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INTnODUCTIOX 

Ike bird lnges t:on tests oP an Allison T-56 turbine engine were 
conducted at the Clvll Aeronauticfl Adminlatrat~on, Tec~hnical Development 
Center, ~ndianapol,~, ~ndiane, from August 8 to September 13, 1956, and 
from Octcber 11 to October 1’7, 19$. 

The purpose of the teats was to determine the effects of bird 
impacts on the structural component8 of a turbine-type engine if the bird 
strikees directly into the erglne intake. 

The Crots were conducted with the aasiEtance of Mr, George V. 
Bianchlnl, spaclal test proJecta engineer for the Allison Division of 
General Motor Corporation-. 
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TTS” XSTALA’IION 

The teste ‘+re conducted 02 BT. Alliocn Moseel ~-56 turbine engine, 
a military version c.? the Alllson Model. 501-D13 engice, The Xcdel T-56 
engine Incorporates a i4-stage aXlai flch’ co;,npreseor, a cannular-r,ype oom- 
buotlon chamber, and a folur-stage axral flow turbot coupled directly to a 
gear box wnlch in turn drivcv 8 propeller. ic Is .e con.~cs~t speed engine 
171th a tublne rat-Lng of 13,820 revolutlone per mlgut,e (‘pm! af orulse 
po-?er . ‘I’he propeile- 1~ geared down to 6. no%lel prcpei:e? operating speed. 
The Model yl-D13 ecglx LE essezsially the came aa $h? m-56 engx=, except 
for fea;ur’es which alloP: the Cmblne speed to be re&ced LO 10,000 rpm for 
grsuxl 1Gling. The rno.~:~s~ur~ horsepo-ccr &atfng _Por the I’trlael -1-56 engine iE 
3750 eqL,l!--4l.e& ehaff ~XRZ~KW.? feah_o). For ell ‘;e3be the engine Ya8 ou;~- 
ported on 6 welded ch~nzel ~~P~~XUE bciif ur: from a-? bol’zd securely to 
tk? teet cell flccn es &Low,. in FIN. i. 

A compressed n:? gun having a bez*rsl Q2 feet long vi% an ir,olde 
diameter of six inchezes wao uced to p,uopel fre;hiy U-Led chicken Car’CR8EsE 
welp,?:n& very ciooe to fmur ponds in,0 r.bc mgine. 91.s gun, havmg 
esLr;Paw b~uzzle velocity control, 1.8 capable 0: pro@ling four pound 
chicken ccrcaseee over a klde range of zzzsle veiozLl;y. To cl&e t::~! &?v?n 
hae beer, calibrated up ts PI IWLZ~? ve:osiC,y of 625 mph. 

Durring the lditiel tests R disc- engine in:orporatlzg a produciion 
guide-vane r:ng wes tested. Inis gLi?e-vwe ring, as damaged IT. Lr,- resto, 
is ahown in F!g. 2. Tlx b:rd cercase velocily at which failu:‘e of fnrs 
essembly occurred wae used 8s a factor ia aetezniai?zg tie m.sim~~ olrd 
care&Pa velocities fcr zhe runnilrg-eng!ne fee+&, For t;?e rEclr.g-engine 
taste an external e~pply cf oil $ogether wlzh a cooling unit ~8 ueed. The 
D-4 f:C wc.3 storrrl in an extzr.~l ZOO-gal:02 tsnk ard wan delivered at a 
preaezc of 2Li to JO gounds per nquare mch (psi) to We e.?girz *&rougb 
3/k-inch copper tubing. A turbine-engine &~~nd-otartSng UZLL wes utilized 
In the tests. Figax 3 mow tie coapleke engine -Lest arransmect. I%e 
engine appears at the l$ft while ‘LX barrel o ? the oonpz-eased air gz~ for 
propelling the chlckea oaroaeees irto tke engjne appea:‘s at the righz. Tne 
control panel end engz~e imtrur?ent &rpmgemen:s are aJ~oi,~ In Fig. 4, 

%3T 1’RWED’EE 

Freshly killed ch:o!cen c?zce,esea lucre propelled Into the intake 
of tile engine by mean0 of the compreseed air go. For each teet t;ie cLicken 
cercaaa was contained in a heavy paper bag, backed cp by a Styrofoam plastic 
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plug 6 inches in diameter and 4 inches in length. !l!hie arrangement giVeS 
the appearance of a projectile epproxl;rately 12 inshea In len@ and 6 
inches in diame+&r. A ;ut-open view of the project,le 1s enown in Fig. 5. 
The plast,ic plug xas sliaed longitudinally, neerl~ its fCL1 ian&h, in’~O 
32 equal parts so LCJ!iT it wou3. break up readily upon ~-;a:‘. ‘Ee com- 
brhed -eight of the c’::c.~n, plug, and bag ~8 4 pounda PLUS or minus 2 
ounces. Yi!!le wel,@~ht of the plug and bag ~a5 ~JOLIG 2 oLzcea, PoLnts of 
mpact Ln the engine inlet dxt were determfmeL by sigh:?liag through +&e gun 
barrel az the target thrcu@r “pezp signto” temporarily placed *side the 
barrel for this purpoee, 

On the dummy engine; the polnf of Lrqact chosen corresponded 
gmsreil~,r to the upper r$bt quadrant cl” the en&e inlet as vlerJed from 
tne fro?* cf zbe engi2eo pe fl:at 14 t.eatu wz-e socduc-rsd 03 tb.8 engine. 
Fo~.lowlng %st No. 3 the irile: air duct was remcved az.5 the bird CR~CCIOCJCE 

were propelled directly fntc the compressor inleLC 

On the r~mning sng~ne, tests were made with txe center of Lapact 
at the right hand sect Len of the inle t duct as vie-zcd from the front of 
Cie erblze, l%e lnlct air duct was Lnstalled on ‘-he engine for all of 
these testn, Tests moi. 17 to 27 Inclusive. Velocity measurements were 
obtained by tne bird carcass breaking tr,o paire 0; fine eteel wires af:er 
leaving the muzzle of the gun. One pir of wires wao connected to a dlreut- 
readxq comti~g cnronopaph, vhde cbe ot!-er pair vas connested to a 
reaording osclllograph. A :dr?~.meu~ -m.e;it or velocity was obtained 
through use of a hip$ speed camera. WLS photographic method %-as used to 
determhe the opeeds for Tests NOB* 13, 16, 17) 16, 20, 24, and 27, becaae 
at high speeds 11: particular, the paper bag comtainlng the bird carcaeo and 
Styrofoam plug failed partially, and there wm an apparent break-up or 
some separation of parts of the proJectile inside the gun barrel. This 
produced erroneous YeadinGs frcm ;he chronograph and oscGiogx.ph, necoa- 
sltatmG the use of the h:gh speed fiti alone for obtaining bird carcass 
veloc:tles l 

It was found necessary to remove the Lpper and lower casing of 
the compreesor eectlon after Testa Nos. 1’7 and 18 in order to remove the 
fibrous material clogging the etator blades. In subseqLent tests the 
engine vx cleaned by i%rcducFng crushed lralnut shells into the Intake 
duct with engine rotation motivs+fid by the ground etartlng unit. T!?e 
abrasive ac’tion of the crushed shells cleaned the engLne to the extent that 
the turbine inlet temperature WE reduced to operation& limits. 

After Test No. 19 Zle operational engine was returned to the 
Allison plant for replacement of damaged parts and ?or cleaning. At that 
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tune the inlet guide-vsre assembly was replaced by another prodUotion 
assembly which hed been inprcved by better quaiify control. In addition, the 
l!: stator blade asse.mblles vere replaced by new assemblies which were 
strezgLlzer,cd by the employment of a b. rUt a++=~ me:LkoC ol brezlng the ends of 
the stator blades tc tbs inner and outer retaining rings, 

l%e condlr~on~ and resulta of the irdividklal impact tests are aa 
follows : 

Date Prozestlie 
ve;ori?y 

(mph ! 

Pro,iectile 
!Gight 

1 to 16 zncl. Cj to 390 4 lbs. f2 OZ. 

Thene teota :~re perforned on a dummy engine to determnlne the 
velocity at which pronlbbitive st%c:,~~o:. d&rage %03’LJ ocr’ur to the iruzt 
gmde va;Les . It wise fc~d that a d:rezt hl-t would cause pwohlbitiw damage 
in the velocity range of 335 to 3@0 mph, It was decided +het tests on the 
running engine should be limited to vaiocI”,lss under 320 mph to prevent 
excessive damage to the compressor section vhlch could result X p:ezcs Of 
the idez guide vzaes were forced through tne compressor section. It :r’ae 
found, furthermore, that a bird atrike directly into the air inlet duct of 
this engine at speeds of 320 mPh or greater xi11 deform the duct considera- 
bly, necessitstlag repairs C This air inlet dust is not an engine part, 
but is a part furnished by the airframe manufacturers, The results of two 
tests at a carcass velocity of 330 mph are shown in Fige. 6 ard 7, Figure 8 
shoi?s the resulto of a test a~ a carcass velocity of 360 rnpl, 

Test No. Date ProJectAle ProJectile 
(Engine Velocity Xeelght 

Operating) (mph) 

17 .“/6,!56 177 4 lbs. 1 oz. 

The carcass was pxope lied m+& approximately the right hand eection 
of tie engine Inlet as viewed from tne front of the engine. The ergine 
flcmed-out due to air passage blockage. The rear edges of’ 6 inlet vanes from 
the 12 oiclock to the 2:3O o’clock positiona of the i;Aet were bent clockwise. 
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Several first-stage rotor biadee were damaged slightly (nicked at the 
leading edge) and the edges towacd the outer ring were joked ellghtIy. One 
inLet vane at a position of 11 o’clock was bowed, 

The engme wes ecerted but exsessivo ten-~erature a”, he turb’lne _ 
inlet was experienced doming the run-‘up. 5% cove: w&s taken off the com- 
preasor eection to determine the cause of tne excessive tesperature. The 
sLator blades of the levt 4 otagos whtch have c hlgn scP;dlzy facior were 
found to be clogged near the casing with a fibrcus mat.erW. made up of 
chichen pin feathers, grease, ard cdl matted tnge%er, A considerable 
~OUlc, of this rna’&*ial was found clinging to the lesdjrg edges of the 
ststrr blades. Moreover, a13 of G-E rotor bladea except those of the 
first ebage, were coated 02 Cke 1~930~" side wl+.n the fibrous material. 
Reeu~ts of this test are @!x~~I XI Figs. 9, 10, 11, and 12, Figure 9 is 
typical of ihe itiet air duct clockege encountered in these testo. 

Test No. 
(Engine 

Operating) 

projectlie 
-!Jeloc1”ty 

Cm*! 

Projectile 
!4eigl?t 

ia y/l?,'56 2’ 3 i 3 lbs. 3 oz. 

Upon Impact by Lie chicken carcass the engine “torched” (flsmed- 
out and rA.lghted itself III rapid snccess2on). The eng~na then was stopped 
by the operator, raZ2er trim allo-Wlng is to “f&me-out” as in Test No. 17. 
Major damage to tne upper set of first-stage compressor stator b!.adea 1 as 
apparently caused by the solid par% of ttie bird co:lesting in the area 
between the first-stage rotor and stator blades, The ent-ante vmea and 
first-stage rotor blades were not damaged appreoiably beyond the damage 
caused by the previous test, it appeared that the upper-half section of 
the fxst-stage eta%or blades had attempted to rotate along with the rotor 
blades. Some damage uas detected between the seco?:d-stage rotor and stator 
blades to the extent that the trailing edges of a f+f cf -be rotor blades 
were bent counter-clock&se and the leading edges of a few ststor blades 
were bent clockwise as viewed from the front of the en&We. Views of the 
ergine following this test are shoa in Flge. 13 and 1’1. Figure 13 shows 
typical air duct blockage encountered in these tests. 

Test No. 
(Engine 

Operating) 

19 1c/11/56 

Projeotlle 
Velocity 

(mph ) 

Projectile 
Weqht 

4 lbs. 0,5 02. 
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The engme did not flame-out upon Impact of the bird caxca88 but 
w&a shut down due to exceeoive tzmperzcure in the turoine Met. The trtril- 
liIg edgeea of the entrame bkdcs were bent cloc~ise i;l three sectors. Time 
leading edge8 of 'he first-stage rotor biades were bent co.&er-clock%iGe 
at 7212 zips. The xeavl*,3 of this test are e:?owr in F:gO i5. This was the 

first test on the improved ltiet guide-v.azie aosembly. 

!cest No* Date ProJeclile Projectile 
(3ngine Veioclty Weigh-c 

Operating) (@l) 

20 ?2/11/56 166 4 Lbe. 1.5 oz. 

!Che engine flaxd-out up02 impa-C by "L??e bid c8rcaBs. NO 
increased damage LO the eng*ze over that or previous r>zil-,fi :TIR n>ted, A 
view of the engine *tc;ugh ";le air iniet aunt :ollcwJng ibtrl teat 1~ ahown 
in Fig. 16. 

“:eet No. Date Prsjectiie Projectile 
fEilgi11e Velociby Weight 

OpzEitFn&) bPh I 

21 10;‘16/j6 143 4 lbs. L.5 OZ. 

!Chr engine did not flaTe-out, but was shut aam due to excessive 
t-emperature m the tmbine Inlet. !i5ere wan slight structural d3msge $0 the 
inlet vaJLe8 ne3r Lhe 2:30 osclock position a~ viewed from the front of the 
engine. The chlcken and plug blocked off two sectors of the air inlet auCt 
of the Engl?e d-&out flame-out. A view of the engine through tie air 
tolet duct follcwing thja test is shown in Fig. 17. 

Test No. 
(Engine 

Operating) 

Date Projectile 
Velocity 

(mph 1 

Projectile 
Weight 

22 10/16/56 184 3 ibs. 15.5 OZ. 

The engine f:aed-out upon impact of the chicken carca88. The 
amage to the engine propssea rewwaxa to the first-stage shtor blaaea. 
'fhe tl:)B of the first-etage rotor blades were bent further ti tile Counter- 
clockwise direction aa viewea from the front of "&e englre. Cruehed walnut 
shells were used to clean the engme. A view of the engmne throu& the air 
met aUCt fOilOtiW ths t& ia shoKn in Fig. L8. 



Test NO. Date Projectile Projectile 
(Engj ne Velocity Weight 

Operating) b@) 

23 1o,b6/56 162 4Ibs. Joz. 

The engine did not flame-out upo;l mpact of t?e chicken cerca88, 
but was shut down due to excessive temperatue in the turb;ne ml2 t. The 

druna&e to the first-stage a’;ato r blades ad L3e first-stage rotor blades 
was lncreaeed over ttie pzevlous teste. Fhe eh+xaze vane8 aLso suffered 
acaltmili damage, See Fig. 19. 

!%st No. Gate Pro;ectile Projectile 
(E1:glrE Veiocity \leigyc 

Operatmg) imp?? ) 

24 1@6,~56 212 2 oz. 
(s Lyr3foam Plug 
ma Bag only) 

The e-gir.e iid not flame-out upon impact of the projectile, but 
we8 shut down due to excessive %emperaL’ui-? in the LWbir.e IrJet. The acne 
mgested all of the SC~yrcfsam pl1.g end paper bag with no apparent increase 
in Dtrx~Lcl’ai daage over ti~at of prCviOUE t2Ets. Se2 Fig. 23. 

Test No. 
(Engine 

Opcratmg) 

25 

Projectile 
ve1oc 1zy 

(mph ) 

35 

-0’o;ectJle 
Weqht 

4 lb. 0 oz. 
(chicken onli) 

Following the impact of the chicken c&rca88, exreeeive temperature 
wan approached and the engine %a8 shut down. No furtier damage to the engine 
we8 obeerved. See Fig. 21, 

'Pmt Ho. Date Projectile Projectile 
(Engine Velocity Wei&t 

Operatlng) (mph ) 

26 iO/l7/56 103 4 lbe. 1 OZ. 

The engine dd not flame-out after impact of tie chicken carcaoo, 
but was snut d-o-aim due to excessive temperature in tie tul3ine inlet. iio 
further damage to the engine wao observed. See Fig. 22. 



Test No. 
(Engine 

Operating) 

Date Projectile 
Velocity 

(mph ) 

Projectile 
We5 ght 

4 ibs. 2 oz. 

The engine flmed-cut shortly ur d *>er lmpcct of the chicken carcass. 
The fire%-stage atator blsdee m the upper secthz cl1 wre box& into u 
U-shape at the center iildlC8ti~g +&at tte blades attempt& to rotate with 
the flrot-stage rotor blades. ‘=he tips of the se:ond-stage rotor blades 
were hoved silghtly ~JXI *tne leeding edgee of the secclad-s:sge atator blades 
we:? rolled back sli&tlv. It is doubtful whezher the engine could have 
been restated af+&r tnls ?est. Sse 136. 23. 

Ao a red t of t3e dmmy-engine tests 1: is concluded t’lat: 

1. The inlet m.‘de vanes of tke ~VWIQJ engxx a-e not able to wit&&and 
a dlrict mnlpact @f a k-pound chxken carca88 at speeds in exceee of 320 mph 
without ep@recleble defo-rmation. At a speed of apprcx,,mately 335 myh a 
direct hit on the Inlet vaceo can reatit in failure of or,e OT more of tne 
vanes in such a way that places o- f t?e vane8 are 114ely to hs driven ix&o 
Id2 compressor area of the eagxeO bi- :,‘1 21% air L-Let &ct irs called, a 
direct jmpoct 0 f -.he gxde-vane assembly ZLS highly ircl,robable due to the 
curved contour of tie dxt. 

2. The ax Inlet duct will be defozned appreciably by thp impact of a 
4-pound chiclen carca88 at a velocity of 320 mph or grea+r. It is believed 
that kre deforrcatxon experienced at thchla velocity wJL1 not neceesarily cause 
an lnnediote hazardous cond.i<i on In flight; this has not been substantiated 
definitely, however, by .%ly fll@ teets. 

Aa a result of the zmns,lg-engine teste, it le concluded that. 

1. The Allison T-56 engine, a~ orginally tested, can iqest a k-pound 
chicken caxaoe at speeds up ‘ro 200 mph without exceseive etructural &Uage 
to the engine itseif. At speed.8 eve= 200 mph strcctural damage requlrlng 
the replacement of the first-stage rotor and stator-blade assemblies 
probably ~111 reoult, 

2. The Alliflon T-56 engine, ae modified during these teste by 
installation of 03 Improved Inlet guide-vane aegembb3.y as9 higher strength 
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etator-blade aesemblles, can ingest a 4-pound chicken cazca88 at speeds up 
to 290 mph without excecelve strJct=ural damage to tke engine, At speeds in 
exce88 of 290 mph two factors are snvol.ved khlch may prove critical; that 
is, necessrtati a shct-down. %e firct is ;nanlfec ted by fairly severe 
stzuc tural damage to thz first-stage rotcr Elricl ststor-blade esrsmXies. 
The second consideration 1s manifeshed bv ‘2~ gyobabillty of complete 
failure of a glide vane. ‘I”;.3 type of 2~1~72 ::ould result in 6evcre 
dn!age to the compressor and :~ould undoubtedly require a ehut-dohn of the 
engme , 

3. A cocd~ -km of exLeosive temperature irr the tcbine inlet area 
can occw upon impwt, cLL all opeeds tested, l?hich would necesoiCek an 
infin:nedlaLe shut-down of :;,e ?ng~e~ The high LLet temperature 10 caused In 
part by mo;nent&ry blockcgc ~?f tke l-&et air duc1, e-d In part by the 
coilection of fibioue meterlel on ti? Lnder side of Liz rote? blades ard in 
th? latter stages of the corwzeacor statcr-blade assemblies. Bo% of these 
com3isions ccuee compressor stall witi zhe ecco~p~~~y,ng rise in turbine 
inlet temperazwe. IIl;a ~~C~ailc control of the comprctlsor bleed valves 
and fuel/arr ratio in an operationai ei;craft wouLd help hlleviate this 
eitwt1o;l. 

%%e tests deecribed m this report are con5rdered to be oui?e 
severe because It 18 lmprcbnhle +>at E bird would enter the air duct wl%h- 
out helrg broken up to come ex&nt b:- the propeller during actual flight 
conditions. 



Fig. 1 Engine Mounting Arrangement 



Fig. 2 Test No. 13 - B/28/56 - Projectile Velocity 335 mph 



Fig. 3 Engine Test Setup 







Fig. 6 Test No. 3 - g/16/56 - Projectile Vel.ocity 330 mph 



Fig. 7 Test No. 13 - 8/L8/56 - Projrctilt elocity 335 rnpi;u 











Fig. 12 Test No. 17 - y/6/56 - Projectile Velocity 177 mph 



Fig. 13 Test No. IS - 9,/13/56 - Projectile Velocity 21.3 mph 



/ 
Fig. 14 Test No. 18 - 9/13/56 - Projectile Velocity 213 mph 





Fig. 16 Tesr NTO. 20 - 10,‘11/56 - Projectile Velocity 166 mpki 
















