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ENGINES 

--G E H E N  I ! I 8 p d pr / d~$ 

The ngine i s  an i n t e r n a l  

conbustion, gas tu rb ine  pover u n i t  connected by a 

torquemeter assembly and s t r u t s  t o  a reduction gear 

having a s ing le  p rope l l e r  shaf t .  

The power sec t ion  cons i s t s  of  a single-spool 

* a  

sec t ipn  containing and a s e t  of 

s i x  combustion l i n e r s  of the  cy l indr ica l  through- 

flow type, a and exhaust ( j e t  

An engine accessory d r ive  housing La 

mounted on t h e  bottom of the  forward end o f  the  

The reduction gear  assemblg contains  two s tages  

of reduction dr iving a propel ler  shaft. 9t pm-

vides  a 13.54 t o  1 redaction i n  power section-tcr- 

Dl3 ENGINE 

T O R ~ ~ T E R  REDUCTION GEAR 

p rope l l e r  shaft speed. Becesea- gears and 

t h e i r  dr ive  pads a r e  provided on t h e  reduction 

gear ease f o r  accessories.  The 

also incorpomfes  an automatic 

l e r  b ~ a k e ,  a 

used f o r  auto-

feather ing at Take-Off, and a 

The torquemeter a s s m b l g  transmits power 

from the  power un i t  t o  t h e  reduction gear. The 

t w i s t  of the torcqueraeter dr ive  shaf t  under load 

is measwed e lec t ron ica l ly  and registered a s  

shaf t  korsapmer on a cockpit indicator .  

The t v ~  a s s i s t  i n  carrging the  t i e - s t r u t s  

o v e r h a g  moaents and r s r e e s  produced by the  

p rope l l e r  and the reduction gear. 
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COMPRESSION 'COMBUSTION 'EXPANSION EXHAUST 


AIR FLOW AND COMBUSTION 

Through a i r c r a f t  ducting, air en te rs  t h e  Iingine specif icat ions ,  based on sea l eve l  
opening a t  t h e  f ron t  of t h e  power sect ion 2nd i s  standard day s t a t i c  conditions, &warantee the en. 
compressed a s  it passes through t h e  compressor. @ne w i l l  develop a t  take-off power a minimum of 
From t h e  compressor, t h e  a i r  enters  t h e  d i f fuse r  3460 S h g t  Horsepower (SW) t h ~ o u g h  t h e  reduc- 
sect ion which serves t o  d i s t r i b u t e  it equalig t o  t ion  gear box t o  t h e  propeller.  The j e t  th rus t  
the  combustion l i n e r s  of t h e  combustion section. developed w i l l  be equivalent t o  290 horsepoweP. 

Fuel is introduced through a nozzle Sm each Curves i n  Section 9 , PWO,W&YGE, show 
l i n e r  dome and i s  combZned with t h e  siz t o  expected to rqumete r  shaf t  horsepower under 
maintain constant combustion, The conbustion varfous condltlons of ambient ' cmpe~a ture ,  al-
forns  an expanding hot  gas whech i s  dZsected t o  t i t u d e ,  airspeed, and TeIeTe 
the  power turbine,  

PWER SEC'PIOEO 

Prom f r o n t  t o  reiar, t h e  power sec t ion  can 
be broken down i n t o  the general sub-sections 

The turblne conuefis t h e  major portion of enmerated belog, i n  whlch order they w i l l  be 
the  gas energy i n t o  shaf t  horsepower which is b r i e f l y  discussed: 
u t i l i z e d  t o  d r ive  t h e  compressor and accessorfes 
as required, with the balance of the  s h d *  1, Alr I n l e t  Section 
horsepower t r a n s s f t t e d  t o  t h e  reduction gear box 2 ,  Compressor Section 
t o  dr ive t h e  propel ler ,  A small percen"zge of j, WfPuses Saction 
the  gas energy passes out t h e  exhaust cone as ah, Combustion Section 
jet t h r u s t ,  5, W b f n e  and Exhaust SectLon 
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1 A l r  Inlet fiousinr, ! 

A I R  IPILET HOU3IWQ 

The a f r  i n l e t  housing d i r e c t s  and d i s t r i b u t e s  
a i r  i n t o  the  compressor ro to r .  It a l s o  provides 
t h e  mounting locat ion f o r  the  f ron t  compressor 
bearing, the  power sect ion breather ,  the  acces- 
sory (engine) dr ive  assembly, the  torqu-eter ns-
sembly, an t i - i c ing  a i r  sa lves  and the  i n l e t  vane 
assembly. The i n l e t  a i r  temperature ( ~ t 2 )  and 
I n l e t  a i r  p r e s s w e  ( P t 2 )  sensing probes a r e  in -  
s t a l l e d  a t  the  f ron t  of t h i s  sect ion,  

The i n l e t  vane ossentbly i s  mounted on the  a f t  
s i d e  of the  a i r  i n l e t  housing s t r u t s  and imparts
the  proper d i rec t ion  and velocl tg  t o  the  a i r f low 
a s  it en te r s  the  f i r s t  s tage of the  compressor 
r o t o r .  

As the  e ight  supporting s t r u t s  and the  i n l e t  
vanes between the  center  hub and the  outer r ing  
o l  t h e  cas t ing a r e  subject t o  i c i n g  under ce r ta in  
atmospheric conditions,  t h i s  sect ion incorporates 
an t i - i c ing  valves and passages f o r  d i rec t ing  hot 
compressor discharge an t i - i c ing  a i r  t o  the  s t r u t  
leading edges, a i r  i n l e t  pressure  probe, de- 
f r o s t i n g  shie ld  around the i n l e t  a i r  temperature 
probe, and the i n l e t  guide vanes. a f t e r  ac- 
complishing t h i s  plrrpose, the  a i r  i s  returned t o  
the  f i r s t  stage of t h e  compressor. 

ACCESSORY DRIVE WSSMBLX 

An accessory d r ive  assembly is  incorporated 
on the  bottom of t h e  a i r  i n l e t  housing. Haunting 
pads f o r  the  speed sensitive control ,  speed 
s e n s i t i v e  valve and o i l  pump (coabination pres- 
sure  and scavenge) a r e  on the  f ron t  Pace housing. 
On the r e a r  Pace of the hausing are mounting pads 
f o r  the  f u e l  control  rand f u e l  pump. A l l  of these  
accessor ies  a r e  f o r  operation of the  pover sec-
t i o n  only. Other accessor ies  a r e  mounted on the  
a f t  face  of the  reduction gear case. 

. . .--- . . . . .-- . . -----
Compressor 

The compressor sect ion is  t h a t p o r t i o n  of the 
power u n i t  which produces an a i r  pressure r i se .  
It has a fourteen-stage a x i a l  f lov  compressor. 
Tnere i s  a pressure r i s e  a t  each stage,  The 
f i r s t  s tage ro to r  blades acce le ra te  the  a i r  rear- 
w d  i n t o  the  f i r s t  s tage vane assembly. T h i s  
decreases the  veloci ty  of the  a i r  t o  increase the 
s t a t i c  pressure and d i r e c t s  it a t  the  proper 
angle l n t o  the  second s tage compressor r o t o r  
blades, The second s tage  r o t o r  blades accelera te  
the a i r  rearward ",to the  second s tage vane as- 
sembly; and so on through t h e  conpressor ro to r  
blades and s t a t o r  vanes u n t i l  the  air e x i t s  i n t o  
the  d i f fuse r  a f t  of the  34th s tage of compres- 
sion. 

A i r  temperature arid pressure  Increase a s  the 
a i r  passes from the  i n l e t  houslng through the  
compressor t o  the  d i f f u s e r ,  The highest a i r  
t o t a l  pressure i s  at the  i n l e t  of the di f fuser .  
A s  t he  a i r  passes rearward through the  d i f fuse r ,  
the  veloci ty  of the  a i r  slows down, causing an 
increase in  skat3.c pressure.  The highest s t a t i c  
a i r  pressure  i s  at the  inlet:  of the  coinbustion 
section. 

Compressor hccalemtion Bleed Valves 

Pow 8 c ~ e l e ~ a t i o n  bleed valves are mounted 
m e  
Th 

t h e  5th  s taxe a r e  aenirolded together,  and those 
a t  the  10th-stage a r c  manifolded together.  Ther 
a r e  used t o  unload the compressor t o  prevent en-
gine s t a l l  an& surge between O and 13,000 RPX and 
t o  mnke i t  e a s i e ~t o  acce le ra te  the  engine during 
s t a r t i n g .  These bleeds a re  open during low speed 
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POWER SECTIOH 

DLFPUSEE 

The d i f f u s e r  assembly i s  bolted t o  the  a f t  
end of the  compressor housing. It i s  the mtd- 
s t r u c t u r a l  member of the engine, and one of the 
th ree  engine- to-ai rcraf t  mountings i s  located a t  
t h i s  po in t .  S i x  s t r u t s  form passages which con- 
duct compressed a i r  from the o u t l e t  of the  14th 
s t age  of the  compressor t o  the forward end of 
the  combustion l i n e r s .  These s t r u t s  a l s o  sup- 
p o r t  the  inner  cone which provides the mounting 
f o r  the  r e a r  compressor bearing, the s e a l s ,  the 
r e a r  compressor bearing o i l  nozzle,  the d i f f u s e r  
scavenge o i l  pump, and the forward end of the  
combustion inner  casing. 

Breed A i r  
Bleed a i r  Is extracted from p o r t s  around the  

ex t rac ted  from t h i s  sec t ion  f o r  cross-feeding 
from one engine t o  another f o r  

The 14th Stage S t a r t  Bleed Valve 
The 14 th  s t age  s t a r t  bleed valve i s  mounted ' 

on t h e  d i f f u s e r  case  and between 0 t o  5,000 RPM 
bleeds  o f f  a i r  t o  f a c i l i t a t e  t h e  ign i t ion  of the  
f u e l - a i r  mixture during t h e  s t a r t i n g  cycle  and 
t o  a i d  i n  i n i t i a l  accelera t ion a f t e r  "l ight-off".  
S i x  Puel Nozzles 

S$x f u e l  nozzles a r e  mounted a t  the  a f t  end 
of t h e  d i f fuse r .  A f i r e  sh ie ld  Is provided a t  
t h e  r e a r  s p l i t  l i n e ,  

-- -- .----- --
Combustion Chamber Assembly 

COMBUSTION SECTION 
This assembly consis ts  of an ou te r  and an 

inner  casing which f o m  an annular chamber i n  
which =combustion l i n e r s  a r e  
located. Puel is sprayed continuously during 
oPeration I n t o  the  forward end of each l i n e r .  

located in  
combustion i g n i t e  the  
fue l -a l r  mixture. All s i x  l i n e r s  a r e  i n t e r -
connected near  t h e i r  forward ends by c-I OSS-over 
tubes,  Thus, during t h e  s t a r t i n g  cycle a f t e r  
ign i t ion  takes  place  i n  numbers 2 and 5 combus-
t i o n  l i n e r s ,  the  flame propagates t o  the  re -
mainlng l i n e r s .  

The outer  casing provises the  supporting 
s t ruc tuye  between the  d i f f u s e r  and t h e  turbine 
sect ion.  Mounted on the  bothm of t h e  ou te r  
casing a r e  two combustion chamber drain  valves 
t o  d ra in  f u e l  a f t e r  a f a l s e  s t a r t  o r  a t  engine 
shut  down, 

Approximately 2 9 of t h e  a i r  which en te r s  
the  combustion rec&n i 
f u e l ,  This a i r  known a s  
the  fomard  sect ion of t 
normally reaches a tempefature i n  excess of 
3000oF i n  the  combustion process.  The remaining 
a i r  en te r s  t h e  r e a r  sec t ion  of the  combustion 
l i n e r  and is known a 
secondary a i r  
vent the  flam . - -  
a l s o  t o  lower 

( t h e  en te r ing  
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The, t u r b i n e  i n l e t  c a r i n g  i s  a t t a c h e d  a t  i t s  
forugl.d end t o  t h a  ouCatr elnb i n n e r  cambuotlon 
c a s i n g s .  It  houses ths forward t u r b i n e  b e a r i n g  
and s e l l  a s r e a b l y ,  Pron t  t u r b i n e  b e a r i n g  011 
J e t ,  r n d  the t u r b i n e  f r o n t  scavenge 011 pus@. 
The c a s i n g  1s d i v i d e d  i n t o  six e q u a l  pai34ia~as 
by s i x  a i r f o i l  struts. Each o f  t h s a e  g s s s a g e r  
p r o v i d e r  th* rnenna o f  l o c a t i n g  snd s u p p o r t i n p  
t h o  a f t  and o f  c o r b u t l o n  l i n s r .  

Located around t h e  o u t e r  c 
s, each  f i t t e d  w i t h  one 

Three  of  t h e s e  t h e m o  
i t i o n e d  i n t o  e a c h  of  t h e  s i x  combuatlon 

l i n e r s  a t  t h e  o u t l e t  of  t h e  l i n e r s .  Thag pro-
v i d e  a t empera ture  indication a t  t h e  t u r b l n s  i n -
let ( r e f e r r e d  t o  ar Turb ine  I n l e t  T m p e m t w e  -

The themocouplcrt asscsmbliao a r e  d m ;  
v l z . ,  each  c o n t a n  two p i e p e a t o  t h e m o c o u p l e a ,  
m O  t h u s  p r o v i d s s  f o r  two S ~ ~ B T S ~ B Ic l r c u l t a  i n  
p a r a l l e l .  Each c i r c u i t  onsaswea t h e  a s e m g e  
tempera ture  o f  a s a t  o f  e i g h t e a n  t h a n s o c o ~ l e a  
and p r o v i d e s  a v e r y  a c c u r a t e  i r i d l c a t l o n  of the 
gas t a m p s m t u r s  e n t e r i n g  t h e  t u r b i n a  inilrt sas-
t i o n  a t  all t i rses ,  One EIPCUI~is w& as s 

As t h o  povar  be inn  produced under  m u  a l v e n  

s e t  of c o n d i t l o n r  i a  dependent  upon t u r b i n a  i n -  


"Phi@ t w b i n e  r e t o r  ~ ~ s c ~ b l j  c o n s i s k s  OI f o ~ 
t u r b i n e  w h r a l r  v h i e h  lsrr s p l l n d  $0 a t u r b i n e  
#haPC. 9"hr ontbra, asrsaarmbly I m  s w p a ~ t e dby 
m l l e r  b m r l n g ~  rat caock a&. 

A t u r b i n e  o o u g l l n s  s h a f t  a s s m b l y  e o n n a c t r  

that t n r b i n o  r o t o r  t o  th*  c ~ m s s o rmtar, an& 

t h u s  g w s ~e x t r a c t e d  bgr t b a  f o u r  stag~386of' $ha 

t u r b i n s  ir tmneat ' l t tad t o  t h e  ceetp~assoq.  r o t o r ,  

d r i o s n  a c c e r s o r l e s ,  r e d a c t i o n  gaar &sssrbly, and 

&he p m p r l l e r .  


LTha -act anal ~xpgransion of' t h r  $rarer of a m -
bustion t h P a w h  t h e  t u r b i n e  a m t i o n  e n r b l e o  t3ra 
r o t o r  t o  &avolop s b P &  harn tapwrr .  A s  t h a  tw-
erat.w=s o f  t h *  Q C d O l  a t  t h *  t w b l n e  in le i ;  i a -  
c r o i s s ,  the, wark of  t ho  gasads ttV10ugk thr; t r u b i n o  
Lncresse which rpraultrr i n  i n c r m m M  hcrsepilhtes, 
Bevalwod Bz t h e  *bin* r c " c ~ .  Tho a h i t  horse-
power, dararfopa8 by tba t w b l n r  r o t o r  over  ~ n d  
above t h o  r s g u i r m r n t r  for d r i v i n g  %ha oempresaor 
rote&- m d  s r s c a r r o r i a a ,  i s  Bsllivsrwl t o  the  p r o -
g e l l e e  tbL%tah t h r  tox-qumetes, safstag. ~0IQfb3!.in3. 
and th9 r & n c t l o n  #ear a%ss=Sly. TI..*t u r b l n r  
doer  not absorb  a 1 1  o f  tha gas wsrm vhiah 
gnaaeis throxqh it. 9k.s rwsrninfng energy i n  &he, 
g a s e s  1s recover& t b o ~ ht h e  o x b u s t  ( j e t )  
n ~ z z l oas jot t h r u s t .  

Tha t u r b i n e  mans c a r i n 8  eneases t b a  t u r b i n e  
r o t o r  aaooebl  and r s t s l n o  t h e  b u r  s t a g a s  o f  
turbinat tram T ~ t a t a r )  a r s e d a l i e o .  It i a  t h e  
s t ~ a t ~ i " a l~webtwrf o r  s u p p o r t i n g  t h e  tw-b ina  
r e a r  b o a r i n g  s t q g o ~ t ,  The vanes  a r e  e h a l o i l  
QosSg,  and s e n e  two b a s l o  f u n c t i o n s .  These i n -  
e raso#  tho, gar vrlsacrity p r i o r  t o  e a c h  t w b i n a  
wbsrP st=@, and a l s o  dirrsat t h e  Plow of gosae  s o  
t b t  &hop w i l l  LHsgfngo Lxcn the CurSine~ blrsdoia rat 
&ha mort eP%iairinB myPo. 

The Lu~bintsrear- b ~ r k ~ i n s  a t t a e h @ s  t o  sugxg~a=$ 
t k 3  a f t  9~3d09 t h o  t w b i n r  rear van@ c a s t n g .  It 
hsuara end l o e a t o s  the tui-bins !tvar b s a r l n g ,  thm 
t w b l n r  reap  senaanqa p m ~ ,and *he i n n e r  rx-
haunt  cone avld I n a u S o t i a n .  IP. a l s o  f o m r  tha  ex-
h a u s t  (386)nosail@ fox- the e n d n e .  



-- 

6 POWERPLANT 

. . .. ., 
~ T Sx C N A T O K  TSS FEA'I'tiER SAFETY COUPLING 

STARTER PAD 

E N E H A T O R  PAD 

SOLC?IOID 

I 
i 
I 

i 

REDUCTION GEAR ASSMEL'I: 

The prime f u n c t i o n  o f  t h e  r e d u c t i o n  gear 

a s s e m b l y  i s  t h a t  of p r o v i d i n g  t h e  aaans of rc-

ducfng p o u e ~sect ion RIP@ ( l 3 , 8 2 0 )  t o  the mnge 

of e f f i c i e n t  p m p e l l e r  RPM ( l 0 2 0 ) .  It a l s o  

p r o v i d e s  pads  on t h e  r e a r  f a c e  f o r  a o u n t i n g  and 

d r i v l p l g  t h e  accessories i l l u s s t r a t e & .  EAL hy-

d r a u l i c  p w p s ,  however, will be e l e c t r f c a l l g  

d r f w e n ,  and sill b e  i n  t h e  h y d r a u l i c  s c p s l c a  

c e n t e r  i n  t h e  b e l l y  of t h e  e l r p l a n e .  


The reduction gear n s s m b l g  is  r e s o t e 1 y  PO-

c n t e d  from Eba power s e c t i o n ,  and i s  a t t a c h e d  by 

n tosquwaetcr nseembl j  and Lwa tie s t r u t s .  


n oreraI.2 
T h i s  f a  scamp 

3.125 Lo 1, end the seeondory step-down Pis by a 
planetam gear t m i n  wi th  @ ratio of 8.53  t o  1. 
I n  a d d i t i o n  t o  the  r e d u c t i o n  gears find aecessov 
d~ i sara .Lha r e d u c t i o n  gear 8sombly  fneP\apB@sthe 
i o l l w l n g  mJor Units: 

- ( p r e v e n t s  ex-
c e s s i v e  d r a g  due t o  e n g i n e  f a l l u r e  o r  ex-
c e s s i v e  power l o s s  I n  f l i g h t  ). 

.. (will pmvPde 
lo r  a u t m a t i c  feather%- when am& Cadur2srg 
tae-off I .  

PROPELLER 


The p r o p e l l e r  b m k e  2 s  d e s l g n e a  s o  t h a t  it 
u i l l  p r e v e n t  t h e  p r o p e l l e r  from u i n d m l l l l n g  uhen 
i t  i s  f e a t h e r e d  i n  f l i g h t  (may w 1 n ~ i l ls l o w l y  
a t  a i r s p e e d s  above 225 k n o t s ) ,  and a l s o  t o  de- 
c r e a s e  t h e  t ime  f o r  t h e  p r o p e l l e r  t o  cone t o  a 
complete  s t o p  a f t e r  ground shut-down, i n  which 
c a s e  b r a k e  2ngagernent b e g i n s  a t  approximately 
3200 m.4. It i s  a f r i c t i o n  t y p e  b r a k e  c o n s l s c l n g  
o f  a  s t a t l o n a r y  I n n e r  cone  and a  r o t a t i n g  o u t e r  
cone which,  when l o c k e d ,  a c t s  upon t h e  pr imary  
s t a g e  r e d u c t i o n  g e a r l n g .  During normal e n g i n e  
o p e r a t i o n ,  r e d u c t i o n  g e a r  o i l  p r e s s u r e  keeps  t h e  
b r a k e  i n  t h e  r e l e a s e d  p o s i t i o n ,  h o l d i n g  t h e  
o u t e r  and i n n e r  cones a p a r t .  When t h e  p r o p e l l e r  
i s  f e a t h e r e d ,  o r  a t  e n g l n e  shutdown, a s  g e a r  box 
o i l  p r e s s u r e  d ropf  o f f ,  t h e  . e f f e c t i v e  h y d r a u l i c  
f o r c e  o f  t h e  o i l  system d e c r e a s e s  and a s p r i n g  
f o r c e  moves t h e  o u t e r  member i n t o  c o n t a c t  wi th  
t h e  i n n e r  member, 

There i s  no c o n c l u s i v e  ground check o f  t h e  
p r o p e l l e r  brake.  Manual, backward r o t a t i o n  o f  
t h e  p r o p e l l e r  may be p o s s i b l e  due t o  s e v e r a l  
v a r i a b l e s  which c a n  p r e v e n t  f r i c t i o n  b m k e  (no  
mechanical  l o c k )  engagement i n  t h e  s t a t i c  con-
d i t i o n ;  however, t h i s  i s  n o t  i n d i c a t i v e  o f  un-
satisfactory brake o p e r a t i o n  i n  f l i g h t .  Also ,  
t h e  e l a p s e d  t ime f o r  p r o p e l l e r  t o  c e a s e  r o t a -  
t i o n  on a  normal eng ine  shut-down does n o t  r e -  
f l e c t  on brake  o p e r a t i o n .  When a  p r o p e l l e r  i s  
f e a t h e r e d .  a good check o f  brake o p e r a t i o n  i s  t o  
m a i n t a i n  a i r s p e e d  below 225 K I A S  and o b s e r v e  t h e  
p r o p e l l e r ,  If i t  r o t a t e s  b a c w a r d  a t  a i r s p e e d s  
below 220 KIAS, p o s s i b l e  improper  b r a k e  oper-  
a t i o n  i s  i n d i c a t e d ;  however, t h e  f e a t h e r e d  
b l a d e  a n g l e  must be  c o n s i d e r e d .  If t h i s  a n g l e  
i s  too g r e a t ,  a  normal b rake  w i l l  be i n c a p a b l e  
o f  s t o p p i n g  b a c h a r d  r o t a t i o n ;  l i k e w i s e ,  I f  t h e  
a n g l e  i s  t o o  s m a l l ,  fo rward  r o t a t i o n  w i l l  r e -
s u l t .  Because o f  f e a t h e r  a n g l e  t o l e r a n c e s ,  t h e  
p r o p e l l e r  may s t i l l  r o t a t e  f o r u a r d  when t h e  
b l a d e s  a r e  s e t  w i t h i n  limits, i n  which c a s e  t h e  
brake  h a s  v e r y  l i t t l e  e f f e c t .  rSlow r o t a t l o n  
of a f e a t h e r e d  p r o p e l l e r ,  i n  e i t h e r  d i r e c t i o n .  
h a s  n e g l i g i b l e  e f f e c t  o n  performance. 

NEGATIVE TORQDE SYSTEM (WS) 





-- 
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SAFETY COUPLING ( con t inued )  

f a i l u r e  ~ o u l d  have t o  occur b e f o m  i t  i s  pu t  t o  
u s e ,  f a i l u r e ,  of  t h e  engine t o  develop power 
a f t e r  I t  has  been running. and f a i l m  of  t h e  
NTS system. When t h e  s a f e t y  coupl ing  d isen-  
gages ,  t he  r e s u l  
i s  approxfmately 
1- through a d rag  horsepower t r a n s i e n t  of ap- 
proximately 1630 horsepower f o r  a  f r a c t i o n  o f  
a second. 

The s a f e t y  coupl ing  is  bo l t ed  t o  t he  forward 
end of  t he  torquemeter  s h a f t  and connects  t o  t h e  
gea r  box by mating s p l i n e s  t o  t h e  s h a f t  of  t h e  
i npu t  p in ion  gea r .  Thus, i t  becomes p a r t  of t h e  
shaft t r ans rn i t t l ng  power from t h e  engine t o  t h e  
reduction g e a r  assembly. H e l i c a l  s p l i n e s  i n s i d e  
t h e  coupl ing ,  a ided  by s p r i n g s ,  tend  t o  screw 
the  coupl ing  i n t o  t i g h t  con tac t  when engine power 
i s  app l i ed  t o  t he  torquemeter  s h a f t .  When nega- 
t i v e  torque  i s  app l i ed  t o  t he  p r o p e l l e r  s o  t h a t  
i t  s t a r t s  matoring t h e  eng ine ,  t h e  h e l i c a l  
s p l i n e s  tend  t o  unscrew, and nega t ive  torque  i n  
exces s  of  1630 SHP wrll cause i t  t o  de-couple 
a u t o ~ m t i c a l l y .  The s a f e t y  coupl ing  i s  de-
s igned t o  re-engage when power s e c t i o n  and r e -  
d u c t i  on gea r  R P M  a r e  approximately t h e  same. 
Whenever i t  i s  known t h a t  t h e  coupl ing  has  d i s -  
engaged, i n spec t ion  by Maintenance is  requi red .  

The torquemeter  housing and %ao t i e  s t r u t s  
s e c u r e  and provide  al ignment between power sec-
t i o n  and r e d u c t i o n  g e a r  assembly. The torque-
meter  s h a f t  assembly, w l t h i n  t h e  housing. pro-
v i d e s  t h e  means of  both t r a n s d t t l n g  to rque  
from t h e  engine  to t h e  g e a r  Box md o f  m a s w i n g  
t h a t  torque .  

The "iorqemeter s h a f t  assembly c o n s i s t s  

e s s e n t l a l l y  of  a s o l i d  s h a f t  and a  hollow 

s h a f t  mounted c o n c e n t r i c a l l y .  %.ep zwe f i rmly 


f a s t ened  t o g e t h e r  a t  t h e  end which m t e s  wi th  
t he  power u n i t ,  t hus  they  r o t a t e  a s  one. 
The i r  o u t e r ,  o r  gea r  box ends ape f i t t e d  wi th  
f l anges  upon which t e e t h  a r e  machined a f t e r  
assembly, hence t h e  t e e t h  on one s h a f t  are 
a c c u r a t e l y  a l i gned  wi th  t he  t e e t h  on t h e  o t h e r .  
A t  t h i s  end t h e  s h a f t s  a r e  not  f a s t ened  t o  each 
o the r .  The i n n e r  ( torqut?)  s h a f t  i s  b o l t e d  t o  
t h e  s a f e t y  coupl ing ,  which i n  t u r n  d r i v e s  t h e  
~ d u c t l o ng e a r  a n d  p rope l l e r .  Tnis  s h a f t  i a  
subgect  t o  t w i s t  a s  i t  t ransmi t8  torque;  t h e  
g r e a t e r  t h e  t o q u e ,  t h e  g r e a t e r  the  t w i s t .  
The o u t e r  ( r e f e r e n c e )  s h a f t  provides  no &iv-
Ing  f o r c e  and i s ,  t h e r e f o r e ,  not  subgect  t o  
t w i s t ,  

We torquemeter  pick-up, reduced t o  i t s  
s imp les t  form, c o n s l s t s  of two smal l  permanent 
magnets, 2bout each of which a se  s e v e r a l  "crns 
of wire.  It fo l lows t h a t  whenever t h e  magnetic 
f i e l d s  a r e  d i s t r u b e d ,  an e l e c t r i c a l  c u r r e n t  
w i l l  be Induced i n  t he  windings. The magnets 
a r e  a c c u r a t e l y  a l i gned  and mounted on t h e  
t o ~ q u e m e t e r  housing s o  t h a t  they p ro t rude  i n t o  
t h e  housing,  one d i r e c t l y  above the  t e e t h  of  
t h e  torque  s h a f t ,  t h e  o t h e s  d i r e c t l y  above the  
t e e t h  o f  t h e  r e f e rence  s h a f t .  A s  t o rque  i s  
t r ansmi t t ed  through t h e  tomuerneter s h a f t  a s -
sembly, t h e  torque  s h a f t  twists and t h e  r e f -  
el-ence s h a f t  does no t ;  t h i s  c r e a t e s  an angu la r  
displacement between the  t e e t h  on one a s  r e -  
l a t e d  to t hose  on t h e  o the r .  This I n  t u r n  
c s e a t e s  a phase d i f f e r ence  between t h e  i n -  
pu l se s  c r e a t e d  a t  t he  i nd iv idua l  pick-ups. 

The impulses produced a t  t he  pick-ups e n t e r  
t h e  phase d e t e c t o r  where t h e  phase displacement 
1s converted i n t o  an  e l e c t r i c a l  s i g n a l ,  propor- 
t i o n a l  t o  t he  torque output  of the  power u n i t ,  
which i n s  d i r e c t e d  t o  t h e  i n d i c a t o r  l o c a t e d  on 
t h e  ins t rument  panel .  The i n d i c a t o r  s c a l e  i s  
c a l i b r a t e d  i n  terms of  s h a f t  horsepower. 

HOYE: 	 Torquemei;er Is csl ibrz 'ced f o ~  13,820 RPM. 
L O : ~RPbI :-cadi~l<s ~ i l lnot be nccu ra t c .  

The Speed S e n s i t i v e  Conksol Ps mounted on 
t h e  fom-ard s i d e  of t h e  engine acceaso r i ee  
housing, 
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ENGINE COMYOXENTS 

The is  a f lyweight type  which incorpor-  
a t e  switches t h a t  a r e  ac tua t ed  In  se-
quence a t  2200, 9000 and 13,000 engine RPM. A s  
each n i c r o s u i t c n  i s  ac tua t ed ,  e l e c t r i c a l  c i r -  
c u i t s  a r e  opened o r  c losed ,  which makes t h e  en- 
g ine  s t a r t i n g  procedure an automatic one. 

AT 2200 RPM, THE FOLLOWIEIG OCCURS: 

-NOTE: Fuel  and I g n i t i o n  Switch must be 
armed - ON 

-	 The f u e l  con t ro l  cut -of f  va lve  i s  opened a t  
t h e  o u t l e t  of t h e  f u e l  con t ro l .  

-. 	 I g n i t i o n  System - ON 

-	 w i p  Valve, - closLd (Energized) 

-	 Fuel Pump P a r a l l e l i n g  Valve - Closed - Fuel 
pumps placed i n  p a r a l l e l ,  and f u e l  pump 
l i g h t  comes on,  i n d i c a t i n g  opera t ion  of 
secondary pump. 

-	 Primer Valve - Opens - I f  Primer Switch 
held t o  ON p o s i t i o n ,  w l l l  au tomat ica l ly  
c l o s e  when f u e l  manifold p re s su re  reaches  
50 PSI. 

* 

AT 9000 RPB, !PEE POLLOWING OCCURS: 

-	 I g n i t i o n  System - Off 

-	 Drip Valve - De-energized (remains c losed 
due t o  f u e l  p re s su re )  

-	 P a r a l l e l i n g  Valve - Open - Fuel  pumps 
placed i n  s e r i e s  and f u e l  pump l i g h t  
goes o u t .  i n d i c a t i n g  opera t ion  of t h e  
primary pump. 

- Primer Valve - Msarms c i r c u i t  ( a l r eady  
de-energilzed by p res su re  swi tch) .  

-	 The e l e c t r o n i c  temperature t r i m  system 
maximum T.I.T. l i m i t  is changed from 830% 

-	 Resets  maximum poss ib l e  t ake  of f u e l  by t h e  
temperature datum valve t o  20% r a t h e r  than 
previous  50%. 

I 	 I 
I U Y"'i,i..2 


,wrdcq ., 
 BELOW DPOO RPM 
r. 

SPEED SEHSITIVB V B L V ~ ~  

The Speed S e n s i t i v e  Valve i s  mounted on t h e  
forward s l d e  of t h e  accesso r i e s  housing. This 
va lve  i s  a f lyue igh t  t ype ,  which responds t o  en- 
g lne  RPM. When running a t  Less than 13,000 RPM, 
t h i s  valve is  pos i t ioned s o  t h a t  a l l  t he  5 t h  and 
10th  s t a g e  a i r  bleed valve  p i s t o n  heads a r e  
vented 60 atmosphere and t h e  acce le ra t ion  bleed 
valves (5 th  & 10 th  s t a g e )  a r e  open; Above 
13,000 RPH, 14th  s t a g e  a i r  1s d i r e c t e d  by t h e  
Speed S e n s i t i v e  Valve t o  t h e  bleed valve p i s ton  
:reads, causing t h e  va lves  t o  c lose .  
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ENGINE COMPONENTS 

T : ~ l tion 1s on1.y r e q u i r e d  drlriril; t i le r,Lari.- 
! . > ' - - , p i  ( :,t n c c  t:!!c combustlotl p r o c e s s  1s con-
: . , * I ~ ! . I : ,  ~ft r r  i n l t l n . 1  " l i j : i~t .  o f f  . Otlcc l [ : r ~ i t i o n  

- aicc':: p l n i ~ r ,  L r ~ rr~c;ltlunl rlnrnc In tile cornb~rs t lo~ i  
l :r.c:,s c o r ~ l .1:1!1ez t i le  conbustlorr p r o c e s s .  

'"lie !;:id!:-ion s y s t c ~ nIs a c a p n c l t o r - d i s c h a r ~ c
-ici 0ncr:;y t y p e .  The s y s t m  l n c l i ~ t l e s  an ex-
r i t e r  an? an i g n i t i o n  r c l a y  sr;ii.cli a r e  mounted on 
tile ;~y~pe.- p a r t  o r  t h e  compressor  c a s i n g ,  t h e  
;ex'; a s s e m b l i e s ,  and two l e n i t i o n  p l ~ l c s .  It op-
r l -ntcs  o:i 14 t o  30 v o l t s  aC i n p u t .  A c t u a l l y ,  
t h e r e  a r e  t v o  independent  sys tems ,  a s  t h e  e x c i t e r  
i s  a d u a l  u n i t  w i t h  i n d i v i d u a l  l e a d s  go ing  t o  t h e  
two i g n i t e r  p l ' ~ g s ,  one each l o c a t e d  i n  No. 2 and 
5 c o a b u s t i o n  l i n e r s .  

During t h e  s t a r t i n g  c y c l e ,  a s  RI'II r e a c h e s  
7200, t h e  speed  s e n s i t i v c  c o n t r o l  completes  a n  
e l e c t r i c a l  c i r c u i t  t o  t h e  i g n i t i o n  r e l a y ,  p ro-
vLded t h e  f u e l  and i g n i t i o n  s w i t c h  i r l  t h e  c o c k p i t  
.'as been armed. T h i s  c l o s e s  t h e  c i r c u i t  t o  t h e  
e x c i t e r ,  t h u s  p r o v i d i n g  c i c c t r i c a l  energy t o  t h e  I i g n i t e r  p l u g s .  When e n c i n e  Ri'il r e a c h e s  9000, t h e  
i g n i t i o n  c i r c u l t s  a r e  de-energized th rough  t h e  
a c t i o n  of t h e  speed  s e n s i t i v e  c o n t r o l .  

'i'ne P&nitZon system has  a maximum cont inuous  

r,?t:ng of t n r e e  minutes .  Iiowcver, t o  p r e v e n t  

0 7 e r h c a t i n g  o f  t h e  e x c i t e r ,  t h e  o p e r a t i n g  c y c l e  

snoulr! n o t  be  more than  two ( ? )  minutes  ON, 

t n r e e  ( 3 )  minutes  OW9 two ( 2 )  minutes  ON and 

t v e n t y - t h r e e  f 2 3 )  minutes  OFF, 


- .  -- - - - - --
Fuel Pump add FLlttr Aaaenbly  Series op*ratlon 

T h i s  assembly i n c l u d e s  a  c e n t r i f u g a l  boos t  
?ump, two s p u r  g e a r  t y p e  h igh  p r e s s u r e  pumps ( 	 ( p ~ i m a r y  and s e c o n d a r y ) ,  two check v a l u e s .  a 
p a r a l l e l i n g  v a l v e ,  a p r e s s u r e  s w i t c h ,  a h igh  
p r e s s u r e  f u e l  f l l t c r  and bypass v a l v e .  

During normal o p e r a t i o n ,  f u e l  from t h e  a i r -  
c r a f t  f u e l  system e n t e r s  t h e  e n g i n e  d r i v e n  boost  
pump and i s  d i r e c t e d  e x t e r n a l  of  t h e  pump assem- 
bly t o  a low p r e s s u r e  r e p l a c e a b l e  p a p e r  c a r t -  
r i d g e  t y p e  f i l t e r .  From t h e  f i l t e r  t h e  f u e l  
goes  back i n t o  t h e  pump assembly t o  t h e  second- 
ary pump and thence  t o  t h e  p r imary  p m p ,  then  
p a s s e s  th rough  t h e  h i g h  p r s s s u r e  f i l t e r  and 
e x i t s  t o  t h e  f u e l  c o n t r o l .  

A d i f f e r e n t l a 2  p r e s s u r e  s w i t c h ,  s e n s i n g  en- 
g l n e  d ~ l v e n  boost  pump i n l e t  and o u t l e t  p r e s -  
s u r e s ,  i s  a c t u a t e d  and i l l u m i n a t e s  a l i g h t  on 
t h e  f u e l  cont;rol p a n e l  on t h e  p e d e s t a l ,  when t h e  
d i f f e ~ e n t l a l  between t h e  two s e n s i n g  p r e s s u r e s  
f a l l s  be lou  a s e t  v a l u e ,  Before  s t a r t i n g ,  t h e  
l i g h t  w1Ll be i l l u m i n a t e d ,  b u t  should  go  o u t  
d a r i n g  t h e  e n g i n e  s t a r t  an6 r m s i n  o u t  f o r  all 
n o m a l  e n g i n e  o p e r a t i o n ,  i n d i c a t i n g  p r o p e r  oper -
a t i o n  of t h e  eng ine  dr iven  b o o s t  p m p .  

During englne  starts (2200--9000 ~ P t r i ) ,  t h e  
pasalleling v a l v e  i e  a c t u a t e d  by t h e  speed  
senaf l t lve  c o n t r o l ,  caus ing  t h e  pumps t o  o p e r a t e  
i n  p a r a l l e l .  I n  t h i s  speed range ( lou pumping 
capac3.k~) d u r i n g  engine  s t a r t i n g ,  t h e  gumpar i n  
p a m l E e l  p r o v i d e  t h e  n e c e s s a r y  f u e l  f l a g  sa-
cpuired % o r  t h e  start, 

By means of t h e  check v a l v e s ,  if.' e i t h e r  t h e  
"e60"a=@3'Or primam the en-
gene  is  o p e m t i n g ,  t h e  ottpui; o f  t h e  o t h e r  u l l l  
a u t a m n t i c a l l y  "taJce o v e r  and supply a d e q u a t e  
f u e l  for aiL1englna  o p e r a t i o n .  

The e n g i n e  f u e l  p w j  l k g h t  is a c t u a t e d  by a 
p r e s s w e  s w i t c h  s e n s i t i v e  t o  s e c o n d & ~ , p m p  
p r e s s w e ,  Buking s t a r t s  vhen Ynis pump i s  i n  
p a ~ f ~ l l e l~ Z t ht h e  primary p w p ,  t h e  l%ght comes 
on, i n i l i c a t l n g  p r o p e r  o p e r a t i o n  o f  the secondary  
pump, When t h e  pumps go  t o  s e r i e s  o p e r a t i o n ,  
t h e  l i g h t  goes  o f f ,  as t h e  p r e s s u r e  of' t h e  see-
ondary pump o u t p u t  is  d e c r e a s e d  by t h e  PriLlary 
pump ~ e g u i s m a n t s ,  Therarore ,  duping  s t a r t s ,  
t h e  o p e r a t i o n  o f  bo th  t h e  secondary  snd pr imary  
p-umps can be a s c e r t a i n e d  ay o b s e r v i n g  that t h e  
fuel p m p  light i s  o u t  up t o  2200 RPM, t h e n  

mass valves a r e  p rov ided  f o r  bo th  t h e  h i g h  
p r e s s u r e  f i l t e r  anPL t h e  low p r e s s u r e  I" i l . ter  t o  
a l l o w  f low o f  f u e l  should  t h e  f i l t e r s  become 
clogged.  
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The f u e l  c o n t m l  i s  a  v o l m e  metering device 
which accepts  t h e  output of the  engine fuel 
pumps, deternine% t h e  mount  of f u e l  needed by 
the  engine f r m  throt t1e"poal l ion.  angina RPH, 
m d  by setislng a i r  I n l e t  t w p s m t u r s  and pressure-
and meters t h a t  volume of f u e l  t o  the  engine. The 
surplus output of the  pumps I s  by-passed back t o  
t h e i r  I n l e t ,  

Yhs voluae of l u a l  metered by t h s  f u e l  
eorrtrol Pn a 3 c t d l g  120$ of t h e  s q i n r l  require-  
m 6 3 1 l t ~ ~  ?hi8 QXCeBB M;aoWlt of f u e l  g a m e 8  t h e  
e1ocl;ronic Puel t r i m  syatwa, located between 
t h s  fuel ~ \ o n t r o land t h ~engin*, t o  " t & a n  t h a  
~~30unk. con t ro l  s m d s  t o  tha  of -ha1 the  h h l  
engine ao a opoeff1e-d taWblne i n l e t  teapara- 
t u r e  is m i n t e n d  as paemselect& by t b o t t l e  
g o s i t a m .  

SholhtB t h e  Electronic T;& con t ro l  safliunc- 
t i o n ,  %t con be "lock& out  In  this condl-
t i o n  1%by-gamrsera 20$ QP t h e  hrrl passing 
t b l r a ~ hIt, %bas t h e  1 2 M  eae'i;erM by t h e  f i e 1  
C o n t r o l  193a t h e  203 by-passed give* 10H oh 
tka fual neadoa by t h e  engine f o r  my opemat-
i n 8  o a n & i t I m ,  bn e t h e r  words, t h e  engine can 
ba, op@mtrJd by t h e  f u e l  oontrol  alona without 
lase of t h e  s loo t ron ie  Parsf t r h  ayotes,  BE? It 
w i l l  ha necaasary t o  cont inual ly  ~ o n l t o r  
Twbine blst  T ~ e 3 r a t t w e sand ask* necessam-
abnges with t h e  t h r o t t l e  to grsvsn t  sver- 
tasrpnratwen and t o  a $ c m & a t s  p w a r  vtwia- 
%ions. 

The e o t ~ ~ l n gvalve i B s a l i  asns9sfo sf  S%@ 
concentric ctyZinrfo?a. mob having t w c  WWW 
elat-suts en srithcr a ide  e l  aqval nina. %e 
Ia~gaar  cgl lndar  1s f ix@&o r  s ta t ion-  I n  f!e 
f u ~ lcon t ro l  body suld 1%ooalloa ' c p  "rrlnsssr ; 
t h e  a a n l l a r  egl inder ,  c a l l &  t h e  mlr?", ffta 
ine lda  the sleeve and ISQ- ba m a r ~ e dIlnza~ljo r  
r o t a t i o n a l l y .  When t h e  wIns3e.w eut-ouGs of th* 
s lesvq and &ha valve colnelCt+, 8 mraQ-sursn of 6Qe1 
aog flew t h r c w h ;  as ths  vsrlvs In  a o v d  Z9nsa~ly 
o r  w t a t l o n r l l y ,  OF both. the s i ze  of" the ore-
Pice l a  redue& me 4ual f l e w  f e  r e s t ~ % e t & .  

Ro$aatlanal a8o.pawn-t of the  m9va Pa ae-
cmplirsha& o u t ~ t 1 a o l l g  by the Inlet *ersme 
A c t m t e ~ ,connect& %c t h e  gmrswe m m s I n ~  
gmbr, In tha empresser stir i n l e t  housing, $0 
c ~ q s n r a b , efax- gletepln& changes ,~s-qUSr& due to 
rar la t lcnis  In a t a o s ~ h @ r I e  ram ~ x - e s s g ~ e a .m d  
L I n s w  aorwecnt ar' .&he valve Is o e c m 1 i a h d  id~g 
t h r o t l l a  s e v a m k  ( m n a l ) ,  @# vnriatPona and 
t a w e m t m e  ahtngrpmr (bo th  antmaratie), 

Pol- greateta cantml  of tha pwer outpat edT 
the enzine,  i t  2.8 neeoaLiaP;r to asswe thrsr"b(Ihd 
vo1w@ of f u e l  flew th? t h e  mrlteeiq m1-v~ 
I s  d i r e c t l y  proport ional  t o  t h e  s i z e  al the  
o r i f i c e ;  t o  do t h l e ,  the  greslsauls &.pap acpoao 
tha  o r i f i c e  must be mgulat&. % l a  C w c t l ~ n  
i s  aocmpliah& by &ha by-prat  valvr ,  

(p,)  
F R O M  

F U E L  
PUMPS 

The velxme of' fuel E l w i n g  t 4  t h *  en@na die- En$n%q$o f  &o tbe aetertng milee I m  the 
gends on $hs opening 02' that V ~ P ~ d b l o  OI pwpnr in t h q h  p o r t s  in the  bg-pasr valve.o ~ i . f f f ~ @  
t h a  ae%eringsalver an& "ch.4,  pressure  d t f f e r e n t i d  Thus, far1 p w  press- [ea$1& PI) is 
adros~t h a t  opening. both a t  t$a en%= t o  t h e  m'csl-$a8~ S l r em d  an S 
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d i i l p n r 3 3 3  1.n t h e  by-pass  v a l v e .  R e t e r l n g  vralvs 
o.lkle?. 5 -9sar;:e (c%l l . ? .dP 2 )  1s p o r t e d  by a 
static I r  e t o  a c h m b e r  I n  thra by-gaoa v a l r s  on 
t h a  oi;r~r . t a  sids o f  t h s  o m e  d i a p h m m .  It can 
5 - ne. * h - ~ tchu diwphmga smrlrscfs p r e s a u r *  dif-
f 2%. - 1  l?2.c.-osa Cher na ta - r ing  s a l v e .  PI mfnuv 
F'? :l-~lst h e  prs3su rc  drop.  Any t i n e  t h s r s  Ps 
a -onstan:  f u e l  flow t n r o a g h  t h e  fuel c o n t r o l .  
P I  +7a913 7'2 p l u s  s p r i n g  pmssure, and Pco l  bg-
7 s s ~ l e ~ dhac+ t o  the d m p  i n l e t  w i l l  be c o n s t a n t .  

Powar changes  u Z l l  change v a l u a s  oQ P1 and 
P 7 T h i s  cacazraa r s o ~ w a n ' cof t h e  d i a g h r e g a  which 
r e s u j u s t s  t h r  q u a n t i t y  of fuel b r l n z  by-passed.  
A r t e r  ?over changes ,  B: equaba f 2  p l u s  s p r i n g  
p i - e 3 3 ~ ~ 0i z g a l r ~ , and s tsbi l izss  ths diaphram Ln 
a ne-J p o f i i t f o n  t o  n d J u s t  by-pass d u e l  q u a n t i t y  
t o  t h e  n e w  s t a b i l i a s d  c o n d i t i o n .  

7 ,  s s t a r t i n g  f u e l  flow c h a r t  p l o t s  s c h e m a t l -
2 a l  FIPE agaalnst r e q u i r e d  f u e l  f low T h e  " s t e a d y  
s ta te  f f u l  f l o w "  1Zn.s r e p r e s e n t s  t h e  mount o f  
f u e l  t h a t  would b~ r e q u i r e d  t o  ksep  t h e  mngine 
r u n n i n g  a t  a g i v e n  RP#. B a r  l a s t a n c e ,  e n t e r i n g  
t h e  c h a r t  on t h e  b o t t a a  e t  m y  RPM ( p a i n t  W j  and 
moving v e r t i c a l l y  t o  i n t e r c e p t i o n  o f  t h e  atsady 
s t a t e  f u e l  f l o w  l i n e ,  t h e n c e  moving h o r i k o n t a 2 f g  
t o  t h e  l e l t  we r i n d  t h a t  B m o u n t  o f  fuel Plow 
13 r e q u i r e d  t o  keep t h s  a n g l n e  Punning at  A Ppm. 
Tnls i s  n o t  enough f u e l ,  however, t o  p roduce  t h e  
power r e q u i r e d  t o  a c c e l e r a t e  t h e  e n g i n e  up t o  op-
e r a t i r i a  speeds. Proceeding vez-Zically $ma p o i n t  
I t o  t h e  a c c a l a r a f i o n  f u e l  curve,  t h e n c e  PnorL-
e o ~ t n l l yl e f t ,  we f i n d  the fuel Plow, C, t h a t  is 
r ~ q u f r o d  t o  c o n t i n u a  a c c e l e r a t i o n  l o r  a satis-
f%ctor;r s t a r t .  The d i f f e r e n c e  bstween G a n d  
b e i n g  t h e  m m t  o f  f u e l  r e q u i r e d  t o  grovidis  t h e  
e n e r g y  f o r  r c c s l e r a t l o n  a l o n e .  

A s  t h e  a n g i n s  opproschea o p e r a t i n g  spsad,  %t 
i s  necessary co s h u t  o f f  t h i s  e x t r a  f u a l  st auck 
a rat* that w h ~ nthe a n ~ l n a13 on s p e e d ,  13,450 
f3OO %DM, f u e l  f l o u  x : l l  s o l ~ c i d everir c l o s e l y  
w i t h  t h e  s taar ly s t a t e  f u e l  flrsw l i n e .  B a r  t h i s  
r a o s e n ,  a t  L2,50cJ rpa s vctming a a t i o n  s%sr&s 
which ~ l thc"r . lwst h s  ~ x t mf u a l ,  FZow 
drops 0 2 1  @.lux& ths  b:xk slope" f u a l  PLOW I f n s .  

So f a r ,  th.3 b i s c u s a i o n  oQ starting Puel f low 
n i g h t  be cisacri'sed as e : c % ~ ~ n t s r jor i d e a l .  Ynr i -
a t b o r l ~i n  a i r  a a n n i t y  Snnd t h ~ t re f f e c t s  e n  COB-
bustian an2 prvp Zcacling wuat n l a o  be c o n s i d -
e r e d .  Prop 1 ~ 1 1l i n e s ,  m a  f o r  heavy and ono 
f o r  i l g h t  air, mag b.3 s - ~ b non d i t t l s r  s i d e  01 
the  s t e a d g  s t a t - faei flow I t n e .  Thsaa r s p r s -
s e n t  tha  degarewes fr,m the iCeal. sl t rsar t lon 
which u Q l l  nose  t h a n  l i $ o l y  bz oncounta rad  i n  
day i n ,  bay o u t  a p a r a t i o n .  Thctr i n t e r c e p t s  
with t h e  back s l o p e  l i n e  f n d l c a t s l  where r w  
f i n a l l y  s t a b l l b z s  under  v a r y i n 3  atmospheric 
c o n d i t i o n s .  It I%I n t e r e s t L n g  t~ not*  t h a t  
u n d e r  rataoagharic  c o n d i t f a n a  whfch f o r  
clsnae heavy a i r ,  the RPH ~113.3. be less me! T B  
FLEA FLOW a%A"iR than m d a r  condid%cns uhleh 
t e n d  t o  make the a%rl s a a  danse o r  Ilgbtas. 
O r d i n a r f l y ,  wc EPwo*&d ~ ~ w s c l ;h i g h e r  fuel $Iw 
f o r  the h i g h e r  X'S. 

The schemat ic  o f  t h e  m e t e r i n g  v a l v e  d u r i n g  
s t a r t  o p e r a t i o n  b l l u ~ t r a t e s  how f l m e i g h t s ,  
expanding outward as e n g i n e  s p e e d  i n c r e a s e s ,  
t h o u g h  a s e r v o  p l s t o n ,  r a c k  and g e a r  c a u s e s  
t h e  a c c e l e r a t i o n  l i m i t i n g  cam t o  r o t a t e .  The 
p e r i p h e r y  of t h i s  cam Is grhaped %a p r o v i d e  t h e  
a c c e l c r a t l o n  Puel cuave. As the can rotates 
w i t h  i n c r e a s i n g  engfne  speed ,  motion o f  I t s  
f o l l o w e ~p e r m i t s  t h e  metering v a l v e  t o  move 
l l n e a s l y  [ t o  t h e  l e f t  Sn t h e  i l l u s t r a t i a n ) ,  I n -
c r e a s i n g  dimension A t o  p r o v i d e  g r e a t e r  fual 
f l o w * 
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ENGINE COMPONENTS 

FUEL CONTROL ( Continued f 

Shown a l s o  I s  a schematic presentat lon of the  
manner i n  which t h e  a i r  i n l e t  pressure probe, 
through act ion of a servo pis ton,  rack and 
pinion,  a l t e r s  dimension B t o  increase  o r  de- 
crease  f u a l  f l o g  a s  barometric pressure  o r  a l t l -  
tude changes. 

F4Pl"hERING VALVE SCI-SEMATIC 
12500 .RPM OR MORE I 

- The Par t  T h r o t t l e  C m  i s  contoured circunrfer- 
-,Entially t o  p ~ o v i d a  t h e  "back slope" i n e l  flaw 

curve. A t  engine speeds of 12,500 ~ ? 1 1and above 
'th* cam, through i t s  follower and appropr ia te  
l i n k a g e ,  unseats the  acce le ra t ion  l l ra i t ing c q  
and causes opposite l i n e a r  motion of the  eater-
i n g  valve i n  i t s  s leeve ( t o  thx rig!!% i n  t h e  
i l l u s t r a t i o n )  t o  reduce f u e l  flow. 

The l i n e a r  contour of t h e  Par t  Thro t t l e  Cam 
provides f o r  f u e l  flow changes due t o  tempera- 
t u r e  va r iab les ,  and t o  t h r o t t l e  movement i n  
lIigh Speed Taxi and a l l  f l i g h t  regimes, a s  
shown i n  the  schematic. 

It can be seen by s tudalng t h e  fuel con t ro l  
governor s c t ~ w a t i c  %hat t h e  i o ~ c a  exerted by t h e  
governor spr ing tends t o  OFEI t h e  atatering s a l v e  
t o  pe rn i t  maxb~~aues Fuel p flow, Cam ac t ion ,  r e -
layed through the cam follower,  opposers t h e  
spr ing force  and tends t o  l i m i t  the s i z e  oP t h e  
opening i n  the  metering valve ar.d thereby l i m i t  
"ce mount of f i e 1  flow. Should nore  power be  
ca l l ed  f o r  f roa  t h e  f l i g h t  deck, t h e  cam f o l -  
lower would be moved toward inc rease  f u e l  flow, 
%s tsb l i sh inga nau f h i t  t o  which the governor 
spr ing could open the  o r i f i c e  of  t h e  m e t e ~ i n g  
valve.  

Ordinarily,  as the governor sppZng expands 
t o  ancrease f u e l  Plow, it might be thought that 
t h e  spring force  would decrease as it i s  no 
longer under t h e  s w e  corspsessien. 80~F!~er ,i n  
oraer t o  keep the spring l o r e e  a s  e o n s t m t  as 
possible  with varying fual Plow desands, spr ing 
compression i s  acljusted through t h e  governor 
se tbing arm by a c t i o n  of the hlgh lobe of the  
governor scheduling cm which is hooked up with 
the  t h r o t t l e .  



---- 
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ENGINE COMPONEEITS 

FUBi, CcY?"l';?L (Continued ) 
?i~~t??:iq Overspeed Pro tec t ion  V a J v u  

I t  w c s  sa id  t i iat  governor sp r ing  fo rce  tends 
t o  oprr! he netei-lag valve.  A s  overspeed protec- 
t i o n ,  I ~ y v e i g b tac t ion  a t  i nc reas ing  engine RPM 
ten'? t o  c lose  t h e  a e t e r i n g  valve and reduce f u e l  
.r , .. . I t  can r ead i ly  be  seen t h a t  these  two 
f o r c e s  a r e  cpposing each o the r .  A t  a l l  normal 
engine  opera t ing speeds the sp r ing  fo rce  i s  
g r e a t e r  and it plays  i t s  normal funct ion of t r y -  
i n g  t 3  open the metering valve  while t h e  cam 
oj ts t?m l i m i t s  t!xe opening t o  t h e  f u r l  flow f o r  
the desi red  power s e t t i n g .  

Zomal lg ,  t h e  p r o p e l l e r  system governs engine 
spe+&. 3holll.d t h e  ~ r o p e l l e ~  and l o s e  ~ ~ a l f m c t i o n  
con t ro l  of t h e  engine speed, upon reaching t h e  
range of 14,330 t o  14,530 R?M t h e  f o r c e  exer ted  
by the f u e l  governor f lywzights  becomes g r e a t e r  
than tha  f o r c e  exerted by t h e  governor spr ing,  
and flyweight ac t ion  moves t h e  metering valve 
tc-dard decrease  f u e l  flow. 

It is  d e s i r a b l e  t o  govern the engine a t  
10,000 wM dxr ina  some p'nassa sf ~ o m dopara-
t i o n  t o  keap noise  anc3 prop b l a s t  a t  t h e  lowest 
p o s s i b l e  Levels.  This  Is accoaplished by reduc-
i n g  the  compression of t h e  f u e l  con t ro l  governor 
s?rling so  t h a t  spring-flyweight f o r c e s  w i l l  
ba lance  out  a t  10,000 RPK, 

Gna switch :or each englne is  loca ted  on t h e  
Pomard l e f t  corner  of t h e  t h r o t t l e  pedes ta l .  The 
swi t ch  ~ c t w t e s  a solenoid  mounted on t h e  f u e l  
c o n t r o l  body. When ac tua ted ,  the ohe en old opens 
a p o r t  in t roducing f u e l  p res su re  i n t o  t h e  govemoP 
r e s e t  devlce  i n  such a manner t h a t  It removes a 
s t o p  from t h e  governor s e t t l n g  a m ,  p e m l t t i n g  
compression t o  be r e l i eved  f ron  t h e  governor 
apr ing.  

ThFs w i l l  be done, of' course ,  wi th  t h e  t h r o t t l e  
i n  t h e  t a x i  range of' ope ra t ion ,  i n  which range. t h e  

governor scheduling caln w i l l  r egu la t e  the  amount 
of movement of t h e  s e t t i n g  a m  - hence regula t -  
i ng  spr ing pressure  f o r  the  10,000 RPM s e t t i n g .  

FUEL CUT OPP VALVE 

The f u e l  cut  o f f  valve i s  s i tua ted  a t  the 
o u t l e t  of t h e  f u e l  con t ro l .  &cause of the  
c r i t i c a l  temperatures t h a t  might r e s u l t  through 
inep t  manual opera t ion,  i t  can be opened only 
dur ing t h e  s t a r t i n g  opera t ion,  a t  which time i t  
i s  opened automatically;  This i s  accomplished 
through two e l e c t r i c a l  switches i n  s e r i e s :  t he  
opera t ing crew must p l ace  the  Fuel C Ign i t ion  
switch t o  OH p r l o r  t o  s t a r t i n g  and t h e  speed 
s e n s f t i v e  control  c loses  the  c i r c u i t  a s  engine 
speed passes 2200 RP#. 

The valve is  closed e l e c t r i c a l l y  uhen the  
Fuel 8: I g n i t i o n  switch Is placed t o  OW. Should 
t h e r e  be a complete e l e c t r i c a l  f a i l u r e ,  the 
cut-off  valve nag be closed manmllg  by pu l l ing  
ou t  t h e  emergency handle. In  c los ing  the  valve 
manually, e l e c t r i c a l  switching i s  a l s o  complete& 
whPch w i l l  c a l l  f o r  t h e  e l e c t r i c  ac tua to r  t o  go 
t o  t h e  closed positLon when eve^ e l e c t r i c  cur- ' 
rent i s  res tored.  

The f u e l  priming system nay be used during 
t h e  s t a r t i n g  cycle  i f  an increased L n l t i a l  f u e l  
Plow i s  required.  It i s  placed i n  opera t ion by 
a sp r ing  loaded primer switch on t h e  f l i g h t  
deck. Fuel i s  drawn from t h e  pumps upstreanr of 
t h e  f u e l  con t ro l ,  passes  t h r o w h  t h e  prlgPter 
valve  end La introduced irnto t h e  f u e l  control  
a t  a point  ahead of t h e  cut-off  valet? vhlcli! bg-
passes t h e  s e t s r i n g  sec t ion  of t h e  f u e l  control .  
Th i s  f u e l  flows through t h e  cut-off  valve,  
through t h e  e l e c t r o n i c  f u e l  trin valve,  then t o  
t h e  f u e l  manifold and f u e l  nozzles.  Priming 
ftzel 4aes not s t a r t  flowing u n t i l  t h e  cut-off  
va lve  opens a t  2200 RPM, A pressu re  switch,  
which senses  t h e  fue l  manifold p res su re ,  breaks 
t h e  e l e c t r i c a l  c i r c u i t  t o  t h e  prlwer valve 
solenold  vhen t h e  f u e l  p res su re  reaches 50 PSI. 
An e l e c t r i c a l  i n t e r l o c k  prevents  energiz ing the  
primer system a f t e r  t h e  engine is once s t a r t e d .  
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EiAC TROTiIC TZI~FIPER4TUR.E TRIP! SYS!EM 

As a peasure of the porrer developed by a p i s -  
ton engine ue speak i n  terms of marifold pres- 
s w e  and RP14. The amount of power developed 
bj a gas turbine engine depends on the heat  
energy re leased by the f u e l  being used, and 
w e  speak of t h a t  power i n  terms of temper- 
a t u r e  and R P M ;  a s  the  501-Dl3 i s  a constant 
speed engine, 
of temperature alone. Some manufacturers 
measure t h i s  temperature a f t e r  the  exhaust 
gases have passed through the turbine wheels, 
and r e f e r  t o  i t  a s  "EGT" which stands f o r  
Exhaust Gas Temperature. On t h i s  engine the 
texperature i s  measured a t  the  i n l e t  t o  t h e  
turbine and i s  ca l l ed  "TIT", an abbreviation 
f o r  Turbine I n l e t  Teqera tu re .  

The engine i s  a commercial outgrowth of a gas 
turbine model t h a t  was o r i g i n a l l y  developed 
f o r  the  mil i tary.  One of the  m i l i t a r y  spec- 
i f i ca t ions - - in  very general terms--was t h a t  
the  engine be capable of developing i t s  R r l l  
~ a t e dpower whether using kerosene a t  an ex- 
tremely lor? temperature o r  Avgas a t  an ex- 
tremely high temperature f o r  f u e l  without re-
adJustment of f u e l  system components. It can 
be seen t h a t  a given volume of f u e l  could 
vary widely i n  heat e w p o t e n t i a l  because 
of t h e  extremes i n  f u e l  densi ty  and BTU con- 
t e n t  imposed by t h i s  specif icat ion.  This 
engineering problem uas answered by the 
development of the  e lec t ron ic  temperature 
t r i m  system. 

A thum%nail sketch of t h i s  system w i l l  help t o  
understand it. L e t t s  say the P i l o t  has moved 
the  t h r o t k l e s  fomrard t o  the  take-off posi t ion.  
Tirough linkage t h i s  s e t s  a potentiometer i n  
the  coordinator t o  the  971°C s e t t i n g  which i s  
100$ Maximum Rated Temperature (EIRT). Re-
member, we r e f e r  t o  power i n  terms of temper- 
a ture .  This sends a s igna l  t o  a l i t t l e  black 
b3x, ca l l ed  the  Tem~erature Datum Control 
which t e l l s  i t  er .  
The l i t t l e  black box i s  a l so  receiving a s igna l  
from the thernocouples around the i n l e t  t o  the  
turbine (TIT). It compares the  TIT s ignal  t o  
the s i g n a l  sen t  down by the P i l o t ,  and t e l l s  
a valve i n  the f u e l  system t o  "PUT" more f u e l  
t o  the  engine u n t i l  971°C i s  reached, then ad- 
jus t s  the  t r i m  t o  hold i t  there.  After be-
coming airborne and obtaining proper airspeed, 
the  P i l o t  w i l l  reduce t h r o t t l e  t o  obtain  climb 
power. Tnis ac t ion  read jus t s  the  potentio- 
meter i n  the  coordinator t o  a l e s s e r  value; 
the  new por,rer reference (temperature) i s  sen t  
on t o  t h e  l i t t l e  black box which compares 
ac tua l  TIT with t h a t  desi red by the P i l o t ,  
"takes" f u e l  u n t i l  the  desired temperature i s  
reached, then trims f u e l  t o  maintain temper- 
a tu re  regardless  of a l t i t u d e  changes. Thus 

i t  can be seen tha t  i t  i s  not necessary-, a s  trith 
a pis ton engine, to  continilally readjust  t h r o t t l e  
posi t ion during climbs and descents. 

Rkny of us a re  sometimes confused by terminology 
when introduced to  new equipment. This may be 
because words a re  used r~h ich  a r e  strange t o  u s ,  
o r  because words with which we a r e  fanLliar  a r e  
used i n  a d i f fe ren t  sense. DATUM i s  a word used 
frequently i n  connection with f u e l  system of the 
501-Dl3 engine; and t o  a l l a y  possible confusion 
when i t  crops up, it means a reference,  o r  the 
po in t ,  from which a reckoning s t a r t s .  To i l l u s -  
t r a t e ,  sea l eve l  i s  a datum o r  reference from 
which surveyors run leve l s  t o  determine the 
height of t e r r a i n ;  i t  i s  a l s o  the  d a t u ~  from 
which a l t i t u d e  of f l i g h t  i s  measured; a v e r t i c a l  
l i n e  through the nose of an a i rplane i s  f r e -
quently used as  a datum from which fuselage 
locat ions  known a s  " s ta t ions"  a r e  measured. 

A separate d a t m ,  o r  reference,  i s  used by the 
e lectronic  temperat-me t r i m  system f o r  each of 
three  separate circumstances. 

1 19 

circumstances, the  syste  
would "TAKE" f u e l  from the engine u n t i l  
the  TIT i s  reduced. 6 

q/.,-% 

( 2 )  	 Another potentiometer s e t  t o  pro-
vides the  datum when ennine s 

t i o n  It provides over-temperature pro- 
on i n  the same manner a s  jus t  de-

cribed. 

( 3 )  	 A var iable  potentiometer, s e t  by t h r o t t l e  
movement and located i n  the  coordinator,  
provides the  datum durir-g normal f l i g h t  

s e t t i n g s  f o r  take-off ,  climb and cruise  
r e s u l t  i n  potentiometer s e t t i n g s  of 95o0C, 
885O~ and 837Oc respect ively,  

The system trims the 120$ f u e l  Plow from the 
f u e l  control  a s  required f o r  any condition of 
engine operation. There a r e  two general ranges 
of operation; nanely, Tsmperature Limiting and 
Temperature Controlling. 
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ENGIIE CO!iPOi\SE:iTS 

E ~ C ' i ' R O N I C  TEMPERATURE TRIM SYSTEM (Continued) adjustment of the t h r o t t l e  regardless  of changes 
i n  outs ide  temperature, pressure ,  o r  a l t i t u d e .  

yerrperature Limiting Temperature control l ing requ i res  RPI4 i n  excess 
of' 13,000 without a "locked ion" f u e l  correct ion,  

Temperature Limiting serves t o  prevent the pos- and t h r o t t m i n g  above 65 . 
s r b i l i t y  of exceeding c r i t i c a l  turbine i n l e t  
temperatures during those phases of engine TEHPERATURE DATUM CONTROL 
operat ion when the  t h r o t t l e  i s  l e s s  than 65O 
advanced, 8 3 0 ~ ~  The temperature datum control. i s  the  "brain" of i s  used f o r  a datum when the 
engine speed i s  below 13,000 rpm; 9 7 7 ' ~  i s  the  f u e l  trimming system. It i s  our " l i t t l e  
the d a t a ?  a t  engine speeds above 13,000 rpm, black box". Actually,  i t  i s  an e l e c t r o n i c  am- 
Tern-perature ;im;tting a l s o  occurs when opera- p l l f i e r  which uses 115V, 400 cycle a l t e r n a t i n g  
t l n g  with a locked I n "  f u e l  correct ion above current .  I ts  operation requ i res  having the en-
65O t h r o t t l e  s e t t i n g .  gine temperature datum control  switch, located 

i n  the upper r i g h t  corner of the  overhead 
Temperature Control l in& switch panel ,  i n  the NORMAL posi t ion.  There i s  

one switch f o r  each engine. 
Temperature con t ro l l ing  permlts the  use of the  
t h r o t t l e  t o  s e l e c t  a desi red Turbine I n l e t  Tem- We temperatare datum con t ro l  i s  furnished 
p e r a t m e  (porqer s e t t i n g )  when operating above ac tua l  tu rb ine  i n l e t  tcr;ioeratwe data  from a 
65O t h r o t t l e  posi t ion.  That power s e t t i n g  w i l l  s e t  of thermocouples, and a reference t e q e r -  
be automat ical ly  maintained r.rithout frrrthes a tu re  value o r  datum. 

OPERATES ON SIGNALS 
FROM T.D. CONTROL 
TO " P U T ' O R  "TAKE" 
FUEL. CONTROLS 
BY-PASS NEEDLE 
TPIRU GEAR TRAlN 

SPRING - TENDS TO 

CONTROL PUMPS 
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E-LECTRONIC TelpERA'l'iPRE TRIM SYSTEM (Continued) system a t  any time by plac ing the  Temperature 

Datum Control  S v i t c h ,  located  on the  Engine 


TEiPEiUTEiE DATUM CONTROL (Continued) Test Overhead Panel ,  i n  the  NULL pos i t ion .  

When the  f u e l  trinunlng system i s  thus deac t i -  


It compares the  temperatures and s igna l s  neces- 	 vated,  automatic temperature l imi t ing  c i r c u i t s  
s a r y  co r rec t ive  a c t i o n  t o  t h e  temperatme datum 	 a r e  inopera t ive ,  t h e  temperature datum valve 

remains i n  t h e  NULL p o s i t i o n  (20% bypass) ,  and 
a l l  f u e l  metering i s  then accomplished by t h e  
f'uel con t ro l .  Temperature l i m i t i n g  must be 
accomplished by t h r o t t l e  adjustment under t h i s  
circumstance, an? the  TIT gage must be monitored 
very c lose ly .  

-NOTE: Modifications t o  o r i g i n a l  i n s t a l l a t i o n  
t h e  t h r o t t l e  i n  t h e  coordinator  potentiometer;  have been made which r e s u l t s  i n  NULL 

i f  t h e r e  i s  a d i f f e rence ,  t he  temperature conf igura t ion being obtained i f  TDC 

datum control  s i g n a l s  the  temperature datum switch i s  i n  e i t h e r  NULL o r  OFF posi -  

valve t o  inc rease  o r  decrease f u e l  flow t o  t i o n .  

b r ing  the  temperature back on schedule. 


TEIPERATURE DATUM e o m o L  - TRANSISTORIZED 
TE?@EIIATUWDAT'UH VP.L\"E 

Temgerature adjustments on t h e  t r a n s i s t o r i z e d  
The temperature datum valve i s  loca ted  be- Temperatwe Datum Control  a r e  made by means of  
tween the  f u e l  c o n t r o l  and the  f u e l  nozzles.  	 fou r  potentiometers mounted on t h e  con t ro l .  
It i s  a motor-operated by-pass valve which These potentiometers provide f o r  t h e  adjustment 
responds t o  s i g n a l s  received f r o n  the  tem- of t h e  s t a r t  l i m i t  and n o r m 1  l i m i t  tempera- 
pe ra tu re  datum con t ro l .  I n  t h r o t t l e  posi-  t u r e s ,  and the  b i a s  and s lope  s e t t i n g s  of t h e  
t i o n s  betueen 0' and 6z0 the  valve remains i n  	 con t ro l l ing  temperature range. 

20% by-pass o r  " n u l l  p o s i t i o n ,  and t h e  en-

l n e  opera tes  on the  f u e l  flow scheduled by 

he f u e l  con t ro l .  The valve remains i n  t h e  

u l l  p o s i t i o n  unless  i t  i s  s ignaled by the  

emperature datum control  t o  l i m i t  the  tur-

i n e  i n l e t  temperature. The valve then r e -  

uces the  f i e 1  flow (up t o  50% during s t a r t -  

ng, 20% above 13,000 rpm) t o  t h e  nozzles by- 


sslrlg the  excess f u e l  t o  the  i n l e t  of t h e  
u e l  pmp. When the  tu rb ine  i n l e t  temper- 


a t u r e  lowers t o  the  des i r ed  l e v e l ,  t he  tem- 

pe ra tu re  datum cdn t ro l  s i g n a l s  the  valve t o  

r e t u r n  t o  the  n u l l  uos i t ion .  I n  t h r o t t l e  

p o s i t i o n s  between ob and 6 5 O  t he  con t ro l  

system i s  i n  t h e  temperature l imLting range.  


I n  t h r o t t l e  -pos i t ions  between 65O and 90' t h e  

temperature datum valve  a c t s  t o  con t ro l  tur-

bine i n l e t  temperatwe t o  a pre-se lec ted  

schedule corresponding t o  t h r o t t l e  pos i t ion ;  

t h i s  i s  known a s  t h e  texiperature con t ro l l ing  


' range.  I n  t h i s  range the  valve may be s i g -  
naled  by the  temperature datum con t ro l  t o  
a l 1 . 0 ~more (h igh  temperature d e s i r e d )  o r  l e s s  
( lo i rer  teinperature des i r ed )  of t h e  f u e l  t o  
flow t o  the  f u e l  nozzles.  RELAY BOX 

Any s p e c i f i c  f u e l  flow t r i m  co r rec t ion  appl ied  
i n  t h e  65O-90° t h r o t t l e  range can be "locked The r e l a y  box i s  mounted i n  t h e  engine n a c e l l e  
i n "  t o  t h e  temperature datum valve while above and conta ins  t h e  r e l a y s  necessary  f o r  sequencing 
65'. and i t  w i l l  be maintained i n  the  oO-65O a l l  automatic and manual con t ro l  components. 

t h r o t t l e  range by plac ing t h e  Temperature % r i m  

Switch, located  i n  the  lower l e f t  corner  of the  THXRT40C0mLES 


t h r o t t l e  pedes ta l ,  i n  the  LOCKED pos i t ion .  
There i s  a t o t a l  of  e ighteen dual  thermocouples, 

The f u e l  t r imi ing  system can a l s o  be com- foridng two i n d i v i d u a l  p a r a l l e l  c i r c u i t s .  One 
p l e t e l y  removed ope ra t iona l ly  from the  f u e l  provides tu rb ine  i n l e t  temperature t o  t h e  cock- 

it ins t rument ,  and t h e  o the r  arovldes  an  ac- 
i u a l  temperature i n d i c a t i o n  to* t h e  temperature 
datum control .  
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A t  l j , O O O  F2?4 It de-ane~gizas t h s  so lenoid  
operataC valve i n  t h e  tempera ture  d a t a  va lve ,  
thus s~ltc:?l:;g from a mximum "take" o f  595 t o  
ozu of 2 0 % ~  It ahso swi tches  t h e  t m p e m t u r e  
1L1iting raferenca or datum of ths tenpera t1~ne 
dnt~uac o n t r o l  frcra t h e  830°c potent iometer  t o  
tha 9 7 7 O ~potent iometer ,  

The Tunpera tme  Trim swi tch ,  when placed i n  
bhs LOCLGD p o s i t i o n ,  causes &ha d a t m  valve  t o  
lock ,  T h i s  occurs  only  wi th  t h e  t h r o t t l e  i n  a 
p a s i t i o n  g r e a t e ~  than 56O t h r o t t l e  s e t t i n g ,  When 
tine s u l t c h  i s  noved t o  t h e  C O m R O U D  p o s i t i o n ,  
i t  releases t h e  brake1 

Due t o  v a r i a b l e s  suck a s  manufacturing t o l e r -  
ances ,  burner  and f u e l  nozzle  d i r t  accuau la t ioas ,  
f u c l  d e n s i t y  va r l a t fona  wi th  t eapesa tu ra ,  and 
ins t rument  inaccurac i e s  i n  bench s e t t i n g s ,  t h e  
ou tpu t  of one f u e l  c o n t r o l  assembly may varg q u i t e  
widely  Pron that of another .  Suppose t h a t  a11 the 
p l u s  to l e rance8  ware eoncentmted i n  one f u e l  con- 
tl-03 and a l l  t h e  minus v a r i a b l e s  were csncentPaked 
i n  ano the r .  The f i r s t  would d e l i v e r  23s more fuel 
t h a n  d e s i r e d ,  u h i l e  t h e  second would d e l i v e r  2x9 
l e s s .  I n  o t h e r  woFds, t h a  f i r s t  would be ex- 
tresi'31y r i c h ,  t h e  second extremely l e a n .  Remember 
t h a t  t h e  gas t u r b i n e  compressor d e l i v e r s  about  75s 
more a i r  than i s  n o w a l l y  needed f o r  combustion, 
which means t h a t  a l l  t h e  f u e l  pass ing  through t h e  
nozz le s  i s  coap le t a ly  consmad. Therefore ,  it' o 
t u r b l n e  engine has a r i c h  f u e l  c o n t r o l ,  one t h a t  
is d e l i v e r i n g  more f u e l  than i t  should,  t h e  engine 
w i l l  d e l i v e r  more power than P t  should;  converse ly  
a l ean  engine w l l l  d e l i v e r  l e s s ,  

Above t h e  65O t h r o t t l e  position, t h e  e l e c t r o n i c  
f u e l  t r i m  s y s t e a  trim t h e  output  of t h e  fuel con-
t r o l  so  " c h a t  t h e  f u e l  flow ti?rough t h e  nozzles  is  
n e i t h e r  r i c h  nor l ean ,  but  on the schedule s e t  up 
by t h r o t t l e  p o s i t i o n .  

Refer r ing  t o  t h e  graph of t h r o t t l e  position 
p l o t t e d  aga ins t  %.I.$., we can see t h a t  without 
f u e l  t r i a ,  i n  t h e  f l i g h t  m n g s  o f  tl?rcL%Ies e t -
t i n g  (jb0-g0'), a r i c h  f u e l  central wonld give 
9",3I,%, mg-bng f rm 568'6 %o 2074"C, wMle a 
lean one ~0u3-dF a n g s  frim ~ 3 . 6 ~ ~- t o  9 1 9 c ~ .  Re-

p . 

I222:ilvl'ing :;hat T.I.T, l o  r.n ~.nc?li:is.",Oi? of pcusr 
Oi2 2. c ~ n s t i l l l t  sgesd ci~srllrbine.  .It can be 
seen, evan thou& the  above i l l & t r a t i o n s  m e  
extreme, t h a t  we can expect  some v a r i a t i o n  i n  
t h e  power output of one engine a s  conpared t o  
another  when the  e l e c t r o n i c  f u e l  tria s y s t w  is 
n c t  I n  opera t ion;  remember it I s  n o t  ope ra t ing  
at t h r o t t l e  lsettitig less than 65O ( u n l e s s  
locked i n ) ,  

The 530-97'1'~. T.X.T, f i n s  on the  graph I s  
the n o m ,  o r  d e s i r e d ,  power l i n e .  Asawing t h e  
e l e c t r o n i c  f u c l  tria system t o  be working, t h e  
P r a m s  Ind ica t e  whet T.1.T.s might be expected 
on reducing t h e  t h r o t t l e s  t o  two onginas,  one 
having a f u e l  c o n t r o l  e x t r e a a l y  r i c h ,  t h e  o t h e r  
fears. On r e t a r d i n g  through t h e  650 g a s i t i o n ,  
t h e  r i c h  engins  would i n c r e a s e  its power out-  
g u t ,  the  l e a n  one would f a l l  o f f  and poss ib ly  
cause an o f f s e t  t h r u s t .  
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Xl6aetx-a uem rLalP, ui&h the tSY.o&&le~in %%?# lndLcrtLng o p e n -

fli@%;ht181a p ~ i t i ~  f 6 ~dll$d%R& M ~ P S ) F ~ Q ~  1%&-

B1)1(4~1the t m e ~ ~ l t w e  lBeht I s&P& 
Ga the other hand, vPtA f a r  lean (311gA~ea. 

tha tendency v&8 be t underrkoodlng and 
n;gmtea is m.kinig a fuel flow corpee-

the pmpellrrr a r m  &a r llttle m - i n g  

dwlng  a landing agpmach. 
on (pa&aF t&@) M& when the I l n h t  Ls 811, 14; 

$ecr%@r%?st nca eowectton i s  bslna nndc, QP 

l a t i c s  i t  1s poss ib le~t o  is, sr b p i  beerr, an over-tmpemtzre 

when the tbottlee, iwe above the 65O positfoa. 
maxm m ~ r n m mam COEROL sirnxThen as throttlesl we,~ e t a z d dlor 8 l w d f n g  

appmoack, fuel I1w should br  neither rioh m r  Thr m g i m  T w s r ~ i n t mEatw Control Sititch 

laan, but trixtm& pmgesly  so  that a l l  TeIoZIIs mr&be gPsed in the kt perltion for the 

will rsciluce in r stx-alght line reladion with 
elestmnfa B m a m t w e  Lrregp sgr"c So function. 

throttle porit;lm, 
When plaocld ia the sgotm fs Inogarstive 

klheneoar &be t-emtwe d a t w  b-B) IS .sad tha t-mtw &&t4~9 mturssm to the 
fockd, %he 97706 petc9ntSmetax. ir m l t e M  Pn nul l  pasritlm, m s a l n g  2@8 ob thc 12@ of 
,sr tha rafisrenaa fop the twcsmtw datum sontmP %ah&- fuel o ~ n h l , The 

tho el'otm'B t-esaP;w trfra 
slaari" aeterbg of solely byi r  now a e a ~ ~ i r h &  

p~ovideov@a-t~-t- prot*e&i- a% fig- m@lcoatk-sl, rcsnplorem 

Ibs 

3 M a H  that we*kqwatum 

GUrtp ~ ~ d % & l o R  When Pw WBO the s m eI S  peaPtim, 

~ o - t i m  appQ as 8n the gos%tion, 



POWER PLANT 20 


Tc? c o o r d i n a t o r  is mount& on %he r e a r  of the 
f u e l  c o n t r o l .  I& Sx a m e c m i c a l  d-~rlce whteh 
coordinates t h e  t h r o t t l e - ,  %hs h a r g e n c y  IsanBlct, 
C n ~ spr0p6)llk9~. t h a  f u e l  ecntr-01 and the clectronlc 
t r l c a r l n g  system. RovsmenP;a of t h e  t h r o t t l e  are 
transra12tcd to t h e  s o o r d i n r t a r  and, in t u r n ,  t o  
the fuel e o n t r o l  m d  thr g r a p c l l e p  by Sa plarf t3~OP 
lever-3 an& r(261. 

No mattes- w h a t  " ie  t h r o t t l e r  p a s i t i o n  .-- be, 
u h s n  Ctie E=er(l;sncy NsnUlr: i o  p c l l d  o u t  it haves 
ttlc p m p e l l u r  lln!<ng3 fonz?cl re.-thoi, cmo;.gi?a'wo 
t:?.? f e a t h e r  no lonoid ,  r?nd cloeoa th-. fu31 Cu';-oI: 
v a l v e  bo th  u e c h c n i c o l l y  End olectrlcLQ..lg. 

A s c s l a ,  calibra%sb Prom 0' t o  go0 is 
f a s t e n e d  &at h e  o u t s i d e  of  the c o o p d i n a t o r  e@s., 
and .a p o i n t e r  brr secured to t h e  cooldlnsdeP main 
a h a f t  where the t h r o t t l e  Xinkaga is ti& %in. Hcrhan 
rnaklng r e f e r e n c e  to tkroL&le p o r f t i o n  in degriraars, 
It is i c t u a l l y  t h e  positZen sf ths pointas on the 
c o o r d i n a t o r  s c a l e  t h a t  is meant. Psy Instanca, QO 

t h r o t t l e  sett;ing ( P u l l  r s o s r s o  p o s i t t o n )  , r a m s  
that t h e  p o i n t e r  is at 0 5  on the cooMimtca 
s c a l e ,  which 183 ullimlly P I P ~ W &  teo as a 
quat8mPlt it G Q V # P 1  goo. 

A variable p o t e n t b m @ f e ~.in the cooM1nial;ol-
1s actuated by a sectoi- $esr mount& on %ha 
eerordianatsr w i n  ohsf%. R o v w m t  of the 
thi"e&tlachanges t h s  re~ls%zlneeQI the  $?-@&en-
bimater, and thus changes that referenee signax 
sent to the, t m g e s ~ a t w ~  when thedatm a ~ n t ~ a l  
e l e c t r o n i s  fua1 tsiwaiiwg ryotrm isr in ope=-
P OR (650-goQ t b e t . a e  p o s % i o n ) ,  thw m ~ n g  
T.1.T- a P'uRctlon of f k ~ t t l ep s r % C i m ,  

Prcgulla- blndo cnglc La ooh&~I.c& by tho 
Zh?ottlo in Lha 2 ~ ~ 2 m n . m  of gkrckt lo(0"-?ti0) 
pooitiu,.. In tho PXflqh8 ?ago ( J ~ @ - Y Q ~ ) ,6 h  

piw~olEci-irr t:orclr;%a; 2nd b l a d e  antn2a~ r i Z ' i  
t o  Icrrel; L ~ C.3nsLn0 on 3~021dat iS.8ZCt RL%. 

http:olectrlcLQ..lg


-- 
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COORDINATOR (Continued ) 

Cans on one of t h e  i n t e r n a l  s h a f t s  of t h e  
potentiorncter  operclte two microswitches.  One 
i s  operated a t  t he  65' quadrant p o s i t i o n ,  which 
t r a n s f e r s  t h e  reference s i g n a l  source  of t h e  
e l e c t r o n i c  f u e l  t r i m  system from t h e  97'l0C lim-
i t i n g  p o t e n t i o n e t e r  i n  the  temperature adjustment 
box t o  t h e  c o n t r o l l i n g  p o t e n t i o a e t e r  i n  t h e  co-
o r d i n a t o r  rihich i s  va r i ed  by t h r o t t l e  s e t t i n g .  
Tbe condi t ion  changes f ron  one which p r o t e c t s  
T.I.T. a g a i n s t  over-temperatures t o  one which 
p rov ides  T.I.T. s e l e c t i o n  (power s e t t i n g )  by 
t h r o t t l e  p o s i t i o n .  The o t h e r  mlcroswitch i s  
ac tua ted  a t  66O and a f f e c t s  t h e  temperature 
datum valve  brake. It permi ts  e l e c t r o n i c  f u e l  
t r i m  t o  be "locked i n " ,  when t h e  t h r o t t l e  i s  
p a s t  66O by p l ac ing  t h e  Temperature T r i m  S ~ r i t c h  
t o  t h e  LOCKED p o s i t i o n ,  

ENGINE: STARTER 

The engine s t a r t e r  i s  an a i r -ope ra t ed  u n i t  
c o n s i s t i n g  o f  an a i r  t u rb ine ,  reduct ion  gear ing ,  
engaging mechanism, s p l i n e  d r i v e  t o  mate w i t h  
t h e  engine s t a r t e r  d r i v e  s h a f t  and automatic 
c o n t r o l s ,  A i r  i s  ducted i n t o  t h e  s t a r t e r  i n l e t ,  
through t h e  t u r b i n e  s e c t i o n  t o  t h e  o u t l e t  and 
overboard through the  o u t l e t  duct ,  Two i n t e g r a l  
c e n t r i f u g a l l y  opera ted ,  speed s e n s i t i v e  switches 
a r e  used t o  t e rmina te  s t a r t e r  opera t ion  and t o  
g i v e  overspeed ind ica t ion .  

Mormal te rminat ion  o f  s t a r t e r  ope ra t ion  is  
by a  swi tch  which opens a t  an engine speed of 
8240-8650 RPM a t  which t ime t h e  s t a r t e r  but ton  
should "pop out" .  (Button should be  manually 
p u l l e d  o u t  I f  i t  does not  "pop ou t " , )  F a i l u r e  
o f  t h e  c l u t c h  t o  disengage w i l l  r e s u l t  i n  t he  
s t a r t e r  being dr iven by t h e  engine t o  an over-  
speed cond i t ion .  When the engine speed reaches  
9300 2500 RPW, t h e  second swi tch  c loses ,  and t h e  
overspeed l i g h t  is  i l l umina ted ,  Lmed ia t e  term- 
i n a t i o n  of engine opera t ion  i s  necessary t o  pre-  
vent  s e r i o u s  damage t o  t h e  engine s t a r t e r .  

NOTE: 	 To prevent  overheat ing  o f  s t a r t e r s ,  t h e  
fo l lowing recommendation should.be ob- 
served: 

- Afte r  making t h r e e  consecut ive  s t a r t  
a t t empt s ,  no t  more than two being wi th  
h igh i d l e  bleed a i r ,  t h e  englne s t a r t  
system should be examined and a t  l e a s t  
31  minutes should e l apse  before  r epea t ing  
s t a r t i n g  a t t empt s ,  

- Afte r  making f o u r  consecut ive  S t a r t  
a t t empt s ,  none being made wi th  h igh I d l e  
b l eed  a i r ,  t h e  s t a r t  systern should be ex-
amined and a t  l e a s t  22 minutes should 
e l a p s e  be fo re  r epea t ing  s t a r t i n g  atd@mptS. 

- Maxbu31 of 2 minutes motoring i n  any 22 
minute per iod ,  

STARTER OVERSPEED LIQm 

The s t a r t e r  overspeed l i g h t  i s  loca ted  ad- 
j acen t  t o  the  S t a r t  Switch. The s t a r t e r  over- 
speed l i g h t  w i l l  come on dur ing  an engine s t a r t  
i f  t h e  s t a r t e r  c l u t c h  f a i l e d  t o  disengage and 
t h e  engine d r i v e s  the  s t a r t e r  t u rb ine  t o  the 
9300 t 5 0 0  rpm speed range.  

0 	 biodiflcations have been made t o  t h e  
s t a r t e r  and s t a r t e r  overspeed warning 
system, s o  t h a t  i t  is no t  now n o m l  
f o r  the overspeed l i g h t  t o  b l ink  a t  
the t l n e  of norpal  s t a r t e r  disengage- 
nen t ,  a s  has  been t h e  case  previous ly .  

ENGINE STAR'ER A I R  SYSTEM 

A i r  p r e s su re  i s  used t o  t u r n  t h e  s t a r t e r  tur-
b ine  which i s  coupled t o  t h e  engine.  The a i r  
p re s su re  is obtained from e i t h e r  of  two sources ,  
t h e  e x t e r n a l  gas t u r b i n e  compressor o r  t h e  bleed 
a i r  from an ope ra t ing  engine. The s t a r t i n g  sys- 
tem c o n s i s t s  of t he  a i r c r a f t  duc t ing ,  b leed  a i r  
va lves ,  low p res su re  r e g u l a t i n g  valves ,  and t u r -  
b ine  s t a r t e r .  

Ducting from t h e  b leed  p o r t s  on each engine 
and t h e  ground s t a r t i n g  source  I n  t h e  a f t  po r t ion  
of t h e  fuse lage  ( a l s o  unders ide  of r i g h t  inboard 
x ing  f l l l e t )  i n t e rconnec t  t o  form an a i r  mani- 

' 

f o l d ,  and make a i r  a v a i l a b l e  t o  t h e  s t a r t e r  of 
each engine. 

When using t h e  a f t  ground a i r  connection 
t h e  FUSELAGE swi tches  

on t h e  A i r f o i l  I c e  Panel  must be OPEN, and o t h e r  
switches on the  panel  i n  t h e  OFF o r  NOIQ-1 pos i -  
t i o n s .  

The Bleed A i r  Valve Switch f o r  each engine 
i s  opened o r  closed by a swi tch  on the  Engine 
S t a r t i n g  Panel. There is  a low p res su re  regu- 
l a t i n g  valve f o r  each engine combined with a 
s t a r t e r  valve which is ac tua ted  by t h e  S t a r t e r  
Button and which is  s e l e c t e d  by t h e  Engine 
S t a r t  Se l ec to r  on t h e  Englne S t a r t i n g  Panel .  

To s t a r t  t h e  engines t h e  Bleed A i r  Valve 
swi tches ,  f o r  a l l  t h e  engines ,  a r e  placed i n  t h e  
OPEN pos i t i on  t o  r o u t e  a i r  p re s su re  t o  t h e  low 
pressure  r e g u l a t i n g  valves .  When t h e  S t a r t  Button 
i s  pressed t o  START, t h e  s t a r t e r  valve opens and 
t h e  r egu la to r  r e g u l a t e s  a i r  flow t o  the  s e l e c t e d  
t u r b i n e  s t a r t e r .  The s t a r t  cyc le  is terminated by 
an i n t e r n a l  switch wi th ln  t h e  s t a r t e r ,  o r  by 
manually p u l l i n g  o u t  t h e  S t a s t  Button, 

To s t a r t  t he  remaining engines ,  t he  Engine 

S t a r t  S e l e c t o r  swi tch  Is repos i t i oned  f o r  t he  

r e spec t ive  engine t o  be s t a r t e d ,  and the  S t a r t  

Button pressed.  I n  t h i s  cond i t ion ,  bleed a i r  

from t b -  r ~: - \ ingemir.? o r  e rg ines  and p o u n d  

s u ~ p l yaLr, i f  s t i l l  ~ o n n e c t e d ,is  used t o  

s t a r t  the  engine. A f t e r  a l l  of  t h e  engines 

a r e  s t a r t e d ,  t h e  Bleed A i r  Valve switches 

should he ret l irned t o  t h e  CLOSED pos i t i on .  


-NOTE: Norml ly  ground supply a i r  i s  used 
~ n l yt o  start t h e  f i r s t  engine i n  
High RPM. A l l  o t h e r  engines a r e  
s t a r t e d  i n  Low R P M  us ing  c r o s s  b leed  
a i r  f r o n  p rev ious ly  s t a r t e d  engines.  

mailto:atd@mptS
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B R E A T d E P  _~:~A$~:oR FRONT TURBINE SEAL V E h l  
?\>M 2 t L  T.%%& - - -

P o w e r  Uni t  Oil Sys tem 

LV&t(ICATIC)N SYSTEM 

a r e  p rov ided  
~ ' G T each t h e  power s q c t i o n  and t h e  r e d u c t i o n  g e a r  
u n i t .  Each r e c e i v e  t h e i r  s u p p l y  from, and scavenge 
back t o ,  a conaon o i l  t a n k ,  

PWER SECTION SPSTEI.1 

The o i l  p r e s s u r e  punp [which a l s o  i s  combined 
wLth t h e  main scavenge punp u n i t )  c o n t a i n s  a p r e s -
s u r e  r e g u l a t i n g  v a l v e  (50-75 P S I ]  and f u r n i s h e s .  
p r e s s u r e  o i l  t o  J e t s  a t  t h e  f o u r  main e n g i n e  bear -  
l n g s  and compressor  e x t e n s i o n  s h a f t  b e a r i n g ,  &td 
f o r  i n t e r n a l  s h a f t  s p l i n e  l u b r i c a t i o n .  P r e s s u r e  
l u S r i c a t l o n  i s  a l s o  s u p p l i e d  t o  b e a r i n g s  of  t h e  
e n g i n e  a c c e s s o r i e s .  

Before  t h e  o i l  f l o w s  t o  any p a r t s  r e q u i r i n g  
lubrication, i t  f lows  t h r o u g h  a 117 micron 
f i l t e r .  A bypass v a l v e  Is i n c o r p o r a t e d  i n  che  
system i n  t h e  e v e n t  t h a t  t h e  f i l t e r  becomes 
clogged.  The bypass  v a l v e  i s  n o t  l o c a t e d  i n  t h e  
f i l t e r  a s  i s  sometimes common, and t h e r e f o r e ,  i f  
it should  open, con tamina ted  o i l  w i l l  n o t  f low 

i n t o  t h e  system. A check v a l v e  p r e v e n t s  o i l  
from s e e p i n g  i n t o  t h e  power s e c t i o n  wheneyer t h e  
e n g i n e  i s  n o t  running .  

The f o u r  scavenge pumps a r e  s o  l o c a t e d  t h a t  
t h e y  w i l l  scavenge o i l  from t h e  power s e c t l o n  i n  
any normal a t t i t u d e  o f  f l i g h t .  The scavenge 
parrpip, which i s  Located w i t h  the p r e s s u r e  punp, 
scavenges  o i l  from t h e  a c c e s s o r i e s  drive hous-
i n g .  The o t h e r  t h r e e  scavenge o i l  Prom t h e  d i f -
f u s e r ,  and from the f s o n t  and r e a r  of t h e  t u r -  
b i n e .  The o u t p u t  o f  t h e  r e a r  t u r b i n e  scavenge 
pump i s  re-scavenged by t h e  main scavenge  punp. 

A scavenge r e l i e f  v a l v e  1s l o c a t e d  so t h a t  it 
w i l l  p r e v e n t  e x c e s s i v e  p r e s s u r e  bu i ld -up  I n  t h e  
power s e c t t o n  scavenge system. The c m b i n e d  f l o w s  
o f  scaverlge o i l  from t h e  power s e c t i o n  (and r e -
d u c t i a n  gear scavenge s y s t e m s )  a r e  coo led  and re-
t u r n e d  CO t h e  s u p p l y  tank. T h e r e  a r e  two magnet ic  
p l u g s  on the  a c c e s s o r i e s  d r i v e  hous ing ,  one on 
tbe bottom, and a n o t h e r  a t  t h e  scavenge  o i l  ou t -
l e t  on *ha. f r o n t  slde. 
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PRESSURE ML @ 
SCAVENGE ML 

Reduction Cear"QilSgstern Diag 

LUBRICATION msmM f Continued) 

REDUCTION GEAR SUSTB! 

The reduction gear  o i l  p ressure  pump is  lo -
cated on t h e  l e f t  r e a r  s i d e  of t h e  reduction 
gear  case,  and included i n  t h e  ssserablg is a 
f i l t e r  (117 micron), f i l t e r  bypass valve and 
check valve. O i l  flows through t h e  f i l t e r  and 
t o  a l l  p a r t s  within the  gear  reduction case  
which requ i re  lubr ica t ion .  In addi t ion,  oil 
pressure  i s  used a s  hydraulic pressure  i n  Gha 
p rope l l e r  brake assembly. The f i l t e r  bypass 
valve provides f o r  continued o i l  flow i n  t h e  
event t h a t  t h e  f l l t e r  becomes clogged, A chaek 
valve prevents o i l  flow i n  t h e  reduction gem 
a f t e r  engine shut  down. A r e l i e f  valve whahloh 

is  set to begln opening af 180 PSI, and i s  
N l g  apaned a t . 2 4 4  B8f, Prevents esrcesslve 
system pbseak;urcl, T h i s  valve i s  not a p r e s s w e  
regdlatbg salve,  but &mctfons s%rrlcdly t o  
I&%%p r e s a m .  

'The two scavatage pmps a r e  located t o  pro- 
vide  scovengihle; i n  any n c m a  a t t i t u d e  of 
f l i g h t .  The oatpa?pt of tha searenge p a p s  rs-
tams t h e  oil b$ a a m a n  m%Lstt o  the supply 
tank, Li scavenge r e l i e f  valve llrisigts the zitsix-

sellprenge? p r e s s w e ,  A mss%gnat%cn1t.q i s  90-
c a t d  a% the b a i ; t a  re- 0% t h e  redaction gear
cas%ng, and when removed Prsvldas  a means of 
draining t h e  reduction gear  assesbay, 
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PROPELLER COI4POXENTS 

1 \F&IRING CAPS 

FE4THE.R RESERVOIR 

The daeroproducts No, A~ISICIFR-~O~prope l le r  
i s  a s i n g l e  r o t a t i o n ,  ?tydrau%%cally control led,  
constant speed t s e ,  i n c o w o ~ a t f n gcan i n t e g m l  
hgdraullc governing s g s t e s  operating independ- 
e n t l y  "c maintain p rec i se  control  during a l l  
operat ing conditions.  The diameter i s  1 3  f t .  
6 in .  and t o t a l  I n s t a l l e d  weight i s  appro3FJS9ately 
1030 l b s .  The complate assembly Is provided with 
spinner,  f ea the r ing  can& revers ing fesrttxree, se-
l e c t i v e  p i t c h  con t ro l ,  negative torque control ,  
synchronizing, phase-spchronizing,  and e lec-  
t r i c a l  i c i n g  control .  

The prope'ller has four  blades. The p rope l l e r  
converts engine torque t o  t h r u s t  and rogulntes  
t h i s  torquer t o  absorb engine power under vary-
ing conditions.  The i n t e g r a l  hydraulic systesd 
of t h e  p rope l l e r  suppl ies  the  power required t o  
change p rope l l e r  blade angle,  o r  p i t c h  t o  cola- 
pensate f o r  vapiat lons  i n  blade loading and 
maintain a constant RPH, The hydrsbulhc syst- 
i s  control led by a mechanical l inkage from t h e  
cockpi t ,  with an e l e c t m n i c  system pproviaing a 
vern ie r  o r  trimsr ta  hgdlpssalia governing f o r  
synchronizing and phase-spchronizlng with  a 
master p rope l l e r .  

NUB BSSE33 

The hub assembly c o n s i s t s  of Plow torque 
u n i t s ,  one mounted i n  each hub socket. The con- 
version of h g b a a i o  energy %o ~aechanical  turn-  
i n g  act ion Is the  purpose of these u n i t s .  This 
is a c c q l i s h e d  by having two o i l  passages, one 
to the outborn& s i d e  of t h e  torque p i s ton  and 
"&ha other  t o  inboard s i d e  of t h e  torqua pis ton.  
The h e l i c a l  sp l ine  machined on the  torque unit 
components c ~ n r s r tl i n e a r  p i s ton  movement t o  
blade ro ta t ion  movement. A master gear  meshes 
with *he blade gear,  which i s  a machined p a r t  
of t h e  torqae cyl inder ,  t o  coordinate blade 
angla change srnd Is located on the  face  of the  
hub body. The ltiaster ga8P 888011lbly includes  
t h e  aachnnicaZ p i t c h  lock and low p i t c h  s top ,  
The p i t c h  bock i s  a r i n g  with  ra tche t  type 
t e e t h  spr ing loaded i n t o  engageaent with t e e t h  
on t h e  mastep gear t o  prevent r o t a t i o n  of the  
rsaster gear i n  e decrease p l t c h  d i r e c t i o n .  This 
u f l l  occur with a. 104s of hydrau22.c ppessure a s  
GTN (Centr i fugal  Tvis t lng Moment) w i l l .  tend t o  
decrease blade angle u i thou t  a s s l s t m c e  from 
hydraulic pm'essura, The lock w i l l .  a l s o  engage 
i f  an overspeed beyond a pre-datemined s e t t i n g  
occurs and ?dill. hold t h e  e x i s t i n g  Blade angle. 
The p%tch lock w i l l .  operate  i n  t h e  governing 
range a n l s .  The con-
sists of txo mers ub 
an8 %he other  t o  t h e  master gear. Each has four 
lugs  equally spaced c i r c m f e r s n t i a l l y  on engag- 
i n g  faces .  The two a w b e r s  ape spr lng  loaded in -  
t o  engfagoaent, and t h e  lugs  a m  s o  designed t h a t  
t h e  member splined t o  t h e  master gear  i s  pre-
vented frora b t h e r  r o t a t i o n  i n  t h e  decrease 
p i t c h  direction. 
t h e  member spl ine& t o  t h e  hub i s  

Through the  feedback d r i v e  geas  ma-
chined on t h e  p i t c h  s top member, wkfch r o t a t e s  
wi th  "che master gear  blade angle,  Zntell igence 
is  ralsrgsil tkwough a s h a r t  uh%ch i n  t u r n  posl- 
t i o n s  a par t  of the  r e p l s i t o r  mechanical control 
l inkage. BJP s c h e a a i n g  blade angle wi th  f u e l  
flow, a blade angle ean be selected by the  power 
s e t t i n g  i n  the  beQe ranges, ahd o var iab le  mini- 
m u  blade angle can be es tab l l absb  I n  the gov-
erning ranges. 
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1. THRUST MEMBER 

2. CAMBERSKEET 

C-ILIBM SHEET BRAZED 10 
TllKiiST MLMBER ALOM 
THESE SURFACES 

3. IMECRAL BPr\Rlr% W E 8  
Blade Structure 

5 .  STREh'CTBEMNO RLBB 

Thr, blades are of h e l l w  steel ocaatme%5oa 
inaornomtlng thee Irang lea ina l  st~en&;l;h@ning 
r i b s  mr%.w e  oarpea& a 8 f  a t h a t  member and a 
umber sheet w ~ e h,?so joinoii tuxothur by c 
bmsiny: DrOaOSa and -011 woldn~dfirm the 5:!." 
s t a t f e n  in lasad and trail &go o u t b o r n  %G blea8e 
Lip, The bl@e is -\pl%pgsed v i t h  a da-=ieM 
ploo t la  cuff .  "d"ha i n t e r n a l  p a r t s  o f  the blades 
w e  f r s a ' c d  wI$h on iron a6Xlde ma%J)mv@ntlwe
min i ;  and %ha ciritiea are lswpred with nt t ronea 
k"ctmorghasio p~earsurat e  prsrenl; oemeoilan-ei 
%he i n t a m a  awfroes. the nitrexan 1s s @ a e a  
i n  the blade carLt ie r  by a cup r a h .  This @up 
83.~0h s  a s tad  Ioaa$& l a  tha O B R ~ O Pfar pla-
cing QP balanae washers t o  obts9n hariront.iil 
p ~ o p e l l e r$ailan%*. "FSae bbaaer are retalinard Ln 
t h a  hub by a blade Petaining nu%aaitnd i n e ; e m L  
Faae re ten t ian  arreebLg. thee Inner races 9%. 

of t h e  Fetentfow a a s w b l y  a r e  &acMae(% %he 
blade aoat  and flme - B a w d .  thea retcbm&4on 

)L ITOR ASSEMBLY 

The r o m a tor pso-oideo selat%jA*reprogal lo?  
p i t c h  f-on Pall revarso to t h o  filg3L l d l u  
sang@. It schedules blade angle %n EaecoHmeq
v i t h  t b t t l a  p o ~ l t i o n ~  In %he flight m g e  it 
pmv%das: speed governing along w f t t h  gmtactfvs 
and eaargsnsy features, such as pftteh Lock, In -
arskasa pitch far KT'Se fmkherksg, sad auto-
feather ing.  ~t IS tke bx-a%nr &ti hea* oi the 
~ m D Q l l e rin that i% n o m a 3 1 ~governs m?rmgine 
ipe&drson8 ahac senses abno-Gkitiees ei &ern-
t ion ,  reacts acconfiiegly, and coatr;rola the ays-
"& ass requkrpnd far the oolnpenerztion sf e m e r .  

F@@aG@rIH"~lmb1-bi t 8  d @ ; b n ~ k - ~ b p & ~
mow$& on Che rear sf thm hab and eoas fs t r  of 
a-haaslag m d  e8ve~ ,  adagtar aagaaab9al, 8co@a-

r a r w b l g  a o n ~ i t ~ f sof tlppeg, 9o%s hall %s%Ia, a rape ~ c ~ i i l t i a g - i g l a t e ~p w s  a&. @ & a a i a  e w -
nylon cage, gmgnd mai;el.gerl set  
mess, a metal s e a l  IP~CIF. s e a l  baek-w 
r ing ,  a graase sealj an4 blada reeaiaing nut. 

The blade me%Ps halL8sl t o  aeoeire &ha 
torquo u n i t  c y l i n r l e ~ s .  Spllines areas aaahln& estn 
t h e  Inside dl iwater  of Lha bblaae real; wMah 
aata with &ha inde9iah); ring, on %he tomu@ogB-
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--Y<E PiEGULfrTOR A.%EtiBLY (continued) 

of the r e g u l a t o r  and i s  held  s t a t ionary  by an 
adapter  s t o ~  f l  t t  !.ng mounted t o  the f r o n t  of the  
g e m  box. The adapter  assembly cons i s t s  mainly 
of the  pump power gear and t h e  mechanical control  
nechanisms. The accessory mounting p l a t e  is 
et tached t o  the  s t a t ionary  adapter assembly and 
nounts the e l e c t r i c a l  brush block assemblies,  and 
e:ctem?al e l e c t r i c a l  and mechanical controls .  

9 d r a u l i . c  Pumps and J i t t e r  Valve 

The pump power gear  i s  bol ted t o  the  adapter 
s l eeve ,  and i s  a  p a r t  of the adapter  assembly. 
!TriLs gear  is  a  f ixed,  o r  non-rota t in  
i s  a means of dr iving the  four  hydr 
which r o t a t e  about the  gear ,  A cam i s  machined 
on t h i s  gea r ,  and ground eccen t r i c .  The shoes, 
d r iv ing  the  j i t t e r  valve and the  speed s e n s i t i v e  
cy l inder  i~&he p i t c h  lock valve,  bear against  
t h i s  cam and the  motion thus  inpar ted t o  the 
j i t t e r  p i s t o n  pulses  the  low servo pressure I n  
t h e  governor d i s t r i b u t o r  element which r e s u l t s  
i n  an extremely s e n s i t i v e  governor. 

Tnere a r e  four  i d e n t i c a l  Pesco gear  type 

purrgs which furnish the  hydraulic pressure  

necessary t o  operate the  p rope l l e r .  These 

pumps a re  bo l t e6  t o  the  regu la to r  housing and, 

the re fo re ,  r o t a t e  with the  p rope l l e r  and a re  

dr iven by being i n  mesh with the  f ixed non- 

r o t a t i n g  pwip power gear. A t  c ru i se  R P M  

(1020) the output of the  four  p u p s  i s  approx-

tmately 5.5 gal lons  per  ninute.  I n  the event 

of a damaged pump, reverse  flow is  prevented 

by a  check valve contained within  the  p - x i .  


Cen t r i fuga l  Breather 

A cen t r i fuga l  breather  is i n t e r n a l l y  mounted 
en the regu la to r  housing. When the p rope l l e r  is 
s t a t i c ,  the  regu la to r  assembly i s  a  completely 
sealed un i t .  A t  approximately 220 p rope l l e r  
W M ,  cen t r i fuga l  force  on a  small valve p i s ton  
overcomes the  spr ing holding the valve closed 
and opens the  valve t o  atmosphere through a  
small hole i n  the regu la to r  housing. A t  t h i s  
and higher RPMfs the  hydraul ic  f l u i d  wi th in  
t h e  regu la to r  has been cen t r i fuga l ly  thrown 
awajr  from the  cen te r  and has formed a "dowh-
nut1' pz t t e rn .  Therefore, no hydraulic f l u i d  
leakage i s  experienced through the open valve 
during operation. 

WTS FEATHER VALVZ 

-NTS Feather Valve 

This valve contains f i v e  elements, Its 
primary funct ion i s  t o  d i r e c t  system pressure 
d i r e c t l y  t o  torque u n i t s  t o  Increase  the  blade 
angle when actuated by an N.T.S. o r  the  m i n i m  
pressure element allows the system pressuse t o  
bui ld  up s u f f i c i e n t l y  t o  move an& operate the 
servo system of the hydraul ic  governor, After  
t h i s  pressure has been a t t a i n e d ,  t h i s  valve 
opens and d i r e c t s  system pressure  t o  the  hy- 
d rau l i c  governor and the  solenoid valve. 

The decrease loader permits control led d ra in  
(30 p s i )  t o  e n t e r  and f i l l  the  decrease BETA 
system during a  rapid  decrease i n  blade angle. 
This valve opens a t  about 5 p s i  and prevents 
the torque cyl inder  heads from being sucked 
inboa--d due t o  cav i t a t ion .  

The presskre r e l i e f  valve l i m i t s  the  decrease 
BETA system t o  a  maximum of 625 ps i .  This 
valve r e l i e v e s  t o  the  r e g u l a t o r  (uncontrolled 
d ra in ) ,  

The NTS p i s ton  is counterweighted t o  remove 
the  centrifu.ga1 f i e l d  and I n  i ts nomral posi-  
t i o n  i s  spr ing loaded "down", Xn tNs pos i t ion ,
the top s ide  of the  NTS s h u t t l e  i s  ported t o  
drain ,  The NTS s h u t t l e  s p r i n g  w i l l  hold the  
s h u t t l e  i n  i t s  "up" pos i t ion .  With the  s h u t t l e  
i n  t h i s  posi t ion,  p o r t  "c" t o  f e a t h e r  r e s e r v o i r  
a d  Cecrease BETA f l u i d  a r e  blocked and f l u i d  
from the pumps i s  routed through the  m i n i m  
pressW@ element t o  the  solenoid valve 2nd the  
hydPaulic governor. Increase  BETA f l u i d  from 
the solenoid valve and/or hydraui ic  governor i s  
d i rec ted  t o  the  t o w e  u n i t s ,  
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NTS Feather Valve (continued) 

The NTS p i s t o n  i s  moved mechanically t o  i t s  
up pos i t ion  by an NTS o r  f e a t h e r  s igna l  which 
a c t u a t e s  the NTS con t ro l  r i n g ,  NTS cam, and 
NTS lever .  System pressure is  now applied t o  
the  top of the NTS s h u t t l e ,  moving i t  down 
aga ins t  i t s  spr ing.  With the s h u t t l e  p i s ton  
down, decrease BETA f l u i d  i s  por ted from the 
torque u n i t s  t o  the  fea the r  r ese rvo i r ,  system 
a ressure  i s  blocked from the hydraul ic  governor 

P 

Eme~gency f e a t h e r  accomplishes the  i d e n t i c a l  
sequence a s  above except t h a t  the  condi t ion 

con t ro l  r i n g  and condi t ion cam move t o  cam 

the  NTS p i s t o n  i n  the  "up" posi t ion.  


I"."lovement of the  power l e v e r  below a point  
21-24 degree coordinator w i l l  drop the  condi- 
t i o n  l e v e r  cam down t o  i t s  lowest' stop. This 
movement of the  NTS ca r r i age  and r a i l  assembly 
w i l l  decrease the  mechanical advantage on the  
PiTS linkage which would prevent an engine r e -  
duction gear  NTS s i g n a l  from moving the  NTS 
p i s t o n  enough t o  p o r t  system pressure  t o  the  
top of the  NTS s h u t t l e .  Thus, no increase  
blade angle can occur even though the  reduct ion 
gears  NTS system i s  actuated a s  might be the  
case i n  a high speed landing with the  power 
l e v e r  i n  P l i g h t  I d l e .  

Eydraulic Governor 

This valve contains  f i v e  elements, and i ts  
primary funct ion i s  t o  de tec t  and proportional- 
l y  cor rec t  any 
The valve i s  a l s o  used t o  mechanically and hy- 
d r a u l i c a l l y  s e l e c t  blade angle i n  the  t a x i  o r  
BETA ran4e. I n  add i t ion ,  the  valve i s  mechan-
i c a l l y  posi t ioned f o r  increase  BETA during 
emergency f e a t h e r  conditions.  A source of 
servo,  o r  reduced pressure ,  i s  a l s o  obtained 
from t h i s  valve. 

1 J I ~ T C XsnoE 

PUMP POWER GEAR 

PLfSSUO? SEDUCE8 

SPEED CONISOL 
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GOVEINOW I t V I I - '  

CONDIIION CARRIAGE 

OII S l i f D  

HYDRAULIC GOVERNOR . 

The pressure  control  element con t ro l s  system 
pressure  t o  450 p s i  above increase  BETA, o r  
demand pressure.  System, o r  pump, pressure 
i s  imposed on the top of the  pressure con t ro l  
p i s t o n ,  opposing a spr ing requ i r ing  450 p s i  
system pressure t o  overcome. When system 
pressure  i s  able t o  overcome t h i s  sprling, 
f l u i d  i s  ported t o  con t ro l l ed  drain .  Aiding 
the  spr ing,  r e s i s t i n g  system pressure ' s  
a b i l i t y  t o  depress the  p i s ton ,  i s  hydraulic 
pressure  from the increase  BETA systea .  
Thus, before pump, o r  system, pressure can 
be ported t o  d ra in ,  o r  r e l i eved ,  it must 
overcome increase  p i t ch  pressure  p lus  450 
p s i ,  ensuring t h a t  s u f f i c i e n t  pressure i s  
always avai lable  t o  move blades  t o  a higher  
angle regardless  of the  demand. 

System pressure e n t e r s  between the  two bottom 
lands of t h i s  valve,  which i s  spring-loaded 
"down" and passes out through cy l inder  open- 
ings  t o  the  servo system. Redcced pressure  i s  
applied t o  the bottom of the  reducer p i s ton  
opposing the  spr ing,  A s  s e w 0  p ~ r e s s ~ e  reaches 
450 p s i ,  i z  w i l l  overcome the  spr ing,  push the  
p i s t o n  "up and c lose  off the  cyifnder  opening 
with the  bottom p i s ton  l a i d ,  A s  reduced pres- 
sure  drops below t h i s  value,  the  lower pressure  
cannot overcome the spr ing,  t h e  p i s ton  i s  moved 
"down" and addi t ional  pressure ,  as required,  
can again  e n t e r  the reduced pressure  system, 
thus  maintaining 450 p s i  reduced pressure re -
gard less  of system pressure.  , The reducer 
valve p i s ton  has an o r i f i c e  d r i l l e d  through 
i t s  stem connecting the bottom of the  p i s ton ,  
o r  servo a rea ,  t o  a point  between the  two top 
lands.  This permits excessive reducec?. pres- 
su re  t o  be bled t o  d ra in  i n  the  event of a 
high pressure surge and prevents  a possible  
hydraulic lock. 

Tie R P M  r e s e t  elemsr!: accar?::: ;zduced przssure 
on i t s  plsto:! k-hen c.ntei.i~:g 2n.d dwin,; the  
BETA range, cor ipress iq  the  go-?zrnc? ~ p r i n i ; .  
This add i t iona l  comress ion  of the  aov&rnor 
sp r ing  r e s e t s  the gbvernor W H t o  a iproxi-  

The governing elements cons i s t  of a speed 
s e n s i t i v e  pis ton,  l ever  and sprfng,  a cyl inder
o r  movable sleeve around t h i s  p i s ton ,  a d i s -
t r i b u t o r  p i s ton ,  and mechanical l inkage i n t e r -  
connecting the d i s t r i b u t o r  p i s ton  with the  cyl-  
inder  o r  sleeve around the speed s e n s i t i v e  
pis ton.  
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Q d r a u l i c  Qovernor (cont inued)  

During a normal governing cond i t ion ,  reduced 
p res su re  from the  p rc s su re  reducer element i s  
por ted  t o  and around the  speed s e n s i t i v e  p i s t o n ,  
between t h e  two p i s t o n  l ands ,  and i s  imposed on 
the  top of t h e  sr.all a r e a  o r  top s i d e  of t he  
distributor servo p i s t o n  end. This  p re s su re  
r e m i n s  cons tant  dur ing  a l l  p r o p e l l e r  ope ra t ion ,  
and tends  t o  fo rce  the  d i s t r i b u t o r  p i s t o n  "down" 
aided by a sp r ing  around the  speed s e n s i t i v e  
element cy l inde r ,  Opposing these  f o r c e s  i s  
servo p res su re  app l i ed  t o  t h e  bottom s i d e  of 
t h i s  servo po r t ion  of t he  d i s t r i b u t o r  p i s ton .  
This s i d e ,  being of l a r g e r  a r e a  than the  top 
s i d e  enables  low servo p res su re  on t h e  bottom 
siGe t o  move t h e  p i s t o n  "up" aga ins t  reduced 
p res su re  on the  top  s i d e  p l u s  the  sp r ing .  Thus, 
i f  t h e  f l u i d  p re s su re  on the  bottom s i d e  of t h i s  
element can be va r i ed ,  t h e  d i s t r i b u t o r  p i s t o n  can 
be moved up o r  down. 

The speed s e n s i t i v e  p i s t o n  t ends  t o  move "up" 
t r i th  an inc rease  of speed,  and "down" wi th  a 
decrease  of speed due t o  changing c e n t r i f u g a l  
f o r c e s  on t h e  p i s t p n  opposed by a cons t an t  
loading by the  governor spr ing .  A s  t he  speed 
s e n s i t i v e  p i s t o n  moves "up", f l u i d  and/or 
pressure  is  r e l i e v e d  from t h e  bottom of the  
d i s t r i b u t o r  p i s t o n ,  causing i t  t o  move "down". 
Should t h e  speed s e n s i t i v e  p i s t o n  be moved 
d o m  by the governor sp r ing  (under speed)  ad- 
d i t i o n a l  servo f l u i d  w i l l  be por ted  t o  t h e  
under s i d e  of t h e  d i s t r i b u t o r  p i s t o n ,  and move 
it  "up". Thus, speed versus  governor sp r ing  
pressure  can and w i l l  c o n t r o l ,  hydrau l i ca l ly ,  
t he  pos i t i on ing  of the  d i s t r i b u t o r  p i s ton .  
Lir.ked t o  the d i s t r i b u t o r ,  through a rocker  arm, 
i s  the  s l eeve  o r  cy l inde r  around the  speed 
s e n s i t i v e  p i s ton .  A movement of t he  speed 
sens ing p i s t o n  then ,  causing a d i s t r i b u t o r  
p i s t o n  movement, w i l l  through t h i s  mechanical 
l i rJtage f eed  back t o  the  speed s e n s i t i v e  e l e -  
ment and s t o p  the i n i t i a t i n g  s igna l .  This 
forms a propor t ional ized  governor. The g r e a t e r  
t h e  o f f  speed,  the  g r e a t e r  d i s t r i b u t o r  p i s t o n  
movement, and thus  a h ighe r  r a t e  of blade angle 
change r e s u l t s .  

System pr-essure is  f ed  i n t o  the  d i s t r i b u t o r  
element between the  two top  l ands  of t h e  d i s -  
t r i b u t o r  p i s t o n ,  and through a hole  i n  t h e  stem 
o f  t h e  p i s t o n ,  between t h e  two bottom lands.  
Tlne a r e a  between the  two c e n t e r  lands  is  por ted  
t o  c o n t r o l l e d  d r a i n  ( f e a t h e r  r e s e r v o i r ) .  

A movement of t he  d i s t r i b u t o r  p i s t o n  inboard,  
o r  "down" fove r speedf ,  r e s u l t s  i n  system pres-  
s u r e  e n t e r i n g  the  i n c r e a s e  BETA l i n e  t o  t h e  
torque u n i t s .  A t  the  same t ime,  t h e  decrease  
l i n e  i s  por ted  t o  the  c e n t e r  a r e a  o f  t h e  d i s -  
t r i b u t o r  and t o  c o n t r o l l e d  d ra in .  

purinn-ss-chgonization, th=;ave governor ' 3  
sp r ing  i s  r e s z t ,  a s  n e c e s s a r y 2 T - f h 7 ~ t % - i ?  
ac tua to r  through the  speed c o n t r o l  g e a r ,  
p in ion screws, speed con t ro l  r i n g ,  and a cam 
arrangement t o  the  speed s e t t i n g  of t he  master 
engine. This  i d e n t i c a l  system i s  a l s o  used t o  
ob ta in  a f u e l  governor overspeed check, by- 
pass ing  the  normal high l i m i t  synchroniza t ion  
switch and r e s e t t i n g  the  governor t o  approxi-  
mately 15,000 ERPM. The governor sp r ing  i s  
a l s o  r e s e t  t o  about 15,000 ERPM when e n t e r i n g  
the  taxi range by a p p l i c a t i o n  of reduced pres-  
su re  t o  the  RPM r e s e t  p i s ton .  The movement of 
t h i s  p i s t o n  w i l l  campress t h e  governor sp r ing .  

The j i t t e r  valve previous ly  mentioned i s  a 
sepa ra t e ly  mounted valve wi th in  the  r e g u l a t o r  
al though,  h y d r a u l i c a l l y ,  I t  i s  considered a 
p a r t  of  t he  governor. The purpose o f  t he  
j i t t e r  valve i s  t o  j i t t e r ,  o r  pu l se ,  t he  low 
se rvor  pressure  used t o  s h i f t  t he  d i s t r i b u t o r  
p i s ton ,  t hus  keeping the  system "a l ive"  and 
reduce the  o f f  speed necessary t o  ob ta in  a 
correc t ion .  

The f l i g h t  i d l e  (20° BETA), o r  hydraul ic  low 
p i t c h  s t o p ,  i s  obta ined by b lade  angle move-
ment through a feed back s h a f t  and c a r r i a g e  
assembly. Should blade angle at tempt t o  drop 
below 20° due t o  i n s u f f i c i e n t  e r a i n e  power, 
t h e  movement of t h e  blade through t h e  feed- 
back s h a f t  w i l l  cause a r o l l e r  t o  con tac t  t he  
governor l e v e r  on a cam s lope ,  prevent ing  a 
f u r t h e r  reduct ion  i n  blade angle .  An i nc rease  
i n  blade angle is  permi t ted ,  a s  necessary,  t o  
hold RPM wi th in  governing speed. 

BETA follow-up i s  obtained i n  t h e  i d e n t i c a l  

Taxi,  o r  blade angle s e l e c t i v e  range i s  ob-
t a ined  i n  a manner s i n l l a r  t o  EETA fofoow-up. 
However, i n  t h i s  range ,  reduced pressure  from 
the  r o t a r y  s e l e c t o r  of t he  p i t c h  lock and s top  
valve a c t i n g  on t h e  RPM r e s e t  p i s t o n ,  r e s e t s  
the  governor t o  15,000 ERPM ar-d thus  is always 
underspeed. Being under speed,  the  speed 
s e n s i t i v e  p i s t o n  w i l l  always be "down" a s  f a r  
a s  the  governor- c a r r i a g e  r o l l e r ,  a g a i n s t  t h e  
governor l e v e r ,  w i l l  permit. 

I f  a lower blade angle  is  s e l e c t e d  by r e t a r d i n g  
the  power l e v e r ,  t h e  r o l l e r  w i l l  be w i t h d ~ a u n  
and the  speed s e n s i t i v e  p i s t o n  t r i l l  move down". 
hydrau l i ca l ly  c a l l i n g  f o r  a r educ t ion  i n  blade 
angle,  A s  t h e  blade approaches the  new se-  -
l e c t e d  ang le ,  t h e  speed s e n s i t i v e  p i s t o n  w i l l  
aga in  be r epos i t i oned  t o  a "no flow" pos t ion  
by movement of t he  b lades  through the  master  
gear*, feedback d r i v e  g e a r ,  feedbaclc s h a f t  a s -  
sembly, and c a r r i a g e  r o l l e r  againsr. t h e  gover- 
nor  l eve r .  


