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Abstract

Thc hazard created by bird encounters for helicoptcr occupants does not account for
a large percentage of serious accidents. For example no fatal accidenl due to a bird
str ike has been recorded, to date. on the Aerospariale f leel.

However, some cases of cockplt penetral ion and oJ englne lngestjon have indeed occured.
Furtherrnore the rotors, the sensjble and vital parl of the heilcopter, rnust be prooled
agarnst brrd stnke eI{ects.

The part lcular i t ies oI he|copler operal ion, as compared to l ts f ixed-wing brothers,
are essenrlal ty i

usate of unprcparcd arcas icr take oJ{ and landln8s
necessrty To Frovlde for larse transparent areas {or pi lot  v ls lbi l i ty
low speed - low ai t l lude operal lons
no Pressurlzal lon

Thc helrcopter windscreens are tested to show compLance wlth the relevanl BCAR
rctulat lons, and rn sorre casei r t  has been necessary to rmprove the lnr l ral  desiSn.

Thc air  rnlakes must be conslslent with enBrne retulal jons regardlng bird ingest ion
or protect lon. Tesls are carr led out to devejop sui table protect ion and : jhow conrp|ance
wlln enSrne retuldtlons.

Rotor blades are not subiecled rc any regulatlon, but
slrnrlar 1es1rn8 and strarn nredsJrements, that bird
on blade inictrrty.

Aerospat lale has assessed, through
s t  k e s  h a v e  o n l \  m i n o r  e l f e c t s

; \  movje rs presendcd to i l lusl .ate typlcal  tcsts conducled on these three sensit ive
a r e a s  o l  t h e  h e l r c o p t e r .
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I  - CENEITAL

Hel)copter, !ke frxed wrng aircraft sor!eti f ires meet birds rn { l lBht and thercfore
are at rrsk to sustarn sorne damate, possibly endanBerinB f l l tht safety.5l],  l ike
airplanes thls type oI enco!nter is taken lnlo account when designjng exposed
areas o{ heilcopters,

l . l  -  I n  Se rv l ce  expe r ie l ce

First i f  we look at th: accldent history ot Aerospatiale hcl icopter f leel,
bird impacts are not ar, important cause of accldents, and in parl jcolar no
fatal i ty, has been recorded to date Jor tbis reason (cables, {or example, are
by far a much greater jeopardy for helicopters). The reasons may be attr i-
buled to spccr{ic fcatures of hellcopters and thcir type of operatjons.

1 .2  -  He l l cop te r  ope ra t l on  pa r i r cu ia r i t l es

As compared to f ixed urng operations, those ol hel icopters feature posit ive
and  nega t l ves  aspec ts :

- operat!ons Irom and to unpi- 'epared areas where specif ic action against bird
presence cannot be contemplated

- large transparenl surfaaes needed for crew vislbi l l ty in speclfrc aerial work
mls51on5 very ctose to groJnc

- but low speeds 6cneral ly used at low alt i tudes, and Ior currenl models no
pressurlzatlon of the cock?it and cabrn.

It is possible that some degree oI protectjon owing to the maln rotor
in forward f l iBht, and specil ic devices avoidlnB engine inBestions may help
mlnrmlze birds hazards.

l . l  -  Regu la t i ons

But the rlsk must not be ignored, and to starl dealing wlth i t  some reBulatory
requiremenis l lrusl be mer to obtaln type certrJication.

- For airfrarne, only LJK regulal ions (BCAR C-4-l-10) require specil ic resistance
of rotorcralt to bird impacts.

-  Fo r  eng ines ,  US (FAR l3 -77 )  UK (BCAR C-4 -6  pa rag . l 9 )  and  EuroPean
(JAR E) regulationsconsLslently require a speciJic entine response. Compliance
with these requirements could be obtarned by engine deslSn by i lself but
the present pracl lce is lo provrde protection through englne intakes deslSn.

nlrhoLrth no retulatron =t aLl applies to rotor resistance to bl id imPacls,
Aerospariale has carrjed out some tests to make sure that no problems could
arise with thrs essential i) vital part of the hcl icopter.

1.4 - Hehcopter exDosed areas

So we shall  deal- successrvely wlth these three groups ol exPosed areas ol
the hellcopter: wrnd screersr engrne lr)takes, rotor blades.
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1 . 5  -  T e s t  l n s t a l l a l l o n s

Full scale testing betng teneral ly necessary ro assess structurat resrstance
to obrect lmpacts, Aerospatlale makes use of specif ic lnstal lat ions namedlbird 

Buns'r which have been buil t  at two different Covernment Tests Laboratories
in France I

- Saclay (near Paris) Powerplanr Test Centre (CEpr) Ior engines intakes

- Toulouse Aeronautical Test Centre (CEAT) for windscreens and rotor blades,

Both lnstal lat ions al low Jutl strain instrumentation recordi_ng and high speed
movte cameras.

2 - VINDSCREENS BIRD IMPACT RESISTANCE

2.1 - Windscreen bird str lke rests

Bird str ike tests are carried out to show compliance with BCAR G-4-l- lO.
The impact must be deirronsttared at maximum torward sDeed. The bird size
to be tested is dependent upon the helicopter maximLrm gross weighr (up
to 4lbs lor large heli .oprers). The speciJication retained by Aeroipatiale
ls that the bird must not penetrate the cockDit. permanent deformations
are acceptable i t  they do not af{ect airframe structural integrity,

2.2 - Windscreen impact research

Beyond str ict compliance with exist ing regLrlat ions, research and development
actions are in progress to optimize, as regard to cost and weight, material
and attachments of windscreens, and to develop analyt ical metho-ds to predict
impacl behaviour, Most promising are mult i , layer panels with enerty aDsorprton
capabil i t ies, but research is only at an early stage and no conciusive results
have been obtained so far.

3 . ENGINEs BIRD INGESTION

J.l - Engine repulatrons

The above mentiohed retulations stipulate that in case of engine bird intestion:

- no hazardous condlt ions are created by a 4 tb-bjrd impact at max speed.
(in lact, no r isk of engine uncontained breakdown)

- the power loss, after
to  25  .

J.2 - Ceneral remarks

snall  and medlum birds ingestions at V cl imb, is l imtted

. ,  . . -  _ , 1 6 2  - .

The philosophy at Aerospatiale ls to prevenl bird ingestion, protection oI
the engrnes beint necessary for several other reasons trke F.O.D., compressor
erosion (sand or d!st), snow-water-ice ingestion.

3.3 - Air tntake protective desiqn

So, the design ol air lnt. ies must take rhese effects into account and appropri-
ate arrantemenls are use: to this eJfect i

- statrc arr intakes (5A ls5c, AS 3 tO)

I



- optronal protectrve devices : "snow-shields", sand f i l ters, multt-purpose
alr  ln IaKes.

3.4 - Air lntakes deslgn obiectives

For dynamic arr- intakes, mosl o{ten uti l ized because of. better perlormance,
the desiBn objectives -re to retain small and medium birds wjth the tr id
and if  possjble to retain also large birds. I f  not, i t  is necessay to demonstrate
large bird ingestion rnto runnlng englne.

J.) - t l l rd starkc tests

Bird str ike tests are carried out on actual complete structure(grid, st i f fness,
attachmenlsr stublrdme- forward air duct) each component parricipating,
through its deflectlon, to bird retention. The bird retention up to 4lbs, is
ln facl obtarned by control led deformation of al l  the components.

4 - ROTOR BLADES BTRD IMPACTS 
'.

- lront or lateral dynarr,rc arr rntakes (A5 332, SA 165N, AS 355) wrth protective
gnds

4.1 - Ceneral remarks

Bird impact tests on rotor blade sections have been carried out, in the aDsence
of specrf ic regulation, but presented to Cert i{ ication Authorit ies during the
type cert i f ication process.

The objectives were to evaluate direct impact damage on blade sectron, to
analyze possible detrirnental effect on rotor transmission systems, and to
valldale theoretical ana-!ysis capable o{ transferrinB the results to other types
oI blades and aircralt.

4.2 - Test prograrn

The test proSram objecl ives were to ch<kbird rmpact eIJect on three typical
blade slations. These stal ions differ because of angle of attack, centri fugal
tension and resultant speed variat ion with blade radius.

. The test condlt lons are inlended to simulate VNE plus local velocity due
to rotor rotation, actual angle of altack and centriJugal tensjon, and to test
a  4 lb  b i rd  impac t .
Thc validation oJ mathematical analysis model, to be used lor determinint
the efJects on lransmission and for application to other designs, necessitales
to careful ly identl ly the blade section vibratory modes, and to record a t ime-
hrstory of stress levels.
This rs done by mcans of a comprehensrve strain gauge equipment and measu
. e m e t  I  ' I | L u l : .

4.1 - Brrd strrke test results

The bird str ike tests as descr ibed above, have given very sat isfactory
results on AS l l2 blade sect ions. Local damase is l imited 1o mrnor dents
s h o q  I n t  n e r l h e r  s F p a r a t r r n  n o r  d F g r a d d t . o n  r e q u r r r n g  b l " d e  s h o p  r e p a r r .
The efIecI on Iransmlssion system is not s i tni l icant as compared 1o normal

Thc mathematical  anal\ ,s is model has been valdated and rs now avai lable
1Or Olner ty pes.
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5 - CONCLUSIONS

Bird str lke hazard, althouth accountlng for a small percenta8e ot al l  accrdenls'
exists for helicopters, as i t  does lor airplanes.
It is consequently necessary to minlmize such hazards and wlndscreens, air intakes
and rolor blades wrl l  have 10 be specif lcal ly designed and tested to wlthstand
bird impacts.
Some changes to the inrt ial design may have been necessary 10 comply with exist ing
.egulatjonsJ but the f inal cert i l ied delinit ion amply meets, and exceeds in some
cases, the applicable requirerr,ents.
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