’ B . . : . .
- N i
L -
0 . - e
- ’ ! i ' ! . - P »
’ N ;
) ' Yy .
. e o i : .
. . . b , H . e
. ' 3

¥

o . a3
L A . f . "
. T . : ' . twm "
v o - » s - s - -
’ . . . r. . . 4 . . , .
- . . . N
. . . »
: ! T o
. . [ *
. ! g ! . ,
. ' . % & .
. . .
- N . . .
s
, .
' ’ - . ‘ * . - : ‘
D -~ '

. s . s v e
. tee
- . s - * - A N
, . .
- - . .
" . i N
Bl n ‘ . . a * -
" « .
L B
- - - .
. . i .
A ‘ . \ . .
-
)
N ' v .
. . A _
N . . .
o N . - W
o .
oy
o
3 - » .
' . Kl . N - -
, o . .
f o .
. * Ll N - y
. .
. - 4 . . _
, |
" n
* * ¥, N |
- ‘ N - ’ .
¥
l‘. -
-
. . n ’
fe . &




. emnazymmnEeee oo - PR e AT it

Technico! Report Documentetion Page

{

Report No. 2. Government Accession No. 3. Recipient’s Catalog Ne.

1
]

4. Title and Subtitle 5. Report Dete

FAA-AM-82-7 .AD 1L AE (2

CRASHWORTHINESS STUDIES: CABIN, SEAT, RESTRAINT, ARD MARCE 1982
INJURY FINDINGS IN SELECTED GENERAL BVIATIDN ACCIDENTS] 4. Performing Orgarization Code

|

. Perferming Orgomzation Report No.,

i
—

H

7 Author's'

William R. Kirkham, S. Marlene Wicks, and
Donald Lee Lowrey

9. Performing Organization Nome and Address 10. Work Unit Ne. (TRAIS)

FARA Civil Aeromedical Institute
P.C. Box 25082 11, Contrect or Grant Na.
Cklzhoma City, Oklahoma 73125

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address

Office of Aviation Medicine

Federal Aviation Administration
800 Independence Avenue, S.W. 14. Sponscring Agency Cade
Washington, D.C. 20591

|
|

15. Supplementory Motes

. This work was performed under Task AM-B-81-TOX-23.

j—d® Abstract

|
H

1
3

.
H
1

?
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receive greater physical damage than occupiable areas. The greatest damage to the
occupiable area is to the forward portion of cockpit/cabin and the occupants have a
greater chance of survival if the cockpit/cabin remains reasonably intact. Occu-
pants seated forward in the cockpit/cabin receive greater injuries than those seated
more rearward. Further, the findings suggest that seat placement or seat failure

to one degree or another intensified injuries {as compared to more optimum crash-
worthy seats) to occupants in at least 30 percent of the accidents reviewed. Upper
torso restraints, in the few instances used, were beneficial, and had they been used
by all occupants, would have significantly reduced the iniuries.

The report discusses the relation of the occupant to the seat and restraint system
and the apparent benefit to be derived from a well-designed impact attenuating seat

and, in particular, use of an upper torso restraint.cL‘
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CRASHWORTHINESS STUDIES: CABIN, SEAT, RESTRAINT, AND INJURY FINDINGS IN
SFLECTED GENERAL AVIATION ACCIDENTS

IT. INTRODUCTION.

The prime goal of aviation safety is to prevent injuries, loss of life,
and loss of propertv. Of course, this is best done by keeping accidents from
happening; the greatest efforts rightfully should be and are directed toward
rrevention.

However, accidents do happen and, based on past experience, they do occur
with a certain predictability. Indeed, data gathered by the National Trans-
portation Safety Board for a recent 6-year pericd (1973 through .9378) record
a yearly average of 3,911 "small fixed-wing aircraft” {under 12,500 1b) in
accidents., Of these, 663 (or 1.7 percent) resulted in one or more occupants
being kilied, with 1,303 being killed, as an average, or, statistically, two
persons per fatal accidert. In addition, there was untold injury, pain,
suffering, andé permanent disability in persons who survived the 663 (yearly
average) fatal accidents or who were occupants in the 3,248 (yearly average)
aircraft in nonfatal accidents.

Studies have shown that the human can withstand rather large impacts if
the forces are properly distributed to the body. Such tolerances to deceler-
ative forces have been amplv demonstrated by a number of controlled studies
using human subjects (1) and by findings in wvehicular and other accidents.

The tolerances, (withstanding decelerative forces without incurring permanent
debilitation) are derived from evaluating impacts in relation to dynamic
considerations such as rate of onset and duration of deceierative force acting
upon the body. Besides varvinag with the rate of onset and duration, human
tolerances are variable with other factors such as height, weight, and age of
the individual; the type of restraint used; the application of the restraint
io the bodv; etc. The crashworthiness load requirements applicable to seats
and restraint systems specified in the Federal Aviation Requlations (2) are
based on ultimate alrcraft alrworthiress load regquirements met under static
loading conditions Although human tolerances to short duration dynamic loac-
ing appear to excec d several-fold the static loads applicable to seats and
restraint svstems, dvramic and static loading are not directly comparable.
Specification of meaningful impact attenuating standards for seats and
restraints will reguire definition of the dyvnamic components of crashes.

One of the greatest challenges to aviation safety in the coming years
will be to make alrcraft more crashworthy, i.e., to build and equip aircraft

so that when a crash occurs the aircraft itself provides greater opportunity
{within practical limitations} for reduced injury to occupants. Manv of the
developments in crashworthiness research are aimed at better cushioning of
occupants against the decelerative forces of the crash. The most fruitful

and practical means of doing this is by applving previously advocated packaging
principles (3), and especizally by improving seats and restraint systems (4).
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It is also helpiu. to analvze accidents to estimate the severity of the crash,
noting the integrity of the structure, analyzing the performance of the
restraint systems, and reviewing injuries rveceived by cccupants. Findings in
accidents can be confirmsed under controlled conditions in the laboratory.

For over a decade an ongoing biomedical and crash injury fieléd investi-
gation research program has been conducted at the FAA Civil Aercmedical
nstitute (CAMY). In this program, accidents were investigated to reveal
any of a wide range of human factors such as: previous illnesses in the crew;
medications or drugs taken by the crew; fatigue; physical stresses; psycholog-
ical stresses; types of injuries received; causes of impact injuries; emergency
egress from aircraft; smoke and fire as related to survivability; other en-
vironmental conditions such as water, ice, and snow, as related to postcrash
survival; and a number of other biomedical factors that may have contributed
to the crash or related to cccupant injury or survival. Findings as related
Lo survival of the impact have been a prominent feature of these investiga-
tions. Although ecach investigation was not undertaken specifically to
investigate crashworthiness, certain such aspects came forth in many investi-
i These included features such as the deformation of aircraft cockpit
tructures; the state of integrity and probable function of seats
aint systems; probable impact of occupants against aircraft struec-
the correlation of injuries with the direction and severity of
impacts. The func-ion and adequacy of seats and restraints have been of
particular concern {5) because modifications of these systems, to give greater
protection to occupants, often can be made at less expense to manufacturers
or aircraft cwners, than modification of the airframe. Indeed, some specific
changes madce by manufacturers, as a result of these investigative activities
(¢}, have improved the crashworthiness of the respective aircrafi and have
saved lives.

Ter Chnis raport, we have surveyed a number of general aviation accidents
for an overall assecosment of findings, particularly as they relate to the
function oI the restraint system—--seats, lapbelts, and shoulder harnesses.
da

Blements cfthese data have been used in other reports (6}.
Ii. METHODS.

Tor this analvsis we reviewed the reports of all general aviation accidents
investigated by CAMI personnel from 1973 to and including most of 1979.
acgidents investigated from CAMI prior to 1973 were previously reviewed (4).

Tne current grour of accidents was reviewed for a rnumber of features of crash-
worthines

19
s and, in particuiar, for the injuries to the occupants in relation
nt severity of the impact and the adequacy of the function of the
cabin and restraint systems. All aerial application alrcraft accidents,
accidents in which all occupants were killed, or where fire or water precluded
a reasonable evaluation, were climinated from the series. In all, 47 of a
greater number of accidents were deemed worthy of more intensive review and
tabulation, in that there was meaningful information in the accident reports
or investigators were familiar enough with the particulars of the accidents

[§%
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to provide details.

fying injuries in occupants.

Trained crash injury investiaators, who had personally
investigated a number of these accidents or participated in the pregram at
the time the accidents were investigated, reviewed all records and extracted
data. In addition, these investigators, based on the information at hand,
were asked to make judgments as to whether seats, lapbelts, upper

torso restraints, or cabin structures were inveolved in producing or intensi-

From these data a number of tables were derived

in an attempt to answer certain questions pertaining to crashworthiness.

ITI. RESULTS.

The findings in the 47 accidents are shown in Table I ({(appended).
Accompanying the table is the legend to codes used for representing the

findings.

These 47 accidents involved 138 persons (including 2 lap-held children).
There were 47 pilots, 40 occupants of the copilot seat, and 49 additional

passengers (in seats other than the pilot and copilot seats).

It was

estimated that the major impact force was forward in 40 accidents, forward
and left in 3, and forward and right in 1, both forward and vertical in 2
and only vertical in 1.

One aircraft crashed inverted and another cartwheeled.

The remainder

crashed on a straight or turning (coded as forward-turning) heading. Forty-
two accidents were judged to be survivable and the remaining five only
partially survivable.

Survival of an aircraft accident depends to a great extent on providing
a crash-resistant container for the occupants; that is, an occupiable area
that will withstand crash forces without crushing, collapsing, or disintegrat-
ing. The accidents were 3udged on the basis of overall damage indices for

nonoccupiable and occupiable areas.

at CAMI for a rumber of vears.
investigator may observe but

accidents generallv may be compared.

Damage, as assessed by this method,

This crash severity index has been used

1t is inadequate vo describe fully what an
serves as a means of estimating damage so that

Such a comparison is shown in Table II.

confirms what one would expect,

that the nonoccupliable siructures of wings, tail, and engine, sustain greater

destructive damage than the more capsulized cabin.

Indeed, the crumpling

and breaking away of these exXterior structures, to some extent, cushions the

fuselage against the

I T

forces of the impact.

[*9)
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TABLE TI. DPamage Indices (See Table I}

Nonoccupiable Occupiable

Damage Index (# of Accidents) (# of accidents)
Minor None 8
Moderate 13 15
Moderately Severe. 10 13
Severe 13 7
Extremely Severe 5 1
Extreme 5 3
Unclassified 1
Damage to: 7 of Accidents

Nonoccupiable Arez > Occupiable Aree 30

Nonoccupiable Area = Occupiable Area 14

Nonoccupiable Area < Occupiable Area 2

The results of a comparison between the damage to the cockpit area and
the remainder of the cabin in 29 of the accidents (where such compari-on was
meaningful) are presented in Table III. Damage to the cockpit area was
tabulated to be significantly greater in 13 of the accidents and egqual in the
remaining 16. In no instance was damage to the remainder of the cabin greater
than to the cockpit area. In many individual accidents the differences in
fore and aft damage in the occupiable areas weire extreme.

TABLE III. Cockpit/Cabin Integrity in Accidents

Cockpit Remainder of Cabin
(# of accidents) (¥ of accidents)

Intact =) 16
Distorted 5 &
Partly Collapsed 12 6
Collapsed 2 1
Burned o 0
Disintegrated 1 0
Structural Damage to: # of Accidents

Cockpit > Remainder of Cabin 13

Cockpit = Remainder of Cabin 16

Cockrit € Remainder of Cabin 0

4
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Who receives the worst injuries when both pilot and copilot positions
are occupiled? To explore this, the severity of injuries to the occupants
of the pilot position (left front) and occupants of the copilot position
(right front) was recorded. Of the 32 accidents, in which both positions
were occupied, injuries to occupants of the pilot and copilot positions were
greater in the pilot position in 10, greater in the copilot position in 10,
and equal in the remaining 19. Of course, injuries are probably a function
of which side of the aircraft impacts first. There were six fatalities at
the pilot position and seven at the copilot pogition. These data suggest
there is no difference between these two positions in regard to the severity
of injuries received.

Is one likely to receive more serious injury when occupying the cockpit
{pilot or copilot position} or a position behind the cockpit? Table IV
presents data on 23 accidents in which there were occupants in passenger seats
as well as the cockpit. The most serious injury of an occupant in passenger
rows other than the first is included for completeness. The injuries listed
represent only the worst injury an occupant or occvpants received in their
position in the aircraft. There were three accidents that involved a fatal-
ity in the cockpit. Of these three accidents, the most severe injury to
other occupants in the aircraft was a "serious" injury. There were 16
accidents in which the most severe injury in the cockpit position was
"serious," yet, in three cf these, there was at least one fatality in the
first row of passenger seats. There were four accidents in which injury
to an occupant in the cockpit was minor/none; occupants in the first passenger
row received "sericus" in one accident and minor or no injuries in the
other three accidents. In *two accidents, the most severe injuries
were in the second row of passenger scats. With some notable exceptions, such
as case #27 in which occupants of the pilot and copilot seats survived but
both occupants behind them received fatal injuries, these data tend to con-
firm the accumulated observational experiences of general aviation crash-injury
investigators that persons in the pilot and copilot positions are subjected
to greater impact forces and thus receive more severe injuries than cccu-
pants in rearward positions in the aircraft. There appears to be a cabin
damage gradient in the occupiable areas, greater forward and diminishing rear-
ward, and similarly there appears to be an occupant injury gradient, greater
forward and diminishing rearward. The two are chviously correlated.

TABLE IV. fComparison of Injuries in Cockpit Area With Those
Received in Cther Locations in Aircraft*

Passenger Passenger Passenger
Cockpit First Row Second Row Third Row

{Pilet-Copilot MINOR | MINOR MINOR

Positicns) FAT SER  NONE l FAT SER  NONE FAT SER HNONE
Fatal 3 2 1 I 1
Serious 16 3 @ 7 i 1 2 1
Minor/None 4 1 3 ! 2

L E

*Titures rapresent numbers of accidents {ner number of persons) and worst
Injury for vosition.  Joesf rot iroclude unrestrained children.

93}

L, IR L A Y



Since the seat is an integral part of the aircraft occupant protection
system, how did the seats function in these accidents and did seat failures

or loss of adeguate seat support add to the severity of the injuries received
in the accidents analyzed?

adircraft were found to have varying degrees of failureses of the seats.
Failures, to a great extent, varied with the design, installation, and

seats were found to fail at the
attachment by sliding forward on the seat track, and to partially or com-

position in the aircraft.

pletely detach from the track.
or break and the broken parts separate.
and pedestals was considered beneficial to occupant protection.
some failures of seat pans and seat backs.

For example,

Legs or seat pedestals were found to break,

For the most part, bending of legs
There were

The data covered 136 seats.

of

these, seat-to-track/floor attachments failed in 48, legs/pedestals failed

in 25, and backs in 6.
the data in Table V.

The distribution of these failures is represented by

TABLE V. Incidence of Seat Failures

Seating Position Attachments Legs/Pedestals Back

Failures| Total #| % § Failures| Total % Failurest Total # %
Pilot 19 44 43 10 46 21 2 44 5
Copileot i6 39 41 9 38 24 4 39 10
1a 4 16 25 2 16 13 o] 15
1B 6 17 35 2 17 12 G 16
2A 2 153 33 1 & 17 i 6 17
2B 1 6 17 1 6 17 1 © 17
3Aa 0 1 0 1 1 i
3B 0 1 0 1 0 1

Here again one can see a gradient of failure from forward te aft. From

these data and the general experience of investigators, the greatest failures
are in the pilot and copilot seats with the seat to track/floor attachments

failing in approximately 40 percent of the accidents.

In 20-25

accidents there was some breaking of the seat leg or pedestal.

appeared to fare better but still there were encugh failures to

For improved crashworthiness, seats should provide support
occupants and attenuate both forward and vertical impact forces.
failure such as siiding forward, separating from the attachment

for the

Abrupt

of the aircraft, or breaking of the undersupvort (legs/pedestals) aliows
occupants to impact against the floor, instrument panels, and other occupants
or structures so that the decelerative forces are greater and injuries are
incurred. Similarly, in some respects, a seat that is rigid and unyielding

may intensify injuries.

decelerative forces.

percent of the
Other seats
warrant concern.

to the floor

There are ro FAA regquirements for seats tc attenuate

The accidents wer: reviewed with the question in mind

that, from practical considerations, did the seats contribute to the severity

of the injuries?

PR Y P It V) S R

Such data are tabulated in Table VI.



TABLE VI. Contribution of Seats to Severity of Injury

Seat Did Not

Seat Contributed Contribute To
Seat Positicn To Severity Injury Undetermined
Pilot 16 26 5
Copilot 1 26 3
Passengers 14 34 1
Total 41 86 ]
Percent 30 63 7

In 30 percent of the accidents, malfunction of a seat component (some
factor in the seat}, fracture of legs, separation from the seat~track, etc.,
contributed to injuries of cccupants over and above what would have been
expected from iung:-t forces. In some accidents it was obvious that a
factor in the seat design was a contributor to injuries.

Almost all seats were forward-facing but there were, in these
aircraft, six aft-facing and three fixed side-facing seats that were
occupied. Two occupants of side-facing seats received only minor injuries,
{Case %25}. In another (Case #37), the only occupant to receive greater
than minor injuries was in a side-facing seat. This occupant had serious
abdominal injuries related to seatbelt compression of internal organs.

The tubular frame of one of two aft-facing seats in Case #21 broke,
allowing the occupant to come forward and strike the pilot from behind,
adding to the pilot's injuries, as he was more forcefully driven into
the instrument panel. Only minor injuries were incurred in two aft-facing
seats in Cases #25 and #37. Injuries occurred to occupants of aft-facing
seats in Case #47, but both seats were loosened by severe cabin and floor
damage and occupants in their seats were thrown out of the aircraft.

The standard method of restraining occupants in an aircraft is by means
of a lapbelt. 1In only two accidents were there well-docmented lapbelt
failures. In one (Case #10), the iapbelt attachment to the floor of the
aircraft failed, allowing the pilot to be hurled out of the cabin and
receive fatal injuries. In Case #11, a severe impact, both iapbelts
failed and the occupantis were thrown free of the aircrafit. 3Both occupants
survived.

An upper torso restraint (UTR) (or other adeguate head protection
in accidents) has been mandated in some aircraft by the Federal Aviation
Regulations (8,9). In accidents reviewed, 57 occupants had the availability
of a UTR. ©Of these, seven were used and held. TYor six occupants the use
and functicn of a UTR was unknown. The remainder (44) did not use the
available UTR.

A ke ne b staried e Wi e s n IR B end



Based on their familiarity with the accident or their experience as
crash-injury investigators, the reviewers correlated the injuries in each
accident with the apparent dynamic scenario of the crash. For each cccupant
of each aircraft they then estimated whether or not, in their opinion, a UTR
would have been of value in reducing injuries in this selected series of
accidents. These estimates along with the cccupiabie area severity damage
are shown in Table VII.

Amorg these accidents there are rare examples i which a UTR was used
and greatly aided n survivability of the occupant. Unfortunately, most of
the occupants of the aircraft did not have the advantage of having a UTR
available and, for the mosi part, those who had them available did noi usc
them. Among pilots, an estimated 43 would have benefited from a UTR, versus
4 who would not have benefited. BAmong copilots 36 would have benefited as
compared with 4 who would not have benefited. Similarly, among passengers,
42 would have benefited as compared with 11 who would not have benefited., .t
is apparent from these selected accidents and these estimates, that UTR's
would have reduced the severity of injuries to aircraft occupants in all
positions. These findings and experienczed opinions are consistent with
other field investigative findings, laboratoyy dynamic studies, and F2a
requirement that general aviation aircraft manufactured after July 13, 197n

have UTR's installed for each front seat.

Injuries tc alxcraft occupants by sest position are shown in Table VITI.
There were 17 fatalities, mostly in the pilot and copilot positicns. Thore
injuries classified as sericus with 10 percent or more residual disability,
such as the loss of an eye, an extremity, or the impaired ability to work,
all cccurred in perseons in pilot and copilot positions.

The known types cf sericus injuries received are shown in Table IX.
Pilots and copilois received roughly a third of their injuries to thie head
and face, a third tc the chest and a third to the spine. Spinal injuries
appeared to predominate in passengers although about one-fourth of injuries
were to the head and face. A further lock at spinal injuries comes from
Table X in which known spinal injuries and compression fractures of vertebrae
are tabulated. These {igures show that the majority of serious spinal
injuries in aircraft accident victims is compression fractures.

IV, DISCUSSION.

The data in this retrospective study, iike much accident data, were
not collected under a protocol that forced investigators to document specific
findings such as attachments of all seats or precise review of hospital
records on each occupant for exact details of injuries. Even so, the data
recorded, findings familiar to the investigator, and the photographs allow
a reasonably good overall evaluation of each accident.
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TABLE VIII.

Injuries to 2ircraft Occupants

No Significant

Seat Serious Wich Abpormalities/
Position Fatal Residual Serious Minor NONE Unknown
Pilots 6 4 24 12 0 i
Copilots 7 2 20 9 2 0
ia 1 8 5 2 1
1B 3 & ) 3
2A 3 2 i
2B 3 2 1
2C 3 i
3B
Totals 17 5] 64 37 = 10 Z
Percent 12.5 4.4 47.0 27.2 7.4 1.5
TABLE IX. Distribution of Major Injuries
Total # Eead and Face Chest Abdomen Svine
Position Tabulated # % = & % # 3
Pilot 37 1 30 1 - 13 35
Copilot 37 11 30 3 8 13 42
Passengers 26 6 23 i - iz 46
TABLE X. Spinal Injuries
Spinal Injuries Compression Tractures
2 3 %
Pilot 13 9 (53]
Copilot 13 ) 38
Passengers i3 10 77

[
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The accidents reviewed here confirm what is apparent to aircraft
accident investigators, that:

1. The nonoccupiable portions of the aircraft receive greater physical
damage than the ocoupiable areas.

2. 1If occupants are to survive the accident, the cockpit/cabin should
remain reasonably intact and not collapse upon the occupants.

3. The greatest damage to the occupiable area is to the forward
portion of the cockpit/cabin.

4. TImpact forces on the aircraft, Tor the most part, cause greakter
injuries to occupants seated in the forward position of the coeckpit/cabin
than those s.ated more rearward.

what is not always apparent te general aviation accident investiyators
is that, in specific accidents, injuries and sven overall survivability
of the limpact may be related to a lack of incorporation of crashworthiness
features of the aircraft. Investigators intent on determining the cause
of the accident may overlook the fact that occupants may have survived
the accident had some feature not been presen%t, had a seat not failed, or
had a shoulder restraint been used. Also, they may not take cognizance
of the fact that z properly restrained occupant in some crashes may
withstand impact forces that would severely damage the integrity of the
aircraft. Each of the accidents reviewed was survivable or partly
survivable from the standpoint of what a well-restrained occupant can
withstand.

2 basic principle of cccupant survivability is that the container
{the cockpit/cabin) remain intact and ncot crush in upon the occupants.
Experience reveals that in most accidents the forward portion of the
aircraft, the landinc gear and the underside receive the brunt of the
impact forces. Generally, crushing is from forward to aft in such a way
that the pilot and copilot are subiected to more longitudinal force than
occupants seated behind them. There appears to be no difference of Injury
rotential beiwveen the pilot and the copilot positirms. Passengers have
the adwantages of more bending, crushing, and deformetion of aircraft
structures forwaré of them so that ithey are spared the full impact forces
experienced in the pilot and covilot nesitions. This is brought out even
in this limited data.

To withs=and inpact forces, occupants should be adecuately restrzined.
The seat is en integral part of any restraint system and the optimum
greium snoulé cushion the occupant againsi forces, particularly Jforward

and vertical forces, which are greatest in almost all accidents. Ideally,
a seat snould initially resist impect forces and then bend and deform in a
controlled and progressive manner so as to attenuate and Xeep forces

ii



below a level that would cause seriocur injucsies to the occupant. A rigid
nonyielding or hard seat can lead to high peak loads on the occupant causing
serious injuries. B frangible seat, one in which the attachments or seat
parts break Quring impact, can lead to high peak impact forces on the
ocrupants during secondary impacts with aircrait floors, panels or other
structures. Seat placement {(over main spar, near the flocr or on or near
other nonyielding structures) or sear failures of one degree or another
were judged to have intensified the injuries of occcupants in at least 30
percent of the accidents reviewed.  Common findings were: failure of
latching pins to restrain seats from traveling forward on seat tracks:;
detachment from seat tracks, usually by breaking cof either the track or the
track-attachment mechanism; and fracture of seat legs and pedestals. These
and other findings (%) in which seats and seating placement appeared to be
a factor raise the guestion of the crashworthiness suitability of seats in
general aviation aircraft. In view of current FAA regulations prescribing
minimum seat strength based on static testing (2}, the data and cobservations
in this report, along with other accident data, indicate that an area for
improvement ir occupant survivebility is in providing seats that attenuate
impact force to levels that can be tolerated. Additional documentation of
seats as related to injuries in general aviation accidents is the subject of
an ongoing accident investigation protocecl in the FAA.

Excert for lap-held infants and children, lapbelts were used by all
occupants of the aircraft reviewed. Only a few lapbelt failuves were
noted and -hese primarily were due to failure at the attachment rather than
the webbing. These findings support the general impressicon that if the
aircraft impact is in any way survivablie, the belt webbing rarely fails
unless it is severely weathered and fraved, as seen in some aerial application
aircraft, or it is configured so that the force of impact causes the
fitting to cut the fabric. The weakest portion of the lapbelt system
appears to be its attachments to the floor or aircraft structures.

Aircraft occupants use the lapbelt restraint but, for the most part, do
not use the UTR. The value of restraining the upper torso cannot be over-
emphasized. For examrle, a seated passenger is restrained by a lapbelt and
his/her upper torso may weigh as much as 120 1b. In an zccident, the
lapbelt holds the pelwvis and acts as a fulcrum about wh_ch the upper torse
rotates under the force of deceleration. If the decelerztion is low, 2 G's,
the upprer torso will have an apparent weight of 240 1b, so that the occupant
can barely resist the forward thrust. At 10 G's, well within the surviva-
bility envelope, the apparent weight of the upper torso will be 1,200 1lb
and it will swing forward with great velocity, possibly hitting the head on
the instrumen% panel and the chest against the control wheel. Based on the
velocity of the upper torso and head and the stopping distance, a force of
several hundred G's may be exerted on the skull or chest. This rationale
is suppeorted by the finding that about 70 percent of general aviation
accident fatalities have fractures of the skull (7). Crushing of the chest
is common. These observations were made before UTR's were mandatory in
aircraft.

12
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Thus, for vears it has been known that UTR's would be lifesaving to
aircrafit gccupants in accidents. The double shoulder harness worn by
aerial application pilots has saved hundreds of lives. Unfortunately
there are few findings of other gemeral aviation aircraft occupants wearing
a UTR at time of impact. Of the 57 occupants of aircraft in this report
who had a UTR available, only 7 used them and the UTR appeared to have
lessened injuries. An cutstanding example of the value of a UTR is Case #33
where the occupant in the copilot seat, an FAA employee, was estimated to
have survived only because he had on the single shoulder harness.

Estimates based on accident investication experience, as reflected in
Table VII, show that of the 136 persons evaluated in the 47 accidents, 121
persons would have benefited by a UTR; the remainder would not have benefited.

The FAA has taken steps which should lead to improved cccupant
protection in survivable aircraft accidents. The Federal Aviation Regula-
tions (FAR) have been changed so that since July 18, 1977, all new itype-
certificated airpianes must be eguipped with UTR's in the front seats. For
a pilot to operate a small civil airplane manufactured after July 18, 1978,
the airplane must have, for each front seat, a2 shoulder harness designed
to protect the occupant from serious head injury when the occupant experiences
the ultimate inertia forces specified in other parts of the FAR (9). In
addition, the FAR mandate that UTR's be worn on all takeoffs and landings
by each reguired flight crewmember of a civil airplane, if the airplane is
equipped with a shoulder harness and if the sheulder harness does not
interfere with performance of duties (10). There is no provision that,
in new type-certificated c¢cr newly manufactured aircraft, other seating
positions (except for additional crew positions) be equipped with a means
of restraining the upper torso. HNeither is there provision that airecraft
manufactured before the stated date be retrofitted with UTR's in any
position. <Crash injury experiences in other wvehicles, decelerative testing
under laboratory conditions, general aviation accident experience, and the
experience and data in this report, all indicate that general aviation
aircraft occupants under conditicn of impact, would benefit from wearing
a UTR. The FAA's requirement of a UTR in certain airplanes and other
crashworthiness improvements such as removal of sharp objects, installation
of padding, etc., should reduce injuries and improve survivability,

The figures in Table IX indicate that ip roughly a third of the
occupants, severe injuries are to the head and face, a third to ithe chest,
and a third to the spine. For the most part, in accidents where the
cockpit/cabin retains its integrity and is not crushed upon its cccupants,
the severe head and face injuries probably resulit from the unrestrained
torse traveling forwaré@ against aircraft structures. For the pilot and
copilot positions this is most freguently the instrument panel or structural
members. For other occupants, head and face injuries, usually less
severe than for pilot and copilot positions, are resceived as they flex
forward into the seats in front of therm or move laterally into aircraft
structures. Chest injuries in the pilot and copilot position frequently

13
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result from impact with the control wheel or by forward flevure onto one's
own legs. Seats that travel forward, or that partially or fully detach, add
to head and chest injuries. Crushed chests are less frequent in passenger
positions, but can result from flexing forward and striking one's own knees.
Both types of injuries would appear to be lessened by restraining the

upper torso.

Spinal injuries are usually attributed to severe downloading. Overly
rigid seats, seats that break and le: the occupant "bottom out" on the floor,
or seats that are positicned over solid structures or other unyielding
structures, add to the severity of spinal injuries. Compression fractures
of lower thoracic or lumbar vertebrae were conspicuous in the accidents
reviewed.

This type of injury prokably results from downloading on the spine or
forward flexion over the lapbelt. The seat and restraint as an integrated
system is apparent when one considers how a UTR may work. Restraint of
forward motion and maintenance of the bodv in an upright position by the
UTR in many instances will increase downloading on the spine--and on the seat.
Increased loading on the spine should intensify injuries. It is thus
apparent that the seat should be designed to attenuate this increased
downloading so as to lessen injuries. The value of a seat that can attenuate
these and other forces on the occupants cannot be overemphasized. The
specifiecs of spinal injuries and seat failures should be given special
emphasis in aircraft accident investigations as UTR's become more widely
used. The overall and specific functicning of UTR's in general aviation
accidents is the subject of an accident investigation protocol within the
FAL,

The data from the 47 accidents in this report suggest that, although
variable with the specific airplane, the greatest crash protection for the
occupants of general aviation aircraft can be offered by providing each with
a UTR {with strong attachments) and & well-anchored impact attenuating seat.
This can only be accomplished though at a significant cost for newly manu-
factured airplanes and a major cost as a retrofit item.

14
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