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NOT1CES

The findings of this report are not to be construed as an official Depart-
ment of the Army position, unless so desfgnated by other authorized docu-

ments.
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This study was initiated at the request of the US Army Training and
(TRADOC) .  The analysis was performed by a study team

Doctrine Command
The US Arnmy

with representation from various Army agencies and commands.
Agency for Aviation Salety provided technical direction and managcement

of the team. Participating agencies were HO TRADOC, the US Army Acro-
medical Rescarch Labovatory, the US Aray Aviation Systems Command and the
Utility Tactical Transport Aircrait System Project Manager Oftice,

This report has been approved by the Commander, USAAAVS and by the
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laspector Ceneral of the Army.
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ABRSTRACT

\ This paper i

providing crashworthiness

report of an analysis ot the cconomic benetits ot

fmprovement s within tuture Avmy utility held

: the

v

copters. The analysis was performed for use in the Cost and Operational
Effectiveness Analysis (COEA) for the Utilicy Tactical Transport Afreraft
System (UTTAS)., The analysis baseline (s all UH=1H midjor aifveraft acct
dents from Jan 1972 through Dec 1975, Major accldent rates and losses due
to accidents are derived for each COEA candldate alveraft. Losses are pro
jected for a twenty year period of peacetime operation.  Projecttions ave
derived based on each candidate's desipgn features and the eftfectivencss ot
these features under the particular conditions in each UH-11 accident.
Recommendat iong are made regarding use of agecident losses within the NTTAR
COEA and tuture similar studies, ,\

v
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SUMMARY

This rveport contains the vesults of an analyata of the eftects of

crashwort hiness and other desipgn teatures on atvevatt lite oyele costs,
The anatysis was pertormed to provide Information to supplement the
evaluation of the atreratt candidates in the UTTAS Cont and Opevational
Effect tveness Analvsats (COEA).  The afrvevatt studied ave the UH=1H,

U= LU TeY, UH-IN, UH=INQMODY, Bell Model 21AAMOD) and the penerlc TAS .

The analyvats took ar a baseline all major =1 alrervatt accldents

{rvom dan 1972 through Dee 19790 Thewse acelbdents wvere analveed in Jdetatl

by a study group formed by cepresentat tves from various Avmy apenc fes,

Fhis group detetmined the relative benetita of {ncreased levels ol crash
worthiness and other desien leoaturen in rveducing elther the number o
severity ol accidents, Major aceldent rates and losses due to aceidents
were then PYR e ted for gach ot the COLBA candidat en, The acceident louses
were profected over a twenty-vear period of peacet ime operation and tocluded
both personnel losaes and ajrvevatt damage. v
All acctdents vegardless ol ecanse were included dn the atudy.  UHowever,

only those cause tactors which are 4ot lueacved by atveratt destipn teatures

were considered to have potentfal eftect on veduct fons In the candidate

ace ldent rvates, Other cause factors were ineluded cqually in the projections
for all candidate

The resulis indicate a sfpniflcant redact tan In both the accldent vate
and the total loss due to accldents for the generie UITAS velative to the

othery COEA candidates. he prolected maloy acceident vate la 2.90 pey
100,000 atreratlt light hours for the UTTAR versas 4,80 tor the next lowen
candidate (UH \‘;\. or a reduetion ot 440 l‘l‘l\‘c‘l\( in the acctdent vate., e

]‘\\"\«‘\‘(c’\! total loss due to aceldents over a 20 vean “(‘.‘.\H“ ey operat fon i«

S15% million oy the UETAS versus 8205 million tor the next tover candbdate
(UH=11DY, or o reduction of STIO mttiion in aceldent losses,

These aceident losses conntitute a significant portion of afvervatt 1ite
evele coatn.  The analysis concludes that cervashworthiness and other atw
cralt Jdesign features can raduce these aceldent losues, 1t {s vecommended
that the acetdent vates and losses devived hevein be fncorporated fnto the
UTTAS COEA, 1t 1w turther recommended that simular future studies ot aibt
eratt cost and et tectiveness aluo nclude thin tyvpe of analyais,

v
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INTRODUCTTON

Crashworthiness is that property of an airveraft which minimizes the
damage to personnel and to hardware which rvesult from a crash ifmpact.
It is a property which all aircraft possess to varying deprees and is
determined by the structural desipn ot the aireratt rplative to the
spectrum of fts possible impact conditions and the human telerance to
acceleration,

The Request for Proposal tor the Utility Tactical Transpovrt Advervatt

System (UTTAS) requirves that a number of crashworthiness wwovement s be

included as integral design regquirements.  These features {nclude crash
worthy airframe and fuel systems, shocl

sorbing landing gear and scats
and impact tolerant rotor systems, lhese crashworthiness features exist
in the UTTAS prototype airvcratt currvent iy under goverument review. CGrash
worthiness features reduce accident losses and have a significant fmpact

on aiveraft life cycle costs. A study is presently being performed to
evaluvate atreraft design, performance and the effects on utility aircratt
gyvstem effectiveness and lifte cycle costa. This Cost and Opevational

Effectiveness Analysis (UTTAS COEA) is being performed by the UL S Army
Training and Doctrine Command through a UTTAS Special Study Group. A
previous study 11], conducted jointly by the U, S. Avmy Agency for Aviation
Safety (USAAAVS) and the U. 8. Army Aevomedical Research Laboratory (USAARL)

conc luded that crashworthiness improvements in the UTTAS alvevalt ave cost

I Jife evele costn

effective. Specitically, the study concluded that the tota
to provide crashworthiness are amovtized by veduced accident losses within
three to ten years after initial procurement of the aiveraft. Based pavtially
on the vesults of this previous study, the UIFTAS COEA Special Study Group
requested that information be provided for various aivcratt concerning the
losses due to aireratt accidents and the influence of afvervatt crashwovthiness
on these losses. This ifnformation is to be used to support the evaluation

of the UTTAS candidates being considered in the UTTAS COEA.

In response to this request, a crashworthiness analyvsis task force was
convened at Fort Rucker, Alabama, with pavticipation from various Army
agencies and commands.  USAAMVS provided techaical divection and manageneat
of the task force. The analyvsias contained within this report reptescats
the results dervived by the task torce.

OBIFCTIVES

The overall poal of the study was to establish the expectad economice
losses due to afveratt accidents tor cach of the candidate atrevatt unde




constderation by the UTTAS Special Study Group. The relative mapnitude
of these losses is an indicatfon of the influence of crashworthiness and

safety desipn features in the vartous afreraft designs. Accident losses

i
were ealewlated tor a 20 vear period of peacetiwe opervatfon to be consistent

with the overall UTTAS COLA.
The spectiic obhject fves were as follows: .

adidate aiveraft accident rates.

\l\ Dot

ps

(2) Determine the mean cost per aceident for each candidate afreraft,

(3) Determine the losses due to accidents over the total period of

operation.

The erashworthiness features and other safety improvements in each ol

the airceraft destans considered herein have benefits tax boevond thein

economic etfoects. 'he total effects of prevention of crash injury include

i
11 readinegs and personnel morvale, tor exam-

h'\.‘\xu\.-\"unt i nit operationa
ple, which caanot be evaluated trom an cconomi atandpoint,. Evaluation of
their econowic effects is the sole purpose of this study.

i {

ASSUMy T1ONS

The major assumptions used woere as Lol lowas:

(a) The baseline for the analyvsis was malor aircratt acclidents occurring
to UH-1H atveraft during peacetime,
(h) Losses were \‘\«"l&‘\‘((‘\l over a 20 vear pey tod ot peacet ime operation,
(¢) A1l ailrcvaft accidents, regardless of cauge, werve fncluded.
\

(d) Lossos were projected in constant 1975 dollars.

(¢) Averaft constdered were the UTTAS COLA candidates.  These iuncluded

the tollowing:
(1) The present Arvay UH=IH (baseline atreraft).

. (2) UH=-1H ajvevatt with product fmprovements (PIPY.

coxnl o




(3) The Navy Ul
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METHODOLO

The first step in the overall approsch was to establish an accident rate

for each of the candidate aircratt. Yesign features \..‘Il\'?' would inf luence
the accident rate were taken into account. Second, a mean cost (i.e.,
averapge economic loss due to hardware damage and personnel injury) was est:
lished for each of the candidates taking into account its particular crasl
worthine features. Pinally, the accident costs for each candidate were

derived by multiplving the accident rates by the respective average loss per

The basic data analyzed for this study was all major aircraft acc ide

which o roed te US Armv UH-IH aircraft during calendar years 1972 through
197 5. fhis was a period of primarily peacetime operation of this aircralt.

A total of 138 accidents®™t occurred durin this veriod as st clzed in bl
b Al e ‘1.;‘ 1ti1on W > gesignate Ut \AVS as the reRo yitolr'y ot 1¢

y | v ! v § '} Ny vyl e 4 dAant o P s T L 3 | » 11 .
orts oi all Army aircrairt acclaencs. Accident data used was taken 1ro t

at Fort Rucker, Alabama. Appendix A contains definitions o
n in Table 1T and other section E this report.
Investigations of Army aircraft accidents are performed ace ording to
the requitvements of AR 95-5 [3]. Typically, several cause related factors
are {dentified for each accident. No one factor is defined as "the" cauv

Instead the accident cause is considered to be the summat ion of all the

listed cause factors. Therefore, accounting of multiple cause factors was

required during the analvsis of the accident reports for this study.

* Army aviation accident rates are computed by dividing the total number ot

accidents in a given period by the total aivcraflt {light hours in units of
100,000 hours.

A One additional major atrcraft mishap occurred duving this period which
was not ineluded because of the particular circumstances sui rounding it.
In this mishap, a UH=1H aivcraft was jwpacted in fl ight by an antiaiveratt

artillery round fired by friendly forces. This mishap was not considered

1 \

fun this studyv due to its combat naturc.




TABLE 11

UH-1H Major Afrcraft Accidents, CY 72-75

Number of Survivable Accidents 120
Number of Nonsurvivable Accidents 19
: 5
Ruaber of Major Accidents 139
Number of Accidents Analyzed in 138

this Study
Number of Aircraft Flight Hours: 2,837,653

Accident Rate: 4,86 por
100,000 f1light hours

Number of Occupants Aboard 083
Number of Occupants Killed or Injured 304 or 44,50

of tot al

Each step in the overall methodology is identiflicd in Figure 1. As
shown, the USAAAVS computerized data bank was used to provide a listing
X S

of all UH-1N accidents and the total aircraft flight hours during CY 7275

The file copies of the Technical Report of US Army Aircratt Accident (DA

Form 2397-8Series) were assembled along with any previous USAAAVS review

comments., These were used in a "manual," case-bv-case accident analysis
by the task forece. The total analysis was composed of two parts: a crash-
worthiness analysis and an accident rate analysis. These two analyses were
performed in parallel by twe respective subgroups of the task force. The

organization of the task force is contained in Appendix B.  The crashworthiness
subpgroup essentially answered the question "Given that the accident has occurred,

sentially

'

would the occupants have been injured?' The accident rate analvsis es
answered the question "would the accident have occurred at all?" A preprinted
analysis sheet was used to summarize the findings of the two subgroups and to
make the analysis of cach accident more uniform.

Crashvorthine Evaluation

The crashworthiness analvsis assessed the performance of certain desian
features of the candidate aircrvaft under the same crash conditions experienced
in the 138 UH=-1H accidents. Crashworthiness was sunmavized for each candidate
by computing a mean loss per accident. This included both havdware damage
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and personnel injury. Personnel injury losses were computed using the cost ‘l
figures contained in Department of the Army Circular 385-48 [4]. To be l
consistent with other losses, these cost figures (Jisted in 1974 dollars)
were adjusted to 1975 dollars.

Each individual accident report was studied to ideutify the causes of
injury and hardware damage. The following accident characteristics were
studied as a mininum for each accident:

a. Degree of survivability.
b. Impact kinematics.
c¢. Terrain characteristics and features of the crash sequence.

d. Total Uh-1¥ aircraft damage (component damaged, location, degree

of damage).
e. Occupant location in airvcraft at time of crash.
. Occupant injury (type, causce and degree) in the UL-1H.

One member of the crashworthiness subgroup analyzed each accident report.
The result of his analysis, as contained in the completed analysis sheet,
was reviewed independently by the other team mewbers.  The completed summaries
thus represcent a consensus of opinion. This technique minimized the sub-
jectivity of the results.

Next, the harduvare damage and personnel injury preventable by the improved
technology of each of the candidate aircratt were cvaluated relative to thal
experienced in the UH-1H accidents. During analvsis of the lossces which wonld
be preventable by improved technology, a conscious ef fort was made toward
conservatism. No benefits were "claimed" unless a reasonably clear-cut case
was apparent.

The primary rationale used to determine the benefits of improved crash-
worthiness is discussed in US Army Air Mobilily Resecarch and Development
Laboratory Technical Report 71-22 [5]. Crashworthiness requivcements for now
military helicopters are specificed in Military Standard 1290 [6]. The
capabilities/requirements of the candidate aircraft are summavized in Appendix
C.

After analysis of all accident reports, the personnel Tosses and hardwoare
damages were totaled and divided by the total number of accidents (138) to
calculate the mean loss per accident for cach candidate aiveraft.  The mean
loss per accident was used with results of the accident rate cevaluation as
discussed below to determine the total loss over the period of operation.




Accident Rate Analysis

As indicated in Figure 1 accident rates were established for each of

the candidate aircraft by rveview of the 138 UH-1H accidents and con-
sideration of design features in each candidate which (potentially) could
have prevented the accident from occurring. A wide variety of causce factors
and design features were considered. The design features are summarized in
cause factors were grouped into two types teruwed "Hardware
A team of analysts with expertise in these
two teams together comprised the

Appendix C. The
Factors" and "Human Factors'.

areas was formed for each type. These
Accident Rate Analysis subgroup (Appendix B).

The first step in projecting accident rates was to study cach Ul=1H

accident report and determine all the detailed accident cause factors.

These cause factors were weighted by a percentape allocation based on theit
estimated relative importance within the accident. (The sum of all cauvse
factors for cach accident equalled 100 percent).

Next, the probability that ecach cause factor would have been present

for each candidate aircraft was estimated. This estimate considered the v

to the particular circumstances

design features of each aircraft relative
int lucnces

being studied. This analysis considered the

of the accident
iened into the candidate aivcrafv, The wyriaag

of only those teatures des
of other accident causes, such as improper command supervision in the
aviation unit, were considered to apply equally to all candidates.  Con-
sideration of "eliminating' an accident was made only when evidence was

available (system specifications, design requirements, ete) indicating that {

aircraft de: features would lessen the potential for the accident to

occur.
During this process cach candidate was "subjected"” to the same emevgency

imned iately preceded the UH-1H accident. For accidents :

example, cach candidate

situation which

following engine failure due to compressor stall for
was placed iuto the same flight conditions as the Ul=1H with one engine
that the single engine aircraft attempted an

inoperative. It was assumed
immediate forced landing. For the twin engine aircratt, the probable re-
sults were estimated based on the particular flight condition at the time of
performance capabilities with one engine

power loss versus the aircraft
inoperative. Tor accidents following loss ol
power was uniformly assumed and
landing.

engine power due to fuel star-

vation, on the other hand, complete loss of
each candidate aircraft attempted an immediate forveed

In addition, no judgments were made regarding the svitability of the
candidate aircraft to the mission assigned to the U-1H at the time of
“its accident. The assumption was made that all aircraft would be equally

Lo o}




likely to be performing the mission at hand. VFor exawmple, for an accident
occurring during a practice touchdown autorotation, each airvcraftt was
assumed to be equally likely to be performing that traiving wmission and
the ot luence ol its own safety features was evaluated from that point on-

ward.

After the percentage estimate was made for all the cause factors in
one accident, the cause factors were summed for each candidate alrceraft.

This sum is a measure of the probability of the accident occurring with the
candidate, relative to the baseline UH-I1H.

This catimate process was pertormed by both the human tactors and hard
ware factors teams.  The teams analyzed each aceldent independently. l'hen
their findings wevre consolidated and coordinated., This was to insure that
all factors were considered in their proper context and to enhance the
objectivity of the analysis by providing a system of checks and balances

between the two groups,

This process was rvepeated for each of the accidents. After all accident
reports were analyzed, the cause factor totals were summed to provide a
grand total for each candidate aiveraft., The candidate graunl total represents
the probability of all the accidents occurving relative to the total Ul=1i!
exper ience, his prajecilon Lol the total accident \‘\“\"'in‘\l\'c' was used to
gether with results from the crashworthiness analysis to establish the total

|l|'l'l l\‘:'.:n‘:».
Calculation of Accident Losses Over Twenty Year Period

The accident rate and crashworthiness data derived above weve used to

gether to establish total acecidental losses to be expected over a twenty

\

year period of operation. This was accomplished by determining the total

number of aceidents expected during this period by the tollowing:

Total Number (:\m'i«lm\l Rate ) ’ Total Number of Candidate )

of Accidents . of Candidate » Flying Hours in 20 Year \

Over 20 Year L Arecatt |' 1!'«'! tod Divided by 100,000
Perio! Hours )

Then the total loss was caleulated by

Total ‘ Total I\'mnhvll l Average l\\::::\;
ol Accidents \ x « Per Accident \

Lﬂ\'m 20 Yean } \ I
Peviod o

Loss =

The fivst term on the right hand side ot this tical equation comes from the
accident vate analyvsis and the scceond term comes from the crashworthiness
evaluation,

O




RESULAS

Results of the analysis performed by the task force are summarized
in the tables and graphs below. PFirsr, the accident rates are projected,
next the average cost of an accldent is discussed and finally these two
pleces of intormation are combing d to calculate the total loss over the
|‘£‘I'i\‘~l ol operation,
f'l‘(i_i\'\'.'n'\.' Accident Rate

Accident rate projections (peacetime envivonment) for each of the
candldate aircvaft are summavized in Figure 2. Accident rates are de-

picted in terms of number of aceidents per 100,000 airvceratt flight hours.
These projections vary frow a high value of 4.86 for the Ul-1H to a low of
<. 90 foy Lhe UITAS.

There are a number of specilic design features which contributed to
the decrease in the Pl\‘il‘\'li'\l accfident racte from the UH=-1IH to the UTTAS.
These features which contributed mest trequently to this reduction ave
listed in Table 111 in decreasing order of importance. Some improvemeuts
in these areas alsc are provided in other candidate aireraft and the
accefdent rate retlect these improvements, However, their benefits in many

cases were judged les

UTTAS Des

in Reduoing

Featur
Engines

Tajil rotor location

Landing gearv type

Locatton of thottle

control

Dual Instrunentat ion/

Controls

siguitl icant

for the

than

TABLE Il

Signifd

Single engine

Low tail rotor, not
.‘:hi( l(lx‘(l
Skid gear

Throttle controls

on collective
Copilot instrumenta

tion/controls not con-

plete. Different in
strument s Loy pilot
and copilot (e.g.

attitude indicator)

10

UTTAS

isted in Decreasing O

cant Inf Tuence

rader ot lmportance

Ceneric UTTAS

Twin enpine

High shielded tail
rot o

Wheoled goear

Throttle controls
separate from collective
Full instrumentat ion/
controls for piloi

and copilot

V



ACCIDENT RATE
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UTTAS feature with the greatest influcnce fn acceldent reduction |
engine desipgn with fts substantial perforaance with one cuglne

Eve, Fhe twin engine desian of the UH=IN nodels also was judped to
ut in a smaller number of inatances (retlected fn a smallerv veda
the UH-1IN accident rate). The malor ditfevence between the UTTASL

N twin engline destens ts the alreratt pertormance with one engine
ive The atance provided by the vemalotug UH-IN engloe pgencrall
ed to be Hiwmited to making the forced ltanding a somewhat more co

¢ sftuation, whervoe. the UTTAS trequently was judged capable ol con
flight to yeturn te base or to a more suftable landing arvea. \vain,
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Study of UH-1H accident records supports the following conclusions:
t' (1) Accidents constitute a significant portion of aircraft life cvele
j

costs. Crashworthine tmprovements reduce these losses in spite of in-
~

creased initial acquisition costs.

(2) Crashworthiness improvements and other safety features are most
efficiently included in an aircraft as integral system requirements in the
conceptual design stage. This design technique provides the most dramatic

reductions in accident losses.

1 (3) Compared to other UTTAS COEA candidates, the UTTAS will have fewer
accidents and lower total accident losseés. This results in a clear dis-

tinction between the UTTAS and the other candidates in terws of economics

alone.

(4) In addition, UTTAS crashworthiness would provide other significant
benefits by reducing the frequency of personnel injury.

(5) The total economic losses due to accidents for 20 year operaticen of
each of the candidates relative to the baseline UH-1H are

aseline (U-1H)

UTTAS 8155 million 58%
Uli=1 8265 million 1007
UH=-1H(PTP) $293 million FRl
UH-1N $350 million 132%

UH-1IN(MOD) $350 million 1:32%

Model 234A(HOD) §$457 million 173%

(6) The total UTTAS savings compared to the next lower candidate (UH-1H)
would be a reduction in accident losses of 42 percent or $110 million over
the 20 year operation.
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AUPENDIEX A

DEFINPTTONS AND CTERMNOLOGY

Afveralt Ace ldent NDamage which occurs to one or more atreea

flight was tatoended, Damage an a divect rveault of hostile firve

accldent but a combat lous

Major Aceident Av alreratt aceldent fa clasnsilisa majlor wh
alveratt 1g deatpvoyved, or damage sustainad {8 in excosg of presg
Timita an to vequived véepaly maahoura (e,.g., 500 repalr manhours

UH-1 atreratt) or a major componoent (e.g., funelage section or t:

boeom) s destroved bevond economical vepalr, ov the atirevalt is

abandoned,

Survivable Aceident At acctdent in which the tollowing statement:

are aatistied tor at least one oceupant aboard the alreratu:

(it feal

a, The forvees tyansmitted to the oceupant thro

regtraial ayaten do not exceed

to abhrupt aceelerat tons,

v Plwmics of human tolev:

and

e e

b, The fuselage grrucenral contatlner matntaing a livable volume

atoud the occapant,

Nonauvre ivable Acefdent A acceldent tn which nelther ol the above
atatements da satiatied for all occupants aboacvd the atrovatt

ajor Impact The tmpact which resules In the lavgest decelerat fon
forces tranamitted to the atveratt.,

Me jor o jury Any fnfury requiving tive dayva of hospltalizarion m

any of the tollowing svaptons without rvegard to hospitaltoat fon:
a.  Meconae fousness due to head traanma,

b, Fractuve (open ov cloged) of any bone, other than ¢ tosed
|
of the phalanges ov nasal booes,

¢, Trawmatic dislocatton of any joint, excluding phalanges,
nal Jdevanpgement of the knee,

i fnfury to any tnternal organ,

tractures

O Intey

e, Moderate-to-severe tacerat fong whitolh cause extensive hemorrhave oy

requive extensive surgteal vepaic,

\0




f. Thivd=degree buras,

g. First- and second-degree burns involving more than five percent

of the body surface.

Thermal Injury - A fatal or non-fatal iujury caused by exposure to
combustion effects: heat, noxious gas inhalation, angd medical compli-

cations caused by thermal burns.
Impact Injury - All injury causes other than thermal or drowning.

Crash Force Attenuation = The attenuation of impact force through the
medive of structural detormation.  The protective fuselapge should detorm

: ; R st
but not collapse. For example, landing gears should sorb enerey limit

" : , i ; .
loads" prior to failure, and occupant secats must “"limit" torso decelerations

to non-injurious levels.

Unless otherwise specified, other terminology is as defined in Military

Standard 1290 ln | ~

o




Al 8

NDIX

ORGANITZATION OF THE ANALYSIS TASK PFORCY
An cloven m task tovee pertfon | the required analysi This grou
contained experience in a wide vaviety of engincering, psvcecholopical
and airceraft operational fields \ listed in Table B-=1 below, rvepresen

trom the

tatives

Rescarch Laboratory, the
Systems Command , TRADOC S
participated in the task

Cra

Dr. James B. Hicke,

Aevospace Engineer,

H. Adi

Eng ineer,

My, Billy

Ac ronpaee

MY .
Actos

Jo Haley,

aeph L.

pact Eng ineer,

CPT Larry H.

Aviation St

Hamre
abf QErl

Mr.

Indust rial

Joseph L.

Enginee

M.
Genetral

servamdo
Engiveer,
Mr. Patrick J. Hollif

Acvospace Engineer,

Mr. Nelson K.

Ay ospace l'l!): inecer N

Mr. William C. McDand

Resear ch ]‘:'\'\'l\\‘ll“\“i

Hoendr ix

Hornandoe
'‘RADOC

ltterly

AC1
Avmy

Headguarters,

iation Satety 1y Ome

3 Ehe
Manager Oftice Avi

\ctivity

Project
Analy v 8

+ the

and

Vi

foree.

TABLE

B~1

Analysts 1 Kk Force

thwort hiness

(Chatrman)

USAAAVS

USAAAV S

sk

Us Army Acromedical Rescarch Lab (l‘-:‘\.\.\!“‘
cer, HQ, TRADOC

(Muman Factoers), USAAVSCOM

Systems Analysis Activity

ield
USANAVS

UTTAS Project Manager QOftice

ol
at, USAAAVS




Mr. Laurel D, Sand
Air Safety Specialist, USAAAVS

Dr. Robert H, Wright
Research 1':%)’(‘h\‘l\\}‘_‘l.“l s USAARI

The eleven total people were organized into workiag teams by field
of expertise. The organization used is shown in Figure B-1.

Technical Direction
and Coordinat ion

1 Acro Ingr

1 Gen Enpr

e e e e e b e
].‘iu‘»_s',rm.p tor Cause Subgroup ftor }
[I'\u‘lnr Aunalysis i Crashvorthiness |

2 Res Psych 2 Aero Pugn

2 Aexo Engr 1 Air Saf Spe

1 Ind Pner
1 Avn Sttt Oft

Fig. B-1

Task Torce Orveanizatlon

The task forvce contained two major subgroups, one group to evaluate the
cause factors ol each accident and the other group to evalvate the crash-
worthiness aspects.  The subgroup for caunse factor analysis was further
subdivided into material factors and human tactors wvorking teams.

B-2




APUENDEX C

DESCRIPTION O)F DESTCGN FEATURES OF CANDIDATE ATRCRAFT

Description of the pertinent desipn features ol each candidate aireraft

{s contatned in Table C=1. his technical data was agsembled from a namber

1) Department of the Armv Technical Manual ITM H5-1520-221-10, Operator
i , i

.

Manual for the UI=I1D/H Helicopter, November o8 with revisions,

(2) Bell Helicopter Company Model 212 ¥Fleld Maintenance Training Manual,

(3) Navai Alr Systems Command Technical Manual NAVAIR O1=-110HCE-1, NATOPS
Flight Manual for the Nawvy Model Utility Helicopter, UH-1IN,

VH=1IN Supplement, 15 Dec /5,

(4) US Army Aviation Systems Comuand REP DAAIOL=72-R-0254 (140), Utility

Tactical Transport Alrceratt System, 10 Mar 72.

The accuracy of the techunical data contained lu Table C-1 has heen verified
by the U. S§. Army Aviation Systems Comnand, Directorvate ton Research, Develop

ment and Enginecoring.

i -




C“"'AL‘-",‘A son of

sign Feature

Crashworthiness
ign

a. Landing CGear

1.
2. Design Sink
Speed (ips)

3. Longitudinal
& Lateral
Strength

Type

b. Tuselage

1. Maintain

livable volume

in Y5cth Percen-
tile Survivable l
Crash Leading ’

(5h

(RI': erence

2. Withstand \
|

Fuselage Plowing
(Rt‘h'l'(‘l)\‘:‘ l‘l\

3. Withstand 15
fps Longitudinal
Wall w/o
Pilot

lmpact
Injury

4. Withstand 40
fps longitudinal
Wall w/o

Troop

Impact
Injury
5. Transmission
Tie=Down
Strength

MIL~5-8696

Pertinent

UH-1H

Skid

b

No

No

8G

TADLE

g

Desieon Features of Candidate A

UH-1H(PT

Skid

y
8

8¢

¥)

MII _,\;_:;(‘n:;: N

UH-1N

No

No

8a(a)

I

’f'\/ e

Skid

50%

)

{MIL-8-86G98 | M1 1.-8

of I

Noe

No

ireraft

_UH=IN(MOD) 214A (MOD)

Energy |
Absorption Capa-%
bility of U1

TAS

UTTAS

tp
1O dey
or p

Yes

You

Yes




Design "‘\‘.‘.‘l nre

6. Engine Tie
Down Streagth

7. Fuselaye Rool
Strength

8. Withstand 100

fps, 5 deg ITm-
pact with Ter-
rain

¢. Fuel System

1. Crashworthy
Main Fuel
Including Roll-

Valves

_‘\"\‘;,L ot

over Vent
2. Crashworthy
Auxilliary Fuel

System
d. Seating

1. Crashworthy
Crew Seats Per

[5]

2. Crashworthy
Tl'\‘\‘}‘ Seats Per

(5]
Rotors
a. Main

1. Frangible
Tips to Reduce
Load on Trans-
mission

2. Low Crack
Propagation Rate

146, (Un-

known G,

(.).)

Yes

Yes

No

No

UH-LH(P LI

.‘3\.‘7

4G, (Un—
known G,
(-).)

Yes

No

No

8Gy, LS50

) UH-1N

iy
80

4G, (Uar
known Gy

(I},)

No

Yes

No

No

C-3

UH-IN(MOD) 214A(MOD)

8G BG
50% of S8% of
UTTAS UTTAS

rh‘l, rength Strength

No No

Yes Yes

Yes Yes

\')
\‘t‘::(

1 (d)
Nn(‘ N\)( !

No No

‘/'('X‘

4%, act 1l

simajt

P neous 1y

Yes

Yes

Yes

Yoes

Yeu




Dos

4.

isn Feature

3. Moderate

Icing Protection

4. -0.5G Capa-

bility

5. 5000 i
Fatigue Design
Life

b. Tail Rotor
1. Simplificd

Flex Beam

2. Protected
;
i

rom Ground

3. Tolerant to

Ground Strike

4. 5000 UHr
Fatigue Design
Lite

Hydraulic/Flight

Controls

a. Dual Mechan--

ical Nonrotat ing

Flight Controls

b. Dual Hydrau-
lic Sysioms

Drivetrain

a. Transmission
& Cear Box 30
Min, Dry Run
Capability

No

No

No

No

UR-TH(PEP)

No

No

N\)

No

UH-1N

UH=1N(MOD) 214A(MOD)

No

'
. No

No

No

No

Yes

No

No

No

No

Yos

Yes

Yes

Yes

UTTAS

Yes

Yes

Yes

Yg‘::

(.\‘n:l\\ bear-

\'lx_\“!“:l‘

Yes

Yes

Yes

Yos




Desipgn Feature UH- 11U UH-1R(PIP)  UH=IN UH-IN(MOD) 214A(MOD)  WTTAS

= |
| | {
| » " | |
b. Low Crack No No w no No | Yoo |
Propagation Rate " |
8
. N v \ b |
c. Self-seal ing No No No v No Yo
»
XMSN Lub Tank
and Lines
d. Twin Fngine No No Yes Yes No Yes
Povered k
5. Fuel Svstom
|
a. Suction Feed | No No No No No Yos
from Tanks to |
Engines
| 3 i
| b. Engine Fire No No Yes Yos Yes Yes v
Extinguishing

6. Maneuverabhiility/

'I E Performance

| |
! [ i
| a. Aero/sStruc- 2.1G's at }2.1G's at 12.3G's at |2.3G's at |3.5G's at |3.5G"s al
_F tural Limits E“»'-\’\‘ lbs 9500 1bs 10,000 IE\::EH\.(‘\‘\‘ l'\::%i\‘.‘u‘ﬂ b iln.u O
|
‘ b. One Fugine No No Limited/ | Limited/ | No Yos
Inoperative Per- Limited Limited | i
‘ formance
7. Avionics 3
(Differences
Only Noted)
|
, a. IFF AN/APX-72 [AN/APX=72 [AN/APX=72 [AN/APX=-100[AN/APX=100[AN/APN =10
b. ABS Alt None AN/APN=209 [AN/APN=171 [AN/APN=171 {ANZAPN=209 [AN/APN-200
and
AN/APN=-200
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