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AUTHOR’S COMMENT

All calculations of Jecelerative forces presented in this report are those
of the author and he readily concedes that the determination of exact decel-
eration “g” forces experienced by various portions of the vehicle during
different phases of its ground impact will be subject to debate and can only
be determined accurately by crash testing of numerous instrumented air-
craft. A knowledge of the exact decelerative forces in the cabin area
would be most useful for evaluating cabin integrity, seat tie-down require-
ments, and effectiveness of restraint devices. Cabin decelerations need not be
of great magnitude to produce injurics to the head and other portions of the
body flailing about during seat belt restraint as long as this deceleration is of
sufficient magnitude to overcome the strength of the human to brace against
flailing (214-3 “2”). Bodily injuries are more related to the velocity of the
body before impact, its velocity during secondary impact with the structures
inside the cabin, the yield characteristics of these structures, and the load
distribution of the impact over body area contours. During a study to
determine human facial tolerance to impact, the yield characteristics of 73
automotive dash panels were evaluated in terms of radius of curvature, “g”
force and time parameters of the impact, maximum depth and area of yield,
metal thickness, and head impact velocity. Head impact velocities were
varied from 14 to 43.7 ft./sec. and impact forces varied from 40 to 230 “g”.
Occupants producing these deformations in the actuai crash vehicles should
have escaped without injury but instead many occupants received serious to
fatal head injuries since the areas of head contact were small and con-
centrated the loading above human tolerance limits. Appropriate padding
for load distribution over the contours of the head would have prevented most
of these injuries. Since certain portions of the anterior head have less toler-
ance io impact decelerations than others, and since any portion of the face
and/or forehead may be expected to contact the decelerative structure, the
author believes that engineers should design structures such that pressure
Joads on the anterior head cannot exceed 100 lbs./sq. in. during head impact
velocities of 50 ft./sec.

The author feels that these data (heretofore unpublished) may be most
useful to general aviation design engineers for redesigning light aircraft
instrument panels for better protection against head injury in future air-
craft and are being presented in this report as an appendix.

The author has combired a knowledge of structure deformation from
body impact, area of body contact, velocity of secondary impact injuries in-
flicted as related to established tolerances and strength of restraint webbings
to work backwards in establishing estimated cabin decelerations in most of
the crash cases presented in this report. These cabin decelerations, especially
at seat belt attachments, are not average decelerations but plateaus of maxi-
mum “g” forces for a duration of 20 to 100 milliseconds.
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GENERAL AVIATION STRUCTURES DIRECTLY RESPONSIBLE
FOR TRAUMA IN CRASH DECELERATIONS

L. Introduction.

The title of this study may, at first, suggest to
the reader that this is a duplication of many re-
ports published in the past 25 years. The concept
of protecting occupants in crasi circumstances
s not new. Statistics have been presented by
many authors??® showing that in sudden de-
celerations the unrestrained or partially re-
strained (seat belt) occupant flails about in a
disintegrating cabin, striking various portions of
the body against objects which penetrate or
crush body structures during the “so-called”
secondary impact. The literature is full of
statistics 1%#* showing that most deaths (75—
85%) and serious injuries in all transportation
vehicle crashes are a result of head impact.

Speaking of statistics, it is well known that
automotive deaths in the United States have
risen {0 an alarming figurc of something over
55,000 per year and that the number of serious
injuries is more than ten times this figure.*
‘The automotive death rate for each 100,000,000
passenger miles of travel is given as five. How-
ever, if only passenger automobiles and taxis are
included {excluding pedestrians, motorcycles,
bicycles, buses and trucks) this figure is reduced
from 5 to 2.4. On the other hand, the number of
fatalities in general aviation aircraft accidents is
only about 1,100-1,200 per year and the number
of serious injuries accompanying these deaths is
only slightly over 50% of the number cf fatalities
or - approximately 600.2> This comparison of
deaths and injuries in two transportation systems,
one (automotive) in which the serious injury
rate is 1000% greater than the death rate and
the other (general aviation) in which serious in-
juries are only about 50% of the death rate cer-
tainly arouses one’s curiosity and calls for some
explanation. Flight velocities of general avia-
tion aircraft are usually higher than automotive
speeds. However, most general aviation aircraft
land at speeds that are approximately the same as

those commonly fo.nd on interstate freeways.
The actual reasons for this peculiar incorsistency
will be made apparent in the text of this study.

In 1967 the National Transportation Safety
Board (NTSB) reported 2° 111,000 general avia-
tion aircraft flew an estimated 21,000,000 hours.
Assuming an average flying speed of 150 miles
per hour (which is probably on the high side),
this would represent 3.15 billion miles. The same
report states 12,298 occupants were on board
6,115 aircraft involved in accidents, indicating
the average occupancy for general aviation air-
craft is two. Multiplying total miles flown by
average occupancy gives 6.3 billion or 63(100,-
000,000) passenger miles. Based on 1,100 fatali-
ties, the rate for 100 million passenger miles
(17.5) is more than seven times that for automo-
tive accidents. Again we ask, why?

The purpose of this study is to present a de-
tailed analysis of aircraft structural components
directly responsibie for human trauma during
sudden deceleration and, at the same time, by a
similar study of automotive accidents compare
advances in structural design for crash protec-
tion in the two modes of transportation in order
to explain why automotive transportation is '
nearly seven times safer than general aviation
aircraft today. It is hoped that this report may
stimulate the manufacturers of general aviatien

aircraft to make design changes in future aircraft :

to utilize some of the crash safety design prin-
ciples developed in recent years by the automo-
tive industry as well as other structural changes
that will be necessary to improve crashworthiness
of small aircraft.
brook, Patrick, Snyder, Swearingen, Stapp,
Beeding, and others describing tolerances of the '
body to impact, body kinematics, effectiveness of
restraine equipment, and injury statistics are
well known.26-52 !

Studies by DeHaven, Has- ' .
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II. Procedure.

Fight scientists of the Protection and Survival
Laboratory received extensive training (National
Aircraft Accident Investigation Schocl) in acci-
dent investigation and were availalle on im-
mediate notii.cation, day or night, to proceed to
the crash scene in a three-state area (Oklahoma,
Texas and Arkansas) and conduct aad document
an intensive investigation to relate injury or
death to structural impact and/or failure in ef-
fectiveness of restraint devices and determine
escape and survival after ditching. The investi-
gator made a thorough study at the crash sits to
determine angles of impact by trajectory and di-
rection occupanis were thrown. Force of impact
was determined by measuring deceleration dis-
tances, gouge marks, and fuselage compression.
Portions of :he aircraft impacted by various
parts of the human body could usually be de-
termined from deformation of aircraft structure,
presence of bits of hair, blood and/or tissue.
Special note was made of the failure of safety
oquipment, seats, and cabin integrity. All infor-
mation at the crash site was documented by de-
tailed photography, notes, and diagrams. Sur-
vivors and witnesses were interviewed to
establish altitude, attitude, and flight path of the
aircraft just before impact. Photographs were
also made of external injuries of survivors in
hospitals and external and internal trauma of
the fatally-injured during autopsy at the morgue.
Complete medical records and autopsy reports
were obtained in each case.

Three categories of aircraft crashes were
usually not investigated: (a) very minor inci-
dents—no injuries, (b) crashes in which the
aircraft completely disintegrated (nonsurviv-
able), and (c) crashes where the fuselage was
consumed by fire after the crash since deforma-
tion of structure from body impact and/or crash
forces could not be i1dentified.

Concurrently, a stndy is being made at CAMI
to correlate injuries to structural deformation
during body impacts in automobile accidents and
to evaluate recent structural design changes re-
sulting from automotive safety standards in
terms of reduction of fatalities and injuries.

Seventy general aviation accidents have been
investigated to date. While the original plan was
to accumulate at least three times this quantity
of data, analysis of these cases has shown so

clearly the glaring lack of progress in engineer-
ing design for crash survival in general aviation
aircraft that it was decided to present the results
of these in order to make the data available to the
aviation community.

On the other hand, the automotive industry is
continually redesigning to make their product a
safer vehicle for transportation and crash sur-
vival. A continued evaluation of their efforts is
warranted.

III. Results.

DeHaven,* in 1952, stated “Safe transporta-
tion of people in any type of vehicle must of
necessity apply the practical princinles which are
used by every packaging engineer to protect
goods in transit.” There are four simply basic
packaging principles:

A. The shipping container should not openr up
and spill its conients or collapse on its contents
under reasonable or expected conditions of im-
pact forces.

B. Articles contained in the packages should
be held and immobilized inside the container to
prevent movement and resultant damage against
the .nside of the package itself.

C. The means of immobilizing the contents in-
side the container must transmit forces to the
strongest part of the contained articles.

D. The inside of the container must be de-
signed to cushion and distribute impact forces
over maximum surface area of the contents and
have yield qualities to increase deceleration time
in case it breaks loose from its restraint.

To evaluate the extent to which general avia-
tion design engineers have succeeded to date in
applying the basic packaging principles to the
safe transportation of people in light aircraft,
27 accidents will be presented and evaluated in
terms of these packaging principles. Each acci-
dent case presented includes a brief summary of
the crash circumstances, some photographs of a
similar* or identical aircraft before impact,

*These photographs are intended to give the reader a gen-
eral Impression of the alrcraft before It crashed. In some
cases it was not possible to find the same year alrcraft and
even if the model and year are matched, the observant reader
may note variations In control wheel and Instrument panel
design, aven in the same year,

o
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photographs of occupant injuries, and a table
listing injuries of each occupant and the aircraft
structure responsible for the injury.*

It was the intent cf the author to select in-
dividual crashes to illustrate the degrec that each
of the four packaging principles is being
utilized in present-day general aviation accidents,
but since all four principles are dirsctly involved
in each impact, it was deemed necessary to dis-
cuss each accident from a standpoint of crash
survival packaging.

The words survivable and nonsurvivable have
been used freely for a number of years to describe
aircraft accidents, but may be extremely mislead-
ing. Obvioasly, in accidents where the aircraft
flies into the ground at a very high velocity,
digging a huge crater in the earth and disinte-
grating into small pieces with a crash force
calculated to be 198 “g” (Case 1—1966 Beech
Baron 95C-55), or flies into a stone mountain at
full cruise velocity (328 “g” calculated) (Case
2—1956 Cessna 310D), or impacts a large tree on
the ground with sufficient force to allow the tree
to penctrate to ths front edge of the front seat
(31 “g”) (Case 3—1964 Piper Cherokee FA
28-235), they would be classed as nonsurvivable
simply because a cabin structure cannot be
designed with sufficient strength to withstand
such impact forces and still be light enough to
fly. Even if such a cabin structure were feasible,
in Cases 1 and 2 the human body would not be
capable of withstanding the restraint forces. In
Case 3, the occupants could have tolerated the
restraint forces but would probably have been
fatally injured by the deep penetration of the
tree into the cockpit.

In other, less savere accidents, one may look at
the remains of tne aircraft and say it was non-
survivable simply because the cabin structure
collapsed or disintegrated and, indeed, it was
probably impossible to survive the accident.
However, an analysis must be made to determine
whether the crash forces alone were sufficient to
cause a nonsurvivable accident, or whether they

SAbbreviations used in injury-structure correlation tables:

& And L. F. Left Front

(o} Cervical Vertebra L. R. Left Rear

(F) Fatality Mult. Multiple

Hem. Hemorrhage R. F. Right Front

L Lumbar Vertebra R. R. Right Rear

(L) Left {R) Right

Lac. Laceration (8) Survivor

Lac’s. Lacerations T Thoracic Vertebra

were of low magnitude and inadequate design of
the shipping container allowed it to collapse upon
its occupants and cause the fatalities.

In a normal landing (65 miles per hour with
600 feet stopping distance) the aircraft and its
occupants expzrience a deceleration of about 1
“g” and the occupants have no difficulty maintain-
ing their seated posture with or without
restraint.

In Case Number 4 the pilot, flying a Piper
Cherokee PA 28-140 (1968), hooked some steel
telegraph wires and decelerated smoothly from
65 miles per hour to “0” in 55 feet. In this
instance the aircraft fuselage and occupants ex-
perienced approximately 1.4 “g” dJeceleration.
The aircraft cabin maintained its integrity and
the pilot bumped his head only slightly and
knocked off his glasses. Therefore, with only
seat belt restraint, the upper torso can be ex-
pected to jackknife forward, allowing the head
to strike the instrument panel when aircraft
deceleration forces exceed 1.5 to 2.0 “g”.

Swearingen ** has adequately described the
kinematics of the body and the head strike areas
in numerous general aviation aircraft. Figure 1
shows head clearance area of the path taken by
the top of the head (5th to 95 percentile), when
the body jackknifes over a seat belt, superimposed
on scale size drawings of 11 popular general
aviation aircraft (A through K). The com-
posites shown in “L” indicate clearly that all the
instrument panels (vertical lines) and top of the
control wheels (circles) lie directly in the path
of the head. Figure 2 is another, more detailed
composite of the same group of aircraft showing
forward motion of the body ({95th percentile)
with seat belt restraint along with arcs swept out
by the head, arms, and legs during the flailing
motions that accompany crash deceleration. The
acceleration forces in these tests on unbraced
individuals were less than one “g” and yet the
head impact velocity at the point of instrument
panel impact exceeded 12 ft./sec.

Other investigators * have shown that with
aircraft decelerations of 8 “g” with lap belt
restraint, the head strike velocity can easily reach
50 ft./sec. or more. Also, in recent tests con-
ducted by The Boeing Company at CAMI, a very
accurate study was made to determine head
strike velocity. The results confirmed those
given in Reference 56. A deceleration of 8.5 “g”
produced a head strike velocity ‘of 53.9 ft./sec.




-

1966 BEECH BARON

BEECH BARON 95-C-55, a 1966 model
aircraft with pilot and one passenger (R. F. ),
flew into the ground at approximately a 50°
angle in a right-hand bank during bad ,
weather. Both occupants were wearing seat
belts but aircraft disintegrated, digging a
hole in the ground 38 feet long, 12 feet wide,
and 4 feet deep. Pilot seat belt held, but
seat failed and body in the seat was found in
a tree 190 feet from imp- :t point, The pas-
senger's seat belt buckle failed and his body
was fou.nd)450 feet from impact.

ACCIDENT INVESTIGATED BY:

GALE BRADEN AND TERRY WALLACE
CAM1

CASE 1-1




A Cl'mt form.dby aircn!t lmM L 'y B. Broken & distorted remains
38'!0.; 12’ wide, & 4' deep. oy, o of pilot control column.
i
E
? . ] Part of copilot's seat showing failure - * D. Portion of instrument panel,
el # of tongue half of seat belt buckle. ' broken, deformed & covered
- ¥ et o : with tisaue.
| ,
STROCTD ACT)
Alrcraft disintegration.
{
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CESSNA 310, a 1956 model aircraft with
pilot and one passenger (R. I. ), flew into
the side of a solid rock mountain at full:

cruise velocity during a snowstorm. 'l'ln ok
aircraft disintegrated,

ACCIDENT INVESTIGATED BY: :
EDDIE D. LANGSTON AND JACK BLETHROW
CAMI
CASE 2-1
x .
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C. Mmﬂudpulmhd.u

Remains of pilot. Nmmzonlyu.um'
arenotinjured. They probably trailedbe-
hind the body as it was sjected fromthea/c.

: zum weore badly crushed (F).
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PIPER CHEROKEE PA-28-235, a 1964
model aircraft with pilot only, flying at
night, was in a very gradual descent
(9°9). Aircraft clipped the top of some
small trees and crashed into the base of
a large tree two feet in diameter. The
large tree trunk penetrated the aircraft
at the root of the (R) wing, cut through
the middle of the instrument panel and
cabin, and ended up between the two
front seats. The pilot was thrown for-
ward and to the (R), impacting the tree
and ending up with his legs and arms on
the left side of the tree and his head and
shoulders on the (R) side.

ACCIDENT INVESTIGATED BY:

GALE BRADEN AND TERRY WALLACE
CAMI

CASE 3-1
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A. Overall view of aircraft
impact with tree.

Close-up
showing rela-
tive size of
tree & depth
of its pens-
tration into
the aircraft.

C. Insidethecabin, thetree
is almost touching the
i front edge of the pilot’s
Kb seat. An octline of &
head indicates head im-
pact area on the tree.

CASE 3-2




L 4

Left half of the instra-

ment panel shows o

signs of body impact.

Note broken pieces of i
plastic windshield in

the cockpit.

I

UCTU!

Right half of instrument panel -
sheared off by tree penetration.

ACTED

T) Head - s cres ), Tree

CASE 3-3

10
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PIPER CHEROKEE PA-28-140, a 1968
model aircraft with pilot only, had taken
off and climbed to 150 feet when it ex- :
perienced power fgilure, lost altitude, and
struck several strands of 1/8-inch steel
telegraph wires. The aircraft traveled
another 25 feet and the left wing struck a
lower wooden telephone pole, turning the
fuselage 90° before it reached the ground.
Five strands of the steel wire were hooked
2 around the propeller and stretched taut
without breaking, These wires served as
an arresting gear allowing the aircraft to
decelerate with very little "'g" force.
Seat belt was in use and held. No
shoulder harness was installed.

. ACCIDENT INVESTIGATED BY:
: TERRY WALLACE
CAMI'

-
A

CASE 4-1

11




A. Aircraft after left wing
impacted telephsne pole.

booked on propeller.

C. Front view showing wires

Pilot: Head - on for

CASE 4-2

B. Fivestrands of steel telegraph
wires stretched taut along sides
_of the fuselage.

|
1
|
|
E
L
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£ .Geneul view of cabin;
interior.
1
i
]
[
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.
F. Lower left instrument
. panel. No damage from
3 knee impact.
3
i
e . |cASE4-3 |
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Ficuee 1. Minimum head clearance as related to 11 popular personal type aircraft.

In Case Number 5 a Piper Comanche PA 24—
250 (1962) skidded 305 feet on muddy ground
before coming to rest. Assuming a flight velocity
of 65 miles per hour just before initial contact
with the ground, one can calculate an average de-

14

celeration of less than 15 “g”. However, since
the pilot received a 5-inch laceration across the
top of both eyebrows from striking the top edge
of the instrument panel, we can safely state that
at one point the deceleration slightly exceeded
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FIGURE 2. Area of forward flailing (95th percentile) with seat belt restraint, superimposed on scale drawings of 11
general aviation aircraft.

2.5 “g” (reference Case 4), probably during
initial impact where the aircraft was changing
direction. More severe facial injuries were prob-
ably not sustained since the pilot’s head hit a
relatively flat arc of the instrument panel (Case

15

5 C), and since a significant portion of the
forward force of the head and trunk was dis-
sipated when the chest struck the conirol yoke
fracturing several ribs as well as the horns on
the yoke.

o~
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PIPER COMANCHE PA-24-250, a 1962
model aircraft with pilot and three pas-
sengers (R. F., L.R., R.R.), encountered
bad weather and struck muddy ground in a
flat attitude and skidded 305 feet over a
small hill. All occupants were wearing
seat belts and they held. No shoulder
harnesses were in the aircraft.

ACCIDENT INVESTIGATED BY:
GALE BRADEN AND EDDIE LANGSTON
CAMI

CASE 5-1

16
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A. Path taken by aircraft
during 305-foot decelera-
tion.

B. Final attitude of aircraft.

Tail sectionseparated at the
rear of the cabin & turned 90°.

CASE 5-2
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C. Left half of instrument panel showing £ contact with upper in-
head impact and broken control wheels. strument panel.

Lower left instrument p‘nel
Heavy radio fractured right leg
opilot shown below.

Pilot leg fracture from impact
with lower instrument panel
shown above.

INJUMES STRUCTURES IMPACTED
Pilot: {S) Hesd - Largstrassverss lac. sczossboth | Top edge of instrument panel.
ehrows & adovs noss.
Truak -Fx. ribs lower (L) chest. Control whesl.
Extrsmitise - Fx. (R) talus. Pedal arss.

P10
R, F,: {S) Head - "V" suspedlac. (L) eyebrow. Lac.| Upper isstrument ,.anel

- noee, {R)upper eyslid & {R)drow.

Trunk - None.
Extrsmitiss - Lac. {L) knes. Lower instrument panel.
R.: {S) Head - Nose.
Trunk - None.
Extromities - Fx. {KR) ankle. Waedged under front ssst.
KR iS) M - Fx. noes. Back of front esat.
Trunk -Cheet pains (no Fx.) Back of front seat.
ﬁmnhc -Spreinedankles (R} & (L) Uoder front ssst.

CASE 5-3
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In Case Number 6, photographs are shown of
the right front passenger with crushing fractures
of the nose and right maxillary sinus along with
severe lacerations of the nose and frontal sinus
aren (Case 6 K & L) received when he jack-
knifed over his seai belt and impacted the top
edge of the instrument panel at the point indi-
cated by the head outline (Case 6F). Since this
Ercoupe 415-C (1946) skidded 114 feet before
coming to rest, an average deceleration of slightly
over one “g” can be calculated, assuming an im-
pact velocity of 95 ft./sec. However, as dis-
cussed earlier, one can brace against a one “g”
impact and it must be zssumed that since he hit
the ground at about a 30° angle, the deceleration
forces were somewhat higher than one “g” during
a few milliseconds time span. Again, as in Case

5, the chest contacted the control wheel' and

evidently the occupant was able to hang onto the
rim with sufficient strength to deform the wheel
toward the instrument panel (Case 6 G), prob-
ably reducing the head impact velocity to a
point that barely prevented the fatal head in-
juries. It is impossible to calculate the exact
velocity of head impact, but based upon the
author’s studies of tolerances of the human face
to crash impact (to be discussed later), the author
estimates that the head impact velocity could not
have been more than 15 ft./sec. in this case. Since
the stopping distance of the head was about one
inch (14 inch dent in panel +3; inch crushing of
facial bones), the deceleration of the head may
be calculated to be 42 “g”. The human face can-
not tolerate this magnitude of deceleration force
on two square inches of area (see tolerances of
face discussed later). We begin to appreciate the
head injuries which may occur at cabin decelera-
tions as low as three “g” when the impact force
must be absorbed on small areas of the head.

Case Number 7 describes a later model (1966)
Cessna 150F that crashed with a calculated
average deceleration of 6.93 “g”. The pilot’s
seat belt held and his upper torso was thrown
slightly to the right, allowing Lis face to impact
the upper center instrument panel. Crash sled
testing in this laboratory indicates that the seat
belt restrained occupant will impact the instru-
ment panel with a head velocity of nearly 40 ft./
sec. during a 7 “g” deceleration of the aircraft.
Fortunately for this pilot, he impacted his chest
on a control wheel designed to fit the contour of
the rib cage bending the control column to the

right and down with only a slight contusion of
the chest and right shoulder (Case 7 F) and
slowing his head velocity to a point (estimated
18 ft./sec.) that he survived with very severe
facial injuries. Especially worthy of note at this
point is the needless deep laceration (8 inches
long) across the chin and right cheek inflicted
when his face slid down and engaged the thin
cover plate over the radio (Case 7 E). Teeth
marks in the same figure indicate that his upper
teeth and hard palate were destroyed when he
impacted the top edge of the instrument panel
just above the key insert.

In Case Number 8 a 1959 Piper Comanche
PA 24-250 wiped its landing gear off by striking
an earthen embankment around a farm pond and
slipped over the embankment into the pond. The
deceleration was again determined to be in the 5§
to 6 “g” range. The pilot and copilot were
thrown forward, impacting their heads at the two
points clearly indicated on the instrument panel
(Case 8 E), causing severe, but survivable, facial
lacerations. Post-mortem examination revealed
that the two front seat occupants were rendered
unconscious and drowned when the plane sank.
An autopsy was not performed on the rear seat
passenger, but since rear seat occupants usually
receive less severe injuries it is very probable that
he also drowned.

Crash Case Number 9 was almost identical
to the previous case described, the difference
being that this Piper PA 22-135 (1959) aircraft
did not end up in the water and all five occupants
survived. Total ground contact stopping dis-
tance was 84 feet after contact with the fence
and it is doubtful if the maximum deceleration
force exceeded 5 “g”. Head impact depressions
of the two front seat occuparts were clearly
visible in Case 9 C and D. There were no trunk
or leg injuries and the three children in the rear
seat received only bruises.

In evaluating Crash Cases 4 through 9 (all of
which must be classed as minor) in terms of the
four principles of packaging presented earlier,
we can conclude that general aviation aircraft
pretty well meet the first principle (container
or cabin integrity) as long as the crash impact
does not exceed 6 or 7 “g”. However, the other
rules for safe packaging have been almost com-
pletely ignored, the exception being that means
are provided for restraining the long, fiexible,
fragile contents only at their central points—
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1946 ERCOUPE

ERCOUPE 415-C, a 1946 model air-
craft with pilot and one passenger

(R. F. ), circled low over a farm house,
reduced power to talk to someone on the
ground, and crashed at a 30° augle on a
hard pasture land, skidding 114 feet be-

-fore coming to a stop. The impact force

threw both occupants forward and slightly
to the left. Seat belts (attached to the
fuselage) were in use and held. There
were no shoulder harnesses in the aircraft.

{Note: Aircraft does not have rudder
pedal. )

ACCIDENT INVESTIGATED BY:
GALE BRADEN
CAMI

CASE 6-1
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Distant view of resting
aircraft & part of its
114-foot skid mark.

B C D

Close-up views of the exterior

of the aircraft. The cabin
maintainedits integrity. The
plastic windshield disintegrated
& some outwardbuckling of the
sides of the cockpit may be noted.




G. Area of body impact of pilot.

CASE 6-3

2

H. Note broken Plexiglass windshield.
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J. Seat cushions.

I. Seat construction consists of alumi-
num buckets for cushions shown in J.

/" 2
K & L Side & frontal vicws of facial injuries suffered by

copilot when his head hit the top corner of the in-
strument panel (Figure F).

' '
il ¥

INJURIES STRUCTURES IMPACTED
Pilot: {S) Head - Lac's. scalp & forehead, (Windshield.
Trunk -None.
Extremities - Lac's. bothwrists, openFx. [Instrumentpanel, sfter hands tore
{R) radius & ulna, closed Fx. (R)hand{free of control wheel.
Laterslliggmentiear (L) snkle. Left cockpit wsll.
R. F,: (S) Hesd - Crushing Fx's. nose & (R)maxillary [Top edge of instrument panel.
sinus. Severe lac's. nose k(R)
{ronts] «inus area.
Trunk -None,
E_x_‘.remflig - None.

CASE 6-4
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1966 CESSNA 150

CESSNA 150 F, a 1966 model aircraft
with pilot only, was observed circling -
a farm house, Aircraft pulled up -
stalled - crashed at a steep angle, left
wing first. Engine was pushed to the
right. Seat belt was in use. No ' i
shoulder harness was in the aircraft.

Pilot's head and trunk were thrown

s}‘ghtly to the right.

ACCIDENT INVESTIGATED BY: |
DON ROWLAN AND TERPY WALLAGE
CAMI '

CASE 7-1
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A & B Slight damage to
the motor & cabin
areindicativeof a
minor crashimpact.

INJURIES | i

STRUCTURES IMPACTED

Pilor: {S) Head- Evuised Lac. over {R) eye, both
eyes swollen shut; all upper teeth
& soft palate destroyed.

{ Upper ceater instrument panel.
i

I i i

i Deep Lac. 8" long acrass chin & Radio cover plate.
cheek.
. Trunk -6 céonhnion mid-line of chest & Co'nlrol wh:y'.‘l.
: {R) shoulder . : B

Scatbelt marks on abdomea & pelvis .

Seat belt.

Extremities - Arms & legs. miror abra-
i ... sions & bruises. !

'C & D Minor abrasions in
‘the pelvic area are
' proof that this pilot

was wearing 4 seat

i belt.

¢« Instrument pancl.

‘




E & F Area in center of instrument panel where pilot's

head struck. Note teeth enamel above key insert
and sharp edge of radio cover plate.

G & H Artist sketch
& actual photo-
graphofsevere
facialinjuries
inflicted.

Minor abrasion
on pilot's chest
indicating con-
tact with the

control wheel.

Minor hand injury,

\
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PIPER COMANCHE PA-24-250, a 1959
model aircraft with pilot and two passen-
gers (R. F. and ?R.), failed to clear a
fei'ce on takeoff, struck the fence with
its landing gear, and traveled 420 feet
before making ground contact. The gear
and nose struck on the earthen dam of a
farm pond. The aircraft then bounced
over the dam and sank in the pond about
20 feet from the bank, after floating for
two or three minutes. The aircraft was
equipped with seat belts, but only the

R. F. was in use and it held. No
shoulder harnesses were installed. Oc-
cupants were thrown forward and to the
left.

ACCIDENT INVESTIGATED BY:

GALE BRADEN
CAMI

CASE 8-1




Blacktop landing strip with 4"

fence across theend. Landing

gear of aircraft hooked fence \

on take-off. ‘.F‘t‘“\ .

=4 -
S o R

»

B. After traveling 420 feet in the air,
aircraft impacted this dirt embank-
ment, tore off its gear, and slid
over into the pond.

etls :w*.'.'.sﬁ N,
C. View of the aircraft as it was

pulled out of the pond. Note
cabin is entirely intact.

CASE 8-2
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D. General appearance of cabin
interior.

E. Head outlines indicate dented L'—:";
areas attop edge of the instru- ™

ment panel produced by head

impacts oftwo front seat occu-
INJURIES

STRUCTURES IMPACTED

pants-all were knocked uncon-
scious & drowned.
Pilot: (F) Head - Irregular V-shaped lac. tn bone (L)
front parietal scalp4cm. & 7 cm.
Lac. (L} side of neck 2 cm.

Upper (L) instrument panel.
Knocked unconscious & drowned.

Trunk - None.

Extremities - None.

R, F.: (F) Head - 4 cm. lac. (L) lateral inferior man-
dible. 2 cm. lac. {L) lateral inferi-
2r_mandible.

Top center of instrument panel.
Knocked unconscious & drowned.

Trunk - None.

Extremities - None.

?R: (F) Injuries unknown - drowred.

CASE 8-3
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1953 PIPER PA-22

oo 4

PIPER PA-22, a 1953 model aircraft
with pilot and four passengers (R.F.,
L.R., C.R., and R.R.) (three children
F in the rear seat) had taken off and was
about two miles from the airport. The
motor started missing and the pilot had
started to return to the airport when the
motor stopped and he attempted to land
in a field. The (L) wing tip and landing
gear (L} struck the top strand of a four-
foot high fence. The aircraft traveled 21 feet
and struck the ground, skidded 36 feet,
left the ground for 30 feet, impacted again
and skidded an additional 48 feet. The air-
craft came to rest on the (L) wing and nose.
Seat belts were in use and held. No
shoulder harnesses were installed. Occu-
pants were thrown to the (L) and forward.

ACCIDENT INVESTIGATED BY:
3 BILL REED AND LEE LOWREY
] CAMI

CASE 9-1
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A, Side view of air-
craft after impact,
oAy

VR

C. Area of pilot's head

impaci.

left wing

Close-up showing

& slight fuselage
crushing.

damage

Dent at the top edge of instrument panel
caused by copilot's head impact,

INJURIES

STRUCTURES IMPACTED

Pilot: (S) Head - Cerebralconcussion. Lac’s face &
mouth. Cut & bruised chin. Lac.
behind (L) car.

{L) "A" post k vent window.

Trunk- None.
—

Extrsmities - None.

R F.: (S) Head - Mult. smalllac’s. face, noss k scalp.

Top of instrument panel{center)

Trunk - None.

Extremities - None.

4

:. {S) Minor bruises.

CASE 9-
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the lap belts applied around the pelvic structure.
The lap belt, if worn and if it does not fail, re-
strains only the pelvic area and allows the rest
of the body to continue in motion until stopped
by impacting some portion of the container. In
a number of crses in this study it was noted that
even the lap belt is an ineffective restraint be-
cause of faulty installation. In numerous air-
crart. the lap helt goes across the thighs and
straight down to the floor (Figures 3 and 4) in-
stead of across the iliac crest and then back at a
45° angle to the floor.

Fiaure 3. Subject wearing seat belt in 1968 Cessna 150.

During deceleration the occupant is free to
move forward until the belt is at nearly a 45°
angle with the floor before the belt offers any re-
straint. By this time he is sliding off the front
edge of the seat (Figure 5) and the forward
motion added to belt stretch allows him to
penetrate the firewail.

In general aviation aircraft design, engineers
have completely ignored the fonrth rule of safe
packaging (inside of container must be designed
to cnshion and distribute impact forces over
maximum surface area and yield to increase de-
celeration time). The head, trunk, arms and legs
flailed against a conglomeration of rigid edges,
angles, points, and knobs causing numerous in-
juries at body impact velocities of 15 ft./sec. and
less in the five very minor accidents just pre-
sented. In contrast, the rewards of the satety
improvements of the interiors of late automeotive
vehicles are clearly demonstrated in six automo-
tive crashes shown in Figures 6 through 11.
Occupants were subjected to “g” forces ranging
from 3 to 12 with minor or no injuries even

32

Fiovre 4. Dummy with seat belt attached straight
down over thighs before crash test.

Ficure 5. Position of dummy after crash test. Extreme
forward motion is allowed by improper seat belt
installation.

though none of them were wearing seat belts.
Each automeotive crash case presents on a single
page the angle of impact, object impacted, direc-
tion of motion, number of occupants, presence
and use of seat belts, direction cccupants were
thrown, structures impacted by the body, and
body injuries.

Before presenting crash cases of a little more
severity than these, it might be well to discuss
some of what is known of human body tolerances
to impact. The author has presented extensive
data in a previous study® defining human
tolerances of the frontal portion of the head
(face and forehead) to impact. He has shown
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that a single square inch of the forehead is
capable of withstanding an 80 “g” impact with-
out fracture—PROVIDED the force is evenly
distributed over the contour of the area impacted.
If this area of contact is increased to 3 square
inches, the frontal skull of most adults can with-
stand 200 “g” without fracture. Other portions
of the face explored include the zygomas, nasal
area, maxilla, and mandible and tolerance limits
are shown in Figure 12.

Fiaure 12. Tolerances of the human head to crash
impact.

He then became curious as to whether or not
these impact tolerance areas were additive. A
rigid cast was made for one cadaver head to pro-
vide even distribution of force over the entire
frontal face and forehead. Impact tests exceed-
ing 300 “g” produced no signs of soft tissue
laceration or bone fractures. Every tooth and
even the thin turbinate bones of the nose re-
mained undamaged (Figure 13).

This study shows conclusively that it is pos-
sible through engineering design of the inside of
the container to completely eliminate lacerations
and fractures of the head and face during head
impact of extremely high forces (over 300 “g”).

A separate study by the author ** shows that this
can be accomplished utilizing a fairly firm, slow-
return padding material to distribute impact
forces evenly over the contour of body structures
being impacted along with a ductile backing
structure that will yield and extend the decelera-
tion time. In addition, there is evidence in the
literature > that brain injury and even con-
cussion may be prevented with head impacts up
to 300 “g”, provided skull deformation is pre-
vented through the use of force distribution.
The principle itself is not new as even the
Knights of King Arthur’s Round Table wore
suits of armour to distribute the blow of their
opponents’ sword edge and prevent body penetra-
tion by distributing the load. For the same rea-
son we have invented bullet-proof vests, football
helmets, and even shoes. Since this simple
principle has been known for such a long time, it
is difficult for one to understand why manu-
facturers of people-shipping containers have
neglected the use of it. Lack o. protective design
has been the direct case of over 300,000 deaths
and better than 20,000,000 serious head injuries
in transportation vehicles over the past ten years.
The automotive manufacturers in the past two
or three years have begun using a dash panel of
ribbon steel covered with slow-return padding
(Figures 14 and 15) that is proving effective
in preventing head injuries.

Forty other different materials and combina-
tions of materials for instrument panel design
have been evaluated recently to determine their
ability to absorb occupant energy.s

Continuing our crash case analysis, in Case
Number 10, a 1959 Cessna 182 B nosed over into
a lake from a he'ght of 18 feet after hooking its
vertical stabilizer on a telephone wire. The two
occupants jackknifed forward over their seat
belts and the pilot’s head struck the top edge of
the 15 inch thick aluminum pilate whick covers
the front of the instrument panel (Case 10 C).
A knife-like penetration wound (Case 10 D)
through the bridge of his nose and both eyes back
into the brain caused almost instant death and
was his only injury. The impact force is not
known but must, of necessity, have been rela-
tively Jow as attested to by the lack of leg in-
juries and the fact that the seats and seat belts
did not fail. It was unfortunate for the pilot
that this knife-like edge contacted the bridge of
his nose and eye areas—probably the weake:t
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‘FIGURE 14. An example of a padded dash panel in a’
late-model automobile.

part of the face, but even if it had contacted the
frontal skull (the strongest structure of the
anterior head), it would have produced a fatal
skull penetration with a head impact velocity as

Fiaure 15. Steel ribbon design of dash structure under
padding has goad yield characteristics.

low as 5 ft./sec. (3+mi/hr.). In the above dis-
cussion of facial tolerances it was stated that a
one-square-inch area of the forehead could with-
stand an 80 “g” impact. In this case the 15 inch
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sheet metal could not have made contact with
more than a two-inch strip of the flattened por-
tion of the forehead or a total area of contact of
V4 square-inch. Skull fractures can be expected
with slightly over 20 “g” impact forces on a 1}
square-inch area and since the sheet metal im-
pacted by the head deformed only 14 inch, a
head velocity impact of 5 ft./sec. stopping in
15 inch would produce a rate of change of
velocity of 600 ft./sec.?, or nearly 20 “g”. This
discussion only serves to illustrate the fragility of
the human head and face when impacted against
small rigid objects even at very low velocities.
Since head impact velocities of 40 to 56 ft./sec.
are commonplace in even moderate crashes, the
present high rate of deaths from head injury
should be expected. In Case 10 A and B the air-
craft appears to have sustained extensive damage
during impact—the entire front cabin and engine
missing—but most of this destruction can be
attributed to recovery operations. The fact that
the top of the instrument panel was within strik-
ing distance of the head bears out the theory that
the cabin was intact when it entered the water.

Three “extreme” and seven “minor™ accidents
have been discussed thus far. The next four
cases are of crashes of a little more severity and
will be classed as “moderate”. Moderate here is
applied to crashes of the 8, 9 and 10 “g” decelera-
tion range and the terminology selected on a
basis of a study of automebile crashes of com-
parable intensity. An automobile traveling 60
miles per hour and striking a movable object
such as another vehicle at an intersection and
pushing it 15 feet would produce decelerative
forces on the occnpants of about 9 “g”. Numerous
accident cases involving late model automobiles
in which occupants were tossed about with crash
forces of 19 to 42 “g” are in our files and the
occupants received minor or no injuries (Figures
16 through 26).

Case Number 11 shows a 1965 Mconey M-20-E
aircraft after it crashed in muddy soil with a
calculated impaci force of 8 “g”. A number of
factors in this aircraft should be noted and dis-
cussed. For the first time we are beginning to see
signs of failure of the shipping container (cabin)
itself. As a single-engine aircraft crashes at an
angle, the aircraft forward of the cabin may be
crushed or deflected upward, downward, or to the
side. Obvionsly, any crushing of the forward
structure is beneficial as it reduces the decelera-

41

tion forces ultimately transmitted to the cabin
and iis occupants as long as the cabin area itself
is not compromised by penetration of structure.
I this case there is evidence (Case 11 A and B)
that the engine was forced up during some stage
of the deceleration (probably as the aircraft
flipped over) until it was at right angles to the
axis of the an:raft and pushed the instrument
panel back toward the front seat occupants. It
should be noted, however, that there is no ap-
parent structural failure with separation at the
ends of the instrument panel. It is also worthy
of note that the Mooney Corporation has in-
stalled a thin layer of padding on the top of the
instrument panel (Case 11 C) in this aircraft and
they are to be congratulated as it probably saved
this pilot from fatal head injuries. On the other
hand, the significant contribution of the padding
to safety was partly nullified when the heavy
compass was mounted on top of the instrument
panel. A severe cerebral concussion was caused
by this instrument when the pilot impacted it
with his head (Case 11 D). In the same figure
it is obvious that the pilot received his severe
scalp lacerations on the broken plexiglass wind-
shield and a fractured mandible with the loss of
several teeth on the right horn of the control
wheel which his body had bent up into the facial
impact area. These plexiglass windshields have
caused numerous severe lacerations, some fatal,
as will be seen in other cases presented later in
this report. Late-model automobiles are equipped
with thin, strong, laminated glass windshields
which have greatly reduced the head penetration
and severe laceration problems. The control
wheel in this aircraft is poorly designed from the
standpoint of crash injury prevention. The horns
frequently break off and sometimes penetrate the
chest. Mounting a heavy protruding instrument
with a reset knob protrnding even further in the
center of the control wheel significantly increases
the chance of serious to fatal chest injuries.
Beech redesigned their control wheel to fit the
chest contour and eliminated the horns and
protrusions 20 years ago. Cessna later developed
a similar, well-designed control wheel (refer to
Case 7). It should be noted, however, that both
of these companies have gone back to the horned
control wheel in some of their latest aircraft. The
heavy radio with protruding knobs in the center
of the instrument panel and the row of extended
heavy aircraft controls (power, mixture, pro-




1958 CESSNA 182

CES3NA 182 B, a 1959 model aircraft
with pilot and one passenger (R. F. ),
was flying over a lake (approximately
18 feet from the water), flew under a
telephone wire and hooked the vertical
stabilizer on it, nosing over into the
water. Both occupants were wearing
seat belts and both balts held. No
shoulder harnesses were in the air-
craft. Pilot and passenger were
thrown straight forward. Impact
forces are not known but must, of
necessity, have been very low, impact-
ing water from ouly 18 feet.

ACCIDENT INVESTIGATED LEY:

JIM SIMPSON AND DON ROWLAN
CAMI

CASE 10-1

12
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A. Side shot of wreckage retrieved B. Front view of wreckage showing
from the lake. seats & seat belts still in place.
INJURIES STRUCTURES IMPACTED

Pilot: (F) Head - Fatal, crushing, knife-like blow Top left edge of instrument
through both cyes & bridge of nose panel.
into the brain. Small cut on (L)
upper lip.
Trunk -Nome.
Extremities - None.
R.F.: (F; Head -4.5 cm. Lac. of forehead justabuve Top edgr of instrument panel.
eyes. Nasal bridge extensively Fx.
Trunk -Aspiration of water & mud. Unconscious & drowned.
Extremities - C d i d Fx's. Lower edge of instrument panel.

{R) fibula & tibia & [L) femur

D. Fatal & only injury
of pilot, inflicted
by impact shownin
C.

Left half of instrument panel re-
trieved from lake showing head
outline of head impact of the pilot

ik i seament mnct.  CASE 10-2
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peller controls, etc.) on the lower left instru-
ment panel (Case 11 E and G) were directly
responsible for a fractured arm, fractured pelvis,
and dislocated hip ‘and knee in this accident.
The author feels that the manufacturers of gen-
eral aviation aircraft could significantly reduce
leg and pelvic injuries by copying (e design
trends of the automobile manufacturers (Figure
7).

Fioure 27. Knee impact area in late-model automobile.

In Case Number 12 there has been a complete
separation of the cabin structure at both ends of
the instrument panel (Case 12 B and C) as a re-
sult of the impact. Since this 1955 Piper Tri-
pacer PA 22-150 has doors on both sides, the
only structure preventing the engine and instru-
ment panel from being pushed back into the faces
of the front seat occupants is the “A” post on
each side of the windshield. The inboard half of
each seat belt was attached to the seat while the
outboard half was attached to the fuselage. At-
taching lap belts to seats loads the seat tie-down
attachments unnecessarily, often causing them to
fail and the package contents are no longer even
partially restrained. Seat attachments in this
case did fail (Case 12 I, J. K and L), allowing
the two front seat occupan:: to smash their faces
into the formidable structure of the upper instru-
ment panel and their knees and legs into the
prong-studded lower panel (Case 12 D). Facial
injuries were more severe in this case than in
Case 11, partially because there was no padding
on the instrument panel and partially because
the crash impact force was slightly greater as
attested to by the significant increase in lower
leg injuries. The bare survival of these two oc-

cupants couid probably be attributed to well-
designed control wheels for chest impact without
injury. Note in Case 12 F and & these control
wheels are smashed flat against the instrument
panel and probably slowed the upper bodies just
enough to‘prevent fatal crushing head injuries.
Federa! Aviation Regulations (FAR) Part 23
requires that all general aviation aircraft have a
tie-down strength to withstand a forward static
loading of 9 “g”. Since this seat did fail at its
attachment, one might assume the crash forces
involved in this case exceeded 9 “g”. However, 2
recent research report published by the Na-
tional Aviation Facilities Experimnental Center
(NAFEC)* shows the unreliability of predict-
ing dynamic strength from static testing and
the autlior believes that the maximum crash force
in this case was well below 9 “g” as measured
dynamically. A cabin deceleration of 8.5 “g”
would have produced head strike velocities in
excess of 50 ft./sec. and the head injuries from
impacting this instrument panel would have been
fatal to both occupants.

The total weight of the radio equipment in this
aircraft was approximately 30 pounds. Readio
equipment incorporating miniaturization tech-
nology is available today. By substitution of this
new eguipment, communication weight could be
greatly reduced and the pounds saved utilized to
strengthen the forward areas of the cabin as
Beech Aircraft Corporation did so successfuliy
nearly 20 years ago.

Again referring to FAR Part 23, vertical tie-
down strength for seats is required to meet a 3
“g” gtatic pull force. In Case Number 13 a 1955
Piper Tripacer PA 22-150 ran off the end of a
runway into soms loose soil, collapsed the nose
gear, and skidded 75 feet almost to a stop when
it flipped over onto its back (Case 13 A and B).
Deceleration of the cabin was less than 1.4 “g”
as evidenced by the fact that the pilot was not
thrown forward with sufficient force to bump his
head (refer to Casc 4). The pilot found himself
hanging uninjured, upside down in his seat belt,
but when he released his seat belt, he and the
seat fell down to the top of the cabin and the
pilot bumped his head as he fell (Case 13 C).
Note in Case 13 E that the inboard half of his
seat belt was attached to the center of the seat.
It is difficult for the author to understand how a
seat meeting the FAR requirements of 9 “g”
forward and 3 “g” upward based on the weight
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1965 MOONEY MARK 21

MOONEY M-20-E, a 1965 modz=l aircraft,
had taken off at night witl. pilot, an auto-
mobile accident patient cn a stretcher {R, F. ),
and a nurse in the rear seat. At about 200
feet altitude the motor faltered; the aircraft
cut through the tops of some amall trees,
crashed (R) wing first in muddy ground, and
flipped over onto its hack. Pilot was wear-
ing his seat belt and it held. Stretcher
patient (R. F. ) was not strapped down and
the purse in the rear seat was not wearing
her seat belt. No shoulder harnesses were
in the aircraft. Al occupants were tarown
forward and slightly to the (R).

ACCIDENT INVESTIGATED BY:
LEE LOWREY, EDDIE LANGSTON,
AND
JACK BLETHROW
CAMI

CASE 11-1
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B, Motor forced upward, pushing
instrument panel inward.

The left control columnhas been
bent upward by chest impact of
the pilot until the controlhorns
rest against the light padding.

=

INJURIES STRUCTURES 'MPACTED D. Pilot's head struck the broken i
Pilot: (S) Head - Cerehral corcussion. Padded dash to (R) of control plexiglass windshield, heavy
column. e
Fx. mandible {R) & chipped teetb. | (R) horn of control wheel. compass, & l‘lght horn of the
Severe lac's. of the scalp. Windshield (broken) control wheel.
Trunk -Contusions of chest Control whee! hub
Fx. (L) pelvis (acetabular) poster-| Lower instrument panel {L}.
ior
Extremities - Lac's. & ccmpnuad Fx's. Center .t instrument panel,
{R) forearm.
Dislocations (L) hip & {L} knee. Lc wer instrument panel (L),
Bimalleolar Fx. (L) ankle. P dal area.
R, F.: (F) Thought to be dead before impact.
C.R.: (S) Fx. cranium, brain concussion. Probably hit hottom of stretcher
Other injuries unknown

CASE 11-2 :
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ment pancl from unrestrained
stretcher.

H. Pelvic & lower leg injuries.

CASE 11-3
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PIPER TRIPACER PA-22-150, a 1955
maodel aircraft with pilot and one pas-
senger (R, F. ), was landing at an airport
after a commercial jet had taken off.
Aircraft was caught in the wake turbu-
lence and crashed on the runway, (L)
wing hitting first. Both occupants were
wearing seat belts which were attached
inboard to the seat and outboard to the
fuselage. Seats tore loose. No shoulder
harnesses were in the aircraft,

ACCIDENT INVESTIGATED BY:

GALE BRADEN AND TERRY WALLACE
CAMI

CASE 12-1

59




View fromleft side of air-
craft showing that only the
structure batweenthe
rear door & motor protec-
tedthe pilot frombeing
crushed.

Aircraft from right side after re-
moval from crash site. Note that
most of the aircraft appears to be
undamaged.

C. Close-up of rigkc side of aircraft
shows complete failure of right "A"
post. (Only structure resisting back-
ward displacement of motor &
instrument Fanel on that side).

CASE 12-2
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D. Head outlines inlicate instru-
ment panel depression areas
produced by head impacts of
the two front seat occupants.
Note control wheel crushed
into instrument p- nel.

F.. Lower left instrument panei
conglomerate, responsible
for numerous leg and ankle
fractures & lacerations.

CASE 12-3

61
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F. Right half of instrument
panel,

G. Close-up of co-
pilot's head
imprint,

H. Close-up of heavy radio struc-
ture on copilot's side causing
four lower limb fractures,

62
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J. End attachments of seat to

Inboard halves of seat belts ere atta;:hed tothe
side of cabin Jailed.

seatinthis aircraft, transferring heavy belt
loads to fragile seat tie-dowa structure.

¥ , s 3
K. Adjustment pin & center tie-down flanges,
Notice that the thin tie-down flanges are

spread open, allowing the seat to leave the

track.
INJURIES STRUCTURES IMPACTED
Pllot: ZS) Head - Acute subdural hematoma (R). Top edge of instrument panel in

Severe lac. lip (R). Fronat teeth upper (R) corner of radio.
knocked out. Lac. (R) forebead.
Truok - None.
Extremities - Comminuted Fx's. tibia k Lower instrument panel & pedal
fibula (R) & (L). srea.
Avulsed Fx. (R} ankle.
Lac’s. &k Fx. (R) forsarm. Control wheel.
R, F.: (S) Head - Facs swollsaround, abrasione. Instrument panel.
Deep lac. on chin. Concussion
lasting 3 weeks. Fx's. ooss, (R)

R St i L. Tie-down & adjustment struc-

bital ridge.
. Trunk -None. ture onbottomof seat, The

Extremities - Compound Fx's. ulna k redius [Lower instrument panel. thin metal on either side of the
{R)& (L). Fx's. (R)talus, (R)tibia, .
(L) fibula, (R) patslia. o adjustment holes bent & allowed
seattotearloose,

CASE 12-5

63




of two occnpants and the weight of the seat could
fail with only one occupant in such a minor
deceleration. It is possible, since this aircraft
was nearly 15 years old, that deterioration of the
seat attachments may have been a factor. How-
ever, since general aviation aircraft keep oun
flying until they disintegrate in a crash, seat tie-
down attachments should be designed for long
usage. If the restraint system fails under these
minor conditions, certainly it is of li-tle or nc
benefit in even a hard landing, let alone a minor
crash.

In Case 14 a young male pilot crashed in a 1946
Piper J-3C-65 at the edge of a blacktop road and
slid 26 feet before coming to rest. The pilot
jackknifed over his seat belt and buried his face
in the soft alnminum instrument panel making a
rounded dent between 4 and 5 inches deep (Case
14 C). This rounded soft surface depressed in
a manner similar to the light aluminum semi-
cylinder at the top edge of a Piper Pawnee in-
strument panel (to be discnssed later in Cases
23 and 24). The head dent also closely approxi-
mates the head strike imiprint in the Pawnee
panel made by impacting an instrumented
dummy head at a velocity of 30 ft./sec. (Figure
36). If the pilot’s head struck at even 40 ft./
sec., it wonld indicate that the major crash im-
pact force did not exceed 7 to 8 “g”. The almost
complete lack of injuries to the trunk* and
appendages (Case 14 E, F and G) tend to bear
out these conclusions. The pilot would have sur-
vived if the top seam of the fuel tank had not
formed a narrow protrnding ridge as the head
forced the instrument panel downward. The
high concentrated loading on this narrow struc-
ture was sufficient to canse a fatal skull fracture.
The pilot also received a severe fracture of his
right ankle (Case 14 G) inflicted by the diagonal
tubnlar brace located directly above the ankles
when the feet are located on the pedals.

A second 1946 Piper J-3C-65 crash with two
occupants aboard the aircraft is shown in Case
15. Many similarities between this accident and
the one presented as Case 14 may be worthy of
notice. Comparing Case 14 B and Case 15 A, it
will be noted that both cabins maintained their
integrity to a fair degice. In Case 15 C we see
a head print in the instrument panel almost
identical to the one seen in Case 14 C. The top

*Sutures in Case 14 E are from embalming procedure.

seam of the fuel tank has formed a sharp edge
(see arrow) against which the fiont seat oc-
cupant hit and fractured his skull. One signifi-
cant difference is the fact that the heavy com-
pass near the center of the panel remained in
place in Case 15 and caused severe crushing in-
juries of the lower face (see injury table) while
in Case 14 it broke loose from its mounting be-
fore or during head impact and the occupant
suffered only a fractured mandible.

The rear seat lap belt failed at its attachments
allowing the occupant of this seat to be thrown
forward over and on top of the front seat
occupant. His body weight may have added to
the force of head impact of the front seat oc-
capant. The fatal head injuries of the rear seat
occupant were inflicted by the broken windshield
and rigid edge for attachment of the windshield
(Case 15 E). Failure of the rear seat belt at-
tachments cannot be taken as indicative of severe
crash forces since the ends of the seat belt are
fastened by 34, inch wire loops to a 34 inch
floating tube running through the canvas seat
bottom. Ends of this tube are in turn fastened
to the fuselage by similar wire fasteners.
Failure of these latter attachments allowed the
seat belt attachments to slip off the end of the
tube. As in Case 14, the front seat occupant re-
ceived a severe fractured ankle, almost severed
(Case 15 G) from the tubular cross brace (Case
15 F) in the lower cockpit.

Referring to data showing tclerances of the
human head to crash impact (presented earlier
in this report), the author is of the opinion that
the extensive head injuries received by the front
seat occupant when his head struck two small
rigid areas could have occurred progressively at a
head impact velocity not exceeding 40 ft./sec.
Lack of severe facial tissue disfigurement (Case
15 D) and the absence of abdominal injuries
from the seat belt tend to confirm this estimate.
For these reasons, the author estimates that the
major crash forces in this accident did not
exceed 8 or 9 “g”.

In all cases discussed thus far, with the excep-
tion of the first three (nonsurvivabe), all oc-
cupants should have survived without any in-
jury whatsoever, providing they had been wear-
ing shoulder harness restraint and properly
anchored lap belts. All 11 of these accidents in-
volved crash impact forces of 10 “g” or less.
Armstrong ®* reports human voluntary tolerance
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1955 PIPER TRIPACER

PIPER TRIPACER PA-22, a 1955 model
aircraft with pilot only, had just taken
off when the windshield fogged over. The
pilot tried to set the aircraft back down
on the rueway. The aircraft rolled off
the end of the runway, hit a dirt embank-
ment and collapsed the nose gear. The
aircraft skidded 75 feet on its nose and
flipped over. The seat belt was in use
and held. No shoulder harness was in
‘the aircraft. The forces were not suf-
ficient to cause head impact with the
instrument panel., The seat tore out and
fell when the pilot released his seat belt.

ACCIDENT INVESTIGATED BY:

DON ROWLAN AND EDDIE LANGSTON
CAMI1

CASE 13-1

6
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Views of instrument panel and control wheels
show no signs of damage & indicate decelera-
tion forces were not of sufficient magnitude

to cause pilot to be thrown forward. However
note seat has torn free & is lying in the top of B8
the aircraft,

: X
. INUNMES STRUCTURES IMPACTED

Pilot: (S) Head - Not injured in crash but bamped head | Radio. n
severely when he relessed his sest belt
in iaverted position & fell om his hesd.

Trusk - Noas.
R

Extremities -

Nowe.

CASE 13-2 -




E, Seats failed in this
minor incident (1)
because seat belts
were attached to
the seat.

F. (2) walltrack
for end of seat
allows seatto
slip out.

G. and (3) center seat tie-down
structure is inadequate.

CASE 13-3

67




T Ty ———— — S—
e - 2 -~ oy

.- - i o el T

P ey v S

o e e I TRAPE T (I B0 WO Tyt S

1946 PIPER J-3

PIPER J-3C-65, a 1946 model aircraft
with only the pilot flying from the front
seat, made a touch-and-go landing,
pulled up sharply, made quick left turn,
nosed down and crashed on a highway.
Pilot was wearing hix seat belt and it
held. No shoulder harzess was in the
aircraft. Major impact forcze threw the
pilot forward and slightly to the left.

ACCIDENT INVESTIGATED BY:

EDDIE LANGSTON AND LEE LOWREY
CAMI

CASE 14-1
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A. Rear view of aircraft
wreckage.

B. Front view showing tubular
framework of this aircraft
prevented cabin collapee.

CASE 14-2
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INJURIES

STRUCTURES IMPACTED

Pllo: {F) Head - Small lac. over (R} eye. Lac. of
chin & Fx. mandible.
Front teeth broken nff.
Bleeding from both ears.

Upper 1sft instrument panel.

Trunk - None,

Extremities - Fx. (R} ankle.

Diagonal tubular trame structurs
directly over ankle.

CASE 14-3
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C. Impressioninthetop.
center of the instrument .
_head injuries.

D. Artist sketch of facial injuries,
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. Body pictures to show
complete lack of L xdy
injuries with the excep-
tion of a broken ankle.
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1946 PIPER J-3

PIPER J-C3-65, a 1946 model aircraft
with pilot (rear) and one passenger
{front), was flying low over the land
hunting coyotes. Aircraft pulled up sud-
denly and crashed in a near vertical
position. Both occupants were wearing
seat belts. Front seat belt held, but
rear seat belt failed at the attachment
point, allowing the pilot to be thrown

on top of and over the front seat passen-
ger. No shoulder harnesses were in the
aircraft.

ACCIDENT INVESTIGATED BY:

BILL REED AND LEE LOWREY
CAMI

CASE 15-1

78
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Photograph of wreckage from
- side showing cabin space not
compromised.

T

N -

B.

Close-up of instrument panel.
-Note édge of beavy compass pro
truding & top seam of gasoline
tank pnned into instrument
panel cover forming a rigid

knife-life edge.

Puu. (F) Hoad - 4 deep lac's. (R) jaw. (R) nack,
g under (R) chin.

Fx. bass of akall.

% Fx. mandible (R) teeth drlm,buk.

STRUCTURES IMPACTED
Windahisld.

Top of instrument pasal Just aft
of windshield junction.

15 RENS

y Mc’-. liver & tyhul.

bly back of ﬁm seet.

: : Lac's, g_u_n & lunge.

: Extremities - Fx's. botk aakles.
: & (L) ki
Yront: (F)Head - lﬂm ve Fx's. maxilla,

; nasal boses, & orbital bones. Mu
siveskull Fx's. Linsarlasc. forsh

D lal lee br!gddmctcun.

Jarnmed under front seat.
Unknown.
Instrument panel.

'l';unl - Nons.

Extremi n. lower (L) Ieg.
.._._93.

onal tubular frame nnth;
front of

i

v CASE 15-2
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D. Photograph & artist sketches of head injuries
of {ront seat passenger,

E. Pilot (rear seat) head injuries. Note lacerations
from broken windshield.

CASE 15-3
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F. Lower instrument panel
showing tubular cross
brace that passes over
the ankle.
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: G. Typical ankle fracture
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ic decelerations wearing the single shoulder
strap—seat belt combination to be 17 “g”; how-
ever, actual tolerance is probably nearly 30 “g”.
Stapp ® has established the npper limits of
human tolerance to forward impact while wear-
ing & double shoulder harness and seat belt to be
about 40 “g”. Snyder * reconfirmed these data
with experimental crash testing using baboons
as subjects. Leveau * first invented and patented
the shoulder harness concept in 1903, and yet
nearly 70 years later, it is difficult to understand
why today, this principle of restraint is rarely
found in use in any type of transportation ve-
hicle. Only in the past two years has shoulder
harness restraint equipment become mandatory
in automotive vehicles, but very few people are
utilizing them. Beech Aircraft Corporation in-
stalled a double harness—seat belt combination in
all of their aircraft in the early 1950’s, but some
of their customers wanted them removed.
Cessna ¢* has had nut plates for easy attachment
of shoulder harnesess in most of their general
aviation aircraft since 1950 and has offered the
shoulder harness as optional equipment. The
Beech harness installation was thoroughly tested
with a 200-pound dummy and found to effectively
restrain the occupant up to 25 “g”. These facts
have not been publicized and very few pilots
know this equipment is available. Other air-
craft companies®® are now putting in shoulder
harness attachment points, primarily because
they are required by some of their overseas cus-
tomers. Those interested in retrofitting current
aircraft (not equipped with attachment points)
with shoulder harness should refer to Young’s *
report and FAA Advisory Circular’ showing
how attachments may be made simply. Many
needless deaths and serious injuries have occurred
simply because the contents of the packages were
not properly restrained.

Case Number 16 describes the crash impact of
a 1969 Mooney Executive aircraft. Judging
from increase in severity of facial and sppendage
injuries (Case 16 I, J, P, Q and R) and the fact
that the shipping container (cabin) has failed
to a greater degree and spilled part of its con-
tents (Case 16 B and D), one would have to con-
clude that the impact forces were somewhat
greater than in the previously-described cases. If
the major deceleration forces of the cabin had
been as great as 15 “g”, the head impacts of the
two occupants against the instrument panel

(]

would have exceeded a velocity of 100 ft./sec.
(70 mi./hr.). Since the depth of the head im-
prints measured less than 6 inches, the average
deceleration of these two heads was in the order
of 10,000 ft./sec.?, or over 300 “g” which ap-
proaches the tolerance limits of the human face
and head with the load distributed evenly over
the facial contours. In this case, the impact loads
were concentrated by irregular structures and the
crushing injuries inflicted would be expected.
Also note that both seat belts and seat attach-
ments did not fail. The author concludes that
the crash forces in this case were less than 15 “g”
and, since ‘the rear cabin structure is intact, it is
likely these two men could have survived this
crash had they been wearing shoulder harnesses.
Special attention should be called to the head
impact areas outlined in Case 16 H. Note that
these two depressions are down on the face of the
instrument panel, the right one being lower than
the left, and not on top as would have been ex-
pected, indicating that the instrument panel was
moving or had moved away from the front seat
occupants before they made their head strikes.
In other words, the cabin structure had failed
and most of the failure occurred on the right side
of the cabin, allowing the right end structure
of the instrument panel to fail (Case 16 B). The
left side of the cabin of this aircraft does not
have a door (Case 16 A) and for that reason has
more structural strength. This weakness of
cabin structure around the door area has been ob-
served throughout this crash investigation study
with the exception of aircraft manufactured by
Beech Aircraft Corporation who, through the use
of light channel, greatly increased the strength of
the Beech aircraft cabins in the early 1950%.
Attention was called to the poor design of the
control wheel of this aircraft in Case 11. Here
we see it again—the protruding clock in the
center of the wheel has left its mark and the
horns have broken off (Case 16 K and L).

In Case Number 17, a 1952 Piper Tripacer
PA-22 with four occupants crashed at a shallow
angle (about 15°) on a blacktop road and
skidded 159 feet before coming to rest. One’s
first impression, after viewing the wreckage
(Case 17 B and C), would be that this accident
should be in the nonsurvivable class. However,
since three of the four occupants did survive, two
with minor injuries, it must be assumed that only




MOOMEY EXECUTIVE 21, a 1969 model
aircraft with pilot and one passenger

(R. F.), was observed going into 2 right
spin after engine failure. The aircraft
crashed (R) wing low in a grassy pasture
(hard ground). As the (R) wing hit the

©.+ ground the right side of the cabin was

torn open and both occupants were thrown
forward and to the right into the instru-
ment panel. Seat belts were in use and
held. No shoulder harnesses were in the
aircraft.

ACCIDENT INVESTIGATED BY:

DON ROWLAN
CAMI

CASE 16-1
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A. Left side of aircraft !
after impact. i
-
3
B. Rightview shows cabinstruc-
ture failed & opened up.
e ; : a
4 L }
; i
: . ?
; C. Pilot's body stiil retained D. Copilot's body partly ejected
1 " by seat belt. through opening.
3
CASE 16-2
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F Seat belts are attached
to the seats.

G. Seat track pulled loose from floor.

CASE 16-3
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H. Structures impacted by heads of
front seat occupants.

INJURIES

STRUCTURES IMPACTED

Isstrument pasel.

Pilot: {F) Head - Mult. & extensive facial & skull "x's.
Trunk -Fx's. pelvie mult. , separstionofmem-
b hra & Tearsin

messatery & smalibowsl, with treumatid
ssparstion of smallbowel. Lac's. liver

& spleen, Fx's. of ribe & destructionof

Control wheel, radio, ssat
belt, seat structure (below).

interventricular system of heart.
Sth finger on (R} hasd, both snkles.
Mult. severs lac's. & abresions.

trument pansl & pedal area.

R.F,: h‘i Head - Fx's, facisl bones, mandible, hasal
skull Fx. with subdural hemorrhege.

trument panel.

Trusk -Lac’s. ofheart & sorta. Fx's. of ribs,
mult. Flajl chest.

Control whesl ¥ radio.

Extremities - Fx. (R)bumstus, (R&kL)legs &
ankles, bilatersl.

Luwer instrument panel &
1 arse.

CASE 16-4
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J.

L

Crushing injuries of
pilot's head.

Copilot head injuries.

of
)
)
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Chest injury
inflicted by
altimeter &
reset knob
shown in K.

K. Broken control
wheel withcenter-
mounted altimeter
& reset knob.

4 J |
~TEEA
M. Tuoular control column N. Chest injuries from control wheel
- broken off. horns & broken column.

O. Shoulder
injury in-
fiicted by
circular
instrument,

CASE 16-5
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H. Structures impacted by heads of
front seat occupants.

INJURIES

TRUCTURES IMPACTED

Pilot: (F) Head - Muit. & extensive tacial & skull Fx's.

Instrument panet.

Trunk -Fx's. pelvis malt, , separstion of mem- [Control whesl, radio. seat
» hre &

Tearsia

mesentery k small bowsl, with traumatid
ssparation of small bewel. Lac’s. liver
& splesx; Fx's. of ribs &k destructionof

[belt. ssat structurs (below).

interventriculay system of beart.
Sth finger on (R) hand, doth ankles.
Mult. severs lac’s. & abrasions.

trument panel & pedsl area.

R. T, : (F) Head - Fx's. facialbones, maadibie, basal
skull Fx. with subdurat hemnerrhags.

[inatrument pu!el.

Trunk -Lac's. of heart & sorta. Fx's. of ribs,
mult. Flail chest.

Control whesl & radio.

Extremitiss - Fx. (R)bumerus, (l&‘!.) Isgs &
ankles, bilatsral.

Lower instrument pansl &
1 area.

CASE 16-4

80
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I. Crushing injuries of
pilot’s head.

J.

Copilot head injuries.

-




< K. Broken control
E wheel witt center-
3 mounted altimeter
4 & reset knob. ' . N

CABE16-5

4 | 81 i
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3
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: ' i
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t)
' i
L. Chest injury . ' .
; inflicted by ' \ !
altimeter & H
reset knob ;
shown in K.
: ] 1) '
. [
I
N !
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C !
t
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]
]
]
]
1
BTN\ ' !
0 i
M. Tubular control column N. Chest injaries from control whe=l ’ 3
- broken off, brrps & broken column. . , !
| s ’ k
: i ‘
. !
. oo '
O. Shoulder !
injury in-
. flicted by :
circular .
instrument. g ! f 1
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P, Q& R Severe lacerations & fractures
inflicted when arms & legs flailed
into broken structures.

CASE 16-6
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a small portion of the deceleration occurred dur-
ing the initia]l impact with the blacktop road
while the rest was gradual during the 159-foot
slide. Since three seat belts held and only one,
the pilot’s, failed in the seat structure (Case 17
E), it is plausible to conclude that the tubular
failure of the pilot’s seat may have resulted
from the extensive fuselage break-up and not
from the initial impact force per se. However,
since his restraint did fail, he was thrown for-
ward, striking his head on the instrument panel
(Case 17 D) with sufficient force to cause
multiple lacerations and brain hemorrhages and
as his chest struck the control wheel the small
diameter control column folded over to form a
spear (Case 17 E) that penetrated the vital
thoracic organs and caused his death. On the
other hand, a woman, seated in the right front
seat, was restrained by a lap belt that did not
fail. She received no facial injuries, only a
fractured left radius and there is no head im-
print on the right side of the instrument panel.
It is obvious that she threw her left arm up in
front of her face and by so doing kept her head
from impacting the lethal construction of the
instrument panel. Since her leg injuries were
relatively minor, it is doubtful if the major im-
pact force of this crash exceelded 10 “g”.
While the aircraft crash discussed as Number
18 is an older aircraft (1940 Aeronca Chief), it
serves to show numerous design parameters con-
tributing to the high death and injury rate.
Many of these design “mistakes” are still present
in late model general aviation aircraft; namely,
lack of cabin integrity (Case 18 A), instrument
panels with knife edges, heavy instruments and
protruding knobs that destroy the face and head
even at low impact forces (Case 18 B), a control
wheel and column lacking in load distribution
qualities and/or of a construction that allows the
oucer rim to break away, leaving a small area for
concentrated loads that can penetrate the chest
or cause fatal injuries without pentration. In
this instance the rim not only broke away and
the hub penetrated the chest (Case 18 F), but the
wire spoke design opened like an umbrella
within the chest making removal from the body
most difficidt. In spite of the severe destruction
of the fuselage and the multiple facial injuries,
this crash was well within limits of human
survival—probably not more than 12-15 “g”.

The eng.neering changes for crash safety made
by Beech Aircraft Corporation in 1953 in the
Bonanza;* namely, reinforced channel sections
surrounding the cabin, a heavy keel forward of
the cabin, a safety-type control wheel, instru-
ment panel mounted on shearable shock mounts,
strong seat tie-down to basic structure and the
installation of shoulder harness (Figure 28) are
in direct contrast to all the safety features lack-
ing in most other general aviation aircraft.

The degree to which these improvements are
paying off is well illustrated in Case Number 19.
This 1954 Bonanza E-35 (with two front-seat
occupants) impacted two lerge trees (12-inch
diumeter) at a velocity of 100 miles per hour.
The impact force was sufficient to uproot the trees
(Case 19 B) and the fuselage continued on to
impact vertically on its nose. Note that even
though the initial crash force was sufficient to
tear off the wings, engine and rear fuselage, the
cabin is still intact (Case 19 A and C). Since
the impact point with the trees was 12 feet
above the ground and the aircraft decelerated in
an arc of a 1} circle as it pushed the trees over,
it is possible to calculate an average deceleration
from 150 ft./sec. to zero in 18 to 20 feet to be
approximately 19 “g”. It may be assumed that
the decelerations during initial impact with the
trees and the final impact with the ground would
have been somewhat greater than the average—
perhaps 20-25 “g”. In spite of the high decelera-
tion forces, both ocvupants received only minor
injuries (see injury table), compared to those
presented in this report thus far of occupants of
crashes of much lower magnitude. Injuries
would probably have been prevented altogether
in this accident had the occupants been wearing
their shoulder harnesses more securely. The
author feels that this crash again illustrates that
Crash Safety Can Be Engineered.

To illustrate the significance of recent crash
safety design in automotive vehicles as contrasted
to the lack of it in generai aviation aircraft, 2
single automobile accident will be presented at
this time. An 18-year-old male driving a 1969
Mercury two-door on a freeway at night claimed
he fell asleep and his car ran off the road. The
path of his car and a general view of the crash
site are shown in Figure 29.

The automobile actually flew through the air a
distance as measured on the horizontal of 117
feet. During its flight it cleared a cable hang-
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D. The pilot received fatal head injuries

rd

when his face impacted the area out-
lined on the instrumeat penel. Also

pte the absence of the pilot’s control
column & wheel.

E. Pilot received massive puncture of
all major body viscera whea control
column bent to form a spear after
seit belt attachment failed.

TN URIES
Pilot: (F) Head - Mult. Lac's. & contusions, com-
tusions & bem. of (R) temporal
lobe of brain

STRUCTURES IMPACTED
Upper laft instrument panel.

Treeh- Fx. ribe | through 10 with massive

puncturs of all major body viscsra.
Extremities- Mult. Lac's & contusions.

Control wheel & comtrol columa

whea it bent double to form a spear,
Tubes & tors metal under dash.

Fx. (R} ankle.
RY.: E, Head - MiMd facial contusions, Fx. (L) Probably had (L)arm infront of
radive. facs, hit upper comter of instrument
panel.
Treah- Fx. Té. {R) comtrol wheel,

Extremitiss - Fx. {1.) os calcis.

Structure under dash.

L R.: (S) Head - Compound basilar skull Fx. Brain
contusion. Compound Fx. maxilla,
Blowowt Fx. floor (R) orbit. Com-
pund Fx. noss. Lac. through(R)
upper lip.

Unknows.
Probably (L) door post structure
and/or pilot’s ssat back.

Trunk- None.
——.

Extremities - Fx. (R) wrist. Dislocation
R) thumb.

Unknown.

R.: (3) Head - Mult. comtusions face (mild).
Trenk- Contusion (L) chest, Fx. L1, Sep-
tion (R) pelvis opening of publs.

Extremities - Sprained (L) ankls.

£ CASE 17-3
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1947 AEP.ONCA CHIEF

AERONCA CHIEF, a 1940 model aircraft
with pilot only, was buzzing friends on the
ground. Aircraft pulled up into a stall

and crashed into ground in a very steep
angle. Seat belt was in use and held. No
shoulder harness was in the aircraft. The
pilot was thrown forward and slightly to the
(R).

ACCIDENT INVESTIGATED BY:

DON ROWLAN AND LEE LOWREY
CAMI

CASE 18-1
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A. Close-up of aircraft wreckage looking
into the cockpit area.

B. Head outlines on inntrﬁment
panel indicate areas impacted

C. Artist sketch of severe . Close-up of heavy instrumeats strick
lacerations k facial by rilot's head.,
crushing resulting from
impact withthe instru-

ment panel,

CASE 18-2
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1952 PIPER TRIPACER

PIPER TRIPACER PA-221-35, a 1952
model aircraft with pilot and three pas-
sengers (R. F., L. R., R. R.),took off
and climbed to an approximate altitude
of 400 feet, stalled and crashed on a
blacktop road left wing first at a shai-
low angle and skidded 159 feet down the
road. Pilot and all three passengers
were wearing seat belts. Pilot's seat
belt failed at the attachments; the other
three held. No shoulder harnesses were
in the aircraft. All four occupants were
thrown forward and to the left.

ACCIDENT INVESTIGATED BY:

TERRY WALLACE AND GALE BRADEN
CAMI

CASE 17-1
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a small portion of the deceleration occurred dur-
ing the initial impact with the blacktop road
while the rest was gradual during the 159-foot
slide. Since three seat belts held and only one,
the pilot’s, failed in the seat structure (Case 17
E), it is plausible to conclude that the tubular
failure of the pilot’s seat may have resulted
from the extensive fuselage break-up and not
from the initial impact force per se. However,
since his restraint did fail, he was thrown for-
ward, striking his head on the instrument panel
(Case 17 D) with sufficient force to cause
multiple lacerations and brain hemorrhages and
as his chest struck the control wheel the small
diameter control column folded over to form a
spear (Case 17 E) that penetrated the vital
thoracic organs and caused his death. On the
other hand, a woman, seated in the right front
seat, was restrained by a lap belt that did not
fail. She received no facial injuries, only a
fractured left radius and there is no head im-
print on the right side of the instrument panel.
It is obvious that she threw her left arm up in
front of her face and by so doing kept her head
from impacting the lethal construction of the
instrument panel. Since her leg injuries were
relatively minor, it is doubtful if the major im-
pact force of this crash exceeded 10 “g”.
While the aircraft crash discussed as Number
18 is an older aircraft (1940 Aeronca Chief), it
serves to show numerous design parameters con-
tributing to the high death and injury rate.
Many of these design “mistakes” are still present
in late model general aviation aircraft; namely,
lack of cabin integrity (Case 18 A), instrument
panels with knife edges, heavy instruments and
protruding knobs that destroy the face and head
even at low impact forces (Case 18 B), a control
wheel and column lacking in load distribution
qualities and/or of a construction that allows the
outer rim to break away, leaving a small area for
concentrated loads that can penetrate the chest
or cause fatal injuries without pentration. In
this instance the rim not only broke away and
the hub penetrated the chest (Case 18 F'), but the
wire spoke design opened like an umbrella
within the chest making removal from the body
most difficult. In spite of the severe destruction
of the fuselage and the multiple facial injuries,
this crash was well within limits of human
survival—probably not more than 12-15 “g”.

Thoe engineering changes for crash safety made
by Beech Aircraft Corporation in 1953 in the
Bonanza ;™ namely, reinforced channel sections
surrounding the cabin, a heavy keel forward of
the cabin, a safety-type control wheel, instru-
ment panel mounted on shearable shock mounts,
strong seat tie-down to basic structure and the
installation of shoulder harness (Figure 28) are
in direct contrast to all the safety features lack-
ing in most other general aviation aircraft.

The degree to which these improvements are
paying off is well illustrated in Case Number 19.
This 1954 Bonanza E-35 (with two front-seat
occupants) impacted two large trees (12-inch
diameter) at a velocity of 100 miles per hour.
The impact force was sufficient to uproot the trees
(Case 19 B) and the fuselage continued on to
impact vertically on its nose. Note that even
though the initial crash force was sufficient to
tear off the wings, engine and rear fuselage, the
cabin is still intact (Case 19 A and C). Since
the impact point with the trees was 12 feet
above the ground and the aircraft decelerated in
an arc of a i circle as it pushed the trees over,
it is possible to calculate an average deceleration
from 150 ft./sec. to zero in 18 to 20 feet to be
approximately 19 “g”. It may be assumed that
the decelerations during initial impact with the
trees and the final impact with the ground would
have been somewhat greater than the average—
perhaps 20-25 “g”. 1In spite of the high decelera-
tion forces, both occupants received only minor

injuries (see injury table), compared to those’

presented in this report thus far of occupants of
crashes of much lower magnitude. Injuries
would probably have been prevented altogether
in this accident had the occupants been wearing
their shoulder harnesses more securely. The
author feels that this crash again illustrates that
Crash Safety Can Be Engineered.

To illustrate the significance of recent crash
safety design in automotive vehicles as contrasted
to the lack of it in general aviation aircraft, a
single automobile accident will be presented at
this time. An 18-year-old male driving a 1969
Mercury two-door on a freeway at night claimed
he fell asleep and his car ran off the road. Tka
path of his car and a general view of the crash
site are shown in Figure 29.

The automobile actually flew through the air a
distance as measured on the horizontal of 117
feet. During its flight it cleared a cable hang-
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View of lower instrument panpel. Knot‘;;‘l:
sharp-edged metal produced leg injuries
shown in J. Note pilot's control column ¢
has b
Siboen wawed offs F. Poor Cesign of control wheel
allowed chest penetration.

G. Control wheel was removed from chest cavity
with difficulty since wire spokes opened up
like an unbrella.

CASE 18-3
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H. Puncture wounds in the right

shoulder from hub & spokes of

right control wl eel.

INJURIES

STRUCTURES IMPACTED

ridgs. Mult. basal skull Fx's.
Brain Hem's.
Severe &k mult. facial lac's.

Pilot: (F)Head - Crusbed faclal booas below suborbitallUpper center iustrumust panel.

Upper &k lowsr center Instrument
panel.

Trunk - Penetrating wound (L) cbest, {1)

lung. heart, diaphragm, liver &
spleen. Mult. rid. fx's,

{L) control wbeel rim broke off,
hub & spokes penetrated chest like

Extremities - Small puncture {R) upper an-

terior shoulder surrounded by 3
smaiisr punctures.

Mangled lower extremities witb
mult. {x's.

a harpoon. Removed stautopey.
{R) control wheel & spokes.

Lower instrument panel.

CASE 18-4
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J.

Lower leg injuries,
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These special features are indexed to cor- Reinforced Channel
respond to the recommendations outlined —\\\ Sections

in the attached article, “Crash Safety Can ~._ ~<_.

Be Engineered”.

e

A. The BEECHCRAFT Bonanza’s long nose
section provides gradual impact deceler-
i ation.

B. The BEECHCRAFT Bonanza’s wing de-
sign provides crash shock absorption in
addition to its rugged design which has been S e
tested to over 8.4 G’s which is 47 percent 4

above government required safety margins. einforced Wing
Root Structure

C. The Bonanza’s fuselage has reinforced
keel section providing occupant protection
against crashes and lessening crash dam-

age. Basic Panel Mounted with
Shearable Shock Mounts

Thin Metal Head Shield

D. The Bonanza’s reirnforced cockpit pro-
vides a strong crash-resistant passenger
compartment or structurally - reinforced %ety Type Control Wheel

capsule for maximum occupant protection.

E. The Bonanza iastrument panel is in-
stalled with shearable shock mounts on
basic instrument panel with a thin gauge
soft metal head shield to lessen the possi-
bilities of passenger injuries in event of
crash landing.

F. The new Bonanzais equipped with body
supporting safety-type control wheel to re-
duce chest and lung injuries in event of
crash landing,

G. The Bonanza seats and safety belts are
securely mounted to the basic spar truss
with the front sect backs hinged to swing
forward out of head range of occupants in
the rear seat to provide a maximum of Seats Mounted on Basic Structure

passenger protection,

] These features which have been outlined above are some of the results of years of
private researchand testing to enable us to buildsafer and more practical airplanes.
Fioure 28, Safety release bulletin—Beech Aircraft Corporation.
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1955 BEECH BONANZA

BEECH BONANZA E-35, a 1954 model
aircraft with pilot and one passenger
{R.F.), was on approach for a landing

in poor weather. The aircraft clipped
the tops of some small trees and then
struck {at 100 m. p. h. ) two larger trees,
one with each wing, dislodged the trees,
and slid to the ground tail-first. The
aircraft was equipped with shoulder
bharrcesses and seat belts. The pilot

was wearing only his seat belt, while

the passenger was utilizing both harness
and belt. The pilot was thrown through
the windshield, the passenger remained
in the aircraft. All restraint equipment,
attachments, and seat tie-downs held.
The pilot slipped out of his belt. The
aircraft cabin remained intact!

ACCIDENT INVESTIGATED BY:

ERNEST MC FADDEN AND JIM SIMPSON
CAMI

CASE 19-1
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: A. Wreckage of Beech Bonanza,
Note that the tail, wings, &
motor are torn away, butthe
cabin is intact,

P !

i

INJURIES k

B.' Two large trees uprodted by
aircraft impacdt.

STRUCTURES IMPACTED

! Pilot: (S) Head - Contusions k abrasions, small hf'l.

Wisdshield.

‘ Trunk -Fx. {L) ribs 7,9,10,11. Fx. dor- |Control wheel. i
: ' sal vgrtebra ¥5.
Extremities - None. H h
R, F.: {5) Head - Lac. scalp, B Brokenwindshield entered cabin,

Trunk -Fx. (L) rib #8 witb lung contusicns.

Control colu.nn post. .

' Extremities - Sprain (R) ankle.
‘“

Pedals,

I  CASE19:2 .
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D, E& F Views of instrument panel
& cabin interior,

CASE 19-3
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G & H Continuous shoulder harness--seat belt combina-
tion installed in the Beech Bonanza.

CASE 19-4
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ing 6 feet below the bridge and abiut 98 feet
from the take-off point. Acceleration due to
gravity caused a drop of only 9 feet, 7 inches,
during its 117-foot flight. In this instance, one
can easily calculate with accuracy that the flight
velocity of this vehicle must have been slightly
over 100 miles per hour. Crushing of the front
of the vehicle was approrimately 5 feet (Figure
30) and the depression in the hard earth embank-

Fiovze 30. Side view of vehicle showing crushing of
front end during deceleration.

ment measured 8 to 12 inches. Hence, it can be
calculated that the average deceleration of the
car was in excess of 50 “g”. Even with these
very severe impact forces, the shipping con-
tainer maintained its integrity and the heavy
motor was pushed back under the floor board
and not into the cabin. While it is doubtful if
light aircraft cabins can be designed to withstand
“g” forces of this magnitude, their interior cer-
tainly could be modified to incorporate some of

FieuRe 32. Left knee Impact.

the succesful design principles for crash survival
illustrated in this accident. Although both
shoulder harness and seat belt restraint were
available in this automobile, the driver was not
utilizing either. As a result, his body slid for-
ward in the seated position until his knees em-
bedded themselves in the lower dash (Figures 31
and 32), a smooth, rounded, ductile metal with-
out knobs or rigid edges. His chest contacted
the large diameter steering wheel contoured to
fit the body and distribute the load over a large
chest area (Figure 33). The chest impact was of
sufficient force to crush the collapsible control
column mechanism to its maximum distance (8’)
(Figure 34). At the same time his head was
impacting the padded sunvisor and pushed it
through the windshield (Figure 35). The only
injuries suffered by the operator of this auto-
mobile were a laceration of the face and a small
puncture wound on the upper left arm, both re-
sulting from contact with the broken windshield.

Fieure 31. Right knee, impact area.
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Fieure 33. Large diameter contoured steering wheel.
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Fieure 34. Collapsible control column compressed by
chest.

\

Figure 35. Padded sunvisor pushed through the wind-
shield by head impact.

The fact that crash safety engineering is sorely
lacking in the forward cabin in most current
general aviation aireraft is further illustrated by
three unusual crash cases presented here. In
Case 20 a 1968 Cessna 150-H crashed upside
down and the heads of both occupants dragged
along the ground, thereby staying away from the
lethal instrument panel. Injuries were limited
to lacerations of the scalp and abrasions of the
face. The deceleration distance for this aircraft
as its nose rooted under a large flat rock could
not have been more than 4 feet. Assuming a
flight velocity before impact of 50 miles per hour,
we can calculate a rather impressive 18 to 19
“g"” deceleration. The pilot of Case 7 (an
identical aireraft) received severe facial injuries
when he crashed with an impact of 14 this “g”
force. Since his aircraft crashed right side up,
his head was thrown into the instrument panel.

98

If these two men had crashed into the same rock
in an upright position. they would certainly have
sustained fatal head injuries.

In two other accidents, occupants were pre-
vented from hitting the instrument panel since
one crashed sideways into a telephone pole (Case
21) (1949 Swift GC-1B), and the other hooked
one wing root on a tree (Case Number 22) (1961
Piper Colt PA 22-108). In botk cases the upper
torsos of the occapants were thrown to the side
and thereby avoided striking the instrument
panel with a much better chance of avoiding
serious injury.

Aircraft manufacturers have incorporated some
excellent crash safety features in some of their
aerial applicator planes. The Piper Pawnee has
a steel tubular framework around the cockpit, is
equipped with double shoulder harness and seat
belt, all anchored to strong fuselage structure,
and has a lightweight semicylinder of aluminum
(4-inch radius) at the top edge of the instrument
panel. In addition, in the knee and lower leg
impact area, protruding knobs, sharp edges, and
heavy equipment have been reduced and the
crushable fiberglass hopper lined with light-
weight perforated aluminum helps to attenuate
knee impact. In Case 23 a young pre-medical
student (while flying a 1960 Piper Pawnee
PA-25) crashed from a stall at 140 feet altitude
into hard soil at a 45° angle. The actual “g”
force is not known, but he impacted hard enough
to break both his double strap harness and a 3-
inch seat belt. In Case Number 24, the pilot of
another Pawnee PA 25235 (1964) crashed with
sufficient force to break his double strap shoulder
harness, but his seat belt held. In laboratory
testing of 2-inch wide double shoulder harness
restraint, the breaking point was found to be
over 35 “g” and since both pilots still had suf-
ficient body momentum left to impact their heads
at velocities of over 30 ft./sec. on the instrument
panel protected by the aluminum roll, the author
estimates that these two aircraft crashed with
impact forces of at least 40 “g”. It is amazing
that even with these crash forces the shipping
container (aircraft cockpit) retained its integrity
and did not collapse on its occupant, Tests were
conducted in this laboratory to evaluate the
energy attenuating characteristics of the alumi-
num roll for head impact protection. The results
of the test impacts with an instrumented
dummy head at 15 and 30 ft./sec., along with
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1968 CESSNA 150

CESSNA 150 H, a 1968 model aircraft
with pilot and one passenger (R. F. ),
became inverted at night, clipped soie
small trees and crashed inverted. Air-
craft motor plowed under a large flat
rock (the only one in the field). Top
metal structure of the cabin was ground
away. Since pilot and passenger were
hanging upside down in their seat belts,

iy ‘" their heads dragged the ground. No

‘shoulder harnesses were in the aircraft.
‘Major deceleration forces were straight
forward,

~+  ACCIDENT INVESTIGATED BY:
GALE BRADEN AND DON ROWLA

CAM1 i

)
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B. Forward motion of the aircraft
was stopped when motor plowed
under a large flat rock.

A. Tree tops clipped by inverted
aircraft just before it crashed.

DOURIES STRUCTURES IMPACTED _
Pilot: (S} Head- Severe Lac. {Y-shaped) forshead Tora metal - cabin roof & gro wnd.
& ecalp. Moderate concussion.
Lec. lower lip (R). lac. (R) face.
Nemerous {acial abrasious.

Trusk- Pelvic abrasions. Seat bekt.
Extremities - Lac. {R) forsarm. Lac. Lower instrument panel,

{L)knee. Fx. (L) band.
R.F.: (S) Head- Lac’s. amterior ecalp & behind (R) | Cabin roof & ground.
sar. Abrasions. Moderately severe]
concussion.

Trusk- Pelvic abrasiona. Seat bels.
Extremities - Lac. (R) elbow & {L} band. Instrument panel.

C & D Abrasion
marks onthe
.iliac crests
offer positive
proof of seat
belt use.

CASE 20-2
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E & G Artist
sketches of
lacerations
& abrasions
of Z occu-
rants beads
fromdrag~
ging along
the ground &
contact with
tornmetal
fromtop of
cabin,

F. Head cutlines of head
aircraft, _ I |

CASE 20-3

161




H &1 Matching photographs of knee abrasions c
& lower instrument panel push buttons. t

J & K M“Chml‘xhotogrtphl of pilot'- knoo- & lo\nt

instrume

L. Headimpact withupper instrument
panel was prevented since both oc~
cupants heads dragged along the
ground.

CASE 20-4
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1946 TEMCO SWIFT

RN

TEMCO SWIFT GC-1B, a 1949 model air-
craft with pilot and one passenger (R. F.),
struck some telephone wire> between two
poles, breaking one of the poles and sliding
down the wires to impact the second pole
with its (L) wing. As the second polebroke,
the aircraft rotated through the air and im-
pacted a third pole with the (R} side of the
fuselage, wrapping around it and sliding down
tu the ground. Bothoccupants were wearing
seat belts and they held. Noshoulder harncsses
were inthe aircraft. The principalimpactforce
threw the occupants to the side. They did not
limpact the instrument panel.

Bl o ik

iF

ACCIDENT INVESTIGATED BY::
DON ROWLAN AND EDDIE LANGSTON
CAMI

CASE 21-1
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B, Since both occupants were
thrown to the side, the in-
strument panel is unmarked.

INJURIES "'-

a2 TS e, e AT e A ATt e sy o0 o

'
A. ',Telephone pole is completely -
“buried in fuselage after side
impact by aircraft, . L

SYRUCTURES IMPACTED

Pilot: (S) Head - Small lac'e. (L) forehead & scalp.

Trunk - None.
AERRR.......

Side of cockpit (7). : ' :

Extremitise - Contusion (L) ehouldar.

Side of cockpit (?).

R.¥.: (S) Head - Lac. {minor){L)ear & (L)forehesad.

Side of cockpit (?).

"

g g S Truok - None,

as——
Extremities - Nonse.

; CASE 21-
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; I 119"61 'PIPER COLT C

; 3
! 3 : -' !

d !

4 '

,~ PIPER COLT PA-22-108, a.1961 model |
- ajrcraft with pilot and one passenger
) g (R. F:), was flying at an’altitude'of 5,000
feat when the pilot cut the engine to prac-
tice some power-off maneuvers. At about
' 2,500 feet, he tried'to restart the motor
; d but could not and crashed while trying to
return to his private air field, At impact
) the rignt wing of the aircrait struck a 1u-
inch diameter tree which tore it from'the
aircraft and opened the right side of the
cockpit next to the passenger. Pilot and
passenger were thrown to the right toward
. *  the opening. Seat belts (fuselage attached) :
: a g were in use and held, byt the sests came
_ 4 loose from their fittings. No stoulder
harnesses were in the aircraft.

i

y . : ACCIDENT INVESTIGATED BY:
! - TERRY WALLACE )
CAMI . i

i

| CASE221 '
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A. Distant view of crashsite. Tracksin

wheat field were made by rescue per- : B. Rear view of aircraft after tree impac
sonnel as aircraft didnot touch the

o = ) =
groundbefore striking the tree. & 90° change of direction.

=

Right side of aircraft. Note
bark missing from tree &

Front of aircraft showing complete separation
of motor & instrument panel,

sragged control cable abouc

5 feei above the ground.

INJURIES STRUCTURES IMPACTED
Pilot: (S) Head - Slight lac. onbridge of nose. Unkanown.
Occipital b & mod: Unknown.
concussion.
Trunk - Nune.
—
Extremities - hbne.
R, F.: (S} Head - Slightlac. {R)center forehead. Unkaown.
_ ——— e
Trunk -Severe contusion of (R) abdomen k Seat belt.
{R) iliac creet.
Fx. (R) iliac creet. Seat belt.
Extremities - Slight lac'e. (R) forearm. Torn metal (R) side of cebin.
Fz. (R) tibia & fibuls. Lower {R} door frame.

CASE 22-2
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E. Copilot received &nly minor nose - as hewas
thrown sideways away from the instrument panel.

L htl.eg of pilot with
minor injuries.

PCASE 22-3

7

F. Seat belt abrasion on copilot.

#. Pilotwit . minorlacera-
tion of forehead.

" B 2 X 08 PRSI
3. Minor lacerations of pilot's
right elbow,
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TIME IN MILLISECONDS

Ficure 36. Comparison of test results of head impact

tests against the Piper Pawnee aluminum 1% cylinder (Case

1), and one of the common rigid instrument panels in general aviation aircraft (Case 2).

similar data for impacts against a rigid instru-
ment panel in common use in general aviation
aircraft, are presented in Figure 36. Note that
not only does the aluminam roll reduce the peak
“g” force at 15 ft./sec. from 160 to 30 “g”, but
also extends the time for deceleration from 12
milliseconds to nearly 24, while at 30 ft./sec. im-

pact velocity it reduces the force of head impact
from 300 “g” tc 110 “g” with a doubling of the
deceleration time. Decreased impact forces and
extended duration times aie most important for
preventing head injuries, but of even more
significance was the distribution of the load over
a greater surface area. As the light aluminum
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roll was impacted by the face, it deformed to
roughly fit the contours of the head (Case 23 F
and Case 24 E and F) and in the laboratory tests
increased the head contact area from ‘ess than
one square inch for the common rigid instrument
panel to better than 16 square inches on the de-
formed aluminum roll. The importance of these
three factos for head protection cannot be over-
emphasized and is.further illustrated by these
two pilots escaping with only minor lacerations
(Case 23 G and Case 24 H). Even better pro-
tection could be afforded by covering the alumi-
num roll with a one-inch layer of slow-return
padding to prevent faciai lacerations from torn
metal and to obtain a more even distribution of
pressure loads.

This report would not be complete without
pointing out still another area where general
aviation aircraft design engineers could improve
crash survivability with a minimum of effort.
It has been noted throughout this study that pro-
tection of aircraft occupants from vertical im-
pact has been virtually ignored. Three cases
(25, 26 and 27) will serve to illustrate the need
for improvements in this area. Human toler-
ances to vertical impact in the seated position
have been established by the author,”> by
vertical ejection seat research,”* and by Snyder
studies of fall cases.™?> Also, numerous energy
attenuating methods and devices have been de-
veloped 77 * ™ to reduce vertical loads on the
spine during crash deceleration.

In Case 25 (a 1940 Piper Cub J-3C-65)
numerous serious vertebral fractures resulted
from vertical impact forces on a seat constructed
of a cushion placed on top of a sheet of canvas
laced to the sides of the seat structure. This
flimsy structure gave way readily, allowing the
buttocks of the front seat occupant to impact the
heavy tubular structure under the center of the
seat (Case 25 D). The forces involved in the
crash of the 1964 Beech Musketeer A-23 pre-
sented as Case 26 were not sil vertical as indi-
cated by the pilot’s receiving a brain concussion
when his head hit the unpadded “A” post (Case
26 E) and the copilot’s receiving a similar head
injury from impact with the compass (Case 26
F) mounted on top of the instrument panel.
However, the vertical component was significant
as attested by the engine breaking straight down
(Case 26 B and C) and the buckling of the legs
of the front seats (Case 26 H and I). The fact

109

that the legs did buckle to a degree probably
prevented more serious back injuries of these
two occupants. Fractures of L1 for both front
seat occupants would have been avoided in this
case if only one or two additional inches of
vertical attenuation had been provided. It is
interesting that the single occupant of the rear
seat escaped without vertebral injury or even a
back sprain. The rear seat cushion (3-inch-thick
foam) is not mounted on a rigid seat pan and
rigid legs as is the case with the front seats, but
instead lies on top of lightweight aiuminum
stringers perforated with 5l4%-inch diamecter
holes. The attenuation offered by this tyve of
construction, offering up to 9 inches of crush
distance, was sufficient in this case to prevent
vertebral fractures.

This need for attention to design for attenua-
tion of vertical loads in aircraft with horizontal
take-off as well as for those with vertical take-
off and larcding characteristics is dramatically
shown in Case Number 27. Case 27, A through
I, shows six young men sitting in an aircraft
(a 1967 Cherokee 6 PA-32) with seat belts still
fastened and with no visible injuries such that
they appear to be sleeping. However, they all
died from severe and massive internal injuries
(see injury chart). After hooking its vertical
stabilizer on some power lines and nosing up to
some degree, this aircraft pancaked to the ground
without any forward motion. The tall wheat all
around the aircraft was completely undisturbed
and- one blade of the propeller was sticking
vertically in the ground without any evidence of
soil disturbance either fore or aft. The magni-
tude of the vertical deceleration force imposed
on the bodies in this case is difficult to calculate,
but assuming the aircraft started its vertical
descent from a height of 100 feet along with a
measured vertical crush distance of 4 inches for
the seats and approximately 4 inches for the
fuselage, one can caleulate an average decelera-
tion of 150 “g”. However, since the tubing
forming the seat legs was of small diameter, it
is apparent that the seats crushed to the floor
with much less force and the occupants ex-
perienced a vertical deceleration peak force much
greater than 150 “g” for a brief period of time.
Snyder ® describes one case of man that was sub-
jected to over 4,000 “g” in the seated position for
a period of .0023 seconds and covld have survived
if his internal injuries could have been diagnosed




1961 PIPER PAWNEE

PIPER PAWNEE PA25, a 1960 model
aircraft with pilot only, engaged in aerial
application of insecticide, pulled up and
stalled at about 140 feet in the air, nosed
over, and impacted hard soil at approxi-
mately a 45° angle. The pilot was wearing
helmet, shoulder harness, and a 3-inch
seat belt. Helmet penetrated windshield
and was torn off. Seat belt and shoulder
harness broke in webbing. Pilot was
thrown straight forward.

ACCIDENT INVESTIGATED BY:

JOHN SWEARINGEN AND JIM SIMPSON
' CAMI

CASE 23-1
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A. Small earthendepressionfrom . B.
Pawnee impact.

C. Crashdesigncauses motorto

fold under the aircraft. D.

111

Tubular framework of cockpi
maintained its integrity.

Seat attachments held since belts &
harness were attached to fuselage.

E, Shoulderharness & 3" seatbelt broke,
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a '—i . = p %4
F. ¥Mc:cadoutlineindicates area of headim-
pact on light aluminum cylinder.

- .
G. Pilot with minor bruises & facial
lacerations 4 days after crash.

H. Bruise on right shoulder from
contact with microphone,

CASE 23-3
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L Knees penetrated
fiberglass hopper
without serious in-
jury. Leftankle
was fracturedin
pedal area.

g - -

T—

J. Perforated aluminum hopper liner
served as good decelerator for knees.

K. Minor lower leg injuries.

INJURIES

STRUCTURES IMPACTED

Pilot: {S) Head - Depressed Fx. (R) frontal sinus.
slight concussion.
Minor facial lac's.

Junction of windshield withinstru-
ment panel.

Light semi-cylinder of aluminum
at top o.” inatrument panel.

Trunk- None.

Extremities - Bruise on(R)shoulder &
under (L) upper arm.
Small lac's. (L) hand.
Small lac's. (R)anteriorleg.
Fx, (L) ankle.

Light semi-cylinder of aluminum

Windshield.
Knees penetrated filerglass hopper
1 Pedal.

CASE 23-4
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1966 PIPER PAWNEE

PIPER PAWNEE PA-25-235, a 1964 model
aerial applicator with pilot only, had
sprayed one-half of a field when the pilot
made his pull-up on a west pass and caught
some high wires with the left wing. The
aircraft crashed i5 feet from the wires at
about a 30° angle. The seat belt and
shoulder harness were in use. The belt
held but the harness failed. The pilot was
thrown forward and to the left.

ACCIDENT INVESTIGATED BY:

GALE BRADEN AND EDDIE LANGSTON
CAMI

CASE 24-1
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D. Sides of Pawnee cockpit are designed * 7]
to buckle outward away from the b

pilot.

#
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A,B&C

Various views of aircraft
showing how tubular con-
struction around the cabin
prevents its collapse on
the pilot eveninsevere
crash impacts.




E. Side view of light alumirum
cylinder atthe top of the
instrument panel designed
‘to reduce head injuries.

Prponsiace o o s - St b e

F. Ou:lioe showing
areaof pilot's
head impacton
aluminum cyl-
inder. Note chin
slipped down &
contacted reset
knob on alti-
meter.

G. Shoulder harness failed in
webbing but seat & seat

% belt held.

CASE 24-3 |
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] H. Slight chin laceration was

: 2 only head injury.

-

3
3
1
¥
: J. Minor laceration of
i left hand.

K. Practically no leg injuries.

! . . 3 )
INJURIES STRUCTURES IMPACTEDR

: Palot: (S) Hcad - Siitht abrasion above {L) sye.
b :instruments.

Altimeter reset xnob.

Light cylinder of aluminun. above

i

’ Minor lac. chin
N ° Trunk -None. 1
¥ Extremities - Lac. betweenindex & 2nd Windshield.
finger. ! :
H NOTE: Pilot was spraying with DiSyston & re-

ceived extensive exposure & scvere
reaction to it when hopper ruptured &

sprayed ar over his body. .
i th

CASE 24-4
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1940 PIPER CUB

PIPER CUB J-3C-65, a 1940 model air-

craft with pilot (rear) and one passenger
{front), was flying over farm land looking

at stock. Aircraft pulled 1 p in a (R) turn and
(R) wing struck the top wires of a high tension
line. Aircraft fell into some lower wirus where
it hung a few seconds, arresting all forward
motion and fell 80 feev to impact the ground in
a flat attitude. Vertical impact velocity was
approximately 70 feet/second. Both occupants
were wearing seat belts and they held. No
shoulder harnesses were in the aircraft,
Occupants were thrown forward only slightly,
the major force on the bodies being from head
to seat,

ACCIDENT INVESTIZATED BY:
BILL REED AND DON ROWLAN
CAMI

CASE 25-1
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A. Upwardbending of landing gear indi- B. Outline indicatingarea of head impact.
cates heavy verticalcrash forces,

-

2 D -Front seat cushion & laced canvas
C. Upwardbuckling of floor structure removed to show tubular structure
further indicates vertical forces. under seat that was responsible for

vertebral fractures.

INJURIES STRUCTURES IMPACTED
Front: (S) Head - Contusions & hematoma {R) parietal Instrument panel.
area.
Trunk - Fx. ribs 1, 2, 5 (L) Instrument panel.
Fx's. T5, Ti2, L1 & L2. Tubular connectionbetween control
sticks under canvas seat bottom,
Extremities - Fx. both ankles. Diagonaltubular frame structure
directly above ankles.
Pilot: (S) Head - (R)eyeblack, smail Iac's. (R) Back of front seat,
zygoma area & (R)side of lip.
Trunk -Fx, Ll & L&, Heavy tubular structure under can-
vas seat bottom,
Extremitics - None.

CASE 25-2
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1966 BEECH MUSKETEER

BEECH MUSKETEER A-23, a 1964 model
aircraft with pilot and two passengers
{(R.F. and R.R. ), was on a night approach
to a runway when the (R) fuel tank ran out
of fuel at about 300 feet altitude. An at-
tempt was made to switch to the {L) tank,
but the selector was turned past the (L)
tank position to "off." The aircraft
crashed with (L) wing down and very little
forward motion. A heavy vertical impact
was encountered. All seat belts were in
use and held. No shoulder harnesses were
in the aircraft, Occupants were thrown
forward, to the left, and down.

ACCIDENT INVESTIGATED BY:

BILL REED AND LEE LOWREY
CAMI

CASE 26-1
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A. General view of crash site.

Short 6-foot gouge mark under the air-
craft, upward bending of the landing
gear, & downward bending of motor all
indicate that the aircraft crarhed nearly
flat with heavy vertical loads.

INJURIES

STRUCTURES IMPACTED

: (S) Head - Brain concusefon. Lac. ecalp.

(L) VA" post.

Frusk -Tx. L], bruises.

Rigid eeat bottom--no sttenuation.

Extremities - None.

|

R.F.: (S) Head - Brain concussion. Lac. ecalp.

Compase & top edge of instrument
_penel.

Trusk -Fx. L1.

Rigid eeat bottorn —no attenuation,

—
Extremitice - None.

R.R.: (S) Head - None.
Frunk -None

- {-o verisbral Fx's.

Seat pan of rear ecat yielded -
light aluminum.

Extremities - Fx. bumerue (R) & (L]

Broken between Luody & upper
eaat back.

CASE 26-2
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E. Pilot wzs thrown slightly to the left
& his head hit the rigid "A" post.
D. Cabin interior.

Copilot's head struck
compass & top center
edge of instrument
panel.

CASE 26-3
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J. Outboard belts
fuselage-attached.

&1 Heavy seat legs buckled Irom vertical forces.

Vertebral fractures could have b
ol ion in seats. ve been prevented

== ..!
-

K. Inboard be'ts atuched
to floor,

L. Rear seat with four inches of light aluminum
structures beneath it saved rear passenger
from spinal injuries,

CASE 26-4
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1968 PIPER CHEROKEE "6

PIPER CHEROKEE 6 PA-32-300, with
pilct aad five adult passengers (R, F,,
C.L., C.R.,, Re L., R.R.) ran out of
fuel at night and attempted an emergency
landing. Unfortunately, the pilot could
not see a power line on which he hooked
the vertical stabilizer, causing loss of
landing lights and making the aircraft
rose up into the air. The aircraft then
pancaked to the ground without any for~
ward motion. Seat belts were in use and
held. No shoulder harnesses were in the
aircraft,

ACCIDENT INVESTIGATED BY:

LEE LOWREY
CAMI

CASE 27-1
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B. Motor is bent downward, land-
ing gear pushed up into wings,
instrument panel completely
undamaged % rear passenger
appears to be sitting flat on
the ground.

A. Aircraft crashed flat in a tall
wheat field, Note wheat all
around aircraft is undisturbed.

IIJURIES

STRUCTURES IMPACTED

Pilot: {F) Head - Extensive Fx. sku!! (calva iuwnkbase)
with aevere brain hemorrhages. Com-
pressior. Fx's. of cervical vertebrae.

All injuries irom verticalim-
pactiorce against seats, floor
& underlying structures. In-
stvument panel &k control wheel
were undamaged.

Trunk -Fas. both clsvicles; (R) anteriorribs i,
2,3,4k5; (R)post riba 1,2,3,4,5,6,7
& 8, {L)u~teriorribal,2, Ik 4. Fx.
steroum k pelvis (symohysis). Rupture
& hemorrhages pulmonary arteriea,
lungs, kidneys, biadder, venacava.

Same as above.

Extremities ~ Fx. {R) femur, (R) & (L}tibia &

Samc as above.

R.F.: (F) Head k Nsck: Cerebrai congestionwithout Fx.

Same as above.

Trunk -Rupture k hemorrhages lower lungs,
adrenals, kidneys, Fx. bothilium (pos-

_.terior) with anterior displacement.

Same w8 abovs.

Exticnyities - Fx. (R)upper femur withanterior
diyplacement.

Same as above.

u— L)1
Centar & Rear Pnosengers: (F)

No autopey performed. However, witb tbe total absence of extarnal

1nturi

it must bs d that death resulted from similar intsrnsl

uries {cerebral bemorrnage, lung rupture, hemorrhage, stc.

CASE 27-2
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C & D Front seat occupanis ap-

pear to be uninjured &
asleep.

CASE 27-3
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E & F Views of right front &
center seat occupants.

ke AR

CASE 27-4

127




G, H&l

All occupants have
seat belts fastened,
appear to be sitting
on the ground, &
died from severe
internal injuries
produced by verti-
cal forces.

CASE 27-5
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The author™ has ex-

7

and repaired in time.
perienced vertical decelerations of up to 95 “g
for .0075 seconds with internal injuries cor-
rected by surgery. In the same study, all sub-
jects tolerated 220 “g” for .0065 seconds without
injury or pain when the test seat was equipped
with 4 inches of crushable foam under the seat
pan. Judging from the massive internal injuries
of the occupants in the crash case being pre-
sented here as compared to those for the fall case
presented by Snyder, the peak vertical force
generated whei the seats bottomed out must have
been in the range of 5,000 to 6,000 “g”. The
significant point to be made here is that the seats
must not be of a frail design that allows them to
crush, using up valuable deceleration distance
while dissipating very little of the impact force
and then bottem out against rigid structure and
producing very high, intolerable “g” forces.
Numerous simple methods for gradual vertical
deceleration have been devised and are in use on
Army helicopters. Use of energy attenuators in
the design of the seats of this aircraft would
have allowed the six occupants of this aircraft to
survive without injury.

IV. Conclusions.

An evaluation of the crashworthiness of cur-
rent general aviation aircraft has been presented
in terms of simple packaging and shipping prin-
ciples. It is concluded that in most instances
these well-known principles have been so grossly
ignored that serious and fatal injuries have oc-
curred in anything more severe than a hard
landing. Many pilots have remarked that “light
aircraft are made for flying and not for crash-
ing” and the selected accidents presented in de-
tail in this report prove their statement to be
sadly trne. Ir fact, of all vehicles designed for
human transpertation, the so-called general
aviation aircraft offer the least protection from,
and chances of survival in, ¢rash decelerations.
Beech Aircraft Corporation has made a sincere
effort to build a cabin structure that approaches
a sensible shipping container. Other companies
have manufactured special purpose aircraft
(Piper Pawnee, Cessna Ag Wagon, Grumman
Ag Cat and the Helio-Courier) with cabin strue-
tures that can withstand 40 “g” impacts without
eollapsing. Most of the sumll general aviation
aircraft built for passenger transportation are
so fragile that they will open up and spill their
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contents or collapse inwardly in crash decelera-
tions exceeding about 10 “g”.

Thirteen of the aircraft described in this re-
port (Cases 4-15 inclusive and 17) sustained
crash forces of 10 “g” or less (calculated). These
aircraft all crashed in a forward direction and
the cabins remained intact to the extent that the
anthor is of the opinion that all eccupants would
have survived without injnry had they been prop-
erly restrained with shonlder harnesses and seat
belts. Of the 31 occupants, 10 received fatal
injuries, and of those that survived, 8 received
severe injuries, 8 moderate injuries, and 5 minor
or no injuries. Lack of protective design in the
instrument panel in these 13 accidents was the
direct cause of 5 severe and 2 moderate brain in-
juries, 30 facial fractmes, 11 severe and 10
moderate facial iacerations, 33 fractured bones in
arms and legs, and 9 joint dislocations. Poor
control wheel design resulted in 7 severe trunk
injuries. Further evidence of the lethal con-
struction of the instrument panel is presented in
Cases 20, 21 and 22. In Case 20, the aircraft
crashed inverted and in Cases 21 and 22 they
crashed sideways in such a manner that the oc-
cupants did not impact the instrument panel and
survived with minor injuries even though the
crash forces were considerably greater than those
in similar fatal accidents in which occupants were
thrown into the-instrument panel.

Minur or no injuries occurred in “crashes” of
one and two “g” decelerations. Severe but non-
fatal injuries were common in 3 to 5 “g” acci-
dents. Fatalities and very severe injuries oc-
curred in crash decelerations of 6 to 10 “g”. At
10 “g” and above, most present general aviation
aircraft disintegrate to the extent that the value
of restraint equipment for crash survival is
doubtfnl. Inasmuch as the Bonanza appears to
have about a 25 “g” cockpit and the Piper
Pawnee one that can withstand impact forces
up to 4U “g", the munufucturers of general avia-
tion aircraft should be encouraged to strengthen
cockpit design in all future nireraft models,

Almost 100% of the occupants of the 70 light
aircraft accidents in.estigated to date were
wearing seat belts, indicating that people are
aware of the need for restraint equipment and
ure willing to wear it in this type of trangporta-
tion. However, in most cases, the seat belts and
seats themselves are inadequately attached to the




cabin structure and fail or are ineffective even in
moderate decelerations.

Even if all seat belts were ideally installed,
they would restrain only the pelvis and still
would allow the head, trunk, and appendages to
continue to flail forward into structures that are
so lethal that even minor velocity body impacts
ave sufficient to rip, tear, and <rush body struc-
tures. Plexiglass windshields, unpadded “A”
posts, rigidly-mounted compasses above the in-
strument panel, weak control columns that break
off to form spears, lethal control wheels, instru-
ment panels loaded with heavy instruments,
sharp edges, and protruding knobs, heavy ex-
posed pedal structures, and the lack of slow-
return padding, all combine to make the area
forward of the front seat occupants extremely
unsafe for body impact. The statistics presented
at the beginning of this report prove that this
environment is so lethal to body impact that your
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chances of being killed are twice that of receiv-
ing serious injury.

The use of properly-designed and installed
shoulder harnesses would help prevent impact of
the head and upper torso with these structures,
but experience has shown that shoulder harnesses
have not received the acceptance of the general
public. The automatically inflatable air bag
looks very promising for use in body restraint
and may offer a solution in future general avia-
tion aircraft.

Nothing new in the way of principles or
statistics has been presented in this report, but
the author hopes that by presenting actual cases
revealing structures responsible for specific in-
juries and showing the extreme severity of these
injuries even in minor decelerations, that some
action may be stimulated to reduce this needless
loss of human life and suffering.
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