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Chapter I

ENGINE GENERAL

(Figures 5-1 thru 5-5)

Design Features

The TF33-P-7A power plant has a s ixteen-stage axial- f low spl i t  compressor;  an
eight-can, can-annular combust ion chamber;  and a four-stage axial- f low type
turbine. There are two accessory cases on the engine.

Engine Sect ions

The eng' ine is div ided jnto f ive operat ing sect ions:  Compressor ( jncluding the
fan sect ion),  d i f fuser sect ion,  combust ion sect ion,  turbine exhaust,  and accessory
dr ive sect ions.

Compressor Sect ion

The compressor sect ion suppl ies air  for  combust ion,  internal  eng' ine cool ing,
and operat ion of  the aircraf t  pneumatic systems.

The engine has a s ixteen-stage, axial- f low spl i t  compressor.  The air  in an
ax' ia l - f low compressor normal ly cont inues through the engine without rotat ing
more than 180 degrees.

The axial- f low compressor has al ternate rows of  rotat ing blades and stat ionary
vanes. The rotat ing (rotor)  b lades are at tached to the compressor shaft .  The
stat ionary (stator)  vanes are at tached to the compressor hous' ing.  Each rotor
blade compresses and pushes the air  through the stator vanes. The stator fur-
ther compresses the air  and directs i t  to the next rotor blade. The combina-
t ion of  one stator vane and one rotor blade is one stage of  compression.
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The front compressor (Nr)  consists of  n ine stages of  compression. The f i rst
two stages of  the f ront compressor have larger blades than the other stages.
These two make up the fan.

The fan is part  of  the relat ively s ' low-turning front compressor,  a l lowing the
fan blades to rotate at  the most ef f ic ient  speed. The outer port ion of  the
fan air  is  ducted around the engine and exi ts in a duct surrounding the exhaust
nozz I  e.

The rear or high speed compressor (Nr)  consists of  7 stages of  compression.

Dif fuser Sect ion

The di f fuser sect ion,  which is secured to the rear f lange of  the compressor
near case, adapts the air  for  entry into the combust ion chambers.  The di f fuser
sect ion also provides ports for  extract ing bleed air  for  use in the bleed air
system and in the engine systems.

Combust ion Sect ion

The combust ion sect ion is composed of  an inner combust ion 1iner,  a spl i t  outer
combust ion case, and eight burner cans arranged in an annular pattern inside
the outer combust ion case. The burner cans are located between the inner com-
bust ion l iner and outer combust ion case. They are numbered one through eight
in a c lockwise direct ion as v iewed from the rear of  the engine start ing f rom
the 1 o 'c lock posi t ' ion.

The burner cans are interconnected by means of  crossover tubes. As the spark
igni ters start  the f lame in the No. 4 and 5 cans, the crossover tubes carry the
f lame to the other cans.

A fuel  drain is located on the bottom rear of  the outer combust ion chamber case
to drain unburned fuel  on engine shutdown.

Turbine Sect ion

The turbine sect ion contains a four-stage turbine having a set  of  nozzle guide
vanes located ahead of  each turbine rotor,  a turbine nozzle case and a turbine
exhaust case. The f i rst-stage rotor is the high-speed turbine, which dr ives
the N, high-pressure compressor.  The second, th i rd and fourth stages of  the

rotor are the 1ow-speed turbine, which dr ives the N,1ow-pressure compressor.

Accessory Sect ions

The main accessory sect ion gearbox is mounted beneath and secured to the di f fu-
ser sect ion.  The gearbox is dr iven by the N, compressor through a gear t ra in.
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Mounted to the accessory sect ion are the:

Main oi1 pump

Engi ne f  ue1 contro ' l

Engine-dr iven fuel  pump

csD

Stanter

Ai rcraft hydrau' l  i  c pump

Rotary breather

N, tachometer generator

0i l  f i l ter

Thrust  reverser hydraul ic pump

The front accessory sect ion is located at  the f ront of  the N, comPressor and is

covered by the nose dome. The N, tachometer generator and a scavenge pump for

the front bear ing are mounted on the front accessory sect ion.
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Chapter 2

ENGINE BLEED AIR SYSTEM

(Figures 5-6 thru 5-16)

I  ntroduct i  on

Each engine incorporates an engine bleed system which suppl ies pressur ized afr
for  var ious pneumatical ly powered systems on the engine and in the aircraf t .
Each engine has 16 stages of  compression with a 16 to 1 pressure rat io.  Com-
pressed air  is  b led f rom the inner and outer diameter af ter  the 16th stage.
Ventur ies in the bleed struts l imi t  the inner diameter air  b leed to a maximum
of 4.6% of the air  avai lable.  The outer diameter air  is  l imi ted by duct ven-
tur jes pr ior  to system components.

At sea level  on a standard day, and with the engines operat ing at  TRT, each
engine can del iver 200 ppm of bleed air  at  220 psig and 420oC. This combined
bleed air  is  suf f ic ient  to supply the needs of  a l l  the pneumatical ly operated
equipment.  However,  i f  the engines are running at  less than takeoff  power,  the
pressure,  temperature,  and amount of  b leed ajr  are decreased proport ional ly.  At
ground id le,  for  example,  the del ivered bleed air  is  about 40 ppm at 15 psig and
88"C. Each subsystem is completely independent of  the other three, and each
suppl ies air  for  speci f jc  funct ions.

1.  High Pressure ID Bleed System

2. High Pressure 0D Bleed System

3. Compressor Surge Bleed System

4. Fan Duct Bleed System

High Press ID Bleed System

The funct ion of  th is system js to supply high pressure heated air  for  the sys-
tems and funct ions l is ted below:

1.  Envi  ronmental  System

2. Wing Ant i - Ic ing System

3. l , / indshield Rain Remova' l  System

4. Engine Start jng System

5. Fan Duct Seal  Pressur izat ion

ID Air  is  suppl ied f rom:

Two bleed air  ports on each side of  the engine that manifold together and
connect to a col lector assembly.  A check valve js instal led between the col lec-
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tor assembly and each side of  the two manifolds f rom the bleed ports to prevent
backf low into the engine. The air  then f lows through the bleed air  shutof f
valve' into the crosswing manifold which suppl- ies the aircraf t  systems requir ing
pneumatic ajr .  The on' ly system on the engine requir ing air  f rom the crosswing
manifold is the eng' ine ground start ing system.

High Pressure 0D Bleed System

The funct ion of  th is system is to provide high pressure heated air  for  the
fol lowing funct ions:

1.  Fan duct seal  pressur izat ion

2. CSD oj l  tank pressur izat ion

3. Zone I I  cool ing air  e jectors

4. Fuel  heater

5.  Engi  ne nacel  I  e ant i  -  i  c i  ng

6. Engine ant i - ic ing

Bleed air  f rom this system is ut i l ized only wi th in each engine, and there is no
provis ion for crossbleeding between engines. Air  is  taken from two points in
the di f fusion case just  af t  of  the 16th stage of  compression and is branched
off  to the di f ferent components.

One branch is taken of f  to supply air  to the fan duct seal  pressure regulator
which regulates the pressure to about 24 ps' ig.  Another branch is for  the CSD
oi l  tank pressure regulator.  I t  maintains a pressure of  7 psig in the CSD tank
to prevent foaming of  the oi l  at  h igh al t i tudes. A thi rd branch suppl ies air
to the Zone I I  cool ing air  e ject ions and a fourth tap-of f  is  for  Fuel  Heater
operat- i  on.

Structural  and component cool ing wi th jn zone two is accompl ished by eject ing
high pressure 0D b. leed air  through ejector ducts located on top of  each engine
adjacent to the pylons. As air  is  e jected through these ducts,  d low pressure
area is formed at  the top of  each engine which in turn draws ambient ajr  into
the zone two area through louvers in the bottom forward sect ion of  each engine
cowl ing.  This cool ' ing air  is  then discharged overboard along with the 0D a' i r
as i t  c i rculates upward. The zone I I  cool ing ejectors operate f rom ground level
through 20,000 feet and are control led by a solenoid-operated shutof f  valve
which receives power f rom the Isolated DC bus.

The nacel le and engine ant i - ic ing systems for each engine are referred to as
running wet systems, which turn ice to water before i t  is  a l lowed to accumulate.
The pneumatic port ions of  the two systems are separate,  but  both are control led
electr ical ' ly  by one switch for  each eng' ine,  located on the pj lot 's  overhead
pane1. Both systems for the engfnes are control led by the ice detector system
when in the automat ic mode of  operat ion.
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The bleed air  supply for  the nacel le ant i - ic ing system is extracted from a port
on the upper r ight  s ide of  the engine di f fusion sect ion.  The air  f lows from
the port ,  through a ventur i ,  to a shutof f  regulator valve.  The ventur i  l jmi ts
the maximum amount of  f low that can be extracted from the port .  The shutof f
regulator valve is solenoid control led but uses bleed air  for  operat ion.  The
pressure regulator assembly regulates the posi t ion of  the valve,  maintaining a
downstream pressure of  17 psig.  Should the regulator fa i1,  the pressure l imi ter
wi l l  modulate to maintain 40 psig.

The bleed air  for  the engine ant i - ic ing is also extracted from a port  on the
di f fuser sect ion.  Control  of  the extracted air  f low is by means of  an air  f low
regu' lator and a motor-operated shutof f  valve.  The purpose of  the regulator
valve is to provide suff ic ient  a j r  to control  ic ing,  wi th a minimum increase in
in let  a i r  temperature.  This avoids damage to the in let  guide vanes. The regu-
lator has an internal  valve which is control led by a bimetal l ic  spr ing.  After
the regulator va1ve, the air  f lows to the shutof f  valve.  The shutof f  valve is
a motor-operated butterf ly valve.

Compressor Surge Bleed System (Figure 5-17)

The engine compressor surge bleed system controls and operates two surge bleed
valves,  whose funct ion prevents or minimizes a compressor stal l  or  surge condi-
t ion by providing an escape port  for  excess' ive compressor air .  The valves,
when open, permit  a i r  pressure at  the twel f th stage of  the engine compressor to
escape into the lef t  and r ight  fan ducts.  The valves are located on the lef t
and r ight  s ides of  the compressor intermedjate case. The valve on the r ight
s ide, approximately 6" in diameter,  is  known as the start ing bleed valve.  This
valve is open whenever the engine is operat ing below 80% N2 RPM, or dur ing a
sudden power reduct ion f rom h' igh power operat ion.

The valve on the lef t  s ide of  the intermediate case is approximately 4 3/4" in
diameter and js known as the decelerat ion bleed valve.  This valve opens only
when the engine power is suddenly reduced. This valve is control led and opera-
ted by means simi lar  to the 6" bleed valve.

Components used in the system to operate the bleed valves are two bleed valve
actuators,  a pressure rat io bleed control  uni t ,  an accumulator,  a 20 psi  check
valve,  and a bleed reset control .  Dur ing start ing or at  power set t ings below
B0% N2, 16th stage ID pressure and spr ing tension js used fn the bleed valve

actuator to keep the 6" bleed valve open. In the 4 3/4" bleed valve actuator,
16th stage pressure and spr ing tension keeps i t  c losed. As the N2 RPM increases

above 80%, the pressure rat io uni t  vents shutt le valve pressure f rom the 6"
actuator,  a l lowing i t  to shi f t .  This act ion ports 16th stage air  to the c lose
side of  the power piston in the actuator,  c losing the bleed valve and prevent ing
12th stage air  f rom escaping to the bi furcated duct.  Dur ing s low power reduc-
t ion below 80% N. the act ion is reversed. 0n rap' id power reduct ion,  16th

stage air  pressure for  operat ion is reduced. In order for  the system to operate
eff ic ient ly,  an accumulator was instal led.  The accumulator stores air  pressure
unt i l  the Pressure Rat io uni t  senses a rapid pressure change, as when the power
is suddenly reduced. Then air  pressure f rom the accumulator overr ides spr ing
tension on a diaphragm in the bleed reset control ler ,  vent ing the c losing signal
pressure for  both bleed valve actuators to atmosphere. Spr ing tension in the
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pi lot  valve causes the ID a' i r  to be ported to the "open" s ide of  the 6" bleed
valve.  Accumulator pressure js also suppl ied to the pi lot  valve in the 4 3/4"
bleed valve actuator,  shi f t ing i t  to al low air  pressure to be ported to the open
side of  the actuator.  Accumulator pressure f lows through the 20 psid check
valve when accumulator pressure becomes 20 psi  h igher than 15th stage air .  As
the pressure equal izes,  the reset control ler  causes the 4 3/4t 'valve to go closed.

Fan Duct Bleed System (Figures 5-7 thru 5-9)

Fan duct bleed air  is  used for cool ing the generator,  Zone I  of  the nace11e, and
engine and CSD oi l .  Air  for  cool ing the generator is extracted from the forward
fan case. Air  for  cool ing Zone I ,  CSD oi l  and engine oi l  is  taken from the af t
fan ducts.

The pr imary purpose of  the Zone I  cool ing system is to maintain structural
temperatures below design l imi ts.  Air  js  extracted from the upper areas of
each fan duct and distr ibuted within the compartment by piccolo tubes. Flow
within each system is cont inuous as long as the engine is operat ing.  Cool ing
air  is  then discharged overboard through louvers on the bottom aft  sect ion of
the engine cowl ing.
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Chapter 3

ENGiNE FUEL SYSTEM

(Figures 5-18 thru 3-26)

General

The eng' ine fuel  system provides c1ean, vapor- f ree fuel  to the fuel  nozzles at
pressures and f low rates required to develop the correct  engine power for  a l l
operat ing condi t ions.  The system compensates for  var iat ions in throt t le posi-
t ion dur ing f1 ight,  I imi ts the accelerat ion fuel  f low to prevent "surging,, 'and
establ ishes a minimum fuel  f low to prevent f lameout of  the engine dur ing-
dece I  erat i  on.

The engine fuel  system consists of  (1)  a dual-element engine-dr iven pump, (Z)
fuel  heater,  (3)  fuel  f i l ter ,  (4)  fuel  shutof f  actuator,  (5)  fuel  control ,  (6)
fuel  f low transmit ter ,  (7)  fuel  o i l  cooler,  (8)  pressur iz ing and dump valve
(9) fuel  nozzles and pressure switches.

Fuel  Pump

After the fuel  passes the engine f i re manual shutof f  valve,  i t  enters the engine-
dr iven fuel  pump. The pump is a dual-element uni t ,  mounted on the lef t  s ide of
the main accessory dr ive gearbox. The two elements are dr iven by a common shaft .
The f i rst  stage of  the pump is an impel ler  assembly which acts as a boost pump
for the second stage. A bui l t - in bypass valve between the f i rst  and second
stages bypasses fuel  d i rect ly to the second stage in the event of  a f i rst-stage
mal f  unct ' ion.

The second stage of  the engine-dr iven fuel  pump
type pump designed to del ' iver a f low regardless
from the impel ler  stage passes through the fuel
then enters the gear stage through a second f i  I
h igh-pressure rel ief  valve rel ieves pump output
1,050 psi .

i  s  a pos i  t i  ve d ' i  sp1 acement gear
of  the pressure demand. Fuel
heater and f i  I  ter  assembl i  es ,

ter  instal led in the pump. A
pressure above approximately

Fuel  Pump Out t^/arning System

Connected across the impel ler  stage of  the engine-dr iven fuel  pump is a di f fer-
ent ia l  pressure switch.  This pressure switch controls the engine pUMp OUT l ight
on the engineer 's fuel  management pane1. One warning l ight  r ' i  provided for each
engine. I f  the output of  the impel ler  stage decreases to fO psid,  the pressure
sw' i tch wj l l  i l luminate the warn. ing 1ight.

Fuel  Deicer Heater

Fuel  leaving the f i rst  stage is ported into the fuel  heater through external
tubing. The fuel  deicfng heater is mounted on the lef t  s ide of  the engine com-
pressor case. The heater consists of  an air  chamber surrounded by a fuel  jaeket.
Engine bleed air  is  c i rcu' lated through the air  chamber.  The heat f rom the air
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is t ransferred to the fuel  c i rculat ing in the fuel  jacket.  Dur ing engine opera-
t ion,  a l l  of  the fuel  f rom the f i rst  stage passes through the fuel  heater.  Air-
f low through the heater fs control led by a motor-operated valve.  The valve' is
control led by the fuel  heater switch on the engineer 's fuel  management pane1.
One switch is provided for each heater.  A l ight  above each switch' i l lumjnates
when the valve opens.

Fuel  Fi  I  ter

Fuel  leaving the fuel  heater is directed jnto the fuel  f i l ter .  The fuel  f j l ter
is located on the lef t  s ide of  the compressor intermediate case. Should the
f j l ter  become clogged, a bui l t - in bypass valve wj l l  bypass the fuel  around the
f i l ter .  Dur ing a c logged condi t ion,  d i f ferent ia ' l  pressure across the f i l ter
wi l l  be sensed by a di f ferent ia ' l  pressure switch.  I f  the di f ferent ia l  pressure
reaches 8 psid,  the switch c loses and i l luminates the FIL BYPASS f ight  on the
engineer 's fuel  management pane1. When the pressure reaches 12 psid,  the by-
pass valve opens and the fuel  f lows around the f i l ter .  I f  the c logged condi-
t ion rel ieves i tsel f ,  the bypass valve wi l l  c lose and normal operat ion wi l l
res ume.

Fuel  Control

After leaving the f i l ter ,  the fue' l  f lows' into the second stage of  the engine-
dr jven fuel  pump. After leaving the second stage of  the pump, the fuel  f lows
through the fuel  control .

The fuel  control  is  a fuel  f low meter ing uni t  which controls eng' ine power under
al l  operat ing condi t ions.  Control  is  provided in both the forward and the
reverse power ranges.

The control  ' is  an eng' ine-dr i  ven, hydro-mechani  cal  uni  t  I  ocated on the forward
r ight  s ide of  the main accessory gearbox. Two levers are prov' ided on each fuel
control .  The power lever ( throt t le lever)  is  used for select ing engine thrust
in the range from ful l  reverse, through id1e, to takeoff .  The second lever is
the electr ical ly actuated shutof f  lever which controls fuel  for  engine start ' ing
and shutdown.

Also incorporated in the fuel  control  is  a solenoid valve which provides fuel
enr ichment for  cold weather start ing.

The fuel  control  schedules fuel  to the engine to (1) control  steady-state rpm,
(2) maintain a constant turbine in let  temperature for  each posi t ion of  the
throt t le,  (3)  prevent over- temperature and compressor "surg' ing" dur ing start ing
and accelerat ion,  and (4) prevents f lameout dur ing decelerat ion.

The fuel  control  accompl ishes al l  of  th is by s ignals f rom the fol lowing sensors:
(1) A burner pressure sensor which ref lects air f low jn the combust ion sect ' ion of
the engine, (2) an RPM sensor which monitors speed of  the N, compressor,  and (3)

power lever angle sensor which ref lects engine power requ' i rements by throt t le
pos i  t i  on.
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The metered fuel  leaves the fuel  control  through the minimum fuel  shutof f  va1ve,
which is indirect ly control led by the fuel  and start  igni t ion switch.  Then i t
f lows to the fuel  f low transmit ter  and fuel  o i l  cooler,  on i ts way into the
engi  ne.

Pressur iz ing and Dump Valve

Fuel leaving the fuel-oi l  cooler f lows into the fuel  pressur iz ing and dump va1ve.
This valve consists of  a fuel  in let  check valve,  a se] f - re l ' ieving f i l ter ,  a mani-
fo ld dump valve and a pressur iz ing valve.

The fue' l  in let  check valve is located in the in let  port  of  the pressur iz ing and
dump va1ve. A fuel  in let  pressure of  e ight to ten psi  is  required to open the
inlet  check valve.  The valve prevents fuel  f rom draining overboard f rom the
fuel-oi l  cooler when the eng' ine is not operat ing.

The pressur iz ing and dump valve is div ided into pr imary and secondary chambers.
The fuel  manifold feeding the fuel  nozzles has pr imary and secondary manifolds.
The pr imary chamber of  the pressur iz ing and dump valve f lows fuel  into the
pr imary manifold for  engine start ing and 1ow power operat ion.  As the engine- is
accelerated, the fuel  pressure increases. At approximately 250 psid,  the
pressur iz ing valve opens, al lowing fuel  f low into the secondary chamber and
secondary fuel  manifold.

The manifold dump valve is spr ing- loaded open and closed by fuel  pressure f rom
the fuel  control .  t^ /hen the engine is shut down, the dump valve opens, draining
the pr imary and secondary fuel  manifold overboard.

Fuel Enr ichment

Fuel  enr ichment is used with al ternate grade fuel  dur ing ground engine starts
with low fuel  temperatures,  or  dur ing a ' i r  starts at  h igh al t i tudes wjth al ter-
nate grade f uel . - l8'C oN T.HE v3r3*:i)ND. /) )Rsii'f27:. Rt.::., '1p :7" 'r',.

When the fuel  enr ichment switch on the pi lot 's  overhead panel  is  actuated, extra
fuel  is  added to metered fuel ,  in the fuel  control ,  for  easier engine start ing.
The system cuts of f  mechanical ' ly  when the fuel  f low reaches approximately 1,500
pounds per hour,  (4,000 N2 RPM), or electr ical ly when the fuel  enr ichment switch
is placed to of f .
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Chapter 4

AUXILIARY POWER UNIT

(Figures 5-27 thru 5-29)

The APU, located in the lef t  wheel  we11, suppl ies air  for  engine start ing,  a i r
for  the environmental  systems, and mechanical ly dr ives an AC generator,  ident i -
cal  to the main generators,  for  ground operat ion on1y. The APU controls receive
power f rom the Isolated DC Bus through circui t  breakers on the f l ight  engineer 's
No. 3 c i rcui t  breaker pane1.

The APU is started by a hydraul ic motor which receives i ts power f rom two accu-
mulators.  These accumulators are pressur jzed from Hydraul ic System No. 3 and
control led by the APU ACCUM SEL switch which permits select ion of  No. 1,  No. 2,
or both accumulators for  start ing.  A lO-cubic- inch surge accumulator is used
in the system to absorb the in i t ia l  surge of  pressure,  protect ing the c lutches
i  n the starter adapter.

Speed of  the APU is control led by the fuel  governor which regulates the fuel
f low to maintain a constant speed under varying load condi t ions.  I f  a mal-
funct jon occurs in the fuel  governor and the speed of  the APU exceeds 110 per-
cent,  a centr i fugal  speed switch wi l l  automat ical ly c lose the fuel  feed valve
and shut down the APU.

The APU control  switch is a three-posi t ion,  OFF-START-RUN rotary switch.  Plac-
ing the switch to START closes the sel f -holding start  re1ay. This relay wi1 ' l
remain c losed unt i l  the c i rcui t  is  opened by the centr i fugal  speed switch at
35 percent.  When the switch is released from START, i t  wi l l  move to RUN by
spr ing-act jon.  f ' /hen the switch is at  RUN, al l  APU controls are energized and
control led by their  automat ic controls.

The APU door control  switch is a three-posi t ion,  0PEN-0FF-CLOSED switch.  The
doors must be fu11y open before the APU can be started. Automat ic c losing is
in i t iated by pul l ing the f i re control  handle or by actuat ion of  the touchdown
relays.  I f  the aircraf t  becomes airborne with the APU running, the APU wi l l  shut
down. l ' /hen the APU oi1 pressure drops below 3.5 psi ,  the doors c lose.

The bleed load and f low control  valve switch controls the solenoid-operated bleed
air  valve.  The switch is inter locked with a 95 percent speed switch which pre-
vents a bleed load from being appl ied to the APU unt i l  i t  reaches operat ing speed.
Placing the switch to OPEN wi l l  supply air  to the crossw' ing manifold.

There are two FIRE C0NTR0L hand1es for the APU, one on the f l ight  engineer 's
panel  and one in the cargo compartment.  When ei ther handle is pu11ed, the APU
shuts down, the doors c lose, and the corresponding f i re ext inguishing agent dis-
charge switch is armed.

The indicators for  the APU consist  of  three l ights and an exhaust gas temperature
(EGT) indicator.  The START l ight  i l luminates to indicate that  the starter is
operat jng.  The l ight  goes OUT when the APU reaches starter cutout speed. The
0N SPEED l ight  i l luminates to indicate the APU is operat ing at  95 percent.  The
door warning l ight ' i l luminates to show NOT CL0SED when the APU doors are not
cl  osed.
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0i l  f rom an external ly mounted oi l  tank is del ivered through the oi l  pump mounted
on the accessory case. A rel ief  valve maintains desired oi l  pressure.  Tempera-
ture is maintained by an oi1 cooler.  An oi1 temperature switch automat ical ly
shuts the APU down i f  the temperature exceeds 120oC. A low oi ' l  pressure switch
automat ical ly shuts the APU down i f  the pressure drops below 55 psj  whi le opera-
t ing above 95%. A sequencing switch is actuated at  approx' imately 3.5 psi  when
start ing and completes the c i rcui t  to the igni t ion uni t .  Dur ing APU shutdown,
the door c losing circui t  is  completed through the switch when the oi1 pressure
drops to approximately 3.5 psi .

The APU fuel  system provides for proper f low dur ing start ing,  accelerat ion,  and
ON-SPEED operat ion.  Fuel  gravi ty f lows from the No. 2 main tank surge box. A
motor-dr iven shutof f  valve is located in the l ine at  the tank out let  and is
energized open whenever the APU control  switch is in the RUN or START posi t ion.
Placing the control  switch OFF or pul l ing the APU f i re control  handle wi l l  c lose
the motor-dr iven shutof f  valve.  The accelerat ion control  valve orovides the
proper fuel  meter ing for  start ing and accelerat ion to 0N-SPEED RPM. The governor
has no control  over fuel  f low unt ' i l  the APU is at  or  near 0N-SPEED RPM. At th is
t ime the governor increases or decreases the fuel  f low to keep the turbine speed
relat ively constant.  A solenoid-operated shutof f  valve is located in the metered
fuel  l ine and provides control  of  f low to the fuel  nozzle dur ing operat ion and
shutdown. The valve is energized open and spr ing- loaded closed. Dur ing the
start ing sequence, as oi1 pressure increases above 3.5 psi ,  th is valve becomes
energized. Several  means are avai lable to deenergize the valve;  they include:

.  Placing the APU control  switch to OFF

. APU overspeed of  l10.percent or greater

.  Low oi l  pressure {  55 l " ' - ; i

.  High oi1 temperature 212o"C
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Chapter 5

STARTER AND IGNITION SYSTEM

(Figures 5-30,5-31)

Each engine is equipped with a sel f -contained start ing system consist ing of  the
fol  I  owi ng components:

1.  Pneumatic duct ing

Starter control  valve

Starter

4.  Igni t ion system

The engine starter is used whi le the aircraf t  is  on the ground. Air  starts are
made with the engine windmil l ing and without the aid of  the starter.  The starter
uses pneumatic air  suppl ied through the crosswing manifold for  operat ion.  Any
source of  a i r  that  is  normal ly suppl ied to the crosswing manifold may be used
i i t  the starter system. The electr ical  power for  the starter system is suppl ied
t l r rough the Isolated DC Bus.

Pneurna_t i .c Duct i  ng

The ductr , ig is routed from the crossw' ing manifold,  through the engine pylon, to
the eng' ine high pressure ID air  manifold.  Two check valves prevent air  f rom
enter ing the engine and al low i t  to be suppl ied to the starter system on1y.

Start  Control  Valve

The starter control  valve acts as an air  pressure regulator for  the starter and
as an air  shutof f  valve when the starter is not being used. The valve regulates
the air  pressure for  the starter to approximately 40 psi .  In the event of  a
valve fa i lure,  a pressure rel ief  valrre incorporated within the control  valve
l jmits the maximum pressure to the starter to approximately 45 ps' i ,  when open.
A switch on the valve completes an electr ical  c i rcui t  to a "starter Valve Open"
l ight  on the pi lots '  center instrument pane' l .  The f ight  wi l l  remain on unt i l
the valve is c losed.

Starter

The starter has i ts own 11-ounce oi l  system for lubr icat ion.  I t  is  independent
of  the engine oi1 system but uses the same type MIL-L-23699 oi l .  High pressure
air ,  regulated by the starter control  valve,  enters the starter turbjne, causing
i t  to notate.  The air  is  then discharged into the engine nacel le.  The turbine
dr ives a starter shaft  to the engine thv 'ough the starter gear t ra in and clutch
assembly.  When the starter reaches a predeternined speed, between 35 to 45%
N2 RPM, a centr i fugal  cutout switch on the engine side of  the starter c lutch
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wi l l  actuate,  causing the starter control  valve to c lose. The eng' ine wi l l  con-
t inue to accelerate,  and the starter turbine and gear t ra in wi l l  s low to a stop.

At approximately 40% N2 RPM, when the starter control  valve c loses, the starter

turbine speed is about 70,000 RPM. In the event of  a malfunct ion,  resul t ing
in turbine fai lure,  a turbine guard r ing and an exhaust screen are designed to
absorb some of the energy of  the metal  f ragments which resul t  f rom turbine
di  s ' integrat i  on.

Igni t ion System

The igni ter  exci ter  is  a s ingle housing uni t  containing the 20- jou1e and the
4- jou' le systems. The 20- jou1e is an intermit tent  duty,  dual  d ischarge system.
The 4- joule is a cont inuous duty,  s ingle discharge system, used af ter  engine
start ,  when necessary.  Both sect ions have independent c i rcui ts,  requir ing a
power input for  each sect ion and output leads to each spark igni ter .  There are
only two spark ign' i ters,  one located in the No. 4 combust ion chamber can, the
other in No. 5 combust ion chamber can.

l ' /hen the 20- jou1e is used,28 vol ts DC power is suppl ied to the 2O-joule inter-
mit tent  exci ter  f rom the isolated DC bus. From there i t  is  routed through a
ser jes of  f i l ters to el iminate radio interference dur ing operat ion.  From the
f i l ters,  power t ravels to the t r igger generator,  which increases the vol tage
to approximately 2,450 vol ts and appl ies i t  to the t r igger output c i rcui t .
There j t  is  increased to a point  where i t  wi l l  ionize the gap of  the spark
i  gni  ters.

When the cont inuous igni t ion system is placed on,115 VAC from the No. 1 essen-
t ia l  bus is sent to the cont inuous duty igni tor  exci ter ,  where i t  is  d i rected
through i ts own set of  radjo noise f i l ters.  From there i t  goes through a fu l l
wave transformer rect i f ier  which increases the vol tage sl ight ly and converts i t
to DC. This increased DC vol tage enters a vol tage doub. ler  which boosts the
vol tage to approximately 300 VDC and sends i t  to the t r igger generator which
also increases the vol tage. This power is then suppl ied to the t r igger output
circui t  which wi l l  igni te the spark igni ter  in the No. 4 combust ion chamber can.

NOTE

The 2O-joule igni t ion system and the
tem share a common tr igger output.
output c i rcui t ,  do not energize both

4- jou1e cont inuous igni t ion sys-
To prevent damage to the t r igger

igni t ion systems simul taneously.
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Chapter 5

ENGINE OIL SYSTEM

(F' igures 5-32 thru 5-37)

The TF33- P-7 engi  ne ' i  s  ' l  ubr i  cated by a hi  gh-pressure ,  sel  f -contai  ned, dry sump
oi l  system. I t  provides lubr icat ion for  engine bear ings, bear ing sea1s,
accessory dr ive shaft  and accessory gear housing. Components included in the
system are:

1.  0 i  I  tank

0i l  temperature indicator

Pressure pump

Pressure rel  ief  valve

0i l  f i l ter

0i  I  coolers

Scavenge pumps and vent system

0i I  Tank

The oi l  tank is a steel  saddle-type located on the upper forward r ight  s ide of
the engine and is serviced through a cowl ing access pane1. The tank capaci ty
is 7.8 gal lons but can be serviced to only 5.0 ga11ons, due to the f i l ler  neck
being placed in a posi t ion to prevent overservic ing.  This leaves approximately
1.8 gal lons of  total  tank volume for air  expansion. The tank contains internal
baff les and plates to prevent the oi l  f rom sloshing, a can-type de-aerator to
prevent aerat ion of  the oi l  returning to the tank, and near the one-gal1on
usable level ,  a f loat*operated switch.  I f  the oi l  quant i ty in the tank decreases
to approximately one gal lon of  usable oi l ,  the f loat  switch wi l l  complete an
electr ical  c i rcui t  to a "Low oi1 quant i ty"  l ight  on the f l ight  engineer 's pane1.

0i  I  Temperature

The oi1 temp bulb is located downstream of the f i l ter  in the pressure passage
on the f i l ter  housing. I t  senses temperature of  the oi1 going to the engine
bear ings and accessory dr ive gears.  This s ignal  is  then routed to the temp
indicator on the f l ight  engineer 's pane1.

0i  I  Pump

The pressure pump is a dual-element,  posi t ive-disp' lacement pump located in the
accessory gear housing. The two elements are the main pressure pump and a
scavenge pump. The speed of  the pump wi l l  vary wi th N2 RPM. At 100% N2 RPM,
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the pump speed i  s
This pressure is

approximately 3,300 RPM,
regulated to prescr ibed I

wi th a pressure output of  about 80 psi
imits by a pressure rel ief  valve.

Pressure Rel ief  Valve

The oi1 pressure rel ief  valve is a cont inuous bypass, pressure rel ief  va' lve,
located on the accessory gear housing adjacent to the oi1 pump. The valve wi l l
open and close to maintain desired system pressure by spr ing tension against  a
valve seat.  System pressure may be adjusted by a screw which changes the amount
of  tension on the valve spr ing.  When the oi1 pressure increases above normal,
the valve wi l l  open and bypass oi1 back to the in let  s ide of  the pressure pump.
The oi1 pressure is sensed by an oi1 pressure t ransmit ter  and a low oi l  pressure
switch.  The oi l  pressure t ransmit ter  sends a s ignal  to a pressure indicator
located on the f l ight  engineer 's pane1. Should the oi l  pressure drop below 33
Psi ,  the low oi1 pressure switch wi l l  complete an electr ical  c i rcui t  to a "Low
0i l  Press" l ight  on the pi lot 's  center instrument pane1. l -he l ight  wi l l  remain
on unt i l  the pressure increases to approximately 38 psi .

0 i l  F i l ter

The main oi l  f i l ter  is  located in the accessory housing above the oi ' l  pump. I t
is  constructed with a ser ies of  screens between wafer disks,  designed to t rap
contaminants and supply c lean oi1 to the engine components.  At  the bottom of the
oi l  f i l ter  housing is a spr ing- loaded poppet valve.  Under normal operat ion,  o i l
f lows through the f i l ter  wi th enough pressure to overcome the spr ing tension on
the poppet va1ve, al lowing clean oi l  to f low to the engine bear ings. Under
stat ic condi t jons,  spr ing tension wi. ' l l  c lose the valve and wi l l  not  a l low oi l
f low from the tank into the accessory hous- ing,  causing an overf low of  o i l  out
the housing vent.

The second valve in the oi l  f i l ter  housing fs a bypass valve.  In the event the
f i l ter  becomes clogged, pressure on the in let  s jde becomes greater than pressure
from the out let .  When this di f ferent ' ia l  pressure reaches 50 psid,  the bypass
valve wi l l  open and a di f ferent ia l  pressure switch wi l l  actuate and complete a
circu' i t  to the "Low 0i I  Pressure" I ight  on the pi1ot 's center instrument panel .
The system pressure gage should indjcate normal i f  the f i l ter  is  c1ogged.

Scavenge and Vent System

The engine oi1 system is a dry sump type, unl ike the wet sump system because i t
doesn' t  a l low the oi l  to poo' l  at  the bottom of the engine. The engine has 5
gear- type scavenge pumps that pick the oi l  up f rom the bear ing compartments and
accessory hous' ing and send i t  back to the oj l  tank.  The combined output of  the
5 scavenge pumps is approximately twice the output of  the pressure system. As
the scavenge system picks up oi l  and air  f rom the housings, the two are mixed
together.  Thjs mixture of  a i r  and oi l  goes through the system unt i l  i t  gets to
the can-type de-aerator in the tank, where the air  is  removed to the vent system.
As oi l  is  bejng sprayed on the bear ings, some of i t  becomes vapor ized with the
air  in the bear ing housing. This air-oi l  mixture' is too l ight  to be picked up
by the scavenge system, so i t  escapes into the vent system that col lects vapor-
ized oi l  f rom al l  the bear ing hous' ings.  I t  then goes to the air-oi l  separator
in the main accessory housing. The air-oi l  separator removes the air  f rom the
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oi l ,  vent ing the air  overboard and leaving the oi ' l
pump in the accessory housing.

0i  I  Coolers

to be pfcked up by the scavenge

The scavenge system
sends i t  through two

Air  0 i l  Cooler

I t  contains
oi  I  cool  er .
the cooler
oi  1 passes

The air-oi l  cooler is a radiator- type, located in the r ight  s ide of  the engine
fan discharge duct.  Fan discharge air  f lows across the radiator to cool  the oi l .
The cooler is equipped with a pressure rel ief  and temperature bypass valve.  I f
the cooler becomes clogged, the pressure rel ief  valve is designed to open aL 23
psid and al low the f low to cont inue. The temperature bypass valve controls the
amount of  o i l  f lowing through the cooler by opening at  60oC or below so no oi l
f lows through the cooler.  As the oi l  temperature increases, the valve c loses,
sending an increasing amount of  o i1 through the cooler unt i l  the temperature
reaches approximately 77oC, when the valve c loses ful ' ly ,  sending al l  o i l  through
the cooler.

Fuel  0 i l  Cooler

The fuel  o i l  cooler is located on the forward r ight  s ide of  the engine. I t
works on the same pr incipal  as the air  o i l  cooler,  wi th the except ion that fuel
is used as the cool ing agent,  instead of  a i r .

takes the oi l  f rom the bear ing and accessory housing and
oi l  coolers before i t  is  returned to the tanks.

a pressure rel ief  and temperature bypass valve s imi lar  to the air
The main di f ferences are the bypass pressure wi l l  be 40 psid should

become clogged and the oi l  temperature must r ise to 90oC before al l
through the cooler.

5-L7



4E-101

Chapter 7

THRUST REVERSER SYSTEM

(Figures 5-38 thru 5-49)

Each engine is equipped with an independent thrust  reverser system, operated
through the throt t le quadrant.  The system permits reverse thrust  appl icat ion
of eng' ine power af ter  touchdown and dur ing rejected takeoff .

Each thrust  reverser system consists of  a hydraul ic pump, f i l ter ,  two actuators,
two doors and a mechanical  l inkage, a control  assembly,  a f low regulator,  a
mechanical  lockout and indicator l ights.

Oi l  for  actuat ion of  the system is taken from the CSD oi l  tank.  The oi l  ' is
c i rculated through the thrust  reverser system, then ported through the CSD o. i l
cooler and back to the reservoir .

A dual  e lement engine-dr iven hydraul ic pump provides hydraul ic pressure for
operat ion of  the thrust  reverser system. The pump assembly consists of  a h ' igh-
volume pump, a low-volume pump, an unloading valve,  an unloading pi lot  valve
and check valves.  The high- and low-volume pumps are at tached to a common shaft
so both wi l l  operate at  the same speed. Both are f ixed d' isplacement,  gear- type
pumping uni ts.  At  id le speed, the h ' igh-volume pump wi l l  del iver approximately
5.5 gal lons per minute aL 2,500 psi .  The low-volume pump wi l l  del iver .5 ga1-
lons per minute at  3,000 psi .  The electr ic bypass valve permits both pump
outputs to be ported to a return l ine when the thrust  reversers are stowed and
locked. This is to ensure rapid operat ' ion of  the thrust  reverser doors.  The
output of  the pumps is used to cool  the system whi le the doors are in the
closed and locked posi t ion.  This is a smal l  amount of  o i l  f low as most of  the
oi l  is  being bypassed thru the electr jc bypass valve.  The control  assembly
determines the system pressure and d' i rect ion of  f low for thrust  reverser door
operat i  on.

Two hydraul ic actuators are used to supply the force and mot ion necessary to
retract  and extend the target- type thrust  reverser doors.  The actuators are
located at  the top and bottom on the af t  end of  the nacel le.  The actuators
operate both doors,  and are connected to a common oi1 pressure source.

To monitor thrust  reverser operat ion,  there are three indicat ing f ights per
engine, a PRESSURE l ight  located on the engineer 's pane1, a THRUST REVERSER
NOT L0CKED 1ight,  and a THRUST REVERSER EXTENDED l ight  on the p. i1ot 's center
instrument pane1. The PRESSURE l ight  wi l l  come 0N when the pressure in the
control  assembly reaches approx' imately 1,000 psi .  The THRUST REVERSER NOT LOCKED
1ight,  located on the pi lot 's  panel ,  wi l l  come 0N at the f i rst  movement of  the
doors out of  the locked posi t ion.  The EXTENDED l ight  wi l l  come 0N when the
doors have ful  1y extended.

An inter lock system is instal led to prevent throt t le movement i f  the thrust
reverser doors are not fu11y extended. The mechanical  l inkage to the fuel  con-
trol  wi l l  be blocked unt i l  the thrust  reverser doors are fu l ly  extended.
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The transrnitter is lcated on the rigbt side of the cc-rrnpressor intermediate case
betrveen the fuel control and the fuel-oil cooler. The transritter consists of an
impeller, a constrnt speed motor, a turbine, and a transrnitter s5mchro. As fuel
enters the transmitter, the impeller imparts a twistingmction, or torque, to the
fuelflorv. The impetler is driven at a constant spec'd by a consrant speed motor.
Pou,er to drive the motor is llS-volt. 4OO-Hertz. AC from the Esseniial A-C Bus.
The twisting motion is applied to the turbine whicb causes it to dellect against
the spring. The angular position is measured by the transmitter sSrnchro and an
electrical signal is sent to the indicator and dat:r converter.

Since the fuelflow signal tothe indicator is of a synchro-t-r-pe, the data converter
serves as a power supply and e servo amplifier for the indicator.

FUEL FLOW METER

Figure 5-24
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