


l+I Canada Institute for 
Scientific and Technical 
Information 
J . H. Parkin Branch 

lnstitut canadien de 
!'information scientifique et 
technique 
Annexe J . H.Parkin 

Report No.: .O~t.-... A:J.r.9 .... ~~.!9.~ .. ... C::.i.'?S .... o:-.'.1 .... ... .. .. ... .. . 

Has been : D Downgraded to: 

doe-Classified 

By: (Name) .. .... . ... . 
A~ P~r I e.,,'r:t, 

'" {,, 7{Ji)'iS/0•'' (Dept) ... ... ... ....... .. 

Date : I .~!':l,~ .>'.'l k .. . 

,~u.d -
~/;{zinge~ 
Deputy Coordinator 
Access to Information and Privacy 

Signature 



~;11 X 

r,--: •. ,eJt 
Requirements 
Layout of tunks 
Tank c~prci~ies· 
Pras:sL- izat1on 

F U3' LAG : 'U rt.KS 
Pres,;uri2at,ir.n 
Prensuri.:::in c,mponents 
(i) Dif1erent1~1 a~r 

pressure rogulutor 
(11) Flr.w limiters 
(iii)Flow intake control 

v lve 
(1v) Differential air 

pressure relief valve 
'Iransfer 
irnnsfer components 
( i) Fuel no/air valve 
(11)1 ansfor pumps 
(iii) 'uol ressure 

regulator 
(iv) nut-off and by- pass 

volvo 
(v) Pc l by-pass override 
Summary of fusel gc fuel 
tank arranio11.onts 

Prossurizatinn 
res urh:irg ~nmpor.ents 

(i) l~~ li' Ltor5 
(11) Abs lute air pressure 

regulator 
(111) Absolute air ~ressure 

relief valve 
'.transfer 

. 
Ha ui-1 co"'1.pil d y: 

Parlt . 

l 
2 
2 
3 

4 

5(1) 
5(11) 

5(111) 

~(iv) 
6 

7(1) 
7(11) 

7(111) 

7(1v) 
7(v) 

8 

9(1)(5(11)) 

9(H)(5(i )) 

9(i11)(5'(1v)) 
10 

M. t' . H. • 

Page 

1 
1 
2 
3 

4 

5 
C: 
,I 

6 

7 
7 

9 

10 

10 
11 

11 

12 

13 & (5) 

1 & (5) 

1i & (6 ) 



• • 

• 

• 

rrnc~ 

·:.ow '!'A'""''5 - continu':!d 
1~ ar:.:;fer c· r11;0114 r .. ts 
(1) • 1 ro/air valve 

ccntinued 

(ii) 4-t:l n , · p;r,,;1rt1,,., r 
fu: }rr 0~ ,,-t.n: fu-~1 tnnl: 
arr·. r.~e::1e1 t s 

cor.,_cr,'_ T K & . ,~ .r. rrr.n 
1-'r-.esPur.:..zati{•n , 
( 1 ) i\egative ''G" e L . L. 

air edmlsFinr valve 
(ii) Air rclcas1 VBLV0S 
Tr,r.sfor nr,d engine ff;!-"d 
(1) booster pu~ps 
(it) F'uel shut- off and 

crossfeed 

hi'Fli~I.LlI,G 
Genore.l 
JeiuelltcL no-~o cnt3 
(i) Accet;:; ct::;rr & Manually 

opuratod euto V«lva 
(11) :foster refuelling p::inel 
(111) Pcfucll ing &: slgr.al 

i anels 
(iv) ,efuell1ne shut-off & 

lJvel sonzlng v~lve 
(v) Two- •ay s·mt - off vulve 
Pre-choc1'-ir,g 
~artlal ro!uellir.g 
r ull refuel 11 ng 

FUKC'J T . , : "G TF:f.lq . 
(i)Puel pros~urizatl~n 

system 
(11) Diff . & abs0lute nir 

relief valves 
(iii) Air 8ressure regulator 
(iv) lr pressure regulator & 

~elief valve override 

APP mIC:.S - Dia<-r1v-,.n :relating 

Pera . 

11(1)(7(1)) 
11(11) 

12, 

12(1) 
12(11) 

13(1) 

13 (ii) 

15(1) 
15( 11) 

15(111) 

15(iv) 
1.;(v) 
16 
17 
ld 

19 

20 

20(1) 

20(2) 
20(3) 

24(4) 

Paee 

14 & 
14 

15 

16 

17 
l? 

18 

18 

20 

20 
21 

22 

22 
~3 
23 
25 
25 

2'i 

27 
20 

29 

( & ) 



l . 

• 

• 

!UL.G~LJ 

Thf • rPqulrements of the f ue 1 system fr,r the 
Anno~ are thut the fuel manst;ornont stmll 'be os fe.r as 
possible autcir.atic; that t•,e mini um move:r.ent rJf the 
C nf G rerrnlt!l from tho trensfor "f fuel; that 
mexlrnum engine power ls ava lloble (full tcol flow) 
regnrdless of the aircraft speed, altitude or attitooe. 
'l'he fuel syst m 1s C{'nst-:-uctod ttlel"eforo tot 

t.AYOUI' 

(a) Function under all conti tt1ons qf SP"''ea, 
attitude, altidude and temper .ture fro::i 
s a level to 60,000 ft. 

(b) r.llo.r fr T engine fU"'l requirer.cnts up to 
90,000 lbs per ti,..,uT p •r encine. 

(c) ~llow r~r norodynomlc heating of fuol up 
to l&5°F • 

(d) Proportion fu:}1 tc, the engine so that, 
as th tnnks empty, the rnini111w:i 0ve .nt 
of the C of G results. 

(e) Allow for full or partial refucll11g under 
prensure top r it a minimum turnrou.nd 
tir.;.e. 

(1) The wn?le fuel a;i ste'll is t.t.b-Uvided into two 
, 1.,-,,.,st similar sides . l~ach. nub-system 1a designed to 
suµply fuel to tt,11 engtno on tto.t 1oido, but a crossfeed 
ccnnoction is ·provided so tl "t if ("Only l'"IU,,. engine is- in 
uso, all tLe fuel carried mny be usod. Th whole system 
is pressurizod to effect tronsfor ~nd to prevent bniling 
or fuel at lt1tude . 

( 11) '.1.hel' is a tl'"lhl of fourtoen t nks in tlle "'h"'le 
system, oach cnr;ine being fod by nne,-- of tl.o fuselago tanks 
and six of the integnl winr; tanks . 7tvso u•t, divided- as 
followst 
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(a) FlG·iT H UJ ~1JGI.;'; 

Tank !½ . 1 277 Gals . = 2133 lb . (c lculnted nt 

a 151 1162 . 5 7.7 lb/gal . ) 
90 693 

5 147 11~4 
6 151+ 11&6 
7 279 2148. 5 
8 123 l.33i 

1270 Gals . 9779 lb . 

(b ) L'"'.FT II !ID ":l,GINV 

Tatnk ,o . 2 281 ,als . - 216li- lb . (oalct·l tod at -
a 151 1162 . , ?.? lb/gPl.) 

?O 69~ 
5 147 112 
6 154 1186 
? -::,79 ,;:l4b . 5 
8 123 133, 

1~74 C ls. 9810 lb. 

Th, 1 TAI. 'l'i liK CAP-4~1' I , 2,1tl Gals= 195'89 lb . 

(111) •"'lle quantity of fuel ir ea h su'b-systam 
is registered n tbe two ·auges in th front cnckp1t . 
The gauging cf fuel is derived from capocitirnce nnits 
fitted in each tank. (This snhjact is dealt wltt, und r 
"Electrics"). 

(iv) Tanks fo. l (r..11. engine) and ~•o. 2 (L.H. 
engine) aro locatnd 1n the fuselage, ounted in tebdem 
bet-wo u s tn . 315 f nd 4b), • nd nro a rubber cell typ • 
The re ainin t~nks aro An 1ntegr: 1 p rt n1' th".l ir.r, r 
wing, betweor. th .. frC"nt rnd rear spars, nd collectively 
occupy all this npace exc pt for thQ wiJel wells rf the 
c:ia1.n lrn<l1nr, gear . n add1tionri1 fuel load of 50 gnJl-.nr. 
may be carried in a Jet•iscneble bolly tenk flttod under 
the fus~lagi, wht~h feeds by ~1r-- prea'"tU-e (30 p.s.1 . 
obnol ute) int0 cl\ch "f t11e col 1ect<>r tanks • 

1 ·•eh sub-sistam trcnsf rs fuel b)• air pressure 
t!"I tank i;o . 5, t e cr►llcctor t. nk, -which, thr()Ullh an engine 
driven b~oster purop, delivers fuol tn the ~nsine on its 
rt•spectivo sido. 

Fuel anrl cnndensnte dn in VHlves orn fitted 
intf> ~nc w:lng .:ink. H1 !e. vnlv s ttrc for dr"l.1n1nr. off 
accuarnlatlnns f oter ~ nd c n bo us d f r dr ining residual 
fuel. The vnlvcs aro fitted in tn t, ~art ~r ~en tank 
which, when tt e nircr ft is n t, t;round, is lost end 
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collects r s1dual llqt1d . 1he valvoz r.r cpe~~tod ~,~ally 
fr t .o oxt el';.cr , by pushing up 1.h flus . flt 1n..., cap of 
th lo Pr fl rt of t c vrlvo wit 1 a cr:iin!nt pipo- r.nd . In 
t 1J fu !.'l ,e t nk" drains o.t'e fttted in e eh t nk ond tn 
tr e space bet cen tt,e tant, a d t ;e tank fl"" r , fr" tl arains 
ti.e resldunl liquid 1 piped aft tn tlle flar.i tr~p 1: t, duct 
bay. Dra lnage 1 • achieved y the sa mett od. !3 used f r 
the wine tanks . 

(1) To prarsur1rc th fu, ysta~, t v u ~r air 
pressure ore U"' ,d , nd a tl,1rd . lu <"' 1 1-s tr et tn 
Vont Intake Control Valves in t q lago tanY. . 

(a) AL LTT:' , Arn tTlR Th ... wl n tank are oll 
metal constructlrn and c n v1 tllstend high 1 vol 
"f prossurization. A µressure of 2~ p. s.1 . Phsoluto 
1s t d . Thls re,:; ur is m-a:rnr d • ni t bs"lntc 
:i:err,. A h~nd - h ld r,re:ssure gaug w 1ct 11 inoicnt s" 
z r 1 actually all ..,ine fr-r tt c srr of: the 
atl!!Osphcre hich, ot see level 1s but 14.7 p.s.1 . 
Thus a eau fitt d tn at ok which 1s thon pras~ur-
ized so tn t tho uc ro ds 10. 3 p •• 1. 1 nl 
r .. ding tlio value f iressure .. bnv th ex1 ting 
atmcsph ric pres uro. The bsoluto pressure 1s t 
sutt of t .e gau;:te ;riassura an.d tl1 ntr::osph ric 
1 ure . In the xa ple; 14 . 7 p. s . 1. atm ,iph,u•ic 
+10. 3 p. s . 1. gau o = 2;7 p.s . 1. absolute . ls 

a1 ituda 1s ain d , atm<lsphoric prOS$Ur~ falls but 
th oue: r din{, increases S"> t ot thfl !'JUr:J of the 
two - 25 p •• 1. absolute . 

(b) . ,-, ll f, Th fu nlngo t nks 
re rubber cells anc sed lo tt s,e t metol ~rt c 

t1rsel a nnd camipt w1tt~st c.d a very hie d gre 
f presnm·1zat1r.n f0r tho"'o ter.ks a prossu.,.. of 

10 p.s . 1. diff~ro,~lnl is us d . Tnis r ss·rc ls 
me ... u: • d ageir.st f..hP. l t npheric I resst:re . Tnu.s 
a au o fitted t~ at tk pr ssuri£ d t~ 10 p.s . 1. 
differential w1, 1 ,.ead llJ p.s . t . d1. forcntinl at 
all lovols, but tl actual pressure in thQ tonk, 
tf 111Ci.:.suY'ed nga1n t t .c bsolute z ro, decroasos 
in valuo a!l tt.o • t h ric pressure roduce!I -with 
altitudo • 
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(ii) Th(} air supply f r tlic tank pressurization 
systeru is t"lken at o5 p. s . i . differential from the 
aircraft a1r-c,.,nditioning tystem at the output of tho 
air-to-air heat exc•ianger . D,1wnstrearr; of the heat 
exchanger a high pressure r lief valve 1s fittco as 
part of the air C(nditioning system. The high pressure 
air is then passed thrc-ugh a hot aLr filter, fr m the 
outlet or which it is piped to tho absolute and differ­
entlol pressure regulators . 

(iii) A take-off from the 85 p.s . 1. dif1orential 
airs~ ply line is also taken to an 18 p. s . i . different­
ial regulator which provides a1~ to the Vent Intake 
Control Valves in the fuselage tanks. 

(iv) After the engines nre started it· takes 
approxi~rtely 1/2 minute to pressurize thn t~nks to 
18 p.s . i . absolute, and 2¼ minutes to reach 25 p.s , 1, 
absolute . 

WS£1..AG.£ ~ 1' ANKS 

PP'l"'.:SlRIZATI\>N-

(i) A take-off from the high ~ressure air supply 
11nc at 85 p. s . 1 . diff,ercntial provides high pressure air 
to the inlet of a diffcrentiu.l Air Pressure Hcgulotor, 
which regulates the supply to tho fuselage tanks at 10 p. s . 1, 
differential . The outlet line from the dif'forcntial Air 
Pressure Regulator div1ces to sup ly regulcted pressure to 
the two tanks through one or more of the three Vent Intake 
Control Valves . These v~lves, t'W mounted at the top and 
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one at the bottom of each tank, aro fittr-id t o prevent 
fuel fro ll'! entertnr the pros"!uri:zation lines •hil:Jt 
venting, end are fHt,:,d in th.,.so positions to 0llov 
pressuriznticn nnd v nting to talrn pl ce regurdless 
0f the attitu1e of the aircraft • 

(11) To prevent over pre'!!flurtzation of tl1e tnnks, 
in case f f~iluro 0f the differential Air Pr~s~ure 
R~gulator, a £lo~ 11n1ter 1ff fitted et the rogulrt~r 
in1ot w ·ich limits the air f'low to slightly abov r-r'llal 
maximum do;.:Jn<l , ond a differential air relief valve , 
fitted at the regul~t·r outle t, relieves excess p~~-~ure . 

(111)' In the event c-f damage tc, m1 of· the tanv.:s, 
;)ressurQ 1s maintained in tb.~ nth0r by flow l1m1tors 
fitted in tne pres~ure sup ly linoz t11 ench. 

(i) DIF'T-'Eltr.:tr.r IAI. AF. 'HF SIJh" nrmm., TOR 

This valve reg1ll tea the pr~!n1ur11 of the 
pressurizing air fed to thG fuselage tanks tn a value of 
10 p. s. i. dif!'orential. High pressure air, i'r. thn alr­
to-air h"-D.t 'exchnnger , enters th'J unit and p sses through 
t1.a ennul:.r opon'ng nr,....und th~ sleeve valve and past the 
spring loJtd<•d plate valve t the tank. ThfJ sleeve valve 
is kept in the open r,osition by the spring which surr-:iunds 
tl:'le ambient roference bGllolofs in tha sen-:ing chunhor . The 
sloeve valve is cnnn~cted to tho senslne unit by a connect­
ing rod which onds in the presnure plate fcrming the lower 
end o.f tha bellows. ·under the prossu.t-" .,late ls ti chamber 
c0ntainir.6 air at tank p, .. es.nur~. The balance of the tt!nk 
pres.-ure air against the pros ure late, r~d ambient air 
in tne bello·s, contr~ls tho opGning of the sloeve valve . 
As tanl{ pressu-re 1qcreases relative t,., ambient air, ie: in 
a ·clL:b, it stonds to clos" the sleeve valve, and 11hen tha 
tank pres:rnro rench...os 10 p.s . i. di.fforontial, 1 t ovorcc".OS 
thfl air ,,ressura in the bell ws , nd t e force nf the 
surrounding spring, clcsing the sleeve valve completely 
ond prevents f1:rtt-,.Jr ll'e!l urlzation of the tank . If the 
pressure rises r.bove 10 p . s. i. differential, an in a rapid 
deecent, the Sl)rint loaded plate valve risos and tilccks 
t,,e air pa snr,o t0 r,rovent loss 0f pressurization. The 
excess tartk . "!'assure is rolieved through tllo difforent tal 
air p~essure regul,tor, (refer ora 5 1v) . 

The purpose of thcs" units h'ls ulrendy been 
described. The units themselves aro C'lnvorgent- div.-?rgent 
ducts , th the n,~ck dhrncters cho (•n tn choke the air flow 
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nt the oax1mum flow requirement of the lina in whi~h thoy 
are locuted . 

( iii) V'"'. lT Jl,'l'fil. , C 'l'H ,T, V LV. 
. . 

Tht!t pur;ose of this V.'\lve i~ twt' fold . To allow 
thl'.! air prossurc from th diffo .ntial air pres"ure regulator 
to prel'lsurizo the tnn1• t o 10 p.s . 1 . differential nnd tn prevent 
air in th tank from exceeding tl 1s vnlue dtiri• g a climb by 
allowing the excess pro!'lsur ~ t'l pass back tl,roug the relief 
valve nnd vent to atciosph re . 'he type 2 design of t 'l v lvo, 
t-,o )f ~hi<:h are f1 tted in ooch tank, no f. t ti\e t )p & • t nnd 
one nt t , botto!'l forward, 1~ such that with no nir pressu.ro 
a. plied it ri:1mains closed by a cc- l ination or fuel pr ,ssure 
and tt e .fr-rce of the spring sootin: the valvo at the outlet 
of t ,e pres urizatinn line. through t .e Jct asse!'ibly of the 
,unit, servo air pres&uro, at 18 p.s.1 . differonttal, is 
directed into the se:rvo prass1 re ch,Jmbcr. Thir. pressure e:cts 
on the pressure plate, v 11ct, 15 con .. ected to the valve, and 
ovorcnmes the .fnrce of t spr1ne in the fuel cham'~er. The 
air pressure moves ttio pressure 1)1Ptc to open th valve 
~rovidcd only th::it the servo pressure from the 'et us .mbly 
is avn1lablo to act nn t 'le prcs·rnre pl.Jtte. If the unit is 
immersed in fuel, ttie jot ns:-embly, beinp; nlso 1.- .ersed, is 
obstructed by i'uol to such nn extent that tho spring in the 
fuol eh .:::ber re-asserts itsolf and closes the valve.· 

In the 'l'ype 1 dosi6n, fitted f orward at the top of 
the tnnk snd not nortr.lly immersed in fuel, the va1vo is 
positioned inside the pressure line :rnd is opened by the 
lb p.s.1. differential ~cting in the servo pressure ctu'lmb3r, 
in this cflso positioned undor the return spring. ! uel 'Jrcssuro 
h~lps k ep the valve closed by tnrcin~ it down. •h grent r 
area of t co servo piston as comp red t~ tto lower surfnce 
of tho inlet valve ovcr~o s nny t ndflncy fr the vDlve to be 
forced open by fuel prossu1·e. 

Ve,1tinr.; fr, m the tank is ef'fectod by ths t~nk 
ressure rev rsing tt.e flov in the pressurization linen. 

One or ::1ore valves, not being l~meracd in fuel, sr(! J,:cpt 
open by the 18 p.s. i. d1ffer'7nt1ul pressure through the jet 
assembly. 

In b~th types of unit, the valve has e sprine 
loaded relief r.1echanlsm nt th" vr lv end of th~ conni.Jctlng 
rod from t he pressure plnte, so tll t if tho 18 p.s.1. 
differont1~1 regu1~tor r ils, in nrd ventin c n take place 
through TypG 2 units and out~.rd venting throueh Type l 
units . 
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(iv) prrf R": rrr 1, AT. Hms ... nrr::- R LII'I<"' v,u~rr: 

This valve protects tho f selago tanks fro:::i ov· r 
pres ·t1ri~at1on during a climb or 1r. the event of failure of 
the differentinl air prossure regulator ve,lve . Provision 
1s 11150 made to ll"W i. t to open during refuelling • 

_ The unit consists or three ir chaobel's, contain-
•• ing ambient air , upstrenm air pres:iure and r.:etered upstreom 
air pressure; a main valve, kept closod by t ,e force 0! a 
spring and the pressur9 of metered upstream air; a pof,pet 
valve, k pt closed by the springs in tLe ambient air chamber, 
but moved to open in rosponflc to tl e d taphragc between the 

mbient air and upstrenm air pressure cbamb0r5. 

Th0 prsssur, nf ambient at~ and th~ sprint forco 
in ttv:i nmbient s.ir chamber is sufficient tr> overcome tho 
-pressure ln the upstroirn: air vrossurc chnmbor, t11us lccoping 
th~ poppet valve clo5ed . lho pro sure n~ metered up3troam 
air :rnd th11 foi-cc of the mrin valve return spring r::aintains 
the main valve closed. A rise in upstream eir pressure 
cvorcomes the ambient c.1r ,ressure nnd spring i'crce, and 
ai l!')ws the poppet valve to ,,pen. The pre~sure in the r:ctercd 
ai~ chamber escapes tn atm~sph~~e nn1 cannot be 1-.ediately 
reµlaca:i due to tho ,.netering Clr1f1c~; inlet pr..issure cver­
cQmes th force or tho main nprinG and ~pryns t~~ cctn v•: e . 
~s :'loon th, inlet pressurct nc! consequ-::ntly th upstream 
pressur, falls below 10 p. s . 1. differ.entinl the poppet vnlve 
closes a ain, pressure builds up in tho mett3rad upstresm air 
pressur chamber, and the main valve nhuts. Th~ v~lvs has a 
permanent bleed, wh.ich stabllhes th fue;cticnin& cf the 
pressure reg,lrtor nnd also s~rvos tool w pre:;surizin~ air 
to escape when the elrcr.ft i ~n the gr,und . Tnnk pressure 
returns to atrr.os.)heric r,:ressure aftor about 20 t,ir..utes on 
the ground. 

In thry ev nt c t the pressure T8gilla tor f ilinr, t the 
vnlve -will open when tank prensuro exceeds 10.5 p. s.1 . differ­
ential . 

During rofuolling, the overrldo solenoid is energiz~d, 
air in tho metered air chamber is llcwed t escape to 
atmosphere, Rnd 1r,lllt r-ossure fC1rc:en th, F h valve open. 

Th1H valve also 1 1 
due to fuel expansion, when tt 

.Ili..~E 

•s the oscopo of c~cess ft~l, 
tnnkti are fu11 . 

(1) Th ressurizing air in th~ fuscl·ge tanks, r.:a1n-
ta1ned ~t 10 ,. .s.1. differential forces the ft 1 into on,;i or 
both of tho l" ual/ No A.ir Valves 1'1 tted at tb pick up points 
of th~ transfer line, und along tto trnnsfar ltr.e tCJ th 
electrically driven transf r pU!:lpS. Tho .. e p p!! boost the 
tranl'lfcr p essuro froo 10 p.s . 1. dif! rantiil to c:atch the 
tr&nsfor pressure of tho wing tank $ystom whlct, is nt 25 p.s .i . 



• 

• 

• 

- 8-

absolut e . The outlet fuol )ressuro of the tran~fer pumps 
is r0gulated by a fuol proosurc regul t~r valv~ to 25 p. s . i . 
absolute . In the evont of the rcgulnt"'r fa1Un an over­
ride provision permits ~ressures ln execs of 2ti-30 p.s.1 . 
absoluta to b8 fed back to 1ts sssocii tcd fusologe tnnk • 

ln the event nf the transfer pu:np failir r. , fuel 
is by-passed throur11 the shut - off and by-pass valve? fitted in 
parallol ncross the inlot of the pu,cµ and t ho outlet ,..f U'e 
re ulnt!'lr . Pump failuro is sensed by a differential pre$suro 
switch fitted in parr,·lol vit!. tto pump hich co~ple tes one 
of tho 11

• ·-r, rR,JP 11 warning llght clrcuits , .. nd tbe 1117J 'L 
rROP" warnin light in tho cockpit CArnes ,n . 

l:.,1E: 

(1) 

Th electrical input to tho tr n~r--r ,rn:::}l .S is 
c ntrolled by a sci:=iso:r switch on t .. o po.,,t n; in 
unde:rcr.rrial!e; supply is l!l~do nvai lahlo only ,.hen 
tho l~ndl~g gear 1s retracted . 

The solonoid- opernted Vtlvar, in thti servo line, 
between the shut- off and by-pass valves and the 
lev,.,.l sensing valve, are al.s·'I cnntrclled by tt e 
sciscnr switch i n tl.o port main undtn•c~r-riage . 
ThA scl nnids aro enQrg1zed ~hon t no lond1ne 
goar is retractec ~rd t 1a trnnsfer pump ls 
functi~ning . (The function of the s lPnoids is 
explained in para 7 (v) nc! the lavel ~ensing 
valve is explained un1~r refuelling). 

J'Tf"'J,/tW AIR VAL]] 

Two of these Vulves are loc t~d at the bottom, 
fore and aft , of each !us lnge tnnk. Prov1dod t~ey arc 
covored with fual the valves ram.a.in open and tt,e pressure 
of a i r .forces fuel into the transf"' r lines. As s0on P.6 o 
v lve bec...,~nos directly exposed tn prassu:-o of air tl'l.e 
inlot closes , no n~ air enters the .fuol transfer lines. 

The vnlve is crinstruct d to:­

(n) Opon w en 1~ ersed in fuel 

(b) Close 1f air is likely t o enter tile transfer 
lines, either dun to low fuel level in t tie t"'nk 
~r aircraft nt1tt,de . 

(c) Act as a check vnlve durinu r~fuelling . 



• 
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The unit consists of a. float oper&tPd poppet 
vo.lvo , which clos s on<J or both of the fual bleed 
passages and a hollow shafted v~ vc unit inc~rporating a 
fuel- operated piston. Tho oi, ration of th,! t-ni t depends 
upon the fi..el pressuros act"ng on tte piston, the )ressures 
bein~ dependent upon the ,.o ition nf the pop;Jet valve 
c.,.ntrolled by tho float . l'he solenoid 0per2ted step valve 
is n,•t required ~nd is' left de-energizeJ, the poppot it 
C'"'ntrols betnr open. 

With tho float up in fuol, t:,c po -·pot Vl'\lVe is also 
up t:nd the upper port closed . Tank ;:,ressuro fcrces fLE'll up 
the hrill w shaft of the --ioln valve to tho back '"'f tbe piston, 
but this fuel is a' lowec.1 t 1> escape to the down:r;troam 31de !">f 
the v.:lvo through tho bleed passago under the poppet vnlvo . 
\..'ith do\/nstreot!l 1-'ressure on bcth sides "-f t 1e ,.->inton, nd 
downstrca:::i :>ressure "n top of t 1e v lve, tl 1e grante:r trnk 
,1r ssure is nble to overcc-c:o th r~ •c(.i --r t .e ,,enlt return 
,;t·ri1,g an ... 0 -n tho f• el valve. If th,J fu~l loval folls, 
the float mc1ch"nism closes the 1-::wer port d. t .e pop;;et 
volve preventing fuel cscr,pintt from tbf.¼l bscl{ of the 
piston, whic,,, being of gr ater surface ar<:" a tl'1an the 
fual v..-lvo ::iurface arnn, f ·,rces tt.o valve shut. ' 1en the 
fuol leval rinos again the ~res~ure nt the back of the piston 
is released nrid the vnlve opens. During refee lling the unit 
acts as a check v~lve; fuel is forced umfor. ,,ressure t,.rough 
tl·o spring lt"&ded bull valve and r.cts Ni the t, p fac 0 c-f the 
pistrm, but c11nr1ot escape through tho ollow shaft due to 
tt:e b J 1 vilv noused in t t.<-' fill,lin vt lvo . Prosst1r s i;n both side-s 
of t uo piston balnnco, and fuel pressure , ,,cting on the top 
of the fuel v~lve, clos 0 s it. 

In invortea f' igilt, tl.l') return spring "f tLe float 
operatnd ro ·et valve ~nves the pot et v Ive t0 close the 
fL•el escape , and n') fuel transfers. The ilnat is c0unter 
balanced t r , ve no e it in o1r, vr,d thus, whon itT'morscd in 
fuel, tho r<?turn sprlng of the poppet v:llve c-cntrols the 
function of' the unit and clo3as the ma in vcilve. 

ln th controlled C of G system, where no fuel flow 
proportioner is :!.ncorr,ornt d, thn functir n 01' tha v·, ve is 
also reeul·•ted by tLe s olenoid operated stop vnlvc. lth the 
stop vnlvn solennid energ1zed the fuel uscape is blocked 
reg ,rd les of the position of thr.t flo·•t c.d due t'"' t.10 build· 
up of rcs,ure on the top "Urface ,.,f the piston, th ful'l 
valve clns s. Litt. t e solen')id d9-cnerg:!.z6ld the Uff1 t worts 
normally . 

{11) 

The trarn:ifer pun:t>s, on r tted in t 1.e 1 inc between 
eacr fl·splagc tanli:: 111 . 1 ts ,-~~,_oc:t1v side of the sub-s. stem, 
are eloctrtee~ly driven ru~l pumps which fGncticn nt a work­
ing pressure of 50 ti • s . 1. differer.tial. These pumps cor-:e into 
operr tion only w:1en tit? aircraft rr.a in eaar i s retract d. ln 
«:'Tder t. o t est tne f Lncti,mint, nf the pumps on tho gr und, ,,rcss­
to-chcck buttons are provided At the master refuelling control 
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panel. If tht.! pumps ore 1,1 rki .g , th•.., buttom1 'Nill light up . 
Tho pumps are driven by a 20..; volt, thre•• rhasc it00 c.p.s. 
rnntor . Failure "f clther pup 1n flleht ls 1ndicatnd by a 
differ< ti· l prossurc switch, fitted in p rallel wit, the 
pum , 'of!llch actu tes t. 111 UCL R.,?". 1Jnrnin:g 1 -i ght 1n the 
cockpit. A low-lev 1 sensing unit, Z..:'"'t•nted on tt,e oft Fu 1 
/No ,Ur "v"nl,:e in each ftiselnge ti,nJ-1', c usos t he respective 
transfer pu~. to be switcled off when transfer from t•c ~ert 
is C( n plate. 

(1i1 J F "UL T<,R 

The unit consists of a spring-lord~d plston-oction 
main alve, f;overncd b:· a 25' p.s.1. b'1nluta bcl 01,1s type 
synsine unit, which controls the pres""urc In th<! fuill Ch"r.:ber 
nt the back of t.io pi t..on, ar:d tl,t.:, controls the opentnt nf 
t 10 v lve . 

Inlet 1'ressure f r-ccs tro valv& to <"'pen t 1:\nd fuel 
also ontors tt10 fuel chamber tt1rou h thc.1 c.iock v~1ve 1n the 
ye of the :::a in vr, lve. 1 tJ'll in tha eh mbei· is ,. lo1t.cd t,, 

bleed away t, trie out le-;. si~e through t .. e graduated <'1'if1cc, 
tna cpening ~r which is contr lled b:, the re:rnuro sensing 
b .llows. ,._f tnc downstrc· m pressure cxce ds 25 p. s~ 1. aln10lute 
tho be lowr- br;:igins to contr~ct ncd close the graduat .d 
~riflca . 1 res .... u ·e in tbo fi..el c 11cmber forcos the t:H l.n valve 
t owards tho clos'9d }'osi tir n, ar,d the fuel pressure pr.ss1ng 
tr1rougt1 t e unl 1 is reduced. At 27 p.s.i. absolute do- n!ltr am 

r s .... u.. contracto the bel;.t")~s suff1clently t,, c]o:o,e the 
gredunted 0~1r1ce coopletely ar.d t,e volve clns~s. 1n 
practice, the volve assur 9S a ~osition, g"verned by tho bellows, 
such t•i.at tbe outlet r1ressuro remair..s at El c nstant 25 p.s .1. 
absolute. 

(iv) O ,,TT- )ff ? 

Tho v lvo h s two p1st-rns, :,prin('. lo::ided nnd 
mour ted back to back on t.nllow ~p1r.d1es; eh "'li!'t"n cnn 
clns,.. th 1 valve but bnth must 1Je open tr open the v1Jlve. 
'ben fuel pr~ssu e ls a lied, fuel .lcws t t ,e plst~n 
eh □vers t .:r0uch U: ~ oye and hallo-w flpindlo ,,r t 1e pri~ ry 
v lve. This ,ressur , t ctint on tt,c lnrg,F' surface nt t1--e 
bttck f the prl H!'y Vlllve, f";cces the piston t , stay f rmly 
clo~ert. 'h n tue ressur.t ts released 1 t .a iJrirnery 
er filb-., fuel pressure: at tt inlRt ovcrc11r s the spring 
force nc. c_pot s t11e 11ri . ry vnlvo, fuol flows tbrou n tl 
body of th unit, nd, octln~ on th lArgur fr nt r~cc ~f 
the s cm. nry valve, opor s • t a11ow1n fuel to ass inck 
to the tr nJ.:. ..&.his operatfrn occur.., wLen t~< regulator 1 • ns 
rind fue 1 µres ~ur i5 t~!"l hi h ..,1. th nut let of the tr m;fer­
pu p nd fu~l-pres:iure-ra ulator crimb nt>ti'"'n. If the trinsfer 
pump fells, pressure d~~nstreom is vlrtua ly nil and Ilow 
occnrs 1n t.,e reverse direction. 
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the valvo 
to hl ed 
autrmat1c 
tho ev13nt 
over- ride 

(v) 

-11- . 

ru 1 pressut· in tt n ·,rim ry piston. n,;rnnlly k<>eps 
cl s~d , t e r~el i th s Clnda7 eh rnb9r is sllowed 
way thrf"\ugh the r t .,.r. - t,.1- tanr 1ino . In orr'l.er to permit 
f unct i on oi' the v nlve as a returri lin t( •,;nk in 
o! tt e pre:, nro regulator f 111 c "c on 11 t e by- pass 
system 19 incorporated • 

In tt o event of th P"essure re ul ·1t r fail! ,.g in 
tLc open poalti,.,n, downstrea..-. pre-si:1,.1•0 w uJu bo , uch in e:xcos" 
of 25 p.s . 1. absolute.. To i,revcnt damage to the system the 
excess ,reszure is ted bnck to th. t n· ttir"u h tnr- shut- off 
, nd by-pass valve . To open tt,e by- pass v~lvo, the pressure 
in the pr1n~ry piston chamber must be r,1~ns"d• Th servo 
line from t C¾ pr. ary ct.omber to the level s nsing valve, 
whicn normally c ntr ls thE:. shut-off valve, is pas !'ed t rouch 
a bollow pressure- ~ ns1ng unit in which d~wnstream pro sure 
ls felt by tla holl •~s . At nor~al pressur s t e bolJows are 
expnnded and keep a po pot v·lvo shut which pre ·onts the 
r_leas c,f pressure fr prl • ry chn::iber . If <.lrnmstroam 
pre ur s rise abov 28 ~. s . i . ah~ lute the bellows collapse 
nd, by op ntn the pr,piJOt vnlve, ailow3 the p"'essur in tbo 

priDJary chemb r to esca e. 11 1 pre suro at the inlet ,.,f t 11e 

t ?- wcy shut-off valve can th n open tha primory pls on nd ,ass 
back t· the tank . 

Between the two-way .shut-nff v lve and the level :.ons­
fog unit r.,f P.' eh fusr;:,ln,: t nks are two sol n id-oporflte>d 
po;-pet valv~s . These have the eff et r;f•a1,11tcnlne th s rvo 
lines fr 01 th by- p ss ov r-rid unit and t P C'°>"'' on r turn-to­
tank line, tk,ed in fligt t, t'l 1nd1vidusl prl • ry onJ s condnry 
so1:vo lines t th~ l vol onsin u11it, m;od lurtng rofuolling. 
Th0 solen ids , r on.,rgized in flight wheh the c1rcui t thr,..,ugh 
the undorcarrlngo scies r swit h is complated as tho undcrcarrlage 
is retrnct,.,d. Durirc- ref ellir, tLc soJennid nrc de-energized . 

Tllo rPfuclling applica 1"n of the by-pass and shut - off 
valves nd tie level sensing un1ts aro d~scri ed in para. 15 (iv) • 

. ,u 

The fnre oing :Jara •raphs detail the ('P r ti,.,n of the 
fusalage tnhk res"urizatl<Jn nd tran:..fer, and e1v~s n br ak 
down and 1' unct1 u of o. eh com onent • 

To su. car1za the w le -:,f the fus Ing syntem, ncv 
that all the controllL g units or known, will un1f. tho 
arran eme ts into a working systo • 
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Hich pres nuro n1r , from tho aircraf't air 
c ond itioning system, is t apped off t. air- to- air beo t 
exchanger end fed to both tho fuselage t anlrn at n c nstant 
pressure of 10 p . s . 1 . difforantbl through tl e pIFF"":ht"'?TIA.,L 

RP,;J•m , R"':GUUT •B• Thin Rir pras::luro enters the tanks t r('lugh 
on ,,r r.iore of tha three Y 'T n • "-: C ,, R JL V~LV :s fitted in 
e eh t nk , vhirh serv also to allow pressur"' in excess f' 
10 p. s . i . diff r.ntial 1ccast~ned by cl1mb1r;, to vent to 
at. ~phore thr~u n t e l . j I !, l.\ , R . - P.L .,.. V ,v· · . 
Fuel , 1.mcter 10 p . s . 1. ciff ,rent. i al , ls forco<'l 1 t the f 1 "T,7i,ffi 
11 R ·AT,v-,, , two "lf wiact, u·e fitted. r.t the 1--ottom or t.1ch tar.k, 
nnd paued nlr-ng the transr r linr~s t the r·~r. 'I ' ~ PUi! s . 
These p\.ll:Jps are fitted to o~tch tb fu elnge tnnlt tr sfor 
prossur t'J tile wing tank pre!lsure vhich ls at 25 p. r. . i . ::ihs~lute . 
Tt·,e outputoof th s umps is regul· ted by tho FT 1, I1 .• ~ .. ~ 
i ,G F, ... , n to 25 p. s . 1. absolute . Frcm the fuel pressure regulator 
fuol paRses to the fuol flow proportioner 1rnd to tho 
collect r tank, whic,1 nre aMcrib d in para . 11 ( 11), and 
para . 12 respectively. A L • J,L: r-,. is fitted in tho fuselage 
tank pressurizing line tr prevent exces s pros u:e in the event 
of 1.1 f ulty difforential ir reirnure regulatr;r, and tw" others 
arc f1 ttcd in the individual lines t oac11 tank so th t tn the 
event of dam ge to one, rres ura ls i::· 1nta1n1:d ln the th r . 

ln parallel with tho transfer pump ond ru l pressure 
regulator , a , UT- Q, T /I r.-' Y- , ASS V ALV'~, used as n by- pass in 
the event ,.,f a pump failure, io fitted t('; allm, fuel to trom;fer 
by a c"nblnAtir-n c,f gravity, tank presstiro and suction :frnm the 
fuel flow proportil")nor , and a dlfforcntial prossure switch 
across th pump actuates th .... "Ftr.T, • •. OP" wnrn1ne lieht 1r. the 
pilot's C'lCkp1 t . In the event 'lf the pressure regulutf>r failing 
11open 11 , tt.r- si.ut-off and by-pass valvo acts as a return-to-tank 
and is governed by tl.e FU .I, µY - PAS', yV ~R- r J.J}~ which relot1t:1os 
t e r,re sure in thn primnry chamb_r when do nstre pressure 
exceeds 28 p. s . 1 . absolute . 

• ·1rr. TA ·•15s 

Ph'"!3SUH IZATloH 

The win t1.nks, bein an integral pnrt "f the inr or 
wing, are of all cotnl c nstructi n and c~n bo more highly 
pro~Nurlzed th n tho fus•lnee tankn wit out foar. of do-age. 
This h s the advantage of beinr ble to dis"' ns wHh certAin 
co::ipononts required ir. th fu. lnge tan,{· to p .. rm1 t venting, 

1n1111izos wei ht , and !llso nllrws for transfe~ of fuel for 
r aximum engine de mtrnds nt all alti tudcs . 

The source of air .,ressu,·e for tte win tonks is 
ttie soml'! os for t 1e f11selago tanl s, but the lino is divided 
ups treatn ,..f two flow limiters, ono re r sub- system and two 
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nbsoluto air prcssur ragul tors ~et t 25 .s . 1. ab5~lute . 
Th pros urizing air is f d tnt) tha vi n tsn'.s, cxcluniv. "lf 
the c0 lcctor tank, through sized sup)ly linos, 'Which, in the 
ovant 01 darnago to n tank, et as flow 11 1 tors, o.nd ensuro 
that sufficient pres ore is avoil ble for the ro aindor. 
uver pressur1zntir.n, in th caso ~f fnil d ah nlutc air 
~ressur r eul to, t~ prov nted by flttin an absoluto ~ir 
~r ssur relief valve , d wnstreu: ,.,f the reg·lat~, wntc 1 
per its excossivo press 1 re tr esccpe to at~ ·ph~r . 

(1) 

Tho flow &r prossurizlng nir fro th hi h pr ssuro 
supply 11n 1s r stricted, by th fl~w 11 it r, (d ucribcd 
in pnre. 5 (11)), to slightly abov n r~ 1 maximum do .nnd. 
rr the ahsoluto air ressure rogul t r iails t.o tanks will 
net b com ov r os ·rizcd. 'fh ail' su..,p1y irv s t onch 
of th l-'lng t n1c"' a:-c sized so th t ln the ev nt of , win 
t nk b inE, d m od t o rossu. o t t e oth r t. nk!" 1 
ma1nt incd transf ntim.e.!l • 

'This valve r gulntos the high 1 t'oss r 1r from 
th fln 11 itor~ t~ o c 1st&nt absolute valuo ot 25 p •• 1. 
absolute . Its funct1~ precl ely tt s en the 
diff 1 1 air presot u otnr, (descrlb n • 5(1)), 
but c so t· e " ' c ad, a si to 
c'lnt pr ssures r .s.1. lt • orkin6 
o al f ~co oft ur dine t cl and 
the u 1' n• r o b ws, l dc,wnotrcom 

x ds ~ 5 p. t sloe ve b g1nr to 
clo.; r c s th i:r t h tho vnlve, 

r vent1ng th r ,ras,,urlz 

(111) 

Thi, valve 1s id n ~onstruct1 n ~d functi-n 
tote if r nti 1 nir r 1 lve, (doscribod in 
para. 5 (iv)), but in this o cllo s xposed to 
upstr am ir ur r c n opp t v lve w n 
pstro a 01~ ure r oclcs ✓ •J p.D.i. nb~olut • 

Dt•rin r fuo li tt,. s 1 rgizcu, d tl 
vr,lo o of oir 1.r t t nk, bai r cl et, is nllcwed 
to s epo t\ t. ~s~hore • 
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The fu-1 tro~~r,r irossurn rf 25 p. s . 1. a $oluto 
forco!l .fuol ir,t t tr:rn'3fer lines br way , "F'7"'1/•,, Air 
V..1lvcs . .t!. tted tn th t tll"' "fl t .1. inlets cf t11 • tr n"'f r 
lines . In ta~kG 6 , 7, atd 8 the trannfcr 11nn~ h3ve two inlets , 
inbo"rd ::nJ -, tboard , w .. lch all, ·z for th~ w1rig anhodr l . 
·.ra~1..s 3 hay,1 two inlets , f"T'O HnJ f t, nnd t n'·s I+ have only 
'"'n • ·rho fuel pa~sos fr,...m the Fuel/ ' Air valves at tha inlots 
t~ t he trnnsfPr l lc-s t~ t ~ fl~w r~l0rtio n r units ,...f c~ch 
9Ub- systco . T ~so uni t <> p:roportinn t e fuel c f tlmir a 5"'Ciatcd 
sub- s:·stoms nt n rate nf flow orranr,e so t'1..,t .,1 t f! t~nks 
a::1pty at ta se-o tl. 1 aids,.. t t, dt.:.rlng fl' .. t, + 8 f!cntro 
rf Gravi t y ,f tno aircroft re ai~ r latively c ·cstant. 

The wlr,g tanrs nr, so shn low n the 0ut hourd sidas , 
that it !.s t )ract1r.al tr- fit f cl pu-n~s . Collection c,f fue l 
fr"r:. th.se 5 ldo~ 1s n •c 1s. i tot,:id by th<j : n11 drnl , the tran.,fer 
has tr1"'reforo l:ofln Enrangcd t l'Oll[;~ the I'uel/lfo Air vr·lves 
into whic, fu l ls for ced by pressuri zing air. 

( i ) 

Ti'l.e function and opornti n r-.f tlil::i valv is th1. snece 
as r, s already been det~iled . (Par, grai-,h 7 (1)) . Tw() v~lvcs 
are fitted in e~cl <'f the wlnt t nks with tho exc'lpt1,....nn 
of ro . 4 t n w.ii eh has c~ly nM. 1-lo . 5 ( cn.ll<>ctor) tnnk has 
no Fu':ll/ 'o AJ r valve since all th .fu •l h delivoMd to this 
tnnk fr~~ a1l th Qt rr, frr fePding tnr ugh b~oster pu1-rs 
t trc engine . 

The nh•dra: ryf the ~:ng ~ dc~ands th~t fuol may 
b collected fro· tho outbnnrd .as well as fr m t,10 
inboard sides of tho t 1"'1~- , thll F 1r>l/ •o A.ir v~lvos h vo 
therefore been !"1 ttetl at tt e endz nf laterally rmt:nted 
t ransfer lino 11: t r.ks c, 7, and d, nd on th cutbo~:rd 
sido fore n d aft in tank 3. Th" rnly Ft:el/1;..., Air ·,ralve 
in tahk ~ is f1~ted nn tre outv~ird side . The tr nsfer 
line frc tank 3 is en~ on l$r. t~ tauk 4. 

' Pi' P 1B.Tl W"R 

ThA flo• proport1"ner cnns1sts of five fuel 
chamber::; c~ch with n sepernte inlet . T nks 6, 7, i.nd 8 
hr.ve sepnrate chn bers in the unit, os nlso do tanks 1 11nd 
2; tb<> rJ ght hand flow .1roport1or,or nccept1r fu 1 f:rorn 
fus lage ti-nl, 1 and the left hand fro t~rnk 2 . J.ani-:r 3 and 
4, huving u co mon transfer lire, havo alno a co men fuol 
chaobor in e'lch f lo-. pror ,.,rt i<"n ':::' . The cham, ers ar f'f 
nniforz, cliuroeter ut ore sized lnter'-'lly accordingly t'J 

the t enk, or tarks , fro. which they accept fuel . In each 
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m~to~ing cha~ber, ~nged nn a en on shaft , are !1tted 
cr.eter l1G v nes , -which • 11 r tnto at t e nt1 e sµeod by tt.e 
i--re~ Ul'e of fuel enter1u t e inlets. Dy rntrtlng at tl10 
same S.Jeud , tlie V'lnes prop0rt1, n the fuol tnken f"no ench 
tank , rird t.h unt f "1 el tr11rn fl"ot:1 "' c. tanlt is 
eoverm1d oy t later J. width cf tna chambers w lich aro 
siz d directly s t, 1".l cRpacity f tt.~ as ciat d tanlq 
t us all tor.:C" e ;ity tog thor . vn tL.J outlet side f tho 
eter l ne vanes th~ fu l transf r 1 inf' becoir,os co. rr.on end 

passes c! lroctly to t i, collector tank on 1 ts c-wn s de "f 
tho system • 

. ach flow proportl~nor 
electric otor- op rated by- pa , 
by l ow level sensor unit ln it 
or, by the ''Er·,- I UF.L" !!"lectnr 
.rofuolling pr!hel . Tne r fU,lllir • 
described ir ~ r~. 14. 

unit is fitt o 'Wl t11 n 
which is 15.i.gn led t o ope n 

r spoct1ve cn llectnr tark, 
switch on the most r 
functl~n of t 10 u~it 1s 

Ir. the event of a...,~in r se1.z1ng .-.r the r.:etc.,.ing 
vonen, tr nsf r to tho c- 11:?ctor "rlk cons !;, • r. .. fuel fl')r 
the cr.gine i• nly avalleble fro-:: the collecto •· tsnr itself. 
,hen t e le1,;el of fuel i n t l c llector tank t, -: droppod 
sufriclant~, a low l~vel sensor slenals th~ eloctric 
uotor 1n t by- pass nf t n r1~w ~roportion r n1 ot r~ 
"~pen" the by-pass. I· uel frc c. each 1 Lt: b. - ss s the 
rncter1ng vanes and flows directlv t n t he c- nn tr nsf r 
lir,P and t ,o collector tank . nc~ t uo by-pass has b?en 
si gr,nlled t :-ipen, a locl~-on f tu.-o kee.1s it ~o cnti1 tbe 
circr ft p~rar supply is sw1tci t ff. ns son =s alrcrnft 
l"'>r sr·ouu~ poller, su ,ply ls:: itch,.d l")tJ ara~r , ta 1,ck-on is 
autci=Lti olly rE>leasod r:1 tt.e t-y-p ss will clnse . nlfunct-
1onin of n flow p10 1,"rtlor. r ust, , erel't"r , bo eh eked 
bofc-re power is a,...pl.i,d; a ::.och nir·al "ncic:t"r on"' c' i.:nit 
indicntes th by-pPss ir: the "by-pa<:s 11 or "metcrin II position. 

',h n t .. ,. lo level SC" ---r 31{'.'nal'" tl,o by-pars 
!:'.lotor, a "i.> I/"V£L 11 lt g lt for truit t r-k cores "on" in the 
Pilot's W"Tll r: 1,;.ght ~an,., f v--.. 0 pilot's cockpit, and the 
"F1 L PRJ' 11. ~ol~n er s nn o t ie by-pes op ns. (~ee 
fuol warnings ..,n page 29) . 

Tn same S( ur ci:i f high presnure air i!l usf"d fnr the 
wing tank os for the fu~elage t nks, but as th se tonks 
nre int grol of t e it r.c r· win tho I ressure is mti1nta1ned o.t 
25 p . s.1. a solute by t .e A , f, 1 __ l'J't' If ; tr ,.._,.,, 
Thi a tr ent rs th w ng ta r~kf! t1 r ough i.ndividuRl pros uri;-ing 
lit.cc \tlhic., or slzed t intn _;:,r <15ure 1n t e ottv•r tnnks 
s. l".)Uld "'nt.! Sllstain do sge . I L I.I 1T-RS are fitted upstrnn?;J 
of thf> a1r • ressi;re r • ulat"lrs " t li · t, in the avant of o 
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rogulntor frilir, ~ir 1e ~tll avnlloblo t~ the tanks ~ta 
rliehtly h1gh..,,r pref-I ura t .. an norr::nl, nd h excesc. prr-s"'ure 
escor, r, i,ve rb ard. t ,rou n t. , . .. J ': f, , -. _ T f , _ _f 
L!.:..VS.'!;... • FnnJ, 'tmdAr 2~ p.s.1. ab~oluto i!.l f ~c"d lr t tr,o 
tr·•m:fer li.r ri t. hr"' 1,.gh t. r-i l J ,/ o_..:_rn valv ~, hich are fitted 
lat !'ally in trnKS , ? , nnd d , f r,re and af-c, in tank 3 ~nd 
of ·hkh th'ro ls r"dY 1n ir1 t· 'l};; '+, on.. a. s,, alon,. t io 
transfar 1 iues to 1,110 I I. • t :I,, ,: u.r T. Tho flm.r 
p:-oportioner, throu 1 -;ized f~el chnr:ibers 'Ind co-axially 
m0untcd m.~to ·ing ~nas , proportic-n!'i the a '"'Unt 0f fuel taken 
from the fus ls.ge and wing tant•s on 1 ts O'··n <i1.do. of the 
sub- system, and pass1>s it tc, it,. socinted collector tank. 
'.i'ln ro 0 te?"1n i> v-ncs o th flow •i~poi•tioner r.r,.. rotatnd by 
fu l pr s, ur rml:• . If one of the vanas "l:r>ulc. bac0- Jii ed 
fu~ l flo~ frr' 311 t he t~nks 0f tho sub-system c ~AS s. Thls 
r~sult~ ·tn th level ~f fuel it t t~ coJloctor tank fallinc 
until 1 t is 1 v enougtl ior ttn l"VeJ s~n~or in t e t~H11~ to 
signal. th<'l L.!...:.:..._ ",P 1, '1 ~- n:..1Lw~ r10tor \:'"' tlie ''hy-poss" 
position. 'l'h lm1 1.'lvcl s nsor ctm,tes the 111 ,}' I:-•v·:r,11 

l !.ght on the Pilot's ·.arnlnt Li~ht Panel , and the 11 :P J," 

light cc-::"es on r-1s tt o b ... - pnss is opened . mco the by- p~s"' 
t'ins opened, t• e loclt-on fenturc lrnaps 1t open for t::-..e 1· Liaindel' 
of the fliKht. 

r: COLL C'i ,rt 

~ 3UP Tl.NI f "' 

}u1 l fro~ all the tani. ~fa sub- sjstom is delivered 
t0 the coll~ctor tan~. ~n engino-driven b· sLo- pu·p in ench 
tank oa"ses fuol tn t er, ine on tts J,,m '"1de . l•uel deliv .red 
to t 1c collector tank'> i~ at the ros-;ure of tne rvst. of th•J 
systell" , but the lovel of fuel will vury t<' s0me extent u;10n 
tha de <.in.:!s 1 tho booster pun ps t:1n:l. also bHcousP. of aircraft 
attitudes whlcti result 1.-i trie 1-'uol/N,-, Air vnlvos closin 1n 
thq oth r t tnk . In view rf th s v riations f fuel lev.l it 
c an b seen th t variatim. nf rosRure will als cccu1·, '"inco 
tho t nks arc nit pre9 ,urizod directly to 25 p. s.1 . absrlute 
es 1s tt1 re t of tit sys t e . 

t:urin an intcir:rupti..,n of t1"r,nsfer the fuol level in 
the c~llect0r tank3 will fall rd pres.ur will deer ase ns 
fu l is u"" d. 'l'o p:r~vent f .. falli.r.g b 1,w fuel vapour 
press •re arr c orent is madJ t w olr t ntor thn t~nks 
as th!! pr srnre!"' f'D 1, and fr,r the lr to asca e again as fuel 
rocom ,encos to transfor r.nJ },rec;sure rino . 

Th' prAssure ln ttw c~ l~ct cr t•r ~ vnry between 
2/ p. s . 1. nbsoluto at no flow, nr 1~ • • . • 1. absoluto at full 
flo111 . At idlinr t_hA pres u-,•s r m.tdn at E;iiroxirn tely :d3 p.s . 1. 
ab3olute . 
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( i ) 

This valve is fit ed rt t ~ bottom (f t .. o col ectnr 
tank a1d ls su plir.,d with air 11rcs~.1ra f.,. . t e inc tanl-r 
pressur1znti n S\stom At 25 p. s . i . nbsoluto . It consists ,f 
a spring londtJd valve wnlch remains closed against t• e -in et 
pr eo"u·e f 25 p. s . i . absol ute provided tit"' tun!.-" p:rosuu o is 
~aintalned above 11 p . s . i . absol ut~ . nee the differential 
proosure across tu~ valve cxco~ds 14 p. s .i. absolute , the 
25 p . s . i . absolute ot the inlet of tnc valve opens it, and 
air bubble s up trrcu ~ th~ fuel und reprossuriz~s the tnnk . 
Undar negative 11 G11 or 1 vertcd f light c nditions fuel tran.1for 
ceas es because tbe ru"l/No A.ir valves shut , and .ln t. e inverted 
flight atdtudo the r,r..ly dtffar ace is t! ::it both sirJes ,.,r 
t he valve are direc tly affect d·by sir prossu~ i 2~ p . s . i . 
absolut e at t10 lnl~t , and tanh pressure at the outlet . 

( U) 

Those valveR , of which t oro are two in each 
collec tor tank, ono forward nnd inboard , one uft a4d outbo~rd 
t0 allow for <1ny aircraft attit1:do are fitt ed to nllo"1 thv 
air admitted b) t t• 11 lfogat 1vo 110 11 a. d Low Lev12l Air dm15sion" 
valve , to esca e a.gain once transft.1r ls res ed -0. ' t'. f l 
l eve l rises . The unit conS19ts cf two pol),ile t V!llvas n1 eh 
open or close in the air r leas lit.e . One is controlled by a 
float, and closes 'When the fJM t is up , and th.e othr.!r is 
controlleu by qir , nr ruol, pressure acting on a scal~d bello~s 
.,..hich closos t, ~ valve at r, press,Jre f 10s'! than 13 r . s. 1 . 
absolute ari.d opnns it at p·l'ossures gr 11to:r than 14 p .... i . 
absolute . Both poµpet va '•tos must bu op~ t0 a:.low tho release 
<"<f atr, bui; either c1osir b ,Jrevents th~ air escaping. '.lhc 
o~tlet alr fr~ tie v lve is piped to a poi1t dounstr~a I of 
the Dif'fe:rar.t ~1 Ai r Pressure egulotol' snd oscapos to atoos­
phere . 

As the fuel level falls , dur1nL en interruptl~n 
r,f transfer, th flo t )01 ot opens, and the pressure in tr..e 
t ank decreases, closin the bellows poppet as tha presnure 
falls below 13 p . s . i . ·,bsolt te . A further drop 1.n pressure 
to below 11 p. s . 1. ab oluto results in air being admitted 
t r,...,ugh the Iegat1ve 11 011 v.alve . ,hen tronsfor L:; re.auitted , 
t c fuel level rises nd tends to comprcs? the air 1n the 
tank, nnd as the pres~...,ro r~ ct1es 14 p . s . 1. "'bnoluto the 
bello·~s cortrf!ct, and op1>f' the pop, et v~lv t0 all,...,w th.e 
air to es cape. "nee tue f al level has r1 on suff1ctently 
to cperote tho flat po pet, it clnn~a, ani no furthar a1r 
escape can take place . 

In inverted tl i ht -wi t h no transfer taking lace, 
all I uol/No A1r v lves· boiug hut , t e only fu l av llablA 
to the en~i ne i s that which ic in t collector tonk nd 
pressure will tall to below 13 p. s . 1. absolute as lt ls us.ed; 
at 11 p. s .i. absolute pres.,urlzing c.ir ent~rs from the 

11 Ueg~tivc 11 G1' and Low Leval Air Ad•,.,issinn" valv • ~1.nvart~d 
!lieht 11 it ls f,...,r 15 secnn s . 
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t.O'l'E : If 1t-:-,r11 t,•un 15 SP.C"Jnds nf lnverteiJ flight is 
t"1nintnined, a11d r.or"' tan 655-, of tt1,.., ft 1 av1;11ll'1hle 
f- r 1 nvoi-ted f' tght io •mod from the coll 0 ctcr 
tank, the J~w lrvel s n~nr unit in t ~ tank will 
si_gn, 1 th fu l propo:-ti ,n('l' by-pn!'! to "by-Pas':l 0 

whid1 due to itf\ lock 0n fei.turn, will remnin in 
th('; tt_y-Pa5s 11 position f°'"'r the rflt::l'lindPr of the 
flirht. (See para. 11 (ii)). 

Thi;i. flot t of th~ f'lr.at op.-.r· ted )O pet i:; de-sl.:;nod 
to have no w.i ht in fuel, so t.i"t in invPrt,d flJ,/,~, the 
rf?t.1.:rn spring "Urround.ln[. th1; popi1'?t closes th,, v. lve rm1 
;:-'t'ov~nt.:; :f'u~t scatle 1,p t c air!' 1.~s • line, 'l!iiz W(mld 
, therw:!.r;e ho open to vtm'>s;;he:re until th"' pressure in the 
t•'l,k h d fallen blow 13 p.s.1. ,.1,.,0J.L1te t0 clnso tho 
bol"o,;1s op:r te,:l v·llv:~. 

(1) 

~h delivery ~r fu l. to th~ c~llector tank h s 
already r1ec.rl d'lecr1bed (pPra. 11 (H)) . In e,ach c"llBctnr 
tank is fitted h ··"">S te" nul:'lp t nrovl ~e su.f"ficiPnt fuP.l 
pressu~e at the inlet to thr- ent;in"' fu~l put:1p"' to prevent 
bo1lin.., • nd th11 subsoqt..cnt vnpovr lnct•. ThA ;,u:npr lncreli:tse 
tnc tl liv ry 1il'essure t.., r- irii:mr.i o1 15 p.s.i. dL'f~'"enttal 
ahovE' t• e C'"'l lector ttH'k prE:>s .. u.,..e. Th~re ,, ... ,. two inlet 
pipes to the b~ost~r ,up, ~ne fr~~ t~e r~rw~r 1 i b~erd ~(de 
of the tftnk, and :-,np fr"m t~~ aft 0utt-0erd side. ~ach inlat 
mir• lies fuel to th0 eye ::,f "'U•' of the two 1mne11 rs, r.J"t:.nted 
bock to back on~ cnc,nn web, ~1c, is driven bJ a eh•ft 
fr~~ t~o accesaory g ar box of tLe angir. on the slde it serves. 
Each puI:'!p i!. capnble of dolivi:.r1ng fuol at th, ruta ,;f 
100,000 lbs,' r t~ur (12.')87 gaJs. rr.:.r h'•ur nt 7.7 lbs/,::al.) 
wit, a pressure ris f lb o.s.1. differential nnd on1)' one of 
the two lnlQts coverod b;i 1 uol. r.ach boo!'t·,r rump 1£ fitted 
w1 th , n 0ut ,:-- :le rimt nc cavice to d tspel air t:ind vapr,ur 
fror:i the fu•l. 

In tie event of n bcostP.r ,)u:n;., fail 1.re, a ~"pRratn 
by-pass inlPt, • ith a non-retu•·n vPlve lnc,,rpcr~ted, to 
pr~vent the boof-ltr>r pump, wh~n w,r} lng, fro~ poo51r1., fuel 
back to the t•nk, 1s provided tn al1ow cn~ino fPed to 
cc ntinuc l y a. co~1t,i • t1-,n of col lnctr ':' tnnk P""!'.:""uro, rrnvity, 
and suctii-n from the en ·inc fu l ,)l.ll!'µ. '.Ihis by-poss in capP.ble 
of delivPrlng fuel at rates up tote c rantls 0f '"'n" onyine 
on milit 0 ry rut1r1g ut r.ea level • 

(ii) FU'L 

'?he control of fllel to Um engi!' , rifter it has 
be n boosted ttn·oue,b the C'")L .. ctor tank, i<J eoverncd y 
five electrically-driven hut-Off valves. 11 the valv11s are 
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locnted on t 'r,e " il-to-fuol h• 0 fat exchf.1ngf.!r , throu,-h ·hlch, 
in scp£1rato ch~!:hE•rc; f0r e· c,1 ' ~de, U-.e f 01 frc- e~ch 
collocto. l$ j'f:.SStid beft,:r-e entC' tng th~ ri in el pv.ci, R. 

•1:, 0 v~lVEJS' P-fo.·rec. t 1 <'l t nc valves:' <'!Hl! fr r each 
sub-.:;ysto::. , , r :oc-; t e t t1.~ ir.1 t t"' ti i: h et exch t,tor 
nr.cl serve t:-1 shut f fu 1 , rnn , n , r ,.. th••r " ti: 1,ub-
syztens . . A thin~ valve ir, '0c.,t , at tto bnttom of t e hE:a t 
<{ltchangor r r •1 n r\.•,-.n a:: a cro'-'.,fe.nd, so that i ue l fr the 
right hand Eut. -ti st.Bm ea.. b.:i used 11, t. 1c ltift h nd enc1r c, 
t he loft ~'lt..1 1 01· tlng v lv hoine closed. Th r~vprse 
cond 1 tir n c, n • lso be 1"1 or; d. • r I tw0 rcr:a1 ninr.. v h"<'" er 
locntecl at tt,.: rcparate riutl I." frr- 1 the h r<t cxctl r i:: I' t,, 
cnctt emgirw, • n-..: !'•~rv(• a~ lnw p::-es< ur" fuel <'ocks t, l~mli te 
the <i ginc frf"m the fuel systC'n in cc- "S 0f fil'e emerrency 
on1 fer otJginc ~1) viciq~ . 

Tlle i::;nl t' '1£ v·il v s nre c0ntrr 1 • od by a 
c:tor.sfaed f,w1tcai loc(lt.:ld 11. thE c ckp1t; it h"s tl e posittons: 

(o) : r-;:,1L - 11'ach "'r ~1r,e beir." fed b~ its ~wn 

( c) L'"::F1' 

~ut- s stem; toth isoJett, valv s 
open end crossfeed nentral. 

J Y - :ach cnt,irt b ing feci '-'! 1,t"e 
right hr-nc ub-r;yst, re; left 
h~r~d irlol fr, v ive il-" shut, 
cr~'Sfeod fro the right. 

' Y '":· eh onglr" beint fad by t e 
iert h~n~ sub-s ste~; rieht 
hnnd is">l• tin"" ve:lvc 1.- shut, 
cr~s feed fro~ th~ left. 

Ifnnl; en_ enr.::tnA is in us-t, fu l e·.r, b"l us d 
fr "l aither eld to feed thP live P.ngine ty mnnipulati n ""f 
tha crossfaad con•rol in c:::"'junctinn witr. thn en 0 in9 Low 
PJ'c>ssure fual cocks. 

'lne V.'\lves ~,re sli.din gr,ie typ• VQlv s, vow red 
by a reversible 2~ volt ~.c. ~~tor cctin~ th• ugh a ee~r 
train, whi h c~r full:,, C"pen or closo •1t'l1n ,;,n, Sf'Cr,nd. 

D~wnstr•nm ~r egch ln~ pressure cock i~ fltted 
a pressuro sui tch 11hir.:h swttcr. :-; "n ti~o 11

--: :c. :'. L . -,:;n 
11 ht on th" •·~ t r w, ,..r.5'".g p:tnPl •h 11 ,rngtn:: fee.! ,..:res ure 
fnlls bel~w 17.3 ~ .05 p.s.1. ab,o'ut inS s~itc1,s thn 
lignt out wh n -r':' .. is1"e re•ch8s 18.3 -1- r) • i;; p.s.i. absoluto . 

- •.I 
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T airl!l;'aft is refuolled_ tnrou ·l t ufu ll i r g 
adapt rs, "Hl .t r oach ul - syst i1, 'which ar lnc&ted in each 
~heel wAll f tt c , i l ndint; gear . Tw rf'fuoll1nf tc rs 
Fre r iuirod to refu J. in t. e ln1ml.lf11 tir:ic, but 1 t is uit e 
in rdor to r1fuel nno side t n ti ~. •of•elli g c ntrol 
1.s kopt y tnrae olectr1c refuelling p.<mela; on master panel 
;,ril nn,g refuollic cortrol nrl slgn 1 an 1 for ach su -
yston. 

The aircra1t can be either fully or tially 
refu~ll d . ft it I r cuso the f l pa ~g fr'}Jl2 t. t~r 
o t e Flow ~r0pnrti er Unit, but, 1ffull r f~~lli. is 

d sired, t n by-oas is open d a~a t.c tank fill t r ndo . 
If partial rafuolli ts r qu1 ed, tt::e by-pas is loft s.1ut, 
ar...1 fuel ls roportioned t h'nui::.h th rl"w Proporti n r to 
eact tank. n this tt c s t,.e quant1 ty f :fu-1 to be 
uelivercd 1s assessed by sut,t1 ectln t e c ntents sh-,wn n 
the gaugos ir the fr nt cock it frcm tte t tul required, 
and all t~rMS will have u qu~nt1ty f fuel r portioned to 
t mm so tho~ t le C f G r nlr,s ithin llt its • 

Th~ su, ly nf fu l tr t.o V1rlou~ t~r. ~, ur!ng 
refuell tn , is , air: y carrfod ln thv sac-,e pipln system 
t t , d ri fll bt, tratisf r f•·ol from t tan .. t L tt 
low~ opor 1 n r . owe er, tc p1event LJ abc t t n b· 
at,tainLng t er ucllin s•uro f 50 p.s.1. ah olute 

alter th tr. 5 have fi 1lect , tic sup )ly to ec.c'1 ~ nk i c t 
a f aut tic lly b Tank hut- Off Valves in tne su ply lin s 
which re 0vo:rn0d by n TI v • Sensing :/alve in och t· n • 
'I'h, ~nly tark" nich h ve a eparato rcfuellir.g line ore 
tne colloctors . Tna 1•efuelling lin~ pr- vidod have n t1ut­
nff vrlv and its iss c1ated lev ls n 1ng vnlve, nnd is 
fed d rectly fror... the refuelling int, ti. th c J lactor 
tanks are alwayij filled, and fill d first . T1 o~-mal 
tronsfP.r pipes fro the l lo;• P:t·op< rtionnrq t' ti collector 
tanks re shut by a mnnually o e • ted Gate- Valve lined 
to th acces :1 or to tho r fu&llir e a pto s 1 n t e wnael 
-wc 1 1s . 

'" J,u 

(1) LVE 

'.i'ha g ta type v lve, huttL1g o f t e t ansfor 
line, is closed duri g refuelling by the 70° v• ruent of 
th acces d~or to th r fuelling Nd ptor heint;; transmitted 
thr ugh ech n1cal linkage t a 90tJ rotation which closes 
the v lve . Th access d or 1 tch 1,in, vhon locked shut, 
engn s micr -swl toh in ttl ''!- rnOP" varning light 
circuit . If either door is not shut, or not correctly locked , 
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t ,1e 11 pri--, P1,fP11 light 1n t e cr-ckoit COl'i-9 "n, nnd • rns tt.a 
occup nt th?. t on ir bnth 0i' tl e g· t vn lv s n· s u~en loft 
~tut, pr~~-ntlnf tne tronsf~r f fu•l to th cell ctJr t·nk 
fr:,,., trt'·i 1"11:' • ] "iC • vrC"'c:: t e d -..er l"C' is di:org g~u, t .. "' 
doer is fully ''.- ni>r" by tt1e so1·ing loaded d ---r supp:,rt arm • 

(1 i) 

Thr rnnst r r fu •·1nt prnel is locntod nn tbe 
rncor side' "f t~ e cuct bay 1~-f'.'!cl htely forward ,r th left 
h• nd sp<'cd brake, tho access door to which cnn on]y be 
openod whE:r.. t .e s,,.rnd br:.ikc-;. are n, J.U . 

The m ster p· nel .i.ncorpo:ratfls a r.inste::- refuellir,g 
switch, : ri! [I refu"ll' ng solector switch . 

(a) :. 1!_Q_$' Vi.C:J 1'hls s1,,1itch has two 
positions: 

( 1) ON In this !-or-ition, the s,? .. tch energizes 
the over-ride solenoids ln the relief v lv~s and 
vents th"' tan;r"' to t::- Sphere. lt nls .. brines r-n 
the refuo lin inule lor on the subsldu ry 
"Refu11lllng C0ntrol l bipns 1 11nel" foe each side • 
(0~ er function-=< ro e:,qlaincd un 1.;r 0 .L'"C'IiICv 11

) . 

{ii) Ofl (f .l\T"T, In thi.3 po::.i~fon tl1e switch 
ovf?r rices v.11 1·01'0.el 1 tng ,w, tc,i,.s one'! llrt.ts . 

ThiB nwitch h•a tnree 

( 1) P ,n'l IAf.l Thero aro two 11 piirt 1 • l '' posit icns 
ft~ switch, 1n eith r of w~lc. the by-pass 

notc-r 01 tl1e fl w tl't'{' nrtion rs 1 :::- m"torad 
shnt anJ fuel 1~ pro·,ort1 n d ir.to th" t mks. 
(Tho two ."31tio~s nr fr the ~ II controlled 
C of G ynter Jh"lrO ~aic t os it 1..-n 5cs:ects c rtaln 
tanl-:s to reft...~l) . 

(11) :rur.. • l r. In this ~osition t,1e J'l"l 
Proportioner by-ppsses are m"tored to "hy-pass" 
and tanks fl: l ... t rar.dom.. 

Incorporated on t·1e I. ster :ianel art" t ... o tank 
pu::ip l.rdic~to1 buttons i "r chocking t ,., rNrnectivc tr"r:sfor 
pumps (sec para . 7 (ii)), anrl a:::.so a ground test safety ov r ­
ride m,-itc I f,r switching on the t"ansfor pu ps on tho gr'Jund. 

'di"' t'IA.s t or H 1 u 11: ng ~~wi tcl. ls .l:-'rov1d,}d witt1 a 
guard whict, ,revents thr nccesu dcor from being cloJed wlth 
the nster switch loft 11 (1 ~n . 
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{iii) 

ThA r, ft' J. lnt eor.<:.roJ c•rnJ £i r. l • nr.1, j o;.r,tcd 
outboird of tl .. ! r uell!.nr~ ce ti ?r 'l.r. ,-.._,,.:h r-,r.1 lrrding 
• 1 . .:- w J-:., I 'IC! ' yn. 1"te n 11 : • ,- L G , • 1'1,.,1. 11 switch, •h1ct, 

c; ritr 1.., .. t l l'i ... r,tc, tb t t, , r: 1 t::; 1· •;· octlvo ~ idc bv 
onorg1zine t,.~ . ·> lor .1.c!s in t11 s cor:d., r7 c. hcr:1 of t•ie· 
hlV(..l sensi•. v~ lv s. Al~') on t "' 1 i.nol <... n gro n . ign11l 
11 ht f01· (!•,eh tar. , 'eh ti"' s ut ~.1an r<1f'l'3 • lnr 1-, 
tak-ng 1-:c :i..,-t co. t r. , ., tl..J to .k f!lls. The lii:rhtt : re 
act iv tod l1y t. SPC • d ry p tstnn ,r tl.o t ni.- ,nut- ff ·: lv ,s 
an'1 thus servn 8S n .functi,,n l crwck f ~ valv s ; nd P,<' 
leve-1 s nstr, units in th t1;,nkr.. 

(iv) 

'Ihe r<>fu"' it g and shul:.--,ff v~ lve consist~ ,~f T! 

prt'l1 ry and .,ec'>n'm:y p1. t<"ln, arc" t ·~witch a bly, t rir.led 
to t 5• c r._, r. ;,1 t n, w1.t h c: • .plet~. tl e ci r<'uit t 1. .. ~ 
a!:lsncinted T'C~H' "l':1 n 1 teht "'n th,. • efuolling Contr l 
and 8 U' 1 an"'l, w· n tt ni~i:On is sonte-'l on<l th vrlve 
closed. TI cnnstructirr: of t.h V"1Ve ~ B st. 11 r to t' tw-:,­
w1 shut-off ·t:d b. -p."lS vlJve (de::icribed in p ra. 7 (iv)) 
but h s a c c}:- va l v 1 ... •.fv: 1 n,.. •• r 1.~tcn tc rcwont .,..,.vnrsa 
flnw. Th (' .. 1nbcrs nro int rcor octe:; b n bleed '1ort 'l.rd 
t~e valves re r~rm J1y b~ld clo I y li htly 1~ndod oprtr~s 
iri each chnr. bor. 

""An .. in,. 
ur.-l t .c 

TI er ar 
.I. 

..11.1:rt}'~J~ 
i;:c;,,d lr. t f:> 

nks. 

f' l cv~1 
,• r g t~n·cs 

'Ih 'l;p~ l "•1lt c of a -r• y r.1 ""<:' 'ldt-ry 
valve c t.,..o l d by f l prtr.~r: and sec nd v r ,..at 
c1, ,b "'• Ih ,rL,.ry c nbar ts er· nri,ntly ra:l d t" tte 
t nkt t ... • t risin., nl:, v,cn t r- tau pr,,. !r- f1· 1. 
1J"liu 5""C nu1 y c&1arnbor 1 d"'nin'"'d t 1r " a sr~ ,td-o~ 1 fit~d 
po p(}t valve, contrn led 1,y t 1e 11 J1' r-r. (, ti U' Vch, which 
allow dr~tr.,,i;e to tar.it r)nly ...-hen t e S!'.'li,11 ,id is e- •l" 'ized. 
ve:::-vo lin ~ 1 r m t,, t•.r c ,r b 1r~ ,...f Ve :,l.ut-0fJ v 1 , nre 
c rmc-..cted to trf; $OCt r.J ry fl,wt chamber, but ti.e ... ine fr m 
tne prirrnry 1>~ t1,n ch,,1t.ber ls r0utecl tl.P<rnrh thn . rl r!{ 
side f tie level sensing i.:r lt .n E'UCh :i wo~, thnt the -r1r -.ry 
r nat-op!:jratel! valve can l;)'.!.r,ck t e ;,ri nyy serv 1 ne on tho 
tr>r.k is full. 

JY ~norgtzin the so•e.-. it'l. • ri t:1c l vcl 5 r.si c 
valv se<',,no r.y eh, ... bcr, drni nage fi:-cra this ch,iinber is stop"lad 
::.::-d fuol, ble1J .. jn1; t 1r u tl t .. e shut-r-iff valve, filln t1 e 
scc"'nd ry c1w.mbcr by wa} or t 1e s l'V•.} llrns. on the 
sec• nd ,ry eh r.iber fllls aoJ tt flr,rt rl~~s, ';Lo f1N1t op r'lted 
poppr-t v lvo bl0cks t e servo line "t!d ;,:re!! 1:.~ 1n t .e 0 c md ry 
pl111t r ct,n l1 r i ncroasad t· t 1•e ot nt •:ho::--a t 1.c s,~("! nd ry s .ut­
cff piston closes, ri:,gardle:...s f"f tbo level of foel tti tllo 
tc.nk. T:1is r:,p rAtion i ~ u ed t . re-check tbe f'unct1 11tne l)f 

the t. nk shnt-ofl velves. • h n tllw tanks "'O b inc; f11 led, the 
et.ion !.)f tl e , r nry flo t opr•rated valves, of thr l~v l s<>nsing 



• 

• 

• 16. • 

- 23-

viitr;, blrwklng th prtmHY•y se1·vo 1ir:.es, incrM1sPs prossure i n 
tte pr1111,ry pi t(n ct..r1!Ji:.rs n,i. auto.;r;tic 11v clo~, s t 5hut ­
qff v,lveo; ,.,ncr t t nk a.,..e fuil. Durir it,1ir., ltL nfter 
;J!·,•-chP. '·' , H,~ r re 1 .ft d<,-cnr-!r~lze~ ~nc: t.l.e 

·s c Jndl' t aro c lo.;ec tn d.r-a_r,, i:.o th t p ·ossure 
tn tl:. • cti~ 1 Pr is rnleaacu ao. t. s .ut-off 

t:ifui,1111. ; c.m ~ en be 

t p~ II nn1 t is u~ed ri th tJ1e y-pass nd hu~-
off vnlv c n ·nc-tlrn wlth tr, by-p.1s~ v r-rldc. 'ihe 

L s1 ilar t" t T_vpEJ I V"lvc, but n::i different 
t ,.. qta cnts. Du.1 t the indit'ect circuit between thn 

shut- ntf valve and t'.o level s E> 1 nf un!ts, nf t,1e fu-; 1,~gt? 
tc"r.' r,, tl1e strvn lines .,.re "'f :c;ligi.tly l rger !lizo tbin in 
t e wing tnn ·s. '!hi:; :·e~nlted in t' sec,n-11'\r: chrimhor of tho 
lov 1 s .n,in nr,it fi inf.' tco r .. idlY. R.r.d t drc.ln pnrt -wns 
n()t 1.., ... rE~ or u h t, a Uow t' o fu 1. in ti11J .fl0'"'t <'hnr.. r to be 
dum1>e t\' < lo';{ ti.e vr,lve tb re-open after pre-check.ing. In 
tr,o '.i'ype I! level SGnsln ut1it t.hE pri1r.nry s-rvo line 1s passed 
tn tit~ r l' &ry ciw....1oer ar,:l is n"'t a!.lsed th.r· u .. )1 to the s.::c(')ndiuy 
chc11tber bul, drains to t ,o ts.nh. ln this way ,)nly the "' r.·-,m1ary 
s" 1 vo 11lle f 0-11 is 1s..:d to 111:: t ~ sec n' ar~ float cha, her and 
the flow .rnt ls st l' l :;li htly gNat"-'r thn. tL flow of tho 
comh1oed primary and socon a~y so1·vos in t!,e n-:i rnul vnlv0r,-, 
l.Jut. la !lot too large t:> flootl t: . sec nJ ry flnat c.rnnl er 
p rmanently '"''Jgnrdles-s of tl e solenoid po pet V"lVo vosit1c,n. 

(v) 

A tw~, way shut-n1'f v~lvo, locc.tetl it, e: eh C'lllector 
tanv, ope nt •s in trit: snr.:e nant er ;1s t,,e r ftwllir.g slith-?ff 
v· lvcn, l ut Rls0 al'.tow rawirsc f .LOW' tn.1-•ou n 1..l.e Vt lw,s for 
u c tluri.ig <1efu'?lling. 'l'he c 1.st,•uctl"n f Lhe vr lve 1s t1,e 
sn e as t o \',f 0111116 :.;hut-oL vulv~ with tue fcllo..:iPr; 
a.xcepti ns: 

(a) 'llv;;re 1.s no chl;lck V"lV~ 111 the prl ry piston. 

(b) et eck vt1lvo is fitted in nch servo ] 111.e., 

drop in p esnur ot t.c inlet A~ o t ~ w~. 
sl.ut.-off valve is felt 1· t t1 pi$ton et, t , t ,is cl<'sf!-.., 
the check- v~ "..vc>s in t e servo lines and a.Ur tue fuel to 
'J;:>'2n t' ~ h,tc:~ valves a1,d to 1 low =.n U1e r v~rs~ o rect1' n • 

r.-C1 Q.i:.Jlill • 

(a) C rry out refuel~inL safQL) ~r cBLtl0ns in nccorclance 
~Ltk lhe l&l ~t ln3trucLi~ns. 

(b) Gwitch t .. e r:aster r .. !'t~ell 1ng switc. on t, e astor 
1· fuelling J,tinel tr N. •r is energizes 11open 11 th.e over-rltle 
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n,-,,ey,,;1.ds ir· thA .. hf w.lves, which dissip .. tes th'1 ... !':!'Ur.., in 
tt c tr.nks, ~ rJ. 1 r e\'ents ft1rtL .... 1· prl"s t re fr , ~nt r' r 6 t'-'1~ 
1 .r- tnn s, it, tcl cvont :f tr .. o ,1r crn it' ti •. r r, r rig 
l, 1rg 11 ~ 1· i r. . T:.l:.! iuel bj-P" . over- 4de., e. ids, 

11icl wt1e,. o, rr,ized ., te:c nr~ct .. ,1e se:"1 lir ~G fr• t 
) ftelli nr .. t'" -of l rd ty-p ss vnlv s t t 1 "tt ,n t t nk 
11n, er~ Jc. de - c~ r•izod fr1 refuo~l1LL ~~ f~s lace t3v's , 
r rn tl.<, ser,- :!_ 1 ~:?~ e. , ,.. r et, c.1 1'rm t' e ~hut-off VP.lv~s to 
t e lovul scz.s 1.n¥ uu~ l;:, . 

(c) Ch·,cr th·,t th snven p:reer, lights ""t Gil n ref11ell1.ng 
<' d1·,.,1 •nc . t nl\L. u l c·"'r e r:)n .. b wil:i. ir 'l.lc t, i .t the 
f; 111 -off v~lvo in .rich tnn i" los· j . 

(d) .. w ~ tcL. th':3 ~ lect0r s•.,•1 trh ?n the trr ,;tc•r 11.:frmll ing 
panol tl') ' 1J J,. ,1 his lilOtl"lT' th 1 • ,.,,;.; r~,part i ner by-ras!' to 
the or, .n .,ositio1 .• 

(o) 01-1on 1,:-i.c 1"C!Uo, ... 1ng rccc>s noc.r lr, eh ~"in lr.nd1.ng 
&••sir ·well, rPcove- tho cap fr,., t.ie res:--t•re r ·fuclJ 1 rg odoptnr, 
&1~ attach tta rofuallinc n~zzlo t the r~iptrr. T • Pctl~n of 
opcr,it,~ tbo .. cce.,s doer clo:::t r- tt.c rnua ly ";l"'. t = gAte valve, 
Lh~ttlng nf! thn tran~r•r line to the co lacto~ trrk . 

(f) ',it, ~er".? rofue; in,· tandor prez ·t:.i c rd jui·t d tn 
;::~ ,:-> . s .1. lndic; ted ;, t 1 eau ,a, "lpor. t,io r .. fucl ing n,zzle • 
Check tt.e signnl lights r it 1n n. 

(g) 10-c, 0 ck tr.a cl si. , t t _,h t-oi" vu.:.ves 
l.1r ~d .. nt\:l:r ftGr r' r • tl . r.-.ft.,f' l , .~ n • rle' b:· s:· itchir:g 
.. ,.1 the :r:fu l c,..r..trcl sw:.tc' r;, each foel"'ing c-rn .. ,..ol ·nd 
sign • n, l. .,~,.iI'e tl.·1t t .,. nn.l 11..,hts f ('.1 11t. •·w-itching 

.1 t, <> rel'u~l c r,trc,l ,;~itct. n r1.,izes tl1 ool~n ids ":-en 
1n t .o lcv l s n.1i11g valv $, the i.1c·- !.n,, fu 1 o.) .1~ t ' hut­
off v· lV3S end fuel flo.i • nto t.ho tn,1 s c :- rccs. 'Ihe ')p':lnlr.g 
of the sm:t-:>ff V lvea ~ ~$OS tl ~ !lign l l~c •ts tro r.:"' "1Ut. 

(h) , re-d,eck the cl"sl g ,..,t t ► shut-o f viilv, s 
i .odia t ly fter t.,,o :. 1er, 1 U l.ts go r1ut by s•.•i tch'!.ng OFT 
t e refu,.,l rontrol s'.vi tcncs. .nsure ~hf.t t .• e -;ir,nal 11 hts 
come on. ~ 1 t,., ir, Off the :refuel cor,trol s .... 1 ten":; de-energizos 
and closes tr,l1 1 vel sonslnr, valve S<'1~n,..,ld operat')d po_~ t 
v,ilves rnd th slut- off val~s cl ..... , cnuslnc tb. sign 1 lights 
to cor:e nn. 

(j) Clo.,e ti10 rof11ellir g n0z~le itt:. ,edfately after p:re ­
checr:lng end :,wit~h t 1e r ru.l1l. 1;, :;elactc,r s ... itch t0 either 
P l-lTI L l .r 'L i,election. T ii cnusos tne flnw proport 1, nor 
by-pas t-> oe ::J•~t,.,r-ed closed.• 

Durinc pre-c ock1nL, tie refualllnc 
solector s'oll'itch :r.u~t b': 1: ":.ho l -:.ILL 
imiiit i,.,n. C.1n:-equcntly the fl<,w is 
not prop rtl nod to a1ntn1n 6 01 a. 
It is th refrre 1 ~rrtnnt, ~uring 
pertial rcfuelliui;, tl,at e rninimul'l 
of fuol oritero th• tanko dvrir.t.: p,•e -c hecl ng . 
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rnrti,1 -r· fu .,lirG, Ue r n•mt rf fuel 
i." • • irir • k~; •t t, ri-trlt~d frr, U ~ni:- 5 
L. t ,. .frc.rt c1·p1.t, (regir.t.n lr punc:!<l) o!Y- s htracted 

• l t i 1u: t'eq1 !.!'ed t-:- ::irriv" c.1t tie fr m tl.e 1. • • 
l\l r·~tity ! fr t. be c o1ivered •n 1 I c rcr.-1 t. 

'r.• m· .t rrruc· lint: s , ctcr switc. has been 
r:...,itc:hed tr- o tL.er 11 '/EMJ. L rF I po,;itions, rnd prr,cc.,d 
e... follcrws: 

(a) witch ON, and with 
tt.e te1 .ur ur~ re-edJusted to '.')0 p.s.i. indicateci on 
tre eauge, th=- .,..n uellinf' nozzle. The • nccm 1 1"6 fuel 
J re..:3t .t•e r>p r.'3 1·hut-0ff valves, the signnl lle;ht!l g'"' out, 
ond r fue l.1 ir '-- en. Jrcer. 

(b) n 'r tl' r f uell1r;.6 tender e'lugcis 1ndicnte t: t 
the r~quir d ~m~unt 01 fu 1 h~s ·een aellv red, shut ~1r 
t e r fuellit' teod(>r pumps and sy.1i t.ch the r fuel cnntrol 
switch nn each r, fuell ln ·• c ntr l n.1 signRl nnt>l t;o OF • 
1his de- ner,lzes the s•lAn ids in t e l~vel sersin valves 
to the clo:, . positi'?n ~td the r·es~tron 1n th"' shut-off 
valves equcllzo, c'osi~g the ~hut-nff v Ives an~ cnu~lr.r 
t si·nal ~l •.t. ... t ere 1n • 

(c) r ve the r, fuo 11 i .. g nn ~"le!" fT'( • t 
c r c-r t " - .a t -s 111'1 r ns ~ t t 

e ad· t s, 
C'"'~lS dnrir. r l· co tl 

'.Itl~ ,,.,.,.u 111□ ecc !IS~-- rs c utr"l t c 
nt,ual: p r ted g:-it"J valves, wh'ct ~n 

turn C ntrnl thn transf r f1<'W tr.to tre 
c -~ ctor t nks . Tt is t eroforo 
es ,_ntl&l to ascertain th,t ~oth ~lf 1 1-
in access doors ~re properly cl~s don 
c~o~l t1 n of refuel:ing. 

• (d) .. witch trie 1st r,..fu, 11 1 swttch 0n the naster 
refuell 1ng panel OfP. Thill ee-onergi?(:!S t'1 • soler "1.:1 • in 
th~ re11, f 7alvos and air ressur regulntor , cl sing 0 f 
the vents t<' ate: t,pharo, at,rl allowing res'"u izatir-n ntr 
t0 Rtlte:r tb t nks . 1.tl I is SClPCti n a t1 l!if Ell lir, ts 

n tt.e r fuell' ng cont.r·nl ard s1errnl • els go ot't, ~r.d 
ell refuellin~ s ltches a·e ~v r-rid1en • 

(e) Clns th"' st :r rofuel11ng ;)8001 acces~ d"><ir. 

rm,. 
After r -checkit e, the l)T'C'C<:!dure f' r ful1 r ft1ellln 

is th~ s ".e as tile 1 :rocedure r r prrtial r 0 fu 111ng with the 
following excepti ns1 
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(~) wit.cb tt.~ s ~IC:ictor "'Ti.tc ,. on tre masbr refuelling 
pn 1 to i:l L!, . Thi:. wll~ • t~ fln ~,., -t1 n r •·y-p1urn 
t r 11- • •1tl.'li. . 'l•1L, 'l•• 11-ct'\.•n is I t. d t ~~,- hout 
tu ful r. ·•p}' nt' se_· nee . 

(b) ll,1 1 vel sq slr g v lv c it. t1,e tc.;,1.t"'' will "a~~~ 
t .. ~ tin.· .. n, t-o<'f volvc':l to cl0':lc "'t.t0 ."'t tc-Jly '" ie:1 t "" 
t"lnk5 ar0 f':."-.j. 'Ih ligr'tr ~r.. tne 1f.>f1:ellL1- c:-.ntr 1 nd 
s ◄ gn J t'. r .l•· 11~ c .:i- n her. t 1 st ut - nfI v lv .s cl~; , 
in-icatlrg th t t~ tonk nra ru11 . 

i)~. CJ; L,, L 'Q 

Tia drcran 1'l defue]ko tr.rnugh th1J rcf'uclH c 
adA t0r in ac m 1• 1~nJic~ go~~ tel:. Deruelli~g frn the 
wing Gt rage tack- en~ t~ r·~cla~d tarks is effected ~Y 
tank ;res~ur17at10n f ~rc1ni tl~ fuel t~r ~ugh the tron•f.r 
linos, 1ssi::teci by ... t•c tirin f'rn1 the tender .pu ps . /In 
external st")Dl'C•i nf a tr· res· uro • •' , ecessarv t rrc"s1iri7e 
t~c tenk, tr nchiev t ls. • 

I,,f E'l!ltn frntn t.ru~ c..,1·ector tant.s, l.1<:h £'!' nnt 
:1re~surizad 1;r 1 r, t~ h. suctl n t r u '1 t'1 l ,,., •c y fht t-off 
valven. ..s t .1:1 lP.vel ln t"l c 11 et,.,,· trin chl'"'r~, ... ir is 
admitted t ,! "U 1 t l'} r.cr tivc 11 cu and lc'-1 evcl n ◄ r ad·nissinn 
valve tn t :,p t i ll'\CO ,f t is,,1ACl!'d fu<-!l. 

Tn n r,-s -,, 11 ~ in t. t, • -
and ~L'--: r .iefue11' 1 , th rnfnrc ,1 <1 lect'!. ~ 
I.$ necei,sory. ·r-ici• 7 f•• l •ri) h dr•·ln d t'lr 'l"• 11 ~1 
JlY l c n P.1 .,.. 1., dr • ,, v,ilv ~ ,,..c t a in t i,0tt <: •,.. r 
t .0 irn r In forth. ~toe t ~ a an! ,t R fla~e trap i. 
t e bnttQi f ' Ju~t hf•y f r tt1e fusc.loj;'! t~ni::s . 

1.1, • ! 'eu ~t.ol ar.f c...,nde•·sata dr~in 
v-.lvr; 1 n 1i.t.to -it t11e botto .. flt uct 
b&y, w, ,:,hrlr-,.·.~ the s,.iacc botw.,J. 
t ,e fu 1 ag" tar q end th1; tank fl 'Jl"!'l 7 

provi<Ht,£; r c nvun. r.t ~ett. .... d nf 
vtleck1nc f r leakafe fr the fuselq~e 
tnnki:; • 



• 

• 

• 

po i.;.ts 
read in 
par,wr 

FtmC.1. I N Tf.S'l 1. G 

P:re5,-l'~•r> nli""" l'!daptors fir 1 rrovidec at six Cht.!Ck 
:tn -- ...... ..-~ 1 pr---i.: tcr1;:~tl ... s: nt~~ t- r:bt~ l n ~rcsrure 
s f"r thl! iencti"'n t(!st:; d~::.crtbo,l in :.ubsequent 
;.1h3 , rid to a~sist lri tr·,u~lc sl'. ot' ng t e sys t c~, 

(e1) One tn ~och fus,"l"¼ta t nk a.::ces panol . 
(b) no in 1,i1!l lir:c a1; t fl cn•t:Jet. nf' t 1e d1 •. rential 

tn i,u• t1 r;• l'''I'' l;itnr in t.r." auc·~ bay . 
(c, ,1r.e 1n t,b(j 1in1, at I.ho outlet nf ,;;eh o.bsolute 

pH'. urtl t•e,r:lll"lt"r in tbe en ino hu,v . 
(J. ) ne at th~ outlet n1' the sorvo pressure regulntor 

.1.n. t,,l':i dUGv h, y. 

Thci foli:,-,,inr t .. sts 0 u • be CPrried nt:t in so uenco 
sl}c,, n , wtt;r, t ,1c aircraft c1•,fual .d . 

To function ta~t the di" ·,,..rentia1 nd nb~olute .tir 
roliof v~lves proceed as follo~s: 

l~ 12TB 

(u) Conn.get three o- ~~ p . !3 . i . res• u?' gi:rne,!s, 
"OP Rt toe ·res ur• iovgc Adaptor nt the outl~t 
of tl. cUL·er nt,. l p·e•;• • rH l' guli\ • ·, ar , one 
at tt c adaptor at U-;o outlet of ea.eh absolute 
~r~ssure rr·ulat,r . 

{bJ ·,i"c _,r.rt1 c:., nr,c. blank ofl t .. -e out le::. p-r•es::iuro 
ser.sin~ lines at t ~ 'i feronttal ar. 1 absolute 
yr• s 'l ·~ :ro 1,.,.la trr! . 

~c) ~f t ,1J i:. St"l' ... ~fue~ lltw ,;:,r l accost door ts 
-,.,en, em:iurQ that the raastr-T' rt..fU.:?lling switch ts 
in tt,<> or, :J p;- J'L positlrn. 

(Cl) Conn~~t tho "round p1·e••rn:...-c rig to the fuel 
pres"ur1zat101:. 1,;round test er nntJctl r ,1rtl nµply 
prf's .ure, pr?rrosrd.vely r' 1"1rie t' o prcs urc 
from 0- o; p . s . l . g. ever .a perfr-t:l of r~ve 111:utos . 

(a) Chee ~li t1 es• 11re : t <rnch a.11 dnrinf p~9ssurc 
build u J . J. 1 r~adinp on the gaug • o.t t o 
~1 fa~ent1•1 ros~ure ~etul~tr,r r,utle· cust bP 
from 10. 5- 11 p . s . i . r, ., and tne read'•.- on tile euuge . 
at the. r,utlet of eecu abs lute pressure regul;,.t.or 
uust 1J fr m 26-27 , . r.i. ebs0luta. t::inus Iaror::otric 
PrPs •r~ in p.s . 1 .. 

In ( rdo"' t Jeterr.: ne a.bs,.,luto pros•_rn .... as 
accurat ly , tt~·baromPtrlc pressu1~ for 
tno day (in ,, . s . 1 . ) ust be nddAcl to tne 
observeu ~ead1 s "">r. tli pres~·u ·e t,i:iur,ns ; 
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Should t. r ssure .. ,utd in on any of the 
gauges oxcee,l the minircun relievine presf.ure 
by ti;;o ;:> . s . 1·. cturin 1,rcssure build tip, the 
sir supply mma be sin;' olf 1 .:.,,d1at&ly and 
the c.\l':!.t'ectiv o relief valv1 must tie T'{-!J laced 
boforo the to~t tn c nt 1 nued . 

(f) hut riff tho dr sup ly at t e ground r"'essure 
rie . 

( g) Ptn<:'Vn blaak1.ng and roe on act tl.e cutlet 
pressur"' sn s Ln J 1 nes to the d iffcrential ~nd 
absnlute Jres. ur~ T~ ulators . 

v:ith the three 0- 25 p. s . 1. gaug(1S reml'lir.ir.6 lr. 
t! ::i positions do scribed in para . 2 (a) 0 nd the ground pres&u:--e 
r1° co~ cted , prncecd with th~ air ,~ssu•a regulator fun tin 
tests as follows; 

(a) Cor,nect an aclded 0- 25 p. s . 1. f.'ressure gauge 
to the adaptor at the outlet 0f t .P servo pr,.ssu,..o 

reg~ lator 

(b) Jnsurc tti~ r.1aster :r fuelllnr, switch is in tt e 
.. 1 :D Di.WU : , pas i ion . 

(c} rrnrr tti, rou.d .. ,.. 1;u:ra rig apply pre3suro 
until g,iugc r ads 5'0-b, p. s . 1. 

(d) h,.n tbe r s ure raadin becnr.:os cr-nstant ...,·n 
er.eh ge.uge, reduce the 1re5 ur • n t th.;) gr'Jur;d 
pressure rig to 18 p.s . i • • 

(e) Check that the read inr;s rin the g· ueos are within 
tne fnllow1nr li~its: 

(1) "n the guu1c c.t tt1e outl••: of ttP. 
dif!ernntial pr~:,-.urc rognlatcr ').75-10. 5 
p . s.L •• 

(11 ) ~n tl& gauges at the outlot~ ~ ta 
nl•nolute pr ssur rf> •t2lr tor' - 24 . 7 ; - 26 

. s.1. ~bsolute minus barorr,etric r<>ssure 
in the p • • i . 

( U.1) n tile gaug,.. at the outlet C'f the serv" 
1 re~sure regulrtcr - 14. 5- 16 p.s . 1. 

(f) ~rogrcs• l v ly lncrenso tne pr~ssure read1nr o the 
gro, nd vressu e ri'" frn 15 p.s.1 . to L5 p.s . 1. "v,r 
a 1,erina of five minutes . 

(g) The rondinss Qn the g:'lt,cirn must re, al•• t A 
sa ,e ns laid dnun tn (e) . ~hi~ ,rovidas ~ check 
t lflt enc rorula o i c; r, rctionin.; corractly thrr u h 
a wide ranr.e of itl t vrossu~cs . 
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(h) Turn c,ff the air supply , sw1tct1 t, o mastl?r 
re1'uellir,c; s""Hch ON and a low t.to rn:l.nut s fer 
the tan~s to depras.urize . 

( j) owi tch the r:-.aster refu131ling switct' tr, OFF 
A . D fr-':L • 

(k) ply <'0nstont I rl"ssur<:> f" ,r t e ground p-"' sure 
rig at gau~e r ~dint nf ✓O p. s . i •. 

(m) Ch ck tl t!lt the pl' SSU' c bttil 1 up at ach gauge 
to th~ pres our•s laid down in (e) takes losn than 
t~ minutes . lhls rrovldes a ch~ck thnt the 
rvr,ul1:1t.nrs ar,a fully C'lpcrn nt, tC\ admit • 1r lnt0 tne 
tanks aurlng p1•es~ure build up . 

The relief valves should remain closed 
hil~ funct1nn testing th air pressure 

.,..,. ulat,..-r·s . A smaJ 1 bl .... od flo frcrn tha 
r~lief valves ho~over , is normal when 
mrximum r•eulation pre su~es are reached . 

(n) Shut OT f the :lir st11,p ly ·nt tho ground prossure 
:t:ig, a.nd nwitch t:-;, roasti!r. rofuellioe switcn OH 
t" de_prc-suurize the tenlrn . 

(p) qomove t' ie 0- 25 p.s . i . pressure· gauge from the 
adapt"r at tn outlet ft~ servo prcssur regulator . 

4. II.I PW::.. .,r;; Rr'~UL tT1 • & R~r.r-p " IX ,v-R- Rin-s 
} ·i 1t;c1 ION 'IF, 'i'S 

':1 th tl,e threo 0- 25 p. s . i . gauges remaintn< in the 
po3iti-ns dcscrihe~ in ora . 2 (a), and tho ground nressure 
rig conl""CtPd, rc,ccod wit the n ir pre:rnure regulator and 
r olief v:-11vr> f'lV r - rides f11nc:tinn tests as f<1ll ows: 

(ri) Connect the electrical externnl power su,ply. 

(b) I:nsura th.rit t1 c mast r ref110111ng switch is in 
tLc On pns1 tirn. 

(c) Apply a constant indicated pre sur0 nf c~ p.s.1. 
froir1 the ground pret:;surc rig. 

(d) Chock that th reading on oi_-,ch gauge rer ,alns at 
zero for P pcri d of thre~ minut~s. Thls r · ovides 
o. chock that the rngulntor over-rides nre shutt1.ng 
o f th~ atr sup ly to the tar,ks during rofuellt• g . 

(e) _,ii(itch the• ,stnr refuelJir-g -iwitch t r vlF ID 
1JE! I~L nr.d nll<:> three minutes for thn tanks to 
pr~ssurize . 

(.f) Check tt,at tt e ,ressu~e readi rigs '10 the gnngos 
rise to tt,e i,ross111'f.S J.nld down fer t ho d ff rontial 
a,~ nhs0luto regulatcrs ic iara 3 (e) . This provides 
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a check that the regtilflt,n· over-'ridas Ptre opening 
t~ Allbw that n~~ to ~ft n uri2e -~d tie relief 
vulv-e ~w.r-:ride:; are i:-l..,sl'1 7 tne v11nts to ntm,.,sphere . 

(g) ~w1tcn tt• ~aster rotuolling switch On . 

(h) 4'ht: r.rndtnc on tile gaug s inust fa1 to zero 
in los<i t nn two mlnutt"s . This prnvidas n ctleck 
tat t r lief valve over-rid9s Arr otrnlng 
satisf~ct" Uy to prov.ido vents to 1:trunsphere 
during refuellin• • 



6. 

b. 

• 

Tf. ,, ~ 

tt J.J 

Diff~rRntinl ~ir rQllef 
valv r,111'..,v:i.nf ccmtin­
nously 

An ats9lGtc alr ~el1ef 
valve> reJioving c)...,tin.­
uously 

DiffR~ent'Al prAssur~ 
FPfUla~ot Iailad 

I !iifforentia1 ~elief 
valve fniled 

I 

f levRnt absolute 
reculat"r failed 

elevant absolute 
VH1ve failed 

,_ 
! stablish ~hicn valve is 
1f~iled by checking 
lregulatbr outlet pres~ur 
Pt regu,otor t0st point 
with tanks pres·urizcd. 
Cxco sive urossur 
indi~ntec re gulatnr 
f<>1l d. rv,rrml pressure 
or less ndicates 
rolief valve fniled. 

hcplace d0fectivo r"' 't1l•' 
ator or relief valve. 

'.::s tabl1sh '-h lch v lve 
h s failed by chocking 
regtJ.l&tor outlet pres""Ul'( 
at regulator lost poirt 
wlth t nks presEurized . 
Dxqessive pressure 
indicat s r zulator 
fai~ed. norrral pr~ssu"'e 
or less indicnt~s rAll f 
valve failed. 

Replace defective 
~ .ulator Dr relief 

-----------~-----------------1vaJ.ve .. _________ _ 

Fusclogo ta~ks air 
pre:rnure d,::,es not vent 
to &t:--osp~l~re wi,en 
master refueJiing 
switch is switched ON 

Snlono din diffor­
entlnl air relief 
valve'c,vrr..,ide 
inop~rat ive . 

Override circuitry 
defective. 

i---------------t·------------
\iin; t• .. rk.s air pressure 
does not vent to 
atmosphare when master 
rPfuellinc switch is 

0ole1101d ln relevant 
absolute nlr relief 
valve -:ivorrlC-:c 
lnopara.tlve. 

.~erride circuitry 
c.;.efective 

hoplacc differential 
lair rallef valvo. 

' 

ectify electrical 
fault. 

~cplsce defective 

[

bsolute air relief 
alve. 

ectify electrical 
rnult. 
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------
'.i'' u. ',i' ,DY 

--'i.----- --------------

·~vidence ~r <➔Xcer i va 
fuel b~i~t v nLe~ to 
atll!~sph,r· 1.n tne area 
of ti1e 1ct ,a;_; i.1. e 
trap 1ur1r fll it . 

I 

Air/no :fuel v lvo(s ) 
ri p_:- t.ive 

Fu$ lage tanks fuel 
ar.d t-t:ndcn!:nte d:rain 
'vnlvn le· king. 

1:, . s . 1. s~rvo 
I pressPre ra[ulator 
1 fniled . 

valve(s) . 

lace defective 
1 vnlvo(s) . 

ncpl ce .efectlve fuel 
and c0t. ensate drain 
va.lve . 

'Ropla.ce dc•.fcctivo servo 
pressure regulator . 

01,lece defectiv air 
re loase valve ( s) . l

' Dafec~i e u1 r relen~e 

------------ --- ----1--,-.---- ---------
rus ~g.,. on win tRn s I t'ast r rofuellin 
air prQ JU P dr snot witch or circuit 
vent tc at'" b r ., nd defective 
tRnK 'ndicnt liR~ts 
do rtot c, ~ n 

a!::t r ref'ueJl 
is $witched N 

________ ... , _______ _ 

i e 1 li1ce d f'octive 
rooster switch r loc~te 

ntl roctify electrical 
f ult . 



• 

• • 2. 

TKJUBLC 

A tnnk indlcat~r light 
coos not cnme on during 
raruell1cg ~re-checking 

A tank indicotor light 
joes n t go ,..ut d11r.lng 
refucl]ing i,..e-chock­
ing. 

1 ual is di charged 
when op r~tlng aft 
fuel and c ndensate 
droin valve in duct 
bay. 

.Belovant shut-- ff 
vnlve not closing 

Defective Shut-off 
valve 

::,,.,10 nold in levc 1 
sensing valve 
in p2r.:i tivo or 
float mech .. nism 
defective. 

Light bulb )T 

electttcnl circuitry 
defective 

Rnlc~nnt shut-off 
valve not penitg 

Defective shut-off 
valve. 

ol nnid ln l vol 
sensing valve 1n­
opcrut1ve, or float I 
~echAniqm defective. 

Ov<1rricie so)en td ir 
override v~lve in- I 
operat1vo if it 1s 
fusehge tonk ind ic­
ator light. 

A fuselage tank is 
leaving. 

Roplace def ctive shut­
off valve. 

re~lace defective 
sensic vnlvo. 

Replace llght bulh, 
loc~to and r ctlfy 
electrical fault • 

Ioplace defective sh 
off valve. 

Rcplnco defective 
sensing valve. 

}unctinn test ~v~rrlde 
valve nnd replace if 
defective. 

Deterr.:inc s?urce nf 
loak nd rectify. 
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TYPE 1 AIR/NO FUEL VALVES 

TANK 1 

HOT AIR FILTER 

FROM AIR CONDITIONING SYSTEM 

TYPE 2 
AIR/NO-FUEL VALVES 

------- DISCHARGE LINES 

TO ATMOSPHERE 

l 
DIFFERENTIAL AIR RELIEF VALVE 

TANK 2 

SERVO PRESSURE REGULATOR VALVE (18 P.S.I.) 

TANK 3 

10 P.S.I. DIFFERENTI AL PRESSURE LINE S 

~ 
I 

DIFFERENTIAL AIR PRE 

REGULATOR VALVE (1 

~ 
AIR RELEASE VALVES / 

18 P.S.I. DIFFERENTIAL PRES SUR 



c\ ! 
,~ 

N EGATIVE 'G' AND LOW LEVEL 

\ sSrN cLVE J 
\ ~ / 

DIFFERENTI AL AI R PRESSURE -

REGULATOR VALVE (10 P.S. I.) 

TANK 4 

I 8 P.S.I. DIFFERENTIAL PRESSURE SERVO LINES 

TANK 6 

FLOW LIMITER 

TANK 6 

TANK 7 

ABSOLUTE AIR PR ESSURE 

REGULATOR VALVE (2 5 P.S.I.) 

TANK!!_ 

TO ATMOSPH ERE 

_AB_~OLUTE _A IR RELIEF VALVE 

TANK 7 TANK 8 

- - 25 P.S.I. ABSOLUTE PRESSURE LINES -------•HIGH PR ESSURE AIR LINES 

FUE L SYSTEM - TANK PRESSURIZ ATION SCHEMATIC 





/\ 
0-AIR VALVE 

7 

CANO CO\ A\" 

ENGINE FEED LINES SERVO LINES 

FUEL SYSTEM - FUEL FLOW SCHEMAT IC 



•J 

fJ=======t ,. 
TO ATMOSPHERE 

SERVO PRESSURE AIR 1 8 PSIG 

i CI05-L035-3 
I 

FLOW LIMITER 

r 1C5l- :ac:1- -=!-------"-__ -__ -_ __ __ 

• AIR FROM RELEASE 

[ 
HIGH PRESSURE AIR VALVES R.H. COLLECTOR 

TO R.H. WING TANKS 

HIGH PRESSURE AIR 
FI 

••---.,. PI 

ARROW l 
FUEL SYSTEM TANK PRESSURIZA 

SECRET 



)R 

TANK 3 

FLOW 
LIMITER 

PRESS. REG. 
DIFF. 18 PSI 

,SURE AIR 
FUSELAGE TANK 

••---"", PRESSURE AIR. l O PSIG 

ARROW l 
:M TANK PRESSURIZATION 

SECRET 

HOT AIR FILTER 

TANK l 
(FEEDING R.H. ENGINE) 

TO ATMOSPHERE 

AIR 
CONDITIONING 

UNIT 

WING TANK PRESSURE 
AIR 25 PSIA 



C I 05-LD36-3 

SHUT-OFF 
VALVE 

SHUT-OFF 
VALVE 

FUEL TRANSFERRING 
FROM FUSELAGE TANKS 

SHUT-OFF 
VALVE 

FUEL / OIL 
HEAT 

EXCHANGER 

SHUT-OFF 
VALVE 

SHUT OFF 
VALVE 

MANUALL \ 
GATE VAL' 

TO R.H. FUEL 
PROPORTIOt 

FROM R.H. COLLECTOR TANK 

FUEL TRANSFERRING 
FROM WING TANKS 

A 
FUEL SYSTEM ENG 



:NED BY 
. WARNING 

.ECTOR TANK 

.NSFERRING 
'ING TANKS 

MANUALLY OPERATED 
GA TE VAL VE " OPEN" 

TO R.H. FUEL-FLOW 
PROPORTIONER 

ARROW 1 

BY-PASS OVER-RIDE 
SENSING UNIT 

FUEL FEEDING FROM 
COLLECTOR TANK 

FUEL SYSTEM ENGINE FEED AND TRANSFER 

SECRET 

TANK 2 TANK 1 (FEEDING R.H. ENGINE) 

COMMON-LINE FUEL AT TANK PRESSURE. 
PERMANENT BLEED FROM SECONDARY 
CHAMBER OF SHUT-OFF AND BY-PASS VALVE 



CI05-L D3 4-3 

TANK 7 

LEVEL 
'----' SENSING 

VALVE 

TANK 6 I 
I 

'1.,-.__ 
1, GATE VALVE.CLOSING. 

I TRANSFER LINE FROM 
F. P. TO COLLECTOR 

FUEL TENC 
CONNECT 

J 
i 
j T 

C: 
C: 

IN-FLOWING FUEL TO TANK 1 _..,.,_._....,._,. ____ _,,, ____ _ 

FROM R.H. FUEL POINT 

PRIMARY AND SECONDARY SERVO LINES 

SOLENOIDS D 

REFUELLING 

ARROW 1 
FUEL SYSTEM REFUELLING 

SECRET 



I 
l 

VALVE, CLOS ING. 
SFER LINE FROM 
TO COLLECTOR 

FUEL TENDER 
CONNECTION 

SOLENOIDS 
DE-ENERGIZED "OPEN" 

SOLENOIDS DE-ENERGIZED "OPEN" 

REFUELLING 

ARROW 1 
SYSTEM REFUELLING 

SECRET 

I l 

I I 

TANK 2 

LEVEL 
SENSING 

VALVE 

TANK 1 (FEEDING R.H. ENGINE) 

LEVEL 
SENSING 

VALVE 

// 

-~ 

ENTRY POINT OF FUEL TO TANK 



- ", 

,i" 

TANK NO. 3 (7-1062-401) 

TANK NO. 4 (7-1662-418) 

TANK NO. 5 (7-1662-191) 

TANK NO. 6 (7-1662-25) 

TANK NO. 7 (7-1662-23) 

TANK NO. 8 (7-1662-21) 

lEGA:~~·-~~V_A_L_V_E -----~;:==7 fi~7 ====c::\====::: 7>7:: =::::= .. .::,1,=~~5~~~~ 

0 AIR RELEASE 

0 LEVEL-SENSING VAL VE 

© BOOSTER PUMP 

CD BYPASS AND NON-RETURN VALVE 

CD TANK SHUT-OFF VALVE 

0 AIR RELEASE VALVE 

© FUEL 'NO-AIR VALVE INBOARD 
17', {A- SLIDE VALVE - MECHANICALLY OPERATED 
\.:.,/ FUEL FLOW-PROPORTIONER 

B- REFUELLING CONNECTION ® FUEL /NO-AIR VALVE OUTBOARD 

® LIQUID LEVEL SENSER 

C10S•LD•63.J 

FUEL SYSTEM COM 



FUEL SYSTEM COMPONENT LOCATION DIAGRAM 
WING 
SECRET 



CD Oil- FUEL HEAT EXCHANGER 

,,;\ BOOSTER PUMP LOW PRESSURE WARNING SWITCH (2) 
\.V (BETWEEN FUEL ISOLATING VALVES- ITEM 3) 

0 FUEL ISOLATING VALVE (2) 

© FUEL PRESSURE REGULATOR VALVE 

0 TANK SHUT-OFF VALVE (2) 

CD FUEL TRANSFER PUMPS (2) 

L 

® FUEL - NO AIR V Al VE 

® AIR PRESSURE RELIEF VALVE- DIFFERENTIAL 

@ FUEL CROSSFEED VALVE 

® FUEL LOW PRESSURE COCK (2) 

J 

@ ENGINE LINE LOW PRESSURE WARNING SWITCH (2) 

@AIR PRESSURE RELIEF VALVE- REGULATOR (2) 

® AIR PRESSURE RELIEF VALVE- ABSOLUTE (2) 

Cl0S~LD-64·1 

TANK NO. 1 

0 

0 AIR- NO FUEL \ 

© LEVEL SENSING 

0 AIR- NO FUEL \ 

@ FUEL - NO AIR ' 

® HOT AIR FILTER 

® AIR- NO FUEL • 

TAN 

I 
7" 

I 
' 

!c 
I 
' I 

STA. 317 392 

FUEL SYSTEM - CO 



0 AIR- NO FUEL VALVE 

CD LEVEL SENSING VALVE 

0 AIR- NO FUEL VALVE 

@ FUEL - NO AIR VALVE 

GD HOT AIR FILTER 

@ AIR- NO FUEL VALVE 

I 

STA. 317 392 477 

I 
ff~~ I 

@\@ 
I 

I 
538 59 1 

FUEL SYSTEM - COMPONENT LOCATION DIAGRAM 
FUSELAGE 

SECRET 

19 

697 





TYPE :Z LEVEL SENS ING VALVE 

TANK 7 ACCESS HOLE 

TYPE 1 AIR/NO-FUEL VALVE 

NO-FUEl VALVE 

TANK 1 

CAPACITOR UNIT - FRONT FUEL/NO-AIR VALVE 

IBPS . I. AIR PRESSURE SERVO 

CAPACITOR UNII 

CHECK VALVE 

LIN ES 

/ ~' 
I 

/ 

I 
I 
I TYPE 2 AIR/NO 

REAR FUEL/NO-AIR VALVE 

CAPACITOR UNIT 

FRONT FUEL/NO-AIR VALVE 

TYPE 2 AIR/NO-FUEL VALVE 

-FUEL VALVE 





FUfl ANO CONDENSATE DRAIN IINES 

CAPACITOR UNIT~ 

FUEL AND CONDENSATE --····~ 
-:~ .. 

-2 
~ 

CAPACITOR UNITS 

TANK 7 ~ 

25 P 5.1 A6501UTE PRf-SSURl?AllON llNES MIW - M 

FUEL AND CONDENSATE 
DRAIN VALVE 

AIR DISCHARCF llNES 

L AYO UT OF WI NG TANK COMPONENTS 

\ 
OUTER WING 



FUSELAGE 
TANK 
TRANSFER 

- CI05-LDI08-I 

WING 
-TANK 

TRANSFER 

ENGINE FEED 

ENGINE 
FEED 

LEVEL 
SENSORS 

-◄~-__.,,..::.__ BY-PASS 
OPEN 

I I I I 
I 
I 
I 
I 

TANK 3 

BY-PASS 0' 
SENSING 

, I 
I 
I 
I 
I 
I 
I 
I 

'-------- ------

1 
L ___________________ _ 

RETURN TO TANK 
LINE FROM SHUT­
OFF VAL VE BLEED 

EL 

-
ATTITUDE T( 
CAPACITORS --

ARROW l 

COMPOSITE FUEL SYSTEM 
-SECRET 

LE 



NOID 

TANK 2 TANK 1 (FEEDING R.H. ENGINE) 

I __, 

r-------

SENSING UNIT WING TANK FUEL 
BY-PAss OVER-RIDE '1 ATTITUDE SENSOR TO R.H. 

----- _____________ , PORT : STB'D. NO-AIR VALVES AND 

'----~ 2 SEQ(!ENCE l LEVEL SENSORS 

'------------------t 3 CONTROL UNIT 3 t------------.../ 
'---------------------14 I 4 t-------~ 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - 6 T~\ lN~H.s 

-----------------------1' L.L. S~NSOR 

---------, 
6>-----~ I 
70-----~ I 
s1------~ 

ELECT CONT CABLES -t1;I;~~6RS -- TO SOLENOIDS AND 
LEVEL SENSORS 

ARROW l 
SITE FUEL SYSTEM 

-SECRET 

.._..__...._ _ __,___, 

ELECTRIC CONTROL 
- - - CABLES TO 

CAPACITORS 

ELECTRICAL CONTROL 
---- - CABLES TO TANK 5 

L.l. SENSOR 



BOOSTER PUMP I 
PICK-UP POINT \ 

\ 
AFT CAPACITOR 

ACCESS PANEL 

REFUELLING INLET. 

25 P. S.1.A. PRESSURIZATION LINE ._ 
PASSING TH ROUGH COLLECTOR 11 

TO FU EL FLOW PROPORTIONER .. DIFFUSER INLET FROM FLOW PROPORTIONER 

• 

AIR RELEA SE LINE 

\ 

PUMP BY PASS INLET 

FORWARD 
CAPACITOR 

PUMP BY -PA SS 
\ 
\ 

EN G INE FEED 

,o? 

0 .. 
ENGINE FEED 

- FUEL TRANSFER A IR RELEASE LINES - I 25 P. S. I. A . A IR LI NES 

COLLECTOR TANK COMPONENTS - FUEL SYSTEM ( FLOW PROPORTIC 

SECRET 



H!ON ER 

AIR RELEASE LINE 

- \ 
ACCE SS PANEL 

CD 

ACCESS PANEL 

0 

\ 
\ 
\ 

3A 

Q) Q) 
25 P. S. I. A . SUPPLY TO 

AIR ADMISSION VALVE 
(ON TANK BOTTOM) 

TO ATMOSPHERE 

RIB I 

AIR ADMISSION VALVE 
= ============ =:::::-= =:== = = = ===~= =~~~~~========== AIRCRAFT Cl 

- I 25 P. S I. A. AIR LI NES REFUELLING 

SYSTEM ( FLOW PROPORTIONER AND CONTROLLED C/G) 

SECRET 

CONTROLLED C/G 
CAPACITORS (±) QUANTITY 

CAPACITORS 



L. H. BY - P 
AND REFU 

/ 

' 

SHUT -O 
, v 

ULKHEAD 
STA. 485 

L • 
PRESSURE 

R~GULATQR 

\ 

- MAIN FUEL LINES = SENSING LINES TO OVERRIDE SENSING VALVE - PRESSURE DIFFERENTIAL SWITCHES SENSING LINES 

SERVO LINES . FUEL PRESSURE REGULATOR OVERRIDE SERVO LINES · BY . PASS AND HFUELLING SHUT -OF~ VALVE 

- TO FUSELAGE TANKS LEVEL SENSING VALVES TO FUEL PRESSURE REGULATOR OVERRIDE 

?Ml -34 24-1 

FUSELAGE TANKS TRANSFER LINES AND COMPONENTS 



TYPICAL TIE ROD END FITTING 

\~ \ .. nE ROD ENO FITTING 

INJECTIO N N IPPLE 

-~ 
O -RINGS 

SPA( 

TIE ROD 

@i 

~ ~ 
SPLIT RETAINING RING 

~ 

TYPICAL MAIN PRESSURIZATION 

LINE CONNECTION - CELL 2 

11:EAII: TANK 

BULKHEAD 

TYPICAL SERVO PIPELINE CONNECTION 
BETWEEN CELLS 1 AND 2 

FUEL CELL 1 
FUEL CELL 2 

SPACER 
RING 

TYPICAL MAIN FUEL LINE 
CONNECTION BETWEEN CELL 1 AND 2 

TYPICAL SERVO PIPELINE 
CONNECTION - CELL NO 2 

FUEL CELL 

SPACER 

METAL INSERT 

N1PPlf 

REAR TANK 
BULKHEAD 

TYPICAL MAIN FUEL LINE 

CONNECTION - CELL NO 2 

FUEL CELL . 

MET AL INSERT 

'WIG-0- F 

NUT 

REAR TANK 

BULKHEAD 

TYPICAL METHOD OF MOUNTING 
COMPONENTS INSIDE FUEL CELL 

TANK BAY 

MET AL INSERT ROOP' 

SEALING OF FUEL CELL CONNE CTIONS 
FUSELAGE TANKS 



Cl~- L0-94- 1 

15 P 5.1. FROM REGULATOR 

VENT-INTAKE-CONTROL VALVE TYPE 1 

CF105 - FUEL SYSTEM 

SECRET 



ACTUATOR 

PISTON 

POPPET REllEF 

SPRING 

PISTON 

RETURN 

POPPET 

INLET FROM 

RECEIVING JET 

DESCRIPTION 

OUTIET TO DIFFERENTIAL 

REl lEF VALVE DURING 

10 P.S.I.G. AIR 

SU PP\.Y UNE 

THE LOWER TYPE 2 VALVE IS NORMAUY IMMERSED IN FUa AND "!"HE AFT TYPE 2 

VALVE IS IMMERSED IN FUEl DURING CLIMBS. DURING IMMERSIO N THE FUa ISO. 

LA TES THE RECEIVING JET FROM THE INLET JfT. PREVENTING 1 B P .S..I. AIR Pll:fSSURf 

FROM ENTERING THE PRESSURE SEN~NG CHAMBER. THE PISTON RETURN SPfUNG 

AIDED BY THE FUB. HEAD HOI.DS THE POPPET ON ITS SEATING, PREVENTING FUEL 

FROM ENTERING THE 10 P.S.I.G. AIR SUPPLY LINE. 

WHEN THE VAL VE BECOMES UNCOVERED BY FUB. DUE TO A CHANGE IN A mTUDE 

O F RJGHT O F THE AIRCRAFT, THE 18 P.S.I.G . AIR PRESSURE PASSES FROM THE INI..ET 

JET TO THE RECEMNG JET INTO THE PRESSURE SENSING CHAMBER, COMPRESSING 

THE PISTON AGAINST ITS SPRING AND OPENING THE POPPET. 

IN THE EVENT OF A DROP IN TANK PRESSURE, THE POPPET WIU OPEN AGAINST 

THE POPPET RB.1EF SPRING SHOULD 10 P.S.I.G. SUPPLY LINE PRESSURE EXCEED TANK 

PRESSURE BY 1.5- 1.75 P.S.1. 

A REllEF VALVE IS FITTED IN THE CONTROl AIR SUPPLY UNE TO REllEVE EXCESS 

PRESSURE WHICH WOUlD CAUSE THE VALVE TO OPEN EVEN WHEN IMMERSED IN FUa 

AIR AT 10 P.5.1.G - AIR AT 18 P.S.I.G. ,ua 

TYPE 2 AIR /NO -FUEL VALVE SCHE M A TIC 



AMBIENT SENSING LINE 
(FITTED TO DIFFERENTIAL 
REGULATOR ONLY) 

PLATE VALVE 

AMBIENT AIR PRESSURE 
HIGH PRESSURE AIR (85 P.S.I.G.) 

DOWNSTREAM SENSED 
PRESSURE INLET 

SLIDE VAL VE STEM 

c=:J 
~ 

t=:::J FUSELAGE TANK PRESSURIZING AIR AT 10 P.S.I.G. 
EHP.ACT f'ROM ?Mt-34-17-1 

DIFF ERENT IAL AIR PRESSURE REGULA TOR SCHEMATIC 



PRESSURE 
SENSING 
CHAMBER 

L.----- BELLOWS SEALING 
PLUG (FITTED 

TO ABSOLUTE 
REGULATORS 

ONLY) 

BELLOWS 
COMPRESSED 

PRESSURE INLET 

SLIDE VAL VE CLOSED 

HIGH PRESSURE AIR (85 P.S. I. G.) 

WING TANK PRESSURIZING AIR AT 25 P.S.I.A. 
[~"fl\At1 f'ROf'I ?Ml•3<+-IT-I 

ABSOLUTE AIR PRESSURE REGULATOR SCHEMATIC 





SHUT-OFF VALVE 
RETURN SPRING ENERGIZED OPEN 

SHUT-OFF 

INLET 0 

BLEED PORT 

.. 

·•••• !II I i 

,-._--..-.. .. 1:11~-~, 

. _/}))} :[ 

:://(\ .•:=::JI 

SERVO VAL VE CLOSED RELIEVING PRESSURE ADJUSTMENT SCREW 

AIR AT ATMOSPHERIC PRESSURE 
TANK PRESSURE AIR IN EXCESS OF 25 P.S.I.A. (RELIEF 
VALVE OPENS AT 26 - 27 P.S.I.A.) 

ABSO LUTE AIR PRESSURE RE LIE F VAL VE SC HEMA TIC 



REFUELLING CHECK 
VALVE 

TRANSFER FUEL 
TO FLOW 

PROPORTIONER 

CONTROLLED C. O F G . 
SOLENOID OPERATED 

ESCAPE PORT 

FLOAT COUNTER 
BALANCE WEIGHT G IMBAL FLOAT PIVOT 

BALL TYPE 
CH ECK VALVE 

C I O'.i-L0- 107- 1 

- TANK PR ESSURE - FUEL 

FUEL/NO AIR VALVE (ARROW) 

SECRET 

MAIN VALVE 
RETURN SPRING 

MAIN VALVE 



PRIMARY PORT 
CHECK VALVE 
CLOSED 

PRIMARY 
PISTON 
OPEN 

SECONDARY PORT 
CHECK VALVE 
CLOSED 

BLEED 
PASSAGES 

- FUEL AT TANK 
PRESSURE 

SWITCH ASSEMBLY 
ACTUATED OPEN 

SECONDARY 
PISTON OPEN 

FUEL AT REDUCED 
PRESSURE 

TWO WAY SHUT-OFF VALVE - REVERSE 
FLOW SCHEMATIC 



FUSELAGE 

TANI( 

SOLENOIDS 

ENERGIZED 

TYF'E 2 LEVa 
SENSING 

VALV E 

TRANSFER 

PUMP 

FUEL 

PRESSUR E 

REGULATOR 

SY-PASS AND REFUWING 
SHUT-Off VAlVE ClOSED 

w . 

REGULA TOR FAILED OPEN 

PRIMARY 

IF TH E REGULATOR FAILS, IT FAILS IN THE OPEN PO SITION AN D THE FUEL OUT­

LET PRESSURE RISES, AT 28 P. 5.1. A , THE PRESSURE BEGINS TO OPEN THE BELLO W S 

VALVE AND AT JO P. S.I.A. IT IS FULLY OPEN. rHIS ALLOWS THE f Uft TRAPPED 

lN THE PRIMARY CHAMBER OF THE BY- PASS AN O SHUT- O FF VALVE TO DISSIPATE, 

AND THE VALVE TO OPEN ANO BY- PASS EXCESS FUEL BACK TO THE TANK. 

FUEL AT 25, 28 P. S.I. - FUEL IN EXCTSS O f 28-30P.S. I. 

NORMAL 

DURING NORMAL OPERATION, THE SOLENOIDS ARE ENERGIZED WHEN THE 

TRANSFER PUMP JS SWITCHED ON , AND THE SOLENOID VALVES CLOSE OFF 

THE PRIMARY AND SECONDARY SERVO LINES TO THE LEVEL SENSING VALVE, 

AND O PEN THE PRIMARY AND SECONDARY SERVO LINES FROM THE BY, PASS AND 

REfUELLING SHUT-Off VALVE. THE O UTLET PRESSURE O F 25 P.5.1.A. IS INSUfR• 

OENT TO CONTRACT THE BE LLOW S, SO THE BELLOWS OPERATED VALVE REMAINS 

CLOSED, THIS BLANKS OFF THE PRIMARY SERVO LINE AND TRAPS FUEL IN THE 

PRIMARY CHAMBER Of THE BY -PASS ANO SHUT-OFF VALVE WHICH PREVENTS 

THE VALVE FROM OPENING AND FEEDING FUEL BACK TO THE TANK 

FUSELAGE 

TANK 

TRANSFER 

PUMP 

REFUELLING 

REGULATOR 
FAILED 

O PEN 

DURING REFUELLING, THE TWO SOLENOID VALVES ARE DE: ENERGIZED. THIS 

OPENS THE PRIMARY AND SECONDARY SERVO LINES TO THE LEVEL SENSING 

VAL VE, ANO CLOSES THEM TO THE OVERRIDE SENSING VAL VE. THE LEVEL 

SENSING VALVE AND TH E BY-PASS AND SH UT-OFF VALVE NOW CONTROL 

RERJELUNG. SEE PARA. 7 4 

FUEL AT REDUCED PRESSURE - REFUELLING SERVO LINES AT REOUCEO PRESSUIH 

BY-PASS OVERRIDE SCHEMATICS 



SECONDARY PISTON 
OPEN 

BLEED LINE VENTURI 

DESCRIPTION 

PRIMAltY PISTOM 
OPEN 

PORT t H,CK VAL V1 
CLOSED 

WHEN THE TRANSFER PUMP IS INOPERATIVE, PRESSURt AT THE VALVE IMLlT 1$ 
BELOW TANK PRESSURE, THI$ REDUCED INLET PRESSURE IS ,E\.T WITHIN TNI 
PRIMARY AN D SECONDARY PISTON CHAMBERS AND CLOSES TH E CHEO:: VALV1$., 
PRE SSURE AT THE VALVE OUTLET NOW OPENS TH E SECOMDARY P1STOM, ALLOW, 
ING TH E PRE SSURE TO OPEN THE PRIMARY PISTON, AND THE BY-PASS f\.OW 
TO COMMENCE, 

THE PRIMARY PISTON IS MAINTAIMED IN THE OPEM POSITIOM Be(:AUSI OP T'Nl: 
DIFFERENCE IN PRESSURE BETWE::N THE FUR. ACTING ON THE FACI Of THE P1$tON, 
AND THE FUEL AT TH E INLET. 

NOTE 

THE BLEED LI NE VENTURI 15 FITTED IN THE PRIMARY BLlE0 LIN£ TO EtdUltl 
QUICK OPENING OF TH E VALVE DURING OVERRIDE o, TH£ FUEL PRESSUU 
REGULA TOR (SEE F1G. 16), THE PRESSURE \N THE PISTON CHAMBERS 1$ D~ • 
IVED FROM THE THROAT OF THE VENTUR1 , TH1S REDUCES THf PRESSUl!'E IN 
THE PISTON CHAMBERS TO BELOW INLET PRESSURE , - FUEL Al FUSELAGE 

TANK PRESSURE 

FUR AT REDUCfO 
PRE'SSUllE 

BY-PASS FLOW THROUGH THE BY-PASS 
AN D REFUELLING SHUT•OFF VALVE 



PISTON BLEED PORT PISTON CHAMBER 

DESCRIPTION 

FUEL DELIVERED BY THE TRANSFER PUMP OPENS THE PISTON AND CHECK V Al VE 

AGAINST THE RETURN SPRINGS. THE FUEL THEN FLOWS PAST THE PISTON TO THE 

FLOW PROPORTIONER, AND ALSO PAST THE CHECK V Al VE THROUGH THE BLEED 

PORT INTO THE PISTON CHAMBER. 

ounET PRESSURE IS SENSED IN THE BELLOWS CHAMBER, AND WHEN THE PRESSURE 

RISES TO 25 P.S.1.A., THE BELLOWS START TO COLLAPSE AND CLOSE THE SB.LOWS 

OPERATED VALVE. THE VALVE FULLY COSES AT 27 P.S.I.A. 

THE SB.LOWS OPERATED VALVE RESTRICTS THE BLEED FLOW FROM THE PISTON 

CHAMBER, AND THE RESULT ANT BACK PRESSURE, ASSIS TED BY THE RETURN SPRING 

MOVES THE PISTON TOWARDS ITS SEATING TO RESTRICT FUEL DELIVERY AND MAIN­

TAIN THE OUnET PRESSURE AT 25-27 P.S.I.A. 

THE CHECK VALVE PREVENTS REVERSE FLOW SHOULD THE INLET PRESSURE FALL 

BELOW THE ounET PRESSURE. 

ml-341 9- 1 SLACK 

FUEL AT TRANSFER PUMP DELIVERY PRESSURE 

FUEL AT 25-27 P.S.I.A. 

PRESSURE VARYING BETWEEN 25 P.S.I. AND 

INLET PRESSURE DEPENDING UPON PISTON 

POSITION 

FUEL PRESSURE REGULATOR SCHEMATIC 



BY - PASS 
ACTUATOR 

NORMAL TRANSFER 

WIDTH OF CHAMBERS 

IN PROPORTION TO TANK CAPACITIES 

CHAMBER 
FOR FUEL 

TA NI( N0.8 

CHAMBER CHAMBER CHA MBER FOR 
FOR FUEL FOR FUEL FUEL TA NK 

TA NK NO . 7 AHi( NO. NO. I R. H. 

\ 
ROTATION 

I 
METERING VANE 

ROTATED BY 
PRESSURE OF FUEL 

N0.2 L.H . 

CHAMBER 
FOR FUEL 

TA NK NOS. 
3 ANO~ 

INLET FROM PRESSURE 
,', REFUELLING ADAPTOR 
\,I DURING REFUELLING 

r'\ OUTLET FROM COMMON 
L/ COLLECTION CHAMBER 

TO COLLECTOR TANK 
DURING TRANSFER 

EMERGENCY TRANSFER 

PARTIAL REFUELLING FUU REFUELLING 

- CROSS SECTION DIAGRAMS TYPICAL FOR EACH CHAMBER 

- FUEL UNDER PRESSURE RESIDUAL FUEL AT METERING VANE INLET 

C- l~- L0- 81-1 

FUEL FLOW - PROPORTIONER UNIT 

SECRET 



BELLOWS OPERATE0 POPPfT OPEN 

AIR RELEASE FROM COLLECTOR TANK 

BELLOWS OPERATE~ POPPfT CLOSED 

LOW LEVEL AIR ADMISSION 

BELLOWS OPERATE0 POPPET CLOSED 

AIR RELEASE SUSPENDED WHEN COLLECTOR TANK PRESSURE IS 

BELOW NORMAL 

- FUEL 

- AIR PRESSURE BELOW 11 P S. I. ABSOLUTE 

AIR PRESSURE 11 TO 13 P.S.I.ABSOLUTE 

- AIR PRESSURE 13 TO 25 P. r, I. ABSOLUTE 

- AIR PRESSURE 25 P. S. I. ABSOLUTE 

NOTE BELLOWS OPERATED POPPET CLOSES WHEN 

COLLECTOR TANK PRESSURE DROPS TO 13 P.S.I.A . 

AND RE-OPENS WHEN PRESSURE RISES TO 

14 P.S.I.A . 

COLLECTOR TANK - AIR ADMISSION AND AIR RELEASE DIAGRAMS 



BY - PASS INLET LIN E 

BOOSTER PUMP 
INLET LIN ES 

L. H PRESSUR E 
SWITCH 

./ 
FORWARD 

/ 
CROSS FEED VALV E 

FORMER AT 
STA. 538.77 

..---- R H COLLECTOR r AN K 

'--....'--.I~/ -~ C 
- I 
DELIV ER Y LIN E 
TOR. H. ENGINE 

c::=:J COMPON ENTS IN SIDE TANKS 

LAYOUT OF E NG IN E FEED COMPONENTS 



CLOSED 

OUTBOARD 

MANUALLY OPERATED GATE 
VALVE LEVER ROTATED 

THROUGH 90° BY LINKAGE 
FROM FULLY OPEN TO 

FULLY CLOSED 

MANUALLY OPERATED 
GATE VALVE 

-----REFUELLING ADAPTOR 

SPRING 

REVERSE ACTION RIGHT HAND 
MANUALLY OPERATED GATE VALVE 

PIVOT BRACKET 

/ 
FORWARD 

REVERSE VIEW-DOOR LOCK AND MICRO-SWITCH 

REFUELLING ACCESS DOOR AND MANUALLY OPERATE D GATE VALVE 



7Ml- H 06- 1 

L. H. SPEED 
BRAKE SK IN 

I 

REFUELLING A N D TES T PANEL 



FORWARD ,.,,,,.,,,...-



REFUELLING SHUT-O FF VA LVE 

PRIMARY PISTON O PE.N 

- FUEL IN TANK 

SECONDARY FLOAT 

PRIMARY FLO 

TYPE I LEVEL SENSING VALVE 

PRE-CHECKING OR PARTIAL REFUELLING 

PRIMARY VALVE OPEN 

TANK FULL 

- FUEL AT INLET PRESSURE - FUEL AT REDUCED PRESSURE 

OPERATIO N OF REF UE LLING SHUT-OFF VA LVES AND TYPE l LEVEL SENSING VALVES 



PRIMARY 
VALVE 

-

PRIMARY SECONDARY SECONDARY 
SERVO LINE FLOAT FLOAT 

FUEL AT 
INLET PRESSURE 

SOLENOID OPERATED 
VALV E DE - ENERGIZED 
CLOSED DURING PRE - CH ECKi NG 
AND PARTIAL RE - FUELLING 

FUEL AT - REDUCED PRESSURE 

TYPE 2 LEVEL SENSING VALVE SCHEMATIC 




