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ANALYSIS OF US ARMY AVIATION MISHAP INJURY PATTERNS

by
James E. Hicks, Ph.D., and Billy H. Adams MAJ Dennis F. Shanahan, M.D.
Directorate for Aviation System Management Biodynamics Research Division
US Army Safety Center US Army Aeromedical Research Laboratory
Fort Rucker, Alabama 36362 Fort Rucker, Alabama 36362
SUMMARY

Recent advances in US Army procedures for the identification and
reporting of personnel injuries resulting from aircraft mishaps are reviewed.
Mishap injury data requirements based on the needs of retrospective and
prospective analyses are discussed. The requirement for these analyses to
support engineering management decisions that will implement remedial
programs to correct identified crashworthiness deficiencies is discussed.
This paper summarizes the US Army process for gathering aviation mishap
injury data, describes modifications to procedures and codes for recording
injury data, and provides examples of use of the data resulting in
fleet-wide improvement programs.

INTRODUCTION

Since the earliest days of flight, it has been an inescapable fact that aviation
mishaps will occur in spite of all efforts to the contrary. This statement is made not
in an attempt to detract from the value of mishap prevention but to point out that man
‘is an inherently fallible creature, and he has endowed the equipment ard the systems
that he develops with the same fallibility. Efforts toward mishap prevention have
reduced the US Army aviation mishap rate considerably over the last decade; however,
this rate appears to be plateauing toward a relatively constant value (Figure 1).
Efforts toward reducing this rate must be continued, but realistically one must assume
that the goal of a zero accident rate is not achievable. Furthermore, it is inevitable
that crashes will occur as a result of enemy action in a combat envirconment.
Consequently, to minimize these costs both in terms of materiel and personnel losses,
it is vital to design crashworthy aircraft and effective life support equipment.
¢crashworthy designs are, in part, achieved through an understanding of injury
mechanisms identified through mishap investigations.

Numerous papers over the past 25 years have reported the incidence and distribution
of injuries occurring in US Army aviation mishaps (1,2,3,5,6). Probably the most
salient feature of this quarter century of tracking injuries is that the distribution
and type of injuries have changed very little, with one important exception. Thermal
injury as a cause of death in survivable accidents has been reduced from 41% in 1969
{3) to essentially zero today (7,9) due to the introduction of crashworthy fuel systems
in most US Army helicopters in the early 1970's., This rather dramatic achievement
cecurred through a process of identification and documentation of the problem (mishap
investigations} which led to a practical engineering solution. Implementation of a
"fix" normaily requires a cost justification (i.e., cost analysis), but in the case of
thermal injury the nature and severity of the problem was so great that little cost
analysis was required.
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FIGURE 1--US ARMY AVIATION MISHAP EXPERIENCE (CY 1970-CY 1981)
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Although this example demonstrates the general method of approaching injury
prevention, thermal injury was a rather obvious problem with fairly readily obtainable
solutions, Prevention of the most prevalent areas of injury, namely to the head,
spine, and extremities (6) is proving to be a far more elusive objective. Solutions to
these problems are requiring considerably more detailed and accurate data than has
been collected in the past, and the cost effectiveness of proposed solutions must now
be readily demonstrable in order to justify their implementation. Identification of
mechanisms of injury and their relationsnip to 1life support eguipment (LSE), i.e.,
seats, restraints, helmets, have become primary concerns in the guest €or means of
preventing injury. Furthermore, since this is basically an epidemiological problem
requiring the compilation and analysis of relatively large volumes of data, the data
should be readily reduced to a form that can be stored and processed by ccmputer.
Recognizing these problems, the US army Safety Center (USASC), together with the Armed
Forces Institute of Pathology (AFIP) and the U5 Army Asromedical Research Laboratory
(USAARL), has developed a system of aircraft mishap injury investigation and analysis
that will be described in this paper.

CRASH INJURY IDENTIFICATION AND REPORTING
OVERALI, MISHAP INVESTIGATION PROCESS

Since 1978, the US aArmy has used & system of Centralized Mishap Investigation
(CMI) wherein USASC provides investigators for the majority of major tion mishaps.
The USASC maintains a number of investigation teams; ch consisting of three members
(board president, air safety specialisi, and recorder). Ths team serves asgs the core of
the investigation board and draws on local experitise and resources to conduct the
investigation, This system of providing a highly trained and experienced 1t
investigators to direct the investigation of most major mishaps has lmpro:
overall technical gquality of investigations by inguring & thorough and st
approach and uniform reporting methods,

yndardized

In 1979, through an agreement between USASC and AFIP, AFIP began praviding, on a
time available basis, an aerospace pathologist to perform the autopsies on fatalities
in US army mishaps. Since the inception of the program, AFIP has performed all but a
few of the autopsies. This has vastly improved the guality of necropsy data because
these aerospace pathologists are well trained in forensic methods, and they are
particularly attuned to the determination of injurxy mechanisms derived nct only through
analysis performed at the autopsy table but also through correlation with the
kinematics of the crash and damage to the aircraft and LSE. Before 1979, autopsies
were performed by local hospital pathologists or medical examiners who may or may not
have possessed the necessary interest or training to perform a comparable guality
investigation. The flight surgeon assigned to the mishap investigation board assists
the aerospace pathologist in his investigation and dees & similar injury investigation
on all individuals who survived the mishap.

As an adjunct to the onsite injury investigation provided by the investigatlion
board and AFIP, USAARL has established the Aviation Life Support Eguipment Retrieval
Program (ALSERP} which, by Army regulation, requires that all items of aviation LSE "irn
any way implicated in the cause or prevention of injury” be sent to USAARL for detailed
analyeis (8). This program seeks to precisely define the effectiveness of LSE involved
in mishaps by correlating damsge to the sguipnent with injuries (or lack of injuries)

arni o ott data Gerived from the field investigation of that particnlar mishap. This
data 13 ceoded and stoved in a compu for later usa in identifyi crends or

consistent fallure modes for various items of LSE. Once problemns th a particular
piece of equipment are identified, recommendations fer chenges in design criteria can
be made. The major accomplishment of this program to dats has been the identification
of various failure modes of the current US Army aviation helmet which has, in part, led
to the drafting of new aviation helmet design criteria (4). This pragram is also being
used to monitor the functioning of energy~absorbing sest designs which are currently
being introduced to the field.
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As shown in Fiqure 2, this combinatior of centralized mishap investigation,
centralized postmortem examination of fatalities, and systematic analysis of retrieved
LSE has vastly improved the depth and quality of injury investigation in US Army
aviation mishaps through standardization of procedures for data collection and by
using experienced and highly trained individuals in key positions.

AVIATION CRASH INJURY REPORTING SYSTEM

The aviation mishap investigation process described above provides the overall
framework for the identification and recording of aircraft crash injury information. A
modified injury coding system has been developed to operate within this framework and
provide the necessary medical, engineering, and management information to support
required remedies. Completed in 1981, the format and structure of this code are
described below. -

Overall Format of Code

The proposed code is structured to include the four data fields shown in Table I
below:

Each one of the data fields will be described separately, after which an example will
be provided which demonstrates use of all the data fields together. The proposed
reporting system provides that each injury data field will be reported for each
separate and distinect injury cause factor as defined below.

TABLE I

OVERALL STRUCTURE OF PROPOSED US ARMY AVIATION MISHAP INJURY CODE

Data Numbaer of
Field Data
Number | Nomenclature Informaticn Provided Elements
1 {dentifier Medical description of 3
trauma
2 Mechanism Physical process of injury 2
occurrence
3 Deficiency Underlying cause(s) 3
4 Cost Economic impact of tost 1
time, stc.

Injury Identifier

The trauma incurred by each occupant is reported in terms of a medical description
of the injuries and their individual severities. Injuries suffered by those regquiring
less than first aid are reported as "none." For others, the injury characteristics
shown in Table II are reported for each distinct injury.

Actual codes used for each of these data elements are available from USASC. &
major departure from previous practice is the proposed identification of injury
location in terms of the combination of an overall major body part, its aspect, and the
system involved. This is in contrast to the common practice of a specific anatomical
identification. #his departure greatly enhances the usefulness of the ccded data for
identification of remedial measures for most injury types. For certain exceptions,

TABLE II

INJURY IDENTIFIER DATA ELEMENTS

Data Element Naomenclature !
1 Location of injury {(majer body region)
2 Aspactis) of Injured Eag!cn affacted
3 . Type: of lesion
4 Body system invoived
3 Injury severity (astablished in accordance with {1}
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provisions are made for more specific injury LOPation identification. A% thisg writing,
there are two exceptions anticipated--the specific anatomical part will be reported forv
(1) spinal injuries, and (2) for head (skull) injuries. This is necessary in the two
cases listed in order to determine the specific remedial measures needed.

Injury Mechanism

The mechanism of injury occurrence is used to dPS(ribe the physical process through
which each injury occurred. The injury mechanism is constructed in 3 act-verb-
qualifier format. Two data elemevts are used--the mechanism action b") and the
mechanism qualifier. The injury location (body part) provides the - Thus, &
simple sentence is formed from standardized codes to describe the iy macha i°m such
as spine (L-1) "received excessive vertical force." Multi-year stud
injury patterns were used as the basis for sclection of the particuls mechan;amb to be
included in the lists of codes. An attempt was made to balance the reguiremsnt for
mechanism specificity with needs of engineering analysis. A4n gverly detalled code
hampers the identification of corrective actiong,

Injury Cause Factor

The injury cause factor is identified as that urnderlying deficiency (or
deficiencies) which permitted or caused the mechanism to occur., Injury causes are
identified primarily in terms of hazards asscclated with the desiyn of the aircraft orx
life support equipment (such as "seat allowed excesgive loading®). Operational injury
causes are also included such as "failed to vse restraint system."”

The injury cause factor is constructed in a subject-verb qualifier format in a
manner similar to that used for the mechanism above., Thus, the injury cause is formed
in a simple sentence from standardized codes.

Injury Cost

US Army Regulation 385-40 (10) establishes the economic iwpact of various injury
severity levels based on lost workdays, restrictions from duty, and other similar
considerations. Estimates of the cost of each individual injury suffered by =ach
casualty are computed according to these figures and prcjections by the flight surgeon
regarding the prognosis for recovery. Injury costs are caleculated by personnel
based on data provided by the field investigation. The technigue for calculating
injury cost insures that each distinct injury is "weighted" according to its individual
severity. The sum for any casualty of the weighted costs for all injuries is egual to
the overall cost for that individual.

Hypothetical Example of Use of The Injury Coede

The above components of the injury code are established for each distinct injury
suffered by each injured occupant. "Distinct" injuries are defined as those (a) with

different cause factors, or (b) cccurring te different major body regilons. This
information provides a description of the injuries, causes, and costsg in a format and

lezvel of detail which facilitates analysis of critical trends. Thus, &n injury code
such as the hypothetical example shown in Table 1I1I below is estabklished for esach
asualty.

TABLE LIT

HYPOTHETICAL EXAMPLE OF USE OF INJURY CODE FOR CASUALTY SUFFBRING MAJOR INJURIES

INJURY INJURY DESCRIPTION !(\iui;
NUMBER [Location Aspect Type Systam  Soeverity| Ast i Subiae i afitier | Cast

1 Spine, Inferior Fracture, Major |Received ﬂllowed Exc ;;;163

LI comp Loading
2 Face Anterior Laceration  Skin ‘ Maj;zr Sf_mz}-( "'.:;\‘rrdse:lgyfr‘;a;;;;;(a 54\’;}?
Clearance
e e U S - i ]

{2 Hand Right Contusion Skin Minor | Struck thf.mfe

DEVELOPMENT STATUS OF INJURY CODE

Initial development cf the proposed injury reporting and ana
completed in eavrly 198lL. This code has been partially tested in
of Army aircraft mishap reports performed by USASC with assistance of obther Army
agencies. In these analyses, the injury code was dem rated to facilitate the
identification and ranking of crash hazards in helicopter de ns, &s discussed below.
Other retrospsctive avalyses, performed by U APRL, oE acific head and spine injury

‘eis system was
ratrospective analyses
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patterns indicated that the initial code lacked suflicient specifiqity in these two
body regions, and the code has been modified accordingly. Evaluations have indicated
that the proposed code requires more injury data than the previous system but that the
data should be generally available within a mishap investigation.

Results indicate the code provides detailed information regarding injury
mechanisms, causes, and costs. This information permits critical cause factors to he
rank ordered according to the severity of their effect over selescted time periods.
This data provides vital management information regarding the need for remedial
programs. In addition, the injury causes are described in a format and terminology

which facilitates engineering solutions.
CRASH HAZARD ANALYSES

RETROSPECTIVE ANALYSES

Two levels of retrospective analyses of crash injury have been performed by the US
Army, The first used the coding system described above to identify crash hazards in US
Army aircraft. It was eavisioned that a primary output of this effort would be an
improved direction for crashworthiness research and development including the
identification of follow-on research required to define specific design criteria
changes necessary to reduce the identified hazards in current and future aircraft and

ISE.

Analyses of this type have been compieted for three types of Army aircraft; a
medium 1ift caryo helicopter, an observation helicopter, and an attack helicopter
(10,11,13). An analysis of a utility helicopter is ongoing and is scheduled for
completion during the coming calendar year. The most significant results of one of the
crash hazard analyses are discussed below. Emphasis will be placed here on those crash
hazards associated with excessive linear acceleration. Supportive information, such as
crash impact signatures, will also be provided and related to the injury causes.

Components of Change in Impact Velocity

Figure 3 shows the longitudinal and vertical components of the change in velocity
of the aircraft center of gravity during its major impact for each of the accidents
studied. The resulting impact survivability is indicated.
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FIGURE 3~--VERTICAL AND HORIZONTAL COMPONENTS OF IMPACT VELOCITY CHANGE

Estimated curves for the 95th percentile impact and for the 95th percentile
survivable impact are superimposed on the individual data points. The 95th percentile
ble impact curves indicate a "design space" for improvements within the existing
- design. The 95th percentile impact is analogous information which may be
r design and evaluation of crashworthiness features in future helicopters of
similar type. This distinction is made because the strength and crushability of the
existing airframe forming the "container" for the occupants limit the improvements
which can be reasonably proposed for the current aircraft. However, for new aircraft
designs, this limitation is not as severe due to potential improvements in the
container itself. Thus, crashworthiness improvements for future helicopters should be
based on what impacts are expected (such as the %5th percentile impact curve) and not
on what impacts were survivable in current aircraft (the 95th percentile survivable

impact curve).
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Influence of Impact Conditions on Injury

The strongest influence of impact conditions on injuries was the relationship
between vertical velocity change and spinal injuries, Figure 4 depicts the relative
frequency of back injuries versus impact vertical velocity change. This data indicates
that significant numbers of back injuries occur even in impacts of less than 20 feet
per second vertical velocity change. Analysis of these individual cases revealed other
factors had significant influence on these low impact cases. These other influences
included the longitudinal and lateral components of the impact velocity and the
occupant's seating position at the time of impact. However, the strongest influence is
shown to be the vertical velocity change. Increasing proportions of all occupants
receive spinal injuries as impact exceeds the reserve energy sink speed of the
aircraft's landing gear (8 feet per second). These results indicate that ground impact
loads are transmitted with little reduction through the fuselage and seat to the

occupants.

100., °
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607 o}
£
Y
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201
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FIGURE 4--RELATIVE FREQUENCY OF SPINAL INJURIES VERSUS CHANGE IN VERTICAL VELOCITY

Figure 5 indicates the relative frequency of spinal injuries versus the vertical
component of the peak impact forces (calculated at the center of gravity). Again, this
data indicates significant numbers of back injuries occur in relatively mild vertical
impacts. This data supports the conclusion that other factors (such as seating
posture) have significant influences on spinal injury in even very low vertical impacts
(such as less than 10 G's peak). This is important because most spinal injury models
consider only the vertical impact component, In addition, this data supports the
conclusien that after landing gear collapse, ground impact loads are transmitted
directly with little attenuation to the occupants. This lack of energy absorption by
the airframe and seat results in nearly 50% of all occupants receilving spinal injuries

at peak crash loads of 15 G.
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FIGURE 5--~RELATIVE FREQNENCY OF SPINAL INJURIES YERSUS VERTICAL FORCE



Figure 6 depicts the freguency of occurrence and cost associated with the most
prevalent crash injury mechanisms igentified for the aircraft study. All accidents,
regardless of survivability, and all injuries, regardless of'severlty, are %ncluded in
Figure 6. A breakdown of the more significant injury mechanisms by underlying cause
factor is discussed below. Figure 6 indicates that the most frequent injury mechanism
was determined to be “body struck structure" while the mechanism resulting in the
largest injury cost was "body received excessive decelerative force." After these two,
the mechanisms of "body struck by external object” and "body exposed to fire" produced
the next largest frequency and cost of injuries.
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FIGURE 6-~-FREQUENCY AND COST COF INJURY MECHANISMS

¢auze Factors Producing the Mechanism “Body Received Excess Force"

whe sngineering factors which caused the 53 instances of the mechanism "body
received excessive decelerative force®” are shown in Figure 7. This data indicates that
a large majority of the instances and the associated costs of these injuries were
csused by the airframe and seat allowing excessive leoading of .the occupant, i.e.,
during the major impact the aircraft and seat transmitted peak forces to the occupant
hich were beysnd human tolerance. The energy absorption of the landing gear,
frame, and seat failed to prot=ct thesz occupants.
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FIGURE 7--FREQUENCY AND COST OF CAUSE FACTORS RESULTING IN
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that USAARL send an individual to the scene of a mishap, but that capability exists and
is used on occasion when the situation warrants. Medical information gained from these
studies is provided to USASC and incorporated into the injury data reporting system
previously discussed., Proposals have been made to give this program requlatory
authority by revising appropriate regulations.

Since these prospective studies are just beginning, their full impact is yet to be
determined. However, this method was recently used during the investigation of a
UH-60A Black Hawk mishap wherein a specialized team was sent to the mishap site to
assist in the injury investigation. As a result of this investigation, valuable
information on the functioning of the energy-absorbing seats installed in this
helicopter was collected and certain actual and potential failure modes were identified.
Continued detailed investigations will be required to assemble the necessary data to
optimize these energy absorbing seat designs.

REMEDIES RESULTING FROM USE OF CRASH DATA

The crash injury reporting system discussed here was developed with the objective
of not only identifying hazards, as discussed above, but also providing appropriate
justification of needed remedial actions. The current austere funding environment
makes the conservation of US Army personnel assets more important, but it also reduces
the resources = ble to aid in this conservation. Any program to improve the crash
survivability of y aircraft must compete for funding with all other programs.
Priorities of all funded programs are generally established based on their impacts in
the areas of cost and operational effectiveness. Thus, the crash injury reporting
system is designed to provide output in these management terms. It must be pointed out
here that analysis or discussion of the need for eliminating or minimizing a particular
hazard to human life would be meaningless based solely on economics. For example, the
basic need for aircraft crashworthiness cannot be analyzed adequately on the basis of
the economics of crash injury alone.

However, assuming that a decision has been made that a particular hazard is to be
controlled, then the next stage in the process regards the selection of the optimum
method and hardware for actually doing the job. This is the point where the economics
of personnel injury, i.e., cost effectiveness, should enter the decision process. This
is due to the fact that the maximum overall reduction in hazard level is desired, but
the resources available are usually limited .

The concept of cost-effectiveness can be readily used here to determine the optimum
system configuration(s) by spotlighting that system which will provide the greatest
b tive benefits per dollar of expenditure. The emphasis here is on relative benefits
@ an absolute, complete value for the nonetary advantages of a particular change
cannot be .calculated whenever human life is invelved. These advantages are known only
relative to those of alternate system configurations, Thus, the injury reporting
system discussed here was designed to provide injury cost data which could be used to
either substantiate the need for a remedial action or select an optimum remedy from a

x¢. of available alternatives.

VERTICAL IMPACT VELOCITIES
FOR SURVIVABLE HELICOPTER CRASHES
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FIGURE 9--CUMULATIVE FREQUENCY OF OCCURRENCE



34-10

The identificarion and substantiation of d ]
deceleration force trangsmitted to the crewmembers . Afmv hei
above is instructive, vs shown, this hazavd was 1 ent1fjcd as the
crashworthiness problem in that aluvecraft. Egually tant, the
analysis provided substantiating data for ths just on of a
the costs of the resulting injuries. Based par 11ly on this inftorm
product improvenent g am has been initiated to oOdlL s this airc
The goal of this program is to enhance th wwvivabilin this ailx
1ncorporutlnn of crashwort ness and wvuluer i degien
is an energy-absorbing seqt which provides the max
the constraints of the aircraft design. 'This
substantial proportion of survivable impact con
distribution of vertical velocity changoes waich
survivable ilmpacts (14).
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and Army materiel developeris i ¢
off the art of crashworthiness
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The current austere fur
foreseeable futur If aircrait oras
other funding requirements, then 1’1
or research of crash injuries wmusi

Glygls

e upon

necessary manhagement and enginec‘lnd 1] basad., An imp
crash injury identification and repo :d bj tha US Army as

in this report is felt to be a key element of
provide the Eollow1ng benefits:

This system appears to

a. Identification of crasih hazards in terms readily u:
development communitv.

andabls by the

b. Prioritization of hazard corrective measures.
¢. Optimization of hazard corrective actions.
d. Justificetion of hazard corrective measures.

to tiutore data v

e. Adaptation of quirement

f. Identification of addi 2L ¥ ] coblems 1o the areas of crash iajury and
crashvworthiness.
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DFEFINITIONS AND TERMINOLOGY

Aircraft Mishap ~ An unplanned event that results in aircraft damage, personnel
injuries, or makes further continued flight impossible or inadvisable. Damage as a
direct result of hostile fire is not a mishap but a combat loss.

“rash Force -~ The maximum value of an assumed triangular crash pulse, determined

L&

ar tha aircraft center of gravity, which occurs during the major impact.

ash Hazard - A conditicn due to the desxgn or configuration of an aircraft or
iifa support equipment which may result ir injuvies to occupants in aircraft
accidents.

Crashworthiness -~ The ability of a vehicle to sustain a crash impact and reduce
occupant injury aad hardware damage.

Hazard Freguency - The frequency of occurrence of injuries resulting from a
particular crash nazard.

severity - The severity of the worst credible injury resulting from a
‘ar crash hazard.
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io y Cause Factor - The design deficiency which caused a specific injury
to occur.,

InZury Costs - The economic effect con the operational readiness of the Army due
to accidental injuries to servicemembers as calculated according to Reference [2].

Injury Mecharism - The machanical process through which a specific injury was
determined to have occurred, i.e., "what happened."

¢ Impact - That impact of the aircraft which results in the largest
tive forces being transmitted to the aircraft and occupants.

survivable Accident - An accident in which the following statements are satisfied
for at least one occupant aboard the aircraft:

a. The forces transmitted to the occupant through his seat and restraint system
do not exceed the limits of human tolerance to abrupt accelerations.

b. The fuselage structural container maintains a livable volume around the
occupant.
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Nonsurvivable Accident - An accident in which neither of the above statements is

satisfied For all occupants aboard the aircraft.

partially Survivable Accident - An accident in which both survivable and
nonsurvivable occupant positions exist.

Velocity Change - The change in velocity of the aircraft CG during the major
impact.




