I Ry

i o p—— g+ e oo e A PP

-

-..a.‘-‘.‘-,aa—..‘r--—-(“ . s v -

i

(TITLE):

(SOURCE) «

COMPONENT PART NOTICE
THis PAPER 1S A COMPONENT PART oF tHE FoLLowING COMPILATION RePORT:
C.on -/éren ce  [roc eec{.na s of & v erg v HAhso I27%) ‘}‘zon

of Aircra £1 5f‘ruc'furequ an /4510& ok

QVQSLMJM*H'\MQ as -

To oRDER THE coMPLETE (OMPILATION reporr use D -A 3 600

THE COMPONENT PART 1s PROVIDED HSGRE TO ALLOW USERS ACCESS TC mmvxwm.v
AUTHORED SECTIONS OF .PROCEEDINGS, ANNALS, SYMPOSIA, ETC. HOWEVER,

COMPONENT shouLD BE CONSEDERED WITHIN THE CONTEXT OF THE OVERALL. CWILATION
REPORT AND NOT AS A STANDALONE TECHNICAL REPORT

THE FOLLOWING COMPONEWT PART NUMBERS COMPRISE THE CW!LATION REPORT
ADé: TITLE:

DAL (06 4hru ,ﬁljw/?.‘!.x, 96

D005 gEL8e 1 — Coosale

| Aacvs*!cu ?ar : !
l NS GRAKT

DTIC Taw
Uaannounsed ]
Juatifieation mm a

hLECTﬁ E ) NS
sgpo 3 \989 _blutribution
_“ﬁxgllnbsllty Codos

JAvatl andtop
Dist - Zmoctal

| |

reloans il a0 ‘
dunxbtldl e valtsitel -

*W'z

et Tt Kl
QU o AR ST SRy




o

;

B e L T S B

AD -POOS §T |
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Safety and Survivability Technical Area

Aviation Applied Technology Directorate
U.S. Army Research and Technology Activity (AVSTOM)
Fort Eustis, Virginia 23604-5577

SUMMARY

Although signif{cant strides have been made in recent years toward improving
aviation safety, mishaps involving all classes of helicopters rresently are and will
continue to be a major, expensive U.S. Army problem in terms ol casualties, materiel
loss, and reduction in mission effectivenese. Modernday training and tactical employ-
ment requirements for the U.S. Aray helicopter dictute that a large perceniage of
operations occur in the low-speed, lowaltitude flight regine, which contributes to
the problem b{ reducing critical mavgins of safety normally ass.ciated vith higher
airspeed and higher altitude operations, with accompanying steater time for response
in case of an emévrgency. This increasel Erobability of accident ociurrence, voupled
u\th the lack of an in fiight egvess capability. makes d:sign for crashvorthiness
egg:ut!a! for Army helicopters.

This paper diecusses the evolution of crash survival desige criteria for rotary-ving
siverafr and its applicarion to vurrvent and new generation Army helicopters. Emphasis
ts givar to the need for a total s atens’ e:groach i{n design for crashworthiness
and the necasairy for coua!derin? crashworthinese early in the desaign phase of a
new aviation veapon systems development effort. The actual application of crashworth’-

-ndey to Arry Helicopters ts graaented with statistics that show dranatic reductions
v

in fatolities ond fnjuries vith implementation of a crashbworthy fuel system. The
cutt offaitive aspecta of desigoing Wielicopeors to be more crash survivable sre Aliv
di;qunoed.:;jzg») 8 ’ :

NTRODYCTIEN
Ruotaﬂtﬁlxnveﬁtiaaclcas-dttected toward improving occupant survival snd reducing

- materiel Yomees 1w aircraft craches have been conducted b{ the Arpy for more than
- 70 yoave. However, ug‘unttl'approxiaatcly 10 years ago the

principal ~mphasis vithin
Arey aviativn survivability vos placed on accident prevenction. Although this is

indned the vitimate tbjective deserving priority effort, part oxuperiance claarly

whows that acitfdent provention alone aimply fe noz 1sfticlent. #iancps of all natures
tnvelving \rmp aircesft have Leen, aro, and will continue to b2 a aa{or. expenaive
problem. Resssreh has basn aceonpl ished on accidents vorldwide {nvelving Atay aviation,
and accident histories are routinely dissemtnated theoughout the Army. fogtunately,
sany lessons lescned ivem these secidont histories are not applied and hazardous

design festures remain 4nd opevational errors ere vennated. Too many Acey eircroumen
ste still beln? fatall) falured in gdi#htillly suvvivable sccidents, and cthe percentage
of eajor injuries and tate of wmatoriel lossen sre still unacceptably high. ere

tu no esdy solution to the prodlen. Significent gains van be made. however, toward

‘veducing thase unecceptable aseldent loeses, but to do so ve must ag;runnlvolg pursue
i

e progesn that addrosses key jesves of bhoth eccident prevention and erashworthiness
design. Sincs the hil!éo?t«r't sotentivl for aceident s great due to (ts vission
and the aaviconwont dn which {t aust accoaplish that wiseton, {t {s lwperstive thet
{t be engineered to wintmive démage snd enbance Gecupsnt survival in creshea, In

“designing helicoptoes to be vove crash suevivabls, tve aubludues then become paramount:

establivhing viable ceushvotihinoan dealgn criteria, and the wote difftcult rask,
dpplylag thesw cvashwatthiness ¢viteris to Arey afvcvaly deaign.

Yo help estabilsh the daveri.y of the problow within U.3. Army sviation, Yeble
U peovides a surmety of acclioni wtatistics for Avay helicopters for the period of
time trom 1971 to 198&. During the pertod revieved there vete over 5,000 helicopter
Claes A, P, , én2 D uishape 355 average of one & day) snd over $S0 vccupant fatalities,
The numder of tstélities would, without question, hive Yewn much gruutcr had not
Army alectafe been vetcofitted 1o the esrly to wid 70 with crashuorthy fuel systems.
The cont of these aishape cousidering casvilzivs and wmateriel vere nearly 500 willive
dellare. Thewe casts primerily tellect volatively 1ow cost helicopter losses (i.e.
Oh~$6, UH-1. AN-1) ss cowpsred to the highee cont Godern helicopter (UN-60, AH<BA).
Algo, thex d6 mot teflect the potentisily grester domts that sre sssoclated vith
loas of missivn capability. Further, these statistice are bssed on current pescetime
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experience which reflects a total cumulative flight time of approximately 1% million
hours per year for Army aviation with a fatality rate of approximately 2.5 per 100,000
hours of flying time. The severity of the problem increases severalfold during periods
of combat, as demonstrated in Vietnam when, during the height of the conflict, total
helicopter flight time was in excess of 5 million hours per year with the fatality
rate of 10 per 100,000 hours.

Table 1. Army Helicopter Accident History Data from these accident and crash
1972-1986 injury investigations (reference 1) have
revealed deficiencies in the crashworthiness
of the older, existing Army helicopters.

Key deficiencies include:
AT RLKTPILL MCURED XI3IRY

s . Structural collagse {roof downward
LIS 7
MOMNIT .. L. L e i s e e s 4.3 (M 8nd floot upward causing loss Of
R 1w occupiable volume.
BAIBOMIEY L L. e ot
YO ONSL M LOARTI L s Inward buckling of frames, longeroms,
e R AN etc., causing penetration wounds to
t — ) o 1t personnel.
‘W WAL RART A AR WL ANLT MG AN
e w wn P . mm . Lethal internal structure causing
e oW ~ ” N | head, chest and extremity {njuries
I | a " from occupant flailing.
Lo - !
LU UL i uns e ! Floor breakup permitting seats
i e e e rn e 1 to tear out and occupants to become
Wil R e R, il flying missiles.
Tt BAR Al WAL s L8]

Landing gear penetration into
oecugied areds and fuel systems
causing contact injuries and fires.

Landing gears not designed for aufficiently high sink vates and lnsufficient
deformuble airframe structure permitting excessive acceleration (G) forces
to be transmitted to the cccupants and causing excessive materiel damage.

Intrusion of the occupied area by the main rotor gearbox and othet high moss
items causing crushing and contact injuries to the occupants.

Insufficient structural atiffnees permitticg inward crushing snd entrapment
of occupants in rollover aceidents. )

CRASHWORTHINESS DESIGH CRITERIA

General

In-depth assessment of available crash data vas first accomplished {n the nid-60'e
by a joint Covernment/industry roviow tesam. YThe pvoduct of that tean was che world's
ticat erash aurvival design guide (CSDG) for light fired- and rotnry-uins atrevafy,
gublilhed in 1967. Revisions te this guide were made in 1969, 1971, 1980 (reference

) and a curvent effort is scheduled for completion in 1989. Figuves 1a and 1b depict
the pany facets of crashworthiness research and dovelopment thet have directly helped
to support the evolution ef crastworthiness design eriteris. Continual component
development progrems, full scale erash l“"‘“ﬁ; and struecural analyses effores are
being conducted which increase the knowledge base and provide new technology aﬁpl(euble
to ¢rashuorthiness dedipn, thus dicruting the need for periodic rovisions of the
€500, 1n 1974, the € was converted into a militaey standeed (MIL-STD-1290) (reterence
. althou§h a drefz revision to this NIL-5TD existe (1290A), this reviaion will
not be finalized until the completion of the current CSDC update effort, 1o addition.
an Aerondutical Desigo Scandard, ADS 36, entitled “Rotury Ming Alcccaft Crash Re-
sfstance” (velerence &) was forwulated to bhe ngoeitxcally applied to the U.5. Avey's
Light Helicopter (LHX) developaent progreas. This will be discussed in wdre detal
later {o the paper.

Figure 1a Figure 1b
AVICOM CRASHYORTWINESD AL POGKELS AVECON CRASRWORTHNESS RAD FROURESS
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MIL-STD-1290 addresses five key areas that must be considered in designing a
helicopter to conserve materiel and provide occupant protection in a crash:

Crashworthiness of the structure--assuring that the structure has proper strength
and stiffness to maintain a livable volume for the occupants and prevent the
seat attachments from breaking free.

Retention strength--assuring that the high mass items such as the transmission
and engine do not break free from their mounts and penetrate occupied areas.

Occupant acceleration environment--providing the necessary crash load absorption
by using crushable structures, load limiting landing gears, energy-abnorbin%
seats, etc., to keep the loads on the occupants within human tolerance levels.

Occupants environment hazards--providing the necessary vestraint systems,
padding, etc., to prevent injury caused by occupant flailing.

Poatcrash hazards--after the crash sequence has ended, providing protection
against flammable fluld systems and permitting egress under all conditioms.

Typical Army Crssh Ilmpacts

In the Army, typical crash impact conditions are depicted in Figure 2. Roll,
pitch, and forward velocity is usually present along with vertical and forward velocity
components. Some level of yaw attitude is also frequently present. This dictates
the need for impact design criteria involving longitudinal, vertical and lateral
velocity components. '

About 95% of Army helicopter mishap crash impacts have been in the potentially
survivable vange. . Accordingly, helicopter crash resistance requirements given in
Figure 3 were adopted by the Army in the eacrly 1970's. SQecttically. the aircraft
structure shall provide a protective shell for occupanta in crash velocity changes
of the aeverity cited in Figure ). Moreover, the structure and equipment shall allow
deformation in a controlled, predictable manner so that forces imposed upon the occupants
wiil be tolerable while st{ll maintaining the protective shell. The forces imposed
an occupants 38 governed by the stopping distance and pulse duration. Filgure & illus-
Lraces this relationship and indicates the importance of controlled energy absorption

~in @ crash.

_Sysrems Approach

For maximum effectivencss, demign fov crvashworthiness dictates that a total systems
approach be used and that the designer consider such aurvivability issues vith at
least equal priority ak ather key design consideratione such as weight, load factor,
and fatfgue lile during the initial design phase of the helicopter. Figure 5 depicts
the eystes's approach requived relative to management of the crash energy fot vceupant
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survival for the vertical velocity crash design condition. The crash G loads must

be brought to within human tolerance limits in a controlled manner to prevent injury

to the occupants. This can be accomplished by using the landing gear, floor structure,
and seat to progressively absorb crash energy during the crash sequence. That is,

the occupant i{s slowed down in a controlled manner by stroking/failing the landing
gear, crushing the floor structure, and stroking the seat at 8 predetermined load
before being subjected to the crash pulse which by then has been reduced to within
human tolerance limits. In addition, the large mass items such as the overhead gearbox
are slowed down by stroking/failing of the landing gear or fuselage structure, and

in some cases, by stroking of the gearbox within its mounts. With the advent of
si{rframes constructed from composite materials (fiberglass, Kevlar, graphite) the

need for a systems agproach to crashworthiness, coupled with innovative design, becomes
wmore urgent due to the characteristically nonductile behavior of these materials.

Crash Impact Design Conditions

A survivable crash is generally defined as one wherein the impact conditions
inclusive of pulse rate onset, magnitude, direction and duration of the acceleration
forces that sre transmitted to the occugant do not exceed the limits of human tolerance
for survival, and in which the surrounding structure remains sufficiently intact
during and after impact to permit occupant survival. Inasmuch as the crew must stay
with the helicopter in an impending crash, a high level of what constitutes a survivable
or non-i{njurious crash impact velocity change is desirable and {s a key objective
of design for creshworthiness. The Army's crash impact velocity change design condi-
tions for longitudinal impacts against a rigid barcier are 6.1 m/s (20 ft/s) for
the cockpit and 12.2 w/s (40 ft/s) for the cabin. There has been little disagreement
vith this design requitement. The vertical velocity change crash impact design cond{-
tion however, has continually been the subject of controversy. It is becoming evident
that one set of crashworthineas design criteria is not necessarily practical for
all rotary-wing aircraft, military and commercial, large and small. Factors such
as the following must also be considered in future development of crashworthiness
design critevia.

+ Helicopter size and tvansportability requirements (space available for enevgy
absorbing seats and crushable subfloor structuve).

+ Performance of the aircraft (e.g. disk loading, autorotational sink vate,
flight velocity capability).

Basic airceaft contligurstion.
How the aireralt is to be etployed.

Obviously, the ewaller the aivcraft the larger percent of weight empty that is
devoted to crashworthinear for a gtven set of design impact cenditions. This could
lead to an impractical design. Alse, commercisl helicoprer operations are genscally
less perilous than military opetations indicaring that coomercial hellcopter crash
tu?s:t design vrequirements could be lews stringent than for silitary systens. Rallistice
;ﬁl:raneo is not a consideration in designing a crashuoethy fuel systen for covmercial
copters.

The followlng is o ouanar{ of vertical veloeley cranh fupast va. plech und voll
denign ceiteris that have evolved over the past few Years. 1t shoula be moted that
this 1s for {mpact on a rigid surface wicthout (1) reducing the helght of the coekpit
and passenger/teoop compatteunts by more than 131 or (2) allowing the cccupants

to experience injutious aecelefacive loading.

Teble 2. Vercical Veloelry Crash lepact Design Celveria

Velwity Chanye
vV tain) Roll fre

NIL-§TD-1260 13,8 L = 1y
(Ret 3} (42 feisee)
c506 BTN | + e 3 L T TR T U
tRet 2) (&2 teinee)
ADS36 1.6 ® loe “ 1% to - §°
(Ref &) (38 frivec)
NIL-STO- 1290 11.8 s g LR E LI 1IN A
vraft (%2 felaee) : :

The otiginel NIL-S1D-1390 contained sn (eaptectical requitesent for toll since
8 J0 degtee attitude vould result in only hall the landiny gest adrotbing eaersy
in a crath before fuselage contact, assuming 1t would stroke st sl with =~sh severs
aide jeadicgs.  The curtett published TSOC (reference % alse tpecilios @ tio Seve -
roll and negstive piteh impsct attitude requitement. This critetia is not scbstant fated
by sccident history deca of toll and glich values wod designing to meet it has an
adverso effect ob altcealt systens design sad veight.

T
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ADS-16 (reference 4) is based upon that level of crashworthiness that has been
demonstrated by the UH-60 helicopter. Since Army aviation leaders have been pleased,
for the most parr, with the UH-60 crashworthiness, they have dictated their desire
that the LHX have at least this lovel. ADS-36 and the draft MIL-S5TD-1290A are essen-
tially the same except for the vertical velocity change requirement. The roll and
pitch attitude values selected are derived from analysis of accident historicsl data

presented in Figures 6 and 7

in Figure 8 and it illustrates how the airframer can

The attitude envelop lgecified in ADS-36 is presented

e relieved from having to design

for the extreme corners of the combined roll and pitch conditions which rarely occur.

IRIONERCY, PIRCENT

L, aentiy

Figure 6. Aircraft Roll Angle at Impact
for Survivable and Partially
Survivable Army Helicopter
Mishaps, 1972-1982

PITCH ANGLE
oIGRIEY

ROLL ANGLI
5 o

Figure 8. Roll and Pitch Attitude Envelope

to withstand lateral loads without failing.

FHONACY, PEOCINT
Hd

MTCH, Mertts

Figure 7. Aircraft Pitch Angle at lmpact
for Survivable and Partially
Survivable Army Helicopter
Mishaps, 1972-1982

Landing Gear

As a minimum, the landing gear shall
be capable of decelerating the aircraft
at normal gross weight from an impact
velocity of 6.1 m/s (20 ft/sec) onto
a level rigid surface within an attitude
envelope of +10 degrees roll and +15
degrees to -5 degrees pitch without
allowing the fuselage to contact the
ground and without gear penetration
into an occupied area. Plastic deformation
of the landing gear and its mounting
system is acceptable in meeting this
requirement; however, with the possible
exception of the rotor blades, the remainder
of the aircraft structure shall be flight-
worthy after impact. Prior to the 1970's,
helicopter landing gear (usually skids)
had relatively little energy absorbing
capability and very limited capability
Skid gears were designed, typically

to withstand an 8 ft/sec vertical impact speed without collapse at basic structural
degign gross weight (BSDGW). Too often in the past, a certain accident scenario

has repeated itself in the Army's skid gear equipped aircraft. The helicopter will
touch down with some roll attitude angle (out of an autorotation, perhaps) at a vertical
sink speed slightly exceeding the skid capability. One skid fails, causing the helicop-
ter to roll right or left, bringing the main rotor into contact with the ground.

The reactive torque loads then exceed the capability of the transmission mounts and

the rotor system/transmission departs the aircraft during the post impact gyration.
Accidents such as described usually result in complete loss of the aircraft, serious
injuries to the occupants and often fatalities. It is possible to totally avoid

this type of accident for impacts involving sink speeds of 6.1 m/s (20 ft/sec, or

1200 ft/min) (or even greater), through use of a landing gear designed to absord

this amount of energy.

A high performance landing gear is the key component in the system approach to
crashworthiness as well as in mishap prevention. Future helicopter systems will
include very exYenlive mission equipment to the point that the airframe part of the

system will be

ess than half the system cost. The 6.1 m/s (20 ft/sec) landing geesr

(or better) will help protecy the airframe and exﬁenlive subsystems from damage,
e

resulting in the major factor in substantiating t

for crashworthiness,

cost effectiveness of design
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CRASHWORTHY FUEL SYSTEM (CWFS)

The crashworthy fuel tank specification, MIL-T-27422, was originally a joint
services specification that was modified to require a crashworthy, ballistically
tolerant (self-sealing) tank material that was developed during the mid and late
1960's. The modification, MIL-T-27422B (reference 5), was published in 1971. In
addition to the 19.8 m/s (65 ft/sec) full-scale tank drop onto concrete requirement,
the specification includes important puncture, cut and tear resistance tests that
the tank wall material must pass.

1f fuel {s allowed to spill during survivable crashes, a postcrash fire is often
tue resulr due to the multitude of ignition sources available. Prior to the advent
of crashworthy fuel systems, the Army studied 2382 sursivable rotary-wing accidents
occurring between 1967-69. Postcrash fires were present on lu.3 percent of the accidents
and contributed to 39.3 percent of the fatalities. Through an intensive effort.
the Army developed a CWFS consisting of self-sealing breakaway valves/couplings;
frangible attachments; self-scaling fuel lines; cut, tear and rupture resistant bladders;
and a means of preventing fuel spillage at all postcrash artitudes. The military
specification, MIL-T-27422B, was developed with specific test requirements and pass/fail
criteria for the CWFS. Though brute stremgth has some jmportance, the cut and tear
resistance of the fuel tank material are key issues for successful fuel containment
in deforming aircraft structure. The Army specification fuel tank material is also
designed to bg self-sealing for small caliber ballistic bits.

All Army helicopters now have a CWFS and postcrash firve statistics have been
altered dramatically. Dur{ng the period April 1970 to June 1976, a time when rvetrofit
of the CWFS vas in progreas, for helicopter not CWFS equl?ped ther¢ were 6% thermal
fatalities. This compares with only one fatality for helicopters equipped with the
CWFS. Since 1976, there have been no thermal fatalities in potentially survivable
asccidents of Avmy helicopters.

Field evidence has shoun that aircrafe with the CUFS have experienced fuel system
failures and vesulting fires in severe accidents #lightly above the human survival
limit. This has verilied the validity of current desiagn criteria. MNo veduction
in drog height, or of cut- and tear-vesistance values ahould be considered, especially
in light of the move severe crash impacts being experienced with higher performance
helicopters such ae the UH-60A.

RELATIONSHIP 1O €1VIL AVIAYION

In the civil aviation cozmunity, preventien of accidents has always been a high
priovicy. However, even uwith technological advancencnts. incressed mechanical reli-
ability, ioproved pilot training., and {ntensive studies of accident causal f{aeiovs.
accidents do secur. Statistice indicare that for oone decade (1967-1976) the aunber
of geners) aviation airevaft fnvolved in accidents was equivalent te ar least 38
percent of the total ¥.S. ajveraft production during that peried. Eetimates that
an ajreraft vill be involved in an asccident over a 20.year life range ave as high
a8 60+70 percent.

Recognizing thie accident probabiliey. it makes wonse to upply a vorthwhile degree
of crashuorthiness to contemporary design philosephy. Becausne of differences (n
wission profiles, civil airevaft ave novwally flovn somemhar ditferently than Arwy
delicepters. The civil helicopter erash onvicunaents uay tot be sufficiently sevete
9 justify using all of the MIL-§1D.1290 evashuorthiness desigp rechnigquee that have
been sddressed In this paper. Feod a cost viewpoint the easiest td justify aighs
be the use of state-of-tho-att restraint and enetpy absorbing seat aystews, although
the ceashworthy fuel syecen should perhaps bo at the wop of the priovity listieg
of needed cvoshworthy features. As compesite airfrate atructures becoss wore atiractive
fron a eolt!ueiﬁht standpaint, thele denonsteated poteatial to 2¢t a9 goud ¢herpy
abiorbers ehould aot be oveelashed. Usually, however, dedign innovations to benefit
crashudtthiness will equate to a4 design in oxcess of the Federal Alv Regulations
($AR's), uhich are fntended as ninfach vegquictedents only vather thas dedign poals.
FAA Oeder DA 2100.1 elearly Stares, “Such standards do eot camtitute the optices
to which the veguleted should steive.™

Finaily, sat to be ovetloosked o the ¢Ivil area {8 the very teal econstilc vaviags
that can Se gained (In concevt with vetashuorthiness) frod the faciveion of an erergy
absorbing (EA) landing gear. The potential Aray saviags ueere addeessed eatlior a
would cettsioly, to a degree. apply in the eivil sarket. Avoided sateriel daaage
fton hatd Jandings alone should go o long way coward justiiying an §A gear.

Sowe design ptactices such as exdellent protective structure arsend the oceupant
along with ud:acite restesint In agvicultural gerial application sieplanes ave niw
standard procedute. In time, It iv hopad that a vatiu‘g of meaningiul ctashuorthinous
inptovenents will be providiag {wercasingly higher levels of occupsat protectisn
snd damage avvidsace.
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NEW REQUIREMENTS OF MIL-STD-1290A AND ADS-36

Hundreds of changes have been made to MIL-5TD-1290 since its initial publication,
the vast majority of which were to correct typographical errors and to enhance clari-
fication. Nevertheless, a number of significant new requirements did evolve and
some of the more important ones, not already mentioned are as follows:

Type 11 aircraft have been expanded to include tilt prop/rotor afrcraft.

If system testing is not conducted, then analysis shall be required to show

the individual crashworthy components and subsystems function together effectively

to achieve the desired overall level of crashworthiness.

For vertical i{mpacts calculations should include a } W rotor lift factor.
This is slso true for the retracted gear condition.

For the case of retracted landing gear the seat/airframe/landing gear pod
combination shall have s vertical crash impact design velocity change capability
of at least 7 m/s (23 ft/sec) at an impact attitude within * 10° voll and +

15 to - 5° pitch.

Figure 8 applies for all impact conditioms which include an attitude envelope
of + 10° roll and + 15° to - 5°, piteh.

Neither seats nor litters should be suspended from the overhead structure
unless the ceiling is capable of sustaining, with minimum deformation. the
dounuard inertial loade {rom occupied seats or litters under crash conditions.

It is desired that in & 15.2% o/s (5C ft/see) vertical {mpact that the
height of gccupiable arear not be reduced by more thun 502 and that the surround-
{ing structure not fracture.

For head {mpact protection, {rangible iftems, such ar optical relay tubes.
shal] break away at a total force not exceeding 300 pounds.

1t i8 desired that the lunding geav continue to absorb enevay even after
fuselage contact has been made to maximize the protection afforded by the gear.

. Type 1 aircraft uings used te supper: external steres prevent rell over in
oany sccidents and sheuld net be framgible, but chould allow the stoves teo
separate under ¢ loads while maintaining the &tructural integr%:{ of the wiag.
Hovever, the ving should bresk off before the fuselege itself collapses in
arder to maintain fuselage structural integFity.

CONCLUSIONS

Nany ha!ieogtef geeupante are arill being forally !n%ured {n poteatially sue-
vivable ae~identa, and the percentage of m=ajer injuries ard tate of materiel
losses are atill high, even though the teehnalogy ond Jedign eviveria presently
exist to significantly reduce theee josses.

Aray aviation aissien cffectivencss can be sigaificantiy eahanced through
the applicatiaen of ceaskvorthiness design to Atay helicoptevs.

Lita-cyela costh can be significantly eedueed throuvgh the application of crash.
Crehiness dedign to Avoy helicopters eaely in theit life eycle.

NIL-STD-1290a7a05+36 {8 a practical, viable, and cost effective tequivtencats
document .

althou*h highet levels of crashworibivess ¢an bie achloved in a cosplete
ned helicoptee systen dest%u. sigaificant isprovecents ¢an be wade o the crash:
vorthiness of existing helicapters thtough vettolix progeaos.

The need exists to continually isprovelupdate helicopter crashudcthiaces desiga
eritorio amd stondards.

uiltiary erathvorthiness features and tevboology have ditect applivation to
the ¢ivil/cosercial flect.
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