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When Qoverpment dvawlogs, specifications, or othax daga ave used
for aby pugposa othar than Ln connaotion with & dafinltaly velated
Sovarment proouraemant oparation, the Unltud Btates Government
thexaby Ineurs no rasponslbility nox any obllgatlon whatsouvar)
and the faet thay the Goveiwaant may have formulated, furnfahed,
oi L any way auppliad tha sald deawings, spacificablons; or othex
data, i3 not to ha vegavded by implleatlon 2¢ otheywlse as Ln say
sanner Lieanalug the holder ox any otlier parson oy coxporarion, or
gopvayfung avy vlghtes ov permlssion to wanufagture, use, ox sell
any patentoed Lnvention that may In any way be ralatad theveto,

ALL dlstylbucion of this -docwsent Ls controllad, In additlon
guuvr Lty raquleenonss which apply 4o this document and must be nat,
Lt may be furthey dlsseibuted by tha holdev gyly with speeifie
prlor approval ofi

Divactov of Bupersonle 'frahaport Devalopmant
Fadaral Aviatlon Agevcy
Washington, D, ¢, 20553

'fhe dlstvibutLon of thie vaport Le limited becausa Lt containg
technology ldentlflable with ftems excluded from exzorc by tha
Dapartment of Otata (U, 9, Export Gontrol Aat of 1949, as emendaed),
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L INTRODUQTION

I complianee with Beetlon § Paragraph 1X of the Dhase I Keguest for Praposal

iy dooument 1s e toechntod portlon of the Alef,wme/Bngine Agreoment,  The

dosument s part 1t of the AlN.’.x'mua/lmlnne Agreement DOALOLSY=) and the

tl‘\)lm'uvut slgnatures on part A sopueately bowd are nlas squally applivable to
Ui pued,

1,1 HOOLE

‘his -ngreement ostabllshes the performancy, deslgn, fnbreiontion md teating
roquirements for n turhojet anglne for the Noaing Model 1=3707 (1Y) supor=
gonde wheplane within the constraints estahilighed by the BHYE == Hysleamn He=
ghonaihility Agreoment,

1.2 JURPOBL \

‘he purpose of this teohnloal ngroement I8 1o dofine the vesponsibilities of
anoh praty to the ngreemeont for the physionl, Autotloual and program requires=
ments of the engne/nirframe system,

LR EER

1
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2, APDPLICABLE DOUUMENTH

gl QOVERNMENT
‘Phe following devamenta, of the fssue dabe ahown, form o pard of this agroement
o the uxbest ppoeflalherem,

g, L1 AND founo — Aly Fopee-Navy Aceopnubiesl Dealgn Standued "Doanes,
Hlandued Dimenatons for Guslel enl Sieght Theead" dated 11 July 1056,

P8 ML Batopiet = Auliney Hpsalfieatlon "lngine, <rs Turbine,
Peevaretlon for Rlergs wia-ghlpmet of, Process for® deted Mareh 2o, L,

ALt L Honer - Mty Hpeollieaton "Hepsw Thrends, Hiandard Aeto=

et b dated dudy 13, iR

foted AL - Pedornd Avintinn Regalntions "Abworiiness Bandnrd,
Atpovuft Brigloen didend Fdauney 1, 1068,

goln FAILL  Fedepal Avintion ﬁm;ulnum;ﬁ "Nofinitlons and Abhrevistioss"
thadod M Iy 40, ’

g0 L Bettal Sl Ssgodiiiness Hogudromenta — Heablon O, daded
aueiubsa N,

4,000 Ale s bon HaadEantlon }muu%m R~ "coataminnnlg, Cabin Aty
Mugdmomn ATbiendile Comeenteition of' dbde] Febyoey 8, 1001,

d L VAR AL Fe Yasb Avinbion Heguloblgng "Ceatiflention Proopdures,
P wtad Pasta' doted Felonaay 1) Lk, )

do Lot FAIL R - Plurn] Avtillon Hopulplivis Ateworthiness Hinoilnedn
P pgiagnid Calogoery Alrpdaon wad Tenludive Alvwoetlimoss Busdoidn for
Hupsimm b Fennsgidu, )

B d L0 1M H TG Pedara) HOOsellleotion Rushind Tesl Fluldsy Sediovirtiam,

We Lo 1T MIE 1 poog A DMLy ﬂ\umlfluuuun Engined, Afversfl, "Puvlnsal,
tenorsd BpeedBoatbm-for! duled w1 duly 1961, —

g4 NONHOVHUNMBRY

The following domoneita of the isaue doto-shown, foem g poetof Ui ngroe-
et o e extonl spealfh 4 heesin, e ooy of eaoh dosuont Hatad below
e mnvlod seith nu nstarlsk (g Lo e fnthed o Uonoead Bloefeie with eagh
wepy of tig ggreomont,

B8, 1 AHRIA — AL Avrospnon Hamdurd "Brive-Avosssary, f, 000 Bilol
Dlnmetor; QAT Wasuen 13/16/6,

fHA IO i1




2 38 AHGZ0 = BAL Aereapioen Hlundard "D efva=Acoessory, 6, 600 Pilot
Diamelor, @AD" igsued 14715708,

B8 AHGRY — AL Avvospioe Rlidud "Itange=Aveosgory, 3, 000 Pllo
Dinntetor, QA D, tauod 14/ 16700,

edod DBOTPIY=HYE = Cenornl Blaotrie Turhine Fael Hpeallloation (whieh
moluctos "Type Jot A mnd T'ype Jov A=1), dated 30 July , Lboag,

gD DO I-HE Closs A Taheloating O, 4 Augual, 1060,
2,8, 0 HAK w70, "ot Nolso 1'eedioblon, " dated 10 July , 1ha6,
2037 Dolotwd

dedo 0 HAL Dooument ARD nas "Definitions nnd Proeadures for Computing tho
Poreelved Nolge lovel of Alreraft Nojse, !

22,0 HAE Doownent A 1R 100 "Hiandard Values of Atmosphevie Absorption
18 0 Funetlon of Tempornture and Humldity for-use in Fvatuating Alrovafl
Ily=over Nolso, !

083 10 Noelng Deawing [0=01108, Avcessory Powear Drfve dystem Baglne
Brlven ftomola,

:13).9. Jll Buelng Hlamdurd BAC 13AC "Flange, Goupling" pecifieation Control
FRWIng,

$ 8,18 Doelng Dooument DUALOLR=1 (1) Bngine/Alrframe Agresment,
% 4,10 Doolng Doswment DOALOLLL=1 {115 Propulsion Bubgyslems Bpoolflontion,
2.8, 1 ariZat Bnglne Model Hpeoifioation 16 4060, dated ¢ Heplombor, Lh4g,

g8, 10 (IR /080 Bngine Installation Requiremonts Bpeotliention MBOTI'L05H,
tuted 6-Hoplembor, 1had,

80,10 AWATGD Engine Installation Drawing, A0LBOLD=IT L,
3,8, 17 Dogng Doesment DOAL000T=L "Guordinated Inlet/Englne Test DMan, "
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1, DEHIAN REQUIREMBNTH
e L QRNRRA L REQUIREMENTH IFOR DIBION
1L Eagine Hpeoiffuation Requirements

el 11 Ninglae Model Mpeolflantion

An engine madel speeiflontion, dofining englne performanec and design n
vomplinnee with Uie requlrements of this Baglne/Alrfeame Technlenl Agreemont
ahall he propaved by Goneral Fleotele (1) for wde In alipiane porformance
dotormination, 'The Dootng approved Kngine Mode: Bpecifleation, Ref, Pav,
2,4, 14, shall be a porton of e Fnglne/Alrframe Touhnionl Agreement to the
extont spoutllad hovel,

g0 L3 Engloo Installation Drawlng

Aneigine Instellntlon deawlng, Refs Par, 8.8, 10, defining the Installation

envelope, overall dimeasions, suppork detnlis, onglie vontral locations and

mollon, tecessory locations, deafng istalintion, detalls, strumentation

prosfstons, and all other eoordinaled enging-nirframe Installation requirements,
\ sholl he prepnzed by GE nnd shiall bo o portion of this Bogine/Avfeame Tovhnlonl
i Agresmont Lo the extent spocifled horein,

4 L L8 1 Bupporking Datn

‘ (eneral Bleotrle shall furndah i Ust of essentlsl vnging necagsories and englne

( u|imb3«lilluzf; andd provigjons for lnstallation of alreraft necossorles by aecordsnee
with the procedures outlined in tef, 4,814, ]

é Cleneral Eleolrele shall fernish sysiem diggramea of the eleeteteal, fuel, lubrici=
tion, and other systems such na thrust roveraer actuation and:-sevondary aly
Bystom,

G, L LA davd Deek Trograms

A vard dock program shail he provided eapable of vunniog on a highspeed
eomputor,  Thig program will define entfmuted engine porformuance consletent
with the guevantoed emgilnu performunae, -and will be wsed-to valzulnte guaranteed
alrplana performance date, Tdle thrust may he gverage. The i)mgvnm will. he
hsed on i-oyolo mateh onlowlntion rather-than o program which usea 2 maltipllc ity
of tahiea to ganerste performancs datn, Tho ‘prut%rum ghall be enpable of
generating datn b any peiver selting from ‘dle to lukeoff at any altliude, Mach
humber, oy amblent temperetuve within the engine o‘wrnung envelops, The
program shigll he unlmb,la of mnking correotions for horsepowor extraction,

intel vevovery, alehlesd, el exlicuat gyatenm losges, »

i

{hoe progeam witl-he-uted a8 subiowine to the Doulng nstalled performance
program, Helf=gontainad input ov eutput I8 not vequired or deslved, The :
progeain shnll sob uso move thnn 293, 060 deolmul vore-teoations Ineluding i
conunon core loertions but sxcludlng system subvoutines uiloas source dechs ’
are providod.
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“he rurd doeek program will be used oy the prime daty soures and ghatl ho o
portion of this dostment,  Pevrformames cupves, I provided, shuil be n
fgraomont with (he wird-dook progeam aud mafntained upsto=dalo,

t oSl Antlytionl Model for BEngine-Inlot Dynamie studios

Gonepal Bleetife shall submit an minlytioal roprosontotion of the ongine and e
contirol aydlema sultnble for ude n mlutacmgmu dynmic slmuiation gludles al
Boolyg, e slmulation shall be valld over the upm*uunﬁ performanee anvelopo
of the citglne as alnuulflmlln e i 'The offect of et digtortion-on compressor
operation amdstall mavginghell be holuded Inthe gimalation,

The simulatien shail aliow determination of the offects of normal englne
trangfonts en e ond Indet gontrol operatton, These transfonts neludor

. Throttle movemonts inefusing Sl burst” and "shop!
by Augmonter "Hehtoff” snd "shutdown”

o0 JfHEhY eiggine "shutdown and "restar, " ineluding windmill beake
operation for Hight conditions ahuve Muoh L1,

Aldgo, the englne simulation shall be used o detorming the translont effeots
?r (ibl%(}l‘mltl engine operation on Inlel and vontrol operation, These transiehls
nuludar

d, Comprodsor stall and revovery

¢, Maln hurney blewoul

{.  Augmentor blowout

g Antlolpated englne fallwre vonditions (L e.; novkle {allure)

§. 18 DPerformtnee A

The estimated englne porformunca ghall bo detiued- i the engine performance
date doek pare yeference Par, 4.4, 44, Phig performanoe shall be conslatont
with the guarantoad performance pointg shown In Table I, All production
ongines shall ho capable of demonstraking the gunranteed engine porformance.
Engine porformunes moludos the Instnlled nowwle porformance (Cfgeg, Inst)
a8 doflned In Pary 0,4, 7.1 Lho valies shown are baged on an goluted nnoello
in freestream with antform-pragsure digtributlon, with a dinmeter at the
noxxle ejector doorg-of 8D Inches, convevging o & maximum nowwle oxit
dlametoer of "4, 4 nohes, and inalude the Icremential-draj due Lo extornal flow
through the ojectyr doors nnd the hoattndl diag on the tralling edge flaps, The
dreag duo (o the conlmul aftorhody -shape extended to the maximum noxwie

oxit dlumotor of 74,8 Inches g Included In alyplane deag,

G008 Environmment

dolo i L Amblent Temperatire Gond{tions

Che vompiete englne shall porform satisfaotorily undor amblent temperaturo
dofined:=hy Flgs, | and 8, s Bmlted by (he Py = 'y engine envelope per
reforence Par. 8.4, 16,

LOAIMBEmt

-t e o iy .
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Tahle . Patlormancge Guaran

YD QRITTIMOATIC

Minimum
Drogsure ftam Nal Muxls
1. Power Allituda Anblent Maoh lecpvery Thrust B
Rellyg (1) Tamp Numbar Ffb | ()} (th/h
Maximum 0 Bld ) 0, 54t an, 609 I
Augmented
Maximum 0 Hld 0 0,00 4, 400 1.0
Non=Augmented )
1 Maximum 0 Bl 1001 0 0, 00 11, 400 Lot
Augmented
Maxlmum 0 HLd 440° 1 0 0,00 10, 100 1.l
Non=Augmented
Maximum A6, 000 4 L4 0, DAR 48,100 1.1
Augnientad
| Maximum 48,000 | td +10% 1,8 0, D80 20,700 1.1
Augmented

| Partial (46, 000 fld 2.7 0,01 18, 000 1,8
Augmanted
Partial 06,000 | &t +10° 8,01 b, 014 18, 000 Lo
Augmentod
Partial 16, 160 Bld 0,18 0,00 f, 000 1.1
No-Augmented.

Tdle 0 Bld 0 0,07 2100 Max %b]
Tdle 0, 000 Hd 1L 0,080 D:?;M
Maxihmum 0 Bud ) 0.00 =31, 300
Roverae #1,00 | s, 500

“Reverser performance may be demonstented on o grownd test el with Bellmeath inlet

(D=
[

[
(=

I'nel Mow i Pounds Per llour

Ram Recovery Avellable al Beoondary Alr Hyslem lintry
¥Amblent secondayy pressure al exhaast novslo shroud (P81 = PAMH)

>

/




; i Performanae Guorantees

M D1 CHITTIMOATION

ilth Bellmotwdh nlot

(==

=
[

Hleady Stata Alrflow Toleranoe 2 L 1/8%
Tolerance (o he estahlished

E Minimium “Alrtlow Matimded | Heed
B Nel Muximum | 40, =34, Power Hooondavy Alr
e 'Thrust HIC h/see [sxtraotion Alr (Ih/nwe) -
f () Y R (1LY uth Wa, My 1A
£ 00, 050 L4 AD( 4RO 4 0

E 40,400 b 07 A AR ' 0
E A1, 400 1,00 A4 410 ¥ 0

= 40, 100 1,00 A 460 4 0

- 90,700 1,70 317 4110 000 0

]

/3

é’lﬁ,OOD vee | BB 480 009 0
€ 10,000 | 1.9 pey 180 010 0

é ,

8, 000 1,10 Sz:lﬂﬂ 460 001 0
8100 Mux >0 500 b 9,1
g A0 f00 1,88
i =20, 800 A0 ¥ 9,1
§-94,ooo

Bleady Blate Alvflew Tolerdnce & 8% excepl as Indloated
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Table I. (Goneluded)

PLICITT TRET HTATUS NG

T - Minmum
Dressne Nel Muxh

Dowoy AllUtude Ambient ~ Muoh Il Thruat H
Holling (1Y) Tomp Number | Dogovery (Ih) (th/h
Maxlum 0 Bl 0 0.00 fig, 600 Lol
Augmentad

4 Maxhnum ] fd 0 . 001 A4, 000 L
. Non=Augmented

1 Maximum 0 Bld 0 0,60 48, 000 1.7
Non=Augmonted 1400
Maximum 0 Bl ) 0,00 40, 100 Loln
Augmented 4O ‘
Maxbmum. 48, 000 B8ld 1.8 0,080 21,000 LM
Augnmanted
Maximwun 48, 000 Bld 1.4 0,084 10,700 L
Augraetited #1000

1 Dt 08, 000 Bld 8,17 0,01 16, 000 1,8
Auginonted
Paxiinl 08, 000 Bl 4,01 0014 14, 000 1,7
Augmented 11000
Dardlal {0, L80 Ald 0,00 O i, 000 108
Noen=Aughiente
Idle 0 Bld 0 0,07 | %100 Max Ed,w
Idle B0, 000 fd 1.9 0,000 1,8
Muximum 0 Bl 0 000 | 4,000

| Noverde AL 00 | 80,000

[ fuel Flow In pounds por hour
[@- Ram recovery avatlable ab secondary atr systens entry

tAmblant seoondary pressure ai exhaust nowwsls shrovd (Pst = D AMD
*[loverser porolrmance may be demonalrated In o ground test vy with Dellmouth lnlet

[

/




Table |, (Conaluded)

FRIIL LT BTATUB INGIND

—

Mintmum “Jtmaled
Nut Maximum | Abeflow | TPower Hooondary | Bleed
Thruat g g2 Iixtraotion Alr Aly
(I (Ab/he/y | (h/req) (1 wgl/w;; (Ih/Bew)
4t i B
£ | bo, 000 1,07 600 450 ' 0
g | 14,000 L LD 508 480 " 0
E | 000 L0 Bk | 80 ¢ 0
b | om0 L1 pL | 400 " 0
8 | w000 | nmw o 480 10 0
[ | 10,700 1,79 a1 480 003 0
| 15,000 1,80 401 180 099 0
18,000 1,71 860 160 040 0

[52sw

5, 000 1,29 100 460 04 0
4,100 Max E iy T 500 " 4, 1
El.ﬂlo 300 1,80
«24, 000 : 360 ¢ 2,1

Eptom enlry

D Polerance to he established
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oL L Daslgn Inlot Tomperaturos

Maximum alr stagnation tamporature will ho B046°1 with &n overslioot-to a
stagnation lemperature of bROCE, bused on o variable ratlo-of speoifle heats

for alr, 'he stagnatlon teimpurature will nob exesad 600 for more Uik 1, 6 min.

1 L2 Overating Favelopo
The angine amd ongine systoms shall functlon satlafactorily within tie operating

onvelope ns deffued In Flgs, 8 wnd 4,

PP T ] Uﬂ“}m
The Intended ugago of the engine {5 for nowering a gupertonle ransport ilreraft,

(i Mn%glnu Nucelle Tomporature

The englie and components shall perform gatlsfactoyily dummi nermal uporation

with that portion of e engine forward of the frewall surrounded by slaghant

Al ab o maxinwm average tomparaturo of 08081, Gomponente looated ak the

&mwn}wl Ji(‘nf of the nucolle noovssory-compurtmaent witl nol ho exposed Lo more
1 DO, '

oot Tuel

The unl;;lno ghall funetion sntisfactorily throughout its complete operating
rirge for any steady stale operating vonditions when using fuels conforming to
or hnving any of the vartatons permitted by Ref, 4.9,

Heloo Lubeloatfon

The un']glsw ghall function satlsfactorily throwghout 1ts complote oporating
range for any stendy=alate and transient o;lwrntln[g condition when lubricants
Qoh u:nnmés Lo and having eny of the variitlong In ohnracteristios permiliod by
Hot, 8.8,0 are belng usod,

ol Blarting

The m\ﬁlna ghall he eapuble of ground sterting Leem =1, 000 £ Lo +a, 000 {i
within the amblent (mnyamtuvu conditions as defined In Fl(i. 4, subjoot Lo
fuel with r maxdmum vigeosity of 12 centiatokes and lube ofl with a maximun
vigeoslly of 15, 000 contistokes,

B LT Welght

0L 701 Daslo Englne
''he wullfht of the ehgine, us Jdefined In the Model Bpaolfioation shall not exceed

!,]4 347

0. 1.8 Useful Life

Fngine pas and uomewnunw ahalk ho-designed for a uwseful Lo Inoluding
vepaly op roplacement conglatent with an alrplane normal serviee life
expectaney of al leust 60, 000 he, Ceneral Blootelo ghall undertake the design
and development of improved compononts or parts and/pa 1'@‘1111}1' procedures
for the vcomponents or parts, ne shown to he requirad hy airtie service,
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7 Flgure-4, Inlet Total Pressure Recovery
Do 110 PUght Maneuvers
8,110, 1 Allltude
The eniglne shall { notlon satisfaciorily under the flight atiibudes defliad In
g, 6, wder wne iollowing conditions;
i, Oontinuous operation shall he poratble during veriieal acoelerations
; 0f 0,6 to 8,0 ¢ posliive,
D Operation-for 00 seo when subjected to vertioal-nooslerntions frowm

0,146 0,0 g posltive, and from 8.0 to 0.8 g poslliva,

e s

0, Opervation for 10 see when dubjactad-lo vertleal agoeleyations frmm
0,1 to 1.0 ¢ negative, ,

{ i

d,  Oporation for 6 gac when subjeoclad Lo 0 g aondition (0.1 g

AT 0I8hm)
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Rigure 5 Bnglae-Anituds Lindis

# Oparntion fop 16 gee whay subjecled to glde aceslopstiong:from .6 Lo
1T g (from slther aldo),

fi  GonUnuovs operaddon when-eubjuetatbto tare and ot aoseloyations

Trom 0 te L0 g

g, Conlinusus. oparation when subjoctad to slde neeeleralions from 0

1o 0.0 (From- elthor alde),

f vl Comection Llentlfontion ‘

Tnsafne ne peaalble; (e engie shali be parnsunentlymavked to Indloate 1l
aleframe vopnaotions shows ex the Thataliatlon Drawing fae Inatrumentstion,
slastpienl, fuol, oll, and alr osnwetlons, - -

i1 18 Rdarngl Mammabls Fluld Lines

Ml-exlornnl Tinea-and fitings whioh convey ftammabla fudds shall ba fireproof
g delined in Hef, Pag, 4,14,

BERIO it

s
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9, L 10 doitainment

‘The engine shall be ao constructad to contain with the outer vage of the englne
nll comproesgoer blados, stntor vines, nozkle gulde vanes or turbine hliades that
fall and become detnched from-the onglne during oparation throughout the entire
onging powap rnga,

9. 1, L4 Acuossiidlity

Ingofar us powsible, those pavts of the englne -vequiring routine servies oliroliing,
fdjuatimant, or veplngement shall be made nooeselble for sarvielng or veplacement
without toardown of the anglna or removal of any olher part, component o
ACOBHEOLY,

Mol i1 Mngine Bervice Polile

[inglne gomponents which redulre pariodio servioing shall have serviee

f!m ngsilounted go Lthat any splllage or dralnnge 18 prevented from falling on
le englng,

8. 1.18 Dovumentation o

Ganeral Jeetrlo shall fundsh:-to Doelny epecifloally agresd upun-Gugumantas
tlon of performance for both engine and (ks caglna=furnighed components e
an ald to Doelng In obtaining aleplane certifioation,

0,8 APHOINY REQUIREMENTS I'OR DESION

£, 9,1 CGuarantead Poxformance and Nolse Control

8,8, ), 1 Darformance

In additlon Lo the guarantees oallhratlon stand performance shown In the Bngine
Model tpeoifioation, Nef, Lar, 8,8, 14, Uie englie shall meat the [ight
performance polnte ghown In ‘P'able I, Additional englne performance
guarantees If requived; will he mutually establighed,

g8 LS Nolsw Oontrol

0,8, 18,1 Nolea Lovels ] )

‘ho noleo lovals gonerated by one-enging.ghall pot excead the-valuad fi Table
Ti i any point:-along-a line parailel (o and §0o &t from e uxla of the englho.

Mensurements maey be made elihay en the e or en anaze-of 260 £ radivg and

@xtrn?olntad Lo the line by HAM prooedires, The englne-shinll ba In complianve
wilh these values under tie following oonditlons:

8. Hladle opevaiion

B Delimouih invei

¢, DProduction novwle il vevargey

d. Biandard dey nb sos Javel ol 0% 1 and 70 poreent velative hualdity
g, Windal Bl o2 leag whili no gusts

DeATOIBEA)
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£ Lt teprafn at 600 7L padfun

6 Binging ventord e ejght vqulvident to 8 sxhaust nozele diometors
tthove s growud,

Fhe nolae lesul measuged sagpeetflad I Pap, 108, L3 shall not exeosd te
Fotlonling vitlieg fore e vondliboms slated

Table I, Motse Lievely
R I 1T TTTTRYPY
#5 - S A I % SURR =t e N
Maxtnn nugmeited tuust | kA
A bRy 000 - Lieust L0 5
414, 000 b thrust L_ [0k o

Noth (18 and Boebyg shall coovdinnbe and keop egoh other nfermed throughout
the engine developsnest progeem of the slatus of thulr efforta In-moeoiing the
nclee requirements, -

0.8, 1L, 8,4 Nelse Draedietion

General Blegivie may vaa Qof, Par, %, 8.0 In prodieting the englie nolge
luvol, 'The uso of tile prodietion system does not velleve Genara) Mookl
from meeting the requlrad notge lovel,

ded L2, 0 Bingine Avoustleal Bavhronmaeni “ ,

The engino-glinll he deslgned mnd constivelsd to fmetion for Louhy duralion
withotl fallure Jn any of the englive componanls n8 o resultol opsrating at g
nolge lavol of 186 db,

D48 nging Alr Blooed

.8-4. 1 Alp=Qonditloning )
The englie sholl provide bloed air for niv-eondivioning nd prossurizntion of the
pugsenger and vrow compartmonts which satlafles-the following requipemanis;

.88, L E Quality-of Dleod Aly
Diet oy other fovelga-particle wnoonteaiion In the Dleed aly aftor expriwton

to almesphevia prosswre sinll not oxeead that-al=frea aly shend of the engine
Itk on @ por upil volume bnals,

2.8.4, 1,3 Contamination.

The-ale nt the cnglng Dloed porig-ahinll nat-senlaln-guanilties-of enging gonepatod
noxltous, toxie oy leelintbyg substness aliove the-mnsimuim:throshold Hmlde
vitlues of the sulstnness ghown I Table HL :
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Table 1. R1sed Alr Contamination Lkimits

“héubgtm\uun N Parts per )Mllloﬁm
Gurbon dioxlde f, 000, 0
Qarbon monoxlde 60,0
Gndlon telrguhloride 500
Daunhorane 0,08
Dihoraneg 0.1
Pentnhorane 0,01
Hthyl-aleohol (alhanot) V30,0
Muoring 0.1
Miels, aviation 430,0
Hythrogen peroxlde 1.0
Moyl nleohol 200.0
‘Methy! bromide 20,0
Monoshloxobromomethane 40,0

| Niirogen dloxlde 6.0
Ol hrealwown produets 1.0
(nldehydes, novoleln)

Onona 0.1

' Unaym=dimaetiy]l hyidingine 0.8

EATA1 8l

the slr phall oontiin a tolal of not more than § mg/ouble meter of submicron
partioles,

188,10 Hanls
Agoesaory senls, heaving senls, and oil lnes ahiall he d@glggnad go that a glngle
fallure. (exoopt an anglng henring fallara) ommot result in b

Qonaral Eleotrlo shall subpilt a fallure annlysis (o Doelng Lo damonatrale how
the design maesls thig requiroment,

sod alr contamingtion,




T.8.8, L4 Quontity of Blead Aty
Ve Dleed port as shown I B, 3, shell be provided (o sapply (he Dleed alpy
for iy conditUoning dofined fn ‘Table V,

hadd? ot Antl=lelng
One bleed port ag ghown i Py o shall he provided (o supply the Dleed alr foy
Infot nuti=tolng dofined hy'tabile V.

et Avovdsory Defve Bowep Tohoolf
13,0 1 Aceessory Drive Power Tikeoff Provistons

The cughwe shall provide o deive pad to allow the attnelment of 1 Doelng-
furnishod oxternal shoft nnd o remotely looated plyframe geceisory goir hox,

Avgessortes mounted on the goar hox nelude the maly hydraudie pumps, ne
: generator and apeed vontesl, soolust ade fan, oabin aly hoost vompressor nnd
: e tthine stielar, Tha pad wxd power Likeolf mnting shafl conneetion gerves
ag () 0 meand b obladn power frow the eigine Lo deive e genr box and-mounted
3 necessoriod, and (h() it meana Lo teangmlt power Mrom e aeesgaory gonre hox
E to the engine rotor for slneting,
£ Mo deive pad, aimilar to Reld, Pay, 8,4,9 uxudpt for hovaepower, shall he
3 provided with mounting flamge, loantion detalls, wd direction of rotation
E i shown on the engine Inetaliation deawing, "The pad will he deslgned to he
: compitible with the pecossory delve system per Rel: 2.5 1o,
: ’ 0,3 1t Doslgn Power Bixtraotion
‘The deive pad shall e deslgned Lo Leanamit the pywer londs shown. In P'able 1V
‘ halow,
g; Uvelle lond vaations shall b ddo -y al o treguoncy of 1 evele por minute with
3 the nominal continvous loade shown In Tuble IV,
o Table IV Horsepower Bxiruation
: ) e JINGINE WD
Oparation Diraklon i, 050 1 Clrowd Idle A i
- ——— sl e '
: Gontinwous abo 208 440
Intermittont 4 min/flght. ¢ 7 144 o bae
§ b/ Tlight L0 41l nyg
Maximum T0aop/L00hy Lo ] Ho

dd00 1,8 l'!n'sino Hlarting
"The pad gludl bo deslgnod Lo angmkt the lorque required for engline atart,

DA U] s
40

L ey
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Tabla Vi Bugine Blead A

£:

Mitoh Altltude Ham Dload
ight Gondition Numbar (IMeol) ltegovery nled
Ayil=foln
zlb/lm}u
chround and olimb 0 =i, Bl 0,08 0
0:'1"1:0 “0;000 ' ] 9.0
atimbh J. 08 40,000 0,680
1,10 0,000 0,008
2.0 00,000 0,018
8.0 10,000 0,010
8.0 7,000 0,018
Daagent 2.8 74,000 0,018
4,0 10,000 0,010
168 10,000 0,070
1,15 0,000 0,087
0,06 40,000 0,060
Deacont ad-hold 0.8 80,000 0,00 0.0
(lvound 0 Bl I 10

+  Neflocts vaquivement for moloring ADS plug alr=conditionlng,

o Low Idle, A4 peroent rpm,
Alandard day conditions,

[ Minimum preseures measured dotvnstionm or the anglne hlead port,




e Bngine Bieed Alr Rlow Requlrenaiits

W"
) \ XX
Jllom[ Ale Roguiromants Dleed Maxgmum Anti=lolng
Tnlat Al Conditioning lé:;g?pm' } "Il}le?d Pregsure
Anli=Toln NOTmAl MAKImum Hl unp
zlb/aau (Ih/soo) | (b/koo) uth) (er (pala)
h 9,1 0 fiv 1,008 80«40
2,0 2.1 4,18 4 1, Joge 1136
1.6f 3,78 49 11,1008
1,10 bt 1)100° )¢
L6 2,00 10 1) 10081
1,08 0 1,100%1
- 100 2,08 40 1, 10081
100 1,40 10 1, 10081
1,06 108 10 1, LOCF
1,718 1,78 10 1,100
1,80 L0 10 1,1007 1
1,08 108 10 110001
10 4,10 1, 10 16 1,To0ep 10=18
0.0 8,10 a.10 80++ ‘ 1, koo =18
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Figure 6, :Bleed Ale Pert Conliguration

5:8:.0, 1,0 Dynewle Loading

The drive pnd shail he deslgned to withstand the-lmpaot load Inourred when 1
atatlo gearhox 13-vonnaolad to-the pad with the englne windmilling ai 1,8
1;@1'0611 rpnt, The eﬁummad ADE aqulvalont Polur moment of inertia, at the
1O pad, 18 40 Ih=£°  The estimated Lorelonal spring rate of the }\DE
ahafi 1s 506,000 In, 1 por radian,

08,0, 1.4 Power 'L‘nlieotf Bhaft Notation A
thaft apeed shall he §, 000 200 rpm with the engine rolor at 100 peroent valed:
{')nll.\é). .)lh'ecu«m of shaft rotation shall he cloclewlse when viewing the englng

"TO pad, ]

DOA) Y Ble|
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5,8,0, L6 thear Heollon
Any shear gootlon provided Ly ¢ shall he doslgned to shene at a torque of not
logs than 0, 480 {i - 1b,

Bl L0 Mountiug Mange and PO Bhaft Loads

‘The gaar hox iyl reoessorlion will he aupported frem the alveraft struotnie,
lowaver, the pad witl he subjooted to mul shall he deslghed for an overhung
nuimmnli ofi 1 f Luun be 1D inenrved tirough angutar and axtal deflaction of
oxlemnnl ghafl,

04,0, 1,7 Lubrloeation
'The engline spline shall he uhleated hy the englie lubrieatlon ayatem,

§,8,8,8 Mass Moment of Inertin of Rotating Parls
''he offeotlve muss m(z}num, of fnertin of the compressor turhine unit aboul
It nxle 18 4, 080 1h=fl3,

"he effootive mass moment of nertla of the mnsses Lo he (lrlw,'sjn through the
fugessory power inkooff during enging slartdng i 8,000 1b = 12 hased on &

pad=rolor gear vatlo of gf%g%u L

B8k Bnglne Mounting

Mounllng provislons siall he provided to support (he en[;lne and Inlet as dufined
In Mg, 7o Mounting point locatlons shall he ghown on the Mstatlation Dyawlng.
Allowabla tonds ave glven In Ref, Par, §.9,18,

B8 1 Design Load IMaclovs

'the-ongine and its mounting polnts shall be designed for ultimate tond fuotors
not leadthan the following for the propulsion H\ﬂh "'he anglne and ILe supporis
ghall whhstand 8/0-of the ultimate deslgn londs ag shown n Table VI without
permanent deformation,

0.8.4,8 Bupereonle Inlel Provisions ,
'The englue compressor anse shall provide 8 polnt B“‘)DOI‘[ for nn Intevchangeahia
{;[u[lu{ré;ol;\llu Intets 'The flangad Inlat=engine Jolnt shatl forrs d solld presaure

ght aeal,

08,481 Forward ompressor Mlange Deslgn Luads

The withmate deslign londs for (he engine forwnvd flange ¢ - in g, 0,
The fiangs ghatl withstand the speolfied londs without tatl, - /8 the
gpuolfied Jonds withoul permanent deformation,

0,8:6 CGround Handiing Atlachments

Mounting provislons shall he ?rovl(l@d on the englne for suppori of the englhe on
ground equipment 9x for attnehment of holulm‘g aquipment, 'hesn attach polnte
ahall be rendily nogessible- without removal of any engine componaitsa, The
locntion and dimonslons shall ba ng shown on (he atillation Deawing.

The ground support silachments shall he deglgnad for-an.ultimate load-of au
lenat B,0 tnies the weu§ht of the compiata englne pad, ‘These support polnts
ghill bo Indopentlent of the normal flight suppovt points, They ehall be usable
with the filxht sepport Hnka Iustalled,

08AI01 9t
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Tuble VI, Design Liaed Foelors

Gondlition o

il

i
Ll
H]

14
1A
0
i
18
10
40

0:00 V= Landing

sl 0V = Linding

G V1t LD 'l'M = Hupergonle maneuvay
sl 0V o+ 1,6 'l‘M = Hupersonie maneuver
o 'i‘M OV = Pallgue

0.0 TM = Mutigue

o H = Mineuver

3 1= Manouver

Myf LAV LB 'l‘M = (lyroscople

le\, tLaVe LG 'l‘M = (lyrogoople

MD CRTB VLB ‘l‘M- = ({yrogoople

uMp 078 VLD TM = (yrogeoploe
Aera () 1 1.6 'y = Hupersonio manouver
Ly B Ty = Awvo () = Hupersonie mansuvay
Aoro (1) v 1D 'I‘M = "I"rngonle manguvol
Lefi Wy = Avre (1) = Tvangonio moneuvey
0:9 1) = Whaeols=up landing

=(, 0 17 = Ditehlng

W0 % 1 10,0V - Rovorss (hruat

M ne hglne solsure

v

D

'PM

"W, of proputalon pod noling vertieatly
- W of propulalon pod acting latlevally
- WL of proputsion pod aoting forward

Maximum englno Uaust
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Tible Vi, Goneluded

= = -E‘~ = = <3

Tﬁ Muaxlmum engine veverse thruat (0, 80 max, dey thust

M Uyrudeople ypwlng moment (due to.alyplans plieh e of 9,48

¥ Al fseu,
My, Cyrogeople plleliuganomend (due (e aleplane gaw rado of 8,00
1
rad/so,
My, - Roll moment due to englie selgure (Hae g & lor Magnlivde)

Asro (8)  Tolal aeradynmnle load aeting an propulglon ped (Hupersonle) (See
Mg, 8 for magndlude)

Aare (1) - Tatal nerodynamle Joad acting on prepulsion pad (Yrangonio) ‘(Sae
Mg o for magnllude)

NOTET Welght of the propulaion pod Is oqual Lo the basle engine g, 500 1h,
w = | pad/Zdoe max, operational value [3‘;

E? = (), B rad/moo max, oparational value

The englne will continng Lo operate (nl reduoed
pexformnnue if the engine 1a nol at o slabilzed RPM)
alter wposure Lo this condition,

,8,0 Mughe Alreirnit Avoesgory Provislons

0.8,0, 1 Intel Hydvaulle Pumps o
Two drive pads In nogordanco with Rof, 8,8, L shall he provided on the englug |
for mounting hyéraulle pumps, The maximuin dirlve speed shall be §, 800 rpm
(Includiig the projected maximwn-ongine growth), The mintmum torgue
raquired 18 1,100 1n, 19, Padioentions are doflned In ¥ig. 10, Waoh-pad shall N
dollver 86 hp at 6, 000 r\lm\ for 8 percent of-{he tme, The lotal vonlinuous !
output for hoth-pads-shail he 38 hp, Drive datn shail he shown on the Installation Lo
Drawlng, The pump outline Is ghown In Flg, 11,

0,8.0.1,1 Bplll\e Tubrlontion =
The apline shall he lubrioated per Par, 0, 310,38, i

0.8,0,8 'I'nchoinelor Genernley
A taohometar generatox shall he provided hy a1,

087 Ingine Exhauvsl and Novorser
‘The engsine shall he fmenished with =n exhnust gystem moluding forwsrd:tnnist
novele system and thrusl reverser,
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Figure 10, Power Takeoll Pad Conilguration
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$:8, 7.4 Two Bluga Mjeolor Bxhaust Nowwle
he exhauet nosrla system shall Inchide o variable aren Lwo slage ejector
novsle uomlﬂ@m with requived actunlovs and Unkages, Alr Intel doors are

gupplied wi

h the noxgle lo admic additional-ejector aly,

Noggle performinee definitions are as follows)

a. Interna! Parformance

- (Drlmary + Begondury) s Jgu): _d#r.g&g,l VL]
W - “‘l‘x'&”ﬁféal’mfm’"‘&“' T

P

Qs

wandy Thrus

Oty = Ot = faooudnry, Blow Tuuatlon Du,

enl Primary Thrus

Istallad Performance

Ogr, ol = MBeq

Doattall & Tnlol Dangs + Taduotion Losses fox ng
TGl Drimary THral

P * Cog ™ Ty © (Fpo-Dt Dy ‘D\Vﬁﬁ.)

Flp

L

Nogxle Definitions (8ee Mg, 18)

Ofg
Qfgéq

1
¥ PAME

7,

W,
Wy

Wys.

¥

-

=

Noggle hrust Qoefflelent
Rewivalent Nowsle Thrust Qoefflolent

Boatiall drag

falel drng

Rawp dyvag

Saaond slage ram drag.

Prlmaiy groas thrust

Sacondnry grogs thrust

S@oommry T rag

Pelmary Ideal thrust

Primary alrflow 7

focondary alrflow which Inoludes leakae

-Hocond slage alvflow

N8A101 28l
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INTERNAL PERFGRMANOE

(FRIMARY 1-SECORDARY) MEASURED (ROSS THlOST
IDEAL PRIMARY THRUST

Gig =

SECOHDARY PLOW INDUGTION DRAB
IDEAL PRIMARY THRUST

Qf[}@q a mga

INSTALLED PEREORMANOE

Ot il - Oy e DOATTAIL & IHLETUfiAQ FIMBUGTION-LOBSES FOR WSL_
Fa 18~ 0 - IDRAL: FRINARY TORUST

. o ,
ek Fga = Ty = ‘fru b, Dﬁstﬂ
_ ~

Blgura 12, Hxhaust Noazle Thrast and Diag
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" aohedude of hopttall migle ot natalled DHght condittons shetl he coordinatod
with and approved by Noeing.

D.8:7.8 THoevorse Thirual
The englino shall bo eapable of satlafnctory eperation on.n stindard gen lovel
day, with the vavorger hn elther the forward thmst-posltion, or fill roverse

position,

..Q‘hg not effective reverse hrust 8hall he hy nsoerdaneo with Table I, "The

Toverge gas flow pattern ahall bo In accordanoe with ™. 7. The theust reverser
oporation aiinli ha controlled by he hasle englne powar control system, The
(hrust veversar ghall Incosporate n posiblon-hvllenting Leangduoer or switeh,

8,898 Revoraing ''hne
The time required Lo chenge Lthe onghiv power setllig from maximum iy
forward thrust to maxtmwm veverse theust 18 apaciiiad in Par, 0,8.10.0,

1.8,7. 8,8 Reverser tnfoly Inlorlock -
The roverser ghall Incorporaly & safely nterlodk with the power control sweh

(haby

i, Dower oot -he nevenged In the forward thiust laver voglme, anloss
the rovaraer 18 o the forward thruat position,

By Powor ennnot he ineransed abovo 88 parcent rpim in the roverds (hruat
lavar roglme,. unless (he revarser i8 n the full veverso pogition,

¢ In the avont that, at any pewer condition, the reverser should depart
from the forward thrual positlon diotated by the thrust lever position, the onglna
powaeyr shall he veduosd Lo 1dla, :

0:4,7.0 Measurement of Bahavat Cas Temperature

The eni;ln@ ahall ho equipped with the thermooouple probes for menswroment

of turhine exhaust gas lemperature, The ibermooouples shall permit consistent
measurement of avernge exhaust gra lemperiture,

B0, Bxbaust Bystom Mountbig Flange Leads ,
Tho ultinnbe noro desiga foada foi the enghoe 1fl flange ave defined In Plg, 8.

The Mlange shall withatand the speelfied loads withous faflure mud 878 the
apaoified londs without permanent doformation,

0.8.7.8 Al Qowl Henl

Nootng wil nasume respansihility fov davulquunl«nl’ the alr senl at the Inter=
fnen hatween (he Daam%;afumuuhml wowl panets ard the Ghi=furnishza aft cowl,
The laskage le‘m%rh all cow! Jointg will not exceed 0.6 h/min, Boelhg will
assumg responsthility for proviglon of lels nnd sonls Letwesh naoelle doovs
and neeodgory eapsule.
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0,8, 8 Eugle Qontvol Hystems
The ongine conbrol systoma shall include all control unils roquired for propey
ind complete control of the englne,

0,88, 1 Theust Modulation

The relatlonship helween ongine thrust pnd thrust Lever position shall he
froe of shrupt vhangos exoopl as 14 {8 affectod l)‘v rugmontation, engine hloeed,
md normal and ground (dle throttle position, 'The variation of rpm versus
g of Lravel shall ho per Mg, 14,

0,8,8,8 Hlm'un;f rovedure

The noxmal alartng provedure shall be simple and sholl nol require excessive
pitot skills,  With (he powar controt In the idle position and energluing the
ground stapt switeh, advancement of the fuel shutoff control shatl provide foy
gmﬂ\ﬂ ond ale staveting and satlsfactory acoeleration-to stabilive 10le operating
conditions. :

8,6, 0 Power Qontrol :
A gingle, separale contrel shall he provided on the engine Lo moduate thrust
throughout the entire achedule defined by Mg, 19, ‘'he attnehment for the
alrframe control system shall nclude a male spling with misalng tooth
Indextng, Mhe lolal angular travel of the power control at the external
altnahimont polnt shall not exoeed 180 deg.

PUWER LEVER DEQREES
e WM A MR W we  je g e e e e
i « REVEQSER AdTuATION |

NBYERSE FIIRUST semmet et FORWARI THTUST
i i = 3 SR =

W==\s):

fr—s

M

SUSRE ERR % ESIC

K

F'lgué 13 Throilte-Sshedule

HAAT Ol 8l =t
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"he power control shall contaln fontures that precludo any Uiuat lovoy
craep In olther (he diveotlon of Inerensed or decreased ohgine vpm, Nolther
the control ayslom or (heoltle shall he golf=onorglulng Dy any direetion,

‘e power controel system ahall hu provided with a ¥ pin o squivalent to
looate the engine components at the Il position-and ab the partial powor
position (00 percont max, dry lln:ugtf. In addition Lo the vigging aw[w, f
protraoctor or genle and polnter shall he provided Lo Indlonto the angle of
movoment and tho major thrugt settings,

The power control gya{em aball facorperate provisions for a wigging pin or
other positive means of rigeing sngine furnlghed Hnkagos.

§,8,0,0,1 Heleolor Valve
A ainglo lavar shall ha provided Lo control the fuel shutolf, fuel reclroulation,
wihndndll brake, and twebing coollng consorvation ng follows:

Loalilon Htop o 00w
ne Windmill hrake  ~ Windindll brake applied. Mol %= 118

ghutoff,  uel voolraulation

b, Bhutdown T'wol shuloff, luel reclvoulntion  87° =« ppo

¢, Dosoent = Dol roquired fue! flow B7° = 0%
and recirquintion for
aoollng,
t: Nun « Darmlit roguired fuel flow, 078 = (p°
0, Orulso and lollor = Pormils turbine cooling aly 17 = 1808

songorvation by shuiting off
compreagor alr used Lo cool
turhine rotoits

ftop = 180« 104°
(==« 0 Dav, 0,8, 0,80 for veolroulntlon Hmits,

‘'he control ahall Ingorporaie provisien for a rlssguug Pln ar other poaltive
memns for Indexing the Tever at the B0 dog position, ~ In addition Lo the vigging
glops, n protractor or gonle and pointer shall o provided on the selaator
valve shinft o indiante (ha angle of movemant and the major mode sottings.

B8 8, 0.8 Fngine Gontrols Mpximum Operating ‘Lorques

The maximum toyque raqulred Lo operata the englne power controal throughoul
Its range of travel alinll nol ukeoed 16 In, Ih mensured ak the control's
oxlarnnl attnohment point, ‘The maximum lorgue requived Lo operate the
ongine Beleotor valva throughoul Hs pmnfe of travel ahall nok oxoead 88 Dy, 1h
monaured al the control’s extermal attwalinent polnk,
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"M Lorgue valugs noted above shall apply throughout the engine atarting and
oparating temperature range,

o800, 0 Inglie Gontrol Byatom Dagign Tonds

I the power contyrol syatem, the enging power control ghaft mul the engine
Buppn lod I.mku'[gu for the power control sysiem shall nelther bind noy nke
permanent defornintion-whan a torque lord of 000 In, 1h anst n bending moment
of 460 [y 1D {8 applied al the alrframe allnchment, The engine power control
ghafl and englne mm}zllml llnlm{;a ghall ba deslgned Lo wilhatand 1.0 times (he
ahove londs without fallure, Howaever, the seleotor valve shaft shall nelther
hind ox tnke permanent deformation when & maximum Lovauo load of 460 Ia 1
it o hending moment of 960 In, 1b 18 applled althe alvframe allachment, 1he
ghaft shall-be deslgnod Lo omrry 1,6 tiimes the above londs withowt fallure,

5,8,8.4 Qontrol Hyslem Adjusimonts

ixternal adjustmonts to the sontrola shml he Hmited Lo adjustments whish
ann ha made corrootly with the engine nagembled and with reference only Lo
the operating charneterietivs of she engine on the ground, 'Che external
adjustments shall olude the following!

i, Maximum apeed

b, Tdle spoad

0, lixhaust gas lemperatire

(, Tuel spoelflo gravily
8:8,0 lngine Fuel Bystom
8.8,0.1 Tuel Byslem Deslgn Pressupe
The engine fuel syslem shnll not be dmnmﬁed hy n sustalned fuel pressure of
170 psig n‘pnlled 10 the Inlel gonneolion with tie erxging shul down, 'fhe engine
fuel shutoff valve omn he In either the olosed ox open position,
8,8:0,8 Darformance with Asslalance frommvrlmm Boost Pump
"The-engine fuel syatem shall Ql!{)ply the reyulred amount of: fuel at the
requived preasures for satisfaolory oporation of tie enging throughout ity
compleio oparating range Inoluding atarting and nugmentation with the
followlng condltions at the fuel Inlel vonnealion on the englre

fe Minimum fual temperature of =60°T or a vigecaltly of 18 centistoles
- whichovor ooours fivat.

by Tuel proseure == from true vapor pressure of the fuel-plug 6 pal lo
60-palgg with a vapor Heutd {V/L) vatlo of vero,

HETARTEY
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§.8.0,0 Porformainge with no Asslstange from Alrplang Doost Pamp
fhg) mner(fmmy oparation, tho enging shall operate propevly for time perlods
and conditions 1ated helowt

True Vapor Prossura of tho el -0, 86 psf Maximwm at (400F,  Amblent Aly
Temporature at Htandard Day Qonditions,

Gond(= AMltude Muoh Time  Pael Presaure at Inlet
Hon . Dower, (L. oo, A0, L Comection (ale)...
l Maxlmum 0«8, 000 0to 0 0,00 408 helow-ambient
Augmented
H] Maxlum 0«16, 000 g:etﬂ' at - 0,00 6,76 helow amblent |
Duy 0,00 b I
18, 000 (
i Pant 00, 180 0.8 4,00 1,0 holow amblent
Power
') Idle 0=78, 000 O0m@, 7 0,50 0,80 below amblent

The engine fuel system shall he eapable of priming itself and starting within
five minutes after fuel runout when subjeotad Lo the followlng oonditions:

ne Dy Lk of 3 L,
De 80,000 £4.fuel tanke attitude,
0, 1A0T fuel Lemporature,

ty A dvy Hne volume of 14 U, H, Qale maxhmum Datween (he fuel pump
Inlet and the fuel puwp supply.

e, Tual per Pay, B, 14 with a moximun of 0,86 pal tvp,
f, tingine spead ahove 40 pereent rpim,

0,9,004 CGround-Blariing and Idle

The ouglne fuel gyatem shall ﬁ“l)ipiy the requivad-amount-of fuel at the requirad
%n'esgm{u for satistnolory operation for ground slavling and-ldie with 11081

wel al the engine Intel gonneotinn at 0,80 pal helow amblent pregsure,
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19,08 Fuel Gontamination
‘The engino shall funotion satlefaetortly when using fuel contaminated Lo the
oxtont spoeolfied In Ref, 4, 1, 51,

0000, 0 Tual PMltevs

If 6 filtor(s) 18 vequiraed, -t shall e n part of the englna, and shatl he of
suffielont oapaelly (o permil a cumulative fuel flow equivalent to w minlmum of
10 e, of englno operation at 100, 000 pph fuel flow with fuel contamination

ny apoeified In Refy 3, L, 11 withoul helng olamned, Main flow fltavs shall ho
provided with an Integral hypasa Tor altaehing Instrumentation lo detorning
when the fllter 18 cloggud or 18 hypassed,

A dealn plug with Loelkdig proviglons shall he etalled to permit complete
drainage of the {ilor enge,

0,8:.0,7 Tuel Bystom min%r

It annlysis shows that the fuellomperaturo at the engine inlet in less than Hg*1°
for porlods graeater than 8 min, then nuxllin1'¥- hentin: will he roguired,
Proviglony for suoh hoating wlh he nogollaled,

88,0, 0 Fuel Mlowmelor

Drovislons shall be made for mstalling a Dosing=furnished fuel flowmatoer(s)
In an loe froe scctlon of the engine fuel systom wheve the {otal engine fuel
flow ean he measwved,

§:3.0.0 Fuel Pemperature Bensors

Provigions abail also be-mnde for matailing Doolng=furnishad tmm')m'utuve
gensers al the englne fuel Intal conmaeation, The engine will provide a Lompera=
tire sensor for-manauring fusl lomparature ab the furthermost fuel nowele.

3,30, 10 Vael Reslatance

"The maloripls nnd-deslgin vsod In un{gmo and components shall he satlsfactory
whon tested with Befs 8, 1,10 test Huids, Types T and ITL, when usad In any
gocuenoa,

3.8, 6, 1L Balt Water Roalstaneo
'The funotionini of the engine fuel system shall nol he adversely nffecled:hy
the presence of snlt water In (he fuel to the extent spooifiod In tief, B, 1, 11,

8,9.0,18 Fuel Reolroulntion _

The reolroulntion systom shall vemaln effective throughout the deseeni with
tha selaotor tavar In the doscent poaition snd the power lever kl ldia, Al
[’me' sottings above approximately 16 peroent of me dmum nonaugmented
hrust, veotvoulntion witl awtomationlly oul off, = Although the englne syslem I8
wisrrently deslgnad (o opornte by'lmﬁluonln{; of-the selootor lever, If fulure
shrorafl roule planning Indloates thal an awlomatio temperature sensing
gystem 18 noceysary, the design of such will be negotinted,
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| f8, 10 Igine Tabhrioating fystem

3 0,8, ) LubMeating Bystom .

A ‘M Iubrloating system shall wse onglue ofl por ety 3,86 wnd shnll pdequataly
= lubrloate tha ongine mrou‘;lmm ita operating venge. The complate ol system
ahail ho ongine mounted, Moluding oll veservolr mnd uel ofl coolers, end slinll
- he fwrnishod o8 component parts of the enging lubrloating system, 'the fusl

; oll voolers shall he adecuate Lo mast the oomi}lole and (olal engine oll vooling

] voguirement trougheuk the operatingrenge of the enging,

§ovouilizst B o R
! 5,9, 10,8 Drive Bpline Lubprloation
All spline surfaees on the angine which nre uupﬂhln-of trangmitting more tharn
0,8 hp shall he pressure lubeloated by the mah engine lubx‘lumm{; gyslom
! excopt for the lubo and seavenge pump whivh 18 wellod-by elroulated ofl,

he8 10,6 Ol Quantity )
"Mlio ofl vesorvolr shgll vontaln veabie oll suffiolont for a mirimum of 10 hw of
§ anglng os)erm’lon al the maximwn allowablo uon@umpl{mx prate glven n Par,

0.8, 10,0, 1, 'I'ho veservolr shall he provided with & 4 holt flange pex the ~'
4 etallition deawing for nstnllation of a transmitter for a remote indloating oll ‘
SR quantity system, 'I'he resarvolr sholl ha of fhrepreof congtruotion, i

0,8,10,8,1 ol Gonmnmiﬂlon _ i

i Tl engine oll consumptlon shall not exeeed 4.0-1h-par-haur, This maxhium

| vlnlugts\.p};l toe Lo tie engine thruat paiige from Idle (o maximim aentinuous
thrual,

i

Go8, 10,4 Ol Filking ] ;

"Tha haslo englno shall be furniahed with-a pressure fill systam and geavity |
|
|
|

(151

o

fill port with a dl%mu@lc for oliaaking ofl lavel, Whe fill porlas shall b8 In
1 nooordance with Par, 0, 1L 4. Ly

0,8, 10,6 O Drossure

Drovisions shall ba made for Ingtalling 8 Boelng=furniehed oll pregauve
transmittors, one of which wiil e dealgned Lo fndloate aystom pressure and
(he other lo mansure tha pressure drop neross the oil filter.

0.8, 10,6 Ofl Temparaiure
1 g Provisions shall be made for lustalling & Boeing=fumished ofl temperature :
transimitior, -

0.8, 10,7 Ofl Fltey
Tho haglo englne shall ha fumished with an oil filter ingorporating an integial
hylumg. "ha filtar shal) have proviglong for altnohing nstevmentation to
gaaelr(;;iga whon the filtax ig ologged or hypassod I nocovdanoo witii Par,
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E B LU Bingine Disaln-Bygtom:

808 ) Loniage shd Brahw

Theree shall-he o Hguid:Tenkoge trom ang papl of the englne except ol dealng
pryevidod- oy iy pu’u{m@a. Prcvialons shall he made for automptionlly
clonping Ahe pombustion arens of vombngtibla Dulds-afler each faise At
a8 foe visavanting excadgalva amownla e¢f comhustible fulds from entoring

he pombestien-nrens aftor-shutdawn, within (he engine.attliude ehvelopo shown

I Blg, B, DProvialong-ahatl-also bo made for clearhyg:a'l veal nrees &nd ofher
piielols o comprelvients wheve cambuglible fluids may eolloot duelng oy
githsequont to operation of the engine,  The draln systom shall ho piayk of tha
hasle éngling, '

1L E Dean "Mank

A draln tank siwll he hrovidod on the englio te eolfool lenkage-from anglne
pecosgory pad drang and Lo ¢olloct the fuel disaharged from tha fuel mtfold
and combustion chamber during stpek og slntdown, ‘e Lank shall kave o
minium aaprelly for ong normal alwtdowse snd 2-falso stavls, Dopts \)@1‘
AND 10060 ghall he Frovldml for hoth overllow and venl connectlons, ‘'he
ghape andd Inoatlon of the tonlonnd give and lovatiels of the porls shall he
voordinalod with Doeing, ‘The tank shall by of flraproof construetion,

LA Deadn Bjeator

Au ojector shall 1 Ineorparatod futo the gngilnn to (llﬁuluu"w the contonts

ol the draln tanl Inde the anghie oxhougt syslom. A port shall he provided on
the ‘ongln@ for eenneation of an emergoncy vowl draiii=lne o the ojsclor
Bystan,

58,18 Bnglne Blootrjonl Hyslom

0818, 1 Bxternnl Blaalrlonl Rowur
The oxltornal slootrlont power yegud vemanta sholl not-oxvood

e Igndbion 7ampe maximum I8 vollg, no
A00 By, singia phase
b Anil=Talng Vilve _ _:in LB amps LI% volls, ne
Acluation 400 1y, alglephase

$.4,18.8 I[ilﬂhi&iﬂ HyBlom

‘The engine Igntllon systom shall boe defined on (he lstallation crawing por (he
l'(!(!lg}‘gilile‘l\iﬁ agLahlishad i the onglne=model apeclliention, Rofe. 8.4, 10-
HHUE- TR TREN

80188 Tgndtlon Rroof

All axlornal eloctrionl vomponents shail he-oxplosion proof lo-prevent
[gillion.of sy oxplogivo- mixbure purreundhing tho component,

LRATOE A=

v

Py
P




b

v oy *
!
e o7 M i

hbruaio

hin)

o —
t-meree-

e

RN LS s
v

!

Sy

08,1800 Honseotors mul CGable ,

Wilh llm—umilnu alabilined 9t o tamporature of ~A0c1, 1L ghatl be poaste (n
gonneel ov digeonneet elood vlond vonneetops and (o flex olootrfeal vonduetors,
a8 noeessary for rouline malniennhae, without damage Lo heko itoma,

0.8, 14,0 Bmorgebey Blewtrleal Powor

Tn {he avent of Josy of oxlornal poweyr while In oporation, (he englue shall ho
oloot lently olf=guffiolont, AU all englne apaodd- b op above idle, the engine
ghall eonthino (o eporsie safely, Hupersoinle Inlel antl=lolng, l[ml(lun and
othar systoma not eritlent for operation mny he lioperatlve,

0,8, 18,0 Wlecirieal and Wlestronie ierforence

No cleotrionl or elaglronte components shall eause Interforence hayond the
limia apeolflod In Mga. i theough 17, The vomponents ahall not ?)G"ﬁu{wﬂ?tll}lﬂ
Lo lmm'l*@venu@ gonarated by othmr elackrioal and aleclronle vources within the
Hmlte. spelfiad i Table ViL

Table ¥l Elec:mqnl Interfarance Limits

i;\}tdlfénnn; o ) 1"717‘97(]?[71(37!105’ Hniga Vollngu(B)
“Uenduated Itor= ’ iv[’) 0, 16 to 1, 000 Milg (1) (W) : 0,1
feronve af) 60 to th, 000 Hr (9) .0
Tdlated Tnters | AL padd 0,10 (o 46 Mile () 0]
forenoe it Milw dipole 86 Lo 88 MUg (1) 0,1
) - luned dipole b5 to 1. 000 MITs (9) 0,1

NO'I#y 7(‘1) Appllmﬁﬁg only Lo ungrounde 1ng vuilﬂgo powaer [nput polnta,
(8 Applleablo only Lo ungrounded de Tine voltage p -« lopul polnte,

(1 Meduinted do peroent ab 400 Lo 1,060 oyeles or any eclal form
of modulation to whiah tho equipment 18 vilnerable

(1) Anlenna placed 1 ft from eleutrical or eleolronie compononts,

(6) Value of open=clroult voltnge from Adsohm soureo hopodance.

L2

5,8, 18,7 short Duratlon Mtorferonce
The Hmlte of Mgy, 16 and 17 ave Intended Lo nwly ab nll Lmes Lo eleotidenl
or olecironfe Itemea: eapabis-of iwnevnﬂng hroad-hand electro=magnetio nfers
faponce, Howavor, 1 G1 conslders-a-deviation 18 necessnyy or-deslvable for
reletive ghovt.duration, infrequont, literferenca-lovels, (for exnmple, onee
per fllmit) dooumented ovidenge shall he submitied-to Voelng La-guppoert such
fi reruast,

(AA101 8=
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FREQUENOY (MO)
fligure 1y Noteawe Dand (GW) Gondueted Inierferenze-Linlts Uslng Stabilizatien Network

Dooumentation showld he specifio as Lo tho-{lme of-ooourrence and duration of
deviations from (he levols of IMigs, 10 and 17 ag well-pa thelr magnitude,

B@sug» aviluntlon of the taghnioal avidenca-submitiad will xot Pernm dovintions
over-80 dh ahove (he Umite.of Mgy, 16 and [T for short duration Inlorforengs,

3.8,10 Tinglno Anll=Iving

'Tha m\glnu shall oporate gatlatnetorily under the loing conditions apecified In
Rofs, 8,1,0 aud §,1.0, Widehavor roquirement la-the move severe will ha the
design critonrly,

8:.8:14,1 Yypa of Tnghie Anu-}cingl

e ant-lelng-sysiom opgration wid be socomplished By manual aotuation of

& awltol an-Uie flight dogk that witl nativate the unti=loing shuloff valve meunted
on the gnlima. A Tlow sansor ahall be provided hy Q8 Lo he vonneoted Lo an
Indloator Hght on the Tlght dool Lo Indioals gystem Mon, " A hosg ahall ba
1rovided by i in the antheloing-duol for Inatallation of a Buelng=lurnishad
lemporaturs sendgor, '
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Rigure 15: “Broad Band and Pulssd (CH} Conduated Interfarenve Limlis Using. Stabilization Hetwetk

3, 8.1 lngine Hent Rejoction and Goollog.

Tho -engine Kkall e eapable af continuoud oe‘wgraunn ab the amblent eonditions
ghown In Plg, 1 ad-tie maxhnwn augmentation for the-Mach numbers nnd
altitudes shown-on Pl 0,

Any saoondavy niy-syetem rvequirad for woszle, evging onga, md/or comparts
ment gnolng=ghall be tho responglbilily-of -G nnd whall hs supplied ia :smm

¢ tha hasto englie agaombly, acpopl l?mvlﬂleng for on-aukilisiy-socondary
alr doer and-nacolls prassuve vellof I vequived shall be fuenlghed by Noelng.
g8, 14 1 Hooondary Aly Gontral Valve
A valvads) shall be pravided Lo contvol the fiow of secondary iy, A Leassmitior
shall he provided-lo remotoly dndleaie (ha pobltion of ihe secondary wly valvo(s).

4,810 Mngna Tetrwmentation ‘
'The following minimum slramentarton i toquired:for alypiana operstion

&, ‘Crohomoler gaoraior {soa Pav, 5,5,0,8)
B Bshnuslgas lanperatura-(Hes Bay, ha 1.9
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FREQUENDY (MO?
Flgure 18, Norew Band (CW) Radiated [nierforsies Limlts

Iyga glromn amblont presgsura (see Pay, §,8,10)
Tixhrual nozulo statlo predsurs (see Par 3,8, 10,8)

Novgle nroen (8ee Pawe 0.8,10.8)

Fual temporaturs (gee Par, 8.8, 0,0)

Fael flow (Lebing + A/B) (s0e Day. 1,8,0.6)

Ol presaure (snglne) (e Pav, 8,5, 10,8)

Q1] tamporatura (soe Mar, 1,4, 10.0)

‘Pivvat yevarsor position awliohes (see Tay, 1,8,7.8)

Ofl pressurae (ofl fllter &- 1) {gos Pay, §,82,10,8)

Windimdl heako positien Indicator awiloh (see Par, §,8.80,1

n, Low oll pregauye wining swlieh-{ses My, 8,8, 10,H)

NRAVOT Bl =)
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FREQUENDY (HO) ;
Rigure 17, Broad Band and Puised (EW):-Radluted Interfarsnan Linlts »
W Vibration (oomyp, axd tuhine). (see Pav, 0.4,81,4) ;
0 Olbgummity (8oe Page §,2,496,8) % ;
P Hegondary air-valve poaitlon (Hee Par. 6,8, 14, 1) 1
. Tond oell foree lndicntor (see Par. 5,810, 4)
1 finglne anti=loing sysvem indication-(age Taps 8,8, 18 1)
g Turbine goeling rdefiow mdlontion (au Pave 808, 8.8, 1) i
$: 8,10 Hngine Thiuel Wdioation
Ambient-tofal presgive, englno exhnusl pavwla atado pressvre, primsry noasla ,
nren (aga Pap, 0,9.310.5) sndnel axlal foroe ahll be used 1o provide thrast |
ndioation, .
1:9,30,8 Uxhaist Noeslo-Blatle Yrossurs
A povt (ANE 10050=4) on the anging shall provide a sourge for sensing engine
axbrusk nogslo stailo presmue, Tlie prosanre gouree shail ba seournla-within .’
0,0 paroont for yowar geitings up-te narimnm dey- ratsd thyust, ’
Y EIEERY .
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Sl 1L Pelngey Moeolo Aven - .

A tinese vavinhie diite sontsal tepngformer (LVOTY shall bo provided on the
engline Whioh will acome omney axhaugt Rossle oven wiilin 8 poreent at tale
off-oondition,

frdy 10,4 Tareo datoy 7
The Dootig=fupnished Tona el witl fo attnobed Lo the enggne hy sl the
ot provigions shov o in iy, 3,

8,17 Eughm-ﬁ_(m*tim; Nilianentz

R T Torque

The maximum and-minimum sisrting lorgues vorsug rrm whail he eluded
In thie snglne mmiel,nlmuif{untlun. ‘The maximum etarting tovaque ot ihe PTO
nied shall nol exegod 1500 111k,

1LACIT.8 Hioving Bine X :
‘Tha thme requirat:to Aot o wningtalisd angne ghall benn losger e 06
soe b slandavd soit Jevel condltiong,

680781 Reataxtng Time
The maxhnuam reguired-tive holwoen ground strling sttepts as deiopmined

Ly onglne Thfiationsg-ahall he 86 soc,
A0 BReUng Bavelopo

Tho-onglne shidl slarl vonsliontly at any polit willile the ongine opurnting

-grvalope defhwd g &,

0,2, 19,4 Cold Binetlng - ’
The angine-ghall stavk nonslatently In-g0-gow Intodinlely followlng (8 hy aonks

b <805, Hoo Dap, 0, L0 for fuol snd Tube ol] hnitatlan,

e e lde

On the grownd, under standard vonditions, un to 6, 0064 altitude with the
power lover i the low Idle nogition, the aatl'znnt@&iltmat #huill-nol-oxcopd

g, 106 1b por enghe-vAti a- 806 hp losd ot the PI'O-pad; & folal of-05:hp ak the
Intel hydvaulte pump pads, (m'ni'z! bleed-of 8.1 /soe, and- 06 porcont vam
teaovory b the Inlet, : -

18,10 Bigine Aty Tndugtlon Hystom
0.9.10.0 Babily -

~ Undlar aiem!vs-éslﬁ;o-ﬁ‘pamiing senditlons, within-the opavating 1mbia deficed

in mi' A, of this documont, mging Uust ogoliiatisn butwoan. llo and-maxbnum
dry thruat anpll ol pxoasd $0, 80 -paveunt A¢ maxklinug dry thinebal idls powes

Aoltipg, erenming Useavly Lo wl, G voveont of mnsiamadzy theval ot maxbnun
Alry powey gotling,  Burlng ofter lurner Q?Bl'ﬂﬂ&ll,. Wy eust varintion ghait

hob exeend dl-paroont ofelas pavmal thyust level far iisk.enseile power selling, %
The enggino alistl oouilive Lo opeviite-setiefaotonily % splle of-any slngle i
aunopsonleinlal adilrol falluro whthin tha-allowably engine:ilind(s por Rave, ;
Ao e 10 el 586 100D, - - - : ) i
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e Jngg stendy- state opeentbyg conditions of the alperaft with n stondy powor
dommid Lo Bio enghno within the opevating Timits definad in g, 0 of (his
doewinent, the airfiow vavintlon ov oselllntion altrlhutable to any englne ahall
b Thidted to- (o values shown helows

Maeh_Numboy Jingine Power Hotting Meflow Viplation,
0to 1,0 Epoardi ab or nhove D% pm w1l
Lo Max, Hpeads at o ihove D3% 1pm i1 /a4,

The meximum plvflow vaviation span, conslderlng all englnes, shall not
exaood-wd pereont Tor given oporating vonditions,

0,4, 10,3 Hurge

Tho engine angd inlel ayatem shail ho (lea!g{ned with the objoctive of preventing
onging girges, Howevar, the onglne shall ho capable of withstanding
aponslonal aurgen willioul mechanion! damagge,

Bedc 1Dl Tﬁaqmﬂ Tnlet Blatoytlon ()vm'ln[)
Ti-ardor (o nuniinlge the problewm of let/enging computinitity, some lovels
of distortion overlap will he provided for (he engine nud fnlat, The ealegories
of distor{ion are deined as follows:

Digtortion Lovelg gt Copdltion Ynglne Kffeal

M Bleady dlnta = Hubgonlo vrulsg No performance logs ox
&entmucuu opera=  Huperacnio erulae doovenae fn englne Hifo
ion

hy Time Lhmiled = Afvaraft nevelgra= No slall, surge ov
nermnl tranatonts  Lon and dseolorg= flamaoul, Home por=

tlon, manevvers, formanoe loss may
powes: trapzionta, rosull,
igaats, oby,

0. Bmergency Unatavts, roslavis, No mechanloal damnge
gransion(a conirol failuves,
{tiig Umil =16 Inlet {ollures, Inlot
How) g1

Tthe ellowablo-dlatortion wvols for the Inlst and anglne are g follows:

Tnlel Aﬁm&‘ﬁ‘_ﬁlfz fingine Allowabie Doalgn
DistortlonTovel,  Dlslowlon BOL Dislortlon NDL,  Qveglap,

(1) Hlondy tate A 0 o (L=
(8) Teanalonts 0% 50% i3
(1) Fmergenoy Auy Lovel Any Tovak " wum

[T=s« Uhia pravides a 12 poreant wavgin with roageot to enginie sloli fop
nornst ariga-oonditons,

pant ol B\
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The sugine shall-ho capable of withgtnuding withunt medinionl dimage
fislantaneaus deorease n ulet tolal pregaure of approsintely 65 pereont
Iy 1780 of o acvend, followad-by-i-relurn wtthin B aoe to o stahilnad Tlow,
‘Phe unatarting al Mo stebilived rlow condition skall haowithin mlis pep
wonditlui (b) shova,

0,410, lnglie Varlationa Affeoting Wlel Bapformanue
Derhg staeting o for-onglne apaads below [dle, the nstantineous ride of
changa of euglio nlvflow fs-not-epitival,

Durtng subsonie (ight M = 1) ab power seltinga abova ldlg the pte of shange
of enggine lrflow durlng aeeeleration, develoratlon, mygmentor Ughtell and
ahtitdows shall he ng estimated by tha Dynasny o,

Duving suporaonde flght (M =1), enging abrflow changes gluvmg»mﬂshw
neesloretlon, deoelevation, augmentor Ughitolf and elinldown giall he oa
gatinvittad by the Dynusnr degl, ‘

AMrflow varintiong for-glandy-siate vonditions ave-dalined In Pary B8 10,1,

A methad-stull be providad in the onglne for matelilng the sleady gtate airflow
of the Inlal nnd §i§1i1§ at erulse vondition with-the inlethypoas deovs doged,
The system shail e @mrggblas of matehlng the intet and englne with o resullng
Inlot stabllity marghiv of § peveent:prosauro rogovmy,

The onglnoe vage forward of the fleat rator stage alll be eonaldaved part of
the swbsonlo diffuser seetion of the supersonio Intels  All vansr, slruly, slets
and doore looated in this geolion shall-be elosely voordinated with Boulng In
order to-cifeot the optivann eugine/inlet eompat tllity,

o au?c:\_mnniu inlet shall contine Lo oporate satlafaatorily y apite of a
gingle fallure within-tie englio.

g 8000, 6 Thrast Teanslenls

Tha tranglont ehavnetoristies-aftha englig shell ba uom{mublu with ail
oporating requireinents, During-the-gelaelion of powey laver positions In
iy sequenco al any vate, feoedora fram objeoiionnble ovevapaad, overs
tempernaliure, combuation tnsinbility, eombugtion extinollon, mud comprosgor
snslahitity shall be matained; Fox vapid power lover movoments (1 sew oy
lﬂfﬂﬂi. the{bme required to fmumu{suah 06 peroent. of the trust ohunim sifoly
ghatl not exeead (he valuen gpesifiod below, The Lotal tme required-lo
nooomplish the apeetfled teanelonta shail ol oxeved bwleg the thine gpeelfled
dap 09 percent of the et ahenge, ‘Uhe (hrval Lrpnsionts shall bo-consldered
pocompliskod whon the not Jok tirust ts mainteined-within-¢3-poveent of the
final waluo, AL traoslonts speptfiod ave basod on standard conditions, =iih
ionding of nooonsory delvos and gomyreagor bloed flow ng shown In tho vadle
below aud walng the exdinust gysiem fe aeflned for the alrevalt nstallation,
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~ fon Lovel, Hndaed Day | Tustallad winalallod
ML My { vgﬂ%y'a- n=Tnat
¥I'vom Idle (01% rpm) Lo maklmum dey | 7 [ 1 0
¥1'rom Jdle (02% vpm) Lo mex, thrast il 10
Vuvwnllnl)la — ]
#T'rom Max, Dy to Max, 'Thrusi T | 7
avallable -1 ,
#P'vom Max, Theust Avall, Lo (615 il ] f '
Theual o » ’
#1'rom Max, Dry ‘Uhrast to Idle (01H) i i B
Thrust L .
Trom Mk, Dry Theust (o Fall Reverse B0 | 8.8 5,8 '
'fl'lin;sﬁ_t m_r_ﬁm 160 lnols ) ;
;*‘ﬂﬁ{‘éli Gondidon k(1) 07 Inlel raoovery
**H 0% nlel recovery zs 48 1h/mao ﬂomprensciv blead flow|
B f%l.l ih/ae0 compressor Bleed )-400 p nocessory laading
0w

-operaling range of volallonal apeads and enging powers withou

(1) 600 hp novessory loading

08,80 Blopping

Normal atcrpmg of the engine shall ba'nqoon\iﬂlﬁhgcl»by tha use of the
golaotor valve laver with the powor leveir In the ldle position, U shall he
possibla to shuioff the fuel aupply al any enging vporating sondition hy the
geleoloy valve lever withoul damage Lo the.angluo,

88,80, 1 Windmilling

The englne shall be eduippad with a windmill heake o veduce the enging rpm

to no more than 80-pereent when the engine {8 shuldown al alvplane orulse
gondliions My - 9,7, 00,000 £ altilude), '"Che nolnator shell he cautrelled

Dy the #eleotor valve In the ooolipit, No damage Lo Gie englne shall resull when
(he windmill brake Ia applisd.by the novmal controls wb any engine opevating
eondition, T the ovank of aobuntor fafluve, (he hrake shall remaln in the
pesition ouuu(piad ol the tine of Talluvg, A teanamitier shall bo provided to
remotely Indlonte the opened and cloned position of the engine hrake,

38,81 Ungine Vibratlon .

The engine shall ha dealgned and constivoted Lo funation thmugizmit lia novmal
riducing

exoosslve alrgss I any of the onglne parle heonusa of vilration, *

the anglng unbalance, ot orwles 1pm, ahall not he grwatay than lo-oaugs a

axbnum of 4 mils-dowble anplitads displacement of englne onse at efoh

peariig suppert as mensured on (1i'a Lesl stand prlor to shipment, The ougine
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gonnoetion pelnts for power contro! and seteelor vaive atiachiments shall nol
exoeed dleplaoement of 4 milg double nmplitude due Lo engine unbnlunce,

B,8,81, 1 Vibveation Hengor
Droviglons shall e made for istalling two Doeing=furnighed viheation
transduoors (ona al the voraprogsor oune td another at the labine vase),

H,8:88 linglne b‘uvm‘m Objeel gealan Charnelovistion

Mo enging shall contiwe (o opernte satlafactorily untit the alveradl van.be
sandotl and deliver no tose thai T8 percent of tha Ususl for awy glven powar
golling after goowreenvo of any of the followlng vonditlons, oxeluding Par,
09,88, 1, while helng opevated ab maximum non=pugmentod powey.

i,4.88, 1 Iall Ingeation
Tho enygine shatl be deslgmed Lo withstand tha Tollow Inimuumm il
relative veloeity of 078 kn without inewrring strvetueal faflure,

ne A total of 66 hallatonus-Irom 6/4 to-1=1/8 tn, In dinmaotoy nt o rate
of 1/min,

B A tobal of 30 layge haudstones (fee haile) trom 8,6 Lo B0 Iy Ty
dirmeter al-o rate of 1/min,

5.4,38,8 Jvo Hlab Ingeslion
ingostlon of an loo s1ab-8 fn, Uhlok by 8:x 6 In, 8l o velative veloully of 100 Im,

5:8,89. 8 Dird Ingestion

o engglne shall anptinue Lo oporate artlsfuotority for a-mintmum of 1 he
ardl dallver no losa than 85 peroent of taleolf tieiat-nllor hgesting up to-6 1h
of bivde In 0,80 soa,

0,8,88.4 aln Ingostion ,

Mo enging 8lall slart mnd/ov conthwo Lo operats sallstnstorily durlig-n
govora vain slorni, (0 I of raln ox 0,006 th watew por ! of nir) that may ho
encountored olther on the ground ox n subsonle Migh.

0,9,80 Hngine Plee Protaction Provislons

Mo engglne oxhaust sention shill bo 1solated from (hy neoessory seotion with
& olroumforentlal fivawail hulkhond, ‘The wpper quadeant of the extevlor enso
of tha axhavsl seatlon aft of the hulkhead, shall provide the funetlong of o
firowall for ongine/alrfeama Isotntion g shown in Mg, 7,
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dy QUARTIFIGATION THQUTIISMBNTH
doe T GRRTIFIOATION AND DNMONETRATION REQUIREMENTH

4y b 1 oneral

Usmorad [Weatrlo's Leada reguired Lo prove complinnee with al} requivements
of (hig gpeelfioniion, shijl be condueled na apealflod hovaln gnd additionalily
i determined (0 he pecossnry by mutusl ngreement, Datn from these tesls
shall be made availabie to Tioeing,

Teing and (1 pecsonnel ahall he glven Wl rendonalle necess Lo-eagh other's

notlibioa nand test pracodures uaed (o deferming eonformunae with Lhig apeelfion-

tion, nhd the Eaging Model Hpeolflenilon
Moy the purpoge of this document, performance dofinitions nre ag {oilows

ne Cuaranteed-pecformanee la the lavel of perfornance desoribead In
Qeneval eatrlo's model spealfloation per Pay, & 8, 14,

b Eatimated performunes g the perlormunee ealowsated by the ouslemer
deok suppliied hy e wral Klowtrio per Paey 80 Lol 8y and Is conslatent with
ganranteod periormange,

¢, stnlied porformanoe is the mesaured flight performnnes of the
alvornfl atalled englne witleh demonatrates fHght performonce.

de 8 TYI'H Qepdifiontlon Requivementa (Phase 1)

(eneral Bleotrlo shall complle o dooument dna@rlhln{; fn detall the IMght "T'est
Alatus (1'08) eortiflontion vequivementa myd coovdinate with Boelrg prior to
'AA nm'n'uvnl. In the event the MY certifiontion plan is nol ngoepinble Lo
Noeing I the nrone relrted to engine/nlstvame terfuoe, O and-Doelng

will agree on a revised plan fov-submitind (o the FAA,

1t ghall he (11's ruﬁ\mnﬂlblmv lo sondugl Loals (o sntisfy the T8 certifientlon
vequirements, Doelng shull ave the optlon Lo witness {he loste, A suninacy
of the IMPH Lest resulis-ghall-be doswsnented hy (1 nnd beanamitied to Doelng
prlo (o flvat fight of the proiotype 11 8707 aliplane,

To he assured that the 18 englnea wiil cumplete the 100=owe Tlipghki Teat
Fvaluation Frogram, It ghall ho Q3% objective, nuhﬂaet o FAA eonourvencs,
to provide (MPH engines which nre-onpable of complebiag a mintmum of 100
flight houra undev normad operntion conditlons without promatuite anghne
romoval for Inapaotion, modifiention, or major malntennnee.

I shinld he Al's objeetive Lo develop a 80 min max augnientation vating of Typu

durtifiontion fovel, aubjool o FAA sungurrence, for purposes of speuinl
plrovnfl demonatratloin,
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4,1,3 Type Ccrtification 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
estut:ish 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 d
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
Certification requ-r=ments and transmit to Boeing for concurrence.

If the Model B-2707 (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 instailed 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 mufually agree
on the planning of, execution of, and analysis of the results from the ~round
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 obfaining facilities, conducting the tests, and
analyzing the data for the sea level static guaranteed performanze 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 enginc performance demonstrations shall
‘be Boeing's.

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

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-
conducied calibration testing and the other to be retained by GE.

Boeing will 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 requirements 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 shall be a requirement that the instrumentation also be
consistent for all test phases. The instrumentation. 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

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 bellmeuth 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 performance
demonstration engines in a GE test facility using the reference bellmouth.
This calibration shall include measurement of total inlet mass flow and
determination of primary and secondary mass flows on one engine. The range
of simulated flight conditioas to be mutually agreed upon.

4.3 GUARANTEED ENGINE PERFORMANCE AND OPERATIONAL
DEMONSTRATIONS (Phases I 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 comn.puter 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 tesis are as follows:

2. Demonstrate engine performance guarantees as shown in Table I.

b. Provide uita for verification and updating of the installed engine
performance prediction deck.

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

4,3.1.2.1 Sea Level Tests

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

b. Thrust reverser-operation,

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,

the tests listed below:

a, Steady-state performance demonstration of specified altitude perform-~
ance guarantees as given in Table 1.

b. Explore overall engine operating envelope.
c. Explore burner and afterburner operating envelopes.
d. Explore air start envelope (with or without biost pump).

e. Engine windmilling, windmiii 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/lb.

4.3.2 Basic Engire Performance

4.3.2.1 Sea Level Static Performance Demonstration (Calibration Stand)

The sea level static performasnce 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 idie to maximum augmented power. Total inlet airflow shall be
measured using 2 calibrated hellmouth. 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 altitude test facility.

For cases where the altitude facility-is not capable of adequately simuluting
nozzle external flow or discharge static pressure, the measured thrust will
be corrected by the performance prediction deck to réflect 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 {est
conditions which lie within the capability of the laboratory.
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4,3.3 Installed Engine Performance

4.3.3.1 Flight Periormance Demonastration

Boeing shall conduct flight tests to demonstrate the installed engine perform-
ance and operation over the airplane flight and maneuver cnvelopes. Insialled
engine performance will be demonstrated and verified. General Eleciric 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 provided by Boeing.

The flight tests shall be conducted at Boeing Flight Test facilities, All testing
w}ll 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
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 & demenstration 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 docwment 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 cperating 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 by
Boeing which includes a detailed description of the measurement and analysis
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systems. General Electric shall have the option of taking neise measurements
parallel to Boeing during the demonstration tests.

4,3.4.3 Sound Calculations

The perceived roise 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 turhine blades shall be measured
as the time average for 50 sec of the output of 1/24-octave band filter or a
50-cycle fixed band width filter tuned to the frequenecy being measurad. The
noise data shall be normalized to a standard sea level, 59°F aud 70 perceunt

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,

4.3.6 Thrust Reverser Demonstration (Phases III and 1V)

4,3.6.1 Static Reverser Perfoermance 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
shall be documented in detail and transinitted 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.

4,8.7 Vibration Demonstration (Phases as Indicated)
General Electric shall demonstrate compliance with the maximum ullowable
vibration as specified in Par. 8.2.21 by conducting the following tests:

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 cf vikration
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.

b. Conduct a lineal vibration survey throughout the normal engine opeia~-
ting-range (idle to maximum 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 resuits of this 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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Roeing shall conduct a vibration survey-using production engines and production
airplane hardware or a static ground rig stand and a flight test airplane to
determine installation eftects on engine vibration levels.

4.3.8 Bleed Air Quality Demonstration (Phase 1V)

Genwsral Electric shall demonstrate compliance with the requirements of Par,
3.2.2 by conducting the following tests. or an experimential enginz aerodynamically
similar to production engine configurations:

a. With the engine operating at ground idle and st 70 percent and 90 percent
max nonaugmented thrust, the quantity of contaminant discharged frrom 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 bz 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 £25 percent.

RN,

Samples of compressor bleed air shall be taken from each bleed air outlet at
temperatures within the ranges corresponding o 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 mutually agreeable test methods.

————

This test shall be conducted on an engine incorporating Iubrication system ‘-
elements and seals which shall have been subjected to a minimum of 159 hr of
operation. ;

Samples from the compressor discharge stage bleed air outlet shall be taken
at temperature conditions obtained at grcund idle and at 70 and 90 percent
of maximum nonaugmented takeoff thrust.

4,3.9 Inlet Distortion Tolerance Demonsiration (Phase 1II)

General Electric shall demonstrate compliance with the maximum inlet dis-
tortion tolerances and limits specified in Par. 2.2.19.3 by conducting the
following tests:

a. Copduct inlet distortion tolerance test for sea level static-ang altitude ;
conditions on & prototype engine aerodynamically similar to production engine
configuration. The distortion patterns of the Boeing irlet are:to be simnulated
for each particular flight Mach number and altitude simulated. Pressure i
profile surveys shail be taken at the compressor inlet.over the opereting
range of the engine. The method of test and location of inlet pressure pickups
for demonstration shall be established by mutusl agreement. Demonstration ‘
results-ghall be documented in detail and transmitted to Boeing. l ’
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b. Conduct inlet distortion tolerance tests for altitude conditions on a
prototyp: engine aerodynamically similay to production engine configuratiou
with Boeing flight iniet. This demonstration shall be done in conjunction with
the joint GE — Boeing Inlet/Engine AEDC test program. Reference Par.
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)

5.1 GENERAL

General Electric and Boeing's tests required to develop, integrate, and ilight
test the propulsion system shall be conducted as specified hereir and additionally
as determined to be necessary by mutual agreement. Specified data from these
tests shall be made available to GE or Boeing where requied. The responsi-
bility for providing facilities and for conducting or suppor.ing the tests shall

be accomplished as specified in the following paragiaphs.

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 reyuirements, 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

5.2.1.1 Model Test Program

Boeing shall conduct scale inlet model tests to obtain distorticn and pressure
recovery data and inlet design data. Boeing shall provide GE with a summary
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
iniet/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.

The tests will be conducted in accordance with the Coordirated 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 com-
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
General Electric shall :onduct distortion screen tests with a full scale com-
pressor rig throughout the full ~orrected speed flow and pressure ratio range.
General Electric shall evaluate che tolerances to inlet distortion and provide
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 turbulence.
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,

5.2.2,.2 Engine Tests

Under this category, inflow testing will be done under sea level and ﬂigﬁt‘*
conditions (heated inflow)., Steady-state and dynamic inflow iz simulated and
engine transient conditions will be imposed, A full scale complete engine
will be used.

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-

winc. 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.

5.2.2.3 Inlet/Simulator — 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 testa 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 tununel testing.

The test objectives of this full-scale simulated inlet engine testing (heated
conditions) is to dstermine the effect of terminal shock location, distortion
and turbuience 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.

5.2.8.2 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 IIT)
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.

D6A10198~1

63

A

A




64

b 2

¢, 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
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
General Electric shall conduct large scale engine tests to:evaluate the perform-
ance operation and fail safe characteristics of the reverser. General Electric
shall provide Boeing with a summary of the test resulis.

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

5.3.2 Nozzle Development
5.3.2.1 Boeing Mode! Tests

a. Wing/Pod Integration Tests
Boeing shall conduct model tests with the nozzle in the presence of a wing or
wing-kody to determine nozzle boattail pressure distribution and nozzie 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.

5.8.2.2 QGeneral 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 shell 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 {ests of jet noise suppressors under jet
conditions identical to those proposed for the SST engine. Evaluation of the
noise characteristics of the suppressor nozzles-shall 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 and-full 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 {inal 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 Génexral Electric
with a summary of the test results. The objective of these tests is to deter-
mine the jet noise suppression characteristics and performance losses for the

full scale exhaust nozzle.
5.83.3.2 .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 hand and 1/24 the oétave band SPL over a complete polar grid
around the engine. Several thrusts from idle to full power shall be included.

(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 idie to full

power shall be.included.

(3) General Electric shall conduct full scale noise and performance tests
on the.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 grid around the engine.
Several thrusts from idle to full power shall be included. Boeing shall have
the option tc witness the tests and teke 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:
inlet /nacelle /engine compatibility, thrust reverser performance and qualifica-
tinn, and inlet and exhaust noise suppression evaluation,

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 II FLIGHT TEST PROGRAM

5.5.1 General

The flight test demonstration of engine performance and cperation, and the
evaluation of the propulsion system, are included herein. Boeing shail conduct
the flight teats. General Electric shall monitor and support these.tests.

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

5.6.2 Air Induction Systemn Performance and Operation

Boeing shall zonducs flight tests to demonstrate the air induction system
performance asid-operation, and iiilet/engine compatibility over the flight
envelope of the girplane.
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5.5.3 Engine Performance and Operation

Boeing shall conduct flight tests to demonstrate the installed engine perform-
arnce and operation over the airplane flight and maneuver envelopes. Installed
engine performance will be demonstrated as specified in Par. 4.3.3.1.

5.5.4 Evaluation of Propulsion Nacelle and System

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:
nacelle and engine cooling, engine oil system, accessory operation, engine
anti-icing, fire extinguishing system, engine instruments, nacelle 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,
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6. PRODUCT ASSURANCE REQUIREMENTS

6.1 BASIC CONCEPTS AND DEFINITIONS

In the context used here, the term Product Assurance includes the subjects of
Reliability, Safety, and Maintainability. The elements contained herein dre
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-
tainahility 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 required to
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 of the data
specified herein required for Boeing to fuifill 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
will provide o GE «opies of the following items relative to reliability, safety,
and maintainability.

a. Major program milestones.

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

c. Operational and maintenance concepts to support the B-2707 system.
d. Time goals for:

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

(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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©. Recommendations submitted for information or for decision of the FAA
that involve GE furnished equipment.

f. The integrated Séfety Engineering Program incorporating the General
Electric Safety Engineering Plan.

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

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 compatibie and acceptable data formats,

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

6.2.3 General Electric Responsibilities

General Electric will report achievemenis 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 mutually
reacting malfunctions and malfunction effects.

6.2.5 Problem Analysis and Corrective Action

During the flight test and certification program, raalfunctinns and problems
will undoubtedly occur requiring investigation, determination of responsibility,
and identification of appropriate corrective action. The following will he
accomyplishad 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 Boeirig and
GE representative(s).

b. Where on-the-spot cause determination and corrective action sre

‘mutually agreed upon, .2 report will be prepared by the responsible party and

the necessary corrective action accomplished.

c. Malfunctioning engine componenis will be forwarded to the GE B-2707
Spares store for disposition in accordance with the ancillary agreements.
Parts or components requiring fu-lker investigation or analysis will be with-
drawn from the store and later returned:to-the store in accordance with GE
procedures. Analysis of the faded component will be accomplished by GE.

Where an engine/airframe interface problem is suspected, either party may

request participation in the investigation. A full report-will be prepared
and signed by both parties where an engine /airframe problem iz indicated.
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d. For all joint investigations, in the event of a disagreement, dissenting
opinion ghall be included on the failure analysis report.

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

6.3 RELIABILITY

This section contains the minimum elements to fulfill system reliability
responsibﬂity and provide effective engine/airframe interface. To the maxi-
mum possible extent, these objectives shall be fulfilled as part of the basic
contract with the FAA and shall not require additional nor different effort.

6.3..1 Design Objectives

6.3.1.1 Numerical Objectives

When operated within the environments and performance limits specified
in Sec. 3.0 of this document, the reliability cbjectives shall be as shown in
Table VIIIL,

Table VIll. Reliability Objectives

Endof | Mature Engine-2x108
Phase III Engine Flight Hr
a. 'MCBF (mean cycles Fofore ,
failure to start within 5 minutes) 1,500 39,000
b. Mean time between inflight shut-
, downs (hr) 450 11,100
¢. Mean time between augmentor
power loss (hr) D 270 6, 660
d. Mean time between premature
engine removale (hr) 160 4,000
D’ As defined by 100 percent augmentation power loss.
¢ & ‘dition, the engine shall be designed and constructed to function
%y ) hr duration without failure of any engine component as a re-
o 3, 5§ operating at a noise level as specified in Par. 3.2.1.2.8.

Degree of attainment of these cb]ectives ahall 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 Sec. 3.0. These:requirements are specifically related to, but
are nct limited to, Pare, 3.2.2.1.3, 3.2.19.1, 38.2.19.2, 3.2,.19.4, and
3.2,20,1, Compliance:with these requirements shall be demonstrated in
accordance with Par. 6.3.2.2.
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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 reclated to one or more of the characteristics
of Table VIII as well as to the appropriate portions of Sec, 3.0.

6.3.2 Quality Assurance Provisions

6.3.2.1 Numerical Demonstration

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. Tor 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 tol 1 cumulative 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 teat results, extrapolated by analys 3, show
that the intermediate and maximum experience goals are achievable.

d. Compliance with Par. 6.3.1.1 (e) will be demonstrated during the type
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
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-
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 can result in uncafe
operation of the engine or the airplane. s

D6AI0198~1

]

S|

-3

|

t.) L)

tJ

L




FAILURE/ERROR MODE, EFFECT AND C

- ITEM
IDENTIFICATION
LOCA- | IDENT
NAME TION NO.

ITEM

FUNCTION

PHASE

OPERA-

TION

TYPE OF FAILURE
OR ERROR

DETECTION | POSSIBLE |SECOND,
METHODS CAUSES | FAILUR

gy M

b md  leed  ld

SoeNe ;mawN—

—

PHASE OF OPERATION CODE:

PREPARE FOR FLIGHT
START/TAXI
TAKEOFF

CLIMB
SUBSONIC CRUISE

SUPERSONIC CRUISE
DESCENT

APPROACH AND LANL NG
TAX! 'PARK

GROUND OPERATIONS

HAZARD CRITICALITY CODE:
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SYSTEM. COMPONENT MALFUNCTION WILL DEGRADE THE
SYSTEM CAUSING PERSONNEL INJURY, SUBSTANTIAL SYSTEM

DAMAGE OR RESULT IN AN UNACCEPTABLE HAZARD NECESSI-

TATING IMMEDIATE CORRECTIVE ACTION FOR PERSONNEL

AND SYSTEM SURVIVAL.

C. MARGINAL - PERSONNEL ERROR, DESIG
SYSTEMCOMPONENT MALFUNCTION VIL
SYSTEM TO SOME EXTENT WITHOUT MAJ
OR PERSONNEL INJURY, BUT CAN BE Al
ACTED OR CONTROLLED.
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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 specified 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 fail
to remain in the position occupied at the time of failure.

Thesc 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,

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
will be conducted.

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

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

(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 datae 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
reliability predictive data shall:be inciuded,

(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 intefvals not
to exceed six months.
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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 achicve compliance with the provisions of Par.
6.3.2.1 shall be submitted 90 days after contract award for Bocing appreval.
'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 he included,

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

(6) Failurc and Analysis Reports as generated.

Tllqse items shall be included'in the status reports identified below.

¢. 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, alorg with program for recovery.

(2) Technical Status: This part shall consist of reliability estimates for -
the overall system and each major segment or component thereof, and shall
compare predicted reliability (or MTBF /MCBF) with allocated rehab111ty
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) Signiffcant 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) Propesed resolution

(d) Action agency

(e) Current status

() Reference correspondence or data
(8) Amplifying remarks

(h) Final reliability report

The reliability portion of GE's final report required by the F#A shall be pro-
vided to Boeing for coordination prior to submittal and shall bicsi:de a complete
accounting of the accomplishment of the Phase I Reliability Program including:
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‘ f a. Summary of results achieved by the contracted reliability program.

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

[
L c. Status of equipment qualification program, including deviations accepted
and their effect upon reliability.
-
: d. Recommendations for continued maintenance of system reliability in
) the field.
-
F 5 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 during development and
o test. To the maximum possible extent, the activity implied in these responsi-
1 bilities will be performed as a part of each contractor's basic contract with the
1 g FAA and shall not require additional effort.
; As Boeing is responsible for the overall safety of the prototype airplanes during
180 Phase II of the program, and further, is required to establish and maintain an
L Integrated System Safety Plan, it follows that Boeing will establish the Safety
‘ Analysis techniques used to evaluate the integrated airplane. Within this frame-
Sl work, the responsibilities of each party are defined as follows:
; U 6.4.2 Boeing System Safety Responsibilities
- Boeing will prepare an Integrated System Safety Plan (ISSP) upon receipt of
3 '-3 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.

¥
A
b

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

T e . .
7 T T T R Ty

d. Provisions for Engine/Airframe safetv program coordination meetings.
¥6.4.3 General Electric Responsibilities

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 will*be 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:
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(1) Uncontained engine fire
(2) 'furbine disc failure
(3) Compressor disc failure
(4) Loss of scheduled thrust
(5) Engine seizure
6.5 MAINTAINABILITY.
6.5.1 General
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 I1X. Maintainability Objectives

End of | Mature Engine-2x106
Phase I Engine Flight Hr

o

a. MMH/EH (maintenance man- (1) [T >
hours per 1,000 engine hours)
b. Equivalent TBO (time between overhaul) D [>

(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 II
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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 verify
quaititative 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 nct 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:

(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 suppout 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.)

(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) Alist of tools, equipment and facilities required to accomplish each
discrete task.

-

(4) The quantity and skill-level of personnel to accomplish each discrete
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
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.

6.5.4 Data Requirements
The following data shall be provided to Boeing in the form and in accordance

with the schedule specified.

6.5.4.1 Maintainability Program Plan

General Electric shall submit a copy of their preliminary maintainability pro-
gram plan submitted to the FAA in accordance with the RFP. Aiter coordination
with Boeing and the FAA for overall program compatibility and approval by the
FAA, the plan skall 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.

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 ccntract or defined by the program plan. The bi-
monthly reports shall include:

a. Results achieved to date
b. Problems encountered and action taken or planned.

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 II Maintainability Program.

6.5.4.3 AIDS Interface Data

The B-2707 airplane will incorporate ns an airline option an Airborne Integrated
Data System {(AIDS). This system is intended to provide propei’ controls and
methods of measuring deterioratior: to permit maximum extension of TBO's.
This system will receive data from, and monitor the operational condition of
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.

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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degradation. The data requirements specified below will be used to identify or-
verify AIDS requirements and performance. Data required in compliance with
the Reliability provisions contained herein shall be used whenever pogsible.

General Electric shall furnish:

a. An "out of tolerance' failure criteria for each mode of failure which
appears degirable to monitor by AIDS as identified in the GE failure mode and
effect analysis.

b. The measurement accuracies, recommended sampling rate, and.
sampling perioc. 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 fo be used in fault detection, isolation
and prediction down to t.ie LRU level for (b) and (c) above which will eatisfy 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,

g. All available AIDS data relating to (a) through (f) above shall be
submitted to Boeing prior to end of Phase II. As additional data is developed.
in response to(a) through (f), it shall be submitted in bi~-monthiy progress
reports starting 30 days after coatract 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 III program.
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