accidents, and fatalities involving those categories of
aireraft have decreased over this period. (See Figure 3.)

To explore the relationship of type of accident to the other accident
variables, 10 broad accident type categories were analyzed: Collisions with ground
or water, collisions with obstacles, stalls, engine failures or malfunctions, midair
collisions, in-flight airframe failures, ground loops, hard landings, overshoots, and
undershoots. Some of the 10 categories are combinations of 2 or more detailed

2/  Exposure data providing the number of hours flown annually by all general
aviation aireraft for 1972 through 1976 was obtained from the Federal
Aviation Administration. Certain changes in the data collection methods of
the FAA introduced some questions of data consistency. (See Appendix A.)
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Safety Board accident types. These 10 categories of accident types account for
almost 90 percent of all accidents involving these aircraft.

When classifying types of accidents, some first types of accidents are
normally followed by or require typical second types of accident. For example,
engine failure or malfunction is coded as a first type of accident only when a
subsequent accident occurs before completion of the flight, such as an accident on
forced or precautionary landing after losing engine power. In this study, only the
first type of accident has been included, because it provides a more accurate
statistical assessment of the relationships between the accident variables.

The most frequent single-engine accident type is engine failure 3/, followed
by collisions with obstacles and ground loops. (See Figure 4.) The number of
engine failures increased from 1972 through 1976, while the other major categories
of accidents either remained fairly constant or decreased slightly.

The most frequent fatal accident was collision with ground or water, followed
by stall aceidents and collisions with obstacles. (See Figure 5.) Engine failures or
malfunctions are fourth on the list of the most frequent fatal acecident causes.
Ground loops, hard landings, undershoots, and overshoots are generally less severe
types of accidents,

Examination of Selected Aircraft Makes and Models

To examine the role of aireraft make, model, and configuration in accidents,
specific aireraft makes and models were selected for inclusion in the study. All
aircraft makes and models with 500 or more active aireraft in the year 1976 were
included. 4/ Thirty-three aircraft makes and models constitute the sample derived
from this selection criterion. Aircraft designed specifically for use in aerial
application flying were excluded because differences in both aircraft design and
type of flying placed these aircraft outside the secope of this study. A list of the
aireraft included in the study, their landing gear and wing configurations (high- or
low-wing), and other pertinent characteristics is presented in Table 2.

There were 13,935 of the selected aircraft involved in 13,814 accidents, or
79.8 percent of the 17,312 single-engine aircraft accidents from 1972 through
1976. There were 2,251 of these aircraft involved in fatal aceidents which resulted
in 4,338 fatalities. Further, these 33 selected aircraft accounted for 103,285,497
flying hours or 89.3 percent of the 115,686,698 hours flown by the active
single-engine aircraft fleet during that period. The total number of accidents,

"3:/ Engine' failures include, in addition to actual powerplants failure, such items
as fuel starvation and exhaustion and earburetor and induetion system icing.

4/ The FAA was the source of data on active number of aireraft in the U.S.
general aviation fleet in 1976,

NUMBER OF ACCIDENTS
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fatal accidents, and fatalities for 1972 through 1976 are presented in Table 3 for
the 33 selected aireraft. The data are also presented in Table 3 as rates based on
100,000 flying hours. The accident and fatal accident rate data are presented in
bar chart form for convenience of the reader. (See Figure 6.)

The 33 selected aircraft were listed in order of their accident rates from
highest to lowest, (See Table 4.) The five aircraft with the highest accident rates
and the five aircraft with the lowest accident rates are shown in Table 5. The
mean accident rate for the group of aireraft with the highest accident rate is four
times that of the group with the lowest accident rate. One significant difference
between the two groups is the substantially greater number of hours flown by the
group with the lower rate (38 times as many). The higher rate group accounted for
3.8 percent of the single-engine accidents and 1.4 percent of the single-engine
flying hours. The aircraft in the lower rate group accounted for 36.3 percent of
the single-engine aircraft accidents and 54.3 percent of the single-engine flying
hours. Flying time appears to be a factor in accounting for the difference between
these two groups,

Another difference between the groups is that the higher rate group is
configured with tailwheels, while the lower rate group has trieycle landing gear.
Further, the higher rate group is composed of aircraft, the first production models
of which are older than that of the lower rate group, and only one of the five
sircraft in the higher rate group is still in production. The association between
higher accident rate and older, tailwheel aircraft flown relatively few hours
annually is more clearly illustrated in Table 6.

The 33 aircraft listed in Table 4 were divided into 3 groups of 11 aireraft
each, beginning with the aircraft having the highest accident rate. The high
accident rate group had a mean accident rate of 30.40 per 100,000 hours; the
middle-rate group had a mean rate of 19.52; and the low-rate group had a mean .
rate of 10.45. The aircraft in the higher rate group were flown significantly fewer
hours than the low-rate group — about 10 percent of the hours flown by the low-
rate group. The high-rate group was composed of 10 tailwheel aircraft and 1
tricycle gear aircraft, while the low-rate group contained no tailwheel aircraft.

The mean for the year of initial design and production of aircraft was
between 1943 and 1944 for the high accident rate group, between 1954 and 1955 for
the middle group, and about 1960 for the group with the lowest accident rate.
Many of the aireraft in the various groups were improved significantly over time,
while others remained relatively unchanged for long periods of time. Production of
some of the aircraft was discontinued shortly after introduction and 10 of the 11
aircraft in the high accident rate group are no longer in production. Product
support, including availabilty of parts and service, may be limited on some of these
older aircraft.

All of these factors could be related to the accident rate differences of these
aireraft. However, a relationship apparently exists between older aircraft and
higher accident rates. Further study of these aircraft to determine more precise
causes of the substantial rate disgparity is warranted.  Corrective action,
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TOTAL AND FATAL ACCIDENT RATES {PER 100,000 HOURS)

BY AIRCRAFT MAKE AND MODEL

FIGURE 6

1972 — 1976
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ATRCR;

Luscombi
Cessna
Globe(S:
Globe G
Aeronca
Cessna -~
Forney(l
Aeroncal
Piper Pi
Cessna ’
Piper J-
Grummanl|
Taylorc
Piper P/
Piper P}
Bellance
Cessna 1
Cessna 1
Beech 2:
Piper P/
Navion

Cessna ¢
Cessna 1
Cessna 1

“Grumman

Piper P
Cessna ¢
Cessna 1
Mooney ¥
Piper PA
Cessna 1
Cessna 1
Beech 33




AIRCRAFT

Luscombe 8

Cessna 195
Globe(Stinson)108
Globe GC-1
Aeronca 11

Cessna 120/140
Forney{Ercoupe) .
Reronca{Bellanca) 7
Piper PA-12
Cessna 170

Piper J-3
Grurman(Yankee ) AA-1
Taylorcraft(BC)
Piper PA-18

Piper PA-22
Bellanca 14-19
Cessna 180

Cessna 185

Beech 23

Piper PA-24
Navion

Cessna 210/205
Cessna 175

Cessna 177

Grumman{Traveler)AA-5

Piper PA-32
Cessna 206
Cessna 182
Mooney M-20
Piper PA-28
Cessna 150
Cessna 172

Beech 33, 35, 36

SELECTED AIRCRAFT RANKED BY ACCIDENT RATE

ACCIDENT RATE
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TABLE 4 .

FLYING HOURS
IN 100,000 HRS.

5.

2.
5.
1.
1.
1.
6.
- 22,
4,

11.
8.

17.
4

20.
20.
6.
19.
9.
18,
26.
5.
26,
6.
19,
6.
21.
18.
77.
32.
175.
205.
151.
68.

539
131
259
941

706

150
209
466
281
100
677
586
194
747
281
693
428
535
429
on
523
828
014
216
803
189
482
556
433
767
316
422
943

ACCIDENT
RECORDS

253

82
200

73

53
320
177
635
117
302
234
304
104
479
434
143
413
169
324
437

89
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TABLE 5
AIRCRAFT WITH FIVE HIGHEST ACCIDENT RATES

ATRCRAFT ACCIDENT RECORDS FLYING HOURS ACCIDENT RATES
Luscombe 8 253 553,883 45.68 '
Cessna 195 82 213,086 34.48 :
Globe(Stinson)108 200 525,910 38.03 )
Globe GC-1 73 194,099 37.61
, Aeronca 11 53 170,576 31.07 : No. ¢
TOTALS : 661 1,656,554 39.90 (mean rate) - No. ¢
No. ¢
AIRCRAFT WITH FIVE LOWEST ACCIQENT RATES
: Mean
AIRCRAFT ACCIDENT RECORDS FLYING HOURS ACCIDENT RATES E Landi
Beech 33, 35, 36 602 6,894,256 . 8.73 "‘
Cessna 172 1,373 15,142,220 9.07
Cessna 150 2,111 20,531,623 10.28
Piper PA-28 1,830 17,576,654 10.49
Mooney M-20 367 3,243,442 11.32 Wing
TOTALS 6,283 63,388,195 9.91 (mean rate)
? Avera
: Mod
:
%‘ Curre
3 Manuf




ATRCRAFT CHARACTERISTICS BY ACCIDENT RATE GROUPING

No. of Aircraft

- No. of Accidents

No. of Flying Hours

Mean Accident Rate

Landing Gear Configufation

Tailwheel
Tricycle

Wing Configuration

High Wing
Low Wing

AVerage Dates of Initial
Model Production

Current Production Status

“In Production
“Qut of Production

Manufacturer

Beech

Bellanca

Cessna
“Grumman
Mooney
Piper
Other

Low Accident
Rate Group

Middle Accident

High Accident
Rate Group

Rate Group

78,314,100 16,925,500

[, Koyl
[$ 0=,

=~

F N — O | =
A |1-_|w_o._n

11

2,446
8,045,900
30.40

AN R Vel

1944

I 1 1 ) =t
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where possible, should be taken to reduce the acecident rates of the aireraft in the
higher rate group.

The 33 selected aireraft have been ranked in Table 7 in order of fatal
accident rate. Then in Table 8 the 33 aireraft were divided into 3 groups of 11
aircraft each, based on the ranking of their rates of fatal accidents. The
characteristics of the three groups do not exhibit the same contrasts as the total
accident rate comparisons of Table 7, The difference in hours between the three
groups is large, but not as large as in the comparison of total accident rates.
Although the aireraft in the high-rate group are significantly older than the
aireraft in the low-rate group, the difference of 11 years is less significant than
the 16-year difference between the high- and low-rate groups based on total
accident rates. Further the tailwheel-tricycle comparison, which was distinct in
the comparison based on total accident rate, is far less obvious in the fatal
accident rate comparison. The same is true when comparing the number of
aireraft still in production with those no longer in production, although the out-of-
production group does have a mean fatal accident rate about 50 percent higher
than the rate for the aireraft still in production. (See Table 9.) One interesting
feature is that 10 of the 11 aircraft in the low fatal rate group are high-wing
aireraft,

There is another remarkable feature of the summary of the fatal accident
rate ranking presented in Table 8. The 11 aircraft in the group with the lowest
fatal accident rates include 9 aircraft manufactured by Cessna, 1 manufactured by
Piper, and 1 manufactured by a company no longer producing aireraft, The middie
and high-rate groups include the remaining three Cessna-built aireraft, five of the
six Piper aireraft, the two aircraft built by Beech, the two built by Bellanca, the
two built by Grumman, the one by Mooney, and the six built by companies no longer
producing aireraft. Of the single-engine aircraft manufactured by the 6 companies
still producing aireraft, (Beech, Bellanca, Cessna, Grumman, Mooney, and Piper), 3
of the 12 Cessna aircraft and 4 of the 7 Piper Aireraft are no longer in production;
all other aircraft manufactured by these 6 companies are still in production. (See
Table 9.)

There are a number of factors which could be related to the statisties
analyzed in Tables 6 through 9. They include the type of accident, the kind of
flying, accident causes, pilot experience, operating conditions such as unimproved
air fields, and environmental factors such as weather.

Accident Types

The accident rates per 100,000 flying hours for the 10 categories of specific
types of accidents were calculated for each of the 33 selected aircraft. (See
Tables 10 and 11.) From these data, the selected aircraft have been ranked on an
accident rate basis, from high rate to low rate, for each of the 10 accident types.
(See Tables 12-21.) The aircraft have been divided as evenly as possible into three
groups, based on accident rate for each of the specific types of accident involved.
Data summarizing specific features or characteristics of the aircraft involved in
each of the three accident rate groups have been presented in Table 22 for each of
the 10 accident types,

AIR

Globe
Bellar
Aeron¢
Luscor
Grumme
Piper
Aeronc
Piper
Forney

-Navior

Cessna
Piper
Piper
Cessna
Cessna
Grumma
Piper
Piper
Taylor
Beech
Beech
Mooney
Globe(
Cessna
Cessna
Piper

Cessna
Cessna

Cessna
Cessna
Cessna
Cessna
Cessna
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TABLE 7
SELECTED AIRCRAFT RANKED BY FATAL ACCIDENT RATE

FATAL

. = FATAL -~ FLYING HOURS ACCIDENT
AIRCRAFT ACCIDENT RATE PER 100,000 HRS. RECORDS
Globe GC-1 ' 9.27 1.941 18
Bellanca 14-19 5.68 6.693 38
Aeronca 11 5.28 1.706 9
Luscombe 8 5.06 5.539 28
Grumman{Yankee)AA-1 4.83 11.586 56
Piper J-3 4.73 8.677 42
Aeronca(Bellanca) 7 4.58 22.466 : 103
Piper PA-18 4.00 20.747 83
Forney(Ercoupe) 3.87 6.209 24
‘Navion 3.80 5.523 21
Cessna 195 3.75 2.131 8
Piper PA-12 3.50 4.281 15
Piper PA-22 3.28 20.281 66
Cessna 170 3.15 11.100 35
Cessna 210/205 3.09 76.828 83
Grumman(Traveler)AA-5 2.94 6.803 20
Piper PA-24 2.92 26.011 76
Piper PA-32 2.74 21.189 58
Taylorcraft(BC) 2.62 4,194 11
Beech 33, 35, 36 2.55 68.943 176
Beech 23 2.50 18.429 46
Mooney M-20 2.44 32.433 79
Globe(Stinson)108 2.28 5.259 12
Cessna 177 2.19 19.216 42
Cessna 182 2.02 77.556 157
Piper PA-28 1.97 175.767 347
Cessna 175 1.83 6.014 1
Cessna 120/140 1.70 11.150 19
Cessna 206 1.68 18.482 3
Cessna 185 1.47 9.535 14
Cessna 172 1.47 151.422 222
Cessna 150 1.34 205.316 276
Cessna 180 1.29 19.428 25
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TABLE 8
FATAL ACCIDENTS

Low Middle High ATRCH
Fatal Accident  Fatal Accident Fatal Accident ¢ —
Rate Group Rate Group Rate Group ; Globe (
. ; Aeroncs
' No. of Aircraft 1A 11 11 _ Luscomt
Piper
No. of Accidents 1,156 665 430 Forney{
_ Navion
No. of Flying Hours 69,914,500 26,505,400 8,769,500 ' gessna
N iper |
Mean Accident Rate 1.65 2.51 4.90 1 Piper f
T E Cessna
X . . Piper F
Landing Gear Configuration 3 Taylorc
Tailwheel 4 3 7k glggﬁgf
Tricycle 7 8 4 ' Cossna
Wing Configuration TC
High Wing 10 5 6
Low Wing 1 6 5
Average Dates of Initial
Model Production 1957 1954 1946
ATRCR
Current Production Status
Bellanc
In Production 8 6 4 grumman
Out of Production 3 5 7 P?ronca
iper P
Manufacturer gﬁz;;gn
Pi p
Beech - 2 " Bebch 3
Bellanca - - 2 Beech ?
Cessna 9 2 1 Mooney
Grumman - 1 1 Cessna
Mooney - 1 - Cessna
Piper 1 4 2 Piper P
Other 1 1 5 Cessna
Cessna
Cessna
Cessna
Cessna

TO

*




AIRCRAFT

Globe GC-1
Aeronca 11
Luscombe 8

Piper J-3
Forney{Ercoupe)
Navion

Cessna 195

Piper PA-12

Piper PA-22
Cessna 170

Piper PA-24
Taylorcraft(BC) *
Globe(Stinson)i08
Cessna 175

Cessna 120/140

TOTALS

ATRCRAFT

Bellanca 14-19
Grumman(Yankee )AA-1
Aeronca{Bellanca) 7
Piper PA-18

Cessna 210/205

Piper PA-32
Beech 33, 35, 36
Beech 23
Mooney M-20
Cessna 177
Cessna 182
Piper PA-28
Cessna 206
Cessna 185
Cessna 172
Cessna 150
Cessna 180

TOTALS

- 23 -
TABLE 9

FATAL ACCIDENTS
ATRCRAFT NO LONGER IN PRODUCTION

FLYING HOYRS

FATAL ACCIDENTS 100,000 HRS.

18 1.941
9 1.706
28 5.539
42 8.677
24 6.209
21 6.523
8 2.131
15 4,281
66 20.281
35 11.100
76 26,011
11 4,194
12 5.259
11 6.014
19 11.150
395 120.016

AIRCRAFT STILL IN PRODUCTION

FLYING HOURS

Grumman(Traveler)AA-5

* The Board is aware that nroduction of
accidents involve the older aircraft.

FATAL ACCIDENTS 100,000 HRS.

38 6.693

56 11.586
103 22.466
83 20,747

83 28.828

20 6.803

58 21.189
176 68.943
46 18.429

79 32.433

42 19.216
157 77.556
347 175.767
31 18.482

14 9.535
222 151.422
276 205.316
25 19.428
1,856 878.787

FATAL RATE -
PER_100,000 HRS.

9
5
5
4
3
3
3
3
3
3
2
2
2
1

1

.27

.28

.06

.73

.87
.80
.75
.50
.28
.15
.92
.62
.28
.83
.70

3.

29 {mean rate)

FATAL RATE
PER 100,000 HRS.

e o D D PRI TO R R RO N RS o S P o

LAt

.68
.83
.58
.00
.09
.94
74
.55
.50
.44
.19
.02
.97
.68
.47
A7
.34
.29

.11 (mean rate)

this atrcraft has resumed, but the
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The data indicate that the group of aireraft accounting for the high rate of
collisions with ground or water are older model aircraft -- aireraft for which initial
design and production took place more than 25 years ago — and are associated with
fewer total hours flown in these aircraft. The accident rate for the high-rate
group is about twice that of the low-rate group. (See Table 22.)

The 11 aireraft accounting for the high rate of collisions with obstacles are
also older model aireraft associated with fewer total flying hours. Another feature
of this group is that the high accident rate group consists of nine aircraft with
tailwheels and only two with tricyele landing gear. The mean accident rate for the
high-rate group is about 2.7 times that of the low-rate group.

The 11 aireraft accounting for the high rate of stall accidents (stall, stall-
spin, stall-spiral, and stall-mush) are also older model aircraft and consist of 9
high-wing aircraft and only 2 low-wing aireraft. Because of the generally accepted
view that stalls can be facilitated by inadequate engine power, the ratio of aireraft
gross takeoff weight to engine horsepower of the aireraft involved in this aceident
category was examined. The high-rate group had a weight-to-horsepower ratio of
16.7, almost 30 percent larger than the 13.0 power loading of the low-rate group.
Indeed, from these date a relationship appears to exist between increasing rate of
stall aceidents and decreasing ratio of engine power-to-aircraft weight. The mean
accident rate of the high-rate group is almost seven times greater than the mean
rate for the low-rate group.

The data on engine failure accidents also show that the high-rate group
involves older model aircraft flown fewer hours than the low-rate group. There
does not appear to be any relationship between rate of engine failure and landing
gear or wing configuration. The mean engine failure accident rate for the high-
rate group is a little more than three times greater than that of the low-rate
group. The data on midair collisions do not show the same relationship between
accident rate and older model aircraft with fewer flying hours. Midair collisions do
appear to have one feature in common with the previous four accident types. The
low-rate group includes more Cessna aircraft than all other airecraft combined. In
all of these serious accident types, which were previously shown to be correlated
with fatal accidents, only 1 of the 12 aireraft built by the Cessna Aireraft
Company was included in the high-rate groups, except for the high-rate stall group
which includes 2 Cessna-built aircraft. This is not surprising in light of the
previously observed lower fatal accident rate of Cessna-built aircraft.

The data on midair collisions also show that 97 of the 196 aireraft involved in
midair collisions were either the Cessna 150 or the Piper PA-28. (See Table 16.)
Both of these aireraft are flown significantly in instructional flying and are thus
often flown in high traffic environments. Nonetheless, it is significant that these
two aircraft account for almost one-half of all midair eollisions invalving the 33
selected aircraft and almost 75 percent of the involvement by the high-rate midair

collision group. This highrate group has a mean midair collision accident rate -

more than three times that of the low-rate group.

TABLE 10
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AIRCRAFT

Bellanca 14-19
Globe GC-1

Piper PA-18
Taylorcraft(BC)
Luscombe 8
Aeronca(Bellanca) 7
Piper PA-22

Piper J-3

Cessna 210/205
Forney{Ercoupe)
Mooney M-20

Piper PA-24
Grumman{Traveler)AA-5
Cessna 170

Cessna 182

Piper PA-32

Beech 23

Cessna 175

Cessna 185

Cessna 180
Grumman{Yankee }AA-1
Navion

Cessna 120/140
Globe(Stinson)108
Piper PA-28

Cessna 177

Beech 33, 35, 36
Piper PA-12

Cessna 172

Cessna 206

Cessna 150

Cessna 195
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TABLE 12
COLLISION WITH GROUND AND WATER

ACCIDENTS
21
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TABLE 13
COLLISION WITH OBSTACLES

AIRCRAFT RATE ACCIDENTS A
Aeronca 11 5.88 10 Aer
Forney(Ercoupe) 4.67 29 ' Aer
Piper PA-12 4.67 20 ' Tay
Globe GC-1 4.64 9 : Pip
Globe{Stinson)108 4.57 24 ' Lus.
Piper J-3 4.15 36 - Pip
Luscombe 8 3.97 22 Glo
Aeronca{Bellanca) 7 3.83 86 | Ces:
Piper PA-18 3.76 78 : Gru
Cessna 120/140 3.67 4 ? Pipi
Grumman{Traveler)AA-5 3.67 25 | Ces:
Taylorcraft(BC) 3.57 15 - Glo
Piper PA~22 3.20 65 Nav:
Cessna 180 3.08 60 ; Pipi
Cessna 175 2.99 18 8 Ces:
Piper PA-32 2.97 63 2 Grur
Grumman(Yankee ) AA-1 2.76 32 3 Ces:
Bellanca 14-19 2.54 17 f Ces:
Cessna 170 2.52 30 1 Beec
Cessna 185 2.51 24 | Fory
Cessna 177 2,08 40 i Ces:s
Beech 23 1.90 35 g Pipe
Cessna 195 1.87 4 2 Beec
Piper PA-28 1.79 316 3 Cess
Cessna 172 1.63 248 1 Pipe
Cessna 182 1.57 122 ‘ Moor
Piper PA-24 1.57 Ly ] Cess
Cessna 210/205 1.52 41 1 Cess
Navion 1.44 8 1 Bell
Cessna 150 1.35 279 : Pipe
Cessna 206 1.30 24 ' Cess
Mooney M-20 0.98 32 i Cess
Beech 33, 35, 36 0

.89 62 : Cess




AIRCRAFT

Aeronca{Bellanca) 7
Aeronca 11
Taylorcraft(BC)
Piper J-3
Luscombe &

Piper PA-18

Globe GC-1

Cessna 170
Grumman(Yankee )AA-1
Piper PA-12
Cessna 120/140
Globe(Stinson)108
Navion

Piper PA-22
Cessna 177
Grumman{Traveler)AA-5
Cessna 185

Cessna 150

Beech 23
Forney(Ercoupe)
Cessna 180

Piper PA-24

Beech 33, 35, 36
Cessna 175

Piper PA-28
Mooney ‘M-20
Cessna 172

Cessna 210/205
Bellanca 14-19
Piper PA-32
Cessna 206

Cessna 195

Cessna 182

- 29 -

TABLE 14
STALL

RATE

22.47
8.21
6.44
5.88
5.78
5.49
5.15
4.38
4,23
3.27
2.51
2.09
1.81
1.78
1.77
1.76
1.47
1.42
1.41
1.29

- 1.08
0.98
0.94
0.83
0.80
0.80
0.77
0.7
0.60
0.57
0.54
0.47
0.36

ACCIDENTS
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TABLE 15

ENGINE FAILURE

AIRCRAFT RATE ACCIDENTS A
Globe GC-1 12.36 24 Lus¢
Globe(Stinson)108 10.65 56 t Pipe
Forney(Ercoupe) 9.50 59 Aerc
Grumman ( Yankee JAA-1 8.71 101 : Pipe
Navion 7.84 40 : Bell
Piper J-3 7.61 66 3 Grun
Luscombe 8 7.58 : 42 i Cess
Cessna 120/140 6.73 75 i Pipe
Piper PA-12 6.54 28 1 Pipe
Bellanca 14-19 5.98 40 , Cess
Piper PA-22 5.67 ' 115 : Glob
Cessna 195 4.69 10 a Cess
Piper PA-32 4.39 93 ' 1 Cess
Cessna 210/205 4.25 114 1 Cess
Aeronca(Bellanca) 7 4.23 95 3 Beec
Aeronca 11 4.10 7 gy Pipe
Taylorcraft(BC) 3.81 16 2 Cess
Piper PA-24 3.61 94 f Cessi
Beech 23 3.58 66 : Pipe
Cessna 175 3.48 21 - Cess
Mooney M-20 3.42 m 3 Cessi
Piper PA-18 3.37 70 - Grum
Cessna 177 3.33 64 3 Cessy
Cessna 206 3.30 61 3 Moone
Cessna 180 3.24 63 k Cessr
Cessna 170 2.88 32 1
Cessna 185 2.73 26
Cessna 150 2.48 510
Piper PA-28 2.37 416
Beech 33, 35, 36 2,22 153
Grumman{Traveler)AA-5 2.20 15
Cessna 182 2.08 161
Cessna 172 1.41 214




AIRCRAFT

Luscombe 8

Piper PA-22 .
Aeronca(Bellanca) 7
Piper PA-18
Bellanca 14-19
Grumman{Traveler)AA-5
Cessna 150

Piper PA-28

Piper PA-24

Cessna 180
Globe(Stinson)108
Cessna 172

Cessna 175

Cessna 182

Beech 33, 35, 36
Piper J-3

Cessna 206

Cessna 185

Piper PA-32

Cessna 120/140
Cessna 170
Grumman(Yankee)AA-1
Cessna 210/205
Mooney M-20

Cessna 177
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TABLE 16
MIDAIR COLLISION
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AIRCRAFT

Bellanca 14-19
Globe GC-1
Forney{Ercoupe)
Cessna 195
Navion

Aeronca 11

Beech 33, 35, 36
Luscombe 8

Piper PA-24
Cessna 170
Cessna 210/205
Cessna 180

Piper PA-22
Aeronca(Bellanca) 7
Beech 23

Cessna 120/140
Piper PA-32
Taylorcraft{BC)
Piper J-3
Mooney M-20
Piper PA-28
Cessna 177
Cessna 182
Cessna 206
Grumman(Yankee )AA-1
Cessna 172
Cessna 150
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TABLE 17
IN-FLIGHT AIRFRAME FAILURE

RATE

1.49
1.03
0.97
0.94
.90
.59
.58

P "
~d

ACCIDENTS
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TABLE 18
GROUND LOOP
AIRCRAFT RATE ACCIDENTS

Cessna 195 22.06 47
Globe(Stinson)108 13.50° VAl
Luscombe 8 13.00 72
Cessna 170 9.91 110
Cessna 120/140 8.99 87
Aeronca 11 7.86 73
Aeronca(Bellanca) 7 7.48 168
Cessna 180 6.49 126
Cessna 185 4.72 45
Piper PA-12 4.67 20
Piper PA-18 3.90 81
Taylorcraft(BC) 3.58 15
Globe GC-1 3.09 6
Grumman(Yankee JAA-1 2.85 33
Piper PA-22 2.76 56
Forney(Ercoupe) 2.74 17
Beech 23 2.33 43
Bellanca 14-19 2.10 14
Piper J-3 2.07 18
Cessna 206 1.73 32
Cessna 177 1.61 31
Grumman(Traveler)}AA-5 1.47 10
Piper PA-32 1.42 30
Cessna 150 1.37 281
Piper PA-28 1.36 239
Piper PA-24 1.29 33
Cessna 210/205 1.08 29
Cessna 182 1.06 82
Cessna 172 1.00 152
Mooney M-20 0.65 21
Beech 33, 35, 36 0.55 38
Navion 0.36 2
Cessna 175 0.17 3




ATRCRAFT

Beech 23
Grumman(Yankee )AA-1
Forney(Ercoupe)
Cessna 177

Globe GC-1

Luscombe 8

Cessna 182

Cessna 170

Beech 33, 35, 36
Cessna 150

Cessna 120/140
Cessna 206

Piper PA-24
Aeronca{Bellanca) 7
Piper J-3

Grumman{Traveler)AA-5

Cessna 175
Cessna 180
Cessna 210/205
Piper PA-28
Cessna 172
Piper PA-22
Taylorcraft(BC)
Cessna 195
Piper PA-18
Piper PA-32
Cessna 185
Navion

Mooney M-20
Piper PA-12
Globe(Stinson)108
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TABLE 19
HARD LANDING

RATE

3.50
3.02
2.90
2.60
2.58
2.35
2.17
1.89
1.45
1.37
1.35
1.30
1.29
1.20
1.04
1.03
1.00
0.93
0.82
0.81
0.7
0.69
0.48
0.47
0.43
0.42
0.42
0.36
0.3]
0.23
0.19

ACCIDENTS

=
—
X

|

Grumr
Cessn
Beech
Piper
Piper
Cessn
Globe
Cessn
Aeron
Lusco
Piper
Globe
Moone
Cessn
Cessn
Grumr
Piper
Cessn
Cessn
Piper
Cessn
Piper
Cessn
Forne
Bella
Cessn
Navio
Aeron
Cessn
Piper
Cessn
Beech
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TABLE 20
OVERSHOOT
AIRCRAFT RATE ACCIDENTS
Grumman{Traveler)AA-5 2.35 16
Cessna 195 2.34 5
Beech 23 1.95 36
Piper PA-24 1.61 42
g Piper PA-22 1.33 29
4 Cessna 175 1.33 8
- Globe(Stinson)108 1.33 7
3 Cessna 182 1.21 94
3 Aeronca 11 1.17 2
Luscombe 8 1.08 6
Piper PA-32 1.03 22
Globe GC-1 1.03 2
Mooney 'M-20 1.01 33
Cessna 172 1.00 152
Cessna 170 0.99 11
Grumman( Yankee)AA-1 0.95 1
Piper PA-12 0.93 4
Cessna 210/205 0.89 24
Cessna 177 (.88 17
Piper PA-18 0.81 17
Cessna 206 0.81 15
Piper PA-28 0.80 141
Cessna 120/140 0.71 8
Forney(Ercoupe) 0.64 4
Bellanca 14-19 0.60 4
3 Cessna 180 0.56 1
§ Navion 0.54 3
g Aeronca{Bellanca) 7 0.48 n
Cessna 150 0.35 73
Piper J-3 0.34 3
Cessna 185 0.31 3
Beech 33, 35, 36 0.23 16




AIRCRAFT

Forney(Ercoupe)
Luscombe 8

Piper PA-12

Globe GC-~1

Cessna 175
Grumman(Yankee)AA-1
Taylorcraft(BC)
Piper PA-22

Piper PA-32
Bellanca 14-19
Aeronca 11

Piper PA-28
Aeronca(Bellanca) 7
Piper PA-24

Piper J-3
Globe(Stinson)108
Cessna 120/140
Cessna 195

Grumman (Traveler) AA-5

Piper PA-18
Beech 23
Cessna 185
Mooney M-20
Cessna 170
Navion

Cessna 150
Cessna 210/205
Cessna 206
Cessna 172
Cessna 182
Beech 33, 35, 36
Cessna 180
Cessna 177
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TABLE 21
UNDERSHOOT

RATE

2.47
1.62
1.40
1.03
0.99
0.95
0.95
0.83
0.70
0.60
0.59
0.59
0.59
0.57
0.57
0.57
0.53
0.47
0.44
0.43
0.43
0.41
0.37
0.36
0.36
0.35
0.33
0.32
0.26
0.24
0.21
0.15
0.10

ACCIDENTS

15

~d —
QO MTON PN BOOW—o

—d P
NLWMW O

No. of
No. of
Mo. of

Mean A
Per

Landtn

Ti
Ti

Wing G«

Hi
Lo

Average
Model

Manufac

Gr

PA.
0ot

No. of A
No. of A
M. of F

Mean Acc
Per 10

Landing |

Tal'
Tri

Wing Con

gl
Low

Average [
Model |

Manufact:

Bell
Ces:

Pipe
Othe




No. of Aircraft
No, of Accidents »
No. of Flylng Hours

Mean Accident Rate
Per 100,000 Hours

Landing Gear

Tailwheel
Tricycle

Wing Configuration

High Wing
Low Wing

Average Dates of Initial
Model Production

Manufacturer
Beech
Bellanca
Cessna
Grumman
Mooney
Piper
Other

No. of Afrcraft
No. ef Accidents
Mo, of Flying Hours

Mean Accident Rate
Per 100,000 Hours

Landing GCear

Tailwhee)
Tricycle

Wing Configuration

Wigh Wi
Low Hin:g

Average Dates of Initia)
Model Product jon

Manufacturer

Beech
Bellanca
Cessna
Grumman
Mooney
Piper
Other

COLLISION WITH GROUND OR WATER

Low Accident
Rate Group

10
567
66,196,666

0.86

e

1954

—— N O e

Middle Accident

Rate Group

1"
262
21,317,342

1.23

1959

- N -

High Accident

Rate Growp

n
mn
15,600,913

1.74

E ]

1946-1947

LR R A O ]

INFLIGHT AIRFRAME FAILURES

Low Accident
Rate Group

9
60
70,045,513

0.09

(2R~ ]

1958-1959

I M=ty i

Middle Accident
Rate Group

9
45
15,506,537

0.29

N~

1952

- b Pt

High Accident
Rate Group

9
80
12,469,488

0.64

1946-1947

[T S I R g p—

TABLE 22.

COLLISION WITH OBSTACLES

Low Accident
Rate Group

n
1177
79,041,190

1.49

(LN ]

1955-1956

el B B B

Low Accident
Rate Group

1
210
79,700,198

1.14

S

1957

a1 )

Middle Accidemt
Rate Group

n
299
4,766,511

2.70

~

]

1957

Y A Y

GROUND LOOP

Riddle Accident
_Pate Group

n
it

-12,250,993

2.24

19541955

LRI 1 PR et

High Accident

Rate Group

n
380
9,477,7%

4.01

NGO

w0

1946

Vbl 1 = ot e |

High Accident
Rate_Group

1"
900
11,334,306

7.94

1947

W1 1 =

AIRC

Low Acc
Rate G

58,745

Low Acci
Rate Gi

27,699,



i

22. AIRCRAFT SUMMARY DATA FOR ACCIDENT TYPE.

sTaLL ( ALL ) ENGINE FAILURE MIDAIR COLLISION

-cident Low Accident Middle Accident High Accident Low Accident Middle Accident High Accident Low Accident Middle Accident High Ac
Group _Rate Group _Rate Group  _ Rate Group -Rate Group _Rate Groyp ~ _ Rate Group Rate Group Rate Group = _ Rate

1 n n n 1" n 1 ] 8

380 427 488 521 : 1,715 697 646 n 53
17,796 58,745,768 34,200,997 10,338,732 76,356,734 18,214,945 8,713,818 4,303,854 35,578,006 48,96

4.01 0.73 1.43 5.0¢ 2.25 3.83 7.9 Q.08 0.15

| g 1 3 ¢ 3 5 6 3 3

2 10 8 b ] ] 6 5 5 5

8 6 6 9 8 7 [ 5 7

3 5 5 2 3 4 5 3 1
1946 1956 1956 1948 1959 1953 1946-1947 1959 1952-1953 1953

- 1 o - 1 1 - 1 -

1 1 - 1 - 1 1 - -

1 5 4 2 8 3 1 5 5

1 - 1 1 1 - 1 1 -

- 1 - - - ] - ] -

3 2 2 3 1 3 3 1 1

5 - 3 4 - 2 § - 1

HARD LANDING OVERSHOOT UNDERSHOCT

cident Low Accident Middie Accident High Accident Low Accident Middle Accident High Accident Low Accident Middle Accident High Ac
Group Rate Group Rate Group Rate Group Rate Group Rate Group Rate Group Rate Group Rate Group Rate

n 10 n n n n 10 1 n

900 160 283 678 277 308 245 184 172
3,306 27,699,618 32,162,619 42,583,361 53,974,693 31,922,590 16,972,77% 61,159,842 30,697,520 11,42

7.94 0.58 0.88 1.59 0.5) 0.9 1.4 0.30 0.56

1 6 4 3 5 4 4 2 7

- 5 6 7 [ 7 [ 9 4

n 8 7 5 [ 7 7 8 7

- 3 3 5 5 4 3 3 4

1947 195) 1955-1956 1953-1954 1950 1957 1952 1956 1954

- - - 2 1 - 1 1 1

1 - 1 - 2 - - - |

5 3 5 4 4 5 3 8 3

- - 1 1 - 1 1 - 1

- 1 - - - 1 - 1 -

H 4 3 - 2 3 2 - 4

3 3 - 3 2 1 3 1 1

#



_39..

Data on in-flight airframe failures also show a relationship between the high-
rate group and older model aireraft flown fewer hours., There does not appear to
be a strong association with a particular landing gear or wing configura tion.

Examination of the data in Tables 17 and Table 22 shows that the high-rate
in-flight airframe failure group contains six older, out-of-production aireraft snd
three other aircraft, the Bellanca 14-19, (including the 17-30 and 17-31 series); the
Beech Bonanza models 33, 35, and 36; and the Piper PA-24. The six older, out-of-
production aircraft account for only 19 in-flight airframe failures and are part of
the high-rate group because of the relatively few hours flown annually. The latter
three aircraft account for 61, or more than three-fourths, of the 80 in-flight
airframe failure aceidents of the high-rate group and about one-third of all the 185
airframe failure acecidents involving aircraft of the selected group. All three of
these aircraft have in-flight airframe failure accident rates significantly higher
than the mean rate of 0.18 for the 33 selected aircraft: The Bellanca 14-19 rate is
more than eight times the mean rate, the Beech 33, 35, and 36 rate is more than
three times the mean rate, and the Piper PA-24 rate is more than twice the mean
rate. These high rates of in-flight airframe failures will be discussed later, The

mean in-flight airframe failure rate of the high-rate group is seven times that of
the low-rate group.

The data in Table 22 show a relationship between ground loops and older
model aircraft associated with fewer hours flown in these aircraft.  More
significantly, ground loop aceidents correlate highly with tailwheel aircraft, a fact
which comes as no surprise. The high-rate group consisted of 11 aireraft with
tailwheels and no tricyele aircraft, while just the reverse was true of the low-rate
group. Also, the aircraft in the high-rate group were all high-wing aireraft,
Further, the high-rate group contains five aireraft manufactured by the Cessna
Aireraft Company and only two Piper-built aireraft. ' The mean ground loop
accident rate for the high-rate group is seven times greater than that of the low-
rate group.

The data in Table 22 do not indicate a relationship between rate of hard
landings, hours flown, and age of aireraft. In fact, the aircraft group with the most
total hours flown is the high-rate group. The high-rate group has more trieyecle
s gear aircraft than tailwheel aireraft, but the distribution with hard landing
aceident rate does not indicate as strong a relationship between hard landings and
tricycle gear as was indicated in Table 22 between ground loops and tailwheels, It
1 is also significant that the mean hard landing accident rate for the high-rate group
is only 2.7 times as great as that of the low-rate group, compared with the ratio of
7 to 1 between the high- and the low-rate groups in ground loop acecidents, Another
feature is the absence of any Piper-built aireraft in the high-rate group, which
includes 4 of the 12 Cessna-built aircraft and both of the aireraft built by Beech.
However, no distinet trends in aircraft characteristies appear to exist in hard
landing accidents. This suggests that the pilot's role is dominant in this accident
type.

B il e e e g

oty

i LT
e L e SR
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The data for overshoot and undershoot accidents provide little additional ¢
information. Neither accident type appears to be related to aireraft model design, 1
age, or configuration. There does not appear to be any significant relationship 1
between the high-rate group and aircraft manufacturer. However, the low-rate 1
group in undershoot accidents includes seven Cessna aireraft and no Piper aircraft. v
The mean rates of the high-rate groups for undershoots and overshoots are about <
2.5 times greater than the mean rates of the lower groups. s

t

In six of the accident types, the high-rate group is associated with older €
aircraft which are flown considerably less each year than the lower rate groups. t
Five of these six accident types -- collision with ground or water, collision with t
obstacles, stall, engine failure, and in-flight airframe failure — are the most severe E
accident types. This observation is compatible with the previous observations - Y
relating older model aireraft with high accident rates and high fatal aceident rates, a

An interesting feature of ground loops, hard landings, and overshoots is the E
inelusion in the higher aceident rate categories of more Cessna-built aircraft than
was the case for the first five accident types (at least three Cessna aireraft were
included in the highrate categories in these three landing-type accidents). These 3
three accident types are not only less severe in general than the first five n
accidents, but are more generally thought to be associated with low pilot flight T
experience and perhaps even with instructional flying. ir

tl
Pilot Time g
¢

In examining the effect on accidents of pilot experience, three relevant ¢
experience factors were shown by the frequency distribution studies to be present
in a sufficiently high percentage of the aceident records to be representative of
the accident population. They were pilot total time, pilot time in type, and pilot al
time in the last 90 days. It was necessary to segment into diserete inerements of in
time the relatively continuous distributions of these three categories of pilot flight et
time to analyze these data. Pilot-time-in-type and pilot-time-in-the-last-90~days th
distributions generally have been segmented into time increments of 1 to 25 hours, ¥:1
26 to 100 hours, 101 to 200 hours, and more than 200 hours. Pilot total time (]
generally has been segmented into time increments of 1 to 50 hours, 51 to 100 nc
hours, 101 to 200 hours, 201 to 500 hours, and more than 500 hours. se

ac

In analyzing the relationships of these three categories of pilot experience to ac
accidents involving the 33 selected aircraft, the distributions observed in the
accident records must be compared with an expected distribution, The expected
distribution should be the flight experience distributions of the entire pilot of
population flying the 33 selected aireraft. No data of this type, however, are as
collected by the FAA or any other source known to the Safety Board. 2,

th

The importance of this exposure data to the analysis of the relationship of ac
the pilot-to-gircraft factors involved in accidents cannot be overstated. Many pe

facets of the pilot factor, including experience, training, sge, occupation, type
certificate, and rating could be examined in relation to the specific aircraft makes,
models, or designs identified with accidents. Exposure data are required before
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comparisons can be made. Whether pilots with 1 to 25 hours time in type have
more difficulty with certain makes, models, or designs of aircraft than pilots with
more than 200 hours time in type cannot be determined without knowing how many
hours are flown annually by all pilots with 1 to 25 hours in type and by all pilots
with more than 200 hours in type. The same is true for any of the accident
comparisons of pilot factors mentioned above. Many attempts were made in this
study to analyze the effects on accidents of these various pilot factors without
these exposure data. Accident distributions of pilots with low and high flight
experience in certain categories of aireraft were compared with aceident distribu-
tions of similar pilot categories for the total 33 aircraft. It was determined that
the conclusions drawn from these comparisons were potentially misleading. Appro-
priate exposure data are essential so that comparisons can be made on a rate basis.
A comparison which provides some insight into the relationship of pilot experience
and accidents is presented in Appendix B.

Environment

The Safety Board concluded that weather was a cause or related factor in
3,438 accidents, or 25.3 percent of the 13,571 accidents involving those 33 aireraft
makes and models where causal assignment was made. Weather was a cause or
related factor in 970 fatal accidents or 44.7 percent of the 2,172 fatal accidents
involving the 33 aireraft makes and models where causal assignment was made by
the Safety Board. It is significant that weather involvement is substantielly
greater in fatal accidents than in nonfatal accidents where weather is assigned as a
ceuse or factor in 2,393, or only 21.7 percent, of the 11,399 nonfatal accidents with
causal assignment.

Table 23 presents the type of weather conditions involved with total
accidents and fatal accidents ranked on the basis of the number of accidents
involved with each type of accident. The aceident rate per 100,000 flying hours for
each type of weather condition is also presented. Unfavorable wind conditions is
the most frequently occurring weather condition assigned as a cause or factor in
-accidents involving the 33 aireraft and is the least important of the 10 weather
conditions in fatal accidents. Unfavorable wind conditions are often involved with
nonfatal accident types such as ground loops. Low ceiling, fog, and rain--the
second, third, and fourth most frequent weather conditions involved with all
accidents — are the most frequent types of weather condition assigned in fatal
accidents involving the 33 aireraft.

Terrain was assigned as a cause or a factor in 4,182 accidents or 32.1 percent
of the 13,571 accidents involving the 33 selected aireraft where a causal
assignment was made. Terrain was a cause or factor in 609 or 28.0 percent of the
2,172 fatal aceidents involving these aireraft where causal assignment was made by
the Safety Board. Unlike weather, terrain had a lesser assoeiation with fatal
accidents than with nonfatal accidents (terrain was involved in 3,753 or 32.9
percent of the nonfatal aceidents),
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TABLE 23
¥ )
ACCIDENTS AND FATAL ACCIDENTS 3 condit
WHERE WEATHER WAS A CAUSE OR FACTOR - for to
33 SELECTED AIRCRAFT E hours |
. E terrair
over §
TOTAL ACCIDENTS 3 obstru
second
Weather Conditions Accidents Rate 1 the fa:
] assigni
Unfavorable Wind Conditions 1,277 1.24
Low Ceiling 813 0.79
Fog 582 0.56
Rain 321 0.31
High Density Altitude 318 0.3
Conditions Conductive to
Carburetor/Induction System Icing 256 0.25
Downdrafts, Updrafts 230 0.22
Thunderstorm Activity 186 0.18 ;
Snow ' 162 0.16 3
Icing Conditions (Sleet, ' -
Freezing Rain, etc.) 139 0.13 5
FATAL ACCIDENTS
Fatal
Weather Conditions Accidents Rate
Low Ceiling 602 0.58 3
Fog 403 0.39 =
Rain 236 0.23
Thunderstorm Activity 109 0.1
Snow 107 0.10
High Density Altitude 85 0.08
Turbulence Associated with Clouds
and/or Thunderstorms 82 0.08
Icing Conditions (Sleet,
Freezing Rain) n 0.07
Downdrafts, Updrafts 51 0.05

Unfavorable Wind Conditions 43 0.04
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A ranking, by frequency of occurrence, of the major types of terrain
conditions assigned by the Safety Board to an aceident site is presented in Table 24
for total accidents and for fatal accidents. The accident rate per 100,000 flying
hours also is provided. High obstructions is the most frequently oceurring type of
terrain condition involved with total accidents and with fatal accidents. In fact, in
over 85 percent of fatal accidents where terrain is a cause or factor, high
obstructions are the terrain condition involved. Rough or uneven terrain is the
second most frequent terrain condition involved in total accidents but is third on
the fatal acecident list — accounting for less than 3 percent of the terrain-caused
assignments in fatal aceidents.




Terrain Conditions

High Obstructions
Rough/Uneven Terrain
Other

Wet, Soft Ground
High Vegetation
Snow-Covered

Sandy

Terrain Conditions

High Obstructions

Other

Rough/Uneven
Snow-Covered

Sandy

Water (Glassy and Rough)
High Vegetation
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TABLE 24

ACCIDENTS AND FATAL ACCIDENTS
WHERE TERRAIN WAS A CAUSE OR FACTOR

33 SELECTED AIRCRAFT

TOTAL ACCIDENTS
Accidents

2,140
990
493
338
238
148

80

FATAL ACCIDENTS

Fatal
Accidents

Rate

2.07
0.96
0.48
0.33
0.23
0.14
0.08
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relation:
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Section II

SELECTED AIRCRAFT MAKE AND MODEL FINDINGS

The Safety Board analyses presented in the previous section regarding the
relationship of aircraft make, model, and configuration with accidents, fatal
accidents, and specific types of aceidents show that:

1.

5.

Landing gear configuration is associated with —-
a. accidents in general,

b. collisions with obstacles,

e. stalls, and

d. ground loops.

. Wing configuration appears to be less of a factor in accidents than

landing gear configuration. : ‘

Cessna-built aircraft have a lower mean fatal accident rate than
aireraft manufactured by Beech, Bellanca, Grumman, Mooney, and

Piper and appear to be associated with lower rates of severe types
of accidents,

Older model aireraft (aireraft for which initial design and production
took place more than 25 years ago) and especially out-of production
aireraft appear to be associated with high rates of -~

a. aceidents in general,

'b. most of the severe and thus fatal accidents, and

e. ground loop aceidents (most older aircraft have tailwheels).

Along with six older model aircraft no longer in production, the
Bellanca 14-19 (including 17-30 and 17-31 series models), the Beech
Bonanza {models 33, 35, and 36), and the Piper PA-24 aircraft appear
to be associated with high rates of in-flight airframe failure accidents.

The Cessna-150 and the Piper PA-28 appear to be associated with a
large number of midair collisions, -

Aircraft with low engine horsepower-to-aircraft weight appear to be

-associated with high rates of stalls (these are often older aircraft).

Three accident types — ground loops, in-flight airframe failures, and stalls--

have a sizable difference in accident rates between the low-rate and high-rate
groups; the ratio of the rates of the two groups is seven or more.

Landing Gear Configuration

~ Of the 33 selected ail;craft, 19 are configured with a tricycle landing gear
while 14 are configured with tailwheel landing gear. As the following tabulation of
total accidents and fatal accidents in the period 1972 through 1976 shows, the

mean accident rate for the group of aircraft with tailwheels is more than twice
that of the group of aircraft with tricyele landing gear:
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Total Flying Accidents/ Fatal Fatalities
Hours Rate Accidents/Rate Rate
Tailwheel 12,815,496 3,434 422 650
Aireraft 26.80 3.29 5.07
Tricycle Gear 90,470,001 10,501 1,829 3,688
Aireraft 11.61 2.02 4.08

The fatal accident rate for the tailwheel aircraft group is only about 50 percent
higher. Thus, tailwheel aireraft appear to be involved in a higher percentage of
relatively minor accidents than tricycle gear aireraft, Also, as previously
observed, most tailwheel aircraft, excluding those designed specifically for aerial
application, are older than, and not flown as often as, aireraft with tricyele landing
gear. These observations could indicate that low pilot time in type or low pilot
time recently obtained could be factors in tailwheel aircraft accidents. Other
factors such as type of flying, operation from unimproved airfields, and level of
maintenance (including availability of parts) eould be involved.

A further observation is that most single-engine aircraft flight training is
condueted in aireraft with trieyele landing gear. During 1972 through 1976, the 19
tricycle aircraft examined in this study were flown over 22 million hours in
instructional flying while the 12 tailwheel gireraft examined were flown only
slightly more than a half million hours in instructional flying. This, in conjunction
with the fact that the accident rate for instructional flying is lower than the
overall general aviation accident rate 5/ could account for a part of this difference
between accident rates for tailwheel and trieycle gear aircraft. The accident rate
for the 1972 through 1976 period, execluding instructional accidents and flying
hours, is shown in Table 25. Although instruetional flying did have some effect on
the accident rate comparison between tailwheel and tricycle gear aireraft, the
effect was not large. With instructional flying excluded, the accident rate for
tailwheel aircraft was still more than twice that of the tricycle gear aircraft

group.

Table 26 presents a comparison of the rates per 100,000 flying hours of each
of the 10 types of accidents for tailwheel aircraft and tricycle gear aircraft.
Clearly, tailwheel aircraft are far more closely associated with ground loops than
are tricycle gear aireraft. The ground loop rate for tailwheel aircraft is almost
seven times that of the tricycle gear aireraft. This considerable difference in the
rate of cccurrence of these less severe accidents undéubtedly is associated with
the fact that the ratio of total accident rate is greater than the ratio of fatal
acecident rate for the two aircraft groups.

Table 26 also shows that the rates of the first six accident types (these are
the more severe accident types) of the taiiwheel group are higher than those of the

5/  NTSB Annual Review of Aircraft Accident Data, U.S. General Aviation,
Calendar Year 1976.
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COMPARISON OF ACCIDENT TYPES FOR TAILWHEEL
AND TRICYCLE GEAR AIRCRAFT

Tricycle Gear Tailwheel

Type Accident Accidents Rate Accidents Rate

Collision with Ground/Water 875 0.96 188 1.46
Collision with Obstacles 1,497 1.65 459 3.58
Stall 917 1.01 521 4.06

also s
accide
in Apy
real i
airera

Engine Failure 2,448 2.70 610 4.76
In-Flight Airframe Failure 155 0.17 30 0.23
Midair Collision 169 0.18 27 0.21
Ground Loop 1,146 1.26 939 7.32
Hard Landing 995 1.09 126 0.98
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tricycle gear group. Further, the rate of stall accidents, in partieular, is
considerably higher for the tailwheel group. One possible factor contributing to
this difference in stall accident rates is the higher mean power loading of the
tailwheel group. The mean power loading (pounds/horse power)for the tailwheel
group is approximately 15.9 Ibs/hp or about 18 percent higher than the 13.4 lbs/hp
mean power loading of the tricycle group. Another possible factor is that the
tailwheel aireraft group has a higher rate per 100,000 flying hours of assignment of
the cause/factor "unwarranted low flying"--1.10 vs. 0.31. Further, they are
involved in more aerial application "kind of flying" than are the tricyele group,
even though there are no aircraft in either group of the 33 selected aireraft
designed for aerial application flying.

Various pilot factors such as flight time, age, certificate, and ratings could
also account for some for these differences in the accident rates. A ranking of
accident types by pilot experience for both landing gear configurations is presented
in Appendix C. However, without exposure data, the analyses which might provide
real insight into the relation of the pilot to these differences between tailwheel
aireraft and tricyele gear aireraft cannot be performed.

The effect of weather and terrain on the accident rates of the tailwheel and
the tricycle gear group has also been reviewed. Weather was assigned as a cause or
factor in 724 or 23.9 percent of the 3,027 accidents involving tailwheel aireraft
where causal assignment was made. Weather was a cause or factor in 2,629 or 25.8
percent of the 10,180 tricycle aireraft accidents where causal assignment was
made. The tailwheel group was involved in 101 fatal weather-related accidents or
26.6 percent of the total accidents where causal assignment was made. The
tricycle group was involved in 859 fatal weather-related accidents or 48.8 percent
of the total accidents where causal assignment was made. Weather seems to have
been a more important factor in fatal accidents involving tricyele aireraft than it
was for the tailwheel group. This eould be related, in part, to more extensive use
of tricycle aircraft in eross-country flight and greater use of tailwheel aireraft
locally.

Terrain was a cause or factor in 29.8 percent of the accidents where causal
assignment was made involving the tailwheel group and 32.2 percent of the
accidents involving the tricycle group. Terrain was a cause or factor in 20.0
percent of the fatal accidents involving tailwheel aireraft, and 29.8 percent of the
fatal accidents involving the tricycle group. Detailed weather and terrain
cause/factors were examined but did not provide further insight into these
statistics, Unfavorable wind conditions and low ceiling were dominant weather
conditions in total accidents, and low ceiling and fog the dominant weather
conditions in fatal accidents for both aireraft groups. "High obstructions" was the
dominant terrain type for both fatal and nonfatal accidents for both aireraft
groups. The broad and detailed cause/factor tables for the accidents involving both
the tailwheel and the tricycle aircraft groups were generated and reviewed. No
obvious reasons for the differences in accident rates were readily apparent.
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Fatal Accident Comparison by Manufacturer

A comparison of the mean fatal accident rates of the selected single-engine
aireraft meanufactured by the six companies included in this study ecurrently
producing such aircraft (Beech, Bellanca, Cessna, Grumman, Mooney, and Piper) is
presented in Table 27. The mean fatal accident rate of the Cessna-built aireraft
{1.65) is lower than the mean rate of each of the other five manufacturers'
aireraft. Significance tests indicate that the Cessna rate is different from the
others at a level of at least 0.005. The mean fatal accident rates of Beech,
Mooney, and Piper are almost the same (approximately 2.50) and the rates of
Grumman and Bellanca are considerably higher (4.13 and 4.84, respectively). The
mean fatal accident rate of the group of 33 selected aircraft is 2.18. Thus, the
Cessna mean fatal accident rate is lower than the mean rate of the 33 selected
aireraft while the mean rates of the other five manufacturers are higher than the
mean rate of the 33 selected aircraft.

Table 28 presents a comparison by accident type of the mean accident rates
per 100,000 flying hours for each of the six manufacturers. The Cessna aircraft
have a lower mean accident rate than those of the other manufacturer's aircraft
for most of the first four type of accidents listed in Table 28 (the accident types
accounting for most of the fatal accidents). The only exceptions are Beech and
Mooney, both of which have lower mean rates of occurrence of collisions with
obstacles and stalls, However, both of these manufacturers have higher rates of
collisions with ground or water and a higher rate of engine failures than the Cessna
gireraft.

The effects of weather and terrain have been examined. In addition, the
broad and detailed cause/factor tables for the accidents involving these aireraft
were generated and reviewed. No obvious explanations of the differences in fatal
accident rates between these groups of aircraft were apparent.

One factor which immediately stands out as a possible unique contributor to
the difference in fatal accident rates is the exposure of these aircraft to accident
risk, i.e., the number of flight hours. The data in Table 27 indicate a substantial
difference in the number of hours flown over the 5-year period in aircraft built by
the 6 manufecturers, ranging from a low of about 1.84 million hours in the 2
Grumman aircraft to a high of 55.82 million hours in the 12 Cessna aircraft.

Aireraft manufactured by Cessna and by Piper were flown a large number of
hours and significantly more than the aircraft of the other manufacturers; these
two manufacturers' aireraft accounted for almost 81 percent of the hours flown by
the 33 selected aireraft and 72 percent of the hours flown in the entire active
single-engine fleet during the 5-year period. Thus, a comparison of the accident
data involving the aircraft included in this study of these two manufacturers should
discount, to a large extent, the effects of exposure time and enable the factors
associated with the low Cessna fatal accident rate to be elicited, if possible.

Beech
Bellanca
Cessna
Grumman
Mooney

Piper

The
of the nm
included
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TABLE 27
FATAL ACCIDENT RATE COMPARISON BY MANUFACTURER

Mean Fatal

Fatal Flying Hours Accident Rate
Accidents {In 100,000's) {(Per 100,000 Hrs.)

Beech ' 222 87.372 2.54

BB ellanca 141 29.159 4.84
b Cessna 923 558.178 © 1,65
Grumman 76 18.389 4.13

Mooney _ 79 32.433 2.50

Piper 687 276,953 2.48

The number of fatal accidents shown for each manufacturer is the total

of the number of fatal accidents for each model produced by that manufacturer
included in this study.
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The Cessna-built aircraft were flown about twice the number of hours flown
in Piper-built aircraft. However, this factor should not have a significant effect on
accident or fatal accident rate comparisons since both groups of aircraft were
flown so extensively during the 1972 through 1976 period.

Conceivably, the larger amount of instructional flying performed in Cessna-
built aircraft {since the fatal accident rate in instructional flying is known to be
very low) could have an effect on this difference in fatal accident rate. Table 29
shows the effect of instructional flying on the fatal acecident rates of these two
groups of aircraft. Eliminating instructional flying does decrease somewhat the
difference in fatal accident rates. However, the fatal accident rate for the Piper-
built aireraft remains approximately 42 percent higher than the fatal accident rate
of the Cessna-built group when instructional flying is eliminated,

Differences in the pilot groups flying the aircraft manufactured by the Piper
Aircraft Corporation and by the Cessna Aircaft Company could possibly aecount
for a part or even all of the differences in the fatal accident rates of these two
groups of aircraft. A ranking of accident types by pilot experience for Cessna-
built aireraft and Piper-built aireraft is presented in Appendix D, Again, lacking
exposure data, the ranking of accident types by category of pilot flight time for
each aircraft group remains the only pilot data that can be reviewed,

Obviously, it would be desirable to learn what unique factors or charac-
teristies associated with the Cessna aireraft, their pilot population, or the
operation and usage of the aircraft, including the environment, contribute to the

" lower Cessna mean fatal accident rate,

Age of Aircraft

The analysis of additional data ineluding ranking of accident type by pilot
experience categories, weather and terrain involvement, and a brief review of the
cause/factor tables failed to provide any additionel insight into the apparent
relation between a high accident rate and older model aireraft. It is conceivable
that a correlation exists between accidents involving older model aircraft and
inferior maintenance, servicing, inspection, product support, pilot familiarity with
the aircraft, and perhaps even high power loading. However, additional research
will be required to understand these observations and generate the proper remedial
action,

In-flight Airframe Failures

The 33 selected aircraft were involved in 185 in-flight airframe failures from
1972 through 1976. The mean rate of in-flight airframe failures was 0.18 per
100,000 flying hours. Three aircraft, the Bellanca 14-19, the Beech Models 33, 35,
and 36, and the Piper PA-24 accounted for 61 or about 33 percent of these
agirframe failures. The Beech 33, 35, and 36 and the Piper PA-24 were both flown a
substantial number of hours (6.8 and 2.6 million hours, respectively) during that
period. The Bellanca 14-19 was flown less than 1 million hours (669,323 hours);
however, it had the highest rate of in-flight airframe failures. The tabulation
below compares these three aireraft with the total accidents and mean acecident
rate of the selected aircraft group:




FATAL ACCIDENT RATES FOR SELECTED PIPER AND CESSNA AIRCRAFT,

A1l Kinds of Flying
Instructional Flying

A1l Flying Except
Instructions

A1l Kinds of Flying
Instructional

A1l Flying Except
Instructional
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TABLE 29

EXCLUDING INSTRUCTIONAL FLYING

SELECTED PIPER MODELS

Mean Fatal
Fatal Accident Rate rems
Accidents Flying Hours (Per 100,000 Hrs.) airfr
687 27,695,300 2.48 o o
13 6,180,580 0.21
35, ¢
674 21,514,720 3.13 focu
SELECTED CESSNA MODELS z:[‘j;
Mean Fatal ;?ﬁ;;
Fatal Accident Rate Beec
Accidents Flying Hours (Per 100,000 Hrs.)
923 55,817,800 1.65

14 14,645,850 0.10

909 41,171,950 2.21
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In~flight Airframe

Failures Rate
33 selected aireraft 185 0.18
Bellanca 14-19 10 1.49
Beech 33, 35, 36 40 (.58
Piper PA-24 11 0.42

It is clear that all three aircraft have in-flight airframe failure rates
considerably higher than the mean rate of the selected aireraft group. The
remaining six aireraft makes and models in the high-rate group of in-flight
airframe failures are not being discussed because of the smaller number of
airframe failures and hours flown and the fact that these aircraft are no longer in
produetion.

It is significant that all 40 of the in-flight airframe failures of the Beech 33,

35, and 36 involved the V-tailed models (Beech 35). Obviously attention should be
focused on this model,

In-flight airframe failures could be the result of many factors. Aireraft
structural problems could be the cause. Operation of the aircraft beyond its
capabilities is a possible pilot cause of these accidents, and weather could be a
factor. Table 30 presents a comparison of five broad cause/factors for the three
aircraft and the selected aireraft group. For both the Bellanca 14-19 and the
Beech 33, 35 and 36, the percentage of fatal and total accidents (where causal
assignment was made) was greater than that of the selected group where airframe,
powerplant, and weather were assigned as a cause or factor (except for the
Bellanca 14-9 total accidents involving weather). The significance of the higher
assignment of these cause/factors is not known but certainly deserves additional
attention because of the fatal nature of such accidents. The Piper PA-24 differs
significantly from the selected group only in the greater percentage of assignment
of weather as a cause/factor in fatal accidents. The following tabulation shows
that all three models have a higher percentage of assignment to the miscellaneous
acts and conditions category "separation in flight"., However, the percentage of
assignment of this detailed cause/factor is considerably higher for the Bellanca 14-
19 and the Beech 33, 35, 36 than for the Piper PA-24,

Separation in flight

Fatal Total
Accidents Accidents
(percent) (percent)
33 Selected Aircraft Group 116 5.3 164 1.2
Bellanca 14-9 7 18.4 9 6.4
Beech 33, 35, 36 36 20.6 38 6.5
Piper PA-24 7 9.5 9 2.1
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Without exposure data, it is not possible to assess the role of the pilot in
these accidents, Further study of the detailed cause/factor tables provided no
immediate answers, Again, the high-rate group were, on average, older model
aireraft.

Midair Collisions

The only remarkable feature of the midair collisions and the selected aireraft
is that 97 or about 50 percent of the 196 accidents involved the Cessna 150 and the
Piper PA-28. Both of these aircraft are used extensively as trainers and thus often
operate in the high density environment of airports, Additional research is needed
to determine what portion of these accidents involve training and what portion do
not involve training, whether the training flights were solo or dual, or whether
these accidents result from training techniques or aireraft design such as limited
visibility.
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CONCLUSIONS

A number of observations were made in this study associating certain single-
engine aircraft makes, models, and configurations with high rates of total
accidents, fatal accidents, and specific aceident types. .

It was demonstrated that landing gear configuration is a factor in accidents,
In particular, aircraft configured with tailwheels had an overall mean accident rate
more than double that of aireraft with trieyecle landing gear. Further, the mean
accident rate of the tailwheel aireraft group was higher than that of the tricyecle
group for 8 of the 10 specific acecident types examined, including all of the more
severe accident types. The mean accident rate of the tailwheel group was
especially high for ground loops, stalls, and collisions with obstacles. Weather and
terrain involvement in total scecidents for both groups did not appear to differ
greatly, Weather and terrain was a more significant factor in fatal accidents
involving the tricyele group than in the fatal accidents involving the tailwheel
group. Also, unfavorable wind eonditions appeared to be slightly more of a factor
for tailwheel aireraft, which undoubtedly was related to the high rate of ground
loops by this aireraft group.

The mean fatal aceident rate per 100,000 hours of the Cessna-built aireraft
included in this study (1.65) was significantly lower than the mean fatal accident
rates of the other five manufacturers still producing aircraft—Beech (2.54),
Bellanca (4.84), Grumman (4.13), Mooney (2.50), and Piper (2.48). Effects of
weather and terrain were not remarkable. The lack of pilot exposure data
precluded the assessment of the pilot factor; and the cause/factors did not help to
explain the lower fatal accident rate of the Cessna-built aircraft.

The Bellanca 14-19, the Beech 35 (V-tail), and the Piper PA-24 accounted for
about one-third of all in-flight airframe failures of the selected group of 33 single-
engine aircraft. All three aircraft had in-flight airframe failure rates signifi-
cantly higher than the mean rate of the selected group—the Bellanca 14-19 having
the highest rate of all the aireraft at 1.49 per 100,000 flying hours. The Beech 35
(V-tail) models had the largest single number of such aceidents (40) accounting for
almost 22 percent of the group total. Airframe separation was assigned as a cause
or factor in a significantly higher percentage of the fatal and nonfatal acecidents
involving the Bellanca 14-19 and the Beech 35 than the selected group. Weather
was a more significant factor in fatal accidents involving these three aircraft than
for the selected group and may be associated with the airframe failures.

The Cessna 150 and Piper PA-28 account for almost half of the midair
collisions involving the selected group of aireraft. The influence of instructional
flying on these accidents is not known, but it could be significant.

Older model aireraft appeared to be associated with high rates of fatal and
nonfatal accidents. Many of the older aircraft are tailwheel-configured and the
association with ground loop accidents was obvious. The high rate of stall
accidents among older aircraft and among tailwheel aireraft was possibly related

to higher power loading.
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It was not possible to assess the significance of the pilot's role in any of
these observations because of the lack of appropriate flight exposure data. A
precise understanding of the observations and, thus, the development of remedial
action will depend on determining the role of the pilot. Thus, the Safety Board
concludes that the Federal Aviation Administration should begin to collect
adequate exposure data.

All of the above findings are the result of numerous factors including the
pilot, the type of usage the aireraft receive, the manner in which the aireraft are
operated, and the aircraft engineering design and fabrication methods. Additional
research is required by the appropriate governmental agencies and the aircraft
manufac turers if the issues described above are to be resolved.




_60_

RECOMMENDATIONS

Based on the resuits of this study, the National Transportation Safety Board
recommended that the Federal Aviation Administration:

"Generate, through a stratified sampling of general aviation
pilots, the date, duration, aircraft make and model, the
geographical location of the flight, and the flight time in IFR,
high density altitude, and wind conditions, all on a per flight basis;
the data collected should include the pilot's total time, time in
each type aircraft flown, age, occupation, certificate, and
medical waivers, (Class II, Priority Action) (A-79-44)"

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JAMES B. KING
Chairman

/s/ ELWOOD T. DRIVER
Viee Chairman

/s/ FRANCIS H. McADAMS
Member

/s/ PHILIP A. HOGUE
Member
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APPENDIX A

Change in Exposure Data Collection Process

Data on the annual number of hours flown in all general aviation aireraft by
make and model and for specific kinds of flying were obtained from the FAA.
Before 1977, the FAA requested this exposure data on the same form used annually
by all aircraft owners to revalidate their aireraft registration. However, beginning
in 1877, the FAA announced a new program for collecting exposure information on
general aviation operations. This new statistical sampling procedure involved a
survey questionnaire mailed to a random sample of 31,000—about 15 percent-- of
general aviation aircraft owners. The survey solicited information relating to
hours flown, aireraft location, and other pertinent data. The FAA has found
discrepancies between the results of this new survey technique and estimates based
on the historical data collected using the prior methodology.

The errors in the exposure data used in this report have been determined by
the FAA to amount to less than 4 percent over the period of this study. The Safety
Board believes that these errors do not significantly affect the findings of this
report. Further, these exposure data were the only such data available,
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APPENDIX B

Pilot Time as a Factor in Single-Engine Accidents

One comparison which can provide some insight into the effect of experience
on accidents is presented in Tables Bl through B3. Table Bl presents, for the 33
selected aireraft, the distribution of acecident type by various categories of pilot
total time. Table B2 presents the same type of data for categories of pilot time in
type and Table B3 presents the data for categories of pilot time in the last 90 days.

The tables show which accident type is most prevalent for each experience
category of pilots. For example, the most prevalent accident type for pilots with 1
to 50 hours total time is ground loops, followed by hard landings and engine
failures. The most prevalent accident type for experienced pilots (pilots with
greater than 500 total hours flight experience) is engine failures, followed by
collisions with obstacles and then ground loops. From Table B2, it can be seen that
for pilots with 1 to 25 hours time in type, ground loops are again first, but engine
failures are second, and hard landings are third. The first three accident types for
the pilots with high experience in type are the same as those for the high total

time pilots,

The particular format used in presenting the data in Tables B1-B3 (listing the
accident types and providing the number of accidents in parentheses) was chosen to
emphasize the fact that the number of accidents of a speecific type cannot be
compared meaningfully between pilot experience categories. These data can only
be compared if the appropriate exposure data are available. For example, it is
possible that the engine failure accident rate for pilots with total time of 101 to
200 hours is higher than that of pilots with total time of 201 to 500 hours. Without
the appropriate exposure data, the comparison has no meaning. However, it can be
concluded that the accident type experienced most often by low total time pilots is
ground loops, while pilots with higher experience have more engine failure
accidents than any other type. Thus, these comparisons do provide some
information, although far more information could be obtained if the exposure data

were available.

TABLE B

L
=
—

ACCIDENT TYPE BY PILqT TOTAL T

33 SELECTED AIRCRAFT
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Appendix C

Pilot Time and Landing Gear

Some indication of the role of the pilot in this tailwheel-tricycle gear
phenomenon can be gleaned by ranking the frequency of occurrence of accident
type for pilot flight time categories for the two aireraft configurations. Tables C-
1 through C-6 present pilot flight time data in this manner. Table C-1 presents the
10 accident types ranked by frequeney of occurrence in five categories of pilot
total time for the tailwheel aircraft group. Tables C-2 and C-3 present the
accident type rankings for pilot time in type and pilot time in the last 90 days for
the tailwheel group. Tables C-4 through C-6 present the same data for the tricycle
gear aircraft group,

It can be deduced from Table C-1 that ground loop accidents are the most
frequently occurring accidents for all of the categories of pilot total time
considered in this study. It cannot be inferred from Table C-1 that experience in
the form of flight time has no effeet on ground loops in tailwheel aircraft. It is
possible that the rate of occurrence {per 100,000 flying hours) of ground loop
accidents decreases with increasing experience even though ground loops remain
the most frequently occurring accident type in tailwheel aireraft for pilots with
more than 500 hours total time. It can be seen from Tables C-2 and C-3 that the
highest time in type and time in last 90 days pilot groups had more engine failure
accidents than ground loop accidents, This could indicate that flight experience
does have some effect on accident types since the ordering of ground loops and
engine failures has changed.

A comparison of the data in Tables C-1 through C-3 with the data in Tables
C-4 through C-5, shows that the order of occurrence of accident types for pilots
with various levels of experience is different for the tailwheel and the tricycle
gear groups. Interpretation of these differences, and thus understanding the role of
the pilot in this tailwheel-tricyele phenomenon, must await the collection of
appropriate exposure data,

TABLE C1

ACCIDENT TYPE BY PILOT TOTAL TIME
TATLWHEEL AIRCRAFT
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Appendix D

Pilot Time and Aircraft Make and Model

Tables D-1 through D-4 present accident type rankings for the Cessna-and
Piper-built aircraft for pilot total time and pilot time in type. Pilot time in the
last 90 days was not included because it provided no additional information
regarding the fatal accident rate differences between the Piper and the Cessna
aircraft. Tables D-1 and D-3 indicate that the ranking of accident type for both
groups of aireraft was the same for the low total time pilot category (students).
Ground loops are the most prevalent accident type in this pilot time category while
engine failure accidents are the predominant accident type in all higher pilot total
time categories for both aireraft groups. It would appear from an examination of
the data in Tables D-1 through D-4 that ground loops are a more dominant accident
type for the Cessna pilots. This would be expected since the ground loop accident
rate is higher for the Cessna group than for the Piper group. However, exposure
data would be necessary to ascertain which pilot categories were having more
trouble with particular accident types.
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