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THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY
LAW.

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.
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Vilu Auiluiodtdof (4ho~IttfilhIog la Iu 01,10d3gh oi[n"001b mriltd

'Ph0 unwnofl AMl0I ho VOlPKllO of MounmttiI4ory(I )OplltIOi ow il Atfuiidi'd igoii lovul
(liy, with 1,11 voyorofor Iin uliirthor10 fol'IPn hvti polI or full 1'ovoi'oo
pofifthon.
'Pl not. Offoutivo rovoviio 1,hru1141 011111 b h In~ 110 i'do~llo i0 vth 'Pobll)I 1. Tho
ýUovuvmvo no flow jMIttot'l 8141111 buoi In floooidoio- witli 101g 7. Thu thruni, vovoi'nor

opovtloi ooU o vonlollouV Ay thuiont ongillo powar- ooutvol fly~tomb 11h1u
truoitd 1'Ovo14or 011011 Iiiuo~ploritlo itpuIt [oi tIO-l~Ind ~lol[1;[I'l hiitlitodm or 01 "Wiltoh

T'Plu111 4t cin l ruqid t6(po w31o tho Ouigifl powov outthIu from nm1Iniun1111 duty
fou'wnird 1,lwuoLi to uwtmonbirumvoVrua thrumi, to fioolf d ill Thip 11. ,211). 0.

'1111 ruovrmor olinil Inluorpoeruto it fonfey Iiihwlook with (tho powor contrlol Mulli

1wit, Powor Iiiot~ulvrotood InI Oo forwrd thruhi, Impo rogIiimho eoo
th roomrt 1 ho f i~orward thuovot pog ruon t 'i ntuVOO h'

levr-rog,110- 111080(Io o~ogol 1" lltho full 110vopho pogloltlon

Lt I tho vol thut, fithn powor condition, thu0 ruvorfor~ ohlould dopni't.
f1,o11 thu fovwurvt 1,hru1ot. jiOgitIio lu(hotfid by (1hu 11111101 luvur p~oolholl, thlu0 OIffilo
powoL' 1hI1)01 bV0(tIWcoI to 1dlb.

2, q.7.1) Muoirtouoiot, of [1)Xhrw ot Ono Toriparotura
h Ito on1 no holl 1)0 uquppod with tho thurmuocuplo pr'ohom foil monuR11,011(jlt

of turbhiiu oxholioh gan tollplovituro, 'Pil Olovilooouploo "holl pormit 0ooiioitntih
111001111o1101t. of Roruogo oxhouAo go" tomporoiitw'.

C5 Thu ttwo 1nu11ý4 lro &M~n o1nu10(1 foi, ' th oiigino lift fflungo oru (lofiflud Ill FIR%.1

Tho Minugo 01hrdl AVItbohmid (tou 1OUproold londo WvithoutL follui'o iud 2/1'1 tho
OPOOtrIod loudo without pormolUIiot do Ofor in ttolU

91.27. 1 Aft, (ow1 floo1
Thooig wv~tOill onn PpommoilIlity for' dovolopnuuu0of thu1 fill foouni t thu0 !ntor-
fliou huttwuui-thio 11011ou~l "I§Itohd VOWl puolok oul thu OBI-nrillohi lift, 00M.
Thu Whopag throu dI olf cowl jobnto will nlot ehoood 0.0 11 /mtI. "3oinvili will
nimullu i'uo pointhwl lt~y foi' proxiintlo of Iloto find "onfto hjotwobfiliifoolld thooro
fulM! 1PiteunaflVr ofipuulo,

~~00



Thlo oiilgiiii (10i4ioI "yttwlip AIM111 lfl 1i 1id t JOIL O 1oit 1111"ilt 1'0(IuaiPO( for peoI)oV
fuld u()lpLU oti C.i'to1 of 1110 oiil1f1Uo

11. 2. H . I 'Thruml Iwodul A1011
Thio vofilon"llOllj) bo1tvooii (1111111 thruhtl 'ind thlwuoL tovoi' poI1on iohll001 ho
fiou of (ibipt'j) utmi11fmt 01(001,1 no It Im fifouto(I by 114$uli lluli~lton, ollilno blood(,
111(1ioiud 11 11(1 I IlidgroutiI db h' Id)0trofl loati.ll 11110 V111,1u11,10 of 11pi vorouob
anL of tviVOIol. m11 ll.b o ~11W 1 '1ill

11,U. 1. H lnf Vemuuduro'[!ho uiormil. 041arhigtpoodr 1411 it, im l ind HlIl not 11'oqulro ox~oolWvo
pilot 0101110. With 11wo pow*0l' (101(-011 110I 11,1 tio doatioloi 011(1 0tI01wINi11f (ho
igriouiid boatuiWWI IR 1I10 ollu,11vtu iiii Of (110 Nuot 0oliulof control allot Iprovido foil
g~round omid 11v"ile IJII0110f1 btid0ttfflut~oiy lWoIoolhoIvot,01 kliibIl1zo (110l gporfi~thil

9,U 11, 11 POvor 0o11trol
A ainglo, flopovoto oontrol olitili ho provlilQ( on Clio oiig1no to modutinio thiwot,
throughlout, 11w onltio muoludiuo (lffiliod by FIh, 11). Tho i~ntuilohmont for ltho
filprfrnnw uoillrol III oni olnl luobludo (1111 0o op111ui" with .11o10mng 1ool01
01i1Xllghlhl, 1.11110 0111111, 11if1u fit,0( 120vo dof'Cio )%O011o (tCi .ol

POWER~ LaVIIII HOUR11

R1111 fI811 CHRlJ~US POttW'AM~ TIIAUSr

RPM--

IPM'..

014



Th~o powor uontcro1 holil 00111,0lu foti'umm 1.11A wouolid1o ny thiii' otovoi'
ultho' 1011101, (Im 11rotioll of IIl'VImmUo( oi doroo o0gl 0I ll10ipm, Noltlioi

(110 (10111,110 !lytitom oii' IIWoIIA0 oiall ho' mlfkiI1(WII,11I1 In (lilly (t1'00t11011

'l'io powol' ooiitrot bytom0) Mollh ht. proidovld with it )%;)11~ IfII0 uctulvooiot, to
loonitu tha oiighluu 0oivi0o1tn1o0 ftu 1(110 Iup~oottloilill 1 110( Iii ho pnllnl powor
pouoitoii (00) pron',lit X. (ill y tlruoty. Ini fl(1htiOll to 1110 ri'Ilgii~ Otop", it
prlO~llftrol'r oPl floolulitd poIl' tol udi ol be povhlo( to Iiidtoat4u (1hu nnjlgo of
inovojilont find thu omajor throatu Nefogt Ii~
q1'hu powol' Lountpol gyptmaitjil M)IhI'I Wd j101,1poopoVia 1oni f%, a y1pitiffJI pin l
001hol poultivo 11101111 of rigIiff t!laglo A1u'iiluliud Ilnho(gon,

1), 1O~. tiolootor Volvo
A ollijgo Iovor fiuholl bo providod to Uon1trol thu0 full Ohlltoif, foiol i'uolroulfitloln,
whidmill blwho, anid turbln~oooltn11I umoiorvfltion [no followfil

o~ \ind'ntIin'lm W Vindmill broko oppilod. 15101ior(
ititf Windmil 0" 17,uilo

h1) tiluiltdown Poi~ol alhutoff, L~tiol i'oolroultiffoi 071 00

o' 1)uauont - I'ui'mnlt1 rorjulrod NOl flow 67'- 00'

(L Rull -1orm~lt, i'orjilvd floot flow, 07'. (11),

o. (Iti'loo midI loltor - JPormil-Atu4LIrbio aooolo h ,~pr i!' 1-1.7 J o
aoiw("l'oivtiol by Ml11lUItng off
LSolflj)opoO1 (lIlP 11110 to 00ol
iturbille iotoi'.

titop 'm 1900 - 1111"

Tho control ohia11 Inoorporaito pro violon for it t'1gu I)$Ii InL oilo p110,)ogltijvo
moumll foil 11Idoxhirn (to t'ovoll at (tou 0l (log poolt 10on.1 Il ddIRtion to 0hu ri'g~glil

fiw~iatop" tprtiL 01' Polio oand poli~toi' ohilill 1)0 peovldod onl 1t10 iiooutoi'
Volvo filiift to I1](1100o (110 PlllI of mlovuont itud 11(1ho1 ma1fjol' 101 flocc utilgi

9,0,2 0i 11.A Iogixlnu Coitrolff Maiu O()IvII lornithlnj 'orqutom
Thu~ ImaximumIII torrjuu *roqul~rod to opuopitto thu0 ong1ino powur, Control tHI1t11U1h01L
Ito ragop of trvftul olifill. not oxuood II 111, lb) mollourod lit (thu oontrol to
Moxano]i ottauimonlt point, 11111 11100111i1 tOrIljlu roqutrod to opurloto (lt)01111ino folootoi' vii1'"u throilghout Ito 110111 of trovol mliili Itot oxuoud on hIII IIb

Ill~ a tuoonidfi,( trol' 011,1"oxtorna liftl' otomu111litpojinlL,



Tiw tOL'(jlIO vailouo noted ftbovo 01111ll apply thiroughliooL 111 onigiho AtRM)% ij nd
opoi'ritin{g temperatureo range.

lit 1,1 Youai 00111,1)1 io t'omn theo onighlo power 0onli'ol "ahoft And (hto On~ino
01ji1100.11111u11(u for tho powor 0oontroi myntor hll 00 olt0h1oi0' Wild 111nor toI

pormoloil, doorlylicln-whll i tur(lto0 load( of 000 11,1$I 1104 fiii b0111.11111 fl1OIYIOIIL
of gono i1n, lb) 0 ap1tod11 it (ho airframeo 01111111o01uot, '1'ho o0gIRii powot' 0conrol
iliuift, 1111 ongirwt IflOl1ih1o olull1)t(ooglod to 1111(0C0 11111b ogidtoihth(l b LO Ulnion 1110
abIovo Ioload withont. 01l111o 1 1 mWover [to f0100101' volvo Oimft fhul1lotlol 0011
Wild 01' take( j)p11111h101t, dtlofnlinlltofl when a Iinuhinuin orqui load of 4fl0 In, lb)
fnod (I bondingil 11ornon11 Of 2l0 in1$ lb to appliod at the a Oii'fflill Attoohrnant, TVhe
o1aL§tlit 011.-o doalgiplod Lo ofiri'y J 1 fL11" (11u ho bovo loiidb %vithoiot, failuore

o. 9 , 11.4 (iontrol tlyotom Adjointronto
1Jt1'1torllt fdI(ljlW1f0flhI1 to (Io0111,10" 0olt'111)1.b 1)0 llhtQ(1 to iidjumiiaioii(o W111011
C111 bo made (oorrootly Mvill thu0 vilgho lipmaaoblod and with roforonco only to
tim oporuitliig olippautorfatlom of S~o engine on tho groun 1  Trho oxiormiui
lidJotil1lonto 011011 luoloudo (ho foliowtinoi

it, fM'1IXI1llhI1Y1 §1)00(

1). 1(110 opood

0, IN1(h0llIt, [;am tol~~ltipioro

(to F1ool. ooolflo gravity

0.0.00 Fmgifio Fuol tlyaton

Ot 2, 0,i1 Foel Myotoin Deal na Promotive
Pilo engino fuel onytomi gim ii not bo (101111od by R1 ailtfilhiod fool J))"Il'0IIo of
170 puai Ig lpffiod to tho 11lo01 ooliinoottoni wl th (lbgin OutSU down,1 TlOit o engine
Awol mhuo f volvo oouibeolIn either the olomod oil open pooftion,

O.29, 0, A Porforrnoloo With Anglotaoloo frolw A11,11fiOlloo1a0t, JPoip
'Vhioongino fAwl uyImtomf oholl ou[)pl y (tho )''( uilloO 111011t, of fAol at the
1'hO(I1d lwommroflUor 10' ntiafl-o tory 0oVoIItI mi of the ongfban, th1rolughloit, Ito
comploto oper'atin~g 11111 1I10111iltO(Hf irin And a li~tlllflfnloto oil withI tho
following 00o(1d,11t loit a to fAol tinlt o011110110o1til o01ti onglrioi

a, Minimu1tm foM temwperature of .501F oil R1 viltoculty 0to~ 01)(oo"tloto0
wvliiohovoi' OcO11rd MAIr

b, U1 Foot joauro -- from true vapor jwoopiwo of tho fuol: plup f pol to
6 -p" 1 ith w~~A vapor I (lquW (V/li) ratio of Aore,

110



0,91A2, 0. Puroirmoinio~ wuithn An0 MIIItoInoo from Airplono ilooot Pump
Var0ý 0omnor 0110Y. opoi'n1L~lo, 1110 01101110 "11u1ll popavi proporly for U11mo parlod"
11110 vomid 1t110 IHMOa bolowi

Truto V011o1 J'ro00flua' of (tom 11"ual -0,.20 pi. Moximum A( 11101F. Ambloma Air
Tlompo rilturo It~ Waidiidnrd IDay UalItidlluoI.

(Jould ( Aftitudo Wall Thiino Ftioi Priommuito ot hilaL

I MoXluiumn11 Oul01000 0 to 0,01 0,00 4, (06 ho low-(ill bi olt

9 M110111111 OwlO,1000 0. 40 d,~ 0.00 0 1 rio 1)0I~v10W (Ullallt,

Dry 0100 fit
10, 000

0 ,nr Oot 16o 0.0 11100 1.0 1)olow omnbiomit,

Powoi'
I! idlo 0-71, 000 0.90" 0.160 0,.g0 bolow tunlfl~oIt

Tito onhiuo No). oyptom oniall ba onpilblo of prilmilig lItoilf (IIld Otriii';iM withinl
fino 111lnuto"o iftoi' fliol rimmiout whlO'muI)Jootodl to tho fo11owfimin Goll011(i100

fsDry~ lift of L.t

1), g0, 000 I!Lffool tlnuk atltutdo,

0, i4H ' olp No omprartturo,

(1, A dry linio volumo or 14 U, HJ.-Gal, moximumuwbtwooi (Ito Nuot pump

o, VIMl por iP~r. 10,1,4 with it moiimimi or 0,20 pot tyI),

¶r. -10n1uilo bpood 11bovo 40o poroonlt vPiva

0, a 10 4i Opoutd-md~firting 1111d1(110
Tito otig:to Noot myaotmioliadl mu[ ltiio rofimlod-0nmo0ultof filol fit tho r'oqrjhod
i ounuro for Okntitifotory Opon Oil foi plauuld "Iflvinjf fundidla with 11,1p

lul.fi Coonghluo potLOllloil IL09 M holow 0111011ont O UrOr

E3OAI 1 U07



11, ii, 0, 5 Foul(olUi~t~i1111111 tion
The ongiiio tmheil fiunotloil molnu~notol'iy whoal uning1 fol uOl~tAIflhIIfltod to tho0
OX11tol "pootflodlli IIIf He, . to 1I,

11 .91016 Fiool Ftltovo
If n filttoI(d) io rvucilrud -it 011ll bo 11 pal't of the ol14ho,1161 f 1101 "Ji )0 h of -

hufftuloill capootty to pormi11t 1 ounililativo fotl flowy Ouqalvilloii to iimlulu of
10 Ilion I of oulfuo Opontilon fit 1001 000 ppli folol flow with ouel volitfumilolt~ou
If an poulfiod iii floro 21 .11. without boliff olooauod. MainI flow filtorm 61111l1 ho
pt'o~'dod withI oil filtuoi'l Ibyp~ilm for 111111(1n flti~Iiiili~l'm011(,lolltotui . dotormiliiu
whoal tho fllti'to, In lojmd of In bypanuod,

* ~~~~A droflin j)114 with 1oohtiitg p)1ovi!1l0l1101ohat be tIfINWItl0( to poi'mit Q011J)lOt0
(1h,0if1111j of tho filtoi' 006o.

0, . , Fueol Nyatomnl jolui
If nua(Ilglyi Ohiown (hl tu(o >tint 1oiý1'10 ator.11-lo ut thu onJiuo llo 1110 1 long thinui 112,1
foil POL'i0o~ vtu!Ioi' tholln111 061 fii lumolltnvy lmoaftIi.4 will ho rorjotrod.
Polond ý1oc vo muoll hoottluit wvill ho uioilotUnto(T

11 1)0Foul Flowillotov
Pi'ovibloui "hall ho ivnado foil nuntillin~ a DooluIg-fonilohlod foole flowiloier~n)
III a(II too fNoe nuottonl of thuo@ oum1(tuo Nf ol yatom i r W hor (1otail (nslfilo fooe!
flow o111 ho 11oanurmodl

lit 9,0. 1) Pioo- Tomporflatoro Homnov
providioimo 01100i 0 blo hoinado for ingta11toIII BTotforlig-uilohod tom voratuve
"0110Q1, fit tho oighiu fool Inlot, ooumuutton, Thu onghln will pu'oyW o 1 a 0 fopvi.
turo houolli' for Inoonativng fAol tompontoro At thea hurthornoont fotloul uo~l.

whon~ ~ ~ ~ ~~~X too ihRf o" 0tdfud, 'VypouI J and III, wlhon ilgad II illny

The fonotIOU011111 of thu ontlno fotl bytolim "lhahl no0t ho advurmoly fiffooto(H~y
thuolo ))OO10 "ftiiut W14oi' 111 thu fiule to thu1 extonit mpoolf ulef II I RON A. 1. 11.

0.2 0.Do19 Fiole Hoot1roulftilon
Thol 1i'ooiro10ollto "yntomn 01111l VOIIomato offoutivo thrlwouih6ut theo (1a0001t with
tho ooloolor lovor III the (louoont, pouttlun miud (lie 11owol lover d kIdle, At
I)OW0I' olthign aov III) vO i LoXII-1atoly -16 poroonit of pip (111111 lonfl.flognouuod

brnrooutouilli 10on wil IIIomlnatlooy out off, Although Clho onglio §yntomIn t

vu~rartolitl o"Iauring 0 11irnittoo byjO1ooi11aiuut of-thu bououtor iovo', If fuliur

1drurfift~ ~ ~~~~~~A PoioIOIHII~ idot hit u illointvtmoltr oiilt



'11h1 luilhlunt'lugf pyntoni 411011 11"o on10gl1it oil- por 11r. 110 6i fl od §11011 11doqjilaioly
lubutionto (Io liglo ougw trouhou't Ito oporPitllg i'piigo,( 'ho eomploto oil Ily~om~
011111l ho pougino luouitud1  (1101111t oil muvo ll, i Ii'mt fall Oil ooolopol Bild boifiIl
ho flipliohud (to 0uomponon1t, j,.illm of (Iho ongino iubvioatiI4g optotu, 'ho Notl
oil uooloio 011011 ho fulookulto to moot thw oompwloto 1111d1 10(11 oliglhlo oil u00ohIgf

vtl~lI~oflI~ (1i'uf1i~ 110opor~iltlig-valifO of 1w omiglilo.

IT, 9. 10, In IDrvu 61)l1110 Lubilroiitioll
Al Mpino11 oU11fmuloo Oil (ho0 onigho M1l0l1 iliwo unjluluao(o triluig nItillg mof 1ro flifin
ti, ri hp 0111011 110 I)1'0muVo 1u13r101110 by 1 h10 111h ii 011'yliW lu1w~m11 oyothni i kA1o
omwpt, f'oi- ho 1111)0 1111d1 110onvbU[i pUBPwull i % 18 W o todilby (i'lpolflti oil,

i,21(1. 1 o011 O Quiltiv
T[ho oil reooiwoli' 051001UI1)I iol~flfo oil burflootfoiil a~ 11 illH.1111111 of 10 hrl of

I oii~h101 0 orilitioil fit to1110 in tax~li iillowfiblo Uolthilmfl Oil vi'to gilvonlIl fin o,
11 , 1011 ho roooi'vollgia' 11111111]O vidod wilI l 1)011 lipg ~'0or tho

Iigai~tiloIn drawing11t for Iuotidaiolli of it tranioiilt~toi for 1 it riomot Indlontil1i; oil
I ~juniocity oyntom. 11,110 i'oborvolp 0111111 1) of fh'loproof Uolo~ti'lQ1otii.l

-0 1 91 0 1 1 Oil 0Uo1llin )(1011
Tho 0o)1;ino oil 001Tu91011Lo ofi~ll 1101 'P9( 2 Ti)ri iTll" momlhl~~umf

6 1 2 '1 10 01 O l,111

(ho biotho toni(1~0 ioll 1h'oo flvilo dro W1010rooom tlo fill flyiam t ier.oy
froiollort ithi 1w0il fPomp r tuigollgoluvt ofilpr"611 bIl

Provoloo molnl bo mdo foil Iiiotiillln iloolliffg1111111dil prodb

L, 0, 10 1 0 Oil 1F01prillt r o

(IIO101,f01'11 whoil (ho 1`1l01,i' l ologged orbypnoomod Ill 110ooordniioo witil~1or.



it. A J ,I JV< 'nhoklig ond P1111 Imi
''lPo holthh& 160 from&I0)t filP Oy pfirI of Gho uiig1iio Oxcupt (it. dro'oh

plaiduI(rtt-ftW ý11I 1$J00' PpVhIIO00 awm ol"MKl -1) 1 1o 114" ~T',tollm11ontluilly
vloflVminaw' Ih 'miilbiuitIn 'itvl ofi L'oJni 1Alh~fll-y ildn-niftilp vull ciolm ohii't
litul rot' "wm~l' ano~~l~vo -ionII 11to of vO~)ollii)1U rlufti'd"fom oll011ui10'Ing
111 huoomibsoNa41ono iiMOp -01Ili[(hi1wi, %V11t1I n1(ho vnjgIuio. ufliltido uonvolopo ohowin
III pIg. fl. 1'booo1iIIilo h Illuf1 foil ouaooI'iffiff'i Vvolt 11woiwi fud 0olhop
j;'W10 01' ii O P 0 ht1V1,D11011 WIIUVV vunpihiiilblo fluidn mily vol k'u, it11ring or
palmImfluf1111 to ojiortitlon of 1h iglu 110 onI1111 '1w H'f yiiomn M1101l ho pnvt.1 of (110

A (Infln nlt [0111oill 1)0 (Iwvldod ohl [ho Oliilhio to vollouti IouiigoIiii'~ Pm ll OIiff0
fuvLo§omo1' pad drIvtino 0111(140 miocht, [ho0 tol d~timulnr~pd from 0101o0 fool immfold

AND) WHOf) MlIMI )m wovidod fotý b)0th 0ve3if01v And vulid ooflhiool ii 1 11

U, U .11iiao W~ith~ lDotorlg h Rl 111 oO fpilorvl~rlt

Ali ojoutor olmilt m lou~p-ovttodl hito (lit, wniutlo toI (Ilmolohit v Ibe. voouteon1
of 1110 (11l1n (tonk Into (ho oli'gIo oxhouot myo tor. A port tiirlol 1) IOI pevdodt oil
tho0 onighlo for' vmilootlon of fil urnorgolloy vowl (11.l111.1to1 into [Ito tjoutor

Tilt, oxioonln olouh'Iul oxvn )q1i'iot oLtui-oxcoodi

It, fgnIlolou fill)mpa n) oxim IIi i til nVol(", 11o

1). Anti-loing Vit1vo A- 1:/a Oilhm 1, Mr~ Volt", "ou
Aoluottlon- 4004 1'IN, A ilgi$pho

Th 100 M11111 holofillot oji t 1110w 11 Wou on l :"Poi i iffn pi 1101w(1pot'011ont0 0ml~ftilltoad7 1 I th 01(1110.lll0do1 !11}Oolfl1nt t0ll, Hlorn,9. to-.1

Aig, idm Ploo lon] ~1o~ipnl li 0111 o-Omploffolon proof to-pi'ovo~lt,

111atiol-ofoil uiloniomtuem'oldngto oipnit

(IA10 11-



voivt Or (i I ,1 lo~o i'n out (1c1triihh lotum11dt lox 0LCvd111futr

Wi t0O1~11ovli),o oo i 1111 11) 11O 1 powo MIN Ill~OPtU& 0f wrol(oi1  1110 101ý1)10 0111111J to
uloviilltlt 01' (111100111100 Mot~tl~ l 01II(It01~11 "Hod fto loil- t'1ou'tI 0Itoi 0ote Jlldu~

0n110 V11 or 1omii til 011(m] to), 111 1)00tio w1111Yo Ii r1'11011)O 1w tIV jfio11111h

No loutri'1 l or pt19041JI 11ch yomptomAt i Ahi 01110u10 !1fiQ( It ut 0 1' 0 oho o I ld (Ithuong
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4.1.3 Type Crtification Requirements (Phases IV and V)
It shall be General Electric's responsibility to conduct engine tests to satisfy
the FAA Engine Type Certification requirements.

The FAA, in conjunction with GE, airframe manufacturer and airlines shall
estatdish the Type Certification requirements. In establishing these require-
ments, consideration should be given to performing endurance testing under
the simulated operational environment of the B-2707 aircraft. This simulated
operational environment should include inlet temperature, pressure recovery
and airflow distortion. In any event, these requirements should include
sufficient testing at sustained severity levels to ensure that the engine is -
capable of safe operation in commercial supersonic aircraft.

General Electric shall compile a document, describing in detail the Type V
Certification requ-rr;ments and transmit to Boeing for concurrence.

If the Model B-2701 (GE) aircraft is required to have engines with British
Air Registration Board (ARB) certification, GE will furnish Boeing the
assistance prescribed in the Systems Responsibility Agreement to obtain such
certification.

4. 1.4 Guaranteed Performance Demonstration Requirements
Demonstration tests to show compliance with the ground and flight perform-
ance guarantees of the engines specified in Table I will be performed in a
mutually agreeable testing laboratory having the capability of sea level static
calibration and simulated subsonic and supersonic flight environment at
altitude. The installed performance of the engine shall subsequently be
demonstrated by flight test measurements in the Model B-2707 (GE) airplane.
It is therefore implicit that Boeing and GE work together and mutually agree
on the planning of, execution of, and analysis of the results from the Zround
laboratory, simulated altitude laboratory and airplane flight tes-,S. The
parties agree to work together to establish mutually acceptable procedures
and criteria for accomplishing the objective set forth in the preceding sentence.

The primary responsibility for obtaining facilities, conducting the tests, and
analyzing the data for the sea level static guaranteed performanne demon-
strations and simulated altitude guaranteed performance demonst-ations
shall be GE's.

The primary responsibility for obtaining facilities, conducting the test, and
analyzing the data for the installed engin( performance demonstrations shall

-be Boeing's.

4.2 ENGINE/AIRFRAME STATIC PERFORMANCE CALIBRATION REQUIRE-
MENTS -(Phase Ill)

4.2. 1 General
The test hardware and calibration testing required for the static demonstration
of the specified engine performance are defined in the following paragraphs.
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4. 2. 2 Test Hardware
General Electric shall provide a reference bellmouth inlet for static cali-
bration of the engine. General Electric shall fabricate a minimum of two
beilmouth inlets of identical design, one to be sent to Boeing for Boeing-
conducted calibration testing and the other to be retained by GE.

Boeing Nh. ill require the support of GE to supply certain items of instrumentation
and make provisions for others that are internal to the engine or require
modification to the engine configuration. General Electric and Boeing shall
coordinate these requiremencs early in the design phase. General Electric
shall supply the mutually agreed upon instrumentation and provisions on the
ground and flight test engines. The engines shall be tested and the instru-
mentation calibrated in GE's test facility prior to shipment to Boeing. The
testing to be accomplished and basic instrumentation requirements shall be
by mutual agreement.

To be assured that the results of ground, simulated altitude and flight testing
are consistent, it -hall be a requirement that the instrumentation also be
consistent for all test phases. The instrmnentation to be used for all perform-
ance demonstration tests shall be mutually agreed upon. General Electric
will provide engineering coverage on tests to assure uniform interpretation of
data.

4.2.3 Engine Ground Rig Performance Calibration Testing
I

4.2.3.1 General
Boeing will use the reference bellmouth inlet and a calibrated engine to
calibrate Boeing's test facility. The static installed performance of the
engine will be determined using both the reference bellmouth and Boeing
production flight inlet during ground rig engine calibration of the FTS Engine.
This will provide the incremental difference in the engine performance be-
tween the reference bellmouth and production inlet.

General Electric shall conduct performance calibrations of flight performanceL_ demonstration engines in a GE test facility using the reference bellmouth.
This calibration shall include measurement of total inlet mass flow anddetermination of primary and secondary mass flows on one engine. The range

of simulated flight conditions to be mutually agreed upon.

4.3 GUARANTEED ENGINE PERFORMANCE AND OPERATIONAL
DEMONSTRATIONS (Phases iI and IV or V)

4.3.1 General
General Electric shall compile a document describing in detail, for the sea
level static guaranteed performance demonstration and for the altitude
guaranteed performance demonstration in the simulated altitude facility,
calibration procedures, instrumentation systems and accuracies, data re-
duction methods, and calculation procedures used in data analysis for trans-
mittal to Boeing prior to guarantee demonstration. In addition to the above
document, GE shall supply to -Boeing, engine performance prediction, data
reduction and data analysis computer decks which will be compatible with the
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IBM 7094 computer. These computer decks shall be updated periodically by
GE as additional information from test results becomes available or improved
instrumentation and data analysis techniques are developed.

4.3.1.2 Demonstration Tests
The tests conducted to demonstrate guaranteed performance shall include the
tests outlined below. The objectives of these tests are as follows:

a. Demonstrate engine performance guarantees as shown in Table 1.

b. Provide acta for verification and updating of the installed engine

performance prediction deck.

Guaranteed demonstration results will be documented in detail by GE and
transmitted to Boeing.

4. 3. 1. 2. 1 Sea Level Tesks•
The sea level test will be designed to demonstrate engine performance
guarantees and-operational characteristics by performing, as a minimum,
the tests listed below:

a. Steady-state performance demonstration to verify the specified
performance as given in Table I. r

b. Thrust reverser -operation. j

c. Acceleration and deceleration capability.

d. Inlet distortion tolerance.

e. Augmentor operation.

4.3. 1.2. 2 Simulated Altitude Tests
The simulated altitude tests will be designed to demonstrate engine perform-
ance guarantees and operational characteristics by performing, as a minimum, i
the tests listed below:

a. Steady-state performance demonstration of specified altitude perfcrm-
ance guarantees as given in Table I.

b. Explore overall engine operating envelope. i

c. Explore burner and afterburner operating envelopes.

d. Explore air start envelope (with or without boost pump). L.

e. Engine windmilling, windmill brake operation and locked rotor-per-
formance.
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f. Acceleration and deceleration characteristics.

g. Inlet tottl pressure and total temperature transients.

h. Inlet distortion tolerance.

4.3.1.3 Test Requirements
The Boeing Company in conjunction with GE shall compile a document describ-
ing in detail for the installed performance demonstration on the Boeing test
airplane, calibration procedures, instrumentation systems and accuracies,
data reduction methods and calculation procedures ised in data analysis for
transmittal to GE prior to first flight of the Boeing test airplane.

The test program to demonstrate the installed performance will include as a
minimum all of the tests outlined above. Additional tests to demonstrate in-
stalled performance, where required, will be mutually agreed upon by Boeing
"and GE. Boeing shall transmit to GE a detailed summary of the flight test
results.

The engine performance guarantees shall be demonstrated using a typical
production engine or a prototype engine substantially identical thereto. The
measured engine performance will be corrected to a fuel having a lower heating
value of 18,400 btu/ib.

4.3.2 Basic Engine Performance

ft 4.3.2.1 Sea Level Static Performance Demonstration (Calibration Stand)
The sea level static perform.ince guarantees listed in Table I shall be demon-
strated by GE using the reference bellmouth defined in Par. 4.2.2.1. This
test shall be conducted in a suitable test facility. Thrust and fuel flow shall
be measured using calibrated instrumentation covering a range of engine thrust
settings from idle to maximum augmented power. Total inlet airflow shall be
measured using a calibrated bellmouth. Tests may be conducted at other than[stipulated ambient temperatures and pressures. Performance shall be cor-
rected to specified Table I conditions.

"4.3.2.2 Simulated Altitude Performance Demonstration
The demonstration of altitude performance guarantees defined in Par 4.3.1.2
shall be conducted by GE in an altituad test facility.4 For cases where the altitude facilityis not capable of adequately simuhang

nozzle external flow or discharge static pressure, the measured thrust will
be corrected by the performance prediction deck to reflect the true environ-
ment. These corrections will make use of full-scale static test data and
nozzle model thrust coefficient test data in a previously agreed upon mannor.

The demonstration of any altitude performance points which exceed the
capability of the laboratory will be calculated from test data obtained at testconditions which lie within the capability of the laboratory.
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4.3. 3 Installed Engine Performance

4.3.3.1 Flight Performance Demonat'ration
Boeing shall conduct flight tests to demonstrate th( installed engine perform-
ance and operation over the airplane flight and maneuver envelopes. Installed
engine performance will be demonstrated and verified. General Electric shall
monitor and support the tests.

The performance points of Table I shall be demonstrated by full-scale flight
test utilizing a calibrated engine previously tested in GE's Simulated Altitude
Facility. The flight tests shall be conducted with GE's test hardware and a
production flight inlet prolided by Boeing.

The flight tests shall be conducted at Boeing Flight Test facilities. All testing
will be done in accordance with procedures agreed upon by GE and Boeing.

Thrust and fuel flow shall be measured using calibrated instrumentation
covering a range of engine thrust settings from idle to maximum augmented
power. The inlet airflow shall be measured using precise inflight instru-
mentation. The functional and thermodynamic performance of the nozzle
shall be determined. Tests may be conducted at other than stipulated ambient
temperatures and pressure altitudes. Performance data shall be corrected by j
the performance prediction deck to specified Table I conditions.

4.3.4 Noise Demonstration (Phases as Indicated)

4.3.4.1 Static
General Electric shall conduct a demonstration test on an cutdoor test stand,
using a prototype engine or an acoustically similar engine with the reference
bellmouth and production exhaust system. At least six test runs shall be made
at each condition and the results averaged to demonstrate compliance with the
guarantee.

General Electric shall submit a document showing guarantee compliance.
In addition, this document shall include a detailed description of the acoustic
measurement and analysis system. The Boeing Company shall have the option
of taking noise measurements parallel to GE's during the engine demonstration
test.

General Electric shall provide noise level test data for an engine acoustically
similar to the first flight engines. This data is to be provided within six
months after delivery of the first flight engines.

'4.3.4.2 Inflight
Flight tests shall be conducted by Boeing to demonstrate noise characteristics.
The tests shall be conducted on the Model B-2707 (GE) airplane using the
production flight inlet and production exhaust systems or acoustically equivalent
hardware. With the airplane operating at a mutually agreed altitude, sound
measurements shall be made on the ground under the flight path. At least six
test runs shall be made at each condition and the results averaged to demon-
strate noise characteristics. The results of the test shall be documented byS~Boeing which includes a detailed description of the measurement and analysis
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systems. General Electric shall have the option of taking noise measurements
parallel to Boeing during the demonstration tests.

4. 3.4.3 Sound Calculations
The perceived noise level calculations shall be made by use of the Noys table
as defined in SAE ARP 865, Ref. Par. 2.2.8. The discrete frequency peaks
generated by the passage of the compressor or turbine blades shall be measured
as the time average for 60 sec of the-output of 1/24-octave band filter or a
50-cycle fixed band width filter tuned to the frequency being measurad. The
noise data shall be normalized to a standard sea level, 59°F and 70 percent
RH day by standard SAE practices, per Ref, Par. 2.2.9.

4.3.5 Engine Airflow Demonstration (Phase III)
The production engine airflow at engine operating conditions shown in Table 1
will be verified by test procedures mutually agreeable to GE and Boeing.

V [4.3.6 Thrust Reverser Demonstration (Phases III and 71

4.3.6. 1 Static Reverser Performance Demonstration
General Electric shall conduct a test to demonstrate static reverse thrust
performance in a suitable test stand that prevents reingestion, Reverse thrust
shall be measured using calibrated instrumentation covering the range of
reverse engine thrust settings from idle to maximum reverse. Performance
shall be corrected to specified Table I conditions. Demonstration results

I shall be documented in detail and transmitted to Boeing.

4.3. 6,2 Installed Reverser Performance Demonstration
_ Boeing shall conduct tests to demonstrate installed thrust performance and

operation. Static reverser tests shall be conducted during Boeing's engine
ground rig testing, and high speed taxi and landing reverser tests shall be
conducted during Boeing's flight test programs.

4.3.7 Vibration Demonstration (Phases as Indicated)
t 'General Electric shall demonstrate compliance with the maximum allowable

- vibration as specified in Par. 3.2.21 by conducting the following tests:

r- a. Conduct lineal vibration surveys throughout the normal engine operating
range (idle to maximum augmented thrust settings) on an experimental engine
using normal GE production acceptance hardware. The location of vibration
pickups for demonstration shall be established by mutual agreement. Also,
the number, location and vibration limits of pickups to be used for production
acceptance runs shall be mutually determined from this demonstration test.

f l b b. Conduct a lineal vibration survey throughout the normal engine opera-
L ting-range (idle to maximiun augmented thrust setting) on a production engine

using Boeing supplied production inlet. The location of vibration pickups for
the demonstration shall be established by mutual agreement. In the event!!that the results of 'thts test using a production engine, and production Boeing
inlet do not meet the requirements of Par. 3.2.21, Boeing and GE will work

together using their best efforts to determine the cause for the discrepancy[ and to establish the required corrective actions.
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Boeing shall conduct a vibration survey using production engines and production
airplane hardware on a static ground rig stand and a flight test airplane to
determine installation effects on engine vibration levels.

4.3.8 Bleed Air Quality Demonstration (Phase IV)
Geta±ral Electric shall demonstrate compliance with the requirements of Par.
3.2.2 by conducting the following tests- on an experimental engine aerodynamically
similar to production engine configurations:

a. With the engine operating at ground idle and at 70 percent and 90 percent
max nonaugmented thrust, the quantity of contaminant discharged from the high-
pressure bleed shall be obtained while introducing a given quantity of con-
taminant into the engine over a period of time. The quantity of air bleed flow
and other detail test procedures are to be established by mutual agreement.

For demonstration, the contaminant shall be coarse Arizona road duct AC
Spark Plug Co. PN 1543637 and shall be introduced in a manner to obtain sub-
stantially even distribution over the engine inlet area. The bleed air ex-
tracted shall not contain a greater concentration of engine ingested contaminants
(pounds of contaminant per pound of air) than the concentration introduced
within a test accuracy of :L25 percent.

Samples of compressor bleed air shall be taken from each bleed air outlet at
temperatures within the ranges corresponding to the bleed air requirements
of Table V. At the same time the bleed air samples are taken, a sample of
the air entering the compressor inlet shall be taken. All samples shall be
properly identified. An analysis of the samples shall be made, and if any
of the contamination listed in Table V has been contributsd to the bleed air by
operation of- the engine, the concentration of contaminants shall be determined

.using mutbally agreeable test methods.

This test shall be conducted on an engine incorporatifog lubrication system
elements and seals which shall have been subjected to a minimum of 150 hr of
operation.

Samples from the comnpressor dischargc stage bleed air outlet shall be taken
at temperature conditions obtained at ground .dle and at 70 and 90 percent
of maximum nonaugmented takeoff thrust.

4.3.9 Inlet Distortion Tolerance Demonstration (Phase III)
General Electric shall :demonstrate compliance with the maximum inlet dis-
tortion tolerances and limits specified in Par. 3.2. 19.3 by conducting the
following tests:

a. Conduct Wilet distortion tolerance test for sea level static-and altitude
conditions on- a prototype engine aerodynamically similar to production engine

, configuration. The distortion patterns of the Boeing irlet are~to be simulated
for each particular flight Mach number and altitude simulated. Pressure
profile surveys shadl be taken at the compressor inlet~over the operating
range of the engine. The method of test and location of inlet pressure pickups
for demonstration shall be established by mutual agreement. Demonstration
results shall be documented in detail and transmitted to Boeing.

~f
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a b. Conduct inlet dIstortion tolerance tests for altitude conditions on a
prototype3 engine aerodynamically similar to production engine configuratioiL*
with Boeing flight iniet. This demonstration shall be done in conjunction with
the joint GE - Boeing Wnet/Engine AEDO test program. Rleference Par.

I. 5.2.1.3. This joint program shall be used to demonstrate the specified inlet
distortion levels of the inlet/engine combination.
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[ 5. COMPATIBILITY DEVELOPMENT PLAN (Phase III)

r 5. 1 GENERAL
General Electric and Boeing's tests required to develop, integrate, and flight
test the propulsion system shall be conducted as specified herein and additionally
as determined to be necessary by mutual agreement. Specified data from these
tests shall be made available to GE or Boeing where reqaied. The responsi-
bility for providing facilities and for conducting or supporting the tests shall
be accomplished as specified in the following paragraphs.

r •5.2 INLET/ENGINE COMPATIBILITY PLAN (Phase III)
Boeing shall have prime responsibility for the development of the air induction
and control system. General Electric shall have prime responsibility to
establish the engine tolerances to inlet distortion and define requirements, and
provide them to Boeing. This includes distortion definition, measurement
requirements and calculation procedures. The distortion information will
include definition of the engine performance for distortion levels above the
nominal "no performance" loss levels.

5.2. 1 Boeing Inlet/Engine Compatibility Tests

C 5.2. 1. 1 Model Test Program
Boeing shall conduct scale inlet model tests to obtain distortion and pressure
recovery data and inlet design data. Boeing shall provide GE with a summary

L of the test results. Distortion data from these model tests shall be used by
GE to establish requirements for the test of various distortion patterns to
evaluate the engine tolerance to distortion.

5.2.1.2 J-85 Engine Tests (AEDC)
Boeing shall conduct small engine/inlet tests (1/3 scale) at AEDC in mid-1967
for early inlet/engine compatibility verification. These tests will be used to
define the performance of the inlet and the inlet controller and to investigate
inlet/engine compatibility during steady state and transient operating conditions,
including unstart-restart sequencing. This test will also be used to verify and
update the mathematical simulation techniques of a short coupled inlet/engine
system. Boeing shall provide General Electric with a summary of the test
results.

5.2.1.3 Full-Scale AEDC Tests
Boeing, in conjunction with General Electric, shall plan and conduct full scale
inlet/engine compatibility tests at AEDC. These tests shall also demonstrate
the specified inlet distortion levels of the inlet/engine combination. Boeing
will provide the instrumented inlet for these tests.

SThe tests will be conducted in accordance with the Coordinated Inlet/Engine
Test Plan (Ref. Document D6A10007-1), reference Par. 2. 2, 17. Boeing and
GE shall be responsible for jointly supporting the program as specified in the
referenced test plan.
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5.2.1.4 ,Full-Scale Sea Level Static Tests
Boeing shall conduct engine ground rig tests to evaluate the inlet/engine cora-
patibility under sea level static conditions.

5.2.2 General Electric Inlet/Engine Compatibility Tests

5.2.2.1 Compressor Component Tests

a. Distortion Screen Tests r
General Electric shall -onduct distortion screen tests with a full scale com-
pressor rig throughout the full -orrected speed flow and pressure ratio range. r
General Electric shall evaluate the tolerances to inlet distortion and provide U
Boeing with a summary of the test results. General Electric will simulate the
Boeing inlet distortion patterns in these tests. [

b. Centerbody Venturi Tests
Combined steady. state and dynamic pressure distortion effects will be imposed
on the compressor, created by the inflow effects of boundary layer mixing
turbulence from the normal shock and vortex generator created Lurbulence.
The boiler plate hardware for these tests will be provided by General Electric.
Scale model testing of a centerbody venturi simulator (inlet throat and sub-
sonic diffuser simulation) will be done by General Electric to verify good simu-
lation and range of airflow variation. Boeing will supply inlet contours and
installation details of the inlet for this simulation, and will receive test result
summaries. U
5.2.2.2 Engine Tests
Under this category, inflow testing will be done under sea level and fligh\--
conditions (heated inflow). Steady-state and dynamic inflow is simulated and
engine transient conditions will be imposed. A full scale complete engine
will be used.

U!
a. Screen Testing

Screen testing similar to testing done on the compressor rig (updating of
distortion patterns will be done where applicable) will be done to verify engine
operating characteristics under various distortion levels (NDI updating).

b. Engine/Inlet Ground Testing
Cross wind effects and inlet choked mode effects will be evaluated by General
Electric' Crosswind up to 30 kn (at 0 - 180 deg) will be simulated. A full
scale engine and boiler plate inlet with bypass doors and several centerbody
positions will be used. General Electric will provide the test set up for cross-
wind. Boeing will provide the centerbodies and inlet cowl with the portion of the
bypass doors affecting takeoff operation simulated. Boeing will assist in the
test as required and will receive the test results obtained. U
5.2.2.3 Inlet/Simulatoriu Engine Tests
At least one year prior to full-scale inlet-engine testing at AEDC, GE will
perform testing in their altitude test facilities with a simulated inlet and full-
scale engine. Boeing will provide a simulated boiler plate inlet, centerbody
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positions for important flight regimes and cowling with-operating bypass doors.
General Electric will provide Boeing the requirements for the test installation,
such as the inlet bellmouth. General Electric will provide the secondary air
flow extraction ports, and perform scale model tests to ensure satisfactory
engine inflow simulation. These scale model tests will also be used by GE to
provide Boeing with early evaluation of distortion airflow transient effects and
inlet/engine compatibility during engine transient conditions. Boeing will pro-
vide inlet geometry lines and distortion patterns from wind tunnel testing.

r• The test objectives of this full-scale simulated inlet engine testing (heated
conditions) is to determine the effect of terminal shock location, distortion
and turbulence on the engine, the effect of bypass and secondary air flow
variations on the engine, and-the effect of engine-generated disturbances on{• the terminal shock position. Boeing will assist in the test as required and
receive the test results.

5.2.3 Inlet/Engine Dynamic Analysis

5.2.3. 1 Engine Mathematical Model
General Electric shall provide Boeing with updated engine mathematical model
computer-decks as required. The format and capability of the engine mathe-
matical model must be mutually agreed to by both parties. Coordinated
efforts between Boeing and General Electric shall be made to eliminate any
detrimental inlet/engine interactions.

5.2.3.2 Inlet/Engine Mathematical Model
Boeing shall conduct analyses and simulation studies to evaluate the aero-
dynamic and control interactions between the inlet and engine. General Electric
will be supplied with the mathematical models of these studies. The data will
be used to predict the results of the various full-scale inlet/engine compatibility
tests.

5.3 EXHAUST SYSTEM INTEGRATION TESTS (Phase HI)
General Electric shall have prime responsibility for the development of the
exhaust system in accordance with Boeing's requirements.

5.3.1 Thrust Reverser Development

5.3. 1.1 Boeing Reverser Tests

a. Ingestion Tests (Model)
Boeing shall conduct aircraft model wind tunnel tests to determine the thrust
reverser exhaust flow pattern requirements with respect to minimizing adverse
reingestion and impingement effects. Boeing shall provide General Electric
with a summary of the test results.

b. Reverser/Airplane Effectiveness Tests (Model)
Boeing shall conduct aircraft model wind tunnel tests to define the reverser
flow pattern with respect to reverse thrust effectiveness. Boeing shall provide
GE with a summary of the test results.
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c. Definition of Reverser Requirements
Boeing shall define the reverser performance requirements, reverser exhaust |
external flow path requirements, and the airframe control system requirements.
Boeing shall provide General Electric with these requirements.

d. Full-Scale Tests
Boeing shall conduct full scale engine ground rig tests to evaluate reverser F
performance and operation, reverser thrust response, reingestion effects,
and fail safe characteristics (see Sec. 5.4.2).

5.3.1.2 General Electric Reverser Tests

a. Model Tests
General Electric shall conduct model tests to develop the reverser and reverser
exit cover door design to meet Boeing's requirements.

b. Large Scale Engine Tests F
General Electric shall conduct large scale engine tests to, evaluate the perform-
ance operation and fail ssfe characteristics of the reverser. General Electric
shall provide Boeing with a summary of the test results.

c. Full-Scale Tests
General Electric shall conduct full scale engine static tests to evaluate reverser F
performance and operation and to perform a qualification test on the reverser.
Boeing-shall have the option to witness the tests.

5.3.2 Nozzle Development

5.3.2.1 Boeing Model Tests r
a. Wing/Pod Integration Tests L

Boeing shall conduct model tests with the nozzle in the presence of a wing or
wing-body to determine nozzle boattail pressure distribution and nozzle in-
stalled performance. Boeing shall provide General Electric with a summary
of the test results. General Electric shall provide Boeing with current models
or contours for their nozzle, and inform Boeing of any revisions in the con-
tours at the time they are incorporated. F
5.3.2.2 General Electric Tests [

a. Model Tests
General Electric shall conduct nozzle model tests to determine nozzle perform-
ance and ejector pumping characteristics, and to acquire data required for the
design of the free-floating secondary flaps.

b. AEDC Tests
General Electric shall conduct full scale engine tests at AEDC to demonstrate
nozzle performance and operation.

5.3.3 Noise Suppression Development
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5.3,. 3. 1 Boeing Tests

a. Model Tests
Boeing shall conduct scale model tests of jet noise suppressors under jet
conditions identical to those proposed for the SST engine. Evaluation of the
noise characteristics of the suppressor nozzlesshall be in terms of overall
and octave band sound pressure levels as well as perceived noise level.
Promising designs will be reviewed with General Electric to determine their
adaptability to the engine. The objective of these tests is to select promising
designs for further analysis andlfull scale testing.

-b. Full-Scale Tests
Boeing shall conduct full scale J-75 engine tests to evaluate promising jet
noise suppressors obtained from model tests. The final nozzle configurations
shall be tested on a J-75 engine. Test conditions on a J-'75 will duplicate
as closely as possible the conditions required on the SST engine during takeoff

and climb-out maneuvers. Evaluation of the noise: characteristics of the
suppressor nozzles -shall be in terms of overall and octave band sound pressure
level as well as perceived noise level. Boeing shall provide General Electric
with a summary of the test results. The objective of these tests is to deter-

flmine the jet noise suppression characteristics and performance losses for the
full scale exhaust nozzle.

5.3.3.2 ._General Electric Tests

a. -Model Tests
General Electric shall conduct small scale jet noise suppression tests which
may'be applicable to the engine. The objective of these tests is to select
promising designs for further analysis and full scale testing.

b. Full-Scale Testing

(1) General Electric shall conduct full scale compressor noise tests to
determine noise generating and propagating characteristics. General Electric
shall- provide Boeing with a summary of the test results. Data shall be in the
form of octave band and 1/24 the octave band SPL over a complete polar grid
around the engine. Several thrusts from idle to full power shall be included.

S(2) General Electric shall conduct full-scale engine noise and performance
tests to evaluate the basic configuration and the final suppressor configuration
for the exhaust nozzles. General Electric shall provide Boeing with a-summary
of the test results. Noise data shall be in the form of- octave band SPL over
a complete polar grid around the engine. Several thrusts from idle to full

Spower shall be-included.

(3) General Electric shall conduct full scale noise and-performance tests

on they engine to determine near and far field noise levels with an-acoustically
similar aircraft inlet installed. General Electric shall provide Boeing with
a summary of the test results. Noise data-shall be in the form of octave band
and. 1/24 octave band SPL' s over a complete polar g-rid around the engine.
Several thrusts from idle to full power shall be included. Boeing shall have
the option to witness the tests and take parallel noise measurements.
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(4) The objective of these tests and analysis is to obtain a noise suppression
system compatible with the engine and airframe which results in noise levels
at or better than FAA objectives during all phases of SST operation.

5.4 ENGINE/AIRFRAME INSTALLATION TESTS
The full scale propulsion installation tests required to'evaluate engine/airframe
integration and compatibility, and to evaluate the parformance and operation
of propulsion subsystems and components, are included herein.

5.4. 1 Engine/Airframe Installation Requirements
All features affecting aircraft/engine interface shall be evaluated during the
aircraft development program to provide assurance that engine operation under
installed conditions is in accordance with the design intent. Boeing will supply
to GE the data necessary for GE to validate the engine installation.

5:4.2 Boeing Ground Rig Tests
Boeing shall conduct engine ground rig tests to evaluate the performance,
operation and compatibility of all components of the propulsion installation
including engine starting system, engine oil cooling system, accessory power
drive and airbleed system, engine and cowl cooling environment, fire detec-
tion and extinguishing system, engine instrumentation, engine controls,
nacelle drainage, engine fuel system, engine and accessory vibration, and
engine noise. General Electric shall supply Boeing with calibrated ground rig
test engines and logistically support the test program as required. Boeing
will provide GE with the specific details of the test and results.

5.4.3 General Electric Ground Rig Tests
General Electric shall conduct engine ground rig tests to evaluate and demon-
strate the performance, operation, and noise levels of the engine, including: U
inlet/nacelle/engine compatibility, thrust reverser performance and qualifica-
tion, and inlet and exhaust noise suppression evaluation. U
It is also desirable that GE conduct a test using Boeing supplied, engine-
driven airframe accessories to assist in determining compatibility of the
engine and airframe components. A mutually agreeable plan will be developed
during the design period to accomplish this objective.

5.5 PHASE MI FLIGHT TEST PROGRAM U
-5.5.1- General
The flight test demonstration of engine performance and operation, and the
evaluation of the propulsion system, are included herein. Boeing shall conduct U
the flight tests. General Electric shall monitor and support these-tests.

The following propulsion system flight tests will be accomplished during the U
Phase II flight test program:

5.5.2 Air Induction System Performance and Operation
Boeing shall zonttct flight tests to demonstrate the air induction system
performance andoperation, and ilet/engine cqmpatibilfty over the flight

envelope of the airplane,
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5.5.3 Engine Performance and Operation
Boeing shall conduct flight tests to demonstrate the installed engine perform-
arnco and operation over the airplane flight and maneuver envelopes. Installed

[1 engine performance will be demonstrated as specified in Par. 4.3.3.1.

5.5.4 Evaluation of Propulsion Nacelle and System
S[Boeing shall conduct flight tests to demonstrate the engine and nacelle cowling

for structural integrity over the flight envelope of the airplane and the opera-
tion and function of the propulsion systems. These tests shall include:

Snnacelle and engine cooling, engine oil system, accessory operation, engine
anti-icing, fire extinguishing system, engine instruments, nacellev drainage,
engine fuel system, vibration surveys and automatic thrust control system.

[5.5.5 Thrust Reverser Performance and Operation
Boeing shall conduct flight and taxi tests to determine reverse thrust effective-
ness, reverser exhaust gas ingestion and impingement characteristics, and
reverser fail safe characteristics under flight loads.

5.5.6 Noise Surveys
Boeing shall conduct ground, takeoff, and landing tests to demonstrate airport
and community engine noise levels as specified in Par. 4.3.4.2.

U

U
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6. PRODUCT ASSURANCE REQUIREMENTS

6.1 BASIC CONCEPTS AND DEFINITIONS
I In the context used here, the term Product Assurance includes the subjects of

Reliability, Safety, and Maintainability. The elements contained herein are
required to integrate the engine into the B-2707 system and provide assurance
during design and test that adequate levels of reliability, safety, and main-
tainability are inherent in the final design.

6.2 RESPONSIBILITIES

6.2. 1 General,
Boeing has overall responsibility and accountability for the reliability,
safety, and maintainability of the B-2707. This responsibility includes system
schedules, planning and reporting in addition to technical integration of the GE
"produced equipment.
General Electric has responsibility and accountability for the -reliability, safety,
and maintainability characteristics of the engine and basic engine accessories

specified herein and for the conduct of tests or demonstrations requiredto
V ensure their achievement on the basic engine. This responsibility includes

support to Boeing throughout the B-2707 Program to ensure achievement of
overall system Product Assurance objectives as they relate to the basic engine
and engine/airplane interfaces. This support includes provision, ofthe data
specified herein required for Boeing to fulfill system responsibilities.

6.2.2 Boeing Responsibilities
Boeing will assess the safety, reliability, and maintainability of the B-2707
and provide master schedules, planning, reporting, and integration for all
Product Assurance elements. In fulfillment of these responsibilities, Boeing[1 will provide to GE copies of the following items relative to reliability, safety,

and maintainability.

V a. Major program milestones.

b. Test and demonstration plans and requirements for flight test.

c. Operational and maintenance concepts to support the B-2707 system.

d. Time goals for:

U(1) Performance of engine line maintenance tasks accomplished on the
airplane,

Fl,L(2) Performance of basic engine teardown, inspection, and assembly on
the aircraft.

(3) Schedules for providing these items will be 'negotiated and included
" [in the ancillary agreements.
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e. Recommendations submitted for information or for decision of the FAA
that involve GE furnished equipment. t

f. The integrated Safety Engineering Program incorporating the General

Electric Safety Engineering Plan. d

g. Copies of engine malfunction and maintenance data assembled by
Boeing personnel during Phase HI.

In addition to the preceding, Boeing will:
h-. Establish periodic meetings as may be required to ensure integration

of the Product Assurance activities-.

i, Develop, with GE, mutually compatible and acceptable data formats,

flow processes, evaluation processes -and reports as may be required.

6.2.3 General Electric Responsibilif.ese
General Electric will report achievements against the reliability, safety, and
maintainability objectives contained herein and will, in addition, provide
technical representation to actively participate in the failure analysis team
(see Par. 6.2.5).

6.2.4 Interface Elements
Sections 2. 0 and 3.0 form the basis -for identifying and defining mutaially K
reacting malfunctions and malfunction effects.

6.2.5 Problem Analysis and Corrective Action
During the flight test and certification program, malfunctions and problems
will undoubtedly occur requiring investigation, determination of tcz-ponsibility,
and identification of appropriate corrective action. The following 4ill be[
accomplished in the event of failure or malfunction involving the engines or
engine/airframe interfaces:

a. A failure analysis team will be established consisting of a Boeing and LI
GE representative(s). j

b. Where on-the-spot cause determination and corrective action are
-mutually agreed upon, a report will be 'prepared by the responsible party and[

the necessary corrective action accomplished.
c. Malfunctiordng engine components will be forwarded to the GE B-2707 L

Spares store for disposition in accordance with the ancillary agreements.
Parts or components requiring fiu"izr investigation or analysis will be with-
drawn from the store and later returnedzto the store in accordance with GE
procedures. Analysis of the faýled component will be accomplished by GE.

Where an engine/airframe interface problem is suspected, either party may
request participation in the investigation. A full reportvill be prepared
and signed by-both parties where an engine/airframe problern is indicated.
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[i d. For all joint investigations, in the event of a disagreement, dissenting
opinion shall be included on the failure analysis report.

[ e. Copies of all reports will be provided to Boeing.

6.3 RELIABILITY

SThis section contains the minimum elements to fulfill-system reliability
responsibility and provide effective engine/airframe interface. To the maxi-
mum possible extent, these objectives shall be fulfilled as part of the basic

Scontract with the FAA and shall not require additional nor different effort.

6.3.-1 Design.Objectives

S' 6.3.1.1 Numerical Objectives
r When operated within the environments and performance limits specified

in Sec. 3.0 of this document, the reliability objectives shall be as shown in
STable VIII.

Table VIII. Reliability Objectives

End of Mature Engine-2x10 6

H Phase MI Engine Flight Hr

a. MCBF (mean cycles N.lfore
failure to start within 5 minutes) 1,500 39,000L b. Mean time between inflight shut-
downs (hr) 450 11,100

c. Mean time between augmentorpwrloss (hr) 270 6,660

d. Mean time between premature
Sengine removals (hr) 160 4, 000

F As defined by 100 percent augmentation power loss.

e 4 *Mition, the engine shall be designed and constructed to function
4 ,*-r ) -hr duration without failure of any engine component as a re-L�w -. f operating at a noise level as specified in Par. 3.2.1.2.3.

Degreeocf Attainment of these cbjectives shall be demonstrated in accordance
with Par. 6.3.2.1.

6.3.1.2 Failure Requirements
The preceding objectives shall be attained within the failure requirements
specified in See. 3.0. These- requirements are specifically related to, but
are not limitedto, Pars. 3.2.2.1.3, 3.2.19.1, 3.2.19.2, 3.2.19.4, and
3.2.20. 1. Compliancetwith these requirements shall be demonstrated in[accordance -with Par. 6.3i.2.2.
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6. 3. 1. 3' Malfunction Definitions
The reliability plan prepared by GE shall include specific definitions of mal-
function. Definitions shall be related to one or more of the characteristics
of Table VIII as well as to the appropriate portions of Sec. 3.0. [f

6.3.2 Quality Assurance Provisions

6.3.2. 1 Numerical Demonstration l
Achievement of each parameter listed in Par. 6. 3. 1. 1 shall be demonstrated
as specified below. This requirement is not to be construed as requiring
statistical reliability tests; however, it shall be construed to require statistical
evaluation of data for this purpose.

a. A curve will be established for each parameter shown in Table I
related to total engine hours.

b. For items Par. 6.3.1.1 (a) through (e), time/cycle and failure data
will be logged from in-plant tests and flight tests. This data will be analyzed
on a periodic sliding basis of not more than 200 total engine hour increments

or some other grouping as may be agreed upon. For each increment of
engine time, incremental and cumulative statistical estimates of each para- [
meter will be established and compared to the initial growth curves to deter-
mine satisfactory progress.

c. Attainment of the reliability objectives shall be construed to exist [
when the following conditions have been fulfilled.

(1) Using the to: , ctumulative relevant data existing at the end of the 100

hour flight test program, corrected for approved design changes, show by
analysis that the early flight goals have been achieved.

(2) The cumulative relevant test results, extrapolated by analys 3, show L

that the intermediate and maximum experience goals are achievable.

d. Compliance with Par. 6.3. 1. 1 (e) will be demonstrated during the type H
certification program.

6.3.2.2 Failure Requirements Demonstration
Evidence of compliance with the provisions of Par. 6.3.1.2 shall be provided
as follows:

a. Each part of the GE furnished equipment shall be analyzed to determine U
the end result of failure and ensure that adequate protection exists. The
analysis shall include at least the data shown in the sample Failure Mode,
Effect and Criticality Analysis format, Fig. 18. The analysis shall show con- B
clusive evidence of compliance with the following minimum requirements:

(1) Single failure of accessory seals, bearing seals, and oil lines (except
engine bearing failure) cannot result in bleed air contamination.

(2) No single failure of any part of the reverser ban result in unsafe B-
operation of the engine or the airplane. [J
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•i FAILURE/ERROR MODE, EFFECT AND C

ITEMIDENTIFICATION PHASE
IE IC I ITEM OF TYPE OF FAILURE DETECTION POSSIBLE SECOND,

NAME LOCA- IDENT FUNCTION OPERA- OR ERROR METHODS CAUSES FAILUR
TION NO. TION

flnL0

PHASE OF OPERATION CODE: HAZARD CRITICALITY CODE:

I PREPARE FOR FLIGHT A. CATASTROPHIC - PERSONNEL ERROR, DESIGN DEFICIENCY C MARGINAL OPERSONNEL ERROR, DESIG

2. START'TAXI OR 'SUBSYSTEM 'COMPONENT MALFUNCTION WILL PRODUCE SYSTEM, COMPONENT MALFUNCTION WIL
3. TAKEOFF SEVERE-DEGRADATION OF THE SYSTEM-WHICH WILL RESULT SYSTEM TO SOME EXTENT WITHOUT MAJ
4. CLIMB IN LOSS OF THE SYSTEM ORDEATH, OR MULTIPLE DEATHS, OR PERSONNEL INJURY, BUT CAN BE AC
5. SUBSONIC CRUISE OR INJURIES. ACTED OR CONTROLLED.

6. SUPERSONIC CRUISE B CRITICAL - PERSONNEL ERROR, DESIGN DEFICIENCY OR SUB- D. SAFE - PLRSJNNEL ERRORS, DESIGN DE

7. DESCENT SYSTEM, COMPONENT MALFUNCTION WILL DEGRADE THE SYSTEM COMPONENT MALFUNCTION WIL

8 APPROACH AND LANE, NG SYSTEM CAUSING PERSONNEL INJURY, SUBSTANTIAL SYSTEM MAJOR SYSTEM DEGRADATION AND IT Wl

9. TAXI 'PARK DAMAGE OR RESULT IN AN UNACCEPTABLE HAZARD NECESSI- SYSTEM FUNCTIONAL DAMAGE OR CONT
10. GROUND OPERATIONS TATING IMMEDIATE CORRECTIVE ACTION FOR PERSONNEL HAZARD, OR PERSONNEL INJURY.

AND SYSTEM SURVIVAL.

'Uil

oi '



FECTAND CRITICALITY ANALYSIS SHEET

COMPENSATING CRITICAL
LE SECONDARY FAILURE EFFECTS ON PROVISIONS CLASS.

LE SECONDARY FAILURE COMMENTS AND
ES FAILURES SUBSYSTEM FLIGHT FLIGHT CREW FLIGHT GROUND - o c FREQ RECOMMENDATIONSOPERATION PROFILE ACTIONS OPERATIONS OPERATIONS •. ',

DISPATCH CRITICALITY CODE: SYSTEM DIVISION:
NEL ERROR, DESIGN DEFICIENCY OR SUB- A. FAILURE OF THE ITEM RENDERS Al lPLANE UNSERV ICEABLE.
MALFUNCTION WILL DEGRADE THE B. FAILURE OF ITEM IMPOSES RESTRIC.TIONS ON AIRPLANE SER- SUBDIVISION:
ENT WITHOUT MAJOR SYSTEM DAMAGE VICE-(WEATHER, LOAD, RUNWAY LENGTH, ETC.)

RY, BUT CAN BE ADEQUATELY COUNTER- C. FAILURE OF ITEM WILL NORMALLY YOT AFFECT DISPATCH.
LED. MODEL,
ERRORS, DESIGN DEFICIENCY OR SUB-
MALFUNCTION WILL NOT RESULT-IN

ADATION AND IT WILL NOT PRODUCE PREPARED BY:
DAMAGE OR CONTRIBUTE TO SYSTEM ___,__"__ -,

NEL INJURY.

Figure. 18. Faitur-Mode, Eafect and Crticalty
Analysis
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(3) No single failure within the supersonic inlet will prevent the engine
from continuing to operate satisfactorily.

[ (4) Damage to the engine will not occur after surges due to either inlet
distortion within the limits specif.ed in Par. 3.2. 1.9.3 or other causes.

(5) No single failure within the engine will prevent the supersonic inlet
from operating satisfactorily.

(6) No damage to the engine shall result when the windmill brake is
applied by the normal controls at any engine operating condition.

(7) In the event of windmill brake actuator failure, the brake will not failT to remain in the position occupied at the time of failure.

These analyses will be supplemented, as required, by appropriate stress
and fatigue analyses as well as by deliberately induced or simulated mal-
functions during the tests specified in Sec. 4.0. A summarized failure analysis
including these elements shall be included in the model specification.

b. Any malfunctions occurring during the ground and flight test program
shall not produce results contrary to these requirements.

[1 6.3.3 Data Requirements

a, Reliability Program Plan
General Electric will submit to Boeing a preliminary copy of their Reliability
Program Plan which will be submitted to the FAA. After coordination with
Boeing for overall program compatibility and approved by the FAA, the plan
shall become the standard by which the General Electric Reliability Program[3will be conducted.

Revisions to the plan shall be submitted to Boeing for information. Boeing
approval is required-if basic intent, direction, or Boeing interface is affected.

b. Technical Data
Copies of the following data shall be furnished to Boeing as specified below:

S(1) Allocated reliability values and documented results of design reliability
analyses and predictions kept up-to-date at intervals not to exceed six months.

* This data shall include details-related to each component or part for each
parameter specified in Par. 6.3.1.1 and shall include the pertinent data
specified in Par. 6.5.4.3 AIDS, items a) and f). Sources and justification of

p reliability predictive data shall be included,

(2) Comprehensive analyses of. each possible internal and external failure

mode, its -effect and its criticality, kept up-to-date at intervals not to exceed
[ six months. These analyses shall be prepared to-fulfill the -requirements of

Pars. 6.3.1.2 and 6.3.2.2.

(3) The list of reliability critical items kept up-to-date at intervals not
to exceed six months.

D6AI 0198-1
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NOTE: It is preferable that these items be assembled into one package
and submitted at the same tifne.

(4) A detailed plan to achieve compliance with the provisions of Par.
6.3.2. 1 shall be submitted 90 days after contract award for Boeing approrval.
This shall include individual definitions of success and failure amplifying the
provisions of Par. 6.3.1.3 and complying with Par. 6.5.4.3 (a). A detailed
set of relevant and nonrelevant failure classifications shall be included. [,

(5) Summarized records of engine time/cycle failure and maintenance
histories. [3

(6) Failure and Analysis Reports as generated.

These items shall be included'in the status reports identified below. [3
c. Reliability Status Reporting

During Phase III, GE shall prepare and submit to Boeing bi-monthly reports to
provide a concise and accurate summary of Reliability Program status, tech- [
nical status and significant problem areas. These may be included in or be
derived from periodic reports submitted to the FAA. The report shall cover
the following:

(1) Program Status: Sumarize status of each current task contained in the
Reliability Program Plan. Reasons for any slides or schedule alteration shall
be included, along with program for recovery.

(2) Technical Status: This part- shall consist of reliability estimates for
q the overall system and each major segment or component thereof, and shall [

compare predicted reliability (or MTBF/MCBF) with allocated reliability
during the period covered. Updated assessments shall be included at least
quarterly. A summary of revised predictions, the reason for the change, [
and the impact of the change shall be included in this part of the report. The
-current status of and results of significant tests or demonstrations for reliability
purposes shall also be contained in this section. [3

(3) Significant Reliability Problems: This part shall summarize significant
reliability problems in the following format:.[

(a) Area of engine or accessories
'(b) Brief statement of problem
(e) Proposed resolution
(d) Action agency
(e) Current status
(f) Reference correspondence or data
(g) Amplifying remarks U(h) -Final reliability report

The reliability portion of GE's final report required by the F.?4A~shall be pro- [
vided to Boeing for coordination prior to submittal and shall in-.Aude a complete
accounting of the accomplishment of the Phase II Reliability Program including:

06AI 0198-I
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Sa. Summary of results achieved by the contracted reliability program.

b. Evidence of compliance with Pars. 6.3.2.1 and 6.3.2.2.

7 c. Status of equipment qualification program, including deviations accepted
and their effect upon reliability.

1 d. Recommendations for continued maintenance of system reliability in
the field.

e. Recommendations regarding additional reliability improvements.

6.4 SAFETY

L 6.4.1 General
This section defines the minimum System Safety program interface responsibil-
ities of Boeing and GE necessary to provide effective working relationships and
to assure total airplane System Safety consideration duringdevelopment and
test. To the maximum possible extent, the activity implied in these responsi-
bilities will be performed as a part of each contractor's basic contract with the'1 FAA and shall not require additional effort.

As Boeing is responsible for the overall safety of the prototype airplanes during
Phase III of the program, and further, is required to establish and maintain an
Integrated System Safety Plan, it follows that Boeing will establish the Safety
Analysis techniques used to evaluate the integrated airplane. Within this frame-17 work, the responsibilities of each party are defined as follows:

6.4.2 Boeing System Safety Responsibilities
•Boeing will prepare an Integrated System Safety Plan (ISSP) upon receipt of
GE's Safety Plan. The ISSP will provide for coordination of the Safety Program
and will include the following:

a. Guidance and requirements for the accomplishment of Fault Tree
Analyses by GE.

b. Schedules for submittal of Fault Tree Analyses.

c. Method of integrating engine Fault Trees into the B-2707 system tree.

Sd. Provisions for Engine/Airframe safety program coordination meetings.

"6.4.3 General Electric Responsibilities

1 a. General Electric will submit to Boeing a preliminary copy of their
Safety Plan which will be submitted to the FAA. Subsequent Safety Plan revi-
sions willzbe provided to Boeing at the time of their accomplishment.

b. Develop and provide to Boeing Fault Tree Analyses, using-the format
of the Integrated System Safety Plan, for all undesired events that have a-serious
threat to the operation of the B-2707. These undesired events shall include but
not be limited to the following:

17 D6AI0198-I
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_(1) Uncontained engine fire

(2) Turbine disc failure 11
(3) Compressor disc failure

(4) Loss of scheduled-thrust

(5) Engine seizure [
6.5 MAINTAINABILITY.

6.5.1 General I]
This section contains the minimum elements to fulfill system maintainability
responsibility-and provide effective engine/airplane interface. To the maximum
possible extent, these requirements shall be fulfilled as part of the basic con- [
tract with the FAA and shall not require additional or different effort.

6.5.2 Design Objectives

6.5.2.1 Maintainability Objectives
When operated within the environments and performance limits specified in
Sec. 3.0 of this document, the engine Maintainability objectives are those
arithmetic mean values shown in Table IX.

Table IX. Maintainability Objectives

End of Mature Engine-2x106

Phase IM Engine Flight Hr

a. MMH/EH (maintenance man- (1) 1]
hours per 1,000 engine hours)

b. Equivalent TBO (time between overhaul) [ []
(1) Maintenance manhours including servicing, inspection and LRU re-

placement per 1,000 engine hours of operation on the airplane ex-
cluding, access and remove and replace of the complete engine.

To be added prior to start of Phase MI
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6.5.2.2 Degree of attainment of these objectives shall be demonstrated in
accordance with Par. 6.5.3.

6.5. 3 Validation
General Electric shall submit maintainability analyses to establish and verifyIi quantitative requirements and provide for continued evaluation of GE proposed
design. A preliminary analysis will be submitted with the Maintainability Pro-
gram Plan. This analysis will be updated and resubmitted at intervals not to
exceed six months. The maintainability analysis shall be made, excluding limi-
tations of the airframe installation, and shall consist of at least the following

items:

a. For each line replaceable unit (LRU) installed on the engine and including
the total engine as an LRU:

[ I(1) Identification of the LRU.

(2) A list of scheduled and unscheduled maintenance, and servicing tasks
required to keep the LRU in operable condition while installed on the aircraft.

(3) A list of tools, ground suppo', equipment, and facilities required for
-the above tasks.

(4) The quantity and skill level of personnel to accomplish each discrete
maintenance task listed (a. 2.).

(5) The elapsed clock time in minutes to accomplish each maintenance task
listed (a. 2.) independent of that time required for access to the unit.

(6) Frequency of each maintenance action. (Failures per 1, 000 engine
hours or cycles as appropriate, and engine hours between scheduled actions.)

S(7) Features incorporated in the design that will minimize maintenance,
reduce servicing time, and facilitate maintenance.

(8) Identify inspection and servicing points which require quick access.

b. For each LRU, removed from the aircraft:

(1) The recommended repair level to be established (minor repair or
overhaul).

(2) A list of maintenance tasks required to restore the unit to operating
condition.

(3) A list of tools, equipment and facilities required to accomplish each
discrete task.

(4) The quantity and skill level of personnel to accomplish each dis'crete
task.
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(5) The elapsed clock time, in minutes, to accomplish each discrete task.

(6) The frequency of each maintenance action.

c. The analyses shall include an operating time-oriented projection from U,
zero operating hours to maturity for those requirements defined in Table 2.
This prediction shall demonstrate a confidence of at least one standard deviation
or better. C
6.5.4 Data Requirements
The following data shall be provided to Boeing in the form and in accordance
with the schedule specified. C
6.5.4.1 Maintainability Program Plan
General Electric shall subimit a copy of their preliminary maintainability pro-
gram plan submitted to the FAA in accordance with the RFP. After coordination
with Boeing and the FAA for overall program compatibility and approval by the
FAA, the plan shall become the standard by which the General Electric main-
tainability program shall be conducted. Revisions to the plan shall be submit-
ted to Boeing for information. Boeing approval is required if basic intent,
direction or interface is affected. L
6.5.4.2 Maintainability Progress Report
Reports shall be submitted at least bi-monthly through completion of Phase III.
These may be included in periodic reports submitted to Boeing for other pur-
poses, and shall include as a minimum an accounting of the progress of each
task item as specified by the contract or defined by the program plan. The bi-
monthly reports shall include: U

a. Results achieved to date

b. Problems encountered and action taken or planned. C
The maintainability portion of GE's final report required by the FAA shall be
provided to Boeing for coordination prior to submittal and shall include a com-
plete accounting of the Phase III Maintainability Program.

6.5.4.3 AIDS Interface Data
The B-2707 airplane will incorporate as an airline option an Airborne Integrated [
Data System (AIDS). This system is intended to provide propeiý controls and
methods of measuring deterioration to permit maximum extension of TBO's.
This system will receive data from, and monitor the operational condition of U
selected airplane equipment and to detect and'identify actual or potential failures
down to a line replaceable unit (LRU) level. The engine shall be included as a
candidate for monitoring by AIDS. [3
Selection of engine and engine components to be monitored will be based on the
potential maintenance savings, reduction of unscheduled maintenance, and in-
creased utilization. To design the AIDS, it is necessary to identify failure. [
modes of LRU's and means to detect or predict these failures and/or LRU
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Sdegradation. The data requirements specified below will be used to identify or
verify AIDS requirements and performance. Data required in compliance withf the Reliability provisions contained herein shall be used whenever possible.

General Electric shall furnish:

a. An "out of tolerance" failure criteria for each mode of failure which
appears desirable to monitor by AIDS as identified in the GE failure mode and
effect analysis.'4' b. The measurement accuracies, recommended sampling rate, and

sampling period based upon intended use of equipment for those performance
parameters which must be monitored to detect the failure of'an LRU and/or
equipment unit. This shall include a definition of all required ancillary
environmental parameters such as OAT,. airplane velocity and altitude which
must be derived from sources exterior to the equipments being monitored.

c. The measurement accuracies and recommended sampling rates and
sampling periods to predict failure trends of an LRU and/or equipment unit.
Selected sensing will be augmented by a substantiating analysis which will indi-
cate the degree of success anticipated in predicting failures.

d. The recommended analytical logic to be used in fault detection, isolation
and prediction down to tCe LRU level for (b) and (c) above which will satisfy the
logic requirements.

e. Recommendations for location of pickup points and sensors for measur-
ing those parameters of item (d) which must or can most conveniently be meas-
ured within the engine and engine accessories. For those selected parameters,
GE will furnish suitable sensors with the engines. Where a suitable sensor is
not available, recommend a plan for its development.

f. Pertinent information relating to failure rate rapidity and/or a time
history of failure substantiating (b) and (c) recommendations. The data meas-
urements sampling rates and processing for failure trending will in large
measure be determined by the time history of failure.

I g. All available AIDS data relating to (a) through (4) above shall be
submitted to Boeing prior to end of Phase MI. As additional data is developed
"in response to -(a) through (f), it shall be submitted in bi-monthly progressI reports starting 30 days after-contract award. A final study report containing
all recommendations and inclusions in response to Par. 6.5.4.3 (a) through
(f will be submitted to Boeing prior to the end of the Phase MI program.

I
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