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INTRODUCTION AND HISTORY

For 1ow seven years' CEPr has bee'1 involved in propeler loreign objed. dr-

maoes ( FoD ) tesri,1g tr', n"* pan o 'nt.6"'ie'iiit'o tettiFg ict "ily is d-i'ecrly 'e'aled

tl i?i,  "tqi"p6io ptdpelle' cor cepl ca'PBbPFAN a' 'o-l l-e cbmpocte Faler'a'Lse-or

b.o orooi. 'el repldcen erl on evistrng tLrboorop englres

Alter a ilfsi campargn penormed on a lour composrte ,blqq"ji ̂BJ^S].$
orooerrer. 6iFr ias lie;-in;oMtd in rhe new composrte TRANSALL blade qualhcatlon

in 1987.

ln the same period' cEPr nas worked a lol on lhe unducted F-an G^E36

fl1?llff,::i g;s#l;Y*,llg"J'""*r:[Tgl1"'1,.0?lt * ""' rnethods and resrs

The BASTAN campaign has previously shown the FOD testng, nreal take-otf

conoirions exrrin-eoir'ci'w,ior-oroq9',1r--vfnee:i%'13:,?""".:?,?li::'J:'il"."95:f$Xl
forced to shot the b rds in lhe propeller p
":o"Ju'tliv "i n;bn j. poss b.e. ( sde figu-p. ' a1o 2 ) ,t was lne'l obv'oLs y lecessary

i.:-;;;; i;" drop.tie' o ade p tch lo recover sr'r"ar conorl ons as the a'n-eo o-os

(tahe o' i-cord t ons )

Alter the campaign, a complete iest analysis has been d-o'.le-: the chosen

sfoot,.g technology was c_lt cized by CEPr ;tseli tor tnlee ma r reasons :

1 ' the missing shot rate was felatively hlgh

2 _ lhe shots were noi repetitive marnly-rn term ol rrnpact localion and !mpacl

velodtY ( see figures 2 and 3 )'

3 - the propeiler mechar"g, o"Hl'?,",":,i39;lli" 1i-:#i:J"j 
'Ii"'."Tf"i

' 
iil oarticular' it has'ib'ipriiJv ( ibi"-otadl tosses dunns a le3!,ry bltd-t-es^t-1,-1ng io
eiplSin *6ai would have hapPen in t real take oif or crurse oro

str lKe.

Therefore, new technological studles were done to develop a FOD test rig

aole or oroleitliei Jrrooring parallel-io the propeller axis'

rhe choice or such a technorosf^wa^s .mamrvta::t' 
"J jHtPiHlii ti"?3Ll

exist,ns Foo ens:ne qua:ncat'on 199j1"::1Ti#:JeJ;"t"i:l-1.3.'::,Gi,;i";;; .
f""S%, llT8:"1""fl,:',:"+ ?J'[3'1!31.' ,;,;;i ;; iesu'at'ors do n5r ro'ce^ a- ord
ororecule traiectory pa'aiel ro tne "ng'ne- """ 

-u; 
iii co"mn_on lse fas'always led lo

!rlr, i i,ii.,itiii"ti"o aL,1\olt'es areconsoeri'lg tnis lact as a junsPrudence

The chosen test rig was the Ho CEPr propeller test rig which allows :

1 ' a similar mounting as the akcraft one' which is imponant in-l9lns ol
' - " -nielnlniinJ 

srooaiuJi'iuio'ioiirte *hole propulsive svstem (see
l l ou res4andS) ,
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"'tulations in terrns of engine rating and propeller btade

3 _ stresses analysis on one chosen blade.
Four different toreign objects were ro oe sent at the chosen bjade :

- stones

- hailstones ( 50 mm diamerer )
- medrum bird ( sea gu 

 

0.7 kg )
_ hea\,y bjrd ( sea gul 1.4 k9 )

,* o,"o".1i:,l'n,nj:l1o?:",,ll,jg ?B $:l""iJ.J:?i:1"6 "j1l;,,g"511gg;0.s,, -,0"

illt"";uil$€{"IF:i!":'3F"%l;?''''J""13"i38F:?'^&?3'*"1"*:i",xx"""{,t3'X
- stones : 75%

- hailstbnes : 50%
_ b/rds : 0%

The engine thrust was considereo as a quatjrication parameter.

CEPT FOD TESTING TEcHNoLoGY IMPBoVEMENTs
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Blade aimer system

Blade aimer svstem orio nal idea ls a word War I arrcrait machine gun iiring
sv.rei oefivar,ve :Ihrs'old sysGm allows lo shoot t1e machine gun through lhe
p'ropetie. w,tno.rt da-nag ng tre blaoes by syrchro'lisalo1 wil_ the prope Ler rolal _q

v e l o c r r / . B A S p - . c p , e r s l L s t l h e o p p o s i l e ' i ' ' 1 9 a I l h e I r ' l e I n t t e p r o p e l e r o l a o e

BAS -p es a very good frowedge or l te o"lerent tre soert b) t"F
oroed e a' ld Ihe:rrred olaoe bptweel the sFootrg aLrlo'zatrc l  aro lne roacl

To ensure ihe time spent by the blade beiween the shooung authorizaton
and the imoact. BAS is malnlY based on a stroboscopic video system whose lrequency
is related io the orooeller rotauonal sgeed- Vlew of the ain]ed blade is taken by the
sroooscop c syste-n and lhe tesl engrneer co 1 choose ll-e b'ade to be lnocked agdinst
ov acirno 6n a ihootino tLme delav, Iriorder to ncrease accuracy, the minimum time step
oi:ss.o d *as tne r.r-'-o_second' ( in acco'oance wl1 lne aLtoraalon 1te'na coch
iteq,rency ;. This delay rs automaiica y laken in account by the automaton dur ng the
llnnq sequence. ( Ugure 6 )

Throuah this visualisation concept, 8AS allows also a very good survey olthe
impacted blade 5fter shot durlng the five inlnutes englne stabllisation

Gun calibration

The tLme soent bv the proiectile beween the firing authorization and the
'noacl is put in the aLlonar<in as i tme oelay conslarl 1 is a resLh lssued "on t le
ca orat:ons carapaign and wn:c'l mignl be correcled I sone engi']e in'uence aooears

Tnis constant is in lacl the nosl mpoatant para-neter to characlerlze
ll^e'efore t l_as been necessary lo improve our uncela nry a'']aysis oJr ng the ca b'a'
lions as a co.]sequence, tl^e reuttlzatior of old ca brat'or shots was alrro$ mposs_
ore.

New cal:brations shots at given " 'rg condtons were do.e;1 o'der lo
measLre all ll_e d,f{erent ti'nes whrch charaderize the pro.ectrle tr4ectory :

- time betlveen shooting authorizauon and detonator explosion'

- tim€ spent by the projectile inside the gun aiter the detonator exploslon,

- time spent by the projectile to cover the distance gun propeller plane

The second oarameter is manly re'ateo 1o gJn a,r pressu'e and f 'nal bid
veocrN. Eacn oarameter was measured and rts urcelarnty was calcJlated :then
inlluen'ce coetlliients between the different uncerlainty were calculated and analysed
They were also compared to the different adiustment parameters such as shoolrng
delai, air pressure, blrd mass, projectile carriei mass, etc ...

Knowino the ma,ol uncertaintY causes' some methods improvemerts have
been develoo to r6duce $6m. At least, ihe b.rd velocity uncedainty has been red-ced
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OUALIFICATION METHODOLOGY

l'-e1,;".."t{:"ii:*i:!!gji"1'3.,3!i#,ll:::'f,.ff;J[""T:"f1,ffie,"?iT:S?"3:iil""1131'J?flT! J"Tigil8T3 ff r:ffi ,ix'iv't8lli,t.*:r::ii".nttx ;q;overhaut workshops.

t".n o"u"ll$uJ1'u' 
with the TRANSALL quallficalion, tlvo kinds of comparisons have

I - shois on stattc blades under load [2] were performed ia order to establishthe ditferences between cd;rposit€j a"o ,it" ic lria"i i"-.!!'"i.condit ions,

2 - sl-ols or rotal ng metal,,c btaoes were prevrous,y doae and results ( defor_.naron set ) co^rpared 10 rte iea, oanbge! ie-e"-,;;#;,)il:i

. ."_.._ Yah ai, t l-os_o resLrtts. CEpr and RATIEB nave tr,ed to preoct what k:nd oi
ff:i:3%'[?r'':T3:Ti"fli*"19'" nave oJ.rs'.o'u' "g' iod i"lid'i;';ul in'"

- shooting parallei to the propeller axis was the most representative solLiion.
-'""''t" o?33'0"u1'3! 

i!:i"Ji:o5tffJ"." *tnerv simjrar to those encounte

choce oi tal.e-oft condj:ons and the calibrated project.tes was confiafireo,0y lne conclus ons of both comparattve

ffi Hl"F,r;ir""r$ft +j'J,,311,"ilf,."f65"+:iifi*i"sxiii:"".:':fi 'f"jf ,":,
CAMPAIGN MAIN RESULTS

,"r,.^, ,C!.Pj,.':_lg, r"aty quatired to present.in deta;r the resulls oblajned dunno the,*NTALL 
eqlalrt 

cal on campa.gn : however. irFDo.tanr t cr, **e !""ri iij *Yrr'il!

The cornposite blade behaviour has been judged better rhan the old metallic
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a. ie "ia:i v ln laim cf ai€forfi3tion pernanenl set and rnatef;a heath. In peaiicular, ihu
rl ike base r.retal ic protec{cn agalfst ei ison pui on t ie blade l€adLng edg-'v/as "ol
ia]lraged anu the q ue use! was very satislac{cry. No ccmposite Ceiar naui.rn has been
obse.!ei : inrs result is v€ry good considerinE thal nrore than 30 birds have been sl^ot
cri 4 blades oiteii al simiiar knpact locaticn. As a mattei of fact. nc cc'I]poste blade has
l:en cLanged duriog the all campaign

A surgris ng resLrtt is the fact thal ihe rmprrcl locaiion can someirrnes avcid the
.ad:ng edge o{ the blade, wh at is a !1ays the case ioi HBPR engines thlsconfrmsour
iheareircal st!dles l3l.

trtAlN PROBLEM FAISED

As said before, the uncertainues caculated and obserued on the dfferent
FOD test instaLiation parameters have been studied in order to anayse mo.e precisey
the impact time dlspersion. The different caculations hypothesis led us to thlnk that the
lnnaci urne repanil ion can be desc.ibe as a gaussan functon [3]. Subsequenty, the
eiative oistance between lhe blades and the bird at a given time s also a gaussan

tLrncticin.

con paring rl '  s resJlt to lre o1e oota reo 'n an H.gh Bypass Ralio ( HBPF )
engine qualificalion [3], CEPr has confi.rned dunng the tesls thal only one pa.t oi tie
c -d mass was really ,npacl 19 lre b aop : as " na-ne' ol lacl rn ar hBPR erg res oro
strike test, the whole mass oi the bird takes part in the shcck, alrnost equaly dlslrlbuted
on several biades.

As during some shots, we have been capable to analyse how the bird was cLrl
b!'the blade, we have experimentaly found that the "acting n ass" imp[ed in the impacl
ls a most a gaussian curve as well ( figure 7 ).

Then the main problem ralsed after a shot was perform was :

IS THE TEST BEING DONE THE MOST SEVERE ONE ?

tn other words, is a one shot qualillcation test really reliable ?

CEPr experience leads to the conclusion that you can guarantee {or a one
bird shot, the proiecUle would not miss the blade : little installation lmprovements at lo\
investment codts are sufficient. However. it is more difficult to controJ and reduce the
FOD main paramoter uncenainty : a noticeable reduction implies most of the time a
subsequent change ot technology and therefore a complete installaiion renovation al
'ligh inveshent costs ( for example. just try ro imagine what sl_oLld be dore to contr!
an-d to make reperhive a real brrd trajectoi betwedn lhe gLn exl^aust ard the oaoe ).

Due to the lack of time ( qualification date to be respected ), CEPr has not tried
to imorove morc its FOD testino svstem : we have delined what seemed to be the worse
impabt {in term oI blade radiuf) ind we have perform 10 shots at similar condltjons, n
order to have a consequent data base and to be sure that approximatly hall of the brd
mass has one time knocked against the blade.

AS Sa
lr l  on.

Not ol
engine you are
propeller blade,
depending on t f
related to the s€

CONCLUSION

Facln!
lnsta lations and

II SC€
practica difiicut
ln fact, as for H
blade, for a proi
caLl it "acting nri
strike statislics i

To re
blades under loz
it does not repl
turboprop equ p

The c
rnass, is then
capaciiies and I

The v
show that a mLX
ensure, that the
test wil show th

[1]  B]FD STF KE

l2l sTATtc ELAI

13] PBOPFAN B



ar, the
as not
t been
n shot
ie has

)id the
15 OUr

tition. 
As said above, the fesLrlts oi those shots have conijrmed the gaussian repar-

. Not ollv the rrass eflects c,i.l.J:fer but€lso tne impact location j asfor HBPRengrne you are aiways sure that mosi ofp'ope er blade, t"e' irijit'lii, tl- # 
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Frgure 1 : BASTAN FOD TESTING INSTALLATIONS
(Photo CEPr 85-211)

Figure 2: BASTAN FOD TESTING INSTALLATION SCHET\4E
474
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Frgure 3 : BASTAN FOD TESTTNG pRtNCtpLE

Figure 4 :  IRANSALL F-OD TtSf lNG tNStaLLA ON(phoro CEpr 87.Ss66)
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FigUTe 5 : TFANSALL FOD TESTINGINSTALLATION SCHEI..4E

F iguTe6 :BASSCHEME



Figure 7 : ACTTNG lv4ASS REPARTITTON


