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ABSTRACT

The CEPr SACLAY has develcped for almost twenty years a
full FOD test capacity, in order to offer at the french engine
manufacturers a very high level FOD engine test rig, both for
development and certification purposes.

Throughout those years, a large number of developnent
tests was performed at CEPr SACLAY TX test rig 1in order to
improve the french regulaticns and to decrease the costs of

full size test on a real engine by testing components under
different conditions.

Studies on the tests metheds have been #cnicve? to aveid

the most severe cases of strikes, considered by the
certification authorities as non representative of a real bird
strike : those new technologics were appllied to the HBFR

engine CFM36-5 program.

As the engine and material technology is improving guite
rapidly, CEPr SACLAY has to adapt his knowledge to the new
engine concepts born a few years ago : in particular, CEPr
SACLAY 1s developing new FOD test technolegy tc face the
challenge of firing nine to ten birds into an UHBPR*engine, as
the actual regulations ask.

Two FOD campaigns were achieved on composite propelliers
the results are wvery enceouraging and CEPr SACLAY will be
prepared to test the GE 36 UDF to bird strike hazards.

A video is presented to illustrate typical tests achiecved
on  varisun  Hinds of engines,

¥ I[HBPR engine : Ultra High BvPasz Katio engine




1 - GENERAL HISTORY

The CEIPr SACLAY { Centre d'Essais des Propulsecurs ) isg
the French ¥ inistry of efence official test center. Although
its main activities deal with the flight simulation tests or
corpenents and enginesfor the French 4 ir T sre main programs,
it is also corsidered as a technical expert and support for
the french <ivil aviation authority ( D3ac }. For
reasans, it has been involved very early in birds
on engine, both for military and civilian pUrposes.

thone
atrike test

The development of the FOD teoste tech: ics at CEPr SACLAY
are directly related to the the CFM5e program. RBefors starting
the pregram, french officials zervices L ETPA and DCAC ) and
french main engire manufacturer SHECMA have launched =studies
cn the birvd striks effect or a large ler of an HBFE englan
called M o243 i e o mmeTiality
alao the
capab:le of
(fig 1.
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Most o©f the tests centers have aZopted the air I
technics  to launch  the projeoctile o the  targot. The
projectile is put in a carrier which acts 25 a piston when the
compressed air is suddenly released byoa "fast cper: Jnj walve™
* the velocity is then a funchisn of boch tihe i af nl
carrier pldb plomvti]e and the pressurs of +
alr, known by calibration tes<cs




The differences between the systems built in the world
appear when considering the material employed for the carrier,
the way the bird is put into the carrier, 1if the carrier is
catched at the end of the tube and the way the '"fast opening
valve®" is obtained. Some differences can also be noticed in
the geometry of the guns.

CEPr has chosen for bird strike tests the following
philosophy : being capable o©f firing with the lowest
probability of failure and a great repetability one or two
birds inte an engine, without sending the carrier, which might
affect the results of the test. This has led the CEPr
engineers to develop a new kind of gun based on the following
improvements

- a "fast opening valve" based on a plastic sheet
opened by a detonater

- a projectile carrier catch at the end of the tube,
which is capable of retaining through
mechanical shock absorbers a mass  of Z Kg
launched at a velocity of 400 /s

- 2 projestile carrier keeping its integrity during
the shock of the catch in order *to avoid parts
cf the carrier to be send in the engine

- @ very well known material for the inside wall of
the gun in order to improve the repetability ot
the gun

= & gun rececil abgorber in order to improve ths
impact precision

The more recent air gun type developed by the CEPr SACIAY
for the CFM56-5 certification -e § wmeterslong and has a 140 oo
diameter : it can fire a large bird at 40C my/s to coversd the
military flight at low altitudesdonain. Seven tc nine of then
¢an be put together or a special support for mediur bird
ingestion tests on HBER {1) engine (fig 6).

All the CEPr guns are emliped with a "wire to wire"
projectile wvelocity mneasurement based on the measurement of
the time spend by the projectile between tws well known
positions inside the qun : the impact wvelocity is measured
with high speed wvideos or calculated through mathematical
nodels.

(1) HBPR engine :nﬁzqh Byrass Ratio engine
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The CEPr philosophy implies the wuse of a special
automatic system capable of managing the whole firing seguence
that i=s :

- the high speed cameras needed for the
understanding of the test, and therefore the
intensity of light put on the target

the different electrical sources needed to feed
the detonators

- the metecrclogical or engine parameters analysis
- etc...

As the good working of all servitudes put around the
engine to measure or to analyze after the shet its hehaviour
is considered to be the most impertant thing te ensure before
the test start: the sequence automaton is also eguiped with
all the alarnms needed to stop the firing sequence when tihings
go wrong. Those alarms concern the behaviour of the erngire
before the test as well.

111 - MULTIPLE STRIKES PROBLEM

CEPr tests engineers call mulitiple bird strikes the case
vf two or nore birds impacting the same fan blade at guite the
same height. During certification tests, the case seems to he
more  copmon than predictable as rnost of the engine
ranufacturers have faced the casc of three birds impacting the
game blade at the sare height, with most of the time very had
results obtained due to the relative weakness of a hlade i
has been two times severely impacted.

CEPr  SACLAY alae kad bt face such a preoblem and
recently triedto find appropriate answers in corder to avo
case ¢ three or more impacts on the sarme blade, as it is act
considered as representative by the civil aviation authorities

(27.
3=1 Btudies
Two kind of studies have bkeen launched by CEP1 to

understand the way such nultiple impact could happen and try
to estiwmate the risks for new cerzificaticn tests,

{2)To our hest knowledge, no case of medium size bird multiple
inpact on engine in service were noticed during the last ten
vears.




1t was first necessary to understand how the performances
of the firing system, seguence automaton included, could
affect the arrivals of the bkirds on the fan. This has been
done by analysing both the CFM36-2 and CFMS56-3 bird
certification tests and by analysing the performances of the
former installation in order to have good mean characteristics
of it. We noticed that whatever the firing sequence will be, a
decelaration of the fan velocity occured approximatly when the

first  three bird strike hapenned (fig 7) ; then the mean
decelaration rate is guite constant during the other strikes.
Most of the time, when the test was successful, the

decelaration ended hefore the last strike.

A current decelaration rate was included between 1500 and
3000 rpm/s/s, so that for an engine running at 4500 rpm, the
difference bhetween the estimated location of the impact
through a simple calculation and the real leocaticn could
casily be reasurable in rournds : this led the CEPr to consider
that the only way to avoid multiple bird strike was obviously
to connect the auteomatie firing system to a fan velocity
reasurement and try tc integrate this measure into the
seguence, although it complicates the automaton gquite a lot.

2 second fact appears guite rapidly 1in our situdies : the
way of firing the pirds was as so inportant as the knowledge
of the mnost probable location of the impact, CEPr has never
adhered to the philescphy consisting in firing all its birds
2t the same time ( althsugh its installation authorizes such a
shot } consldering that i1t is not representative of what can
happen on an air field. CEPr engincershave tried to defermine
the real concentration of both little birds and medium bhirds
when high concentratien occurs @ from there it was possible to
cztimate & majoration of it and translate that to the case of
a test.

The rezults obktzinsed shown that whepn all the birds were
fired at ihe sane  tine, the decelaration rate was mere
rtant and more hazardous than in the c¢ase when the birds
wore shot one after thke oiher @ this can he explained by a
"recovery factor" of an impacted blade, which when hurt, bent
and draw from itself wup under the action of the centrifugal
foraes. If the blade 3= hurt, even by a very little part of a
12171 during this action, the dammages are often more severe
and the abration more important.

1) cof this led the CEPFr to choose a firing segquence
which mininizesthe risk of wultiple strike by contreling the
way of arrival of the bird, within the regulaticn
recomnendations. {3}

f3) The FAR and JAR regulirements authorize a one seccond firing
segquence,
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A mathematical simulaticn was developed to analyze the
different possible behaviours of a seguence., The paraneters
considered were :

~ the projectile repartition

=~ the firing seguence : this include the poessibility
of tie down the fire to the velocity of the fan

—~ the decelaration rate of the engine and the time
when it occurs

v the parameters describing the repetability and the
precision of the projectiles, of the guns and
of the seguence auntomaton H all those
parameters were calculated or estimated through
calibration tests performed on all the implied
elements of the installation

3-2 Applicatiaons

L1l the results obtained with the different studies show
that the reliability and pPrecision parameters were aluc very
important : in fact they were the only non  hazardous
parameters on which important improvement could be mads anpd
tested before a hig FoOD campalon.

Conscious quite rapidly of this fact tre CEPr  has
developed its new bird artillery with the purposas
mininizing the uncertainty cn the following paramcters

- projectile velocity

= time spent between the authsrization of {ire angd
the strike

- loccalisation of the strike {33

The uncertainty envaelope was given by the models and
checked by calibratien which was +the only way to zhow where an
effort should he rade to inprove the systen.

The results cbtained were very satisfactory with a bj=3
strike precision estimated +/=- 30 degree on a rotating fan
{490C rpm }. This technolegy was applied to the CFMua-on
Program with a big success ffig 8y .

{4y This test is realized without the engine running and
therefore doas not take in acs nt the aerodynamical coffects
cf the air intake on the bhird.




IV = PROJECTILE CHOICE

One of the wmost exciting discussion most of the hird
strike test engineers may have, consists in comparing the
advantages and the disadvantages of all kind of birds they
have to fire intc an engine. CEPr is not an exception and this
has been one of the mnost important activities of the bird
strike team.

The CEPr unique bird was the cormon chicken : the reasons
put forward by the center when someone asked why, were mostly
political reasons

= mest of the birds concerned by the hird strike
were protected in France, and therefore no-
available for test purposes.

- it was really difficult to find a dozain of real
birds having the gosd weight when the roorest
calibration campaign need gquite a hundred of
birds to be fired.

- even if it is authorized, finding and killing real
birds without guns is gquite impossible to do.

CEPr state of mind has changed after the discussions it
had during the CFM56-2 hird tests with GENERAL ELECTRIC and
SNECMA, The experience of GENERAL ELFCTRIC shows +that the
¢hicken was not as so good as it scems for different technical
reasons related to the fact that it is not a real bird as it
rot flies. In additien to that, the CEPr chickens were famn
chickensraised to produce meat. All those elements led to have
a bird projectile dernsity too far from the reality.

Conparative tests were pragramed then tao compare the
damages done by differert kind of birds seagull and chicken
were tested at SWECMA and at CEPr, as CEPr has +he ability of
using wild seagulls !iving in the south of FRANCE and provided
by the DGAC. Both static and dynanical tests werae performed
the results were very different, but the znalysis of them lead
Lo the conclusion that the seagull was a wore representative
bird for engine tests, when comparing them to the in flight
ird strike data base,

The SKECMA tests were done on a whole rotating fan : a
semi-dezain of birds were shot on the tip ©f the fan blades
and compared to the dammages caused by chicken. The ladles
chtained were less important when considering a single blade,
but more in terms of npumber of blades hurt.

The CEPr tests were achieved on static blades grig under
axial load : the dammages encountered when firing a seagull
were more important as one blade supported the whole bird in
this case and not when using chicken (fig %). The CEPr tests
have also proved that the seagull was a hetter projectile in
term of strike precision, due to its flying capacity and
morphology.,
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All those elements have decided the center to use natural
seagulls for official tests as the most representative birds,
even itisquite difficult to find a 1.5 1bs or a 4 1lbs bird in
a species where the average weight is 2 1bs.

Analysis are still continuing to analyze now how the way
the birds are freezed or snot might influence the results of
the tests. In particular, the influence of the gun diameter on
the effects of a strike has to be studied a little bit more.

Y - TESTS TECHNICES ENHANCEMENTE FOR PROPELLER BIRD INGESTION
CERTIFICATION

The more recent developments in propulsion technology are
for the five years to come a source of new development tests
as there is no real regulation which can be exactly apply to
the new UHBPR (5) engines: neither a turboprop engine, nor a
turboreacter, the propfan is the next ckzllenge to face for
the bird tests certification.

For now two vyears, the CEPr is preparing all its
installation to this new kind of problems. Two bird strike
canpaigns have now been realized first to check the effect of
bird impact on rotational propeiler blade in comparison with
static test results and secondly to determine the nature of
the problem toc be solved when CEPr wiil have tc test an UHBPR
engine.

2~1 Analysis of the campaiqns

The first campalgn occured two ¥ears zg5o and the main air
of the tests was to analyze the behaviour of a conposite
propeller blade during a bird strike : the propeller was a
three blades BASTAN propeller from RATIER. At first, etatic
testson a conposite and a metallic blade were performed, then
two propellers, onc in comnpoasite material, the other in type
design material were tested on the rotaticnal test rigq,
without a turboshaft {tig 10).

The test installation was not precise enough to allow an
axial shot on a blade, so that a new shot technic has to be

found : the gun was put in the propelier plane and the
propeller pitch was adjusted te zeroc. A dozain of shots were
achieved  without major troubles. However , this first test has

shown that a new concept was now necessary to face the
thallenge.




Trhe studies led from these results were concluded by the
introduction of a "blade aiwmer” and an angle <calculation
module using the propelier velocity in the automaton : a first
demonotrator of this technic has besn built and tested for the
gueilification of the TRANSALL comrposite propeller to foreign
chiest dammages. The propeller was propelled this time by a
TYNT turboshaft engine in order to check the whole propulsien
systow (fig 11) .

This new cappalgn of FOO tests performed on 2 four blads
propeller is  currently  achis.od 2t CEPr TRANSALL propeller
test facllity HO rig : the FOD installation allows now an
axial shot an a deczignated hiade(s). The autcmaton z2nd the qun
used wWere precise onovan asw Yo Louch a reotating blade
Tittie stons of 30 gr.

1his encouraging result shows the CEPr that the <hoosen
concent seems tu Lbe the good one. Many studies shouid pow ke
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e YI - CONCLUSION

3!

1e The recent successzes of the CEPr SACLAY in FoD testing

I are the direct conseguences of four Years of research on the

a test installation itself and the causes of the multiple

n - strikes. It lead us to understand the necessity of developing
high level technolegy for these king of tests to get a high
reliability in order to be more confident in the installation

e which must not be a source of problem when realizing such

T tests.

n

k] All the improvements bresented above are not commonly

1= ; used at the Present time, but most of them will be employed in
the next five years for the certification or the qualification
of the french manufacturers propulsors.

N

e

g the future to keep what we §
w consider to he one of our major successfull activities during H
the past ten Years and to participate to the challenge of the

hew requlaticon writing ang testing for the UHBPR engines.
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Figure 1
; TX rig engine test facilities
{Photo CEPr 87 280}
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Figure 2

T¥ rig tixed target test facilities
{Photc CEPr 87 2143)




Figure 3

Medium bird certification test on the CFM56-5h1
Damnages encountered
{(Photo CEPr 87 1061)
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Figqure 6

Typical CEPr air qun
(Photo CEPr 87 3485)
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Figure 7

Fan speed during a medium bird test
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Figure g

Medium bird certification test on the CFM56-521
Impacts location on the fan




Figqure &

Static blades under load installation
Dammages encountered
{Photo CEPr 86 ...}
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Figure 10

TX rig Propeller test installation
BASTAN Propeller campaign
(Photo CEPr 85 211)




rigure 112

HG rig Propeller test installaticn
TRANSALL Propeller gqualification canmpaign
{Phcto CEPr B8 5E66)
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