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Fieure 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-
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celeration of less than 14 “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 aireraft.

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
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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.










S e ~ o ; o pts ‘5-inch laceration
C. Lett half of instrument panel showing = , e i e
" head impact and broken control wheels. ‘ , e T g

strument panel.
S

Lower left instrument panel. g
Heavy radio fractured right le
of copilot shown below.

STRUCTURES IMPACTED
Top edge of rument panel




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
area (Case 6 K & L) received when he jack-
knifed over his seat 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 assumed 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 his 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
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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 occupants 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, flexible,
fragile contents only at their central points—
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E. . Internal view of cockpit. - Note con
. “trol wheel rims bent forward.

H. Note broken plexiglass windshield.




J Sea;i cushions. ’ .

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

K & L Side & frontal views of facial injuries suffered.by
copilot when his head hit the top corper of the in-
strument panel (Figure F) :

INJURIES . STRUCTURES IMPACTED
leot’ (S) Head - Lac's, scalp & forehead. S Wmdshxeld, s
Trunk -Norne. ; s
Exiremities - Lac's. hothwnsts. opean. Ins,trqmem panel, afterhandatore

{R) radius & ulna, closed Fx, (R)handifree of control wheel, |

Lateral Heament tear (L} ankle Left cockpit walle

Crushing Fx's. noge & (R [Top edge.of instrument pan

sinus, “Severe lac's; nose A i R

frontal sinus area,
Trunk -None..
Exiremities - None.

CASE 6-4




1966 CESSNA 150

‘;‘CESSNA 150 F, a 1966 model a

with pilet only, was observed c rchng ,
4 farm house, Aircraft pulled up =

_stalled - crashed at a steep angle, left :
wing f;rst. Engine was pushed to the
right. Seat belt was in use, No

- shoulder harness was in the aircraft
_Pilot's head and trunk were thrown




“arsindicativeofa
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‘Minor abrasions
the pelvic .area
was wearing a
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E & F Area in center of instrument panel where pilotfs
head struck. Note teeth enamel above key insert
and sharp edge of radio cover plate,

G & H Artist sketch
& actual photo-
graphofsevere
facial injuries
inflicted.

I, Minor abrasion
on pilot’s chest
indicating con-
tact with the

control wheel.




PIPER COMANCHE PA-24-250, a 1959
model aircraft with pilot and two passen~
gers (R. F. and ?R, ), failed to clear a
fence 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 thé :
R. F. was in use and it held. No
shoulder harnesses weére installed.  Oc=
cupants were thrown forward and to the -
left. o e

ACCIDENT INVESTIGATED BY:

GALE BRADEN
CAMI

CASE 8-1

or




A, - Blacktop landing strip with 4%
fence across the end. - Landing
gear of aircraft hooked fence
on take-ofi,

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

Ck View of tbe aircraft as it was
pulled out of the pond. Note

‘¢abin is entirely intact,

CASE 8-2
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D. General appearance of cabin

interior.

Head outlines indicate dented
areas at top edge of the instru-
ment panel produced by head

impacts of two front seat occu~
pants~all were knockeduncon
scious & drowned.

INJURIES STRUCTURES IMPACTED

Pliot: {F) Head - irregular V-shapedlac. o Tone (L} |Upper (L) instrument panel.

- T front parietal scalp 4 cm. & T em. Knocked uniconscious & drowned,
Lac. {L} side of neck 2 cm,

Trunk -None.
Extremities ~ None.

R ¥, {F} Head - 4 cm. lac, {L) lateral inferior man< Top center of instrument panel,
dible. 2 om. lac. (L} lateral inferi-{Knocked anconscious & drownéd,
or mandible.

Trunk - None,
Extremities - None.
2R: {F}  Injuries unknown - drowned.

CASE 8-3
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1953 PIPER PA-22

PIPER PA-22, a 1953 model aircraft
with pilot and four passengers {R.F.,

L.R., C.R., and R.R.) (three children

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

_ina 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:

BILL REED AND LEE LOWREY
: CAMI

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

C. Area ‘ofbi ot!s Head
dmpacts B

o INJURIES :
{8} Head - Cerebralconcussion, Lacls
: mouth. ‘Cut & bruissd ¢l
behind (L} ear, S
rxmk-f None: o
e tramyities < None. S
F.:.{5) Head - Mult. s
G T eanke s None:
Extremities - None.




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 cases in this study it was noted that
even the lap belt is an ineffective restraint be-
cause of faulty installation. In numerous air-
craft the lap belt 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.

Fieure 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 firewall.

In general aviation aircraft design, engineers
have completely ignored the fourth rule of safe
packaging (inside of container must be designed
to cushion 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 safety
improvements of the interiors of late automotive
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
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Fieure 4. Dummy with seat belt attached
down over thighs before crash test.

straight

FicUure 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 automotive 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 occupants 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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