
USAARL REPORT NO. 82-2 

ANALYSIS OF U.S. ARMY AVIATION 
MISHAP INJURY PATTERNS 

(Reprint) 

By 

James E. Hicks 

Billy H. Adams 

Directorate for Aviation Systems Management 

U.S. Army Safety Center 

and 

Dennis F. Shannahan 
Biodynamics Research Division 

U.S. Army Aeromedical Research laboratory 

April 1982 

U.S. ARMY AEROMEDICAL RESEARCH LABORATORY 
FORT RUCKER, ALABAMA 36362 



NOTICE 

Qualified Reguesters 

Qualified requesters may obtain copies from the Defense Technical In­
formation Center, Cameron Station, Alexandria, Virginia. Orders will be 
expedited if placed through the librarian or other person designated to 
request documents from the Defense Technical Information Center. 

Change of Address 

Organizations rece1v1ng reports from the US Army Aeromedical Research 
Laboratory on automatic mailing lists should confirm correct address when 
corresponding abnut laboratory reports. 

Disposition 

Destroy this report when it is no longer needed. Do not return it to 
the originator. 

Disclaimer 

The views, op1n1ons, and/or findings contained in this report are those 
of the authors and should not be construed as an official Department of the 
Army position, policy, or decision, unless so designated by other official 
documentation. Citation of trade names in this report does not constitute 
an officia1 Department of the Army endorsement or approval of the use of 
such commercial items. 

Reviewed: 

AARON W. SCHOPPER, Ph.D. 
LTC, MSC 
Director, Biodynamics Research 

Division 

RDlR W. WILE~ Q_o_ __ )Ph.D. 
LTC

1

~ MSC 
Chairman, Scientific Review Committee 

STANLEY C. KNA P -
COL, MC 
Corrrnanding 



UNCLASSIFIED 
s EC RITY CLASSIFICATION OF THIS PAGE (When Dat~< Entered) u J -·· 

REPORT DOCUMENT AT ION PAGE READ INSTRUCTIONS ~ 
BEFORE COMPLETING FORM ·--

1. REPORT NUMBER 3. RECIPIENT'S CATALOG i~UMBER j 
~ 

r· GOVT ACCESSION NO. 

USAARL RPT No. 82-2 
4. TITLE (end Subtitle) '· TYPE oc REPORT & PER<OO COVEREO I 

Analysis of US Army Aviation Mishap Injury 
(Reprint) 

PERCORM<NG ORG. REPOPT ;;-"-~l Patterns 
6. 

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s) i 

James Hicks, Billy H. Adams, E. i 
Dennis F. Shanahan 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK 

US Army Safety Center and AREA & WORK UNIT NUMBERS 

6.27.77.A, 3E162777A878, 
US Army Aeromedical Research Laboratory AG, 131 
Fort Rucker. Alabama 36362 

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE 
,_----1 

I April 1982 
US Army Safety Center and 

~3. --1 US Army Aeromedical Research La bora tory, Ft Rucke NUMBER OF PAGES n , 
AI 

J 8 ___________________ ! 
SECURio Y CLASS. (of this roport) I 14. MONITORING AGENCY NAME a ADDRESS(If dllferent from Controll/n~ Office) I.S. 

I 
i 

UNCLASSIFIED i 
15a. DECLASSIFICATION/DOWNGRAt)iNo~ 

SCHEDULE 

16. DISTRIBUTION STATEMENT (of this Report) ·------1 
Approved for public release; distribution unlimited. 

·-r·-:D" TR< SU T< ON H A "CEM<N T (o< U.o •••"•o< ~<o'"d <• R<ook >0, U d<U••=< <rom Ro<•••<J 

t 1 w. __ su!"f.,L EMENTi\RY. NOTEs • • • _ 

I lh1s report 1s a repr1nt of a presentat1on made to Aerospace Med1cal rJne1, 
r AGARD, 26-29 April 1982, Cologne, Germany. It will be published in the pro­
f ceedings of the meeting 11 Impact Injury Caused by Linear Acceleration: 

f 

---

I Mechanisms, Prevention and Cost.~ 
}~;~:""·;(EY WORDS (Continue on reverse side if necessary and identify by block 11ut:.1ber) ----------~~--------1 
I Aircraft mishap 
~ ~,,jury · 
I A~cident reporting 
1 Crashworthiness · 

, Injury coding -~--- ---------------··--j ~u~ AEISTRACT (Caalmue ""'N>vero;" aio ff n<a-c.,-saary atld lduttUy by block nwd""r) 

J

' Recent advances in US Army procedures for the identification and reporting of 
personnel injuries resulting from air·craft mishaps are reviewed. Mishap injury 

i data requirements based on the needs of retrospective and prospective analyses · 
1 are d·iscussed. The requirement for these analyses to support engineering man-

'
~ agement decisions that \<Jill implement remedial programs to correct identified 

ct~ashworthiness 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, an9 provides examgl~J~Pf use 

00 FORM ]rr.t EDITION OF ? NOV 65tS OBSOLETE 
l JAN 73 .. ,~ UNCLASSIFIED 

SE.CU!l!TY CLASSIFICATION OF THIS PAGE (!fh.,.. Dsta Entered) 



IINCI ASSIFI 
SECURITY CLASSIFICATION OF THIS.R·A'GE(When Data Bntetod) 

of the data resulting in fleet-wide improvement programs. 

I 
--~~·~-J 

UNCLASSIFIED 
·----· -·-------

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 



ANALYSIS OF US ARMY AVIATION MISHAP INJURY PATTERNS 
by 

MAJ Dennis F. Shanahan, M.D. 
Biodynamics Research Division 

34-l 

James E. Hicks, Ph.D., and Billy H. Adams 
Directorate for Aviation System Management 
US Army Safety Center 
Fort Rucker, Alabama 36362 

US Army Aeromedical Research Laboratory 
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. ·rhis 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 and 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, 
t~is rate appears to be plateauing toward a relatively constant value !Figure 11. 
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 environment. 
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 (1,2,3,5,61. 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 411 in 1969 
(31 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 
occurred through a process of identification and documentation of the problem (mishap 
investigations) which led to a practical engineering solution. Implementation of a 
"fix" normally requires a cost justification li.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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Although this example demonstrates the general method of approaching injury 
prevention, thermal injury was a rather obvious problem with fairly ~eadily obtainable 
solutions. Prevention of the most prevalent areas of injur.y, namely to the head, 
spine, Hnd extremities (6) is proving to be a Ear 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 inlplementation. Identification of 
mechanisms of injury and their relationship to :cife support equiplJlent. (LSE), i..e., 
seats, restraints, helmets, have become primary concerns in the quest fot means of 
preventing injury. Furthermore, since this is basically an epidemiological p~oblem 
requiring the compilation and analysis of relatively l.CJ.rge volumes of data, the data 
should be readily reduced to a form that can be stored and processed by computer. 
Recognizing these problems, the US Army Safety Center (USASCl, together with the Armed 
Forces Institute of Pathology (AFIPJ and the US Army Aeromedical Research Laboratory 
CUSAARL), has developed a system of ai~craft mishap injury investigation and analysis 
that will be described in this paper. 

CRASH INJURY IDE:tJTH'ICA'.l'ION AND REPORTING 

OVERALL MISHAP INVESTIGATION PROCESS 

Since 1978, the US Army has used a system of Centralized Mishap Investigation 
(CMIJ wherein USASC provides investigators for t~e majority of major aviatio~ mishaps. 
The USASC rna i.ntains a number of investi.ga t ion team"'; e:~ch co;1r; is ti nq of three members 
(board president, air safety specialist, and recorder). The team serves as the core of 
the investigation board and draws on ~ocal expertise and resources to conduct the 
investigation. This system of providing a highly ~rained and experienced team of 
investigators to Clirect the investigation of most mc,jor n:io.;haps has !.mproved tlw 
overall technical quality of investigations by insuring ~ thorough and standardized 
approach and uniform reporting methods. 

In 1979, through an agreement between USASC and AFIP, AFIP began providing, on a 
time available basis, an aerospace pathologist to perform the autopsies on fatalities 
in US ~rmy mishaps. Since the inception of ~h& program, AFIP has performed all but a 
few of the autopsies. This has vastly improved the quality o: necropsy data because 
these aerospace pathologists are well trained in forensic methods, and they are 
particularly attuned to the determination of injury mechanisms derived not only through 
analysis performed at the autopsy table but also through corrAlation 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 intereot or training to perform a comparable quality 
investigation. The flight surgeon assigned to the mishap investigation board assists 
the aerospace pathologist in his investigation and does K similar injury investigation 
on all individuals who survived the mishap. 

As an adjunct to the onsite Injury investigatJon provided by the investigation 
board and AFIP, USAARL has established the Aviation Life Support Equipment Retrieval 
Program CALSERPJ which, by Army regulation, requires that all items of aviation LSE "in 
any way implicated in the cause or prevEntion of injury·' be sent to USAARL for detailed 
analysis (8). This program seeks to precisely definr: thG effectiveness of LSF: involved 
in mislHps by correlating damage to the <equipment \•lith inj11ries (or J.ack of injc1riesJ 
c:~:< otL·:!c di:i.t.:J. c'i€~.tived from tl1e f)'.Ed.d invG-sti<:Jation of th.E\t r .. ·L~rt.icnln.r mishap, 'l'his 
(}_ata i::~ cotl.<:~d t".nci sto1·ea in a cow; _ _:,u·-. .r·_:_~ for let:e:r us::-) iz, identifyir!,_· (·_j~ends or 
consist.ent L::lilur.e modes for various item~; of LSE. Once pt'•Jble1,1,3 •dith a particular 
piece of equipment are identified, recommendations for •ohi.'~'''J'-'S in d("sign criteria can 
be made. The major accomplishment of this program to dat2 h2s been the identification 
of various failure modes of the current US Army avi~tion hAlmet which hns, in part, led 
to the drafting of new aviation helmet design criteria (41. Tl,is pragram is also being 
used to monitor the functioning of energy-absorbing scat designs ~hich are currently 
beiny introduced to the field. 

FIGUI~E 2---·i~JGRY INVESTIGATION 
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As shown in Figure 2, this combinatio~ 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 distinct injury cause factor as defined below. 

TABLE I 

OVERALL STRUCTURE OF PROPOSED US ARMY AVIA'riON MISHAP INJURY CODE 

-----·· 
Data Number of 
Field Data 

Number Nomenclature Information Provided Elements 

1 Identifier Medical description of 5 
trauma 

2 Mechanism Physical process of injury 2 
occurrence 

I 3 Deficiency Underlying cause(s) 3 

4 Cost Economic impact of lost 1 
tima, etc. 

!ni~ry Identifier 

The trauma incurred by each occupant is reported in terms of a medical cescription 
of the injuries and their individual severities. Injuries suffered by those requ~ring 
less than first aid are reported as "none." For olhers, 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. A 
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. 'J'b.is is in contrast to the common practice of a specific anatomical 
identification. This departure greatly enhances the usefulness of the coded data for 
identification of remedial measures for most injury types. For certain exceptions, 

·rABLE II 

INJURY IDENTIFIER DATA EI,Et1ENTS 
··-~ .,._..__,~ ......... ~c-~- ..... -,~~·~·~·-1 

Data Element N~mandaturtl 

! Location of Injury (n~ajor body region I ·---~~ 
Aspactlsl of Injured region eff<aot&d 2 

~--------~---------
Typ~ of lesion 3 

4 Body system Involved 

5 Injury severity (established in accordanco with {1)) 
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provisions are made for more specific injury 1 caticn identification. ht this writing, 
there are two exceptions anticipated--the spec fie anato111ica.L par:: viill. b<: repo•:tcd for 
(l) spinal iniuries, and (2) for hend (skull) njuries. 'rhis is necea><ary ir, the t~10 
cases listed in order to dntnrmino the speci[ic remedial measures needed. 

}njury Mechanism 

The mechanism of injury occurrence is used to describe the physical process through 
which each injury occurred. The injury mechanism is constructed i11 a subJect-verb­
qualifier format. Two data eleme;·,ts ztre used·----thc 1nechanism action ("'Jet-b") and the 
mechanism qualifier. The injury location (body part) provides tho subject. Thus, a 
simpJ.e sentence is formed fr:om st.andal"dized codes to describe llle in~ii:-1:CY mec!Jt.)n.i.sm such 
as spine (L-1) "received excessive vertica 1. fence:." M'-llt·.i.~yc,ar st.uc1;G!i of avi.a·tion 
injury patterns were used as the basis for solect1on of the particular mechanisms to be 
included in the lists of codes. An attempt was made to balance the requirement for 
mechanism specificity 1·1ith needs oE engineering analysis. An g_verly_ delcd.lcd code 
hampers the identification of corrective actionB. 

The injury cause factor in identified as that underlyi!!g def-'.ciency (or 
deficiencies) which permitted or caused the ::1P.chani.sm to ocr:u.r. Injm:y ce1uses are 
identified pr·irnarily in terms of ha~ards asc;ociated Vlith Uw dc.>.i.<J'l of t:he aircraft or 
life support equipment (such as "seat allowed e~cessiv~ loading' 1. OperationMl injury 
causes are also included such as "fail<,d to use res'ti:aint sy;;·cenL" 

'rhe injury cause factor is constructed in a subject-v"r·b qualifier fcnnat: in a 
manner similar to that used for the mechanisrr. above. 'J'hu;j, t.he injury cause !.>> for:rned 
in a simple sentence from standardized codes. 

US Army Regulation 385-40 (10) establishes the economic impact of various injury 
severity levels based on lost workdays, restrictions from duty, and other similar 
consideJ:ations. Estimates of the cost of each individual injury suffered bj each 
casualty are computed according to these figures and prcje~tions by the flight surgeon 
regarding the prognosis for recovery. Injury costs are calculat:ed by USASC personnel 
based on data provided by the field investigation. The technique for calculating 
injury cost insures that each distinct injury is "weighted'' according ~o its individual 
severity. The sum for any casualty of the weighted costs for all inju~ies is equal to 
the overall cost for that individual. 

The above components of the inju~y code are established for each distinct injury 
suffered by each injured occupant. "Distinct" injuries are defined as those Ia) with 
different cause factors, or lbJ occurring to different major body 1·egions. l'hi:; 
information provides a description of the injuries, causes, and costs in a fo~mat and 
level of detail ~1hich facilitates analysis of cd.ticC~l teE:nds. 'f'huc-;, ca injury code 
su~h as the hypothetical example s~own in Table III below is establicherl for each 
C11.Sual ty. 

HYPOTHE'riCliL EXAMPLE OF USE OF INJURY CODE FO!< Cf,'P,LTY SUffJ>HjtJG 2·1/I,JOR INJfJRIE:3 

DEVELOPMENT SrATUS OF INJURY CODE 

Ini. t ial development of the p.:oposed in j'il:y repor.t.J. ng and ana Jysl s sys tern was 
completed in early 1981. This code has been pertially ~ested in retros0nctive analyses 
of Ar~y aircraft mishap reports performed by USASC with assistance of ot~e~ Army 
a.genc.1.es. In thesn aile>. lyses, the inju.1·y code \·laG dcemor-.c;trated 1:o fi'cil.i.tate the 
identification and rGnking of crash hazards in helicopter dcsiqns, as discussed below. 
Other retrc39ectiv~ an0lyses1 pcr·formed by C3AARL, o£.specific·J-~eud and spine injury 
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patterns indicated that thP initial cod0 !~eked suf[ici••nt specificity 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 be 
rank ordered according to the severity of their effect over selected 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 envisioned 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 

LSC. 

Analyses of th~s type have been completed for three types of Army aircraft; a 
medium lift cargo helicopter, an observation helicopter, and an attack helicopter 
110,11,131. 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 
surv!_y_~_tle impact curves indicate a "design space" for improvements within the existing 
air·:>·:-Ji:. cesign. The 95th percentile impact is analogous information which may be 
~s~'ul for design and evaluation of crashworthiness features in future helicopters of 
similar type. This distinction is made because the strength and crushability of the 
.;xisting 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. T!lus, crashworthiness improvements for future helicopters should be 
based on what impacts are expected (such as the 95th 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 Injurl 

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. 
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FIGURE 4--RELATIVE FREQUENCY OF SPINAL INJURIES VERSUS CHANGE IN VER~ICAL 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 
conclusion that after landing gear collapse, ground impact loads are transmitted 
directly with little attenuation ta the occupants. This lack of energy absorption by 
tha airframe and seat results in ~early 50% of all occupants receiving spinal injuries 
at peak crash loads of 15 G. 
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Figure 6 depicts the frequency of occut-rence and cost associated witL the most 
prevalent crash injury mechanisms identified for the eircraft study. All accidents, 
regardless of survivability, and all injuries, regardless of severity, are included 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. 

!njury Mechanisms-ALL Duly Sbtions 
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FIGURE 6 --FREQUENCY AND COST OF INJURY ~lECf!ANISMS 
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'2he 2ng ineer ing factors which caused the 55 instances of the mechanif;m "body 
received excessive decelerative force" are shown in Figure 7. This data indicates that 
a large major j_ ty of the instances and the associated costs of these .injuries were 
caused by the airframe and s~at allowing excessive loading of .the occupant, i.e., 
during the major impact the aircraft and seat transmitted peak forces to the occupant 
\'Jhich were bey,"nd human tolerance. The energy absorption of the landing gear, 
airframe, and seat failed to protect theS·2 occupants . 
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FIGURE 7--FREQUENCY AND COST OF CAUSE FACTORS RESULTING IN 

"BODY RECEIVED EXCESSIVE DECELERA'riON F'ORCE" 



Usinq a t(;chn.:.que discu:.:sed in a previol\o::l L8t!Ort (1.3} 1 the~ colnbj_nr,.t:i.on of tht~ o.bouc 
injury mGcl1anismf~ ~nJ ctlllr;e factor8: fJ:equen('Y; seve~itv. end cost ~llS anulyzed to 
jQentify the criticnJ .:.:r~tsh i1a:ta+~d~l f(_li ~·.hi.~; typ~-:; ai~·ci~?.f~· .. 'l'ht:: rno~:t: n.ignif.;_c.~d1t c:;:c· 
highest ranki119 crash hazar·d iClE~ntiL5.~d \·:a_-.' t·hD h2.za:o:1 ;:])ody rr:-.,ceiv::;d .'?:~u::r~ssive 
d.ecclerative fOi."C(--! '1lhc:n the ,;~j.rcraft an.J/or ~!e,).l (.J.lO',c.TC:!d C}~CeflS~V~_. lc::;.6J.ng r 

11 l\f-j f:>te.ted 
above, the <~nc:r:gy E1bsorption ca.pabj_l_it'{ ot -..:iu~ ],,._r1d.\.ng qc.;u-:, ,':_.~:c-t:rliifl(~, .:.;J_ncl sea\~ f1-;1.ilod 
to protect the occupants, ~leco_Ll.SC any cha;;?':? to i·.fv: st~.c:·cn-~t:1~ . .:.t1.cl r_:cc.'::h:_·i.:;il.i.1:y of -~t~t?. 
ai:cf.r.ame and landinq geox v;ould. reqnire d_ [··.V:ljl)l~ mod.if ~-~.at:.icn (;;: ;:r~d.l_·~·,:,)i·~Jil, -;_·;_. \'lou1d ned,~ 
be feasible to effect o. chD.ngo i:.o thesE:' syst.:.elH2.. Ci-i(.nqr;.:; wot.l.J.~~~, c-~1~::;.-"L!f(,..·(c: conG("!nt:t:a!:e 
on the seat. Figure H depi.ctn ;:he :.:esoJ_Ling tJ.ef.i.cir:~tv:~y cn~·d ~_:·~lC :-~;_j':HJC~J:.t~d ~!)·-yr~a:c 
potential c0st reduction. 
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vcxil·:\{~~ lf•1f1Sd f,-;N-::-fH:r 
d~plr;~cd ~~~ tirr!H,<\} t: t.~~~d :::. 
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It. should be noted thu_t a modif.ic~d ~->t~:st. cannc~:. be ~n.-:lJ.J_y deH~.gne-d to D_bG()J.b suffi(~ient. 
energy for alJ. impa~t levels £~JC)Wll il1 Vigure 7. 1~ a~.so ~(lUJ.d not he cost effe~tive 
because the seat survivability wouJ.J ;1ct be c~omp~cjl)le wittl tJ1c ~urvivabi.J.ity limits C)f 
the a.irf:came, It, i:.!1f~1:e{(.JJ."<:"~, bc:cornc:·s nece:·_;sz-.ry ~·.c, opr~irni_z{~ the SE.at );:~·;)vi.c1!.neJ tl1e 

~~~ ~ ~~~~8 p~~~~'~: ;, ~~t/ 1 ~·~:;s ~ 'i~,~ ~~;:; , '' 1 ,',!\c~: ~~1 J ;~; i ~,~ t ; n~~: ":~l~ac·:', ~:~; "r ~~ :: ~;~·~,j,,~;n;. t) ~~~ ,~·~<, ~ ~ t .l nq 
rationale forth(~ lnit.iat~_on D.O(! :·>·J~Jst.r·r~·:j.r:tt::on or (~I! 1\t'a\y pi.:~;,sp:.~aHl t._:"f U::::v0~lop SUCf! nn 
optilnize,} r~r2at CJ.s \·Jj 1 i ::-.;J c1i·:~cu-~t:·.~d J .. ~t.c;r. 

Ret\}rning -1:-.o the OVf~r.eJ.l ~-YPC::~~-: o: c·· 1~-r-. ':l;"f'/ir;·1 an· lv.~;:·c t:1r.r. E~~~~:or:O .:.c~v ... :;J of 
a!1<1ly~_;i~-. o.:1cts .it..,_;_~·jr~.t.t::( L'l r.;~~/\1\t~r~ (-.~.lid. i~ ·;'--'·t;J;::~~ ·~~?~~cif'j~r;_-·~~~~~],~,:.~;·j_~ oi~ ,:..:.:E.n~J o.t cor~ccr·n 

~~~~:~ ~ i. ~~ i ~;:. ~. ~~· f ·:) . P. ,·,. ~ .";"~ ./:r·",1; ::~ 1i1 ;'; e ;>/)~~('~:~ f. t~:.· i ~;o;i~P~;, ~~:~1 ;~;;\ ~\:;:~~~\~f• 1 ~:" i rw 
beneficial exto;~s~:..)n c·:: ·~~-,t_-~ -~·,·, ··1 :JJJ .:Lf(~ ~.)lJ.ppt=.:·(L r·:ql~.ip1n~n-~~ 1-·,:-~tt_ Lcv<:~1 Pr:(Jgrr:.m, r~ .'3t-udy 
.·}f h8tld t /ac:;~ f ,_~r·.C. i:'!.;.~C·'~ :_ .. jn:r~ >-~ · 2-~J.J -,~t----;c;{:'Lt_ U[; l"_.rt)_v :..'.vl a':.tc.~n n:iz--:.h.:.i.fJC:; has }JG-Htz 
completed and, a:~ rner;L-._ .. nn(~c:t cd·:ov-:-),. '.:..r~t;· _i bnt ·-"l t-. . .:: 1: ~-Jf.· i_(,~~~1·tii ica·(. iufl of s; .. )PCific- .L-~,·~r~~'ict 
hazar-ds and recommendations for chcJ.ilq-::-.~-~ .Lr. h!:;J:~·~(Co(. de~.iS_fr; :.:;r·ite.r~.~...._ ((!?:) Rnd tti:1pub.!.inhed 
0-:.t.:'_ ~, C\u:;.ent.j_y, l:~ ~;t.u6y '-")f c·b·--;c -~.-v~~ 1":ion h(:<;_~_cor_)t~er F•.:.2he..p~~ ~~ i~·t pl·,y~:~-(~q::• f•.nd is 

{ ~:~ ~ :; ~ ~~d~n i ~~p~~ i ~! ;~ i :,~:~l~ i ~· ;~~:'' :1 1~ ~ ·' ;;'~ ;;~~'';'~~: ,\~',i, ~ • ~;! \ :~~,;~ >·;:n r ;c ;. ·, ~:3 "'1, ,,~:·~. j~~ £,::~;~~~s ~~ of 
a.t~'/ l.~otrr).l:it pr:og:.~c1lil t~o :.nlp:r.::1vc- ;}f';l"ltin~1 .f.tJ t~ii;:: tH-=:.J_icc:~ptt:::·l." ~~. l.J /l(:t.~·:C::~"\d -.:.··n 2-•1~ 
~d\'cliltageo~s c·ost·-ben~tl{: ~llf.·1ysl 

Pl~OSPEC~IVE ~;TUDIES 

In .:>.n at~·.t~lnpt tc.r fn:r_:th~2:-· 1 mpt:t; 

USAl\hi ho.s .i.n.i..tiat:cd a F1·n:;1.-:-a:~1 
· 1 rl.:,(.d ~:·~.·J·~<"-.~CtE:d f:_i~!)J~ frU .... 1hf:_tJSt 

... d,. · 1 :1. !. i··-:-e ~!·~ c:\ p-1.~osp .. Lctive 
manner. ~rhi'-~ ptogrum .is be.i.c~ r;':' .c:•.(} j;, t)~,_~,Jcr~ t~. ,_,·t~.~ •?J ... ~~ ,__:.~~ ).L.-'1'-J"'·\.: ·~.s 
pl:-ecisely as posgibJr: }_(l ;;.I:s.:~;--: . _ , ~-; tJ[::..r. . ._.::,_·,._:~(~ 1. ;_,.:;::c-.:.1. i:·c•:.~.:-- l·:1 i ~ii::~r~ ·to:r:· J.."f;E arJr~ 
qeneruJ. craF-it1'··!()£'th!;.I:.P:S~~ ~-r~:~:.;· C 1 (:;.,· ' .... ~ ·.::.1·"··-·;~l·t"t~~.l._'r' 7 .1- .1.:· p··:n.-_-; -~:;,'\ -~~j ~0(~\)_[.:';-;~llq f.)l'J 

injur i~1~J to lhe bead a i'-c· ·_,.:::., l :-. ·rlJ .. • :-;;. l~ct:3(·d Git ,_l·,t·: {:~~: 'ib .. ·i·. t_·,LH~::.:o:; JLNO nr:·(;:o.s 
encompass ovr3r a tl1ird of a11 r.:jui_j_c~: r_;nn'.ain(~('! <!-( Uf~ f<tl:itY n-.Ji~~·;,io~CJ miB.1:t;.Jf:l. (6) a.nd 
because of emphaHis iLl t.he UB l\J~n~y on p:::-utq.-::t:.]n;-1 C•i a (lf-3\·,, 5 c.~tt:-:CJ'·.~t:2·C' fl.iqhi: helmet and 
the introduction of: t~:H~~rqy--nb.Jo.:rb)_ll~) ~,(~d~· d_[~=t~: !~J(tf: 

1.'hrough syHtemati.c coc,;:.,(iinat.i()Jl ~·:ith fJSi-J~Cr rJGJ .. i\K.L ·.,~ .:.:-~2;:~ .. _~:a.~r:. ol: .~-:.11 illlSh(:<.p;~ 
inv.-Jlving inju:r:y 1 UHla_l . .iy w.:i.tfi.).ll 21 hnn·-:s of ~~:-,.~ 1;t.:.:-·;L,;:.p, l( ~.nju~:l0.r.; c(;cu~~ in one of 
the specl f ic a:r et:t~3 of .Lr.l_-:.r:: r: 8:·i-t .. cbr_:: [ -~._;qt.: . .;:_,:,;:!]Got· c•_n!--~ J.r;;t! ~d. i-:.c ·;_~he irl\'f.:.':3·l: :tga t i~._)n is 
c.:ontact(~d :E~.nd rc:•cJUc~;ted to r:Jt·D tl.\~·~~ .1e·i-.. -::iJ.e,J tJ(:dj.(;.~:; 1 .l.n(Of"fl,Eitic~·; (E~CiJnir~£i'J}i ltir;t.o.(y and 
physicct1 1 pi1otoql.·a.1!hs o£: _;_,."~ -~-ti.:r); ~)·:)f~(;_; _ _:j c i•1·~·.: ... ~•J.:l:E.:In~.:\-:.~ (_::f ~~·:rtc-:•.LV';I inj~_i~~y t p..-.::1~cinent 
labo;:z_-\_tury rJtJ.t~a, 'i.~{~_diG9i·~·i!);~~Si ~l.lid .~·~r::c.L'~~) ;·J~~}; .:,s-; ,:=J_ll ;n::;~' 1L.i_~lC:{lt. .t.SE .(OJ:" Etl·:,:~lys:i.s. 
Suggest.J.one. way nJ ::.,o h,::~ IXJ<J'.\·2 f~:Jr o" :_:_~'5.nj_n\~ c,~:/ c: ~:'.-i..\.i:.j.oi~li~J )');·l_:_e ct:·?.t.~;_ requL~(<;:;<:i. This 
r i.eld d;:d..~.a i~-j Lht~i:""! !;l!.:-\l~-/'.2: :~~·1. by l:·:·.~:-r:i L:.~: ·'·~·!(; ____:' 'J! 'L·: ~r.---: i:() c;~.el:'r:-L: nc~ !:.i:A ~.1-'.~Cb,:-,:_ni.~'HW. of 
i.njtJ~.y ~l.:-l 2·~~·.::-r~_;:;:lt.. t:r · 1 ~-~ _,:..·:I; /~;. -··: ·. · t_. ·,-!:-. ')(~· ·:~c.. ~~t-ac-;':~_Jc;lJ :~!e.&.n}-i of 

i"'. .' r .... 

. 3_.i.)d anctl.y· ... :·-:.~;1: -:_"]':•. ;:,_, 

i..CC.J.'d 1~:red CC.:.~ r~L~·!l '"::! · .• -. !___:· 

~[~·(_/_.·;_-(,~· l:.: ~on ·~:.r.:.1! lY~ r.>)~ .. ! '0.:ct-.ed 
(! r __ (;_-/ ._.~d_(~·j,_,j()ff,_ 1 .1 l(I~:.:.L"l\•{.t-ion 

I -!-I .'=~ ·:~l:f'';;.;:;.-·u~. {:~'.).:~-.:.; .'t. ·r-:"":":(:-u5.I:es 



34-9 

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 regulatory 
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. 

REt-lEDIES RESUL'i'ING FROM USE OF CRl\SH 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 conserva~ i_on of US Army personnel assets more important, but it also reduces 
the resources .' '-',' -~ l.cble to aid in this conservation. Any program to improve the crash 
survivability c>f Army air-craft must compete for funding with all other programs. 
Priorities of all funded programs are gensrally established based on their impacts in 
the areas of cost and operational effectiveness. Thus, lhe 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 tha~ 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 configurationlsl by spotlighting that system which will provide the greatest 
n,;L•I~ive benefits per dollar of expenditure. The emphasis here is on rco.lative benefits 
c~•ce an absolute, complete value for the ruonetary advantages of a particular change 
cann0t be calculated whenever human life is involved. 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 
set of available alternatives. 
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,.i1he ide 11 t i_ f i C~!_r_ i:J n o. n.J. sc l::.B tan i.: i. 0. L i or~ ()£ t ~!(~ hr--:.? c :r· J:€~q F.t:rcu_ nq t~xc:e G s J.. ·;e. Vt:: r t icr.:. l 
deceJe;:-at.ion fore~~ t:r:-~in~Jmitted. i:o the ct·e· ... ~mE-:rt~b~l_·s of he Arn1:; hel.:.copt::'2:x- 6iscussecl 
above is tnstruct.:ivE::. i\s shov1:.1, lhir; haza~:d '!lc~~::. idE;.nt fle-d es t.Lc west e:tit·Jcal 
crashworthiness problem in tl1at ai1:craft:, Equ8l}y import~nt, the ~esul.ts of this 
analysis p:covided substantiating data for th:~ just:~iiceltion of o. ~~~:.i.xn in the form of 
the costs of the resulting injuries. B&sed partially on Lhis intormstion, an Army 
product improv~ment progr~m hns been initiated to aa~~ess ~llis.air~raft/~eat deficiency. 
The goal <Jf th1s program 1s to ent1ance t.he stl~J~Vilb~~J.~Y C>L t11ls UJ.rcr·afc by 
incorporation of crashwo1~thiness and V\llner~l)iJi~~ ~~6•;c:tion de2i.9n feattlres~ I11cluded 
is an energy~absorbing se~t ~1hJ.cl1 provides the 1Daxj.mu1n ver~icaJ s~:rok~ fea3ihle within 
the constraints of tl1e aircrai~t design. This sea~ wiJ.l prcvid2 ~CcJtec:ti0n fo~· a 
suJJstantial proportion of survivabl.e i.mpact coniitiot~s. Figu~2 0 indicates a 
distribution elf vertical \'eJ.oci.ty chfi01C!S ~1~1icl1 i.s gener~ll.y ~cce1~ted ~:o daac~lbe 
survivable iwpacts (14). 

Superimposed on this di~t·.~:i but.i.on aJ:.s (~:-.~r.j_ttta.ccr~ [(n_· th0. s·i~r;(~Ilqi:.h o{ the r-.;..Lcc:raft. 
landing gear ·Jorsus the t.~~~:!s:Lgn o.f: the en.c:r-gy·~rtb;.j~.)Lbi·;1~; :Jor1l'. (].~)). ·rheB€ f:Htiiu~tes, 
\:aken together 1-1ith the cut·rcnt j_njur·y cx.pcri.enc'" "'' c:\ioc\L''~;ed ear.li.er., indicate that 
substantial personnel loss and cost reductions will occur. when the seat is fielded. It 
is remarkable that this modification (involving- ir:corpo!.·i·.tion o.f E<n enargy~·absor.b.:i.ng 
seat and some mod,i.f.i.ca.tions t~o aircr-aft ballist:.ir: ctr::·nor: 1,·.'.t.:.J re;3u1t. in little or no 
aircraft weight penalty. This is certainly a tribute to the aircraft manufaclurer's 
and Army materiel developer's inno\,C\ti.ve desi';;n ?J.PE)Z"Oac~~ bni:. aJso to the advanr.::!ed sLate 
of the art of cra.sbNct:thi.ness te::lmology. 

CONCl,US l0N:3 

f ore·~~!a~~~ r~~:;~ u~~~; te~~ !~~~~~- ~~ t'~~;: ~~~il!;,:~· ~ i \'db~~~~~~";:,;~~~;~!~',:~ n ~~: !.~~r~::~~c c~~~p!~~ "'it h 
other funding :r.·equ:ij~emf:.·~nt.f-; 1 thr~n {.tll }_)8J.'SOni.it:l 1.nvol.vc~a in ~:L-~-; inve6t..i.9u~~ion,. Hna.1.ysis 
or research of crash injuries 1nust strive tcJ aciti.nve ~n s~t1a11ceJ data base 11pr>~ whicll 
necessary management and eng .-i.neet' i ng due:- j_ :_d.nGr> (_~;,1 u be log i.cally bD.s~:~d, l\Y! .i.mpJ~·Jv·f~d 
crash injury identification ~11d reporting syst·0~1 J~1~~:Lop~:d by the tiS A£my as described 
in th.i.s n"pOr.'t is felt to be a key eJ.<e,nent of Uli.:3 eequin~,n~::t. This sys'c.em appears to 
provide the following benefits: 

a. Identification oC ct·~~:5JJ ha~a1:ds 1i"~ teJ:ru~; :r~o.:-J.di.Jy u -~{rl:f:;:,;Lcu:dr,.bl2 bv ~-.he 
development community. 

b. Frioritizatiol1 of hazard correc;ti\'e measttres, 

c. Optimization of hazard cor>:ectJ.VE• actions. 

d ~ Just if ico.t j_on nt hazcu:cl. co1· rec·ti ve rneasure~:.. 

e ~ Adaptat:..Lon of cod8s :.c {'uc.ut·t~ (rat.a J:E!qu.i..r.·ewen~:~3 

f. Identification o[ additionF·.l ·n,se:>'.~cn pl·oblc,:n:; ',·. the are2,s of crash J.nyn:y and 
crashworthincss. 

The ove1~all goal of ~ny c~asi1 i1,jury r:LalytiiE i.3 i_() 

Gr:~igns tor Cl..iJ.l"C,"lt: D.nd fut.u1--~! ~\i ·ccr,~.ft., Bi.L:;ed up._:-·,-
Gva~~ll imp;tsl ~Jt thj_s ill0dif~ed s~st:e~ c-£ cr~lGll ini 
wiJ.l ~etc provii!~ LhR resprn:~1.ble p~:oject I~dD0~/218 
:r~GC.\;HnerH~.c~d ..._;_rasl·J\·lOJ:tn.i.Pess iaq_)rr)vemc.nt!; -; 1~ Tie·.·] ,1_:·\c: 
eqt1ipment dGsigns. 
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DBFINITIONS AND TERMINOLOGY 

Ai~craf~ Mis~ - 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. 

Crash Force ·- The maximum value of an assumed triangular crash pulse, determined 
ai:. the aircraft center of gravity, which occurs during the major impact. 

cra~h Hazard - A condition due to the design or configuration of an aircraft or 
iif<J support equipment which may result it! inju1:ies to occ:Jpants in aircraft 
accidents. 

Crashworthiness - The ability of a vehicle to sust<o.in a crash impac't and reduce 
occupant in)ury .. ~ .. ci hardware damage. 

Hazard Frequency - The frequency of occurrence of injuries resulting from a 
particular crash ~azard. 

£!a_z~:E.<:"'< <>_e'.-erity - The severity of the worst credible injury resulting from a 
pai.icu:ar crash hazard. 

Ha~ard Cost - ~~n sum of the costs of all injuries resulting. from a particular 
crash haza-: 0- ~---

::n.il.'!Y. cause Factor - The design deficiency which caused a specific injury 
.~0c ;anism to occur. 

~;ry Costs - The economic effect en the operational readiness of the Army due 
to accidental injuries to servicemembers as calculated according to Reference [2]. 

Injury Mec~.H.~_?m -· Th(o m~chanical process through which a specific injury was 
determined to have occurred, i.e., "what happened." 

H&j£r -~pact - That impact of the aircraft which results in the largest 
decelera~ive 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 
.si\tiS!'TedforaTCci(:cupant>: aboard the a i.rcr aft. 

Part i~J:l'_§_g_E_~i va!?_!..§:__Acci.denl:, - An ace ident in ~1h ich both survivable and 
nonsurvivable occupant positions exist. 

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


