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AUXILIARY POWER UNIT INSTALLATION

DESCRIPTION AND OPERATION

GENERAL

A.

The Auxiliary Power Unit (APU) installation provides pneumatic and
AC electric power to the airplane systems during ground operations
and makes the airplane independent of ground support equipment. The
installation is certified for ground use only and the APU must be
shut down prior to the start of takeoff. The installation consists
of an APU powerplant module, inlet air and exhaust ducting, fuel
supply system, battery charging system (see Chapter 24), a fire pro-
tection system (see 49-00-26), transport system for moving the module
inte or out of the cargo compartment, plus the necessary components
to connect the APU output to the airplane pneumatic¢c and AC electrical
distribution systems. An individual control panel at the flight
engineer's station provides for the start, stop and loading of the APU.

The APU powerplant module is located 1n the forward section of the
aft baggage compartment, right of the airplane centeriine. The APU
powerplant module consists of a gas turbine and a turbine-driven AC
generator, together with controls and mountings enclosed within an
insulated stainless steel housing for safe and continuous ground
operation. The gas turbine compressor bleed system 1s connected to
the 21rpliane pneumatic system and suppliies pneumatic power for main
engine starting and airplane airconditioning. Refer to 49-00-36,
APU Pneumatic Interface. The AC generator suppiies electrical power
to energize the aircraft's electrical system. (Refer to Chapter
24-00-00.) Engine compressor Inlet and Accessory cooling air is
drawn from the right hand Main Landing Gear well through the bulkhead
Sta. 960 and ducted separately to the module housing. The inlets
are screened to prevent the ingestion of possibly damaging material
by the engine turbine and accessory cooling blower. With the main
landing gear door closed the wheelwell serves as a muffler to subdue
ex%erna] noises associated with the gas turbine engine and cooling
1nlets.

APU turbine exhaust gases are ducted overboard through the right wing-
to-body fairing. The exhaust duct assembly consists of an inner and
outer duct. The hot turbine exhaust gases pass through the 1nner
section of the duct assembly and through an eductor prior to exhaust-
ing overboard The eductor draws accessory cooling air from the
module housing through the annular section between the outer and
1nner duct. The cooler air from the module housing passing through
the annular section serves as insulation to reduce the temperature
of the exhaust duct surface and when mixed with the turbine gases
downstream of the eductor, and serves to reduce the total temperature
of the exhaust gases. An exhaust gas door provides an aerodynami-
cally clean closure over the exhaust exit and prevents the entry of
foreign material into the APU engine when 1t is not operating.

4%-00-2
Page 1
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D. Operation and control of the APU s completely automatic through the
1gnition/starting and engine fuel and control systems provided in the
gas turbine engine installation. With the APU battery switch in the
ON position and the APU master switch 1n the ON position, depressing
the START switch-Tite momentarily will 1ni1tiate a series of automati-
cally controlled operations to start the APU engine quickly and safely.
After running at governed, no load, speed for one minute, pneumatic
or electrical power may be obtained by actuating the appropriate
controls  If electrical power is being used in conjunction with
pneumatic power, the amount of shaft horsepower available driving the
generator will be governed automatically to maintain a safe exhaust gas
temperature Therefore, 1f maximum pneumatic power is required, such
as for a main engine start, the electrical load must be reduced to
provide a priority to the pneumatic load. (Refer to Chapter 49-00-2,
Sub-chapter D Operation - APU Loading, Item (3)(b) and notes Page 207.)
After the electrical and pneumatic loads have been removed for three
minutes, the APU 1s shut down by depressing the QVERSPEED TEST switch
momentarily and opening the master relay by depressing the MASTER
SWITCH-LITE.

E. The APU battery charging circurt is self-regulating and connected
directly to the aircraft synchronizing bus. The APU battery will be
on charge, as required, at all times that power is available at the

synchronizing bus.

F. The transport system provides a means for moving the APU module from
the cargo door to the installed position in the forward section of
the aft cargo compartment. The system consists of a track section
attached to the compartment ce1ling and a trolley assembly for li1fting
and moving the module to and from the door.

2. APU MODULE

A. The APU module consists of a gas turbine engine, AC generator, engine
mounted accessories, and necessary wiring and plumbing enclosed in a
pressure-tight housing.

B. The APU gas turbine engine provides mechanical shaft power for driving
the generator and provides pneumatic bleed-air power for starting the
main engines and for cabin airconditioning during airplane ground
operations. The AC generator mounts on an engine accessory pad and 1s
directly driven through the accessory gear train.

C. The APU module housing consists of four sections to provide access to
the turbine engine and its accessories for normal line maintenance
procedures. The housing is insulated to muffle the APU operating
noise, to reduce the heat load imposed on the airplane airconditioning
system when the APU 15 operating, and to protect the airplane and
equipment if an APU fire should occur. The housing provides quick-
disconnects for all fluid lines, air and exhaust ducts, electricatl
cables and wiring to expedite the removal and installation of the
module.

49-00-2 4/82
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ENGINE

A.

The APU engine 15 a gas turbine basically composed of a two-stage cen-
trifugal compressor directly coupled to a single-stage inward flow

turbine. The trubine shaft 1s coupled to the accessory drive section
to provide power for driving the engine accessories and the generator.

FUEL SUPPLY AND ENGINE FUEL CONTROL SYSTEMS

The APU fuel supply and engine fuel control system delivers clean,
metered fuel under pressure to the turbine engine combustion cham-
ber as required to accelerate the engine during starting and to main-
tain a constant engine speed under all lcad conditions

The APU fuel supply system filters and pressurizes fuel from the
airplane main tank No 3 and delivers 1t to the engine fuel control
system The fuel supply system consists of a fuel tap at the wing
rear spar, a manual shutoff valve, a solenoid actuated fuel supply
shutoff valve, a thermal rel1ef valve, a fuel filter and fuel boost
pump, plus appropriate plumbing The solenoid actuated fuel supply
shutoff valve and the fuel boost pump are both energized when the
APU master relay 15 closed

The engine fuel control system consists of a fuel control unmit mounted
on the front of the turbine engine accessory section, a fuel solenoid
valve, a fuel atomizer, a control thermostat and a turbine plenum
drain. The system 15 fully automatic in operation and does not require
external controls.

IGNITION AND STARTING

The APU 1gnition and starting systems provides a means of cranking the
engine and a predetermined RPM and 1gniting the fuel-air mixture 1n
the combustion chamber Automatic controls de-energize the starter
motor and 1gnition circuits when the engine 15 rotating at approxima-
tely 35% and 95% speed respectively

AIR

The APU air system consists of pneumatic and electromechanical com-
ponents, which function automatically, to regulate the maximum amount
of bleed air that may be drawn from the APU for use 1n the airplane
pneumatic systems. Accessory cooling 1s accomplished by drawing
ambient air i1nto the housing, circulating 1t around the accessories
and exhausting 1t overboard

4/82
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The engine bleed-air control system 1s fully automatic 1n operation
The system consists of a pneumatic thermostat, a three-way solenoid
valve and a pneumatic shutoff {load control) valve. Bleed air 1s not
available unt11 the engine reaches governed speed When engine speed
reaches approximately 95% RPM, the three-way solenoid valve 1s
actuated to direct the thermostat output to the load control valve to
modulate the valve position and maintain safe exhaust gas temperature

Bleed air from the APU 1s carried forward 1n the bleed-air duct to
the airplane cross-over ducting A flapper type check valve 1is 1n-
stalled downstream from the load control valve prior to the mainfold
The check valve prevents reverse flow through the compressor section
of the APU when main engine turbo-compressors are operating.

ENGINE CONTROL

10

4/82

APU

The APU engine control system provides for the selection, control and
monitoring of the operation and lcading of the APU engine

Instrumentation and annunciator 1ights on the control panel provides
for monitoring the operation and loading configuration of the APU
engine

The APU control system receives 28 VDC power from the APU DC bus
through 1ts master relay when the MASTER switch-l1te 1s activated and
the APU BATTERY switch 1s 1n the ON position.

INDICATING

The APU 1ndicating system consists of an hourmeter, mounted on the APU,
for recording the number of hours the APU has been operated, and ex-
haust gas temperature and RPM indicators on the APU control panel

EXHAUST

APU

The APU exhaust 15 an aspirated (to 1nduce cooling air flow for the

APU components), sound reducing, system of ducting that directs the

APU exhaust gases overboard through a door 1n the right wing-to-body
fairing aft of the wing flap fence

APU

OIL

The APU 011 system 1s a self-contained, positive pressure, dry-sump
system that provides pressurized and splash lubrication for all gears
and bearings within the unit The 011 supply tank 1s located at the
inboard aft end of the APU module mounted outside of the housing for
easy access.

49-00-2
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11. OPERATION

A. Operation of the APU consists of preparing to start, starting, loading
and shutdown. Each step 1s manually 1ni1tiated through selector
switches on the APU control panel. However, the engine control cir-
cuits monitor the conditions required for safe operation of the APY
engine before power 1s applied to actuate start and loading control
components

B Preparing to Start APU

(1) Placing the APU BATTERY switch to the ON position actuates the
APY battery relay and connects the battery bus,through a 15
ampere circuit breaker, to two dc busses, ﬂ)

(2) Actuating the MASTER switch-l1te to the ON position applies
power to the control circuit of the master relay, the APU
generator control relay, and to the MASTER switch-T1te

NOTE The MASTER switch-11te 1ndicates that the contacts
of the master switch and the NC contacts of the
firelockout relay are closed and that power from
the APU dc busses 1s available to the relay “\
The 11ght does not indicate the position of
the master relay

(a) The master relay will actuate when control power 15 applied
1f an electrical ground 1s available to 1ts coi1l through
contacts of the squat relay. (The electrical ground 1s
only available when the airplane is on the ground.) When
the master relay actuates, control power from the APU dc
bus 1s applied to open the APU exhaust gas door, to actuate
the fuel boost relay and to energize the engine and generator \\
control circuits

1) When the fuel boost relay actuates, control power 3s
applied to open the fuel supply shutoff valve and to
run the fuel supply boost pump

(3) In summary, with the airplane on the ground, the APU BATTERY
switch 1n the ON position and the MASTER switch-11te on, the APU
exhaust gas door wi1ll open, pressurized fuel w11l be available
to the engine fuel and control system, the engine and generator
control circuits will be energized and the APU w11l be ready to
start.

C. APU Starting

{1} Momentar1ly pressing the START switch w111l apply power from the )
master relay to the starter relay and start light circuits.
49-00-2 4/82
Page 8 SN REV. Dec 1/89
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11. Operation

A. Operation of the APU consists of preparing to start, starting, load-
ing and shutdown. Each step 18 manually initiated through selector
switches on the APU control panel. However, the engine control cir-
cuits monitor the conditions required for safe operation of the APU
engine before power i1s applied to actuate start and loading control
components.

B. Preparing to Start APU:

(1) Placing the APU BATTERY switch to the ON position actuates the
APU battery'relay and connects the battery bus, threough a 15 am-
pere circuit breaker, to two dc busses.

(2) Actuating the MASTER switch to the ON position applies power to
the control circuit of the master relay, the APU generator con-
trol relay, and to the MASTER switch.

NOTE: The MASTER switch indicates that the contacts of the
master switch and the NC contacts of the firelockout
relay are closed and that power from the APU dc¢ busses
1s available to the relay The light deoes not indicate
the position of the master relay. i

(2) The master relay will actuate when control power 1s applaied
1f an electrical ground 1s available to its coil through
contacts of the squat relay (The electrical ground is only
available when the airplane 1s on the ground.) When the
master relay actuates, control power from the APU dec bus 1is
applied to open the APU exhaust gas door, to actuate the
fuel boost relay and to energize the engine and generator
control circuits. '

!
. 1) When the fuel boost relay actuates, control power 1s ap-
plied to open the fuel supply shutoff valve and to run the
fuel supply boost pump.

{3) In summary, with the airplane on the ground, the APU BATTERY
switch i1n the ON position and the MASTER switch on, the APU ex-
haust gas door will open, pressurized fuel will be available to
the engine fuel and control system, the engine and generator
control circuits will be energized and the APU will be ready to
start B

1
\

C.* APU Starting

\

(1) Momentarily pressing the START switch will apply power from the
master relay to the starter relay and start light circuits.

NOTE: When operating the APU unattended for an extended period
of time, follow Airplane Maintenance Manual (AMM) in-
structions regarding necessary fuel cuantity based on
APU fuel burn rate.
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(a} The START light w111 11luminate 1f power 1s available to
the starter relay through the contacts of the start switch
the 011 pressure sequence switch, and the 35% switch.

(b) The starter relay (SR) w11l actuate 1f an electrical ground
1s available to 1ts co1l through the exhaust door switch
No. 1 When the SR actuates, power from the APU battery
bus 1s applied to the starter motor and power from the
master relay 1s applied to a self-locking circuit to retain
power on SR and on the START 1i1ght after the start switch
1s released At the same time power 1s applied to terminal
6 of the battery charger control. This prevents the APU
battery charger from carrying the heavy electrical Toad
required during the start cycle

(2) When the sequencing o1l pressure switch closes, power 1s applied
to the fuel solenoid valve and to the ignition unit. This pro-
vides fuel and ignition to initiate combustion. When combustion
starts, the gases generated assist the starter motor 1n acceler-
ating the engine.

(3) When the 35% switch actuates, power 1s interrupted to the starter
relay and start Tight circuit

(a) The START switch-11te will go out.
(b) The starter motor w11l stop.
{c) The APU battery charger w11l be re-activated

{4) When the 95% switch actuates, power 1s removed from the 1gnition
un1t and applied to the three-way solenold valve, the speed relay,
the auxiliary underspeed relay, and to the hourmeter.

{a) When the three-way solenoid valve actuates, the pneumatic
thermostat control output is transferred from the accelera-
tion Timiter valve to the load control valve to control the
pneumatic loading of the engine when bleed air 15 selected.

(b) When the speed relay actuates, 1ts contacts close in the low
011 pressure fault and bleed air valve {close) control c¢ir-
cuits to allow a pneumatic load and lTow 01] pressure protec-
tion to be applied to the engine

(c) When the auxi1liary underspeed relay actuates the generator
control panel underspeed lockout circuitry 1s de-activated

(d) The hourmeter 1s energized to time and totalize the hours
that the engine operates,

4/82 49-00-2
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D. APU Loading

NOTE  After a warm-up period of one minute at governed speed
the APU engine 1s ready for loading electrically and/or
pneumatically.

APU loading 1s accomplished through the controls provided on the APU
control panel  After the APU has warmed up, electrical and/or pneu-
matic power can be obtained through the positioning of controls as
outlined below.

(1} Electrical Power only

(a) This configuration provides shaft horsepower exceeding nor-
mal generator requirement and no pneumatic power  The tur-
bine engine 1s not loaded to rated capacity. (Generator
protective devices would function before the engine 15 over-
Toaded ) -

(b} Control Selection and Indication
1} GEN TRIPPED - Push to rest.

2) Essential power selector - Position selector to APU (on
flight engineer's upper center panel)

3) APU CONTACTOR SW - Momentarily select the CLOSE position
Green GEN ON BUS annunciator light 11luminates

4) BLEED AIR - Off, 11ght out. Press switch-Tite to close
bleed air valve, if blue, 11ght 1s 11luminated.

(2) Electrical and Pneumatic Power

(a) This configuration provides electrical power limited to 75
amps per phase and pneumatic power to load turbine engine to
rated capacity

NOTE  Adeguate pneumatic power for starting an air-
plane engine 15 assured when the APU 1s 1n the
pneumatic and electrical load condition  How-
ever, electrical loading must be carefully
manitored on the generator of the APU because
1ts entire electric load will be dropped 1f the
75 ampere Timit 15 reached 1n any phase of the
electrical power generated

49-00-2 3/88
Page 10 SN REV. Dec 1/89
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{b) Control Selection and Indication

As 1n (1-b) above except the following

BLEED AIR - On - Depress switch-1ite momentarily to open
bleed air valve. Biue cover plate will 11lumi-
nate.

Pneumati¢ Power only
(a) This configuration provides pneumatic power only and not
electrical power The turbine engine 1s not loaded to
rated capacity
(b) Control Selection and Indication
1} GEN TRIPPED - Reset
NOTE The generator field control relay should

be closed, generator tripped 1i1ght out,
during 211 APU operations

2) APU CONTACTOR SW - Momentarily select the TRIP position,
green GEN ON BUS annunciator will extinguish

3) BLEED AIR ~ On, blue 11ght 11luminated

E. APU Shutdown

NOTE

(1)

4/82

Electrical and pneumatic loads should be removed from
the APU three minutes prior to engine shutdown

Momentarily pressing the QVERSPEED test switch will apply power
from the master relay to the pneumatic solenoid valve and cause
the 110% switch of the centrifugal switch assembly to actuate.
Actuation of the 110% switch removes power from the fuel sole-
noid valve, causing the valve to close, and from the hold relay,
removing all operating power from the engine

(a) When the fuel solenoid valve closes, the engine shuts down
due to fuel starvation

(b) When the hold relay relaxes, the power circuits to the fuel
solenoid valve, 1gnition unit and starter relay are inter-
ruppted unt1l the engine rotational speed falls below 7%
RPM  This prevents the fuel solenoid valve from opening
and the 1gnition unit from being energized when the 110%
and 95% switches relax as the engine spins down and 1t
prevents the starter relay from energizing the starter when
the 35% switch relaxes 1f a re-start were attempted before
full spindown of the engine

49-00-2
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CAUTION. OPENING THE MASTER SWITCH PRIQR TO
COMPLETE SPINDOWN OF THE ENGINE
CAUSES EXCESSIVE HEAT BUILD-UP IN
THE APU MODULE AND EXHAUST SYSTEM
DUE TO THE RESTRICTION OF AIRFLOW
THROUGH THE ENGINE AND EXHAUST DUCTS
WHEN THE APU EXHAUST DOOR CLOSES

(2) When engine spindown 1s completed, actuating the MASTER switch-
11te to the open position (MASTER switch-Tite out) w1ll remove
power from the control co1l of the master relay When the
master relay opens, the following events occur

(a) Control power 1s applied to the APU exhaust door actuator
to close the exhaust gas door

(b) Power 1s removed from the engine control circuits.

{c) Power is removed from the fuel boost relay to de-activate
the APU fuel supply system

(d) Power 1s remaved from the generator control relay to dis-
connect power from the generator control unit.

(3) Placing the APU BATTERY switch to the OFF position completes the
shutdown of the APU engine.

49-00-2 4/82
Page 12 SN REV. Dec 1/89
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APU BATTERY

1T GENERAL

A. The 24 volt, 36 ampere-hour lead acid storage battery 1s located 1n
the main landing gear wheelwell cavity The battery support 1s
mounted on the forward side of the aft cargo compartment (Sta 960)
to the right of the keel The battery 15 connected to 1ts fire pro-
tection circuits through a circuit breaker, and to 1ts control
circurts by the common APU battery switch and individual relay. The
battery 31s charged by 1ts single phase charger which 1s energized by
the essential bus through a relay controlled by the APU battery
switch.

B The service required to maintain the APU battery 1s dependent on the
rate and Tength of charge, ambient temperature and relative humidity.
Chemically approved water should be added to the battery cells when-
ever necessary. A periodic check for electrolyte Tevel should be
made after each flight, depending on battery use and rate of charqge

C. Both hydrogen and oxygen are generated during the charging cycle of
the Tead acid storage battery. Air containing 4 to 8 percent hydro-
gen will burn 1f 1gnited. Air mixtures containing more than 8 per-
cent hydrogen will explode.

CAUTION. KEEP ALL OPEN FLAMES, SPARKS FROM ELECTRIC DEVICES,
AND ANYONE WHO MAY BE SMOKING, AWAY FROM BATTERY,
PARTICULARLY DURING AND FOLLOWING A CHARGING CYCLE

NOTE:- Allow a charged battery to stand disconnected in a
well ventilated area unti] gas bubbling stops, be-
fore using a torch or flame near the battery

2. UNIT SERVICING -~ STORAGE BATTERY - 24 VOLT 36 AMPERE-HOUR

A. Addition of Water - See Para, 3, Ch 24-49-31, Page 103 - Inspection/
Check of APU Storage Batteries.

B. APU Battery Charging - See Para, 2B, Ch. 24-49-31, Page 102 - APU
Battery Charging.

C Cleaning and Painting - See Para C(1) through (6), Ch 24-49-31,

Page 102.

D. Battery Ventilation Hoses - See Para. D(1) through (4), Ch 24-49-31,
Page 103.

49-00-2 MM STEWARD DAVIS 3/82
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APU CONTROL_COMPONENTS

TROUBLESHOOTING

GENERAL

A. The APU control component troubleshooting section consists of
troubleshooting procedures and wire trace diagrams, plus 1denti-
fication and Tocation tables for circuit breakers, relays, and
connectors.

B. Troubleshooting procedures are outlined in Table 101.

(1) Malfunctions are listed 1n Table 101 as they would appear
in a normal APU precheck, start-up, loading and shut-
down sequence. The latter procedures do not included check-
out of of components whose malifunction would have been
1dent1fied and corrected in earlier procedures.

(2) The troubleshooting procedures assume that the contacts
of a relay act in unison, all tripped or all actuated.
Thus, establishing that one set of relay contacts are
correctly positioned 1s sufficient evidence to accept 1t
as functioning properly.

(3) Checkpoints, dirodes, circuit breakers, etc., are 1dentified
for the APU circuits 1n the troubleshooting procedures and
the wire trace diagrams.

C. The Wire Trace Diagrams, Figures 101 through 118, are presented
to simplify the tracing of wire runs from the power source through
the component to ground. The diagrams are not intended for use as
functional schematics.

D. Tables 102 through 105 at the end of the troubleshooting section,
ident1fy and locate the components as abbreviated in the trouble-
shooting procedures and wire trace diagrams.

MM STEWARD DAVIS
4/82 = 49-00-2
SN REV Jul 31/99 Page 101
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APU CONTROL_COMPONENTS

TROUBLE SHOQTING

TABLE 101

A. Test does not actuate when TEST FIRE CIRCUIT switch-lite 1s

15 pressed

(Test Fire Circuit and Fire/BellCutout lights

do not come on, fire bells do not ring.) WTD, Figure 102.

(1)

(2)

(3)

(4)

49-00-2
Page 102

Check for 24 VDC at circuit breakers Fire Det 1 and

Fire

(a)

(b)

Det 2, Starter Relay Box.
Not OK

1) Check battery condition and replace/recharge
1f required.

2} Correct wiring, battery to FD1 and FD2,
Figure 101.

0K -- Step (2)

Check for 24 VDC at FL0O-A2 and FT-8, Control Relay

Box,

{a)

(b)

With
FT-2

(a)

(b)

With
FT-1

Figure 102.

Not OK -- Carrect wiring, FD1 to FLO-A2, FD2
to FT-8.

0K -- Step (3).

Fire Test switch depressed, check for 24 VDC at
and 6, Control Relay Box, Figure 102.

Not OK

1) Check for continuity through Fire Test Switch
when depressed (terminals 17 to 7 and 16 to 6),

Figure 102.
2) If not OK, replace switch.

3) If 0K, correct wiring, FLO-A2 to Fire Test
switch and Fire Test Switch to FT-2 and 6.

0K -- Step (4).

Fire Test switch depressed, check for 24 VDC at
and FTD-2, Control Relay Box, Figure 102.

MM STEWARD DAVIS
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{a) Not OK --
1) Check for open diodes CR8 and CR11
2) If not OK, replace

3) If 0K, correct wiring FT-6 to FT-1 and
FTD-2

(b) OK -- Step (5).

{5) With Fire Test switch depressed, check for 24 VDC
at FT-3.

{a) If not OK - -
1) Check for ground at FT-7.

2) If not OK, correct wiring, FT-7
to ground

3) If OK, repiace Fire Test Relay.
(b) OK -- Step (6).

(6) With Fire Test switch depressed, check for 24 VDC
at BS-A3, Control Relay Box, Figure 103 (Note Be
sure (4) (a) 3 15 OK )

{a) Not OK -- Replace Bell Silence relay
(b) OK -- Step (7)

(7) With Fire Test switch depressed, check for 24 VDC at
plus terminal of Fire Warning horn, cockpit, Figure 103.

(a) Not OK -- Correct wiring BS-A3 to Fire Warning horn,
(b) OK --
1} Check for ground at minus terminal of horn
2} If not OK, correct wiring to ground, Figure 103
3) If 0K and horn does not sound, repiace horn
(8) Repeat (7) for Fire Warning horn in wheel well, Figur 103,
(9) With Fire Test switch depressed, check for 24 VDC at Cathode

(-) terminal of CR7, Control Relay Box, Figure 103
(Note Be sure (4 {a) 3 1s 0K )

4/82 49-00-2
SN REV. Dec 1/89 Page 103
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(a) Not 0K -- Replace CR7.
(b} OK -- Step (10)

{10) With Fire Test switch depressed, check for 24 VDC
at cathode (-) terminal of CR30, Control Panel

(a) Not OK -- Correct wiring (CR7 to CR30).

(b) OK -~ Check Fire/Bell Cutout i1ndicator Tight
circuit per Figure 107

B  Fire Warning system (Fire/Bell Cutout 1ndicator light and Fire
Warning horns) turns on when Fire Test switch 1s depressed, but
does not remain on when released

{1) Check that circurt breaker, FD2, Starter Relay Box, Figure
102, 1s closed.

(a) Not 0K -- Close FD2,
(b} OK -- Step (2).
(2) (Check for 24 VDC at FT-8, Control Relay Box, Figure 102
{a} Not OK -- Correct wiring, FD2 to FT-8
{b) OK -- Replace Fire Test relay
C  Fire Exting 1ight does not come on 2011 seconds after Fire Test
switch 1s depressed and released (fire warning system activates

normally}.

(1) With Fire Test circuit activated, Figure 102, check for
24 VDC at FTR-11, Control Relay Box

(a) Not OK --

1) Check per a{4) and (5).

2) Correct wiring FT-3 to FTD-11.
(b) OK -- Step (2).

{2) Depress and release Fire Test switch. After 20%71 seconds,
check for 24 VDC at FTD-%, Control Relay Box, Figure 102

{a) Not OK --

1) Check for ground at FTD-10

49-00-2 4/82
Page 104 SN REV, Dec 1/89
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2) Not OK -- Correct wiring

3) 0K -- Check resistor across FTD-5 and
7 (301K~ ohms)

4) Not OK -- Replace resistor
5) 0K -- Replace Fire Time Delay relay
{b} 0K -- Step (3)

(3) Depress and release Fire Test switch  After 20*1 seconds,
check for 24 VDC at cathode terminals of CR21 and CRZ22,
Control Panel, Figure 102
(a) Not OK -« Correct wiring FTD-9 to CR21/22

{b) Ok -- Check Push to Exting Fire 1ndicator Tight per
figure 107

Exting Fire l1ght remains on beyond 30 I 1 seconds after the Fire
Test switch was depressed and released (10%1 seconds after the
Fire/Bell Eutout 1ight and the warning horns turned off)

{1) Check that Fire Test switch terminals, Control Panel,
Figure 102, open when switch 1s reieased

(a) Not OK -- Replace Fire Test switch
(b) 0K -- Replace Fire Test relay

Bell Cutout switch does not siience Fire Warning horns during
Fire Test cycle

(1) With Fire Test circuit actuated and Bell Cutout switch
depressed, check for 24 VDC at BS-Al1 and X1, Control Relay
Box, Figure 103 (Note- Be sure A(10) 1is OK.)
(a) Not OK --

1) Check continuity through Bell Cutout switch
terminals 16 and 6 with Bell Cutout switch
depressed

2) Net 0K -- Replace Bell Cutout switch

3) OK -- Correct wiring Bell Cutout switch -6
to BS Al and X1

49-00-2
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(b) OK --
1) Check for ground at BS-X2.

2) Not 0K -- Correct wiring, Figure 102 Q0K --
Replace Bell Silence relay.

2  PANEL ILLUMINATION

A Nith Battery and Panel I1lum switches closed, APU Control Panel
edge lights do not turn on,

(1) Check for 24 VDC at circuit breakers, APU Bus Feed, and
Batt SW, Starter Relay Box, Figure 105

(a) Not Q0K -- Follow procedure 1.4,
(b) OK --

{2) Check for 24 VDC at circuit breaker, Indicator Lights, Starter
Relay Box, Figure 105,

(a) Not OK -

1) Check for 24 VDC av TB-17, Control Relay Box,
Figure 105

a) Not OK .- correct wiring, Batt SW circuit
breaker to TB-17

b) OK --

2} Check for 24 VDC at TB-16, Control Relay Box, Figure
105

a) Not 0K -- Correct wiring, TB-17 to TB-16 and/or
replace Battery switch

b) 0K --

3) Check for 24 YDC at BR-X1, Starter Relay Box,
Figure 105

a) Not OK -- Correct wiring, TB-16 to BR-X)
b) OK --
4} Check for 24 VDC at BR-B2

49-00-2 4/82
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2) Not OK -- Correct wiring, APU Bus Feed
circult breaker to BR-B2.

b} 0K --
5) Check for 24 YDC at BR-B1. .

a) Not OK -- Check for ground at BR-X2

1 Not OK -- Correct wiring BR-XZ2
to ground

2 OK -- Replace Battery Relay

b) 0K -- Correct wiring, BR-B1 to
Indic L1ghts circuit breaker.

(b) OK --
(3} Check for 24 VDC at TB-12, Control Relay Box, Figure 106

(a) Not OK -- Correct wiring, Indic Light circuit breaker to
TB-12

(b) OK --

{4) Check for 24 VDC at anode {plus) terminal of CR36,
Control Panel, Figure 106.

{a) Not OK -- Correct wiring, TB-12 to CR36
(5) Check for 24 VDC at cathode (minus) terminal of CR36.
(a) Not OK -- replace CR36.
(b) OK --
(6) Check for 24 VDC at Panel ITlum switch -2.
{a) Not OK -- correct wiring, CR36 to Panel I1lum switch
(b) OK --
(7) Check for 24 VDC at Panel I17lum switch -1 {switch closed)
(a) Not OK -- replace switch
(b) OK -~

4/82 49-00-2
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Check for 24 VDC at edge Tight circuit board connector,
Control Panel, Figure 106,

(a) Not OK -- correct wiring, Panel I1lum switch to
connector,

(b) OK -- replace edge 11ght circuit board

APU INDICATOR LIGHT TEST

A. Indicator 1i1ghts do not turn on when Test Indic Lights
switch 1s depressed

(1)

With Battery switch closed, check for 24 VDC at Panel I1lum
switch, terminal 2, Control Panel, Figure 106

(a) Not OK -- follow procedure 2,A (1) through (6)
(b) OK -- Trace circuitry for fault per Wire Trace Diagram,

Frgure 107. Replace light bulbs, switch-11te units,
and diodes as necessary.

APU MASTER SWITCH

A Master Light does not turn on when Master switch 1s depressed
{Battery switch closed and Indicator Light Test, Figure 107, OK )

(1)

(2)

(3)

48-00-2
Page 108

Check for 24 VDC at circuit breaker, Control Feed 1,
Starter Relay Bex, Figure 105,

(a) Not OK -- Follow procedure 2. A (1) thru (2) (a)
substi1tuting circuirt breaker Control Feed 1 for
circult breaker Indic Lights, and BR-A2/A1 for
BR-B2/B1.

{b) 0K -=-

Check for 24 VDC at TB-8, Control Relay Box, Figure 109,

(a} Not OK -- Correct wiring CF1 to TB-8.

(b} OK --

Check for 24 VDC at FLO-B2, Control Relay Box, Figure 109,

{a) Not 0K -- Correct wiring, TB-8 to FLO-B2 (replace
Master switch-l1te umit, 1f required),

SN REV. Dec 1/89
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(b} OK --
{4} Check for 24 VDC at FLO-B3 -
{a) Not OK --

1) Check for 24 VDC at FLO-X1, Control Relay Box,
Figure 104

a) Not 0K -- replace Fire Lockout relay

b) OK -- Open and close circuit breaker Fire Det 1,
Starter Relay Box, Figure 101

NOTE The Fire Lockout relay should only be energized
(24 ¥DC at X} and normally closed B2/B3 open)
1f one or more of the fire detectors (APU
Module, Figures 102 and 103) have closed For
trouble shooting, See Figures 102, 103, and
and 104

(b) OK --

r

(5) Check for 24 VDC at cathode (minus) terminal of CR28, Control
Panel, Figure 109

{a) Not OK -- Correct wiring, FLO-B3 to CR28 Replace diode
CR4, Control Relay Box, Figure 109, 1f necessary

B Exhaust door does not open (Battery and Master switches closed,
Master Tight on)
(1} Check for 24 VDC at circuit breaker Door Motor, Starter Relay
Box, Figure 105 (Door Motor circuit breaker closed)
(a) Not Ok -- Follow procedure 2 A. (1) through (2} (a)
(b) OK --
(2) Check for 24 VDC at MR-B2, Control Relay Box, Figure 110
{a) Not OK -- Correct wiring, Door Motor ¢ircuit breaker
to MR-B2 ‘
(b) OK --
(3) Check for 24 VDC at MR-B1
(a) Not OK --
4/82 49-00-2
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1)

NOTE

(b) OK -
1)

2)
3)

4)
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Check for 24 VDC at MR-X1, Control Relay Box,
Figure 109

a) Not OK -- Correct wiring, FLO-B3 to MR-X1
b} OK --

Check for ground at MR-X2.

a} Not OK --

1 Wiring from insulated terminal to
R54-D2, Ant1-Skid relay 1s Taulty

2 Wiring from R54-D3 to ground 1s
faulty

3. R54 15 faulty

The specific saftey ("Squat") relay
required may vary with aircraft Refer
to manufacturer's dragram

b) OK -- Replace Master Relay, Control Relay
Box, Frgure 109

- Refer to Fiqure 110

Wiring, MR-B1 to P23, Door Actuator connector,
15 faulty,

Wiring, P23 to ground, 15 faulty

Door Actuator internal sequence switches are
incorrectiy adjusted and/or faulty

Door Actuator 1s faulty

Master Light on).

(1)

(2)

49-00-2
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Check for 24 VDC at circutt breaker Boost Pump, Starter Relay

Box, Figu
{a) Not
(b) OK -

Check for 24 VDC at BP-Al, Starter Relay Box, Figure 111

re 105 (Boost Pump circuit breaker closed)

0K -- Follow procedure 4.A. (1) (a).

~—
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(a) Not OK -- Correct wiring, Boost Pump circuit|breaker
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to BP-Al.

(b) OK -~ !

(3} Check for 24 VDC at BP-A2

(a}) Not 0K --

1)

4)

5)

6)

4/82
SN REV. Dec 1/89

Check for 24 VDC at circuit breaker €ontrol Feed 2,

Starter Relay Box, Figure 105

a} Not OK -- Follow procedure 2.A (1) through
(2) (a) '

b) OK --

Check for 24 VDC at MR-A2, Control Relay Box,
Figure 111,

a) Not OK -- Correct wiring, Control Feed 2 circuit

breaker toMR-AZ
b) OK --
Check for 24 VDC at MR-Al
a) Not 0K -- Follow procedure 4 B (3) (a)}
b) 0K --
Check for 24 VDC at TB-33
a) No% 0K -- Correct wiring, MR-Al to TB-33
b) OK --

Check for 24 VDC at BP-X1, Starter Relay box,
Figure 111

a} Not OK -- Correct wiring, TB-33 to BP-X1
b) 0K --

Check for ground at BP-X2

a) Not OK -- Correct wiring, 8P-X2 to ground

b) OK -- Replace Boost Pump reiay

MM STEWARD DAVIS
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(b) OK --
(4) Check for 24 VDC at TB-35, Control Relay Box, Figure 111.
(a) Not OK -- Correct wiring, BP-A2 to TB-35
) (b) OK --

(5) Check for 24 VDC at P12, Boost Pump Connector, wheel well,
Figure 111

(a) Not OK -- correct wiring, TB-35 to P12.
(b) OK --
1) Check for ground at Boost Pump housing (Boost
Pump housing must be bonded to airframe and wired
to TB-21, Control Relay Box, Figure 111)

a) Not OK -- Correct ground of Boost Pump
housing.

b} OK -- Replace Boost Pump.

D. Fuel Valve does not open (Battery and Master switches closed,
Master Light on, Boost Pump running.

NOTE To avoid running boost pump with fuel system dry,
disconnect P12, boost pump connector, from boost pump,

(1) Check for 24 VDC at P13-A Fuel Valve connector, wheel well,
Figure 111.

(a) Not 0K -- Correct wiring, TB-35 toP13-A
(b} OK --

(2) Check for ground at P13-B
(a) Not OK -- Correct wiring,P13-B to TB-21
(b) OK -- Replace Fuel Valve

5. DOOR POSITION INDICATOR LIGHTS

A. Door Closed 11ght does not turn on (Battery switch closed, Master
switch open, Exhaust Door closed, and Indicator Light Test,
Figure 107, OK)

49-00-2 2 4/82
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(1) Check for ground at TB-3, Control Relay Box, Figure 108.
(a) Not CK --

1) Correct wiring, TB-3 through Exhaust Door Switch 2
normally open contacts to ground

2) Correct adjustment of Exhaust Door Switch 2
NOTE  Exhaust Door Switch 2 normally open
contacts are closed when the exhaust
door 15 fully closed
3} Replace Exhaust Door Switch 2

{b} OK -- Correct wiring, Door Closed light, Terminal
23 to TB-3,

B. APU Exhaust Door Annunciator light, 1n A/C Door Annunciator
Warning Lights panel, does not turn on when APU Exhaust Door
begins to open {A/C Door Annunciator Warning lights powered by
A/C DC power system)

(1) Check APU Exhaust Door annunciator warning light with
Door Annunciator Warning Lights test switch
(a) Not OK --
1) Replace bulb(s)

2) Correct wiring, Figure 108 (refer to A/C
manufacturer's wiring diagrams)

(b} OK --

(2) Check for ground at TB-4, Control Relay Box, Figure 108
(APU Exhaust Door *less than" fully closed)

{a) Not OK --

1} Correct wiring, TB-4 through Exhaust Door Switch 2
normally closed contacts to ground.

2) Correct adjustment of Exhaust Door Switch 2

NOTE  Exhaust Door Switch 2 normally closed contacts
close when the APU Exhaust Door moves from the

fully closed position

3/88 49-00-2
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3) Replace Exhaust Door Switch 2

(b) 0K -- Correct wiring D349-N, Door Annunciator Warning
Lights connector, to TB-4.

C Door Open l1ght does not turn on {Battery and Master switches closed,
Master tight on, APU Exhaust Door fully open, and Indicator Light
test, Figure 107, 0K)

(1} Check for ground at TB-5, Control Relay Box, Figure 108,
(a) Not 0K --

1) Correct wiring, TB-5 through Exhaust Door Switch 1
normally open contacts to ground

2) Correct adjustment of Exhaust Door Switch )
NOTE  Exhaust Door Switch 1 normally open contacts
close when APU Exhaust Door reaches fully
open posttion
3) Replace Exhaust Door Switch 1
(b) OK --
(2) Check for ground at TB-2, Control Relay Box, Figure 108
{a) Not OK --

1) Check continuity of CR17, Control Relay Box,
Figure 108.

a) Not OK -- Replace CR17.
b) OK -- Correct wiring, TB-2 to TB-5.
(b) OK -- Correct wiring, Door Open Tight, terminal 3
to TB-2

6 APU START CIRCUIT

A Start light does not come on when Start switch 1s depressed (Battery
and Master switches closed, Bleed Alr switch open (Bleed Air Light
of f) APU Exhaust Door fully open, fuel system (Boost Pump and fuel
valve) operating, and 1ndicator li1ght test, Figure 107, OK)

NOTE Before trouble shooting the start circurt, 1t 1s advisable
to disconnect P/J 19 at the APU Module, Figure 113 and P12

49-00-2 4/82
Page 114 MM STEWARD DAVIS SN REV. Deec 1/89



\1\

SogInNe £;Z/'7§7
gﬁhéuméZaadkl

MAINTENANCE MANUAL

at the Boost Pump 1n the wheel well, Figure 111, 1in order
to avoild unnecessarily operating the starter and boost
pump during procedure.
(1) With the Battery and Master switches closed {Master light on)
and the Bleed Air switch open (Bleen Air light off), check

for 24 VDC at TB-31, 32, and 33, Control Relay Box, Figure 112
(Note TB-31, 32 and 33 are bussed together.

(a) Not OK --
1) Check for 24 VDC at P12, wheel well, Figure 111

a) Not OK -- Follow procedure 3 C. {3) (a) 3)
through 4)

b} OK -- Repair or repiace bus bar, TB-31, 32 and 33.
{b) OK --

{2) With start switch held closed and conditions for (1) above
maintained, check for 24 VDC at TB-27, Control Relay Box,
Figure 112
{a) Not OK --

1) Check for 24 VDC at Start switch, terminal 16,
Control Panel, Figure 112

a) Not 0K -- Correct wiring, TB-31, Control
Relay Box, to Start switch

b) OK --

2) Check for 24 YDC at Start switch terminal 6 (Start
switch held closed).

a) Not 0K -- Replace Start switch 1i1te umt

b) Not OK -- Correct wiring, Start switch to TB-27
(b) OK --

{3) With Start switch held closed and conditions for (1) st1l]
maintained, check for 24 VDC at TB-36, Control Relay Box,
Figure 112

{a) Not OK --

1) Disconnect P/J18 at APU module and, with Start switch
held ciosed, check for 24 VDC at P18-S, Figure 112

3/88 45-00-2
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a) Not 0K -- Correct wiring, TB-27 to P18-S,
b} OK --

2) Check continuity through J18-$ to P.
a} Not OK --

1. Wiring J18-S/P to Atresearch engine harness
connector plug -S5/P, 1s oOpen -- correct

wiring.

2. Wiring, Airesearch engine harness connector
receptacie - S/P to 011 Pressure Sequence
switch connector plug 1s open -- correct
wiring

3 011 Pressure Seguence switch {Airesearch
engine component) 15 open - - replace
011 Pressure Sequence switch,
b) Not 0K -- correct wiring P18-P to TB-36, Figure 112
(b) OK --

(4} With Start switch held closed (conditions for (1) maintained),
check for 24 VDC at TB-39, Control Relay Box, Figure 112

(a) Not OK --

1) Disconnect P/J18 2t APU module and, with Start switch
held closed, check for 24 VDC at P18-E, Figure 112

a) Not OK -- Correct wiring, TB-36 to P18-E.
b) 0K --
2} Check continuity through J18-E to H

a) Not 0K --
1 Wiring, JI18-E/H to Airesearch engine harness
connector plug - I/H 1s open -- correct
wiring

2. Wiring, Airesearch engine harness connector
receptactle - I/H to centrifugal switch
connector plug - D/C 1s open --correct wiring

3. 35% switch {(Centrifugal switch connector

49-00-2 . 3/88
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receptacle -DC) 1s open -- replace
centrifugal switch (Airesearch component }

b) 0K -- Correct wiring, P18-H to TB-39,
Figure 112

(b) OK --

{5) With Start switch held closed, check for 24 VDC at cathode
(minus) terminal of CR2, Control Relay Box, Figure 112

{a) WNet OK --
1) Check for 24 VDC at anode (plus) terminal of CRZ
a) Not OK -- Correct wiring, TB-39 to CR2.
b) OK -- Replace diode, CR2

(b) OK -- Correct wiring, CR2 to CR26, Control Panel,
Figure 112,

Starter does not rotate when Start switch 1s depressed (Start 1ight
comes on and conditions for A above maintained) (see note 1n A
above ).

(1} With Start switch held closed, check for 24 VYDC at SR-X1,
Starter Relay Box, Figure 112,

{(a) Not OK -- Correct wiring, TB-39, Control Relay Box
to SR-X]

(b) OK--
(2} Check for ground at SR-X2
(a) Not OK --

1) Check for ground at TB-5, Control Relay Box, Figure
112

a) Not OK -- Follow procedure 5 C (1) (a}.
b) OK --
2) Check for ground at TB-1.
a} Not OK -- Replace diode, CRI18.
b) 0K -- Correct wiring, SR-XZ to TB-1
49-00-2
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(b) OK --

(3) With Start switch held closed, check for 24 VDC at SR-Al,
Starter Relay Box, Figure 113,

(a) Not OK -- Replace Starter Relay.
(b) OK --

(4) With Start switch held closed, check for 24 VYDC at P19-D,
APU module, Figure 113

(a} Not OK -- Correct wiring, SR-A1 to P19-D
(b} OK --
(5) Check for ground at P19-B.

(a) Not OK -- Correct wiring, P19-B to ground stud, Starter
Relay Box, Frgure 113

(b) OK --
(6) Check continuity, J19-B ihrough D.
(a) Not 0K --
1) Wiring, J19 to Starter 1s open -- correct wiring.
2} Wiring, Starter to ground 1S open -- correct wiring

3) Starter 1s faulty -- replace starter.

€. Start circuit does not hold when Start switch is released (starter
rotates and Start light comes on when Start switch 15 depressed
but both discontinue when Start switch 15 released}.

(1) With Battery and Master switches closed {Master 1i1ght on), check
for 24 VDC at HR-B2, Control Relay Box, Figure 112, “

{a) Not OK -- Correct wiring, TB-32 to HR-B2
(b) OK --

(2) Remove wire from HR-B1 {caution. wire will be "HOT" during
following procedure) Hold Start switch closed and check
for 24 VDC at HR-BI.

(a) Not OK

49-00-2 3/88
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With Start switch held closed, check for 24 VDC
at HR-X1, Control Relay Box, Figure 114

a} Not 0K --

1. Wiring, P18-G (APU module) to HR-X1, 1s
open =-- correct wiring,

2 Wiring, J18-G to Airesearch engine harness
connector plug - G, 15 open -- correct
wiring.

3  Wiring, Airesearch engine harness connector
receptacle - G to centrifugal switch
connector plug - B, 1s open -- correct
wiring

4, 110% switch, centrifugal switch connector
receptacle - D through B, 15 open
-- replace centrifugal switch.
b) OK --
Check for ground at HR-X2.
a) Not OK -- Correct wiring, HR- to ground

b) Replace Hold Realy, Control Realy Box, Figure 114

0K --

(3) Hold Start switch closed and check for 24 VDC at terminal of
wire previously removed from HR-B1,Control Relay Box,
Figure 112.

(a)

3/88
SN REV. Dec 1/89

1)

2)

Not OK --

Check wiring, TB-36 to HOT-A3, HOT-AZ to LOP-A3,
LOP-A2 to HR-B1 end of wire.

(a) Not OK -- Correct wiring
(b) OK --

Check continuity, HOT -A3 to A2
a) Not OK --

49-00-2
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T  HOT relay, Control Relay Box,

Figure 116, 1s energized (High 011
Temp 1ight, Control Panel, Figure
116, 1s on). HOT relay 1s normally
energized through the normally open
contacts of the High 011 Temp switch,
1n 011 Tine adjacent to APU module,
Figure 116  The High 011 Temp

switch contacts are set to close at
275°F.

a Open and close Master switch --
~  HOT relay should de-energize,
High 011 Temp light should
turn off, normally closed
contacts, HOT-A3 to A2, should
close (Fig 112)

If not -- correct wiring,
Figure 116, Replace High
011 Temp switch, 1f

necessary.
2 HOT relay 15 not energized {High 011
~ Temp light 1s not on)}.
a Normally closed contacts, HOT-A3/A2
— (Fig 112) are open -- replace High 011
Temp retay, Control relay box, Figure
116
b) OK --

3) Check continuity, LOP-A3 to A2 (Fig 112)
a) Not 0K --

1 LOP relay 1s energized (Low Oil Press light,

— Control Panel, Figure 116 1s on)  LOP
relay 1s normally energized through the
normally closed contacts of the Low 011
Pressure switch, mounted 1n the o011 line
1nside the APU module, 1n series with
normally open contacts 95%-B2 to BIi,
Control Relay Box, Figure 116. The 35%
relay 15 normally energized through the
normally open contacts of the 95% switch,
Centr1fugal switch -E to A, Arresearch
component, APU module, Figure 114, which
transfers at 95% engine RPM, at which

89-00-2 : 4/82
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point the Low (W1 Pressure switch
contacts should be open.

a4 Open and close Master switch--LOP
retay should de-energize, Low 01 Press
11ght should turn off, normally closed
contacts LOP-A3 to A2 should close

If not -- correct wiring, Figure 116
Replace Low 011 Press and/or
Centrifugal switches, 1f necessary

LOP relay 1s not energized (Low 011 Press
T1ght not on)

fro

a Normally closed contacts LOP-A3/A2 are
open -- replace Low 011 Press relay.
Control Relay Box, Figure 116

NOTE- On completion of C (3}, reconnect
wire previously removed to HR-BI1

D. Engine Tight off does not occur
{1) Check APU fuel boost pump operation, procedure 4 C.
(a) Not OK -- Correct per procedure 4 C.
(b) OK --

{2) Check operation of APU fuel supply solenoid valve procedure
4.D.

(a) Not OK -- Correct per procedure 4 D
(b) OK --

(3) Using appropriate container (two or more gallons) to collect
fuel, remove bowl of water separator (fuel filter)

(a) Fuel flow stops after line drainage -- Check
position of manual fuel supply valve Replace
fuel supply solenoid valve 1f manual valve 1s
open

(b} Fuel flow continues, 1n excess of line drainage
-- See (c).

{¢) Replace water separator bowl - See (d)

4/82 49-00-2
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(d) Continue troubleshooting per AiResearch
Maintenance Manuatl.

Starter operates, but craﬁks engine too slowly,
(1) Check battery condition.

{a) Not OK -- Replace/recharge battery

(b) OK --

{2) Check for adequate continuity of wiring, Battery to Starter

Motor, Figures 101 and 113.

{a) Not OK -- Correct wiring.

(Continued on next page)
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(b) OK --}Proceed per A1research Maintenance Manual

%
"y 2

F. Other startxma]funct1ons -- refer to A1research Maintance Manual.

"
6A  EXHAUST GAS TEMPERATURE INDICATION

~

4 3l
3e di N CT RERAR
A. Gage does"not 1ndicite properly IRRRN
A4 a
1
(])ﬁrghggE ﬁ151n93_§1guge[1]3, , J

(a) Not “0K -- Correct wiring. )
(b) 0K <-

il ~ ot

Gl (2) © Check' res1stance of tota1 c1rcu1t\--cd1sconnect 1 Tead

h from EGT Gage and measure 8 ohms resistance from
d1sconnected 1ead through thermocouplercircuit to Tead
51117 connected to EGT gage

.*

(a) fNot OK -< 'Adjust resistance by addingror subtracting
; wire, 2t resistor spool Control Panel, Figure 118

(b) Not OK -- Replace gage

- { - ;\f o
(S N . -

~, e (3)J'Refer.to A1research Maintenance Manua] |

6B TACHOMETER (% RPM) INDICATION '

: ‘”,Gagelﬂyef PQ&IIPQIEate properly. - c o

(1) Check wiring, Figure 118. ‘3 .8

an v (a) ,Not. OK -- Correct wiring v

¢ 2830 Lt

* (b) Not OK Ihﬁeplace gage~and/or tachagenerator.-- refer:” "
«f AT itk toi§1Reﬁearcn,Ma1ntenance Manualz-~~_ 3 ¢ o2or L

i L1 i
'8 J

- -

] ' )

7 BLEED AIR'! PNEUMATIC COADING '

-

A. Bleed Awr Tlight does not come on when Bleed Air switch 1s depressed
(Ind1cator nght Test .[1gure, 107, oK)

(1) With Battery, Master, and Bleed Air switches closed (Master
11ght on), -check for 24 VDC at 95% -A2.,yControl‘Relay Box,
F1gure1115.ﬂ|

v USRS S -

(a) Not-ok -0 o =l
\
I8 }

& 1) Check for 24 VDC at TB-31, -Control Relay Box,

3/38 P -F1gure 112 n.v:vr : . 19-00-2
= B » -~ L] - -
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(1)

(2)

(3)
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b) OK -- Correct wiring, Overspeed Test switch
to TB-34.

(b) OK --

Hold Overspeed Test switch closed and check for 24 VDC at
pneumatic solenoid valve connector plug -A, Ai1Research
component, APU module, Figure 117

(a) Not OK - Correct wiring, TB-34 to connector plug

(b) OK --

1} Check for ground at connector plug -B.

a) Not OK -- Correct wiring,
connector plug -B to ground

b} Not OK - Replace pneumatic solenoid valve
011 temperature does not shut engine down

With Battery and Master switches closed {Master 1i1ght on), check
for 24 ypc at TB-31, Control Relay box, figure 116.

(a) Not 0K -- Follow procedure 4.C(3)(a)2)
(b) 0K --

Jumper TB-29 and 31 and check for 24 VDC at HOT-X1, Control
Relay box, figure 116

(a) Not 0K -- Correct wiring, TB-29 to HOT-X1
(b) OK --
Check for Open contacts, HOT-A2 to A3, figure 112
{a) Not OK
1) Check for ground at HOT X2
a) Not OK -~ Correct wiring, HOT-X2 to ground

b) Not 0K -- Replace High 011 Temp relay, Control
Relay Box, Figure 116

3/88
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(b) OK -- Remove jumper TB-29 to 31.
1) Wiring TB-29/31 1s open - correct wiring
2) Hrgh 011 Temp switch 15 not ¢losing at temperature
set point (Refer to 6 C (3)(a)2)a)l.)} Replace
High 011 Temp switch -

High 011 Temp l1i1ght does not come on (B, above, 1s OK and Indicator
Light Test, figure 107, 15 0K)

(1) Check continuity of diode, CR6, Control Relay box, figure 116
(a) Not OK -- Replace CR6

(b} Correct wiring, CR6, to CR29, Control Panel, Figure 116

Low 011 Pressure does not shut engine down

(1) With Battery and Master switches closed (Master light on)
check for 24 VDC at TB-31, Control Relay box, figure 116

(a) Not OK -- Follow procedure 4 C (3){a)2).
(b) OK --

(2) Jumper TB-28 and 31 and check for 24 VDC at TB-30
(a) Not OK --

1} Wiring TB-28/30 to Low 0311 Press switch connector
plug, APU module, figure 116, 1s open - correct
wiring

2) Normally closed contacts, Low 011 Press switch,
are open (refer to 6 C.{(3){a)3)a)l,) - replace
Low 011 Press switch

(b) OK --
(3) Check for 24 VDC at LOP-X1, Control Relay box, figure 116
(a) Not OK -- Correct wiring, TB-30 to LOP-X1

(b) OK --

88 49-00-2
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(4) Check for open contacts, LOP-A2 to A3, figure 112
(a) Not OK --
1) Check for ground at LOP-X2.
a) Not OK -- Correct wiring, LOP-X2 to ground

b) 0K -- Replace Low 011 Press relay, Control
Relay box, figure 116.

(b) OK --

1) Wiring, 95% -B1, Control Relay box, figure 116,
to TB-28 15 open - correct wiring

2) Wiring, TB-31 to 95% - B2, 1is open - correct
wiring. )

3) Normally open contacts, 95% - B2/B1, are not
closing when engine RPM reaches 95% - check
95% relay operation, refer to function 7.B

E. Low 011 Press does not come on (D, above, and Indicator Light Test,
figure 107, 1s 0K).

(1) Check continutrty of diode, CR5, Control Relay box, figure
116.

(a) Not OK -- Replace CRé

(b) Correct wiring, CRS,to CR27, Control Panel, Figure 116

49-00-2 3/88
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TABLE 102
ENCLOSURES

IDENTIFICATION/LOCATION

Wiring

Abbr Identification Location Drawing Diagram

AUX J6 Auxiliary Main AC Power Shield Sta 271R

cP APU Control Panel 294R 90065 90065

CRB Control Relay Box Sta 960L 84501 84501

CXB Current Transformer Box Sta 960L 90516 90512

POD APU Module Sta 960R 84100 84504

SRB Starter Relay Box Sta 960L 90513 90501

TABLE 103
CIRCUIT BREAKERS
IDENTIFICATION/LOCATION
Rating

Abbr /No (Amps) Circuit Location

BF 15 APU Bus Feed SRB

BP 10 Boost Pump SRB

BS 5 Battery Switch SRB

] 10 5 APU AC VYoltmeter AUX J6

cB 11 5 APU Battery Charger AUX J6

c8 12 50 APU Essential Bus Feed, 8A AUX J6

CB 13 50 APU Essential Bus Feed, B AUX Jb6

CB 14 50 APU Essenttal Bus Feed, 9C AUX Jé6

CF 1 5 Control Feed 1 SRB

CF 2 5 Control Feed 2 SRB

oM 5 Door Motor SRB

FD 1 5 Fire Detector 1 SREB

FD 2 5 Fire Detector 2 SRB

IL 5 Indicator LIghts SRB

GA 160 APU Generator Qutput, §A CXB

@8 160 APU Generator Qutput, @B CXB

ac 160 APU Generator OQutput, €C CXB
49-00-2 MM STEWARD DAVIS 4,82
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TABLE 104
RELAYS
IDENTIFICATION/LOCATION

Identification

Auxiliary Contactor Control Relay
Auxiitary Underspeed

Boost Pump

Battery Relay

Bell Silence

Current Sensor

Current Sensor Transfer

Fire Lockout

Fire Test

Fire Time Delay

High 011 Temperature

Hold Relay

Lockout Number 2

Low OI1 Pressure

Master Relay

Ninety-five Percent
Overcurrent

Overcurrent Time Delay
Overcurrent Time Delay Bypass
Reverse Current Relay
Starter Relay

APU Contactor Control

APU Contactor

APU External Power Interlock
APYU Essential Bus

MM STEWARD DAVIS

CRB
SRB
SR8
SRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
CRB
POD
CRB
CRB
CRB
CRB
CRB
CRB
Sta
SRB
AUX
AUX
AUX
AUX

Location

49-00-2
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\
TABLE 105
CONNECTORS
IDENTIFICATION/LOCATION
P Connector Plug
J  Connector Receptacle
Number Component Location
P/J(J/P)
1 cP
: )
3 Differential Current Transformer AUX J6 ’
4 CRB
5 CRB
& CRB
7 CRB
8 SRB
9 SRB
10 SRB
1 SRB
12 Fuel Boost Pump WW
13 Fuel Valve RH Fuel Jettison Mast
Compartment
14 Generator Protection Panel Sta 1000
}g Battery Charger Sta 1000
17 Bleed Valve Sta 960M )
18 POD
19 POD
20 PQOD
21 Fire Extinguisher Sta 960M /
22 Battery Sta 960
23 Door Actuator Motor Sta 960N
27 Bulkhead Sta 960R
28 Bulkhead Sta 960R
29 Wing F11let (Leading Edge) Sta 600K
30 Wing Fillet {Leading Edge) Sta 600K
31 Wing F1llet (Leading Edge) Sta 600K
32 Bulkhead Sta 960
33 Sta 960N
34 CXB
35 CXB
36 APU External Power Receptacle Sta 960NR (Fi1llet
Frq (T/Edge) W,
PFT 1(2) Pressure Feed Through, Bulkhead Sta 960
49-00-2 4/82

MM STEWARD DAVIS
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AUXTT,TARY POWE IT — MAT CE PRACT

1. General

1

A. The maintenance practices included in this section (201 through 293
page block) are general maintenance instructions that do not defa1-
nitely fall within a specific category. Other maintenance instruc-
tiong, such as Removal/Installation, Adjustment/Test, etc., are pro-
vided 1n the applicable page blocks.

-

'

2. Equpm ri

A. Two two gallon containers.

—

B. Lubrication oil per Mil Specification MIL-L-7808 and MIL-L-23699 1in
accordance with AiResearch Manufacturing Company of Arizona Specifi-
; cation GT-7800-R Rev. 6.

!
3. APU Operation Procedure

A, General

- (1) Before starting the unit, all protective covers must be removed
and the air inlet must be clear of all loose objects that could
be ingested. Lubricating oil and fuel supply sources must be
serviced, and the APU battery must be charged. It 1s necessary
to open the main landing gear doors to perform the prestart
check; after completing the check, the doors may be closed since
operation of the unit dees not require them to be open.

| Initial start of a new or completely overhauled unit must be
made 1n accordance with procedure outlined in paragraph 3.F

! {2} The aircraft main fuel tank No. 3 must contain a minimum of B000
pounds of fuel for the parked airplane and a minimum of 11,400
pounds of fuel for airplane taxiing conditions. For extended
usage, plan an additional 275 pounds of fuel for each hour of
operation.

NOTE: When operating the APU unattended for an extended period
of time, follow Airplane Maintenance Manual (AMM) in-
! structions regarding necesgsary fuel quantity based on
APU fuel burn rate. .

CAUTION DO NOT OPERATE THE APU WHEN FLAMMABLE FLUID
SUCH AS A CLEANING AGENT, IS BEING USED WITHIN THE
VICINITY OF THE APU IN PARTICULAR, THIS REFERS TO
' THE AREA NEAR THE APU COOLING AIR INLET, APU MAIN -
AIR INLET, AND APU EXHAUST DUCT

DO NOT, AT ANY TIME, SPRAY FLUID INTQ THE APU MAIN
AIR INLET OR APU COOLING AIR INLETS \

TR~-Nr. 49-02
TCA: LX-N20199 49'00"2 Page 5 of 10

RTCA LX-N19997, LX-N20000 Page 201 Febr 25/2010
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EOEING 2:2217 . ))-

INTENTIONATLY LEFT BLANK
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1. GENERAL
A.

F 2/ g %ﬁ?
iabcaml_)}_ EFFECTIVITY TCA LX-N20198
LX-N20199
MAINTENANCE MANUAL

AUXILIARY POWER UNIT - MAINTENANCE PRACTICES

The maintenance practices 1ncluded in this section (201 through 299
page block) are general maintenance instructions that do not defimi-
tely fall within a specific category Other maintenance instructions,
such as Removal/Installation, Adjustment/Test, etc., are provided in
the applicable page blocks.

2. EQUIPMENT ®ND MATERIALS

A. Two two gallon containers.

~
T E,
- c.

Lubrication 011 per Mil Specification MIL-L-7808 and MIL-L-23699 1n
accordance with A1Research Manufacturing Company of Arizona
Specification GT-7800-R Rev. 6.

3 APU OPERATION PROCEDURE

A.

"y

4/82

SN REV Jul 31/%¢

General

(1)

(2)

Before starting the unit, all protective covers must be removed
and the air inlet must be clear of all loose ob)ects that could
be ingested Lubricating o11 and fuel supply sources must be
serviced, and the APU battery must be charged. It is necessary
to open the main landing gear doors to perform the prestart
check; after compieting the check, the doors may be closed
since operation of the unit does not require them to be open
Imitial start of a new or completely overhauled unit must be
made 1n accordance with procedure outlined 1n paragraph 3.F.

The aircraft main fuel tank No 3 must contain a minimum of
5,000 pounds of fuel for the parked airplane and a minimum of
11,400 pounds of fuel for airplane taxi’ing conditions. For
extended usage, plan an additional 275 pounds of fuel for each
hour of operation,

CAUTION: DO NOT OPERATE THE APU WHEN FLAMMABLE

FLUID SUCH AS A CLEANING AGENT, IS BEING
USED WITHIN THE VICINITY OF THE APU. 1IN
PARTICULAR, THIS REFERS TO THE AREA NEAR
THE APU COOLING AIR INLET, APU MAIN AIR
INLET, AND APU EXHAUST DUCT.

DO NOT, AT ANY TIME, SPRAY FLUID INTO THE
APU MAIN AIR INLET OR APU COOLING AIR
INLETS.

49-00-2
MM STEWARD DAVIS Page 201
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This section covers normal starting of the APU, starting of a
new Or ogverhauled umit, normal shutdown, manual fire alarm
shutdown and automatic fire alarm shutdown -

B. Depreservation of APU Fuel and 011 System

(1)

49-00-2
Page 202

Preparing APU installation for motoring over and i1nitial
start-up

(a)
(b)
(c)

(d)

(e)

(f)

(g)

(h)

(J)

(k)

(1)

(n)

Open right hand main landing gear door and:
Check battery is serviceable and 1s secure.

Check that main APU air 1ntake and cooling air 1ntake
are clear and free from foreign objects.

Check all electrical connections on bulkhead 960 and
fuel boost pump are secure.

Check that overboard drains in lower surface of right
hand trai1ling edge wing root fairing are open and free
from obstruction.

Check that aircraft fuel tank No. 3 contains minimum
fuel contents. Service i1f necessary (Ref 3.A{2) above).

Check APU o1l system tank 1s full. Service as required.
(D1p stick on 011 tank cap.)

Check APU moduile assembly 1s secure on 1ts mountings and
that all connected system ducts and lines are 1n place and
secure.

Check all electrical connections are 1n place and secure
at the electrical control boxes on left hand side of aft
face of bulkhead 960 and electrical connector panel on
inboard side of APU module.

Remove balts securing top half of module housing and

accessory end cover. Remove associated cooling air
ducts and 1ift cover sections away from module assembly

Disconnect 28 VDC supply connector from igniter unit.

Disconnect fuel line from atomizer and place end of fuel
11ne 1nto suitable two gallon container.

Close all APU control circuit breakers on starter control
box. Leave generator circuit breakers open.

3/88
Sii REV. Dec 1/89
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C  Motoring the APU Prior to Initial Start-up

(1) Turn on battery switch on APY cockpit control panel  Check
minimum 22 volts dc available

(2} Test APU 1ndicating lights on APU cockpit control pane)
(3) Carry out APU fire extinguisher circuit test
{4) Depress momentarily APU master switch to ON

(5) Motor the APU engine by depressing the Start switch lite
momentarily

CAUTTON  HIGH ENERGY ELECTRICAL STARTERS ARE
EASILY DAMAGED 70 PREVENT DAMAGE,
DO NOT EXCEED STARTER DUTY CYCLE OF
ONE MINUTE "ON", FOUR MINUTES "OFF"

(6) Continue motoring the engine, unt1l fuel free of air bubbles
is aischarged 1rito container

NOTE  Clear fuel should normally appear within
three motoring cycles

(7) During cycling, ensure that o1l 1s circulating to the
engine by removing the 011 line "return to tank" hose at the

tank connection and placing the free end into a suitabie two
gallon container

(8) Reconnect 011 line "return to tank" hose wnen proper 011 cir-
culation has been established during the motoring over of the
engine

NOTE  Approximately two cups of o011 15 all that
15 necessary to be released from the
011 system to establish ¢irculation

{9) Terminate motoring run by momentarily depressing the APU Master
switch lite

{10) Reccnnect fuel line to atomizer

(11} Reconnect 011 return to tank 1ine hose

(12) Reptenish 011 system with new o011 to full mark on dinstick
{12} Open all APU control circuit breakers

(14} Reconnect 28 volts dc supply electrical connector to 1gniter
unit
3/88 . 49-00-2
SK REV. Dec 1/89 MM STEWARD DAVIS Page 203
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Close Haur Meter circult breaker

Re-1nstall both the top half section and the accessory end
cover, install attaching bolts and compiete module assembly

hous1ng

Re-install moduie cooling air duct system to accessory end
cover and bulkhead 960

Close all APU control and generator c¢ircuit breakers

0 Operation - APU - Limitations, STarting, Leading, Stopping and
Emergency Procedure

WARNING - DURING OPERATION OF APU, PERSONNEL SHALL STAND

NOTE.

(1)

49-00-2
Page 204

CLEAR OF COMPRESSOR AIR INTAKE, HIGH TEMPERATURE
EXHAUST AMD PLANE OF ROTATION OF HIGH SPEED COM-
PRESSOR AND TURBINE.

Switch off ai1r bieed on APU cockpit control panel
once the first main engine start has been accom-
piished and engine cross starts are to be i1nitiated.

Limitations - Observe the following operating Timitations, see
aiso Table 501, Chapter 49-20-01, Page £509/510

(a} Shut down the APU 1f 1ts RPM exceeds 103% for a period of
more than ten seconas

(b) Shut down the APU i1mmediately 1f 1ts RPM exceeds 108%

{c) Exhaust temperature

Continuous operation - 620°C maximum
Never exceed - 660°C maximum

NOTE 1+ The never exceed temperature may be
exceeded during engine {APU) starting
and acceleration, provided the start-
1ng provided the starting time does
not exceed 30 seconds

NOTE 2 If the exhaust gas temperature (EGT)
exceeds 7109 during the start/acceler-
ation cycle, shut down the APU and
perform a “hot start” inspection.

8/88
SK REV. Dec 1/89
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NOTE 3 Maximum fi1eld altitude operation is
Timited to 14,000 feet

(2) Starting

NOTE 1 The following 1tems should be checked prior

to the 1ni1tial APU start of the day in con-

junction with the APU installation - Inspec-
tion/Check List (Ref Chapter 49-00-2, Page

601 through 605 and Table 601)

|

NOTE 2 If starting a new 1nstallation

A1l 1tems per Para "B" 49-00-2, Page 202
and Para "C" Page 203 through 1tem 18
Page 204. and accomplish requirements of
Para E Chapter 49-00-2, Page 20

NOTE 3. If a previously run 1nstaliation

/82
SN REV. Dec 1/89

Eaga “3" 49-00-2, Page 202 1tems (a) through
).

Place the APU BATTERY switch to ON position  DOOR CLOSED
T1ght 11luminates (Green)

Press and hold the TEST INDIC LIGHTS switch-lite  Check
that all APU cockpit control panel indicator lTights 11lum-
nate (Chapter 49-60-0, Figure 2) Release the switch-l1te,
the DOOR CLGSED 1ight remains 11luminated

Place PANEL LTS switch to ON position Check that the EDGE
LIT front panel 11luminates (Leave on, 1f required )

Press and release the TEST FIRE CIRCUIT switch-li1te The
TEST FIRE CIRCUIT and FIRE/HORN CUTOUT switch-lites will
11luminate and the APU Fire Warning Horns (Flight Deck
and Right Hand Main Undercarriage Wheel Bay) will sound
After 20 seconds, the FIRE/HORN CUTQUT switch-lite will
extinguish, the APY Fire Warning Horns w11l silence and
the PUSH TO EXTING FIRE w1il 11luminate After an addi-
tional ten seconds the PUSH TO EXTING FIRE and TEST FIRE
CIRCUIT switch T1tes will extinguish signalling the suc-
cessful completion of the test

NOTE  Pressing the FIRE/HORN CUTOUT switch-11te
momentarily will si1lence the APU Fire
Warning Horns in the Flight Deck and Right
Hand Main Undercarriage Wheel Bay

49-00-2
Page 205
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(e)

(f)

(g)
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Press and Release the MASTER switch-1ite  The MASTER
switch-11te w111 11lumrnate, the Exhaust Door w111 open,
the DOOR OPEN 1i1ght w11l 11luminate on the APU Control
Panel, (The APU DOOR OPEN 1l1ght on the first officer's
Door Anunciator panel w11l also 117uminate when the APU
Exhaust Door opens), the Fuel Supply Valve will open and
the APYU Fuel Boost Pump will start running

Press and Release the START switch-11te

1) The START switch-Tite w11l 11luminate when the
start relay 15 energized and wil] remain 171Tumi-
nated when the switch 1s released 1f the start
relay has actuated (The start relay will not
actuate unt1l the APU Exhaust Door 1s fully open )

2) The START switch-11te w11l extinguish when the
engine speed has reached approximately 35% RPM
If the START switch-1i1te does not extinguish
within 60 seconds, depress the MASTER swtitch-
l1te to de-energize the system  {MASTER and
START switch-11tes w11l extinguish.)

NOTE The starter duty cycle 1s ONE
MINUTE ON and FOUR MINUTES OFF
A cooling perrod of 30 MINUTES
15 required after four duty cycles

Monitor the PERCENT RPM indicator (tachometer) and EGT
(exhaust gas temperature) until the APU reaches governed,
no load, steady state speed

1) Percent RPM

Shutdown the APU 1f 1ts RPM exceeds 103% for a
period of more than ten seconds.

NOTE The maximum allowable momentary over-
shoot 15 108%

2) Exhaust Temperature

Continuous Operation - 565% maximum
Never Exceed -~ 6219¢ max3imum

4782
SN REV. Dec 1/89
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MOTE 1 The Never Exceed temperature may
be exceeded during engine start
and acceleration, provided the
start time does not exceed 30
seconds

NOTE 2 If Exhaust Gas Temperature exceeds
7100C during the start/acceleration
cycle, shutdown the APU and carry
out a HOT START 1nspection

NOTE 3 The APU 1s ready to load after a
one minute warm-up Deriod

(3) APU Loading

{a)

4782
3N V. Jec 1/89

To oressurize the Aircraft Pneumatic System from the APU

1) Press and release the BLEED AIR switch-Tite  The switch-
T1te w11l 117uminate and tne DUCT PRESSURE gauge on the
Flight Engineer's upper panel will 1ndicate a rise 1n
duct pressure

To power the Aircraft Electrical System from the APU,
accomplish the following

1} Position the voltmeter essential power source selector
{upper center Flight Engineers opanel) to the APU position

2) Place tne APU CONTACTOR switch in the CLOSE nosition mom-
entarily, the GEN ON BUS Tight will 11luminate, the switch
toggle w11l return to center locked position, and the AMPS
AC meter w11l indicate electrical Toad on the APY

NOTE To eliminate the possibility of a hung
start during main engine starting with
the APU, reduce the APU Electrical Load
to 75 AMPS AC or LESS

[f the 75 AMPS AC Load Limit 15 exceeded
wh1le running in ailr mode - {AIR BLEED ON)
the APU generator will automatically trap
OFF and the GEN TRIPPED switch-Tite will
11Tuminate

49-00-2
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(4) APU Stopping
(a) Normal Procedure

1) Remove the Electrical and Prneumatic load from the APU
and allow the APU to run at no Joad For at least :hree
minutes to ccol down the gas turbine engine

2) Depress the OVERSPEED TEST button momentarily  This
wi1ll simul>te an APU overspeed condition, causing tne
APU to shut down

CAUTICN DO NOT ACTUATE THE MASTER SUITCH-
LITE UNTIL THE APU HAS STOPPED
ROTATING  THIS ACTICN WOuLo CLOSE )
THE APU E{HAUST DOOQR AND STOP
COOLING AIRFLOW THROUGH THE ENGINE
AND APU HOUSING DURING EMCINE SPIN-
BOUN

3) When the APU has stopped rotating, press and releasz the
MASTER switch-T1te to close the APU Exhaust Door and snut
down the APU fuel supply system

4) After the APU MASTER switch-1ite has been actuated
(pressed} to the open position {MASTER switch-lite
extinguished) APU door closed (APU EXHAUST 0O0CR CLOSED
LIGHT TLLUMINATED) place the APU battery switcn to the
QFF position

(b) Emergency Procedure

1) Placing the APU BATTERY switch in the OFF position w111
shut gown the APU 'mmediately

NOTE  This emergency stopping procedure will
not ¢lose the APU Exhaust Door  There-
fore, when the emerqgency has passed,
place the APU BATTERY switch 1n the ON
position The sti111 latched MASTER
switch-1i1te w311 11luminate agamn
Depress the MASTER switch lite  This
w1ll close the Exhaust Door and shut
down the APU Fuel System and the
MASTER switch 1ite will extinguish
(APU Exhuast DQOR CLOSED light 11luminates )

2) Place the AP BATTERY switch to the OFF position

MM STIWARD DAVIS
1782
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{5) Start Procedure Observations
(a) General

1) 1f 11ght-off does not occur after 15 seconds of crankina,
depress MASTER switch-11te to terminate start Light-off
1s 1ndicated by EGT rise

2) If light-off occurs, but unmit does not accelerate to 100
percent governed speed in 30 seconds, turn off battery
switch to terminate start.

3) If start 1s aborted, observe a minimum of two minutes
delay before attempting another start

4) If a satisfactory start 1s not obtained on a second
attempt, maintenance action 1s recommended

5) If torching 1ight off occurs, shut down per step 2)
and render APU 1moperative pending corrective action
For corrective action, refer to paragraph 7, Maintenance
After Torching Light Off

(b) New/Completely Overhauled APU
1) Perform steps (a) through {g) of Para D(2)

2) Allow umit to'run at governed speed for five minutes
under no load conditions

3) Shut down APU (Ref Para D.(4)(a)2) Normal Procedure
Para D(4)(b)1) Emergency Procedure )

4) Replace Fuel Filter element {Refer to 49-32-31, Fuel
Pump and Control Unit - Servicing).

5) Renlace 011 Filter element (Refer to 49-90-01 011 Pump
Maintenance Practices)

6) Adjust unit {Refer to Auxiliary Power Unit - Adjustment/
Test)

(6) Automatic Fire Shutdown
(a) General
1) If a false fire warning or malfunction of the automatic

shutdown circuit stops the umit, the cause must be
located and corrected before the unit can be restarted

3/88 ' 49-00-2
SN REV, Dec 1/8% Page 209
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(b) If an automatic fire shutdown occurs, the FIRE/HOPN CUTOUT
switch-11te w11l extinguish when the fire detectors cool
down to a temperature below their actuating point

CAUTION  REPLACEMENT APU SYSTEM AND OR COMPONENTS
ENSURE THAT THE FIRE DETECTOR CIRCUIT
BREAKER FDT ON STA 960 STARTER RELAY BOX
HAS BEEN CYCLED OPEN/CLOSED TO DE-ACTIVATE
THE SELF-LOCKING CIRCUIT OF THE FIRE LOCK
OUT RELAY (FLO) BEFORE ATTEMPTING TO INSTALL
REPLACEMENT UNITS AND LEAVE OPEN UNTIL ALL
WORK HAS BEEN ACCOMPLISHED

(7) Maintenance After Torching Light-Off
(a) General

1} A torching light-off 1s indicated by flames emitting
from the APU exhaust duct. Primary causes for torching
T1ght-off are delayed 1gnition and excessive fuel.
Delayed 1gnition results 1n fuel-air mixture being
conducted through exhaust system When 1gnition
finally occurs, the fuel-air mixture 1s 1gnited
causing flame emission from exhaust Excessive
amount of fuel can be caused by an 1mproperly /
operating fuel atomizer, fuel pump and control unit
acceleration limited valve opening pressure set
higher than specified, or accumulation of fuel 1n
turbine assembly which has not had time to drain a
previously unsuccessful start attempt

(b) Check 1gnition system.
1) Check 1gnition unit power supoly wiring
2} Check high voltage lead for serviceability.

3) Test igniter plug Refer to 49-40-21, Igniter Plug -
Adjustment/Test.

4) If igniter plug test reveals improper 1gnition system
operation, replace 1gnition umt

(c) Check combustion chamber liner for excessive carbon build-up
Refer to 49-20-11, Combustion Chamber Liner - Inspection/
Check

49-00-2 4/82 ,)
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(d) Test fuel system

1) Test fuel pump and control uﬁit acceleration Timiter
valve opening pressure Refer to 49-32-31, Fuel Pump
and Control Umt - Adjustment/Test.

2) PReplace fuel atomizer, Refer to 49-32-31, Feul Atom-
12er - Removal/Installation

4/82 49-00-2
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APU INSTALLATION - INSPECTION/CHECK
1. GENERAL

A general i1nspection for leakage at fittings, security of component
part attachment, chafing of wiring harness and obstructions at inlet
and exhaust areas shall be made at each inspection interval. Inspeet
all tubes for chafing, cracks, signs of corrosion, or other damage

2. PERTODIC INSPECTION

A. Accomplish Inspections on Installed Engine (APU)

(1) Components listed 1n Table 601 shall be checked periodically
at specified 1ntervals. The periodic inspection interval
should not be 1ncreased unless a program consisting of an
incremental 1increase (100 to 150 APU hour increments) on a
sampling basis 15 undertaken by the individual operator to
substantiate that an 1ncrease in time between 1nspection
Intervals would not adversely affect the APU.

NOTE: 011 system drain/refill and oil filter removal/replacement
shall not exceed 700 APU hours maximum unless specific
approval has been granted 1n writing by AiResearch. This
1imit 1s not an absolute maximum and may be 1ncreased on
an individual airline basis when Justified by AiResearch
011 sampling program and operational experience.

{2) Components 1i1sted in Table 601 and marked by an asterisk may
be 1nspected by observation through the combustion chamber
liner assembly opening in the turbine plenum assembly
(combustor uni1t removed) and up the exhaust pipe, to the
extent that the parts are visible. Inspect components to the
inspection criter1a outlined in 49-20-04, COMBUSTION AND

e EXHAUST SECTION, as applicable. If distress 1s observed, the

engine shall be removed from the installation and a detailed
inspection of all hot end section components (Table 601)
accomplished (Refer to Paragraph B.)

MM STEWARD DAVIS
49-00-2
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Table 601, Periodic Inspection Requirements

Components Interval Nature of
{APU Hrs) Inspection

Cngine (hot) Section

NOTE Manufacturer recommends that the combustor unit consisting of a liner
assembly, combustor cap, fuel atomizer assembly and igniter plug, be

removed and re-1nstalled as a umt.
Combustor Unit 250 Remgve and replace (Refer to 49-20-11). f““\)

Coatainment Ring 250 Check contaimment ring attaching wash-
ers for fretting. ’'Replace attaching
nuts and washers if fretting of washers
exceed 50 percent of the washer thick-
ness. (Refer to Heavy Maintenance Sec-
tion of AiResearch Engine Overhaul
Manual, Report No. 49-20-37 for replace-

ment of nuts and washers.) P
*Exhaust Pipe Assembly 800 Check for cracks. (Refer to 49-20-04.) | €~:)
Txhaust Flange Assembly 800 Check for cracks. (Refer to 49-20-04.)
011 Tank Vent Tube 250 Check that thbe assembly and fitting are
Assembly and Fitting not obscructed. (Refer cto 49-20-04.)
Turbine Plenum Gaskat 250 Check for evidence of detarioration or

leakage. Fm‘j
Turbine Plenum Assembly 250 Check for cracks. (Refer to 49-20-04.)
*Turbine Nozzle 250 Check for ecracks, wear, deformation or

erosion. (Refer to 49-20-04.)

*Turbine Wheel 250 Inspect for cracks, erosion, and blade
tip rubbing. (Refer to 9-20-04.)

*These components may be inspected by observation through combustor unit opening
and up exhaust flange assembly. If d{stress is observed, remove engine from
installation and perform detailed hot section inspection. (Refer te Paragraph B.)

H-
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- Table 6U1 Periodic Inspection Requirements (cont)

Component Interval Nature of
{APU Hrs) Inspection

Engine Fuel and Control Section

Fuel Control Unict B0OO Check cracking pressure. Refer to
ADJUSTMENT/TEST. )

250 Check that acceleration limiter
valve orifice is not obstructed.
(Refer to 49-32-31)

2 2500 Lubricate drive shaft. (Refer to
g 49-32-31.)
Fuel Filter Element 250 Remove and replace. (Refer to
49-32-31 )
Turbine Plenum Drain 250 Clean and Ingpect

Ignition/Starting Section

A Electrical Engine 1000~ Remove and replace. Send removed
Starter 1250 starter to authorired overhaul
facility for brush change, clutch
check and run-in or complecte over-
haul. (Refer to 49-40-52 )
Alr Section
Alr Pressure Regulator 250 Remove and clean. (Refer to Al-
( Researeh Maintenance Manual, Report
No. 49-20-36, Sect. 49-50-07.)
Orificed Tee Assembly 1000- Clean. {Refer to CLEANING/PAINTING.)
1250

Control Section

Pneumatic (Load Control) 250 Check calibration. Refer to AD-
Thermostat JUSTMENT/TEST.)

0il Section

Lubrication 0il System 700 Drain and refill. (Refer to
SERVICING.)
011 Filter Element 250 Remove, clean and inspect. (Refer
to 49-90-01)
49-00-2
1/81 Page 603
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Inspection of Removed Engine (APU)

(1)

(2)

(3
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A detailed inspection of the hot section components (Table 601)
should be accomplished during a convenience removal of the APY
at a time approximating the midpoint of the established TBO,

bur not to exceed 2500 APU hours. The 2500 APU Hours inspection
time requirement should not be increased unless a program con-
sisting of an incremental increase (500 to 750 APU hour incre-
ments) on a sampling basis is undertaken by the individual
operator teo substantiate that an increase in time would not
adversely affect the APU.

During this inspection, the removal (except turbine wheel and
exducer) and detailed inspection of hot section components
(Table 601) is recommended. Refer to Heavy Maintenance Section
of Overhaul Manual for inspection of hot section components

Hot section components not meeting inspection requirements shall
be repaired or replaced prior to reuse.

3. IIOT START INSPELTION

A

49-00-2
Page 604

Perform Hot Start Inspection

(1)
(2)

(33
(4)

Remove Combustor Unit. (Refer to 49-20-11.)

Visuvally inspect the followlng hot section components to the
extent that the components are visible through the combustor
unit opening tn the turblne plenum assembly, Use normally
avallable equipment, i.e., light, mirror, fiber optics, etec.,
for the inspection. Inspect for evidence of distress per Al-
Research Engine Overhaul Maznual Report No. 49-20-37 as dellne-
ated in the Heavy Maintenance Section. If no distress is in-
dicated, the APU may contlnue in service; if distress 1s in-
dicated, the APU should be removed for overhaul.

{a) Turbine Wheel blade tips for erosion/burning.

{b) Turbine Wheel blades for erosion/rubbing.

{(c) Turbine nozzle guide vanes for erosion.

(d) Turbine torus assembly for erosion.

Install replacement combustor unit. (Refer to 49-20-11.)

Replace fuel control unie. (Refer to 49-32-31.)

1/81
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(5) Check calibration of pneumatic thermostat, (Refer to ADJUST-
MENT/TEST.)

{6) Check turbine plenum drain for obstructions.

(7) Check APU battery voltage (22 volts DC minimum, 26 volts DC
minimum with charger connected),

) £9-n0-2
1/81 Page 605
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AUXTLIARY POWER UNIT INSTALLATION

DESCRIPTION AND OPE N
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A  The Awaliary Power Unut (APU) installation provides pneumatic and AC electric
power to the airplane systems during ground operations and makes the airplane
independent of ground support equipment The installation 1s certified for ground use
only and the APU must be shut down prior to the start of takeoff The nstallation
consists of an APU powerplant module, mlet air and exhaust ducting, fuel supply
system, battery charging system (see Chapter 24), a fire protection system (see 49-00-
27), transport system for moving the module 1nto or out of the cargo compartment, plus
the necessary components to connect the APU output to the airplane pneumatic and AC
electrical distribution systems An individual control panel at the flight engmeer’s
station provides for the start, stop, and loading of the APU

B The APU powerplant module 1s located mn the forward section of the aft baggage
compartment, right of the airplane centerline The APU powerplant module consists
of a gas turbmme and a turbine-driven AC generator, together with controls and
mountings enclosed within an msulated stainless steel housing for safe and continuous
ground operation The gas turbine compressor bleed system 1s connected to the
auplane pneumatic system and supplies pneumatic power for main engine starting and
airplane awrconditioning  Refer to 49-00-37, APU Pneumanc Interface The AC
generator supplies electrical power to energize the aircraft’s electnical system (Refer
to Chapter 24-00-00 ) Engine compressor Inlet and Accessory cooling air 1s drawn
from the right hand Mamn Landing Gear well through the bulkhead Sta 960 and ducted
separately to the module housing The inlets are screened to prevent the ingestion of
possibly damaging matenial by the engine turbine and accessory coolng blower With
the main landing gear door closed the wheelwell serves as a muffler to subdue external
noses associated with the gas turbine engine and cocling imlets

C. APU turbine exhaust gases are ducted overboard through the nght wmg-to-body
farring. The exhaust duct assembly consists of an mner and outer duct The hot
turbine exhaust gases pass through the inner section of the duct assembly and through
an eductor prior to exhausting overboard. The eductor draws accessory cooling ar
from the module housing through the annular section between the outer and mner duct
The cooler air from the module housing passing through the annular section serves as
insulation to reduce the temperature of the exhaust duct surface and when mixed with
the turbine gases downstream of the eductor, and serves to reduce the total temperature
of the exhaust gases An exhaust gas door provides an aerodynamucally clean closure
over the exhaust exit and prevents the entry of foreign matenal tnto the APU engine
when it is not operating

Ref MM STEWARD-DAVIS 49-00-3
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A TARY POWER UNIT INSTALLATION

D (0) PERATION (CONTINUED

D Operation and control of the APU 1s completely automatic through the ignition/starting

AP

and engme fuel and control systems provided m the gas turbine engine installation.
With the APU battery switch 1n the ON position and the APU master switch 1 the ON
position, depressing the START switch-lite momentanly will imtiate a sertes of
automatically controlled operations to start the APU engine quickly and safely After
runmng at governed, no load,, speed for one minute, pneumatic or electrical power
may be obtatned by actuating the appropniate controls If electrical power 1s being used
In conjunction with pneumatic power, the amount of shaft horsepower available driving
the generator will be governed automancally to mamtain a safe exhaust gas
temperature  Therefore, 1f maximum preumatic power 1s required, such as for 2 main
engine start, the electrical joad must be reduced to provide a priority to the pneumnatc
load (Refer to Chapter 49-00-3, Sub-chapter D Operation - APU Loading, Item (3)
(b) and notes Page 207) After the electrical and pneumatic loads have been removed
for three munutes, the APU 1s shut down by depressing the OVERSPEED TEST switch
momentarly and operung the master relay by depressing the MASTER SWITCH-LITE

The APU battery charging cwewt 1s self-regulating and connected directly to the
awcraft synchromzing bus The APU battery will be on charge, as required, at all
times that power 1s available at the synchromzing bus

The transport system provides a means for moving the APU module from the cargo
door to the mnstalled position in the forward section of the aft cargo compartment The
system consists of a track section attached to the compartment ceiling and a trolley
assembly for lifting and moving the module to and from the door.

DUL

A The APU module consists of a gas turbine engme, AC generator, engine mounted

B

accessories, and necessary wiring and plumbing enclosed mn a pressure-tight housing

The APU gas turbine engine provides mechamical shaft power for dnving the generator
and provides pneumatic bleed-air power for staring the main engines and for cabm
arconditioning dunng airplane ground operations The AC generator mounts on an
engine accessory pad and 1s directly driven through the accessory gear tramn

The APU module housing consists of four sections to provide access to the turbine
engine and 1ts accessories for normal line maintenance procedures The housing is
insulated to muffle the APU operating noise, to reduce the heat load mmposed on the
awrplane airconditioning system when the APU 1s operating, and to protect the airplane
and equipment if an APU fire should occur The housing provides quick-disconnects
for all fluid lines, air and exhaust ducts, electrical cables and wiring to expedite the
removal and installation of the module.

Ref. MM STEWARD-DAVIS
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FIGURE 1
APU COMPONENT LOCATION
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KEY TO FIGURE 1

AUX A C POWER SHIELD (AUX J6) STN 240
APU COCKPIT CONTROL PANEL
APU FUEL PANEL

APU BATTERY

STARTER RELAY BOX

CONTROL RELAY BOX

CURRENT XFMR BOX

GENERATOR PROTECTION PANEL
VOLTAGE REGULATOR

BATTERY CHARGER _
EXTERNAL DC POWER CONNECTOR
APU INSTALLATION
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3. APU ENGINE

A The APU engme 15 a gas wurbme basically composed of a two-stage centrifugal
compressor directly coupled to a single-stage mward flow turbine The turbine shaft
is coupled to the accessory drive section to provide power for driving the engme
accessories and the generator.

4 U SUPPLY ENG L CONTROL SYSTEMS

A The APU fuel supply and engine fuel control system delivers clean, metered fuel
under pressure to the turbine engine combustion chamber as required to accelerate the
engme during starting and to mamtain a constant engme speed under all load

- conditions.

B The APU fuel supply system filters and pressunzes fuel from the awrplane main tank
No 3 and delivers 1t to the engme fuel control system The fuel supply system
consists of a fuel tap at the wing rear spar, a manual shutoff valve, a solenoid actuated
fuel supply shutoff valve, a thermal relief valve, a fuel filter and fuel boost pump, plus
appropriate plumbing The solenoid actuated fuel supply shutoff valve and the fuel
boost pump are both energized when the APU master relay 1s closed

C The engine fuel control system consists of a fuel control unit mounted on the front of
the turbine engine accessory section, a fuel solenoid valve, a fuel atomuzer, a control
thermostat and a turbine plenum dramm  The system 1s fully automatic 1z operation and
does not require external controls

5 APU IGNITION AND STARTING

A. The APU igrution and starting systems provides a means of cranking the engine and
a predetermined RPM and 1gmting the fuel-air mixture in the combustion chamber
Automatic controls de-energize the starter motor and 1grution circuits when the engine
is rotating at approximately 35% and 95% speed respectively

6 APU AIR

A. The APU air system consists of pneumatic and electromechanucal components, which
function automatically, to regulate the maximum amount of bleed air that may be
drawn from the APU for use m the auplane pneumnatic systems Accessory cooling
is accomplished by drawing ambient air into the housing, circulating 1t around the
accessories and exhausting 1t overboard

B The engine bleed-air control system 1s fully automatic in operation. The system
consists of a ppeumatic thermostat, a three-way solenoid valve and a pneurnatic shutoff
(load control) valve Bleed air 1s not available until the engine reaches governed
speed When engine speed reaches approximately 95% RPM, the three-way solenoid
valve 1s actuated to direct the thermostat output to the load control valve to modulate
the valve position and maintain safe exhaust gas temperature.

Ref MM STEWARD-DAVIS 49-00-3
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APU AJR (CONTINUED)

C  Bleed air from the APU 1s carried forward 1n the bleed-air duct to the airplane across-
over ducting A flapper type check valve 1s installed downstream from the load
control valve prior to the mamifold The check valve prevents reverse flow through
the compressor section of the APU when main engme turbo-compressors are
operating

APU ENGINE CONTROL

A The APU engine control system provides for the selection, control and momtoring of
the operations and loading of the APU engine

B Instrumentation and anounciator lights on the control panel provides for morntoring
the operation and loading configuraton of the APU engine

C The APU control system receives 28 VDC power {rom the APU DC bus through 1ts
master relay when the MASTER switch-lite 1s activated and the APU BATTERY
switch 1s 1n the ON position

AP INDICATING

A The APU indicating system consists of an hourmeter, mounted on the APU, for
recording the number of hours the APU has been operated, and exhaust gas
temperature and RPM indicators on the APU control panel

APU EXHAUST

A The APU exhaust 1s an aspuated (1o induce cooling air flow for the APU
components), sound reducing, system of ducting that directs the APU exhaust gases
overboard through a door 1n the nght wing-to-body fainng aft of the wing flap fence

APU OIL

A The APU oil system 1s a self-contained,: posiive pressure, dry-sump system that
provides pressurized-and splash lubrication for all gears and bearings within the unut
The o1l supply tank 1s located at the inboard aft end of the APU module mounted
outside of the housing for easy access

OPERATION

A. Operation of the APU consists of preparing to start, starting, loading and shutdown
Each step 1s manually munated through selector switches on the APU control panel
However, the engine control circuits montor the conditions required for safe operation
of the APU engine before power 15 applied to actuate start and loading control
components

Ref MM STEWARD-DAVIS
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11 OPERATION (CONTINUED)
B Prepanng to Start APU*

(1) Placing the APU BATTERY switch to the ON position actuates the APU
battery relay and connects the battery bus, through a 15 ampere circuat
breaker, to two dc busses.

(2) Actuating the MASTER swiutch-lite to the ON position applies power to the
control circuit of the master relay, the APU generator control relay, and to
the MASTER switch-lite.

NOTE The MASTER switch-lite indicates that the contacts of the
master switch and the NC contacts of the firelockout relay
are closed and that power from the APU dc busses is
available to the relay The light does not indicate the
position of the master relay

(a) The master relay will actuate when control power is applied 1if an
electrnical ground 1s available to 1ts coil through contacts of the squat
relay (The electrical ground 1s only available when the airplane 1s
on the ground ) When the master relay actuates, control power
from the APU dc bus 15 applied to open the APU exhaust gas door,
to actuate the fuel boost relay and to energize the engmne and
generator control circuits

1) When the fuel boost relay actuates, control power 1s applied
to open the fuel supply shutoff valve and to run the fuel
supply boost pump

(3) In summary, with the arplane on the ground, the APU BATTERY swatch in
the ON positton and MASTER switch-lite on, the APU exhaust gas door will
open, pressurized fue] will be available to the engine fuel and control system,
the engine and generator control circuits will be energized and the APU will
be ready to start

C APU Starting

(1) Momentarly pressing the START switch will apply power from the master
relay to the starter relay and start hight circuits.

(2) The START light will illuminate 1f power 1s available to the starter
relay through the contacts of the start switch the o1l pressure
sequence switch, and the 35% switch

Ref MM STEWARD-DAVIS 49-00-3
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(b) The starter relay (SR} will actuate if an electrical ground is available
to its coil through the exhaust door switch No. 1  When the SR
actuates, power from the APU battery bus 1s applied to the starter
motor and power from the master relay 1s applied to a self-locking
circuit to retam power on SR and on the START light after the start
switch is released, At the same tume power 1s applied to termunal
6 of the battery charger control Thus prevents the APU battery
charger from carrying the heavy electrical load required during the
start cycle

(2) When the sequencing o1l pressure swiich closes, power is applied to the fuel
solenoid valve and to the igmution umt This provides fuel and igrution to
utiate combustion When combustion starts, the gases generated assist the
starter motor 1n accelerating the engine

(3) When the 35% switch actuates, power 1s mnterrupted to the starter relay and
start light cireuit

(a) The START switch-lite will go out
(b) The starter motor will stop
(c) The APU battery charger will be re-activated

(4) When the 95% switch actuates, power 1s removed from the 1ignition unzt and
applied to the three-way solenoid valve, the speed relay, the auxiliary
underspeed relay, and to the hourmeter

(a) When the three-way solenoid valve acmates, the pneumatic
thermostat control output 1s transferred from the acceleration limiter
valve to the load control valve to control the pneumatic loading of
the engine when bleed air 15 selected

(b) When the speed relay actuates, its contacts close m the low oil
pressure fault and bleed air valve (close) control circuits to allow a
pneumatic load and low o1l pressure protection to be appled to the
engine

(c) When the auxiliary underspeed relay actuates the generator control
panel underspeed lockout circuitry 15 de-activated.

(d) The hourmeter 1s energized to time and totalize the hours that the
engine operates

D APU Loading

NOTE: After a warm-up pertod of one munute at governed speed the APU
engmne 1s ready for loading electrically and/or pneumatically

Ref MM STEWARD-DAVIS
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D APU Loading (Continued)

APU loadng is accomplished through the controls provided on the APU control panel.
After the APU has warmed up, electrical and/or pneumatic power can be obtained
through the positioning of controls as outlined below

(1) Electrical Power only

(a) This configuration provides shaft horsepower exceeding normal
generator requirement and no pneumatic power The turbine engine
15 not loaded to rated capacity (Generator protective devices would
function before the engine is overloaded }

(b) Control Selection and Indication
1) GEN TRIPPED - Push to rest.

2) Essential power selector - Position selector to APU (on flight
engineer’s upper center panel)

3) APU CONTACTOR SW - Momentanly select the CLOSE
- position. Green GEN ON BUS annunciator light lluminates

4) BLEED AIR - Off, light out Press switch-lite to close
bleed air valve, if blue, Light 1s 1lluminated

(2) Electrical and Pneumatic Power

(a) Ttus configuration provides electrical power limited to 75 amps per
phase and pneumatic power to load turbine engine to rated capacity

NOTE Adequate pneumatic power for starung an
aplane engine is assured when the APU 1s in the
pneumatic and electrical load condition How-
ever, electnical loading must be carefully
monitored on the generator of the APU because
its entire electric load will be dropped if the 75
ampere humit 1s reached m any phase of the
electrical power generated

(b) Control Selection and Indication
As m (1-b) above except the followmng

BLEED AIR - ON - Depress switch-lite momentanly to open bleed
arr valve. Blue cover plate will illuminate

(4) Pneumatic Power only

(a) This configuration provides pneumatic power only and not electrical *
power The turbme engine 1s not loaded to rated capacity

Ref MM STEWARD-DAVIS 45-00-3
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(4) Pneumatic Power only (Continued) |
(b) Control Selection and Indication
1) GEN TRIPPED - Reset

NOTE: The generator field control relay should be
closed, generator tripped hght out, during
all APU operations

2) APU CONTACTOR SW - Momentanly select the TRIP
positon, green GEN ON BUS annunciator will extinguish

3) BLEED AIR - On, blue light illummated
E APU Shutdown

NOTE Electrical and pneumatic loads should be removed from the APU
three minutes prior to engine shutdown

(1) Momentanly pressing the OVERSPEED test switch wiil apply power from
the master relay to the ppeumatic solenoid valve and cause the 110% switch
of the centnfugal switch assembly to actuate ~ Actuation of the 110% switch
removes power from the fuel solencid valve, causing the valve to close, and
from the hold relay, removing all operating power from the engine

(a) When the fue] solenoid valve closes, the engine shuts down due to
fuel starvation

(b) When the hold relay relaxes, the power circuits to the fuel solenoid
valve, 1gution unut and starter relay are interrupted until the engme
rotational speed falis below 7% RPM. This prevents the fuel
solenoid valve from opeming and the igmtion umit from being
energized when the 110% and 95% switches relax as the engine
spins down and 1t prevents the starter relay from energizing the
starter when the 35% switch relaxes 1f a re-start were attempted
before full spindown of the engine

CAUTION* OPENING THE MASTER SWITCH
PRIOR TO COMPLETE SPINDOWN
OF THE ENGINE CAUSES
EXCESSIVE HEAD BUILD-UP IN )
THE APU MODULE AND EXHAUST
SYSTEM DUE TO THE
' RESTRICTION OF AIRFLOW
THROUGH THE ENGINE AND
EXHAUST DUCTS WHEN THE APU
EXHAUST DOOR CLOSES

Ref . MM STEWARD-DAVIS
49-00-3
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(2) When engine spindown 1s completed, acthatmg the MASTER switchlite to the
open position (MASTER switch-lite out) will remove power from the control
coul of the master relay When the master relay opens, the following events
occurs:

(a) Control power 15 applied to the APU exhaust door actuator to close
the exhaust gas door
(b) Power 1s removed from the engine control circuits.

(¢) Power 1s removed from the fuel boost relay to de-activate the APU
fuel supply system

(d) Power 1s removed from the generator control relay to disconnect
power from the generator control unt,

(3) Placing the APU BATTERY switch to the OFF position completes the
shutdown of the APU engme

Ref MM STEWARD-DAVIS 49-00-3
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U BA RY
1. GENERAL

A The 24 volt, 36 ampere-hour lead acid storage battery is located 1n the mamn landing
gear wheelwell cavity The battery support 1s mounted on the forward side of the aft
cargo compartment (Sta 960) to the night of the keel The battery 1s conpected to its
fire protection circuits through a circuit breaker, and to its control circuits by the
common APU battery switch and individual relay The battery 1s charged by its single
phase charger which 1s energized by the essential bus through a relay controlled by the
APU battery switch

B The service required to maintain the APU battery 1s dependent on the rate and length
of charge, ambient temperature and relanve humidity Chemically approved water
should be added to the battery cells whenever necessary A peniodic check for
electrolyte level should be made after each flight, depending on battery use and rate
of charge

C Both hydrogen and oxygen are generated durmg the charging cycle of the lead acid
storage battery Aur contarning 4 to § percent hydrogen will burn if 1igmted Arr
mixtures containmg more than 8 percent hydrogen will explode

CAUTION KEEP ALI. OPEN FLAMES, SPARKS FROM
ELECTRIC DEVICES, AND ANYONE WHO MAY BE
SMOKING, AWAY FROM BATTERY,
PARTICULARLY DURING AND FOLLOWING A
CHARGING CYCLE

NOTE Allow a charged battery to stand disconnected 1 a well ventilated
area unti gas bubbling stops, before using a torch or flame near the
battery

2 UNIT SERVICING - STORAGE BATTERY - 24 VOLT 36 AMPERE-HOUR

A Addition of Water - See Para 3, Ch 24-49-31, Page 102- Inspection/Check of APU
Storage Batteries

B APU Battery Charging - See Para 2B, Ch 24-49-31, Page 102 - APU Battery
Charging

C Cleamung and Painting-- See Para C (1) through (6), Ch 24-49-31, Page 102
D Battery Ventilation Hoses - See Para D (1) through (4), Ch 24-49-31, Page 103

Ref MM STEWARD-DAVIS 49-00-3
SN REV Jul 31i/99 Page 15



""’”E.ﬂ.@,iﬁﬂ ,_}-

MAINTENANCE MANUAL

4

APU C COMPONENTS

TROUBLESHOOTING
EFFECTIVITY RTCA LX-N19997  LX-N20000

1 GENERAL

A The APU control component troubleshooting section consists of troubleshooting
procedures and wire trace diagrams, plus identification and location tables for circunt
breakers, relays, and connectors

B Troubleshooting procedures are outlined mn Table 101

(1) Malfunctions are listed mn Table 101 as they would appear in normal APU
precheck, start-up, loading and shutdown sequence. The latter procedures
do not mclude checkout of components whose malfunction would have been
identified and corrected 1n earlier procedures

(2) The troubleshooting procedures assume that the contacts of a relay act m
uruson, all tripped or all actuated Thus, establishing that one set of relay
contacts are correctly positoned 1s sufficient evidence to accept 1t as
functioning properly

(3) Checkponts, diodes, circuit breakers, etc, are identified for the APU
circuits n the troubleshooting procedures and the wire trace diagrams

C The Wire Trace Diagrams, Figures 101 through 118, are presented to sumplify the
tracing of wire runs from the power source through the component to ground The
diagrams are not intended for use as functional schematics

D Tables 102 through 105 at the end of the troubleshooting section, 1dentify and locate
the components as abbreviated in the troubleshooting procedures and wire trace

diagrams

Ref MM STEWARD-DAVIS 49-00-3
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APU CO COMPONENTS

TROUBLE SHOOTING
TABLE 101

1 EIRE TEST

A Test does not actuate when TEST FIRE CIRCUIT switch-lite 1s pressed  (Test Fue
Circuit and Fire/BellCutout lights do not come on, fire bells do not ning ) WTD,
Figure 102

(1) Check for 24 VDC at circuit breakers Fire Det 1 and Fire Det 2, Starter
Relay Box.

(a) Not OK
1) Check battery condition and replace/recharge if required
2) Correct winng, battery to FD1 and FD2, Figure 101
(b) OK — Step (2)
(2) Check for 24 VDC at FLO-A2 and FT-8, Control Relay Box, Figure 102
(a) Not OK -- Correct wining, FD1 to FLO-A2, FD2 to FT-8
() OK - Step (3)

(3) With Fire Test Switch depressed, check for 24 VDC at FT-2 and 6, Control
Relay Box, Figure 102

{a) Not OK

1) Check for continuity through Fue Test Switch when
depressed (termunals 17 to 7 and 16 to 6), Figure 102

2) If not OK, replace switch

3) If OK, correct wining, FLO-A2 to Fire Test switch and Fire
Test Switch to FT-2 and 6

(&) OK — Step (4) -

(4) With Fire Test switch depressed, check for 24 VDC at FT-1 and FTD-2,
Control Relay Box, Figure 102.

Ref MM STEWARD-DAVIS
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(a) Not OK
I) Check for open diodes CR8 and CR11.
2) If not OK, replace.
3) If OK, correct wirtng FT-6 to FT-1 and FTD-2.
{b) OK -- Step (5)
(5) With Fire Test switch depressed, check for 24 VDC at FT-3
(a) If not OK - - )
1) Check for ground at FT-7
2} If not OK, correct winng, FT-7 to ground
3) If OK, replace Fire Test Relay
(b) OK -- Step (6)

(6) With Fure Test switch depressed, check for 24 VDC at BS-A3, Control Relay
Box, Figure 103 (Note Be sure (4) (a) 315 OK)

(2) Not OK -- Replace Bell Silence relay
() OK -- Step (7}

(7) With Fire Test switch depressed, check for 24 VDC at plus terminal of Fire
Warning horn, cockpit, Figure 103.

(a) Not OK -- Correct wiring BS-A3 to Frre Warning horn
(&) OK -
1) Check for ground at mmus terrminal of horn
2) If not OK, correct wiring to ground, Figure 103.
3) If OK and horn does not sound, replace horn
(8) Repeat (7) for Fire Warming horn in wheel well, Figure 103

(9) With Fire Test switch depressed, check for 24 VDC at Cathode (-) termunal
of CR7, Control Relay Box, Figure 103 (Note. Be sure (4) (a) 3 15 OK)

Ref . MM STEWARD-DAVIS 49-00-3
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(a) Not OK — Replace CR7
(b) OK - Step (10).

(10) With Fire Test switch depressed, check for 24 VDC at cathode
(-) termunal of CR30, Control Panel

(a) Not OK — Correct winng (CR7 to CR30)

(®) OK -- Check Fire/Bell Cutout indicator light circuit per
Figure 107. N

B Fire Warrung system (Fure/Bell Cutout ndicator hght and Fire Warnung
horns) turns on when Fire Test switch 1s depressed, but does not remain on
when released

(1) Check that circutt breaker, FD2, Starter Relay Box, Figure 102, 1s
closed

(a) Not OK - Close FD2
(b) OK -- Step (2)
(2) Check for 24 VDC at FT-8, Control Relay Box, Figure 102
(a) Not OK - Correct wiring, FD2 to FT-8
(b) OK -- Replace Fire Test relay

C Fire Exting hght does not come on 2041 seconds after Fire Test switch 1s
depressed and released (fire warmng system activates normally)

(1) With Fire Test circuit activated, Figure 102, check for 24 VDC at
FTD-11, Control Reiay Box

(a) Not OK -- .

1) Check per A(4) and (5)

2) Correct wiring FT-3 to FTD-11
(b) OK — Step (2)

(2) Depress and release Fire Test switch  Afier 20+1 seconds, check
for 24 VDC at FTD-9, Control Relay Box, Figure 102.

(a) Not OK --
1) Check for ground at FTD-10

L
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2) Not OK -- Correct wiring.
3) OK - Check resistor across FTD-5 and 7 (301 K ohms).
4) Not OK — Repiace resistor
5) OK - Replace Fire Time Delay relay.
(b) OK -- Step (3)

(3) Depress and release Fire Test switch  After 20+ 1 seconds, check
for 24 VDC at cathode terminals of CR21 and CR22, Control Panel,
Figure 102

(a) Not OK — Correct wiring FTD-9 to CR21/22
(b) OK -- Check Push to Exting Fire wndicator light per Figure 107

D Exung Fire light remains on beyond 30+ seconds after the Fire Test switch
was depressed and released (10+1 seconds after the Fire/Bell Cutout light
and the warning horns turned off)

(1) Check that Fire Test switch terrmnals, Control Panel, Figure 102,
open when switch 1s released

(a) Not OK -- Replace Fire Test switch
(b) OK — Replace Fire Test relay

E Bell Cutout switch does not silence Fire Warmng horns during Fire Test
cycle

(1) With Fire Test Circuit actuated and Bell Cutout switch depressed,
check for 24 VDC at BS-Al and X1, Control Relay Box, Figure
103 (Note. Be sure A(10) 1s OK )

{1) With Fire Test circurt actuated and Bell Cutout switch
depressed, check for 24 VDC at BS-A1 and X1, Control
Relay Box, Figure 103 (Note- Be sure A(10) is OK )

(2) Not OK --

1) Check contumity through Bell Cutout
switch termsnals 16 and 6 with Bell Cutout
switch depressed.

2) Not OK — Replace Bell Cutout switch
3) OK — Correct wirtng Bell Cutout switch -6 to BS Al and X1
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() OK --
1) Check for ground at BS-X2

2) Not OK - Cormrect wirmg, Figure 102.
OK 'Replace Bell 'Silence relay

2 PANEL ILLUMINATION

A With Battery and Panel Illum switches closed, APU Control Panel edge Lhights do not

49-00-3
Page 106

turn on

) {1) Check for 24 VDC at circuit breakers, APU Bus Feed, and Batt SW, Starter

Relay Box, Figure 105
(a) Not OX -- Follow procedure 1 A
(b) OK --

(2) Check for 24 VDC at ctreunt breaker, Indio Lights, Starter Relay Box, Figure

105

{a) Not OK -

1)

2)

3

4)

Check for 24 VDC at TB-17, Control Relay Box, Figure
105

a}) Not OK -- Correct wiring, Batt SW circunt
breaker to TB-17

b) OK --

Check for 24 VDC at TB-16, Control Relay Box, Figure
105

a) Not OK -- Correct winng, TB-17 to TB-16
and/or replace Battery switch

b) OK -

Check for 24 VDC at B-X1, Starter Relay Box, Figure
105

a) Not OK — Correct wiring, TB-16 to B-X1
b) OK —
Check for 24 VDC at B-B2
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a) Not OK — Correct wirtng, APU Bus Feed circurt breaker to BR-B2.
b) OK -

5) Check for 24 VDC at BR-Bl
a) Not OK - Check for ground at BR-X2.

1 Not OK — Correct winmng BR-X2 to
ground

2 OK - Replace Battery. Relay

b) OK — Correct wiring, BR-Bl to Indic. Lights
cireust breaker

(b) OK -

(3) Check for 24 VDC at TB-12, Control Relay Box, Figure 106
(a) Not OK ~ Correct wining, Indic Light cireuat breaker to TB-12
() OK -

(4) Check for 24 VDC at anode (plus) termunal of CR36, Control Panel, Figure
106

(a) Not OK ~ Correct wiring, TB-12 to CR36
(5) Check for 24 VDC at cathode (munus) termmal of CR36
() Not OK -- replace CR36
() OK -
(6) Check for 24 VDC at Panel Illum switch -2
(@) Not OK — correct wirning, CR36 to Panel [llum switch
() OK ~
(7) Check for 24 VDC at Panel lllum switch -1 (switch closed)
(2) Not OK -- replace switch
() OK -
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(8) Check for 24 VDC at edge light curcuit board connector, Control Panel,
Figure 106.

(a) Not OK — correct wiring, Panel Illum switch to connector.
() OK — replace edge light circuit board.
3 APUINDICATOR LIGHT TEST
A Indicator lights do not turn on when Test Indic Lights switch 1s depressed

(1) Wuh Battery switch closed, check for 24 VDC at Panel Illum switch,
terrminal 2, Control Panel, Figure 106

(a) Not OK -- follow procedure 2 A (1) through (6)

(b) OK -- Trace circuntry for fault per Wire Trace Diagram, Figure
107 Replace light bulbs, switch-lite umts, and diodes as necessary

4 APU MASTER SWITCH

A Master Light does not turn on when Master switch 15 depressed. (Battery switch
closed and Indicator Light Test, Figure 107, OK }

(1)} Check for 24 VDC at circutt breaker, Control Feed 1, Starter Relay Box,
Figure 105

(a) Not OK -- Follow procedure 2 A (1) through (2) (a) substituting
circunt breaker Control Feed 1 for circuit breaker Indicator Lights,
and BR-A2/A1 for BR-B2/B1

(b) OK --

(2) Check for 24 VDC at TB-8, Control Relay Box, Figure 109
{a) Not OK -- Correct wirmng CF1 to TB-8
() OK -

(3) Check for 24 VDC at FLO-82, Control Relay Box, Figure 109

(a) Not OK — Correct wiring, TB-8 to FLO-B2 (replace Master switch-
lite umit, 1f required)
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() OK —
(4) Check for 24 VDC at FLO-B3
(a) Not OK --

1) Check for 24 VDC at FLO-X1, Control Relay Box, Figure
104

a) Not OK — replace Fire Lockout Relay

b} OK — Open and close circuit breaker Fire Det 1,
Starter Relay Box, Figure 101

NOTE The Fire Lockout relay should only be
energrzed (24 YDC at X1 and normally
closed B2/B3 open) if one or more of
the fire detectors (APU Module, Figures
102 and 103) have closed. For trouble
shooting, See Figures 102, 103, and
104

®) OK --
(5) Check for 24 VDC at cathode (minus) termmal of CR 28, Control Panel, Figure 109

(a) Not OK -- Correct wirmng, FLO-B3 to CR28 Replace diode CR4,
Control Relay Box, Figure 109, 1f necessary

B Exhaust door does not open (battery and Master switches closed, Master light on)

(1} Check for 24 VDC at circuit breaker Door Motor, Starter Relay Box, Figure
105 (Door Motor circust breaker closed).

(a) Not OK - Follow procedure 2.A. (1) through (2) (a)
() OK --
(2) Check for 24 VDC at MR-B2, Control Relay Box, Figure 110
(a) Not OK -- Correct wiring, Door Motor curcuit breaker to MR-B2
(®) OK --
(3) Check for 24 VDC at MR-BL.
(a) Not OK -
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4

1) Check for 24 VDC at MR-X1, Control Relay Box, Figure

109.
a) Not OK — Correct wiring, FLO-B3 to MR-X1
b) OK -
2) Check for ground at MR-X2
a) Not OK —

1 Wimmng from insulated termunal to R54-
D2, Anti-Skid relay 1s faulty

2 Wirmg from R54-D3 to ground 1s faulty.
3 RS54 s faulty

NOTE The specific safety (Squat") relay
required may vary with awcraft Refer
- to manufacturer’s diagram

b) OK -- Replace Master Relay, Control Relay Box,
Figure 109

(b) OK — Refer to Figure 110

1} Wirning, MR-B1 to P23, Door Actuator connector,
1s faulty.

2) Winng, P23 to ground, 1s faulty

3) Door Actuator internal sequence switches are
wmcorrectly adjusted and/or faulty

4) Door Actuator is faulty
C Boost Pump does not operate (Battery and Master swiiches closed, Master Light on)

(1) Check for 24 VDC at circuit breaker Boost Pump, Starter Relay Box, Figure
105 (Boost Pump circuit breaker closed)

(a) Not OK - Follow procedure 4 A. (1) (2)
() OK -
(2) Check for 24 VDC at BP-Al, Starter Relay Box, Figure 111
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(a) Not OK — Correct winng, Boost Pump circuit breaker to BP-Al.
(b) OK —

(3) Check for 24 VDC at BP-A2.
(a) Not OK —~

1) Check for 24 VDC at circuit breaker Control Feed 2,
Starter Relay Box, Figure 105

a) Not OK — Follow procedure 2 A (1) through (2)
(a)

b) OK -

2) Check for 24 VDC at MR-A2, Control Relay Box, Figure
111

a) Not OK -- Correct wiring, Control Feed 2 circuit
breaker to MR-A2 -

b) OK --
3) Check for 24 VDC at MR-Al
a) Not OK - Follow procedure 4 B (3) (a)
b) OK -
4) Check for 24 VDC at TB-33
a) Not OK -- Correct winng, MR-Al to TB-33
b} OK --

5) Check for 24 VDC at BP-X1, Starter Relay Box, Figure
111

a) Not OK — Correct winng, TB-33 to BP-X1
b} OK -
6) Check for ground at BP-X2. -
2) Not OK -- Correct wiring, BP-X2 to ground
b) OK -- Replace Boost Pump relay.
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(®» OK -
(4) Cbeck for 24 VDC at TB-35, Control Relay Box, Figure 111
(a) Not OK — Correct wirning, BP-A2 to TB-35.
() OK —
(5) Check for 24 VDC at P12, Boost Pump Connector, wheel well, Figure 111.
(a) Not OK — correct wiring, TB-35 to P12
(b) OK --

(1) Check for ground at Boost Pump bousmng (Boost Pump
bousing must be bonded te awrframe and wired to TB-21,
Control Relay Box, Figure 111).

a) Not OK — Correct ground of Boost Pump
housing

b) OK — Replace Boost Pump

D Fuel Valve does not open (Battery and Master switches closed, Master Light on, Boost
Pump running,

NOTE To avoid rupmng boost pump with fuel system dry, disconnect P12,
boost pump connector, from boost pump

(1) Check for 24 VDC at P13-A Fuel Valve connector, wheel well, Figure 111
() Not OK - Correct wining, TB-35 to P13-A
®) OK --
(2) Check for ground at P13-B.
(a) Not OK -- Correct wining, P13-B to TB-21
(b) OK -~ Replace Fuel Valve
5 DOOR POSITION INDICATOR LIGHTS

A Door Closed light does not turn on (Battery switch closed, Master switch open,
Exhaust Door closed, and mdicator Light Test, Figure 107, OK)
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(1) Check for ground at TB-3, Control Relay Box, Figure 108
(a) Not OK --

1) Correct winng, TB-3 through Exhaust Door Switch 2
normally open contacts to ground.

2) Correct adjustment of Exhaust Door Switch 2.

NOTE Exhaust Door Switch 2 normally open
contacts are closed when the exhaust
door 1s fully closed

3) Replace Exhaust Door Switch 2
(b) OK -- Correct winng, Door Closed light, Termunal 23 to TB-3

B APU Exhaust Door Annunciator light, 1n A/C Door Annunciator Warning Lights
panel, does not turn on when APU Exhaust Door begns to open (A/C Door
Anpunciator Warning hghts powered by A/C DC power system)

(1) Check APU Exhaust Door annunciator warnmg light with Door Annunciator
Warrung Lights test switch

{a) Not 0K --
1) Replace bulb(s)

2) Correct wining, Figure 108 (refer to A/C manufacturer’s
wiring diagrams)
(b) OK —

(2) Check for ground at TB-4, Control Relay Box, Figure 108 (APU Exhaust
Door "less than" fully closed)

(a) Not OK --

1) Correct wiring, TB-4 through Exhaust Door Switch 2
normally closed contacts to ground.

2) Correct adjustment of Exhaust Door Switch 2

NOTE. Exhaust Door Switch 2 normally closed
contacts close when the APU Exhaust
Door moves from the fully closed
position
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3) Replace Exhaust Door Switch 2.

(b) OK -- Correct wiring D349-N, Door Annunciator Warmng Lights
connector, to TB-4

C Door Open hLight does not turn on (Battery and Master switches closed, Master light
on, APU Exhaust Door fully open, and Ind:cator Light test, Figure 107, OK)

(1) Check for ground at TB-5, Control Relay Box, Figure 108
(a) Not OK —

1) Correct winng, TB-5 through Exhaust Door Switch 1
normally open contacts to ground

2) Correct adjustment of Exhaust Door Switch 1

NOTE Exhaust Door Switch 1 normally open
contacts close when APU Exhaust Door
reaches fully open position

3) Replace Exhanst Door Switch 1
(®) OK —
(2) Check for ground at TB-2, Control Relay Box, Figure 108
(a) Not OK --

1} Check contunuity of CR17, Control Relay Box, Figure
108

a) Not OK -- Replace CR17
b) OK - Correct winng, TB-2 to TB-5
(b) OK — Correct wiring, Door Open light, terminal 3 to TB-2

6 APU START CIRCUIT

a  Start light does not come on when Start swuch 1s depressed (Battery and Master
switches closed, Bleed Air switch open (Bleed Air Light off) APU Exhaust Door fully
open, fuel system (Boost Pump and fuel valve) operating, and mdicator light test,
Figure 107, OK).

NOTE Before trouble shooung the start circuut, 1t 1s advisable to disconnect
P/1 19 at the APU Module, Figure 113 and P12 at the Boost Pump
in the wheel well, Figure 111, 1n order to avoid unnecessarly
operating the starter and boost pump during procedure.
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(1) With the Battery and Master switches closed (Master light on) and the Bleed
Air switch open (Bleed Awr hight off), check for 24 VDC at TB-31, 32, and
33, Control Relay Box, Figure 112 (NOTE TB-31, 32, and 33 are bussed
together.)

(a) Not OK --
1) Check for 24 VDC at P12, wheel well, Figure 111

a) Not OK - Follow procedure 3C (3) (a) 3)
through 4) .

b) OK -- Repair or replace bus bar, TB-31, 32 and 33
() OK -

(2) With start switch held closed and conditions for (1) above mamtained, check
for 24 VDC at TB-27, Control Relay Box, Figure 112

(2) Not OK

1) Check for 24 VDC at Start switch, termal 16, Control
Panel, Figure 112

a) Not OK - Correct wiring, TB-31, Control Relay
Box, to Start switch

b} OK —

2) Check for 24 VDC at Start switch terminal 6 (Start switch
held ¢losed)

a) Not OK -- Replace Start switch lite urut
b) OK -- Correct wiring, Start switch to TB-27
() OK -

(3) Whth Start switch held closed and conditions for (1) still mamntamned, check
for 24 VDC at TB-36, Control Relay Box, Figure 112

(a) Not OK --

1) Disconnect P/J 18 at APU module and, with Start switch
held closed, check for 24 VDC at P18-§, Fagure 112
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a) Not OK - Correct wm.ng TB-27 to P18-S.
b) OK --

Check continuity through J18-S to P

a) Not OK -

1

Wirmg J18-S/P to AiResearch engine
harness connector plug -S/P, 1s open —
correct wirng.

Winng, AiResearch engme hamess
connector receptacle - /P to O1l Pressure
Sequence switch connector plug 1s open —
correct wiring

Q1l Pressure Sequence switch (A1lResearch
engtoe component) 15 open — replace Oil
Pressure Sequence switch

b) OK - correct wiring, P18-P to TB-36, Figure 112
(b) OK -

(4y With Start switch held closed (conditions for (1) maintained), check for 24
VDC at TB-39, Control Relay Box, Figure 112

1) Disconnect P/J18 at APU module and, with Start switch
held closed, check for 24 YDC at P18-E, Figure 112

a) Not OK — Correct wiring, TB-36 1o P18-E
b} OK

Check continuity through J18-E to H

a) Not OK --

2)

1

Wirmg, J18-E/H to AiResearch engine
harness connector plug - I/H 1s open -
correct wirmng,.

Wiring, AiResearch engine harness
connector receptacie - I/H to centnfugal
switch connector plug - D/C 1s open —
correct wiring.

35% switch (Centnifugal switch connector
receptacle - DC) 15 open -~ replace
centrifugal switch (AiResearch
component)
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b} OK -- Correct wiring, P18-H to TB-39, Figure 112
(® OK -

(5) With Start switch held closed, check for 24 VDC at cathode (Mmnus terminal
of CR 2, Control Relay Box, Figure 112

(a) Not OK --
1) Check for 24 VDC at anode (plus) terminal of CR2
a) Not OK - Correct wiring, TB-39 to CR 2
b) OK — Replace diode, CR 2
(b) OK -- Correct wiring, CR2 to CR26, Control Panel, Figure 112

B Starter does not rotate when Start switch 1s depressed (Start light comes on and
conditions for A above mamtained) (See note 11 A above)

(1) Wath Start switch held closed, check for 24 VDC at SR-X1, Starter Realy
Box, Figure 112

(a) Not OK - Correct wining, TB-39, Control Relay Box to SR-X1

() OK -
(2) Check for ground at SR-X2
(a) Not OK --
1) ?h;ck for ground at TB-5, Control Relay Box, Figure
1
a) Not OK - Follow procedure 5 C (1) (a)
b) OK--

2) Check for ground at TB-1
a) Not OK — Replace dicde, CR18
b) OK - Correct wiring, SR-X2 to TB-1

Ref.. MM STEWARD-DAVIS 49-00-3
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(®) OK -

(3) With Start switch held closed, check for 24 VDC at SR-Al, Starter Relay
Box, Figure 113 .

(a) Not OK -- Replace Starter Relay

(b) OK —
(4) With Start switch held closed, check for 24 VDC at P19-D, APU module,
Figure 113
{a) Not OK -~ Correct wirtng, SR-Al to P19-D
(b) OK --

(5) Check for ground at P19-B

{a) Not OK -- Correct wiring, P19-B to ground stud, Starter Relay Box,
Figure 113

(b) OK -
(6) Check contimuty, J19-B through D
(a) Not OK -
1) Winng, J19 to Starter 15 open — correct wiring

2) Winng, Starter to ground 1s open — corTect wiring
3) Starter 15 faulty — replace starter®

C Start circurt does not hold when Start SW}tCh 15 released (starter rotates and Start light
comes on when Start switch 1s depressed but both discontinue when Start switch 15
released)

(1) With Battery and Master switches closed (Master light on), check for 24
VDC at HR-B2, Control Relay Box, Figure 112

(a) Not OK ~ Correct winng, TB-32 to HR-B2.
(®) OK - ;

(2) Remove wie from.HR-B1 (CAUTION Wue will be "HOT" during
following procedure). Hold Start switch closed and check for 24 VDC at
HR-B1.

(a) Not OK
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X1, Control Relay Box, Figure 114
a) Not OK —

1

Wiring, P18-G (APU module to HR-X1,
is open — correct wirmng.

Wirmg, J18-G to AiResearch engne
hamess connector plug - G, 1s open --
correct wirmg -

Wiring, AiResearch engme harness
connector receptacle - G to centrfugal
switch conmnector plug - B, 15 open —
correct wirtng

110% swatch, cenmfugal switch connector
receptacle - D through B, 1s open --
replace centrifugal switch

b) OK -
2) Check for ground at HR-X2
a) Not OK -- Correct wiring, HR- to ground.

b} OK -- Replace Hold Relay, Control Relay Box,

Figure 114

() OK -

(3) Hold Start switch closed and check for 24 VDC at terminal of wire

previously removed from HR-B1, Control Relay Box, Figure 112.

(a) Not OK -~

1) Check winng, TB-36 to HOT-A3, HOT-A3, HOT-A2 to

LOP-A3, LOP-A2 to HR-B1 end of wire
(a) Not OK -- Correct wiring
(®) OK --
2) Check contimnty, HOT -A3 to A2
a) Not OK -

SN REV Jul 31/%9
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HOT relay, Control Rélay Box, Figure
116, 1s energized (High Oul Temp lLight,
Control Panel, Figure 116, 1s on). HOT
relay is normally energized through the
normally open contacts of the High Oil
Temp switch, in o1l line adjacent to APU
module, Figure 116 The High O1l Temp
switch contacts are set to close at 275°F

a Open and close Master switch —
HOT relay should de-energize,
High O1 Temp light should tumn
off, normaily closed contacts,
HOT-A3 to A2, should close (Fig
112)

If not — correct wing, Figure
116  Replace High Oil Temp
switch, 1If necessary

HOT relay is not energized (High Oil
Temp Light 15 not on)

a Normally closed contacts, HOT-
A3A2 (Fig 112) are open --
replace High Oil Temp relay,
Control refay box, Figure 116

b) OK--
3) Check continuity, LOP-A3 to A2 (Fig 112)
a) Not OK -
1 LOP relay is energized (Low Oil Press

light, Control Panel, Figure 116 15 on)
LOP relay is normally energized through
the normally closed contacts of the Low
Q1l Pressure switch, mounted mn the oil
line inside the APU module, 1n senes with
normally open contacts 95%-B2 to Bl,
Control Relay Box, Figure 116 The 95%
relay is normally energized through the
normally open contacts of the 95% switch,
Centrifugal switch -E to A, AiResearch
compopent, APU module, Figure 114,
which transfers at 95% engme RPM, at
which point the Low Ou Pressure switch
contacts should be open.
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a. Open and close Master switch—
LOP relay should de-epergize,
Low Oil Press light should turn
off, normally closed contacts LOP-
A3 to A2 should close

If not — correct wirng, Figure
116  Replace Low Oil Press
and/or Centnfugal swiches, 1f
necessary

2 LOP relay 1s not energrzed (Low Qil Press
light not on)

a Nommally closed contacts LOP-
A3/A2 are open -- replace Low Q11
Press relay Control Relay Box,

Figure 116
NOTE On completion
of C (3),

reconnect wire
previously
removed to
HR-B1

D Engine light off does not occur
(1) Check APU fuel boost pump operation, procedure 4 C
(a) Not OK -- Correct per procedure 4 C.
() OK -
(2) Check operation of APU fuel supply solenoid valve procedure 4 D
(a) Not OK -- Correct per procedure 4 D
() OK -

(3) Usmg appropriate contamer (two or more galions) to collect fuel, remove
bowl of water separator (fuel filter)

(a) Fuel! flow stops after line dratnage — Check position of manual fuel
supply valve Replace fuel supply solenoid valve 1f manual valve 1s
open

(b) Fuel flow continues, 1n excess of line drainage — See (c)

(c) Replace water separator bowl - See (d)
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(d) Continue troubleshooting per AiResearch Maintenance Manual
E Starter operates, but cranks engine too slowly
(1) Check battery condition
(2) Not OK — Replace/recharge battery
(b) OK -

(2) Check for adequate contimuty of wiring, Battery to Starter Motor, Figures
101 and 113

(2) Not OK — Correct wung

(Continued on next page)
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(b) OK — Proceed per AiResearch Mamtenance Manual
F. Other start malfunctions — refer to AiResearch Mantenance Manual.
6A EXHAUST GAS TEMERATURE INDICATION
A Gage does not indicate properly
(1) Check wirmng, Figure 118
(a) Not OK — Correct wirng
() OK - )

(2) Check resistance of total circunt — disconnect 1 lead from EGT Gage and
measure 8 ohms resistance from disconnected lead through thermocouple
circult to lead stull connected to EGT gage

(a) Not OK -- Adjust resistance by adding or subtracting wire at resistor
spool Control Panel, Figure 118

(o) Not OK -- Replace gage
(3) Refer to AiResearch Maintenance Manual
6B TACHOMETER (% RPM) INDICATION

A Gage does not mndicate properly

(1) Check wirmg, Figure 118
(a) Not OK - Correct wiring

(b) Not OK -- Replace gage and/or tach generator -- refer to
AiResearch Maintenance Manual.

7 BLEED AIR - PNEUMATIC LOADING

A. Bleed Arr light does not come on when Bleed Aur swatch is depressed (Indicator Light
Test, Figure 107, OK)

(1) With Battery, Master, and Bleed Air switches closed (Master light on), check
for 24 VDC at 95% -A2, Control Relay Box, Figure 115.

(a) Not OK —~

1) Check for 24 VDC at TB-31, Control Relay Box, Figure
112

Ref MM STEWARD-DAVIS 49-00-3
SN REV Jul 31/9% Page 123



QP . -

MAINTENANCE MANUAL

a) Not OK — Follow procedure 4 C (3) (a) 2)
b OK -

2) Check for 24 VDC at Bleed Air switch, terrmmnal 16,
Control Panel, Figure 112,

a) Not OK -- Correct wiring, TB-31 to Bleed Atr
switch

b) OK -

3) Check for 24 VDC at Bleed Axr switch, termumnal 6 (Bleed
Aur switch closed)

a) Not OK -- Replace Bleed Air switch-lite umt

b) OK - Correct winng, Bleed Air switch to 95 %-
A2, Figure 115

() OK --

(2) Check for 24 VDC at cathode (munus) terminal of CR23, Control Panel,
Figure 115

(a) Not OK —
1) Check continuity of CR1, Control Relay Box, Figure 115
a) Not OK -- Replace diode, CRI
b) OK — Correct wiring, 95% - A2 to CR23

B Pneumatic duct pressure does not increase when Bleed Air switch 1s closed (engine at
governed speed and Bleed Air light on)

(1) Check for 24 VDC at 95% -Al, Control Relay Box, Figure 115
{a) Not OK -

1) Check for 24 VDC at 95% -X1, Control Relay Box,
Figure 114

a) Not OK --

1 Correct wiring, Centnfugal Switch
Assembly -A to 95% -X1

2 Replace Centmfugal Switch, AiResearch
component, APU module, Figure 114

Ref -MM STEWARD-DAVIS
49-00-3 .
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b) OK —-
2) Check for ground at 95%-X2.
a) Not OK - Correct wirmg, 95%-X2 to ground.

b} OK -- Replace 95% relay, Control Relay Box,
Figure 114

(@) OK -
(2) Check for 24 VDC at P17-A, Bleed Valve connector plug, Figure 115
(a) Not OK -- Correct wirmng, 95%-Al to P17-A
() OK -
(3) Check for ground at P17-B
(a) Not OK -- Correct wiring, P17-B to ground
(b) OK -- Replace bleed valve
9 ELECTRICAL LOADING
— Refer to Chapter 24-49-01 Troubleshooting
10 SHUTDOWN
A Overspeed Test Switch does not shut down engine

(1) With Battery and Master switches closed (Master Light on), hold Overspeed
Test switch closed and check for 24 VDC at TB-34, Control Relay Box,
Figure 117.

(2) Not OK -
1) Check for 24 VDC at Overspeed Test switch -C

a) Not OK - Correct wirmg, TB-31, Control Relay
Box, to Overspeed Test switch, Figure 112

b} OK -

2) Hold Overspeed Test switch closed and check for 24 VDC
at NO terminal, Figure 117

a) Not OK -- Replace Overspeed Test switch

Ref MM STEWARD-DAVIS 49-00-3
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b) OK -- Correct wining, Overspeed Test switch to
TB-34.

(b) OK -

(2) Hold Overspeed Test switch closed and check for 24 VDC at
pneumatic solenoid valve connector plug -A, AiResearch
component, APU module, Figure 117

(a) Not OK - Correct wining, TB-34 to connector plug
(b) OK --
1) Check for ground at connector plug -B

a) Not OK -- Correct wiring, connector plug
-B to ground.

b) OK — Replace pneumatic soleno:d valve
B High oul temperature does not shut engine down

(1) With Battery and Master switches closed (Master light on), check for 24
VDC at TB-31, Control Relay box, Figure 116

(a) Not OK -- Follow procedure 4 C(3)(2)2)
(®) OK --

(2) Jumper TB-29 and 31 and check for 24 VDC at HOT-X1, Control Relay
box, Figure 116

{a) Not OK -- Correct wining, TB-29 to HOT-X1
() OK -
(3) Check for Open contacts, HOT-A2 to A3, Figure 112,
(a) Not OK
1) Check for ground at HOT X2
a) Not OK — Correct wirtng, HOT-X2 to ground

b) OK — Replace High Oil Temp relay, Control
Relay box, Figure 116

Ref * MM STEWARD-DAVIS
49-00-3
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(b) OK -- Remove jumper TB-29 to 31
1) Wnng TB-29/31 15 open - correct wiring.

2) High O1l Temp switch is not closing at temperature set
pomt. | (Refer to 6.C.(3)(a)2)a)l ) Replace High Oul Temp
switch.

C High Ot Temp light does not come on (B, above, 15 OK and Indicator Light Test,
Figure 107, 1s OK)

(1) Check contimuity of diode, CR6, Control Relay box, Figure 116
(a) Not QK —%chlacc CR6
() OK -- Correct wiring, CR6 to CR29, Control Panel, Figure 116
D Low Ol Pressure d:ocs not shut engine down

(1) With Battery and Master switches closed (Master light on) check for 24 VDC
at TB-31, Control Relay box, Figure 116 -

(2) Not OK — Follow procedure 4.C(3)(a)2)
() OK -

(2) Jumper TB-28 and 31 and check for 24 VDC at TB-30
(a) Not 01(-‘1

1} Winng TB-28/30 to Low Ol Press switch connector plug,
APUimodule, Figure 116, 15 open - correct wiring

2) Normally closed contacts, Low O1l Press switch, are open
(refer to 6.C (3)(2) 3)a)l ) - replace Low Q1l Press switch

() OK --
(3) Check for 24 VDC at LOP-X1, Control Relay box, Figure 116
a) Not OK — Correct winng, TB-30 to LOP-X1
b) OK- -

: Ref . MM STEWARD-DAVIS 49-00-3
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(4) Check for open contacts, LOP-A2 to A3, Figure 112
(a) Not OK --
1) Check for ground at LOP-X2. |
a) Not OK -- Correct wirmng, LOP-X2 to ground.

b) OK ---Replace Low Ou Press relay, Control
Relay box, -Figure 116 ‘

(b) OK -- .

1) Winng, 95% -Bl, Control Relay box, Figure 116, to TB-
28 15 open - correct wiring

2) Winng, TB-31 to 95% - B2, 1s open - correct wiring

3} Normally open contacts, 95% - B2/Bl, are not closing
when engine RPM reaches .95% - check 95% relay
operation, refer to function 7 B

E Los O1l Press does not come on (D,-above, and Indicator Light Test, Figure 107, 1s
0K)

(1) Check conunuity of diode, CRS, Control Relay box, Figure 116
(a) Not OK - Replace CR6
(b) OK -- Correct wiring, CR5 to CR27, Contro] Panel, Figure 116

Ref. MM STEWARD-DAVIS
49-00-3
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TABLE 102
ENCLOSURES
IDENTIFICATION/LOCATION
Wiring

Abbr Identification Location Drawing Diagram
AUX J6 Auxiliary Main AC Power Shield Sta 271R
ce APU Control Panel Sta 294R 90065 80065
CRB Control Relay Box Sta 960L 84501 84501
CXB Current Transformer Box Sta 960L 90516 90512
POD APU Module Sta 960R 84100 84504
SRB Starter Relay Box Sta 960L 90513 90501

TABLE 103

CIRCUIT BREAKERS

IDENTIFICATION/LOCATION

Rating

Abbr /No.  (Amps) Circult Location
BF 15 APU Bus Feed SRB

8P 10 Boost Pump SR8

BS 5 Battery Switch SRB

;) 10 5 APU AC Voltmeter AUX J6
c8 11 5 APU Battery Charger AUX J6
CB 12 50 APU Essenttal Bus Feed, @A AUX Jé
(ot} 13 50 APU Essential Bus Feed, @B AUX J6
CB 14 50 APU Essential Bus Feed, @C AuX Jé
CF ] 5 - Control Feed 1 SR8

CF 2 5 Control Feed 2 SRB

DM 5 Door Motor SR8

FO ] 5 Fire Detector 1 SRB

FD 2 5 Fire Detector 2 SRB

IL 5 Indicator LIghts SRB

gA 160 APU Generator Output, @A CXB

ge 160 APU Generator Output, @8 CxB

gc 160 APU Generator Output, @C Cx8

Ref. MM STEWARD-DAVIS
49-00-3
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TABLE 104
RELAYS
IDENTIFICATION/LOCATION

Abbr. /No. Ident1fication
ACCR Auxiliary Contactor Control Relay
AUS Auxiliary Underspeed
BP Boost Pump
BR Battery Relay
BS Bell Silence ~
CS Current Sensor
CsT Current Sensor Transfer
FLO Fire Lockout
FT Fire Test
FTD Fire Time Delay
HOT High G11 Temperature
HR Hold Relay
Lo2 Lockout Number 2
Lop Low OI1 Pressure
MR Master Relay
95% Ninety-five Percent
QcC Overcurrent
OCTD Overcurrent Time Delay
OCTDBP Overcurrent Time Delay Bypass
RCR K23 Reverse Current Relay
SR Starter Relay
K20 APU Contactor Control
K21 APU Contactoer
K22 APU External Power Interleck
K24 APU Essential Bus

Ref MM STEWARD-DAVIS
SN REV Jul 31/99

Location

CRB
SRB
SRB
SRB
CR8
CRB
Cr8
CRa
CRB
CRB
CRB
CRB
POO
CR8
CRB
CRB
CRB
CR8
CRB
Sta
SRB

AUX J6
AUX Jb
AUX J6
AUX J6

49-00-3
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34
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TABLE 105
CONNECTORS
IDENTIFICATION/LOCATION

P. Connector Plug
I Connector Receptacle

Component

Differential Current Transformer

Fuel Boost Pump
Fuel Valve

Generator Protection Panel
Battery Charger

Bleed Valve

Fire Extinguisher

Battery
Door Actuator Motor

Bulkhead
Bulkhead
Wing Fillet (Leading tdge}
Wing Fillet (Leading Edge)
Wing Fillet (Leading Edge)
Bulkhead

APU External Power Receptacle

Pressure Feed Through, Bulkhead

Ref.. MM STEWARD-DAVIS

Location

cp

AUX J6
CR8
CR8
CR8
CRB
SRB
SR8
SR8
SRB

WW

pH Fuel Jettison Mast.
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Sta 1000

Sta 1000
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POD

PaD
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Sta 960R
Sta 600K
Sta 600K
Sta 600K
Sta 960
Sta 960N
cx8

cx8

Sta 960NR (Fillet
Frq. (T/Edge)

Sta 960
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.

AUXILIARY POWER UNIT - MAINTENANCE P CES
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A. The maintenance practices included in this section (201 through 299 page block) are
general maintenance mstructions that do not definitely fall within a specific category
Other maintenance instructions, such as Removal/Installation, Adjustment/Test, etc ,
are provided m the applicable page blocks

2 EQUIPMENT AND MATERIALS
A Two, two gallon contamers

B Lubrication o per Mil Specification MIL-1-7808 and MIL-L-23699 1n accordance
with AtResearch Manufacturing Company of Arizona Specification GT-7800-R Rev
6

3  APU OPERATION PROCEDURE
A General

(1) Before starting the unit, all protective covers must be removed and the air
nlet rust be clear of all loose objects that could be ingested Lubricating
oul and fuel supply sources must be serviced, and the APU battery must be
charged It 1s necessary to open the mam landing gear doors to perform the
prestart check, after completing the check, the doors may be closed since
operation of the unit does not require them to be open  Initial start of a new
or completely overhauled umt must be made m accordance with procedure
outlined 1n paragraph 3 F

(2) The awcraft main fuel tank No 3 must contamn a mumunum of 5,000 pounds
of fuel for the parked aiplane and a minmum of 11,400 pounds of fuel for
airplane taxymng conditions For extended usage, plan an additional 275
pounds of fue!l for each hour of operauon.

CAUTION DO NOT OPERATE THE APU WHEN
FLAMMABLE FLUID SUCH AS A CLEANING
AGENT, IS BEING USED WITHIN THE
VICINITY OF THE APU IN PARTICULAR,
THIS REFERS TO THE AREA NEAR THE
APU COOLING AIR INLET, APU MAIN AIR
INLET, AND APU EXHAUST DUCT

DO NOT, AT ANY TIME, SPRAY FLUID
INTO THE APU MAIN AIR INLET OR APU
COOLING AIR INLETS

Ref * MM STEWARD-DAVIS 49-00-3
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(3) This section covers normal starting of the APU, starting of a new or
overhauled unit, normal shutdown, manual fire alarm shutdown and

BOoOSING

MAINTENANCE MANUAL

automatic fire alarm shutdown

B Depreservation of APU Fuel and Oil System

(1) Preparing APU installation for motonng over and imtial start-up

(@)
®)
©

(d

(&

¢y

(2

()

®

Y

)

Open night hand main landing gear door and
Check battery 1s serviceable and is secure

Check that mam APU air intake and cooling air intake are clear and
free from foreign objects

Check all electrical connections on bulkhead 960 and fuel boost
pump are secure

Check that overboard drains 1n lower surface of night hand trailing
edge wing root fanng are open and free from obstruction

Check that awreraft fuel tank No 3 contains mummum fuel contents
Service if necessary (Ref 3 A(2) above)

Check APU oil system tank 1s full Service as required (Dip stick
on o1l tank cap )

Check APU module assembly 1s secure on its mountings and that all
connected system ducts and lines are n place and secure

Check all electrical connections are n place and secure at the
electrical control boxes on left hand side of aft face of bulkhead 960
and electrical connector panel on mboard side of APU module.

Remove bolts securing top half of module housing and accessory
end cover Remove associated cooling air ducts and hft cover
sections away from module assembly

Disconnect 28 VDC supply connector from 1gmter unit

(m) Disconnect fuel line from atomizer and place end of fuel hine 1mto
" suitable two gallon container

(n)

49-00-3
Page 202

Close all APU control circuit breakers on starter control box
Leave generator circuit breakers open

Ref MM STEWARD-DAVIS
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C Motoring the APU Prior to Initial Start-up

(1) Turn on battery switch on APU cockpit control panel. Check mmimum 22
volts dc available.

(2) Test APU indicating hights on APU cockpit control panel

(3) Carry out APU fire extinguisher circut test

(4) Depress momentarily APU master switch to ON

(5) Motor the APU engine by depressing the Start switch lite momentarily

CAUTION HIGH ENERGY ELECTRICAL STARTERS
ARE EASILY DAMAGED TO PREVENT
DAMAGE, DO NOT EXCEED STARTER
DUTY CYCLE OF ONE MINUTE "ON",
FOUR MINUTES "OFE"

(6) Continue motoring the engine, until fuel free of air bubbles 1s discharged
1nto container -

NOTE Clear fuel should normally appear within three motoring
cycles

(7) Durnng cycling, ensure that oul 15 circulating to the engine by removing the
oil line "return to tank” hose at the tank connection and placing the free end
mto a surtable two gallon contawer

(8) Reconnect ol line "return to tank" hose when proper o1l circulation has
been established durning the motoring over of the engme

NOTE Approxumately two cups of o1l 1s all that 1s necessary to be
released from the o1l system to establish circulation.

(9) Termunate motoring run by momentarily depressing the APU Master Switch
lite

(10) Reconnect fuel line to a atomizer.

(11) Reconnect ol return to tank line hose.

(12) Replenish o1l system with new o1l to full ma.rk-on dipstick
(13) Open all APU control circut breakers.

(14) Reconnect 28 volts de supply electrical connector to 1gniter unit

Ref MM STEWARD-DAVIS 49-00-3
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(15) Close Hour Meter circuut breaker.

(16) Re-mnstall both the top half section and the accessory end cover, install
attaching bolts and complete module assembly housing.

(17) Re-imnstall module cooling air duct system to accessory end cover and
bulkhead 960

(18) Close all APU control and generator cucuit breakers

D Operation - APU - Limitations, Starting, Loading, Stopping and Emergency
Procedure -

WARNING DURING OPERATION OF APU, PERSONNEL SHALL
STAND CLEAR OF COMPRESSOR AIR INTAKE,
HIGH TEMPERATURE EXHAUST AND PLANE OF
ROTATION OF HIGH SPEED COMPRESSOR AND
TURBINE

NOTE Swich off air bleed on APU cockpit control panel once the first
mam engine start has been accomplished and engine cross starts are
to be imuiated

(1) Limitauons - Observe the following operating limitations, see also Table
501, Chapter 49-20-02 Page 509/510

(a) Shut down the APU if us RPM exceeds 103% for a period of
more than ten seconds

(b) Shut down the APU immediately 1f its RPM exceeds 108%
{(c) Exhaust temperature

Conunuous operation - 620°C maximum
Never exceed - 660°C maximum

NOTE1 The .never exceed-temperature may be
exceeded during engine (APU) starting
and acceleration, provided the starting
ume does not exceed 30 seconds

NOTE 2. If the exhaust gas temperature (EGT)
exceeds 710° during the start/acceleration
cycle, shut down the APU and perform a
"hot start” mspection.

Ref. MM STEWARD-DAVIS
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NOTE 3- Maxmmum field alutude operation 1s
Iimited to 14,000 feet

(2) Starting

NOTE 1- The following items should be checked prior to the
uutial APU start of the day in conjunction with the
APU mstallaion - Inspection/Check List (Ref
Chapter 49-00-3, Page 601 through 605 and Table
601)

NOTE 2 If starting a new 1nstallation

All items per Para "B" 49-00-3, Page 202 and Para
"C" Page 203 through Item 18 Page 204 and
accomplish requirements of Para E Chapter 49-00-3,
Page 20

NOTE 3 If a previously run installation.
Para "3" 49-00-3, Page 202 1items (a) through (j)

(@) Place the APU BATTERY switch to ON posiion DOOR
CLOSED light illuminates (Green).

(b} Press and hold the TEST INDIC LIGHTS swich-ite Check
that ali APU cockpit control panel indicator lights illuminate
(Chapter 49-60-1, Figure 2) Release the switch-lite, the DOOR
CLOSED light remains 1liuminated

(c) Place PANEL LTS switch to ON position Check that the EDGE
LIT front panel iluminates (Leave on, 1if required )

(d) Press and release the TEST FIRE CIRCUIT switch-lite The
TEST FIRE CIRCUIT and FIRE/HORN CUTQUT switch-lites
will illumipate and the APU Fire Warning Horns (Fhght Deck
and Rught Hand Mamn Undercartiage Wheel Bay) will sound
After 20 seconds, the FIRE/HORN CUTQUT switch-lite wall
extinguish, the APU Fire Warning Homs will silence and the
PUSH TO EXTING FIRE will illununate, After an additional
ten seconds the PUSH TO EXTING FIRE and TEST FIRE
CIRCUIT switch hites will extinguish signalling the successful
completion of the test

NOTE: Pressing the FIRE/HORN CUTOUT switch-
lite momentanly wall silence the APU Fire
Wamning Homs 1n the Fhight Deck and Rught
Hand Main Undercarniage Wheel Bay

Ref MM STEWARD-DAVIS 49~-00-3
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(e) Press and Release the MASTER switch-lite. The MASTER
switch-lite will lluminate, the Exhaust Door will open, the
DOOR OPEN light will illuminate on the APU Control Panel,
(The APU DOOR OPEN Iight on the first officer's Door
Annunciator panel will also illuminate when the APU Exhaust
Door opens), the Fuel Supply Valve will open and the APU Fuel
Boost Pump will start runming.

(f) Press and Release the START switch-lite

1) The START swatch-lite wall 1lluminate when the start relay
1s energized and will remain illurmnated when the switch
1s released if the start relay has actuated (The start relay
will not actuate until the APU Exhaust Door 1s fully open )

2) The START switch-lite will extinguish when the engine
speed has reached approxmmately 35% RPM  If the
START switch-lite does not extinguish withm 60 seconds,
depress the MASTER switch-lite to de-energize the
system (MASTER and START switch-hites will
exturguish )

NOTE The starter duty cycle 1s ONE MINUTE
ON and FOUR MINUTES OFF A
cooling perniod of 30 MINUTES 1s
required after four duty cycles

() Monutor the PERCENT RPM indicator (tachometer) and EGT
(exhaust gas temperature) until the APU reaches governed, no
load, steady state speed.

1)} Percent RPFM

Shutdown the APU if its RPM exceeds 103% for a period
of more than ten seconds.

NOTE: The maximum allowable momentary
overshoot is 108 %

2) Exhaust Temperature

Continuous Operation - 620°C maximum
Never Exceed - 660°C maximum

Ref MM STEWARD-DAVIS
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NOTE1 The Never Exceed temperature

may be exceeded dunnpg engme
start and acceleration, provided the
start tupe does not exceed 30
seconds,

NOTE 2. If Exhaust Gas Temperature

exceeds 710°C during the
start/acceleration cycle, shutdown
the APU and carry out a HOT
START inspectton

NOTE 3 The APU 1s ready to load after a

(3) APU Loading

one minute warm-up period

(a) To pressurize the Aircraft Pneumatic System from the APU

1) Press

and release the BLEED AIR switch-hte  The

“switch-hite will 1llummate and the DUCT PRESSURE
gauge on the Fhight Engineer’s upper panel will indicate a
rise 1n duct pressure

(b) To power the Auircraft Electrical System from the APU,
accomplish the following

1) Position the voltmeter essentral power source selector
(upper center Flight Engineers panel) to the APU position

2) Place

the APU CONTACTOR switch m the CLOSE

positton momentarily, the GEN ON BUS hight will
lluminate, the switch toggle will return to center locked
position, and the AMPS AC meter will indicate electrical
load on the APU

NQTE

SN REV Jul 31/99

To elimimnate the possibiity of a hung start
during main engine starting with the APU,
reduce the APU Electrical Load to 75 AMPS
AC or LESS .

If the 75 AMPS AC Load Limut is ex-
ceeded while runmung 1n arr mode - (AIR
BLEED ON) the APU generator will auto-
matically tnp OFF and the GEN TRIPPED
switch-lite will llumnate

Ref MM STEWARD-DAVIS
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(4) APU Stoppmg
(a) Normal Procedure

1) Remove the Electrical and Pneumatc load from the APU
and allow the APU to run at no load for at least three
munutes to cool down the gas turbine engine

2) Depress the OVERSPEED TEST button momentarily.
This will sumulate an APU overspeed condition, causing
the APU to shut down

CAUTION DO NOT ACTUATE THE
MASTER SWITCH-LITE UNTIL
THE APU HAS STOPPED
ROTATING THIS ACTION
WOULD CLOSE THE APU
EXHAUST DOOR AND STOP
COOLING AIRFLOW THROUGH
THE ENGINE AND APU
HOUSING DURING ENGINE
SPINDOWN -

3) When the APU has stopped rotatng, press and release the
MASTER switch-lite to close the APU Exhaust Door and
shut down the APU fuel supply system

4) After the APU MASTER switch-lite has been actuated
{(pressed) to the open posiion (MASTER switch-lite
extinguished) APU door closed (APU EXHAUST DOOR
CLOSED LIGHT ILLUMINATED) piace the APU battery
switch to the OFF position.

(b) Emergency Procedure

1) Placing the APU BATTERY switch i the OFF position
will shut down the APU immediately.

NOTE:  Thsemergency stopping procedure
will not close the APU Exhaust
Door. Therefore, when the
emergency has passed, place the
APU BATTERY switch in the ON
position. The still latched
MASTER switch-lite will
Hlumunate again  Depress the
MASTER switch lite. This wall
close the Exhaust Door and shut
down the APU Fuel System and
the MASTER swich lite will
extnguish. (APU Exhaust DOOR
CLOSED light illuminates )
Ref MM STEWARD-DAVIS
49-00-3
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2) Place the APU BATTERY switch to the OFF position,

(5) Start Procedure Observations

(2)

(®)

General

1) If hight-off does not occur after 15 seconds of cranking,
depress MASTER switch-lite to termunate start. Light-off
15 indicated by EGT nise

2) If hght-off occurs, but unut does not accelerate to 100
percent governed speed in 30 seconds, turn off battery
switch to termnate start

3) If start 15 aborted, observe a muumum of two minutes
delay before attempting another start

4) If a satisfactory start 15 not obtained on a second attempt,
mamtenance action 1s recommended

5) If torchung hight off occurs, shut down per step 2) and
render APU operative pending corrective action  For
correcuve action, refer to Paragraph 7, Maintenance After
Torchung Light Off

New/Completely Overhauled APU
1) Perform steps (a) through (g) of Para D (2)

2) Allow umt to run at governed speed for five minutes under
no load conditions

3) Shut down APU (Ref Para D (4)(a)2) Normal Procedure
Para D(4)(b)1) Emergency Procedure )

4) Replace Fuel Filter element (Refer to 49-32-32, Fuel Pump
and Control Umt - Servicing)

5) Replace Oul Filter element (Refer to 49-90-02 O1l Pump
Maintenance Practices)

6) Adjust umt (Refer to Auxiltary Power Umt -
Adjustment/Test)

(6) Automatic Fire Shutdown

@

General

1) If a faise fire warning or malfunction of the automanc
shutdown circuit stops the umit, the cause must be located
and corrected before the unit can be restarted.

Ref MM STEWARD-DAVIS
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() If an automatic fire shutdown occurs, the FIRE/HORN CUTOUT
switch-lite will extinguish when the fire detectors cool down to a
temperature below their actuating point

CAUTION' REPLACEMENT APU SYSTEM AND OR
COMPONENTS ENSURE THAT THE FIRE
DETECTOR CIRCUIT BREAKER FD1 ON
STA 960 STARTER RELAY BOX HAS
BEEN CYCLED OPEN/CLOSED TO DE-
ACTIVATE THE SELF-LOCKING
CIRCUIT OF THE FIRE LOCK OUT
RELAY (FLO) BEFORE ATTEMPTING TO
INSTALL REPLACEMENT UNITS AND
LEAVE OPEN UNTIL ALL WORK HAS
BEEN ACCOMPLISHED

(7) Maintenance After Torching Light-Off
(&) General

1) A torching hight-off is indicated by flames emitting from
the APU exhaust duct Prumary causes for torching light-
off are delayed igmition and excessive fuel Delayed
1gution results in fuel-air mixture bemng conducted through
exhaust system When 1gmution finally occurs, the fuel-air
muxture 1s igmted causing flame emission from exhaust
Excessive amount of fuel can be caused by an mmproperly
operating fuel atomizer, fuel pump and control umit
acceleration limited valve opemng pressure set higher than
specified, or accumulation of fuel in turbine assembly
which has not had time to drain a previously unsuccessful
start attempt.

(b) Check ignition system
1} Check 1gnition umit power supply wiring.
2} Check high volttage lead for serviceability.

3) Test igniter plug. Refer to 49-40-22, Igmter Plug -
Adjustment/Test

4) If igniter plug test reveals improper i1gmbon system
operation, replace 1gmtion umt

(¢) Check combustion chamber lmer for excessive carbon build-up
Refer to 49-2012, Combustion Chamber Liner -
Inspection/Check.,

Ref.« MM STEWARD-DAVIS
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{d) Test fuel system

1) Test fuel pump and control umt acceleration limster valve
operung pressure. Refer to 49-3232, Fuel Pump and
Control Unut - Adjustment/Test

2) Replace fuel atomizer, Refer to 49-32 32, Fuel Atomizer -
Removal/Tnstallation

Ref MM STEWARD-DAVIS 49-00-3
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EFFECTIVITY RTCA LX-N19997 LX-N20000

APU INSTAL ON - INSPECTION/CHECK
1 GENERAL

A general inspection for leakage at fithngs, security of component part attachmeant, chafing of
wiring harness and obstructions at inlet and exhaust areas shall be made at each inspection

interval Inspect all tubes for chafing, cracks, signs of corrosion, or other damage

2 PERIODIC INSPECTION

A Accomplish Inspections on Installed Engine (APU)

(1) Components listed in Table 601 shall be checked penodically at specified
intervals The penodic inspection imterval should not be ncreased unless
a program constsung of an mcremental increase (100 to 150 APU hour
increments) on a sampling basis 15 undertaken by the individual operator to
substantiate that an increase 1n tume between wspection wntervals would not
adversely affect the APU

NOTE  Oil system drain/refill and oii filter removal/replacement shall not
exceed 700 APU hours maxunum unless specific approval has
been granted in wniting by AiResearch. This lumit 1s not an
absolute maximum and may be mcreased on an individual airline
basis when justified by AiResearch o1l samplng program and
operauonal experience

(2) Components histed m Table 601 and marked by an asterisk may be
inspected by observation through the combustion chamber liner assembly
opening 1n the turbme plenum assembly (combustor unit removed) and up
the exhaust pipe, to the extent that the parts are visible  Inspect
components to the mspection criteria outlined 1n 49-20-05, COMBUSTION
AND EXHAUST SECTION, as applicable If distress 1s observed, the
engine shall be removed from the installation and a detailed inspection of
all hot end section components (Table 601) accomplished (Refer to
Paragraph B )

Ref MM STEWARD-DAVIS
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T E 601. PERIODIC PE REQUIREMENT.
p
; Components Interval Mature of
(APU Hes) Inspection ]

Tnplae (hot) Section

NOTE- Manufacturer recommends that the combustor unit consisting of a Tiner
assembly, combustor cap, fuel atomizer assembly and igniter plug, be

removed and re-installed as a umit
Remove and vaplaca {Refer to 49-20-12),

Combustoer Unlt 250

Contalnment Rlng 250 Check contalnment ring attachlng wash-
ers for frecting. 'Replace attachling s
nuts and washers if fretting of washers
exceed 50 percent of the washer thick-
ness. {Refer to leavy Maintenance Sec-
tion of AfResearch Engine Overhaul

+Manual, Report WNo. 49-20-37 for replace-

ment of nuts and washers.)

*Exhiust I'ipe Adacmbly ane Check for crncks. (Refer to 49-20-05.)

Fxhaust Flange Assembly 800 Check for cracks, {Refer teo 49-20-05.)

0Ll Tank Vent Tube 250 Check that tube assembly and fitting are

Assembly and Fltting not obgstructed. (Refer to 49-20-05 1}

Cheek For evidence of deterloratlon eor

Turbine Plenum GCasket 250
leakage.

Tuchblne I'lenum Assembly 250 Check' For cracka. (Refer to 43-20-05.)
*Tucblne Nozzle 250 Check for cracka, wear, deformatliem or
aeroslon. (Refer Lo 49-20-05)

*Turbine Wheel 250 Inspect for cracks, eroslon, and blade
tip rubbing. (Refer to49-20-05.)

*These components may be inspected by observation through combustor unit opening
and up exhaust Elange azssembly. IF dlstress ls abserved, remove engine from
Installation and perform detailed hot section inspection. (Refer to Paragraph B )}

Ref.. MM STEWARD-DAVIS
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TABLE 601. PERIODIC INSPECTION REQUIREMENTS (CONTINUED

Interval Nature of

Component
(APU Hrs) Inspection

Engine Fuel and Contrel Scetien

Fuel Control Unilc 800 Check cracking pressucre Refer to
ADJUSTMENT/TEST. )
250 Cheek that acceleration limiter

valve orifice is not obstructed.
(Refer o 49-32-32)

2500 Lubricate drive shaft  (Refer te
49-32-32)
Fuel Filter Element 250 Remove and replace (Refer to
49-32-32)
Turbine Pleaum Draln 250 Clean and Inspect,

Ignltion/Starting Section

Flecti{val Inpine L1000~ Remove amd ceplace Sorndd removed
Starter 1250 aturter to authorired ovechaul
faeility for brush change, «lutch
check and run-in or complete over-
haul. (Refer to49-4G-53 )

Alr Section

250 Remove and clean. (Refer to AL-
Research Maintenance Manual, Report
No. 49-20-36, Sect. 49-50-07 )}

Alc Pressure Regulator

Orificed Tee Assembly 1000~ Clean (Refer to CLEANTNG/PAINTLNG.)

1250

Contral Sectlion

Pneunatic (Load Control) 150 Check calibration. Refer to AD-
Thermostat JUSTHENT/TEST,)

0i}l Section

Lubrication 04l System 700 Drain and refill. ({(Refer to
SERVICING.)
0Ll Filter Element 250 Remove, clean and inspect. (Refer
to 49-90-02)
Ref - -
ef MM STEWARD-DAVIS 49-00-3

SN REV Jul 31/99 b
age 603



guat?IPR
MAINTENANCE MANUAL
APU FIRE DETECTION AND EXTINGUISHING SYSTEM

DESCRIPTION AND OPERATION

EFFECTIVITY TCA LX-N20198 LX-N20199

GENERAL

A.

APU

The APU fire detection and extinguishing system provides the means

to detect and automatically smother a fire within the APU housing

with fire extinguishing agent. Fire warning 15 provided by a 1ight on
the APU control panel and by alarm horns located at the flight engineer's
station and 1n the right main gear wheel well.

The system consists of three fire detectors, a fire extinguisher bottle
wi1th discharge fittings and tubing, and control circuitry.

The control of the APU fire detection and extinguishing system consists
of fire control and fire test circuits, plus TEST FIRE CIRCUIT and
PUSH TO EXTING FIRE switch-l1ites on the APU control panel. When
energized by the closure of a fire detector, the fire control circuit
activates the FIRE BELL CUTOUT 1ight, the alarm horns,shuts down the
APU engine 1mmediately and automatically discharges the fire extin-
guisher bottle after a delay period which allows the APU exhaust door
to close. The fire tast circuit provides for testing the fire control
circuit at any time by actuating the TEST FIRE CIRCUIT switch. The
PUSH TO EXTING FIRF switch-lite provides for manual application of _
power to the detonator circuit of the fire extinguisher bottle to
release the extinguishing agent 1f automatic discharge should not
occur.

The control circuitry of the fire detection and extinguishing system
recer1ves power directly from the APU battery bus through the FIRE
¢ircurt breaker This assures power to the control circuits at all
times, 1n flight or on the ground, no matter what position the APU
BATTERY switch 31s 1n.

FIRE DETECTORS

APU

The APU fire detectors are probe type thermal switches that close
when they are exposed to excessive temperature Three detectors are
located 1n the APU housing; one above the engine accessory section,
one adjacent to the engine combustion chamber and one adjacent to the
right hand side engine mount.

FIRE EXTINGUISHER BOTTLE AND FITTINGS

4/82
SN R

A spherical steel bottle of Freon is mounted on the ceiling of the
aft baggage compartment adjacent to the APU housing. The bottle is
filled with 3.0 pounds of Freon and charged with dry nitrogen at
about 600 PSI. A pressure gauge, a discharge pluo and a safety dis-
charge connections are provided on the bottle.

49-00-26
EV Jul 31/99 Page 1
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B. The pressure gauge ig visible from the baggage compartment only.

C. The discharge plug is sealed with a frangible disc combined with an
explosive charge which 1s electrically detonated to discharge the
fire extingulsher bottle.

D. Tubing leads from the safety discharge connection on the bottle to
the lower bady surface where it is capped with a red indicaring disc.
If the temperature rises above 266 (£15) degrees Fahrenheit, the disc
will blow out, dumping the gas charge overboard and indicating that
the bottle has discharged. The disc should be checked.
during the preflight walk-around inspection.

E. When the bottle discharge plug 18 detonated, gas pressure cperates
a plunger to knock out a yellow indicator disc, adjacent to the red
disc on the lower body, indicating that a discharge has occurred.

F. The fire extinguisher bottle discharge line is a flexible steel tub-
ing that connects the discharge plug to the APU housing, A baffle
within the APU housing directs the Freon gas to all areas of the
heusing and prevents the gas from impinging directly on the engine
conrrel tubing and wiring.

CONTROL CIRCUIT COMPONENTS

A.

The control circuit of the fire detection and extinguishing system
consists of relays, time delay relays, switches and annunciator lights.
The relays and time delay relays provide sequential control of de-
sired functions and are i1nterlocked to obtain necessary protective
features.

The relays are standard, single co1l, units whose contacts return to
the normal (tripped) position when power 1s removed from the actuat-
1ng co1l.

The time delay relays do not actuate until an electronically timed
period has elapsed after actuating power 1s applied. The contacts of
these units return to the normal (tripped) position and the timing
Circuit resets when power 1s removed from the actuating coil.

The TEST FIRE CIRCUIT and the (quarded) PUSH TQ EXTING FIRE
switch-11tes are momentary devices which 11luminate when activated
(The PUSH TO EXTING FIRE switch-lite will illuminate 1f the fire
bottle 15 detonated automatically or by manual selection.)

‘M STEWARD DAVIS 4/82
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A Fire Control Circutt

The fire control circuit consists of the three fire detectors
connected 1n parallel, a fire lockout relay {FLO), time delay
relay {TD) and the fire extinguisher circuit When a fire
detector closes, power from the APU battery bus 15 applied to
the FLO co11, the FIRE warning Tight and to the alarm horns
Thi1s causes the relay to actuate, the warning light to come on
and the horns to sound Actuation of the fire lockout

relay performs the following functions

5. OPERATION
(1)
(a)
(b}
(c)
(d)
49-00-26

Page 4

One set of FLO contacts open to remove power from the

master relay (MR) coil causing 1t to move to the normal
(tripped) position One set of MR contacts open to remove
power from the enaine fuel solenord valve to shut down the
engine (ne set of normally closed contacts of the MR apply
power to the close co1l of the APU exhaust door actuator to
close the exhaust door (One set of MR contacts open to
1nterrupt power to the fuel boost relay (FBR) causing 1t to
trip. When the FBR trips, power 15 removed from the fuel
supply solenoid shutoff valve and the fuel boost pump causing
the valve to close and the boost pump to step running.

One set of the FLO contacts close to apply power to the FLO
(self-locking circuit) and time delay relay (TD) coi1ls, and
to a set of normally open contacts of the TD  After 20
seconds the TD actuates to apply power from the FLO to the
fire extinguisher circuits to detonate the fire bottle dis-
charge plug This releases the extinguishing agent into
the APU housing and causes the PUSH TO EXTING FIRE switch-
T1te to 11luminate

NOTE- The FIRE circurt breaker on the APU battery
bus must be opened to 1nterrupt power to the
self-locking circurt of the fire-lockout
relay (FLO) to reset the fire control cir-
cult after 1t 15 actuated by a fire detector

One set of FLO contacts apply generator control unit (GCU)
power to the trip coi1l of the generator f1eld control relay
to eliminate the APU generator as a possible source of
1gnition for the fire This action will also trip the APU
generator breaker to disconnect the generator from 1ts
Toad. (The GEN TRIPPED switch-l1i1te w11l come on and the
GEN ON BUS light will go off when this action occurs )

One set of FLO contacts open to remove power from the TEST
FIRE CIRCUIT switch-Tite to assure that 1nadvertant
actuation of the switch will not open the circuilt to the
fire extinguisher bottle detonator and prevent the dis-
charge of the fire extinguishing agent

4/82
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To summarize, the following actions occur when a fire detector

closes and actuates the fire circuit

(a)
{b)

Fire

(1)

4/82

SN REV.

FIRE 11ght comes on

Alarm horns sound

1) Flight engineer's station

2} Main landing gear wheel well

Fire Tockout relay actuates.

1) Control power toc master relay 15 1nterrupted
a) APU engine shuts down
b) APU exhaust door closes

c) Fuel boost relay trips to remove power from fuel
supply solenoid valve and fuel supply boost pump

2) A self-locking circuirt to the FLO 1s completed and power
15 applied to time delay relay (TD)

a) After 20 seconds, the TD applies power to the fire
bottle detonator circutt to release the fire ex-
tinguishing agent  (PUSH TO EXTING FIRE switch-lite
11luminates )

3) Control power 1s applied to the trip circuit of the
generator field control relay

a) GEN TRIPPED switch-11te comes on

b) GEN ON BUS light goes out (2f on)
4) Control circult to TEST FIRE CIRCUIT switch-lite 15 1interrupted
Test Circuit

The fire test circuit consists of a test relay (TR), a fire warn-
1ng test relay (FWT), a test time delay relay {TTD) and a press
type momentary action TEST FIRE CIRCUIT switch-11te on the APU
control panel The circuit 1s energized by power from the APU
battery bus through normally closed contacts of the fire-lockout
relay when the TEST FIRE CIRCUIT switch-1ite 1s pressed. Mom-
entary closure of the switch-11te applies power to close the TR
to perform the following functions

49-00-26

Dec 1/89 Page 5
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(a) One set of NC contacts open to interrupt the circuic to the
detonator of the fire extinguisher disec.

NOTE. This action prevents the release of the fire
extinguishing agent, automatically andfor man-
vally, and fire protection is lost for the fire

circuit test period of approximately 30 seconds
duracion,

(b) One set of NO contacts close in the power circuit to the
test time delay relay (TTID). Power is not available to the

clrcult and no actiocn occurs until the time delay relay (TD)
actuates.

(c) One set of NO contacts applies power to two parallel circuits.

1) One circuit 11luminates the TEST FIRE CIRCUIT switch-T1te
to indicate that the test has been energized and that the
fire extinguisher detonator circuit 1s de-activated.

2) The second circuit, through NC contacts of the time
delay relay (TD), applies holding power to the test
relay (TR) and actuates the fire warning test relay (FWT).

(2)  Actuation of the fire warning test relay (FWT) simulates the
closure of a fire detector and power 1s applied to the fire
warning horns at the F/E station and in the main gear wheel
well, to the FIRE horn CUTOUT switch-11te on the APU control

panel, and to actuate the fire lockout relay (FLO) because a ground
1s available throush NC contacts of the test time delay relay (TTD).

(3) Actuation of the fire lock relay actuates the same seguence of
events as described in paragraph 5A, Fire Control Circuit.

(a) FIRE HORN CUTOUT switch-1ite comes on.

{b) Alarm horns sound.
{c) Master relay trips.
1) APU exhaust door closes.
2} Fuel boost relay trips.
a) TFuel supply solenoid valves closes

b) Fuel supply boost pump stops running.

19-00-26 MM STEWARD DAVIS 4/82
’age 6 SN REV. Dec 1/89
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(d) After 20 seconds

1) PUSH TO EXTING FIRE switch-11te comes on

*2) FIRE HORN CUTOUT switch-11te goes out

~

*3) Test time delay réﬁay 1s energized

(e) After 10 seconds (total time 30 seconds)

1) PUSH TO EXTING FIRE switch-11te goes out

2) TEST FIRE CIRCUIT switch-11te goes out

Manual Extinguish Circutt

(1)

4/82

The manual extinguish circuit applies power from the APU battery
bus to the fire extinguisher detonator circuit by manual actua-
tion of the PUSH TO EXTING FIRE switch-11te A second set of
contacts 1n the PUSH TO EXTING FIRE switch-11te applies GCU power
to trip the APU generator breaker and field control relay The
MASTER switch-11te should be manually actuated to open the master
relay and thereby stop the APU and close the APU exhaust door,
approximately 20 seconds prior to pressing the PUSH TO EXTING FIRE
switch-11te

MOTE These actions only occur during fire circuirt test

MM STEWaRD DAVIS
49-00-26

SE REV. Dec 1/89- Page 7
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EFFECTIVITY RTCA LX-N18997 LX-N20000

APU FIRE DETECTION AND GUISHING SYSTEM
DESCRIPTION PERATION

1 GENERAL

A The APU fire detection and extingwishing system provides the means to detect and
automatically smother a fire within the APU housing with fire exingwishung agent
Fire warning 1s provided by a light on the APU control panel and by alarm homns
located at the flight engineer’s station and 1n the nght mamn gear wheel well

B The system consists of three fire detectors, a fire extingwisher bottle with discharge
fitings and tubing, and control circwtry

C  The control of the APU fire detection and extinguishing system consists of fire contro}
and fire test circuits, plus TEST FIRE CIRCUIT and PUSH TO EXTING FIRE
switch-Iites on the APU control panel When energized by the closure of a fire

- detector, the fire control circuit activates the FIRE BELL CUTOUT light, the alarm
horns, shuts down the APU engine immediately and automatically discharges the fire
extinguisher bottle after a delay period which allows the APU exhaust door to close
The fire test circuut provides for testing the fire control circuut at any time by actuating
the TEST FIRE CIRCUIT switch The PUSH TO EXTING FIRE switch-lite provides
for manual application of power to the detonator circuit of the fire extngwisher bottle
to release the exungwishung agent 1f automatic discharge should not occur

D The control circuitry of the fire detection and extinguishing system receives power
durectly from the APU battery bus through the FIRE circuit breaker This assures
power to the control circuits at all umes, 1o flight or on the ground, no matter what
position the APU BATTERY switch 1s 1n

2 APU FIRE DETECTORS

A The APU fire detectors are probe type thermal switches that close when they are
exposed to excessive temperature Three detectors are located 1 the APU housimg,
one above the engme accessory section, ome adjacent to the engine combustion
chamber and one adjacent to the right hand side engme mount.

3 APU FIRE EXTINGUISHER BOTTLE AND FITTINGS

A A sphenical steel bottle of Freon 1s mounted on the ceiling of the aft baggage
Compartment adjacent to the APU housing The bottle 1s filled with 3 O pounds of
Freon and charged with dry mtrogen at about 600 PSI A pressure gauge, a discharge
Plug and a safety discharge connections are provided on the bottle

Ref.: MM STEWARD-DAVIS 49-00-27
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B. The pressure gauge is visible from the baggage compartment only

C. The discharge plug 15 sealed with a frangible disc combmed with an explosive charge
which 1s electnically detonated to discharge the fire extinguisher bottle

D Tubing leads from the safety discharge connection on the bottle to the lower body
surface where it is capped with a red indicating disc  If the temperature rises above
266 (+15) degrees Fahrenheit, the disc will blow out, dumping the gas charge
overboard and indicating that the bottle has discharged The disc should be checked
duning the preflight walk-around 1nspection

E When the bottle dlsch.a:ge plug 1s detonated, gas pressure operates a plunger to knock
out a yellow mdicator disc, adjacent to the red disc on the lower body, mdicating that
a discharge has occurred.

F The fire extingwisher bottle discharge Iine 15 a flexible steel tubing that connects the
discharge plug to the APU housing A baffle withun the APU housing directs the
Freon gas to all areas of the housing and prevents the gas from impmging directly on
the engine control tubing and winng.

CONTROI CIRCUIT COMPONENTS

A The control circuit of the fire detection and extinguishing system consists of relays,
time delay relays, switches and annunciator lights The relays and tume delay relays
provide sequential control of desired functions and are interlocked to obtamn necessary
protective features

B The relays are standard, single coil, units whose contacts return to the normal (tripped)
position when power 1s removed from the actuating coil

C The tme delay relays do not actuate until an electromcally tumed period has elapsed
after actuating power 1s apphied The contacts of these units return to the normal
(tnpped) posttion and the tuming circwit resets when power 15 removed from the
actuating coil

D The TEST FIRE CIRCUIT and the (guarded) PUSH TO EXTING FIRE switch-lites
are momentary devices which illuminate when activated (THE PUSH TO EXTING
FIRE switch-lte will 1luminate 1f the fire bottle 15 detonated automatically or by
manua] selection ) -

Ref MM STEWARD-DAVIS
27
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(blank)
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5 OPERATION

A

49-00-27
Page 4

Fire Control Circuit

(1) The fire control circuit consists of the three fire detectors connected in
parallel, a fire lockout relay (FLO), tume delay relay (TD) and the fire
extinguisher circmit  When a fire detector closes, power from the APU
battery bus 1s applied to the FLO coil, the FIRE warning hght and to the
alarm horns This causes the relay to actuate, the warning light to come on
and the horns to sound Actuation of the fire Jockout relay performs the
following functions

(a) One set of FLO contacts open to remove power from the master
relay (MR) coil causing 1t to move to the normal (tripped)
position  One set of MR contacts open to remove power from the
engme fuel solenoid valve to shut down the engine One set of
normally closed contacts of the MR contacts open to mterrupt
power to the fuel boost relay (FAR) causing 1t to trip  When the
FAR tnips, power 1s removed from the fuel supply solenoid
shutoff valve and the fuel boost pump causmng the valve to close
and the boost pump to stop runnng

(b) One set of the FLO contacts close to apply power to the FLO
(self-locking circunt) and tune delay relay (TD) couls, and to a set
of normally open contacts of TD  After 20 seconds the TD
actuates to apply power from the FLO to the fire extinguisher
circuits to detonate the fire bottle discharge plug This releases
the extinguishing agent into the APU housing and causes the
PUSH TO EXTING FIRE switchlite to lluminate

NOTE The FIRE circuit breaker on the APU bartery
bus must be opened to interrupt power to the
self-locking circurt of the fire-lockout relay
(FLO) to reset the fire control circuit after 1t
1s actuated by a fire detector

(c) One set of FLO contacts apply generator control umt (GCU)
power to the trip coil of the generator field control relay to
eliminate the APU generator as a possible source of 1gmuon for
the fire This action will also trip the APU generator breaker to
disconnect the generator from its load. (The GEN TRIPPED
switch-hite will come on and the GEN ON BUS hight will go off
when this action occurs.)

(d) One set of FLO contacts open to remove power from the TEST
FIRE CIRCUIT switch-lite to assure that madvertent actuation of
the switch wall not open the circuit to the fire extngmsher bottle
detonator and prevent the discharge of the fire extinguishing
agent.

Ref, MM STEWARD-DAVIS
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(2) To summanze, the following actions occur when a fire detector closes and
actuates the fire circuit:

(a) FIRE light comes on
(b) Alarm horns sound
1) Fhght engineer’s station.
2) Mam landing gear wheel well
(¢) Fire lockout relay actuates.
1) Control power to master relay 1s mterrupted
a) APU engine shuts down.
b) APU exhaust door closes

c) Fuel boost relay tnips to remove power from fuel
supply solenoid valve and fuel supply boost

pump

2) A self-locking circuit to the FLO 1s completed and power
1s applied to tume delay relay (TD)

a) After 20 seconds, the TD apphies power to the
fire bottle detonator circuit to release the fire
extngwshing agent (PUSH TO EXTING FIRE
switch-lite 1llummates )

3) Control power is applied to the trnip circurt of the generator
field control relay

a) GEN TRIPPED switch-lite comes on
b) GEN ON BUS light goes out (if on)
4} Control circuit to TEST FIRE CIRCUIT swatch-lite 15 mterrupted
B Fire Test Circuit

(1) The fire test circuit consists of a test relay (TR), a fire warming test relay
(FWT), a test ime delay relay (TTD) and a press type momentary action
TEST FIRE CIRCUIT switch-lite on the APU control panel. The circuit
1s energized by power from the APU battery bus through normally closed
contacts of the fire-lockout relay when the TEST FIRE CIRCUIT switch-
lite 15 pressed  Momentary closure of the switch-lite 2pplies power to close
the TR to perform the following functions

Ref MM STEWARD=-DAVIS 49-00-27

SN REV Jul 31}"99 Page g
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(2) One set of NC contacts open to interrupt the crcuit to the
detonator of the fire extinguisher disc

NOTE: This action prevents the release of the fire
extingwishung agent, automatically and/or
manually, and fire protection is lost for the
fire circuit test pennod of approximately 30
seconds duration

(b) One set of NO contacts close 1n the power circuit to the test tume
delay relay (TTD) Power is not available to the circut and no
action occurs until the time delay relay (TD) actuates

(c) One set of NO contacts applies power to two parallel circuits

1) One circurt lluminates the TEST FIRE CIRCUIT switch-
Iite to indicate that the test has been energized and that the
fire extinguisher detonator cireuit 1s de-activated

2) The second circust, through NC contacts of the time delay
relay (TD), applies holding power to the test relay (TR)
and actuates the fire warnung test relay (FWT)

(2) Actuation of the fire warning test relay (FWT) sumulates the closure of the
fire detector and power 1s applied to the fire warmng horns at the F/E
station and 1n the main gear wheel well, to the FIRE horn CUTOUT
switch-lite on the APU contro! panel, and to actuate the fire lockout relay
(FLO) because a ground 1s available through NC contacts of the test tune
delay relay (TTD)

(3) Actuation of the fire lock relay actuates the same sequence of events as
descnibed 1n paragraph 5A, Fire Control Circuit.

(a) FIRE HORN CUTOUT switch-lite comes on
(b) Alarm horns sound
(¢) Master relay trips
1) APU exhaust door closes -
2) Fuel boost relay trps
a) Fuel supply solenoid valves closes.

b) Fuel supply boost pump stops runmng.

Ref : MM STEWARD-DAVIS
49-00-27
Page 6 SN REV Jul 31/99
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(d) After 20 seconds
1) PUSH TO EXTING FIRE switch-lite comes on.

*2) FIRE HORN CUTOUT switch-lite goes out
*3) Test tune delay relay 1s energized

(e) After 10 seconds (total tume 30 seconds)
1) PUSH TO EXTING FIRE switch-lite goes out
2) TEST FIRE CIRCUIT switch-lite goes out

C Manual Exunguish Circunt

(1) The manual extinguish circuit applies power from the APU battery bus to
the fire extingwisher detonator circuit by manual actuation of the PUSH TO
EXTING FIRE switch-lite A second set of contacts m the PUSH TO
EXTING FIRE switch-lite applies GCU power to trip the APU generator
breaker and field control relay The MASTER switch-lite should be
manually actuated to open the master relay and thereby stop the APU and
close the APU exhaust door, approximately 20 seconds prior to pressing the
PUSH TO EXTING FIRE switch-fite

*NOTE These actions only occur dunng fire circuut test

Ref MM STEWARD-DAVIS 49
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APU - AIRPLANE PNEUAMTIC SYSTEM INTERFACE
EFFECTIVITY TCA LX-N20198 LX-N20199

GENERAL

A.

4/82
SN R

The airplane pneumatic system normally supplies high temperature
compressed air for cabin airconditioning, main engine starting and
for cabin pressurization in flight.

The airplane pneumatic system consists, 1n part, of left and right
wing mani1folds connected across the fuselage by a crossover duct
The APU pneumatic system interfaces with the airplane pneumatic
system at the crossover duct, and consists of one flapper-type
check valve, bleed air manifold, APU bleed air duct, and transi-
tion duct.

The flapper-type check valve prevent the reverse flow of compressed
ai1r through the APU from the main engines.

The APU bleed air duct carries the APU output from the Sta. 960 buik-
head to the Sta 600K pressure bulkhead through the left hand side
of the airplane keel beam i1n a 5-inch diameter, stainless steel,
duct. (Warm air to the aft cabin was previously routed through this
area of the keel beam in an airconditioning system duct. This warm
air 1s now carried aft 1n a duct above the cabin ceiling )

The transition duct is a 5-inch stainiess steel duct that carries the
APU bleed air output from the Sta. 600K bulkhead to connect with the

airplane crossover duct.

49-00-36
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APU - LANE PNEUMATIC SYSTEM INTE
EFFECTIVITY RTCA LX-N19997 LX-N20000

The airplane pneumatic system normaily supplies hugh temperature

FACE

compressed air for

cabwn awrcondiioning, mam engme starting and for cabin pressurization in flight.

The awrplane pneumatic system consists, 1n parts, of left and ri
connected across the fuselage by a crossover duct The APU

ht wing manifolds
pneumatic system

interfaces with the airplane preumatic systern at the crossover duct, and consists of
one flapper-type check valve, bleed air manifold, APU bleed awr duct, and transition

duct

The flapper-type check valve prevent the reverse flow of compressed air through the

APU from the main engines

The APU bleed air duct carnes the APU output from the Sta 960
600K pressure bulkhead through the left had side of the airplane ke
diameter, stamless steel, duct (Warm air to the aft cabin was
through thus area of the keel beam mn an airconditionung system

bulkhead to the Sta

el beam 1n a 5-inch
previously routed
ct. This warm air

1s now carmed aft 1n a duct above the cabin ceiling )

The transition duct 15 a 5-1nch stainless steel duct that carmes the
from the Sta 660K bulkhead to connect with the aurplane crosso

Ref MM STEWARD-DAVIS
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APU POWERPLANT (MODULE)

DESCRIPTION AND OPERATION

GENERAL

CTIVITY TCA

A. The APU module provides a "quick-change" package containing an APU

engine, engine accessories and ac generator, plus necess
wiring and control components all enclosed in a pressurg
proof, 1nsulated housing.

B. The APU module housing provides quick-disconnects for al
and electric cables. Air intake and exhaust ducting are
the housing through Marman type clamps to expedite the 7
installation of the module 1n the cargo compartment. Py
made 1n the upper housing for instaliing hardware to 11
and move it to and from the aft cargo door.

4/82
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EFFECTIVITY TCA LX-N20198 [L[X-N20199

l, Genexal

A. The following procedure 1s applicable to the Removal/Lnstallation of the

APU on the airplane in the aft lower cargo compartmen
2. Equiopment
& Hoist - P/N 50072-1
B. Rail - P/N 76239-1
C Transporter Dolly
D. Torgquemeter
E. Lifting Eye
3 Bemove APU from Aff lower Cargo Compartment
A. On flight deck electraical eguipment
(1) Pull out all APU circuit breakers, including GEN

(2) Pull ocut APU MAIN BATTERY circuit breaker, BATTER
clrcuit breakers.

{3) Position APU START switch to OFF and place tag "W
OPERATE APU".

B Remove gooling air duct

C. Disconnect electrical connectors Jl6, J18, J19 and J24.

D Disconnect 01l Quantity Indicator wire bundle.
E. Disconnect fire extinguisher hose.

F. Disconnect drain from shroud

G Remove exhaust pipe and support link

H. Remove APU air inlet duct.

SN REV Jul 31/99
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I Disconnect APU breather hose and vent line from oil tank.
J Remove vent line and oil line to tank.
K. Remove fuel inlet and vent line. .
L. Remove oil to engine hose.
M. Drain o1l tank and remove oil tank. -
N. Remove air pressure duct, load control wvalve and pressure sensing line,
C Install rail, hoist with two spacers and lafting eye.
P. Remove the four support module attaching bolts, spacers and nuts
Q. Remove APU from aircraft lower aft cargo compartment.
R Install APU on transporter dolly
4 Install APU an Aft Tower Cargg Compartment
A Prepare APU for installation
(1) Visually inspect APU prior to installaticn in housing

{2) Install APU shock mount supports 1in lower housing section
Torque bolts to a value of 150 *10 lbs/inch.

{3) Install and attach all clamps, cooling air inlet duct coupling,
all connecters, cooling air exhaust and quick disconnects.

(4) Check silicone rubber sealant on housing sections for good conditien
Repair or replace if necessary using-RIVB8 silicone rubber (red)
sealant

NOTE Sealant RTV732 may be used as an alternate.
(3} Visually inspect for cleanliness and forgotten tools

(6) Close APU engine housings (upper housing section, combustion chamber
housing, front and rear housing sections) (See 49~10-0 Descraption/
Operation - Figure 1).

(7) Tighten bolts and nuts to a torgque value .of 55 %5 lbs/inch

49-10-0 SN REV Mar 1/92
Page 402
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Install APU in Aft Lower Cargo Compartment

(1) 'Install APU module and support on frame

{2) 'Install and torque the four attaching bolts,| spacers and nuts teo a

{3
(4)
(3)
(6)
"
{8)
(93
(10)
(11}

{12)

{13)
(14)

{15)

(16)

C On flight deck electrical equipment

(1)

{2)

(3

torque value of 200 to 260 lbs/inch

Remove lifting eye, hoist with two spacers and rail

Install APU exhaust pipe and support link
Install APU air inlet duct
Reconnect drain to shroud

Reconnect fire extinguisher hose

Reconnect oll breather hose and vent line to o1l tank

Reconnect o1l drain line
Install fuel inlet and vent line

Install o1l line to enginz hose

Install air pressure duct, load control valre and pressure

sensing line

Install oll tank and £i11]l with o¢1l (MOBIL JFT II}

Install coeclaing air duct

Reconnect electrical connectors J16, J18, J19, J20 and install

safety wire

Reconnect oil guantity indicator wire bundle

breaker

Close all APU carcuit breakers including GTN CONTRQL Panel circuit

Close APU MAIN BATTERY c¢ircuit breaker, BATTERY CHARGE and VOLTMETER

circult breakers

Remove warning tag from APU START switch

SN REV Mar 1/92
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APU POWER PLANT DULE

ESCRIPTION AND OPERATION
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A The APU module provides a "quick-change” package contammpg an APU engine,
engine accessories and ac generator, plus necessary plumbing, winng and control
components all enclosed 1n a pressure-tight, fireproof, insulated housing

B The APU module housing provides quick-disconnects for all fluid lines and electric
cables Aur intake and exhaust ducting are connected to the housing through Marman
type clamps to expedite the removal mstallation of the module n the cargo
compartment Provisions are made 1n the upper housing for installing hardware to hft
the module and move 1t to and from the aft cargo door

Ref + MM STEWARD-DAVIS 49-10-1
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EFFECTIVITY RTCA LX-N19997 LX-N20000

T - T,

1 Geperal

L

TION

A. The following procedure is applicable to the Removal/Installation of the
APU on the airplane in the aft lower cargo compartment.

2. Equipment
A. Holst - P/N 90072-1
B Raill - P/N 76239-1
C. Transporter Dally
D. Torquemeter
E. Lifting Eye
3. BRemove API from Aft Lower Cargo Comparrment

A On £flight deck electrical equipment :

(1) Pull out all APU circuit breakers, including GEN CONTROL Panel breaker.

{2) Pull out APU MAIN BATTERY circuit breakesr,

circult breakers.

{3} Position APU START switch to QOFF and place tag

QPERATE APU™.

B. Remove cooling air duct,

€. Disconnect electrical connectors J16, J18, J19 and |

D. Disconnect 01l Quantity Indicator wire bundle.
E. Disconnect firze extinguisher hose.

F. Disconnect drain from shzoud.

G. Remove exhaust pipe and support link.

H. Remove APU ailr inlet duct.

SN REV Jul 31/99
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I. Disconnect APU breather hose and vent line from oil tank.

J. Remove vent line and oil line to tank.

K. Remove fuel inlet and vent line.

L. Remove 01l tco engine hose

M Drain oil tank and remove o1l tank

N Remove airr pressure duct, load control valwve and pressure sensing line

Q. Install rail, hoist with two spacers and lifting eye.

P Remove the four support medule attaching bolts, spacers and nuts

Q PRemove ARU from aircraft lower aft cargo compartment

R. Install ARPU on transporter dolly

4 1

£ [-1 - t

A Prepare APU for installation

1)

{2)

(3

(4)

(3

{6)

(7}

49-10-1
Page 402

Visually inspect APU prier to installation in housing

Install APU shock mount supports in lower housing section
Torque belts to a value of 150 10 lbs/inch.

Install and attach all clamps, cooling air inlet duct coupling,
all connectors, cooling air exhaust and quick discennects.

Check silicone zubber sealant on housing sections for good condition.
Repair or raeplace if necessary using RTVS8 silicone rubber (red)
sealant.

NQTE . Sealant RIV732 may be used as an alternate.

Visually inspect for cleanliness and forgotten tools.

Close APU engine housings (upper housing section, combustion chamber
housing, £ront and rear housing sections).(See 49-10-0 Description/
Operation - Figure 1).

Tighten bolts and nuts to a torque value of 55 =5 lbs/inch.

SN REV Jul 31/99
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B. Install APU in Aft Lower Cargo Compariment.

(1)

{2)

(3)
{4)
(S)
(6)
(7
{9}
(9}
(10)
{11)

(12)

(13)
{14)

(15)

(16)

Install APU module and support on frame.

Install and torque the four attaching bolkts, spacers and nuts to a

tozrque value of 200 to 260 Lbs/inch

Remove lifting eye, hoist with two spacers and raill.

Install APU exhaust pipe and support link.
Install APU air inlet duct
Reconnect drain to shroud.

Reconnect fire extinguisher hose

Reconnect o1l breather hose and vent line te oil tank

Reconnect o1l draxin line.
Install fuel inlet and wvent line

Install o1l line to engine hose.

Install a2ir pressure duct, lecad control valve and pressure

sensing line.

Install oil tank and £4111 with oil (MOBIL JET II).

Install cooling air duct.

Reconnect electrical connectors Jl6, J18, J19,
safety wire.

Reconnect oil quantity indicator wire bundle.

C On flight deck electrical equipment :

(1)

(2)

(3)

SN REV Jul

J20 and install

Close all APU circuit breakers fincluding GEN CONTROL Panel circuic

breaker

Close APU MAIN BATTERY circuit breaker, BATTERY CHARGE and VOLTMETER

circult breakers,

Remove warning tag from APU START switch.

31/99

45-10-1
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APU ENGINE HOUSING EFFECTIVITY TCA LX-N20198
LX-N20199

DESCRIPTION AND OPERATION

1. GENERAL

A.

P

-

The APU engine housing provides a close fitting, pressure-tight,
fireproof enclosure for the APU engine, engine aeccessories and the
AC electrical generator. The housing consists of four stainless
steel 'sections; lower, upper, accessory cover and combusticon chamber
cover. Each housing section is lined with a 1/8-inch thick layer of
silicone rubber foam to provide noise and thermal insulation during
normal operation of the APU engine., If a fire should occur within
the engine housing the increased temperature will cause the silicone
rubber foam to expand and provide increased thermal insulation of
the houwsing.

The accessory sectlon and combustion chamber covers of the housing
provide access to the APU engine for maintenance and for component
replacenenc,

T 2. LOWER HOUSING

A.

The lower housing section encloses the lower portion (approximately
half) of the APU and extends from the APU exhaust to the generator
mounting flange. The housing provides the isolation mounts for the
APU engine and the structure for atraching to the APU base. The
generator end of the housing is flanged to form the lower portioen
of the accessory cover attachment, Mating flanges are provided for
clamping the engine intake air, exhaust gas and pneumatic ducts to
the housing. Electrical connecters and quick-disconnects are pro-
vided for all fluid lines to expedite the installation and removal
of the APU in the aft baggage compartment.

3. UPPER HOUSING

A.

4/82

The upper housing section encloses the upper portion of the APU and
extends from the APU exhaust to the generator mounting flange. A
large flanged hole is provided near the exhaust end of the housing
for access to the engine combustion chamber. The generator end of
the housing is flanged to provide a mating surface for the upper
portion of the accessory cover.

49-11-01
Page 1
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-
B. A strongback, on the longitudinal centerliine inside of the '-*T>
upper housing, contains a threaded fitting for 1nserting an
eyebolt for 11fting the APU during nstallation and removal
External circumferential ribs carry the load from the strongback
down to the upper housing mounting flange.

4. COMBUSTOR CHAMBER COVER

A The combustor chamber cover 1s an 1nverted dish-shaped cover
bolted to the upper housing. Removal of this cover provides
access to the igniter plug and the combustion chamber. .

5. ACCESSORY COVER

A. The accessory cover 1s a large tub-shaped, flanged, component
bolted to the upper and lower housings. Removal of this cover LA
provides access to the hourmeter, AC electrical generator, engine
fuel pump and control unit.

B. The accessory cooling air intake duct coupling s clamped to
this cover for quick remgval and 1nstatlation

T~

. 43-11-01 MM STEWARD DAVIS

Page 2 ' 1/81
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APU Combustion Chamber

" Figure 2 '
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APU ACCESSORY COVER
FIGURE 3

MM STEWARD DAVIS
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ENG USIN
D ON AND OPE N
EFFECTIVITY RTCA LX-N19997 LX-N20000

GENERAL

A The APU engme housing provides a close fitting, pressure-tight, fireproof enclosure
for the APU engine, engine accessones and the AC electncal geneator The housing
consists of four stainless steel secions  lower, upper, accessory cover and combustion
chamber cover Each housing section 1s lined with a 1/8-inch thick layer of silicone
rubber foam to provide noise and thermal wnsulation during normal operation of the
APU engmme If a fire should occur withun the engine housing the increased
temperature will cause the silicone rubber foam to expand and provide mcreased
thermal msulation of the housing

B The accessory section and combustion chamber covers the housing provide access to
the APU engine for mawntenance and for component replacement.

LOWER HOUSING

A The lower housing section encloses the lower portion (approxumately hallf) of the APU
and extends from the APU exhaust to the generator mounting flange The houswmng
provides the 1solation mounts for the APU engine and the structure for attaching to the
APU base The generator end of the housing 1s flanged to form the lower portion of
the accessory cover attachment Mating flanges are provided for clamp:ing the engine
intake air, exhaust gas and pneumatic ducts to the housing  Electrical connectors and
quick disconnects and provided for all flud lmes to expedite the installation and
removal of the APU 1n the aft baggage compartment

UPPER HOUSING

A The upper housmng section encloses the upper portion of the APU and extends from
the APU exhaust to the generator mounting flange A large flanged hose 15 provided
near the exhaust end of the housing for access to the engine combustion chamber The
generator end of the housing 1s flanged to provide a mating surface for the upper
portion of the accessory cover

49-11-02

Ref. MM STEWARD-DAVIS
Page 1
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B. A strongback, on the longitudinal centerhine inside of the upper housing, contains a
threaded fithng for wmnserting an eyebolt for lifting the APU during installation and
removal External circumferential nbs carry the load from the strongback down to the
upper housing mounting flange. -

4. COMBUSTOR CHAMBER COVER

A The combustor chamber cover is an inverted dish-shaped cover bolted to the upper
housing Removal of this cover provides access to the igniter plug and combustion
chamber

5 ACCESSORY COVER

A The accessory cover is a large tub-shaped, flanged, component bolted to the upper and
lower housmgs Removal of this cover provides access to the hourmeter, AC
electrical generator, engine fuel pump and control umt

B The accessory coolingg air intake duct coupling 1s clamped to this cover for quick
removal and installation

Ref MM STEWARD-DAVIS
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APU COMBUSTION CHAMBER
FIGURE 2

- T T a
s .
4 rEt

-

-

R S
|

Ref.: MM STEWARD-DAVIS
49-11-02 -

Page 4 SN REV Jul 31/99



BOosing / x;?
a.&m:aw'mh()i

MAINTENANCE MANUAL

APU ACCESSORY COVER
FIGURE 3

Ref MM STEWARD-DAVIS 49-11-02
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APU ENGINE

DESCRIPTION AND OPERATION
EFFECTIVITY TCALX-N20198 LX-N20199

GENERAL

A.

The pneumatic and shaft power gas turbine engine is a self-contained
power source. Engine power is developed through compression of
ambient air by a two-stage compressor. The compressed air, mixed
with fuel and ignited, drives a radial inward-flow turbine wheel.
The rotating shaft power of the turbine wheel drives the compressor,
the accessories, and the output drive shaft.

COMPRESSOR AND TURBINE SECTION

A.

The compressor and turbine section develops the pneumatic and shaft
power absorbed during operation of the engine. The section consists
of a2 two-stage centrifugal compressor and a single-stage turbine
wheel assembly rotating on a commen shaft. The compressor 1is en-
closed by a compressor inlet plenum assembly. The first and second
stage compressor lmpellers are pneumatically connected through inter-
stage ducts. The turbine plenum assembly encloses the turbine com-
ponents and pruvides a recelver for compressed zir from the com-
pressor discharge housing. A combustion chamber liner assembly
provides a combustion area and is perforated to provide the correct
air-to-fuel mixture and burning rate. A turbine torus assembly
directs combustion products to a turbine nozzle assembly which en-
compasses the turbine wheel blades. A shroud encloses the turbine
wheel blades and directs the exhaust gases to che turbine exhaust
pipe. (Figure 2 {llustrates a combined cross sectional view with
airflow schematic and a view of common accessory mounting pads.)

ACCESSORY SECTION

A.

The accessory gearcase section consists of a gearcase assembly and
the following engine accessories: fuel pump and control unit, oil
pump assembly, centrifugal switch assembly, electrical starter, tach-
ometer generator and cooling air fan.

The gearcase assembly encleoses a reduction gear system. A torsion
shaft couples the compressor turbine main shafr to the main drive
gear in the gearcase assembly. The main drive gear transmits power
through the reduction gear system to drive the accessories at the
required speed for each accessory. The arrangement of the accessory
gear train permits the starter to drive all the accessories in add-
ition to driving the compressor impellers and turbine wheel during
engine starting.

MM STEWARD DAVIS 49-20-01
Page 1

SN REV Jul 31/99
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4. QPERATION

A. The engine incorporates control componants in the fuel, air, and
electrical systems which automaticslly control engine functions and
maintain required engine speed and safe temperature from initiation
of start through operation at full load.

When the starter is energized, the rotating starter drive pawls en-
gage a jaw in the accessory gearcase and start driving the gear
train. The gear train drives the compressor and turbine rotating
parts, the oil pump assembly and the fuel control unit, and the cen-
trifugal switch assembly. The low oil pressure switch electrical
circuit remains normally closed.

As the compressor and turbine rotating parts start turning, ambient
air is drawn through the inlet into the compressor section. The

air is compressed by the compressor first-stage imbeller. then passed
through interstage ducts to the compressor secand-stage impeller for
further compression. The compressed air is discharged into a vaned
de-swirl assembly and from there i3 directed into the turbine plenum.
(Clean bleed-air may be withdrawn froam an outlert in the plenmum through
a2 bleed-air load control valve when the engine reaches governed
speced.) Trom the turbine plenum the compressed air enters the com-
bustion chamber.

When engine speed reaches its required value, rising oil pressure
actuates the scquencing oll pressure switch, which completes a cir-
cuit to the fuyel solencid valve and to the ignitien unit, The fuel
solencid valve is energized to open to permit fuel flow to the fuel
atomizer assembly. The fuel atomizer assembly sprays fuel of proper
pattern and flow into the combustion chamber where the fuel and com-
pressed air mix, The ignition unit causes the igniter plug to ignite
the fuel and air mixture in the combustion chamber.

Combustion increases the energy content of the air-fuel mixture. The
gases flow inte the turbine torus asssmbly and through the turbina
nozzle assembly to the blades of the turbine wheel. The spent gases
are discharged through the turbine exhaust. A portion of the power
developed at the turbine wheel is used to drive the compressor impel-
lers, the accessory gear train, and the driven accessories. The
remainder of the power is available for output shaft power to drive
the generator when mo-load governed speed is attained,

MM STEWARD DAVIS
1/81
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COMBUSTION

CHAMBER
CAP
FUEL
COMBUSTION ATOMIZER
CHAMBER
QI
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AC ELECTRICAL
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GENERATOR SQLENOID
VALVE —
IGHITER
PLUG
TURBI'NE
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FUEL PUMP AND
CONTROL UNIT
STARTER OIL PUMP
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LINE
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GENERATOR COMPRESSOR
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OIL PUMP — OIL PRESSLRE
SWITCH
APU Engine
Figure 2
MM STEWARD DAVIS
49-20-01
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4. cont,

Acceleration of the engine continues through the combined force of
the starter and energy of the hot gases. When engine speed reaches
its required value, the 35 percent switch in the centrifugal switch
assembly opens, which breake a circuit to the starter. Starter rota-
tion ceases and the starter driver pawls disengage from the accessory
gear train. Engine o1l pressure increases until the low oil pressure
switch electrical circuit is opened.

The engine continues to accelerate under turbine power. When engine
speed reaches its required value, the 95 percent switch in the cen-
trifugal switch assembly closes, which opens a circuit to the igni-
tion unit and closes a circuit to the hourmeter, the compressor dis-
charge valve and the speed relay, The igniter plug ceases firing,
and combustion is self-sustaining. The hourmeter starts recording
operating time. Acceleration continues until the no-locad governed
speed 1s reached.

After steady-state no-load governed speed is maintained for one minute,
electrical loads or bleed-air loads may be imposed.

Engine speed and exhaust temperature are automatically controlled
within established limits by metering of fuel by the fuel control unit,

Smooth and proper acceleration is controlled by action of the accelera-
tion limiter valve in the fuel control unit The valve refercnces
compressor ailr discharge pressure to fuel pressure, then pressure-
actuated disphragms operate a poppet valve to bypass more or less

fuel to maintain the required ratio of fuel flow to compressor air
pressure. During starting, when compressor air pressure is insuffi-
cient, the poppet valve 1s restrained from bypassing fuel by an ad-
Justable spring pressure against the actuating diaphragm. The fuel
pressure at which the spring pressure is overcome is the cracking
pressure setting of the fuel control unit.

The turbine discharge temperature is controlled through a single ther-
mostat. During start and eacceleration mode the thermostat controls
the fuel control limiter valve by bleeding off some of the compressor
air through the three-way solenocid valve. When the engine reaches

the 95 percent RPM point the 95 percent switch closes and applies 28
volts DC to the three-way solenoid valve effectively cutting off the
compressed air from the fuel control limiter valve to the single ther-
bostat. With the air control switch closed (pneumatic shutoff (load
control) valve open), the turbine discharge temperature is now con-
trolled by the single thermostat bleeding compressed air through the
three-wvay solenoid valve from the load control valve. As the tempera-
ture rises, more air is bled through the thermostat allowing the butter-
fly valve in the load control valve to close reducing the load on the
engine thereby reducing the turbine discharge temperature.

MM STEWARD DAVIS

49-20-01
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t.

Engine speed is controlled by action of the governor in the fuel con-
trol unit. The flyweight-type governor is driven by the main fuel
pump drive shaft, which in turn, is driven through the accessory gear
train. When engine speed exceeds the preset governed speed, the gov-
ernor flyweights move outward to open a slide valve to bypass fuel
and so decrease engine speed. When engine speed drops, as when load
is applied, the governor flyweights move inward to close the slide
valve to permit greater fuel flow and so increase engine speed.

Engine loading during bleed-air loading or combination shaft and
bleed-air loading 1s automatically controlled within established
limits by modulation of the load control valve butterfly position.

Overloading and consequent excessive turbine discharge temperature

is controlled by action of the control thermostat. I1f turbine das-
charge temperature reaches a preset value, the ball valve in the con-
trol thermostat opens to bleed some of the control air from the load
control valve actuator, which causes the actuator mechanism to move
the valve butterfly toward a more closed position, thus reducing the
load and the discharge temperature. When the temperature is reduced
below the preset value, the control thermostat closes and stops bleed-
ing the control air from the actuator,

The engine is provided with certain safety devices which shut down
the engine in the event of overspeeding, excessively high oil tem-
perature, or loss of oll pressure.

If engine speed starts to exceed governed'speed and governing de-
vices in the fuel control unit have not metered fuel sufficiently to
reduce speed, the flyweight-actuated overspeed switch in the centri-
fugal switech assembly will close, which opens a circuit to the fuel
solenoid valve., When the fuel solenoid valve is de-energized, it
closes and shuts off fuel flew to the combustion chamber. thus stop~
ping the engine.

If engine o0il temperature exceeds a preset value, the high oil tem-
perature thermostatic switch electrical circuit will close, complez-
ing a circuit to a holding relay and warning light, and to the pneu-
matic solenoid‘valve to shutdown the engine,

MM STEWARD DAVIS
1/81
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4. cont.

The engine is stopped by actuation of the normally closed pneumatic
solenocid valve, mounted on the gearcase assembly. The valve is con-
nected on the inlet port side to a compresser air discharge port, and
on the outlet port side to a port on the centrifugal switch assembly
When the solenoid 1s actuated to open pasition, it permits flow of
compressed air into the centrifugal switch assembly As the ailr
pressure in the switch assembly builds up, the switch actuating lever
is forced into contact with the overspeed switch, When the overspeed
switch 1s actuated it opens a circuit to the fuel solenoid valve and
so shuts off fuel flow to the combustion chamber, thus stopping the
engine.

MM STEWARD DAVIS
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APU ENGINE - ADJUSTMEMT/TEST
EFFECTIVITY TCA LX-N20198 LX-N20199

1. GENERAL

The test and adjustment procedures described in this subject shall be
performed by personnel who operate and maintain the equipment in the
field, and can be accomplished with the engine removed or installed.

Perform test and adjustment checks when possible before the engine is
installed in the aircraft. Should any heavy repairs be required, refer
to trouble shooting procedures provided in Engine Trouble Shooting Section.

2. SPECIAL TOOLS

"rﬂ:~ A, Gas Turbine Engine Tester AiResearch 290122-400
' B. Electrical Cable AiResearch 290128-1-1

€C. Pressure Cage and Case Set AlResearch 282645

D. Screwdriver and Wrench Assembly AiResearch 280353]

E. Thermestat Calibrarion Test Set AdResearch 290417-2-1
- (1) Cable Assembly AlResearch 290424-1
~ (Component of 290417-2-1)

(2) Thermocouple Assembly AiResearch 290416-2

(Component of 290417-2-1)

F. Wheatstone Bridge Model 4289-2
Leads and Northrup,

Nerth Wales, PA 19454

MM STEWARD DAVIS
49-20-01

1/81 Page 501
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KEY TO FIGURE S01

1A. OIL OUTPUT PRESSURE CONNECTION (CTCP85-98CK)
2. CONTROL AIR OUTPUT PRESSURE CONNECTION
3. ENGINE WIRING HARNESS RECEPTACLE
4. FUEL OUTPUT PRESSURE CONNECTION
4A. FUEL ATOMIZER HOSE ASSEMBLY
5. REMOTE BULKHEAD RECEPTACLE
6. ELECTRICAL CABLE
7. CONTROL AIR PRESSURE HOSE ASSY
8. FUEL PRESSURE HOSE ASSY
9. OIL PRESSURE HOSE ASSY
10. OVERSPEED TEST STOP SWITCH
1l. TESTER
12, FUEL PRESSURE COUPLING
13, PANEL LIGHT
14. CONTROL AIR PRESSURE COUPLING
15. FUEL PRESSURE GAGE
16. CONTROL AIR PRESSURL GAGE
17. PANEL LICHT SWITCH
18. RECEPTACLE
19. LOW OIL PRESSURE LIGHT (RED)
20. EXHAUST GAS TEMPERATURE SWITCH
21 28 VDC JACK
22. 35 PERCENT LIGHT
23. 95 PERCLNT LIGHT
24. LOAD LIGHT (GREEN)
25. STOP SWITCH
26. START SWITCH
27. LOAD SWITCH
28. EXHAUST TEMPERATURE INDICATOR
29. DC VOLTMETER
30. TACHOMETER INDICATOR
31. OIL PRESSURE GAGE
32. OIL PRESSURE COUPLING
33. NAMEPLATE

MM STEWARD DAVIS
49-20-01
1/81 Page 503
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J. EQUIPMENT CONNECTIONS

A,

49-20-01
Page 504

Connect Tester (290122-400) to tngine

(1) Disconnect engine wiring harness receptacle from the APU housing

(2)

(3)

(43

(5)

(6)

receptacle.

NOTE- Connectors of electrical cable {6) are
identified by aluminum marker bands.

Connect electrical cable (6) as follows®
(a) Install CABLE TO TESTER connector in receptacle (18).

(b) Install ENGINE CONN connector to engine wiring harness
receptacle (3), and install CUSTOMER CABLE connector
on main connector of remote bulkhead receptacle (5).

Remove cap from output fuel pressure connection (4, figure 501)
at fuel control unit, Install fuel pressure hose assembly (8)
an output fuel pressure connection (4). Install other end of
fuel prassure hose assembly on fuel pressure coupling (12).

Remove cap from control air output pressure connection (2) at
fuel control unit. Install control air pressure hose assembly
(7) on control air output pressure connection (2), Install
other end of control air pressure hose assembly on control air
pressure coupling (14),

Remove cap from oil pressure connection (1) at sequencing oil
pressure switch. Install oil pressure hose assembly (9) on

oll pressure connection (1). Install other end of 0ll pressure
hose assembly on oil pressure coupling (32),

Check exhaust gas temperature loop resistance at initial use of
tester as follows:

(a) Remove tester panel attaching screws and lift panel to
obtain access to temperature indicating circuit components.

{b) Disconnect wire leads from exhaust temperature indicator
terminals on rear of indicator case to remove indicator
from thermocouple circuat.

NOTE: Make sure that white Chromel wire lead is

connected to CR terminal and rhat green
Alumel wire lead 18 connected to Al terminal.

MM STEWARD DAVIS

1/81
SN REV. Dec 1/89
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Connect a Wheatstone bridge to disconnected wire leads to
measure resistance of thermocouple circuit. Measure ther-
mocouple circuit resistance. Resistance shall be 8.000

* 0.035 ohms, 1If resistance 1s not within specified limit,
adjust slide of variable resistgr in tester to obtain speci-
fied resistance,

Disconnect Wheatstone bridge and reconnect wire leads to
temperature indicator terminals. Replace panel of tester
and secure with attaching screws.

WARNING: TEST PERSONNEL SHALL STAND CLEAR OF PLANES

OF ROTATION OF COMPRESSOR AND TURBIKRE WHEELS
AND HIGH TEMPERATURE EXHAUST DUCT DURING
ENGINE OPERATION  ONLY QUALIFIED PERSONNNEL

e
SHALL BE PERMITTED TO OPERATE, TEST, ARND
' MAINTAIN ENGINE. EXERCISE EXTREME CAUTION
TO PREVENT INTRODUCTION OF FOREIGN MATERTALS
IN COMPRESSOR AIR INLET.
(e) Engine is now ready for test
o4 PRECAUTIONARY REQUIREMENTS
<’ A. DUObserve Precautionary Requirements
(1} If operation limits tabulated in Table 501 are excceded, or if
selzing, unusual noise, smoke, fuel or oil leakage, or other
obvious malfunction is observed, shut down engine immediately
and correct the cause of trouble.
f
I
ll
b MM STEWARD DAVIS
1/81 49-20-01
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K1 TO FIGLRF 502

1 OIL VIWT CONNECTION (3/4=16 T+ FOR 1/2 IM LINF)
2 OIL VENT CONNECTION (3/4-16 THD FON 1/2 IN. LINE)
3 TLEL DRAIN VALVI CONNECTION (7/16-20 ThD FOR 1/4 IN LINE)
4. QIL RETURM CONNLECTION (TO Tahn) (3/6-16 ThD FOR 1/2 IN. LIME)
5 QIL FILTER

6, OIL TEYPER!TLRE BULB
7 OLL INLET CONECTION {1-1/16~32 THD FOR 3/4 IN LIND)
8  OIL PRESSURE CONNECTION {9/16-18 TIID FO' 3/8 IN LINL)
9  TLEL FILT:=®

10 FLIL OUTLET (TO ATOIZLR)

11  FLEL SOLENQOID VALVE

12, FLEL DRAIN COWNECTION (7/16-20 TED FOR 1/4 IN LINE)

13  ACCZLERATION LIMITER ADJUSTIENT SCREW

14. GOVERMNOR ADJUSTVENT SCREW

15 FUEL FRESSURE CONNECTION (7/16-20 THD FOA 1/4 IN LLKE)

16 FLEL INLET COMNECTIONW (9/16-18 THD FOL 3/8 IN LIND)

17  NOT USED

18  SEQUENCING OIL PRESSURE SWITCH

1¢  FUEL BOOST PINMF

20 PRISSUFE RFCULATOR

21 ShuTOFF ViLVF

2 FUEL FILTER

23 PRESSURE CAGE (FUZL INLET (0 TO 20 PS1C)

24 MANLAL FUTL BYPASS VLLVE

25 PRESSURF GALE (FUEL DISCHARCT) (0 10 120 PSIG)

26 0QIL TANK

27 PRESSLRE GAGE (0IL DISCHARGZ) (0 TO 120 PSIG)

28 TERPCRATURE INDICATOR (OIL DISCHARGL) {0 TO 300°F)

29. SEQUENCING OIL PRESSURE SWITCH
30. 1OW PRESSURE SWITCH
3l O1L PRESSURE CONNECTION ,

MM STEWARD DAVIS 49-20-01
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TABLE 501 - QPERATING LIMITS N\
/l
OBSERVATION CONDITION LIMIT REQUIREMENTS
CAUTION:: STOP UNIT IF INDICATZD VALUES EXCELD QR PERSIST AT THESE LIMITS.
Compressor Inlec Alr Continucus operation 54C (130F) max.
Teoperacture
Cooling Fan Air Inlet Continuous aperation 54C (130F) max.
Temperature
M\
CAUTION® TURBINE DISCHARGE TEMPERATURE DURINC NORMAL ZNGINE QPERATION Q
SAQULD NOT EACZED CONTINUQUS QOPERATION LIMIT. ENGINLC OPERA-
TION AT TURBINE DISCHARGE TEMPERATURLCS ABOVE CONTINUCUS OPERA-
TION LIMIT IS EVIDEMCE OF EMGINE DISTRISS, AND APPROPRIATLC
CCRRECTIVE ACTION SHOULD BE TAKEN TC RESTCRE NORMAL OPERATION
Tyroine Discharge Continuous operation 620°¢ (1148°F)
Tasperaturae o
Never exceed. 660°C (1220°F) )
NOTE: Yaver excecd temperatures may be excecded
during engine start and acceleration, pro-
vided that start time does not evxceed limit
shown in Figure 503
If turbine discharge temperature exceeds
710C (1310F) during the start/acceleration
cycle, shut down APU and perforw a hot
start inspection. (Refer to INSPECTION/ )
CHECX.)
Turbine Wheel Speeds Continuous operacion 41,700 RPM max. .
10 second operaction 42,500 to 44,500 RPM
Never exceaed 64,500 RPM max.
Fuel Temperature at Fuel Any operating condition 43C (110F) max.
Control Unit Inlec
49-20-01 MM STEWARD DAVIS 8/88 )
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TABLE 501 ~ OPERATING LIMITS (cont)

OBSERVATION

CONDITION LIMIT REQUIREMENTS

011 Temperature

Any operating condition 124C (255F) max )
shall not exceed
52C (125F) above

fan inlet air tem-

perature.
011 pressure 30,000 RPM or higher 95 ¢ 5 PSIC
Allowable fluctuation + 3 PSI max.

at steady-state

Gearcase hegative Pressure

At rated speed -3 to -10 in. Hg

Turbine Bearing
Cavity Pressure

At rated speed with vent 0 to -24 in, Hg ga

to o1l tank removed

CAUTION:

NOTE

MAXIMUM PEAK VIBRATIONS GREATER THAN THE LIMITS SHOWN MAY OCCUR
AT CERTAIN CRITICAL TURBINE SPEEDS FROM 10,000 TO 13,000 RPM.
DO NOT OPERATE THE UNIT CONTINUQUSLY AT ANY SPEED WHERE VIERA-
TION EXCEEDS THESE LIMITS OR UNDER CONDITIONS THAT CREATE SPEED
DWELLINGS BETWEEN 10,000 AND 13,000 RPM,

Momentary vibration amplitudes in excess of specified limits are accep-
table during start and acceleration cycles, however, the magnitude of
the observed amplitude excursions should not exceed twice the specified
limits, 1.e., 1.2 mil at gearcase end or 0.8 mil at turbine end.

Vibration Amplitude Gearcase end at any

operating condition

Turbine end at any
operating condition

0.6 mil max. at any
trequency

0.4 mil max. at any
frequency

Starter Motor Duty Cycle

One minute on max.
and four minutes
off min.

NOTE: A cooling period of 30 minutes is re-
quired after four starter motor duty

cycles,

4/82 MM STEWARD DAVIS
SN REV. Dec 1/89
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TABLE 501 - OPERATING LIMITS (cont)

OBSERVATION CONDITION LIMIT REQUIREMLKTS

Light-off Time After oil pressure 20 sec. max.
reaches 5 PSIG

Leakage 011 leakage from any None
shaft seal
011 leakage from first- None

stage compressor seal
during or after shutdown

Fuel leakage from One drop per

accessory drailn only minute max.

Fuel leakage from None, except on

turbine plenum drain false start or
blowout

Alr leakage (uther than None, except plenum

valve bleed lLoles, pres- drain at slow speed

sure regulalor, acceler-
ation limiter valve cap)

Actuation of 110 44,250 * 250 RPM
Percent Switch

NOTE: The use of the hot section components will be extended
by operating the engine at no-load guverned speed for
at least one ainute prior to application of a bleed-air
load.

4. A, (2) Allow engine to operate at no-load governed speed for one minute
(minfmum) prior to application of a bleed-air load.

NOTE: The use of the hot secticn components will be
extended by operating the engina at or below
the recommended pneumatic thermostat setting.

(3} Calibrate pneumatic thermostat at or below the recommended tem-
perature setting 565°C (1050°F). (Refer to Table 502.)

{(4) Allow engine to operate at zero bleed-alr for three minutes
(oinfimum) prior to shutdown.

49-20-01 MM STEWARD DAVIS 1/81
Page 510 SN REV. Dec 1/89
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TABLE 502 - ENGINE EXHAUST GAS TEMPFRATURE (EGT) SETTINGS

EGT Measuresent Pneumatic (Load Mode)
Thermostat
MAX.

Test Set 620C
(11507

5 CHECKS AND ADJUSTMENTS

A

8/88

Check and Adjust Fuel Control Unit Acceleration Limiter Valve
Cracking Pressurc

NOTE

(1)

(2)

(3)

(4)

Connectlon of tester is not required.

Remove cap at control alr pressure connection {2, Figure 501) at
fuel control unit to vent acceleration limiter valve to ambient

pressure during pressure check.

Disconnect fuel atomizer howe assembly (4A) from tee flttaing,
then connect a suitable length of 1/4 inch high pressure hose

to tee fitting.

Connect pressure gage of case set (282645) to high pressure hose
installed in step (2).

Energize start switch to rotale engine by starter motor action

CAUTION DO NOT EXCEED STARTER DUTY CICLE LIMIT

SPECIFIZD IN TABLE 501%.

MM STEWARD DAVIS 49-20-01
Page 511
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(5) Note acceleracion limiter valve cracki~g pressure at approxiza-
tely 20 percent (3000 to 9000 RPY) engine speaed. Cracking pres-
sure shall be 60 * 2 PSIG.

NOTZ  If cracking pressure Ls not within limits,
loosen locknut and adjust acceleration
imiter valve adjustment scre~ (Figure 502)
using screwdriver and wrench assexoly (280151)
Clockwise adjustment decregses pressure When
adjustment Is satdsiactory, tignten locknut,
and recneck acceleration limiter valve cracx-
ing pressure per instructlions cutlined in steos

(4) and (5). Lockwire

(8) Disconnecr pressure gage and high pressure hose from tee fittingz,
then reconnec: fuel atomizer rose assemoly o tee fitzurg

{(7) Re-install cap oa control air output pressure co~neccion (2,
Figure 501) at fuel control unic

Cneck Lngire Start, Acceleration, Operation, and Actuacion of Auco-
matic Controls

NOTE If engine does not operate sacisfactoril; as :r-
dicated in following stecos, stop eiglne and ceorrect
malfuncercion before proccedlng {(Yefar to Engine
Trouble Shogting Section )

(1) Connect Ergine Tester (290122-400) ro ergine
{a} Place load switch (27, Figure 591) in OFF position.
(b) Momentarily place start switch (26) in START position.

1) Low oil prassure light (red) (19) and 35 percent light
(22) shall go on immediately,

2) Ergine snall start and aczelerate smoothly, Indicated
by evidence of oll pressure at oil pressure gage
(Figure 501} engine speed at tachometer {ndficator, com—
pressor alr pressure at control alr pressure gage, fuel
pressure at fuel pressure gage and exhaust gas cemcer-
ature at exhaust gas terperature Iindicacor If APy
does not rteach governed speed within cize lizmit shown
in Figure 303, terminate start

MM STEWARD DAVIS
1/81
SN REV. Dec /89
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NOTES

100 | NACA STANDARD SEA LEVEL PRESSURE

2 STARTING TIME DEFINED A5 THE PERIOD
FROM STARTER ACTUATION TO NOMINAL
80 GOVERNED SPEED WITH NO BLEED OR
\ ELECTRICAL LOAD BEING APPLIED

\ 2 DC POWER EQUIVALENT TO ONE ANII50-2
0 \ STORAGE BATTERY WITH ELECTAOLYTE

MAXIMUM TEMPERATURE AT O F (- -8’ Q) OR HIGHER

-
NORMAL 4 SER N CABLES FROM BATTERY
\\( - SERIES RESISTANCE OF CABLES

TO UNIT ELECTRICAL CONNECTOR NOT TO

\<\ EXCEED 0 015 OHM

e ———

] 5 TOTAL LOAD IMPOSED DURING STARTING

20 —— CYCLE MOT TO EXCEED THE POLAR MOMENT
OF INERTIA AND FRICTIONAL DRAG IMPQSED
BY AN AIRCRAFT-TYPE, 60 KvA, AC GENERATOR

, AND AN AIRCRAFT-TYPE TACHOMETER

STARTING TIME - SEC

-40 =20 20 40 100 140 4. THE OIL VISCOSITY Al THE LOWER TEMPERATURE
311 (-8 9) (-6 7 (15 &} a8 %0 0) LIMIT FOR STARTING 15 13,000 CENTISTOKES
THE LQWER TEMPERATURE LiMIT FOR TYPE | OIL
. IS 45 F (-52 ¢ "C) WHICH EQUATES TO -a0'F
APL INLET TOTAL TEMPERATURE - F ( Q) (—40 CYFOR TYPE Ui

Starting Time Vs APU
Inlet Total Temperature

Figure 503 49.20-01
Page 513
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3) Throughout start, acceleration, and operation, exhaust
gas temperature, indicated on exhaust gas temperature
indicator shall not exceed limits specified in Table
501.

CAUTION: SHUT DOWN ENGINE AT ONCE AND CORRECT
TROUBLE IF EXHAUST GAS TEMPERATURE
EXCEEDS LIMITS SPECIFIED IN TABLE 501.

4) When o1l pressure reaches 2.5 to 3.5 PSIG, indicated
at o1l pressure gage, fuel solenoid circuit shall
close, allowing fuel flow, indicated on fuel pressure

gagEo

3) When engine speed reaches approximately 35 percent,
indicated on tachometer indicator, 35 percent switch
shall actuate to break scarter circuit, indicated by
35 percent light going off

6) When engine speed reaches 95 percent, indicated on
tachometer indicator, 95 percent switch shall actuate
to break ignition ecircuit and close time totalizing
meter circuit, indicated by 95 percent light going
on and engine time totalizing meter starting to record
time,

NOTE Indication of 100 percent speed on tester
tachometer indicator Is equivalent to 41,185
RPM turbine wheel speed.

7) Engine shall continue to accelerate, and fuel control
unit governor shall operate to control engine speed
at no-load governed speed, 101.25 percent (41,700 RPM)
maxioum, indicated on tester tachomerer indicator.

8) Energize pneumatic shutoff solenoid to shut down engine.
Solenoid shall open to pressurize centrifugal switch
and actuate centrifugal switch overspeed switch.

€. Check and Adjust Fuel Control Unit Covernor Speed Setting
(1) Connect Engine Tester (290122-400) to engine.
{(a) Place load switch in OFF position.

(b) Momentarily place start switch in START position and allow
engine to accelerate to no-load governed speed.

NOTE: Indication of 100 percent engine speed an
tachometer indicator is equivalent te
41,185 RPM rurbine wheel engine speed.

49-20-01 MM STEWARD DAVIS 1/81
Page 514
SN REV. Dec 1/89
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(¢) With no-load applied, engine speed shall stabilize at
101.25 percent (41,700 RPM) maximum indicated on tester
tachometer indicator.

(d) If steady-state no~load governed speed is not within limits
of 100,75 to 101.25 percent (41,500 to 41,700 RPM) indicated
on tester tachometer indicator, loosen locknut and adjust
governor adjustment screw (Figure 502) using screwdriver
and wrench assembly. Clockwise adjustment increases speed,
counterclockwise adjustment decreases speed,

(e) When adjustment 1s satisfactory, tighten locknut. Lockwire.
Check Air Pressure Regulator Output Pressure
NOTE* No testiny of regulator is permitted at field level.

(1) Disconnect outlet air pressure line between air pressure regula-
tor and load control valve at regulator.

{(2) Connect control air pressure hose assembly (Figure 501) to out=-
let port of pressure regulator or test port on load contrel
valve, as applicable, and connect other end of hose to control
alr output pressure coupling on tester.

(3) Start engine and allow to accelerate to no-load governed speed.
Observe pressure indicated on control air pressure gage. Pres-
sure shall be 38 0 to 39.0 inches Hg gage (18.6 to 19.2 PSIG).

(4) 1f regulated outlet pressure is not within specified limits,
shut down engine, loosen locknut on opposite end of alr pressure
regulator and turn adjustment screw clockwise to Increase out-
let pressure, and counterclockwise to decrease cutlet pressure.
Tighten locknut and repeat check procedure. Lockwire.

Perform Pneumatic {Load Control) Thermostat Check and Calibration
Procedure

NOTE: It 1is necessary to install load control valve to provide
a means of applying and controlling engine bleed alr,

(1) Remove installed engine thermocouple (Figure 504) and replace
with thermocouple assembly (290416-2). Refer to 49-70-01,
REMOVAL/INSTALLATION for thermocouple removal instructions.

{(2) Connect cable assembly (290424-1) to thermocouple assembly
(290416~2) and receptacle on test set (290417-2-1).

MM STEWARD DAVIS 49-20-01
1/81 Page 515
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ENGINE COMMNECTIONS

ROTATED

ROTATED

{REF)
\;IIE

/ 16
TO CUSTOMER u ,
OVERSPEED
TEST CIRCIIT —
1O BLEED AIR CIRCUIT ey , I =
§7 '
A
o =
DR CKT , ’
P & ’ [
k, ) .
[ - [ ,‘\
ML Tt
2av 0C - »
)q_ 42
>N\ o] L
24V D€ ->my. X
v [ :7‘
g ! N
M H N TO NO 8
CONTROL PANEL 31 (H) - £ |
= s::y? 23\‘
@ / K= 1NN
0" 18 — 18 : 21 )
o A )
19 —
TONO |
ELECTRICAL SYSTEM
SPEED

Electrical System Test Setup (Typical)
49-20-01 Figure 504

Page 516 MM STEWARD DAVIS °
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‘ KEY TO FIGURE 504

STARTER MOTOR POSITIVE TERMINAL
STARTER MOTOR NEGATIVE TERMINAL

TEE ASSY

NUT

GEARCASE NEGATIVE PRESSURE CONNECTION
ORIFICED CAP .

ENGINE CONTROL INPUT RECEPTACLE
TACHOMETER-GENERATOR MOUNTING PAD (AND20005, TYPE XV-B)
TURBINE EXHAUST FLANGE

LOAD CONTROL VALVE

CONTROL AIRLINE FROM PNEUMATIC THERMOSTAT
PNEUMATIC THERMOSTAT

ENGINE THERMOCOUPLE

ENGINE HARNESS ASSY

PNEUMATIC SOLENOID VALVE (CDP)

(CODE SD) ELECTRONIC SPEED SWITCH

CONTROL PANEL HARNESS RECEPTACLE

START SWITCH

GREEN READY-TO-LOAD LIGHT (95 PERCENT LIGHT)
SHUNT

AMMETER (0 TO 500 AMPS)

STARTER RELAY

MASTER STOP SWITCH

TACHOMETER-GENERATOR

EPUT METER (TACHOMETER INDICATOR)

COMPOUND GAGE (GEARCASE NEGATIVE PRESSURE)
EXHAUST GAS TEMPERATURE INDICATOR

LOCKOUT RELAY (CUSTOMER FURNLISHED)

MM STEWARD DAVIS
49-20-01
Page 517



.-aam~flzh;;zyz7ea7

MAINTENANCE MANUAL

(3) Check load control thermostat temperature control point as follows.
(a) Start engine 1n accordance with applicable 1nstructions.

NOTE. Assure that load control valve exit 1s
clear for full bleed to atmosphere.

(b) Open engine load control valve and position air-conditioning
system valves as required to load engine.

CAUTION: DQ NOT ALLOW TURBINE DISCHARGE TEMPERATURE
TO EXCEED LIMITS SPECIFIED IN TABLE 501

(¢) Observe exhaust gas temperature reading on EGT indicator at
point of temperature stabilization. If exhaust gas temperature
1s not within Tmmts specified 1n Table 502 recalibrate
thermostat 15 accordance with step (4).

NOTE Remove pneumatic load and operate engine
three minutes (minimum) at no-load condi-
tion prior to shutting down engine.

(d) Remove pneumatic load and allow temperatures to stabilize,
then shut down engine

(4) Calibrate Toad control thermostat 1f required, as follows.

(a) Oetermine thermostat control temperature 1n accordance with
step (3).

(b) Remove thermostat ball valve assembly from thermostat body
after disconnecting control arr line.

(c) Remove and measure total thickness of shim stack using a
micrometer.

(d) Determine total thickness of shim stack required to calibrate
thermostat to control at desired temperature by subtracting
the observed control point from the desired control point and
dividing result by 30, 1f calibrations are made 1n degrees
Fahrenhe1t, or 17, 1f calculations are made 1n degrees
centigrade. Result 1s thickness of shims 1n thousandths of
an inch, which shall be added or removed from total shim stack
thickness to obtain required setting.

(e) Re-install thermostat ball valve assembly into thermostat body
and tighten to torque value of 150 to 175 inch-pounds. If requiraed
temperature change 15 less than 17C (30F) adjust thermostat body
within specified torque range.

49-20-01 M STEWARD DAVIS
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(£) Reconnect thermostat control line and tighten "B" nut to
torque value of 135 to 150 inch-pounds. Use back-up wrench
to hold ball valve assembly when tightening "B" nut.

(g) Recheck temperature control point after shimming thermostat,
in accordance with step {3). Controlling temperature shall
repeat within 3C (5F) for two successive checks.

(h) Remove thermostat calibration test set from engine. Re-in-
stell engine thermocouple. Refer to 49-7-1, REMOVAL/
INSTALLATION for thermocouple installation instructions

Check and Adjust Load Control Valve Rate Control Time
(1) Start and accelerate engine to no-load governed speed.

(2) Apply bleed load and record time for lead control valve to
control from no-load to full bleed load.

ROTE: 1If opening time is not within limits, hold load
control valve rate adjustment screw (refer to
Report No. 49-50-40) and loosen locknut. Turn
adjustment clockwise to increase opening time,
counterclockwise to decrease time. Hold adjust-
ment screw and tighten locknut. Lockwire.

(3) Full bleed load shall be reached within 9 to 14 seconds.

(4) Repeat procedures outlined in steps (1), (2) and (3) until open-
ings time is within limits.

Perform Accessory Gearcase Assembly Negative Pressure Check

NOTL: Connection of engine tester is not required for this
check. This check need only be accomplished during
trouble shooting to determine cause of high oil con-
sunption or noticeable oil smoke from exhaust,

(1) Remove vent plug from port on front of accessory gearcase.

(2) 1Install a suitable bulkhead tee (Figure 504 with 0.035 to 0.040
inch orifice in vent port.

(3) Connect flexible hose to bulkhead tee and connect other end of
hose to a compound pressure gage,

(4) Start engine and allow to accelerate to no-load governed speed

(5) Note pressure reading on gage; pressure shall be -3 to -10
inches mercury gage.

(6) Shut down engine and remove flexible hose, gage and bulkhead tee
from accessory gearcase vent port. Re-install vent plug.
MM STEWARD DAVIS 49-20-01
1/81 Page 519
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U ENGINE
DESCRIPTION AND OPERATION
EFFECTIVITY RTCA LX-N18997 LX-N20000

1 GENERAL

A. The pneumatic and shaft power gas turbine engine is self-contained power source
Engine power is developed through compression of ambient aiwr by a two-stage
compressor The compressed air, mixed with fuel and 1gnited, drives a radial mward-
flow turbine wheel The rotaung shaft power of the turbine wheel drives the
compresser, the accessories, and the output drive shaft

2. COMPRESSOR AND TURBINE SECTION

A The compressor and turbine section develops the paeumatic and shaft power absorbed
dunng operation of the engine. The section consists of a two-stage centrifugal
compressor and a single-stage turbine wheel assembly rotating on a common shaft
The compressor 1s enclosed by a compressor mnlet plenum assembly. The first and
second stage compressor impellers are pneumatically comnected through interstage
ducts The turbine plenum assembly encloses the turbine components and provides a
recerver for compressed awr from the compressor discharge housing A combustion
chamber liner assembly provides a combustion area and 1is perforated to provide the
correct air-to-fuel mixture and burrung rate A turbine torus assembly directs
combustion products to a turbine nozzle assembly which encompasses the turbine wheel
blades A shroud encloses the turbine whee! blades and directs the exhaust gases to the
wrbine exhaust pipe  (Figure 2 illustrates a combined cross sectional view with airflow
schematic and a view of common accessory mounfing pads )

3 ACCESSORY SECTION

A The accessory gearcase section consists of a gearcase assembly and the following
engme accessories. fuel pump and control umt, o1l pump assembly, centrifugal switch
assembly, electrical starter, tachometer generator and cooling air fan.

The gearcase assembly encloses a reduction gear system. A torsion shaft couples the
compressor turbine main shaft to the main drive gear m the gearcase assembly The
main drive gear transmits power through the reduction gear system to dnve the
accessores at the requured speed for each accessory. The arrangement of the accessory
gear tramn permits the starter to drive all the accessories In addition to driving the
compressor mnpellers and turbme wheel during engine starting

Ref MM STEWARD-DAVIS 49-20-02
SN REV Jul 31/99 Page 1
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4 OPERATION

A The engme incorporates control components 1n the fuel, air, and electrical systems
which automatically control engine functions and maintain required engne speed and
safe temperature from tutiation of start through operation at full load

When the starter is energized, the rotating starter dnve pawls engage a jaw 1n the
accessory gearcase and start driving the gear train  The gear tramn drives the
compressor and turbine rotating parts, the o1l pump assembly and the fuel control unit,
and the centnfugal switch assembly The low o1l pressure switch electrical circuit
remains normally closed

As the compressor and turbine rotating parts start turning, ambient air 1s drawn through
the mlet into the compressor section The ar 1s compressed by the compressor first-
stage mpeller, then passed through interstage ducts to the compressor second-stage
unpeller for further compression. The compressed air 15 discharged mto a vaned de-
swirl assembly and from there 1s directed into the turbime plenum  (Clean Bleed-air
may be withdrawn from an outlet 1n the plenum through a bleed-air load control valve
when the engine reaches governed speed ) From the turbme plenum the compressed
arr enters the combustion chamber

When engine speed reaches its required value, msing oil pressure actuates the
sequencing o1l pressure switch, which completes a circuit to the fuel solenoid valve and
to the 1gmition umt  The fuel solenoid valve 1s energized to open to permut fuel flow
to the fuel atomuzer assembly The fuel atomizer assembly sprays fuel of proper
pattern and flow into the combustion chamber where the fuel and compressed air mix
The 1gnition unit causes the igruter plug to ignue the fuel and awr mixture mn the
combustion chamber

Combustion increases the energy content of the air-fuel mixture The gases flow nto
the turbine torus assembly and through the turbine nozzle assembly to the blades of the
turbine wheel The spent gases are discharged through the mrbine exhaust A portion
of the power developed at the turbme wheel 1s used to drive the compressor impellers,
the accessory gear train, and the driven accessortes The remawnder of the power 1S
available for output shaft power to drive the generator when no-load governed speed
1s attained,

Ref. MM STEWARD~DAVIS
49-20-02
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4 OPERATION (CONTINUED)

Acceleration of the engine continues through the combined force of the starter and
energy of the hot gases. When engine speed reaches its required value, the 35 percent
switch in the centrifugal switch assembly opens, wiuch breaks a circuit to the starter
Starter rotation ceases and the starter dnver pawls disengage from the accessory gear
train. Engipe o1l pressure mcreases until the low oil pressure switch electrnical circuit
1S opened.

The engme conunues to accelerate under turbine power When engine speed reaches
its required value, the 95 percent switch in the centrifugal switch assembly closes,
which opens a circuit to the 1gmuon umt and closes a circuit to the hourmeter, the
compressor discharge valve and the speed relay. The igmiter plug ceases firing, and
combustion 15 self-sustaiming  The hourmeter starts recordmng operating ume
Acceleration continues until the no-load governed speed 1s reached

After steady-start no-load governed speed 1s maintained for one minute, electrical loads
or bleed-air loads may be imposed

Engme speed and exhaust temperature are automatically controlled within established
limits by metering of fuel by the fuel control umt

Smooth and proper acceleration 1s controlled by action of the acceleration hmuter valve
1n the fuel control umit The valve references compressor air discharge pressure to fuel
pressure, then pressure actuated diaphragms operate a poppet valve to bypass more or
less fuel to maintain the required ratio of fuel flow to compressor air pressure  During
starting, when compressor air pressure 1s insufficient, the poppet valve 1s restrained
from bypassing fuel by an adjustable spring pressure against the actuating diaphragm
The fuel pressute at which the spring pressure 1s overcome 1§ the cracking pressure
setung of the fuel control umt

The turbine discharge temperature 1s controlled through a single thermostat During
start and acceleration mode the thermostat controls the fuel control luniter valve by
bleeding off some of the compressor air through the three-way solenoid valve When
the engime reaches the 95 percent RPM point the 95 percent switch closes and applies
28 volts DC to the three-way solenoid valve effectively cutting off the compressed air
from the fuel control limiter valve to the single thermostat. With the air control switch
closed (pneumatic shutoff (load control) valve open), the turbine discharge temperature
15 now controlled by the single thermostat bleeding compressed air through the three-
way solenod valve from the load control valve. As the temperature rises, more air 1s
bled through the thermostat allowing the butterfly valve in the load control valve to
close reducing the load on the engine thereby reducing the turbine discharge
temperature

Ref + MM STEWARD-DAVIS 49=-20-02
SN REV Jul 31/99 Page 5
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4 OPERATION (CONTINUED)

Engine speed is conrrolled by action of the governor 1n the fuel control unit The
flyweight-type governor 1s duiven by the mam fuel pump dnive shaft, which 1 turm, 1s
driven through the accessory gear train. When engme speed exceeds the preset
governed speed, the governor flyweights move outward to open the slide valve to
bypass fuel and do decrease engmne speed When engine speed drops, as when load 1s
apphed, the governor flyweights move wnward to close the slide valve to permut greater
fuel flow and so increase engine speed

Engine loading during bleed-air loading or combinauon shaft and bleed-air loading 1s
automatically controlled with established Itmits by modulation of the load control valve
butterfly position.

Overloading and consequent excessive turbine discharge temperature 1s controlled by
action of the control thermostat If turbine discharge temperature reaches a preset
value, the ball valve 1n the control thermostat opens to bleed some of the control air
from the load control valve actuator, which causes the actuator mechamism to move the
valve butterfly toward a more closed position, thus reducing the load and the discharge
temperature. When the temperature 1s reduced below the preset valve, the control
thermostat closes and stops bleeding the control awr from the actuator

The engme 15 provided with certamn safety devices which shut down the engine 1n the
event of overspeeding, excessively lgh o1l temperature, or loss of o1l pressure

If engine speed starts to exceed governed speed and governing devices m the fuel
conirol unit have not metered fuel suffictently to reduce speed, the flyweight-actuated
overspeed switch in the centrifugal switch assembly will close, which opens a circuit
to the fuel solenoid valve. When the fuel solenoid valve 1s de-energized, 1t closes and
shuts off fuel flow to the combustion chamber, thus stopping the engine

If engine o1l temperature exceeds a preset valve, the high o1l temperature thermostatic
switch electrical circuit will close, completing a circuit to a holding relay and warning
light, and to the pneumatic solenoid valve to shutdown the engine

Ref. MM STEWARD-DAVIS

49-20-02
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4 QPERATION (CONTINUED)

The engine 1s stopped by actuation of the normally closed pneumatic solenoid valve,
mounted on the gearcase assembly. The valve 1s connected on the inlet port side to a
compressor air discharge port, and on the outlet port side to a port on the centrifugal
switch assembly When the solenoid 1s actuated to open position, it permuts flow of
compressed air mto the centrifugal switch assembly As the air pressure 1n the switch
assembly builds up, the switch actuating lever 1s forced into contact with the overspeed
switch.* When the overspeed switch 1s actuated 1t opens a circuit to the fuel solenoid
valve and'so shuts off fuel flow to the combustion chamber, thus stopping the engimne

Ref MM STEWARD-DAVIS 49-20-02
SN REV Jul 31/99 Page 7
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U ENG - ADUSTMENT/TEST
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

The test and adjustment procedures described m this subject shall be performed by personnel
who operate and mamtamn the equipment tn the field, and can be accomplished with the engime
removed or installed.

Perform test and adjustment checks when possible before the engine 15 installed n the aircraft
Should any heavy repairs be required, refer to trouble shooting procedures provided m Engme
Trouble Shooting Section

2 SPECIAL TOOLS

A Gas Turbwne Engune Tester AiResearch 290122-400
Electrical Cable - AiResearch 290128-1-1
C Pressure Gage and Case Set AiResearch 282645
D Screwdriver and Wrench Assembly Aurresearch 280353
E Thermostat Calibration AiResearch 290417-2-1
(1) Cable Assembly AiResearch 290424-1
(Component of 290417-2-1)
(2) Thermocouple Assembly AiResearch 290416-2
(Component of 290417-2-1)
F Wheatstone Bridge Model 4289-2

Leads and Northrup
North Wales, PA 19434

Ref.: MM STEWARD-DAVIS 49-20-02
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OIL OUTPUT PRESSURE CONNECTION (GICP85-98CK)

1A,
2. CONTROL AIR QUTPUT FPRESSURE COMNECTION
3. ENGINE WIRING HARNESS RECEPTACLE
4. FUEL OUTTUT PRESSURE CONNECTION
4A. FUEL ATOMIZER HOSE ASSIMBLY
5. REMOTE BULKHEAD RECEPTACLE
6. ELECTRICAL CABLE
7. CONTROL AIR PRESSURE IIOSE ASSY
B, FULL PRCSSURE HOSE ASSY
9. OIL PRESSURE HOSE ASSY
10. OVERSPEED TEST STOP SWITCH
11, TESTER
12, FUEL PRESSURE COUPLING
13, PANEL LIGHT
14. CONTROL AIR PRESSURE COUPLINC
15. FUEL PRESSURE GAGE
16, CONTROL AIR PRESSURE CAGL
17. PANEL LIGHT SWITCH
18. RECEPTACLE
19. LOW OIL PRESSURE LIGUT (RED)
20. EXIAUST GAS TEMPLRATURE SWITCIH
21. 28 VDC JACK
22. 35 PERCENT LIGHT
23. 95 PERCENT LIGHT
24, LOAD LIGHT (GREEN)

23, STOP SWITCH
26, START SWITCH

27. LOAD SWITCH
28, EXHAUST TEMPERATURE INDICATOR

29. DC VOLTMETER

J0. TACHOMETER INDICATOR
J1. OIL PRLSSURE CAGE

32, OQIL PRESSURE COUPLING
33. NAMEPLATE

Ref MM STEWARD-DAVIS 49-20-02
SN REV Jul 31/99 Page 503
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MENT CO TIONS
Connect Tester (290122-400) to Engine.

(1) Disconnect engmne wiring hamness receptacle from the APU housing
receptacle,

NOTE Connectors of electmical cable (6) are 1dentified by aluminum
marker bands.

(2) Connect electrical cable (6) as follows
(a) Install CABLE TO TESTER connector In receptacle (18)

(b) Install ENGINE CONN connector to engme wiring hamess
receptacle (3), and install CUSTOMER CABLE connector on main
connector of remote bulkhead receptacle (5)

(3) Remove cap from output fuel pressure:connection (4, Figure 501} at fuel
control unut Install fuel pressure hose assembly (8) on output fuel pressure
connection (4) Install other end of fuel pressure hose assembly on fuel
pressure coupling (12)

(4) Remove cap from control air output pressure connection (2) at fuel control
unit Install control air pressure hose assembly (7) on control air output
pressure connection (2) Install other end of control air pressure hose
assembly on control air pressure coupling (14)

(5) Remove cap from o1l pressure connection (1) at sequencing oil pressure
switch Install o1l pressure hose assembly (9) on o1l pressure connection (1)
Install other end of o1l pressure hose assembly on o1l pressure coupling (32)

(6) Check exhaust gas temperature loop resistance at imtial use of tester as
follows.

(a) Remove tester panel attaching screws and hift panel to obtain access
to temperature 1ndicatng circuit components

(b) Disconnect wire leads from exhaust temperature indicator terminals
on rear of indicator case to remove indicator from thermocouple
cireuit

NOTE Make sure that white Chromel wire lead 15 connected to CR
terminal and that green Alumel wire lead 1s connected to Al
terminal

Ref : MM STEWARD-DAVIS
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(c) Connect a Wheatstone bridge to disconnected wire leads to measure
resistance of thermocouple circuat. Measure thermocouple cureuit
resistance. Resistance shall be 8 000 + 0 035 ohms If resistance
is not within specified limit, adjust shide of variable resistor in tester
to obtain specified resistance.

(d) Disconnect Wheatstone brnidge and reconmect wire leads to
temperature mdicator terminals Replace panel of tester and secure
with attaching screws.

WARNING. TEST PERSONNEL SHALL STAND CLEAR
OF PLANES OF ROTATION OF
COMPRESSOR AND TURBINE WHEELS AND
HIGH TEMPERATURE EXHAUST DUCT
DURING ENGINE OPERATION ONLY
QUALIFIED PERSONNEL SHALL BE
PERMITTED TO OPERATE, TEST, AND
MAINTAIN ENGINE EXERCISE EXTREME
CAUTION TO PREVENT INTROCDUCTION OF
FOREIGN MATERIALS IN COMPRESSOR AIR
INLET

(E) Engine 1s now ready for test

4 PRECAUTIONARY REQUIREMENTS

A Observe Precautionary Requirements

(1) If operation lumuts tabulated 1n Table 501 are exceeded, or if seizing, unusual
noise, smoke, fuel or o1l leakage, or other obvious malfunction 1s observed,
shut down engme mmmediately and correct the cause of trouble

Ref + MM STEWARD-DAVIS 49-20-02
SN REV Jul 31/99 Page 505
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KEY 502

QIL VENT CONNECTION (3/4-16 THD FOR 1/2 IN. LINE)
OIL VENT CONNECTIOM (3/4-16 THD FOR 1/2 IN. LINE)

FUEL DRAIN VALVE CONNECTION (7/16-20 THD FOR 1/4 IN. LINE)
OIL RETURN CONNECTION (TO TANK) (3/4-16 THD FOR 1/2 IN. LINE)
OIL FILTER

OIL TEMPERATURE BULB

OIL INLET CONNECTION (1-1/16-12 THD FOR 3/4 IN LINL)
OIL PRESSURL CONNECTION (9/16-18 TIID I'OR 3/8 IN. LINEK)
FUEL FILTER

FUEL QUTLET (TO ATOMIZER)

11. FUEL SOLENOID VALVE

12. FUEL DRAIN CONNECTION (7/16-20 THD FOR 1/4 IN. LINL)
1]. ACCELERATION LIMITER ADJUSTMENT SCREW

14. GCOVERNOR ADJUSTMENT SCREW

15. FUEL PRESSURE CONNECTION {7/16-20 THD FOR 1/4 IN LLNLC)
16  FUEL INLET CONMNECTION (9/16-18 THD I'OR 3/8 IN. LINL)
17. NOT USED

18. SEQUENCING OIL PRESSURE SWITCH

19. FUEL BOOST PLMP

20. PRESSURE RFGULATOR

21. SHUTOFF VALVL

22. "FUEL FILTER

23. PRESSURE CAGE (FUEL INLET (0 TO 20 PS1G)

24, MANUAL FUCL BYPASS VALVE

25 PRESSURF CAGE (FUEL DISCHARGE) (0 TO 120 PSIG)

2. OIL TAMK

27. PRESSURE GAGE (QIL DISCHARGE) (0 TO 120 I'SIG)

28, TEMPERATURE INDICATOR (OIL DISCHARGL) (0 TO 300°r)

29. SEQUENCING OlL PRESSURE SWITCH

JO. LOW PRESSURE SWITCH

J1. OIL PRESSURE CONNECTION

[
OO 00~ n &5 W N
. e . . .

495-20-02
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ODSERVATION CONDITION LIMIT REQUIREMLNTS

CAUTION : STOP UNLIT IF INDICATED VALUES EXCEED OR PERSIST AT THLSE LIMITS.

Y

Compressor Inlet Alr Continucus operation 54c (130F) max
Temperature
Cooling Fan Air Inlect Continudus operation 54C (130F) max.
Temperature

CAUTION: TURBINE DISCHARGE TEMPERATURE DURING NORMAL ENGINE OPERATION
SHOULD NOT EXCEED CONTINUQOUS OPERATION LIMIT. ENGINE OPERA~
TION AT TURBINE DISCHARGE TEMPERATURES ABOVE CONTINUQUS OPERA-
TION LIHIT 1S EVIDCHCE OF ENGINE DISTRI'SS, AND APPROPRIATE
CORRECTIVE ACTION SHOULD BE TAKEN TO RESTORE NORMAL OPERATION

620°G. (1148°F)
660°C (1220°F) .

Turbine Discharge Continuouys operation

Temperaqure
Never exceed.

NOTE. Never excecd temperatures may be excecded
during englne start apd acceleration, pro-
vided thaot start time does not exceed limit

shown in Flgure 503

If turbine discharge temperature exceeds
710C (1310F) during the start/acceleration
cycle, shut down APV and perform a hot
start inspection. {Refer to INSPECTION/

' CHECK, }

Turbine Wheel Speeds Continuous operation 41,700 RFH wmax.

10 second operation 42,500 to 44,500 RPH

) Never exceed 44,500 RPM max.

Fuel Temperature at Fuel Any operating conditicn 43C (110F) max.

Control Unit Inlet

E 501 -

Ref : MM STEWARD-DAVIS
49-20-0Q2
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LIMIT RCQUIREMENTS

OBSERVATLON CONDITLON

0Ll Temperature Any aperating condition 124C (255F) max.)}
shall not excee
52C (125F) above
fan inlet air tem-
perature.

Oll pressure 30,000 RPHM or higher 95 £ 5 PSIC

Allowable fluctuation %+ 3} PSI max.

at ateady-state

Cearcase Negatlve Pressure At rated speed =3 to -10 in. Hg

Turbine Bearing At rated speed with vent
Cavity Pressure to oil tank removed

0 to -24 in. lig gs

CAUTIOH  MAXIHUM PEAK VIBRATIONS GREATER TIIAN THE LIMITS SUOWN MAY OCCUR
AT CFRTAIN CRITICAL TURBINE SPEEDS FIOM 10,000 10 11,000 RIM
DO NOT OFERATE THE UNIT CONTINUQUSLY AT ANY SPEED WHERE VIBRA-
TION EXCEEDS THESC LIMITS OR UNDER CONDITIONS TUAT CREATE SPEED

DWELLINGS ODETWEEN 10,000 AND 13,000 RPM.

NOTE* Homentary vibration amplitudes in excess of specified limits are accep-
table during start and acceleration cycles, however, the magnitude of
the observed amplitude excursions should not exceed twice the specified
limits, 1 e., 1.2 mil at gearcase end or 0.8 mil at turbine end.

0.6 mil max. at any

Vibration Amplitude Cearcase end at any
operating condition Erequency
Turbine end at any 0.4 mil max. at any
operating condition Erequency

Starter Motor Duty Cycle One minute on max.

and four minutes
off min.

HOTE: A cooling period of 30 minutes iz re-
quired after four starter motor duty

cycles,
TABLE 501 - OPERAT TS (C D
Ref MM STEWARD-DAVIS 49-20-02
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OBSERVATION CONDITION

LIMIT REQUIRLMENTS

After oll pressure

Light-off Time
reaches 5 PSIG

20 sec, max.

0il leakage Erom any

Leakage
shaft seal

0141 leakage from first-
stage -compreasor seal
during or after shutdown

Fuel leakage from
accessory drain enly

Fuel leakage [rom
turbine plenum drain

Ar leakage {uther than

valve bleed holes, pres-
gure tegulutlor, ncceler-
ation limlter vulve cap)

Hone

None

One drop per
ninute max,

None, except on
false start or
blowout

None, excepk plenum
drain at slow opeed

Actuation of 110
Percent Switch

44,250 + 250 RPM

hOTE. The use of the hot section components will be extended
by vperating the engine at no-load guverned speed for
at least one minute prior to application of a bleed-air

load

4. A, (2) Allow engine to operate at no-load governed speed for one minute
(ninimum) prior to application of a bleed-alr load.

NOTE: The use of Ehe hot section components will be
extended by operating the engine at or below
the recommended pneumatic thermostat setting. )

(3) Calibrate pneumoric thermostat st or below the recommended tem-
perature setting $659C (10509F), (Refer to Table 502.)

(4} Allov engine to operate at zero bleed-air For three minutes

(zinioum) prior to shutdowm.

TABLE 501 - OPE

Ref : MM STEWARD-DAVIS
49-20-02
Page 510
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Pneumatic (Load Mode)

EGT Heasurement
Thermostat

MAX.
620C

Test Set
(1150F

5. CHECKS AND ADJUSTMENTIS

A. Check and Adjust Fuel Control Unit Acceleration Limiter Valve
Cracking Pressure

NOTE Conngetion of tester is not required

{1) Remove cap at control alr pressure connection (2, Figure 501) at
fuel control unit zo vent acceleration limiter valve to ambient
pressure during pressure check.

{2) Disconnect fuel atomizer howe assembly (4A) from tee fltilng,
then connect a suitable length of 1/4 inch high pressure hose
to tee fitting.

(1) Connect pressure gage of case set (282645) to high pressure hose
inatalled in step (2).

(4) Energlze start switch to rotate engine by wtarter motor acLion

CAUTION: DO NOT EXCEED STARTER DUTY CiCLE LIMIT
SPECIFIED IN TABLE 501,

TABLE 502 - EXH AS TEMPERA ETTING

49-20-02

Ref. MM STEWARD-DAVIS
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(5) Note acceleration limiter valve cracking pressure at approximately 20 percent
(8000 to 9000 RPM) engine speed Cracking pressure shall be 60 + 2 PSIG.

NOTE: If cracking pressure is not withm limits, loosen locknut and
adjust acceleration limuter valve-adjustment screw (Figure
502) using screwdniver and wrench assembly (280353)
Clockwise adjustment decreases pressure  'When adjustment
1s satisfactory, tighten locknut, and recheck acceleration
himster valve cracking pressure per mstructions outlined m
steps (4) and (5) Lockwire.

(6) Disconnect pressure gage and hugh pressure hose from tee fitung, then
reconnect fuel atomuzer hose assembly to tee fitting

(7) Re-install cap on control air output pressure connection (2, Figure 501) at fuel
control unit

B Check Engne Start, Acceleration, Operation, and Actuation of Automatic Controls

NOTE If engwe does not operate satisfactonly as indicated in following
steps, stop engimne and correct malfunction before proceeding (Refer
to Engine Trouble Shooung Section )

(1) Connect Engme Tester (290122-400) to engine
(a) Place load switch (27, Figure 501) 1n OFF position
(b) Momentanly place start switch (26) m START position

1) Low oul pressure Light (red) (19) and 35 percent hght (22)
shall go on immediately

2) Engine shall start and accelerate smoothly, indicated by
evidence of o1l pressure at o1l pressure gage (Figure 501)
engine speed at tachometer indicator, COMpressor aw pressure
at control air pressure gage, fuel pressure at fuel pressure gage
and exhaust gas temperature at exhaust gas temperature
indicator  If APU does not reach governed speed within time
himit shown 1n Figure 503, terminate start

Ref.. MM STEWARD-DAVIS
49-20-02
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NOTES
I MACA STANDARD SEA LEVEL PRESSURE

1. STARTIMG TIME DEFINED AS THE PERIOD
FROM STARTER ACTUATION TO MOMIMAL
80 GOVERNED SPEED W1TH INO BLEED OR
\ ELECTRICAL LOAD BEING APPLIED
\ 3 DC POWER EQUIVALENT 1O OMNE ANII50-2

40 K STORAGE BATTERY WITH ELECTROLYTE
\h—
T\J 5 TOTAL LOAD IMPQSED DURING STARTING
S ———]

EXCEED 0 014 QHM

STARNING TIME - SEC

TEMPERATURE AT O'F (=18 C) OR HIGHER,
" ¢
S /NORMAL 4 SERIES RESISTAMNCE OF CAMLES FROM BATTERY
40 \\< 10 UNIT ELECTRICAL CONNECTOR NOT TO
20 CYCLE 1HOI TO EXCEED THE POLAR MOQMENT
OF 1MERTIA ANG FRICTIONAL ORAG IMPOSED
BY AM AIRCRAFI-TYFE, 40 KVA, AC GENERATOR

AND AN AIRCRAFT-TYPE TACHOMETER

0
+50 -0 10 40 100 140 4 THE OIL VISCOSITY AT THE LOWLR TEMPERATURE
(-5t 1) {-28 %) (-6 7} (15 8) g e @om LIMIT FOR STARTING 1S 13,000 CENTISTOKES,
THE lQWER TEMPERATURE LIMIT FOR TYPE I.OIL

15 45 F (-1 9°C) WHICH EQUATES TO -40 F

APU TNLET TOTAL TEMPERATURE - F { C) {-40"C) FOR TYPE Il

STARTING TIME Vs APU
INLET TOTAL TEMPERATURE
FIGURE 503
Ref. MM STEWARD-DAVIS 49-20-02
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3) Throughout start, acceleration, and operation, exhaust gas
temperature, wmdicated on exhaust gas temperature indicator
shall not exceed limits specified m Table 501

CAUTION SHUT DOWN ENGINE AT ONE
AND CORRECT TROUBLE IF
EXHAUST GAS TEMP-
ERATURE EXCEEDS LIMITS
SPECIFIED IN TABLE 501

4) When o1l pressure reaches 2 5 to 3 5 PSIG, indicated at o1l
pressure gage, fuel solenoid circuut shall close, allowmg fuel
flow, indicated on fuel pressure gage

5) When engme speed reaches approxumately 35 percent,
indicated on tachometer indicator, 35 percent switch shall
actuate to break starter circuit, indicated by 35 percent light
going off

6) When engme speed reaches 95 percent, mndicated on
tachometer indicator, 95 percent swiich shall actuate to break
igration cureurt and close tune totalizing meter circwt,
indicated by 95 percent light gomng on and engine tume
totalizing meter starting to record tume

NQTE Indicauon of 100 percent speed on tester
tachometer indicator 1s equivalent to 41,185 RPM
wrbine wheel speed

7) Engine shall continue to accelerate, and fuel control umit
governor shall operate to control engine speed at no-load
governed speed, 101 25 percent (41,700 RPM) maximum,
indicated on tester tachometer indicator

8) Energize pneumatic shutoff solenoid to shut down engine
Soleno:d shall open to pressurize centrifugal switch and actuate
cenmifugal switch overspeed switch,

C  Check and Adjust Fuel Control Untt Governor Speed Setting
(1) Connect Engine Tester (290122-400) to engine

(@) Place load switch in OFF posttion

() Momentarly place start switch in START position and allow engine
to accelerate to no-load governed speed.

NOTE- Indicatton of 100 percent engme speed on
tachometer indicator 15 equivalent to 41,185 RPM
turbine wheel engine speed.

Ref MM STEWARD-DAVIS
49-20-02
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(c) With no-load applied, engine speed shall stabilize at 101 25 percent
(41,700 RPM) maxunum mdicated on tester tachometer mdicator.

(d) If steady-state no-load governed speed is not within limits of 100 75
to 101 25 percent (41,500 to 41,700 RPM) indicated on tester
tachometer indicator, loosen locknut and adjust governor adjustment
screw (Figure 502) usmng screwdriver and wrench assembly
Clockwise adjustment increases speed, counterclockwise adjustment
decreases speed

(¢) When adjustment 1s satisfactory, tighten locknut. Lockwire
D Check Aur Pressure Regulator Qutput Pressure
NOTE No testing of regulator is permutted at field level

(1) Disconnect cutlet air pressure line between air pressure regulator and load
control valve at regulator

(2) Connect control air pressure hose assembly (Figure 501) to outlet port of
pressure regulator or test port on load control valve, as applicable, and
connect other end of hose to control air output pressure coupling on tester

(3) Start engine and allow to accelerate to no-load governed speed. Observe
pressure mdicated on control air pressure gage Pressure shall be 38 0 to
39.0 inches Hg gage (18 6 to 19 2 PSIG)

(4) If regulated outlet pressure 1s not within specified Iimits, shut down engine,
loosen locknut on opposite end of air pressure regulator and turn adjustment
screw clockwise to mcrease outlet pressure, and counterclockwise to decrease
outlet pressure. Tighten locknut and repeat check procedure Lockwire

E Perforin Pneumatic (Load Control) Thermostat Check and Calibration Procedure

NOTE. It is necessary to mstall load control valve to provide a means of
applying and controlling engine bieed air

(1) Remove mstalled engine thermocouple (Figure 504) and replace with
thermocouple assembly (290416-2) Refer to 49-70-02,
REMOVALJ/INSTALLATION for thermocouple removal instructions

(2) Connect cable assembly (290424-1) to thermocouple assembly (290416-2) and
receptacle on test set (290417-2-1).

Ref.* MM STEWARD-DAVIS 49-20-02
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EMGINE CONMNECTIONS
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ELECTRICAL SYSTEM TEST SETUP (TYPICAL)
FIGURE 504
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MAINTENANCE MANUAL

STARTER MOTOR POSITIVE TERMINAL
STARTER MOTOR NEGATIVE TERMINAL

TEE ASSY

NUT

CEARCASE NEGATIVE PRESSURE CONNECTION
ORIFICED CAP .

ENGINE CONTROL INPUT RECEPTACLE
TACHOMETER-GENERATOR MOUNTING PAD (AND20005, TYPE XV-B)
TURBINE EXHAUST FLANCE

LOAD CONTROL VALVE

CONTROL AIRLINE FROM PNEUMATIC THERMOSTAT
PHEUMATIC THERMOSTAT

ENGCINE THERMOCQUPLE

ENGINE HARNESS ASSY

PNEUMATIC SOLENCGID VALYE (cCDP)

{CODE 5D) ELECTRONIC SPEED SWITCH

CONTROL PAMEL HARNESS RECEPTACLE

START SWITCH

GREEN READY-TO-LOAD LIGHT (95 PERCENT LIGHT)
SHUNT

AMMETER (0 TO 500 AMPS)

STARTER RELAY

MASTER STOP SWLTCH

TACHOMETER-GENERATOR

EPUT HMETER { TACHOMETER INDICATOR)

COMPOUND CAGE (CEARCASE NEGATIVE PRESSURE)
EXHAUST CAS TEMPERATURE INDICATOR

LOCKOUT RELAY (CUSTOMER FURNISHED)

KEY TO FIGURE 504

Ref MM STEWARD-DAVIS
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(3) Check load control thermostat temperature control point as follows:
(a) Start engine in accordance with apphicable instructions.

NOTE Assure that load control valve exit is clear for full
bleed to atmosphere

(b) Open engine load control valve and position air-conditioning system
valves as required to load engine

CAUTION DO NOT ALLOW TURBINE
DISCHARGE TEMPERATURE
TO EXCEED LIMITS SPEC-
IFIED IN TABLE 501

(c) Observe exhaust gas temperature reading on EGT mdicator at pomt
of temperature stabilization. If exhaust gas temperature is not withun
lumts specified in Table 502 recalibrate thermostat i1s accordance
with step (4)

NOTE. Remove preumatic load and operate engine three
minutes (mummum) at no-load condition prior to
shutting down engine

(d) Remove pneumatic load and allow temperatures to stabilize, then
shut down engine

(4) Calibrate load contro! thermostat, if required, as follows

(a) Determme thermostat control temperature n accordance with step

(3)

(b) Remove thermostat ball valve assembly from thermostat body after
disconnecting control air line

(c) Remove and measure total thickness of shum stack using a
microraeter

(d) Detenmune total thickness of shur stack required to calibrate
thermostat to control at deswred temperature by subtracting the
observed control point from the desired control point and dividing
result by 30, if calibrations are made 1n degrees Fahrenhext, or 17,
if calculations are made 1n degrees centigrade  Result 15 thickness
of shuns 1n thousandths of an inch, which shail be added or removed
from total shum stack thickness to obtain required setting

(¢) Re-install thermostat ball valve assembly into thermostat body and
tighten to torque value of 150 to 175 wnch-pounds. If required
temperature change 15 less than 17C (30F) adjust thermostat body
within specified torque range

Ref : MM STEWARD-DAVIS
49-20-02
Page 518 SN REV. Jul 31/99
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(D) Reconnect thermostat control line and tightez "B" nut to torque value
of 135 to 150 inch-pounds Use back-up wrench to bold ball valve
assembly when tightening "B" nut.

(g) Recheck temperature control point after shimmng thermostat, n
accordance with step (3) Controlling temperature shall repeat within
3C (5F) for two successive checks

(b) Remove thermostat calibration test set from engmne  Re-mstall
engine thermocouple Refer two 49-7-1, REMOVAL/
" INSTALLATION for thermocouple mstallation instructions

F Check and adjust Load Control Valve Rate Control Time
(1) Start and accelerate engme to no-load governed speed

(2) Apply bleed load and record ume for load control valve to control from no-
load to full bleed load.

NQTE If opemung tume 1s not within ltmuts, hold load control valve
rate adjustment screw (refer to Report No 49-50-40) and
loosen locknut Turn adjustment clockwise to increase
opemng tune, counterclockwise to decrease time Hold
adjustment screw and tighten locknut Lockwire

(3) Full bleed load shall be reached within 9 to 14 seconds

(4) Repeat procedures outlned 1n steps (1), (2), and (3) until opemngs time 15
within lumits

G Perform Accessory Gearcase Assembly Negative Pressure Check

NOTE Connection of engine tester 1s not required for this check Ths
check need only be accomplished dunng trouble shootng to
determune cause of high o1l consumption or noticeable o1l smoke
from exhaust

(1) Remove vent plug from port on front of accessory gearcase

(2) Install a suitable bulkhead tee (Figure 504 with 0 035 to 0 040 wnch onifice 1n
vent port. i

{3) Connect flexible hose to bulkhead tee and cornect other end of hose to a
compound pressure gage

(4) Start engine and allow to accelerate to no-load governed speed

(5) Note pressure reading on gage, pressure shall be -3 to -10 inches mercury
gage.

(6) Shut down engme and remove flexible hose, gage and bulkhead tee from
accessory gearcase vent port Re-install vent plug

Ref. MM STEWARD-DAVIS 49-20-02
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APU ENGINE COMBUSTION AND EXHAUST SECTION

INSPECTION/CNECK
EFFECTIVITY TCA LX-N20198 [X-N20199

1, CENIRAL

The followinz methods and procedures can be accomplished by personnel
who maintain the equipment in the field. A careful visual inspection
shall precede any detail checks to eliminate unnecessary inspection
procedures and to determinme the extent of further checking. Long life
and continued efficient operations of the engine depend upen the care
and accuracy with which inspections are conducted,

2. INSPECT HOT SECTION COMPONENTS (See Figure 201)

o
il e rah
N NOTE: If cracks, erosion, deformation or other obvious damage is
evident during this inspection, remove engine from install-
ation and perform a detalled hot section inspectcion. Refer
to Heavy Maintenance Section of AiResearch Report No. 49-20-
37 for detailed hot section inspection of removed engine,
A. Visually inspect containment ring for sccurity and actaching washers
for fretting.
£
% B. Check turbine plenum gasket for evidence of deterioration or leakage.
C. Visually inspect turbine nozzle for cracks, scorlng, erosion and
feathering damage,
D. Visually inspect turbine torus assembly for cracks, erosion, defor-
mation and wear.
— F. Visually inspect exhaust pipe assembly for cracks.
£ r"“-""‘
A v, Check that oil tank vent tube assembly ID and opening in flange are
not obstructed.
H. Visually inspect exhaust flange assembly for cracks.
I. Visually inspect turbine plenum assembly for eracks in welds and
adjoining material.
J. Visually inspect turbine wheel shroud for cracks,rubbing and fretting.
K. Visually inspect turbine wheel for cracks, rubbing, blade tip bending
and thinning due to erosion.
t- MM STEWARD DAVIS
- 69-20-04
1/81 Page 201
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TURBING
Torus
TURBINE TURBINE ASSEMALY
PLENUM NOZZLE
GASKET

CONTAINMENT
RING
EXHAUST
g pirs
ASSEMBLY

Ol TANE VENT
& ' TUBE ASSEMBLY

b '/ ¥ ManoraanGE

/ (SHOWN ROQTATED

FOR CLAXITY)

EXHAUST

FLANGE
- ASSEMBLY
: TURSINE
PLENUM
TURSINE TURBINE ASSEMELY
' WHER, WHEEL
SHROUD
Inspection of Hot Section Componment
Figure 201
MM STEWARD DAVIS
49-20-04
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APU ENGINE COMBUSTION AND EXHAUST SECTION

INSPECTION/CHECK
EFFECTIVITY RTCA LX-N19997 LX-N20000

GENERAIL

The following methods and procedures can be accomplished by personnel who mamntamn the
equipment tn the field A careful visual inspection shall pracede any detail checks to eliminate
unnecessary inspection procedures and to determine the extent of further checking Long hfe
and continued efficient operations of the engine depend upon the care and accuracy with which
inspections are conducted

2 INSPECT HOT SECTION COMPONENTS (See Figure 201)

NOTE If cracks, erosion, deformation or other obvious damage 1s evident dunng
thewr inspection, remove engine from installation and perform 2 detailed hot
section mspection. Refer to Heavy Maintenance Section of AiResearch Report
No 49-20-37 for detailed hot secuon 1mspection of removed engine

Visually ipspect contamment ning for security and attaching washers for fretting
Check turbine plemum gasket for evidence of deterioration or leakage

Visually mspect turbine nozzle for cracks, sconng, erosion and feathering damage
Visually inspect turbine torus assembly for cracks, erosion, deformation and wear
Visually inspect exhaust pipe assembly for cracks

Check that o1l tank vent tube assembly ID and operung 1n flange are not obstructed
Visually inspect exhaust flange assembly for cracks

Visually inspect turbine plenum assembly for cracks in welds and adjoiung material

Visually inspect turbine wheel shroud for cracks, rubbing and fretung

R "o amT"uyuo 9w »

Visually inspect turbine wheel for cracks, rubbing, blade tip bending and thinmng due
to erosion.

Ref. MM STEWARD-DAVIS 49-20-05
SN REV Jul 31/99 Page 201
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TURMNE
TORYS
TULBINE ASSEMBLY
TURMNE
FLENUM NOZILE
GASKET

CONTAINMENT )
} EXHAUST

NG /5 3
' PIPt
i ASSEMBLY
.‘ =
\C‘h.
i \ \ \ OIL TANE VENT
A TUBE ASSEMBLY
il AMND FLANGE
¥ (SHOWN AQTATED
b FOR CLARITY)
EXHAUST
FLANGE
ASSEMBLY
TURBINE
MLENUM
TURAINE \'-mfi ASSEMMLY
whea SHROUD
INSPECTION OF HOT SECTION COMPONENT
FIGURE 201
Ref MM STEWARD-DAVIS
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LX-N20198

COMBUSTION CHAMBER LINER - REMOVAL/INSTALLATION

1, REMOVE COMBUSTION CHAMBER LINER

A. Open all APU circuit breakers on APU starter relay box at bulkhead
Sta. 960L.

B. Remove combustion chamber cover.
C. Disconnect high voltage lead from igniter plug.
WARNING: THE CURRENT INVOLVED IN THE IGNITION UNIT IS OF

VERY HIGH VOLTAGE AND CAN BE FATAL. BE SURE THAT
= POWER IS REMOVED FROM THE UNIT FOR A MINIMUM OF 3

e~
; - MINUTES BEFORE MAKING ANY DISCONNECTIONS. AFTER
DISCONNECTING A HIGH TENSION LEAD, ENSURLC COMPLETE
DISCHARGE OF CAPACITORS BY IMMEDIATELY SHORTING
EXCITER UNIT TERMINAL TO GROUND.
D. Remove igniter plug mounting bolts and washers.
E. Withdraw igniter plug from combustion chamber cap.
e F, » Remove and discerd old gasket.
-
G. Disconnect fuel line from fuel gtomizer assembly.
H. Remove fuel atomizer mounting bolrs.
I. Remove fuel atomizer assembly and packing from unit.
J. Remove clamp from combustion chamber cap.

-4t

A

P s

K. Remove combustion chamber cap from turbine plenum,

L. Carefully withdraw combustion chamber liner from turbine plenum.

2, INSTALL COMBUSTION CHAMBER LINER

A. Position combustion chamber cap over end of linmer with igniter plug
holes in cap and liner aligned with each other.

B. Using new packing, position fuel atomizer on combustion chamber cap.

C. 1Install acomizer wmounting bolts with washers. Tighten bolts to a
torque range of 20 to 25 pound-inches.

D. Place new packing on turbine plenum and insert liner into turbine
plenum,

- MM STEWARD DAVIS
4/82 49-20-11
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LN
Install combustion chamber clamp, Tighten clamp bolt to a torque
range of 50 to 70 pound-inches,
Connnect fuel line to atomizer.
Place new gasket on igniter plug.
Insert igniter plug into combustion chamber cap.
Install igniter plug mounting bolts with washers. Tighten bolts to
a torque range of 50 to 70 pound-inches. Lockwire bolts.
Connect high voltage lead to igniter plug. a

Position combustion chamber shroud on unit and install clamp.

Close all APU circuit breakers on APU starter relay bax at bulkhead
Sta. 960L.

i
J

s

™ ¥M STEWARD DAVIS /8
/82
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EFFECTIVITY TCA LX-N20198 LX-N20199
COMBUSTION CHAMBER LINER - INSPECTION/CHECK

1. CHECK COMBUSTION CHAMBER LINER

A. Remove combustion chamber liner from AFPU. Refer te Combustion Cham~
ber Linar - Removal/Installation.

B. Check combustion chamher liner for cracked welded joints, deformation
and cracks. See figure 601 for permissible extent of damage.

C. 1Install combustion chamber liner on APU. Refer to Combustion Chamber
Liner - Removal/Installation.

CRACKS LONGER THANIA -
INCH NOT PERMISSIBLE
CRACKS CONNECTING HOLES
MNOT PERMISSIBLE -
o
TUAE a® .
NO MORE THAN .© ‘e
FOUR WELDED - .
OINTS MAY - .
;s CRACKED = 5o . " ' 1/8 INGH MAXIMUM
A . 00 . [ PERMISSIBLE
. J . . DEFORMATION
\ [ ] o )
» . ) MINIMUM METAL THICKNESS DUE TO
AR 7. CORROSION OR EROSION
e Y « 7 TO BE 0.035 INCH
car \ s
2 CRACKS WHOSE PROGRESSION
* COULD CAUSE MATERIAL BREAK
\ AWAY ROT PERMISSIBLE
S Y CRACKS SEPARATED BY LESS THAN

1/4 INCH NOT PERMISSIBLE

Combusticn Chamber Liner Check
Figure 601

MM STEWARD DAVIS
49-20-11

1/81 Page 601
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EFFECTIVITY TCALX-N20198 LX-N20199
COMBUSTION CHAMBER LINER - CLEANING/PAINTING

1. CLEAN COMBUSTION CHAMBER LINCR

A,

B.

14 g

1"

1/81

Remove combustion chamber Iiner from APU. Refer to Combustion Chamber
Liner - Removal/Installation.

Scrape excessive carbon deposits from liner with a soft non-abrasive
materlial such as wood.

NOTE: If faclflities are avallable, liner may be cleaned
by wvapor blast.

Using compressed air or soft briscle brush remove all loosened car-
bon.

Install combustion chamber liner on APU. Refer to Combustion Cham-
ber Liner = Removal/Installation.

- MM STEWARD DAVIS

49-20-11
Page 701
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EFFECTIVITY RTCA LX-N19997 LX-N20000

CO STION ER LINER - REMOVAL/INSTALL N

1 REMOVE COMBUSTION CHAMBER LINER

A
B
C

R =" ma ™" my

Open ail APU circuit breakers on APU starter relay box at bulkhead Sta. $60L
Remove combustion chamber cover
Disconnect hugh voltage lead from igmter plug

WARNING THE CURRENT INVOLVED IN THE IGNITION UNIT
IS OF VERY HIGH VOLTAGE AND CAN BE FATAL
BE SURE THAT POWER IS REMOVED FROM THE
UNIT FOR A MINIMUM OF 3 MINUTES BEFORE
MAXING ANY DISCONNECTIONS AFTER DIS-
CONNECTING A HIGH TENSION LEAD, ENSURE
COMPLETE DISCHARGE OF CAPACITORS BY
IMMEDIATELY SHORTING EXCITER UNIT TER-
MINAL TO GROUND

Remove 1gmuter plug mountmng bolts and washers
Withdraw 1gnuter plug from combustion chamber cap
Remove and discard old gasket

Disconnect fuel line from fuel atomizer assembly
Remove fuel atomizer mounting bolts

Remove fuel atormzer assembly and packing from umt
Remove clamp from combustion chamber cap
Remove combustion chamber cap from turbine plenum

Carefully withdraw combustion chamber hiner from turbine plenum

2. INSTALL COMBUSTION CHAMBER LINER
A. Position combustion chamber cap over end of liner with 1gnuter plug holes in cap and

B.
C.

liner aligned with each other.

Using new packing, position fuel atomizer on combustion chamber cap.

Install atomizer mountings bolts and washers Tighten bolts to a torque range of 20 to

25 pound-inches

Place new packing on turbine plenum and insert limer mte turbine plenum.

Ref.. MM STEWARD-DAVIS
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t

Install combustion chamber clamp Tighten clamp bolt to a torque range of 50 to 70
pound-inches.

Connect fuel line to atomizer
Place new gasket on 1gniter plug
Insert 1gniter plug into combustion chamber cap

= m

Install 1gnuter plug mounting bolts with washers Tighten bolts to a torque range of 50
to 70 pound-inches Lockwire bolts

Connect high voltage lead to igruter plug.

W'—I

Position combustion chamber shroud on unit and nstall clamp
L Close all APU circuit breakers on APU starter relay box at bulkhead Sta 960L

Ref MM STEWARD-DAVIS
1%9-20-12
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BUSTION CHAMBER LINER - INSPECTION/CHECK

EFFECTIVITY RTCA LX-N19997 LX-N20000

1 CHECK COMBUSTION CHAMBER LIN

A. Remove combustion chamber [iner from APU Refer to Combustion Chamber Liner -
Removal/Installation

B Check combustion chamber liner for cracked welded joints, deformation and cracks.
See Figure 601 for permissible extent of damage

C Install combustion chamber hiner on APU  Refer to Combustion Chamber Liner -
Removal/Installation

CRACKS LONGER THANI/A
INCH NOT PERMISSIBLE

CRACKS CONMECTING HOLES
NOT PERMISSIBLE

TUSE
NO MORE THAN
FOWR WELDLD
JOIHTS MAY

BE CRACKED 1/8 INCH MAXIMUM

FPERMISSIBLE
DEFORMATION

MINIMUM METAL THICKNESS DUE TO
CORROSION OR EROSION

O BE 0035 IN
cAP TO BE 0.025 INCH
CRACKS WHOQSE FROGRESHON
COULD CAUSE MATERIAL BREAK
AWAY NOT PERMISSIBLE

CRACKS SEPARATED BY LESS THAN -
1/4 INCH NOT PERMI13SIBLE

COMBUSTION CHAMBER LINER CHECK
FIGURE 601

Ref MM STEWARD-DAVIS 49-20-12
SN REV Jul 31/99 Page 601
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COMBUSTION C ER LINER - CLEANTNG/PAINTIN

EFFECTIVITY RTCA LX-N19997 LX-N20000

1 CLEAN COMBUSTION CHAMBER IINER

A Remove combustion chamber lmer from APU Refer to Combustion Chamber Liner -
Removal/Installation

B Scrape excessive carbon deposits from hner with a soft non-abrasive matenal such as
wood.

NOTE If facumes are available, liner may be cleaned by vapor blast
C Usmg compressed air or soft bristle brush remove all loosened carbon

D Ipstall combustion chamber liner on APU  Refer to Combustion Chamber Liner -
Removal/Installation

Ref * MM STEWARD-DAVIS 49-20~-12
SN REV Jul 31/9% Page 701
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APU FUEL YSTE
DESC OPERATIO
EFFECTIVITY RTCA LX- LX-N20

General

The APU fuel supply, system delivers fuel from the airplane fuel tank
to the APU engine fuel and control system. The APU receives fuel
from main fuel tank No. 3. The APU fuel supply system consists of
electrical, electro-mechanlcal and mechanical components which along
with the necessary plumbing, function to supply pressurized fuel to
the APU engine fuel and control system. The system is made up of a
fuel tap, a fuel shutoff (manual) valve, a fuel supply (solenoad)
valve, a water separator, a fuel boost pump, a fuel boost relay, a
pressure relief valve and suitable plumbing. The fuel tap, provided
by Boeing, 1s on the wing rear spar at the 606 gallon level.(approx-
imately 4100 pounds indicated fuel guantity) of No. 3 main fuel
tank. The fuel shutoff valve, fuel supply valve and pressure relief
valve are all located at the wing rear spar. The water separator and
fuel boost pump are mounted on a fuel panel located on the keel beam
structure in the right hand main landing gear wheel well. The fuel
boost relay 1s located in the Sta. 960 junction box.

Fuel 1s taken through the tap on the rear spar and enters the APU
Tsupply” system thiough the manually actuated fuel shutoff and the
electrical solenoid actuated fuel supply valves. The fuel passes
through the water separator before entering the boost pump to be
pressurized for delivery to the APU engine fuel and control system
The fuel boost relay controls power for operating the boost pump and
for actuating the fuel supply (solenoid) valve to the open position
The pressure relief valve bypasses the fuel supply valve to return
fuel to the airplane wing tank 1f pressure builds up 1in the fuel
supply line due to thermal expansion of entrapped fuel when the APU
1s not operating. ' *, .
With the APU BAITERY switch and APU MASTER switch in the ON position
the fuel boost relay 1s actuated to provide power to open the sole-
noid actuated fuel supply valve and to run the fuel boost pump. The
valve will remain open and the pump will continue to run until the
fuel boost relay 1s de-energized by action of the MASTER switch/mas-
ter relay or the fire lockout relay.

NOTE: _ When operating the APU unattended for an extended period of
time, follow Airplane Maintenance Manual (AMM) instructions
regarding necessary fuel quantlty based on APU'fuel burn
rate.

. TR-Nr. 49-02
LX-N20199 49-31 '1 Page 7 of 10

LX-N19997, LX-N20000 Page 1 Febr 25/2010

b



.

MAINTENANCE MANUAL

INTENTIONAL:LY LEFT BLANK

TR-Nr. 49-02
TCA: LX-N20199 49-31 '1 Page 8 of 10

RTCA: LX-N19997, LX-N20000 Febr 25/2010



1.

AT -

L)
LY

I

oy

MAINTENANCE MANUAL

APU FUEL SUPPLY SYSTEM

DESCRIPTION AND OPERATION
EFFECTIVITY TCALX-N20198 LX-N20199

GENERAL

A.

4/82

SN REV Jul 31799

The APU fuel supply system delivers fuel from the airplane fuel tank
to the APU engine fuel and control system. The APU receives fuel from
main fuel tank No. 3. The APU fuel supply system consists of electri-
cal, electro-mechanical and mechanical components which along with the
necessary plumbing, function to supply pressurized fuel to the APU
engine fuel and control system. The system 15 made up of a fuel tap,
a fuel shutoff (manual) valve, a fuel supply (solenord) valve, a water
separator, a fuel boost pump, a fuel boost relay, a pressure relief
valve and suitable plumbing. The fuel tap, provided by Boeing, 1s on
the wing rear spar at the 606 gallon level (approximately 4100 pounds
1ndicated fuel quantitiy) of No. 3 main fuel tank. The fuel shutoff
valve, fuel supply- valve and pressure relief valve are all located at
the wing rear spar. The water separator and fuel boost pump are
mounted on a fuel panel located on the keel beam structure in the
right hand main landing gear wheel well. The fuel boost relay 1s
lcoated in the Sta. 960 junction box.

Fuel 15 taken through the tap on the rear spar and enters the APU
"supply" system through the manually actuated fuel shutoff and the
electrical solenoid actuated fuel supply valves The fuel passes
through the water separator before entering the boost pump to be
pressurized for delivery to the APU engine fuel and control system.
The fuel boost relay controls power for operating the boost pump and
for actuating the fuel supply (solenoid) valve to the open position.
The pressure relief valve bypasses the fuel supply valve to return
fuel to the airplane wing tank 1f pressure builds up in the fuel
supply line due to thermal expansion of entrapped fuel when the APU
1s not operating.

With the APU BATTERY switch and APU MASTER switch in the ON position

the fuel boost relay 1s actuated to provide power to open the solenoid
actuated fuel supply valve and to run the fuel boost pump. The vaive
w11l remain open and the pump will continue to run until the fuel boost
relay 1s de-energized by action of the MASTER switch/master relay or the
fire lockout relay.

MM STEWARD DAVIS
45-31-0
Page 1
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FUEL SHUTOFF VALVE

A.

The fuel shutoff valve is a manually operated valve mounted at the
fuel tap on the wing rear spar. The valve permits 1solating the wing
tank during maintenance of the APU fuel supply system. The valve 1s
normally lock-wired in the open position.

FUEL SUPPLY VALVE

A.

The fuel supply valve 15 a normally closed, solenoid actuated valve
that provides for remote control of fuel flow 1nto the APU fuel sys-
tem. The valve is located at the wing rear spar, downstream from the
fuel shutoff valve. The valve receives power from the APU aft bus
through NQ contacts of the fuel boost relay.

FUEL BOOST PUMP

A.

The fuel boost pump delivers fuel under pressure from the atrplane
main tank to 1ts APU engine fuel and control system. The pump 15 a
centrifugal type pump driven by a 24 volt DC electric motor. The
boost pump receives power from the APU aft bus through NO contacts
of the fuel boost relay. The boost pump 1s mounted on the fuel panel
located in the main gear wheel well.

FUEL BOOST RELAY

A.

,

The fuel boost relay 1s a single coi1l, two pole 28VDC relay Tocated
1n the Sta. 960 APU junction box. The relay controls power from
the APU aft bus to the fuel supply valve and the fuel boost pump
through its NO contacts. The relay 1s actuated by power from the
APU, aft bus through NQ contacts of the master relay and therefore
reflects the position of the master relay (MR, open - FBR, open,
MR, closed ~ FBR closed.) With the APU BATTERY- switch ON and

the MASTER switch closed {light on) the master relay closes to
close the fuel boost relay and apply power to actuate (open) the
fuel supply valve and to run the fuel boost pump. The fuel boost
relay remains closed unttl power to the master relay 1s 1interrupted
by action of the MASTER switch or by the fire lockout relay.

WATER SEPARATOR

A.

The water separator 1s a coarse filter (bronze screen) that separates
water from the fuel passing through. The separator 1s mounted on
the fuel panel, 1n the main gear wheel well, at the lowest point in
the fuel supply system and 1ts case serves as a sump to collect the
separated water.

‘M STEWARD DAVIS
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APU L SYSTEM
D N AND OPERATTI

EFFECTIVITY RTCA LX-N19987 1LX-N20000

1 GENERAL

A The APU fuel supply system delivers fuel from the awplane fuel tank to the APU
engine fuel and control system The APU receives fuel from mam fuel tank No 3
The APU fuel supply system consists of electrical, electro-mechamcal and mechamecal
components which along with the necessary plumbing, function to supply pressurized
fuel to the APU engine fuel and control system The system 1s made up of a fuel tap,
a fuel shutoff (manual) valve, a fuel supply (solencid) valve, a water separator, a fuel
boost pump, a fuel boost relay, a pressure rehief valve and suitzble plumbing The fuel
tap, provided by Boeing, 1s on the wing rear spar at the 606 gallon level (approximately
4100 pounds indicated fuel quantity) of No 3 man fuel tank The fuel shutoff valve,
fuel supply valve and pressure relief valve are all located at the wing rear spar The
water separator and fuel boost pump are mounted on a fuel panel located on the keel
beam structure in the right hand mamn landing gear wheel well The fuel boost relay
15 located 1n the Sta. 960 junction box

B Fuel 15 taken through the tap on the rear spar and enters the APU "supply" system
through the manually actuated fuel shutoff and the electrical solenowd actuated fuel
supply valves The fuel passes through the water separator before entering the boost
pump to be pressurized for deltvery to the APU engmne fuel and conwol system The
fuel boost relay controls power for operating the boost pump and for actuating the fuel
supplyf(solenoid) valve to the open position The pressure relief valve bypasses the
fuel supply valve to return fuel to the auplane wing tank if pressure builds up in the
fuel supply line due to thermal expansion of entrapped fuel when the APU 15 not
operating

C With the APU BATTERY switch and APU MASTER switch 1n the ON position the
fuel boost relay 1s actuated to provide power to open the solenoid actuated fuel supply
valve and to run the fuel boost pump The valve will remamn open and the pump will
continue to run until the fuel boost relay 1s de-energized by action of the MASTER
switch/master relay or the fire lockout relay.

Ref MM STEWARD-DAVIS 49-31-1
SN REV Jul 31/99 Page 1



BOSINEG

PV, ¥

MAINTENANCE MANUAL

2 FUEL SHUTOFE VALVE

A The fuel shutoff valve is 2 manually operated valve mounted at the fuel tap on the wing
rear spar. The valve permuts isolating the wing tank during maintenance of the APU
fuel supply system The valve is normally lock-wired 1n the open position

3 FUEL SUPPLY VAIVE

A The fuel supply valve 1s a normally closed, solenoid actuated valve that provides for
remote control of fuel flow wnto the APU fuel system The valve 1s located at the wing
rear spar, downstream from the fuel shutoff valve The valve receives power from the
APU aft bus through NO contacts of the fuel boost relay

4 FUEL BOOST PUMP

A The fuel boost pump dehvers fuel under pressure from the airplane mam tank to 1its
APU engne fuel and control system The pump 1s a centrifugal type pump driven by
a 24 volt DC electrnic motor The boost pump recerves power from the APU aft bus
through NO contacts of the fuel boost relay The boost pump 1s mounted on the fuel
panel located mn the main gear wheel well

5 FUEL BOOST RELAY

A The fuel boost relay 1s a single coil, two pole 28 VDC relay located 1n the Sta 960
APU junction box The relay controls power from the APU aft bus to the fuel supply
valve and the fuel boost pump through 1ts NO contacts The relay 1s actuated by power
from the APU, aft bus through NO contacts of the master relay and therefore reflects
the position of the master relay (MR, open - FBR," open, MR, closed - FBR closed.)
With the APU BATTERY switch ON and the MASTER. switch closed (light on) the
master relay closes to close the fuel boost relay and apply power to actuate (open) the
fuel supply valve and to run the fuel boost pump The fuel boost relay remains closed
until power to the master relay 1s mterrupted by:action of the MASTER swatch or by
the fire lockout relay

6 WATER SEPARATOR

i A The water separator 1s a course filter (bronze screen) that separates water from the fuel
passing through The separator 1s mounted on the fuel panel, 1n the main gear wheel
well, at the lowest point 1n the-fuel supply system and 1its case serves as a sump to

: collect the separated water.

T oAk
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EFFECTIVITY TCA LX-N20198 LX—I:I'20199
APU ENGINE FUEL AND CONTROL

DESCRIPTION AND OPERATION

1. CENERAL i
|

A. The APU engine fuel and control system i{s fully automatic in opera-
tion and does not require external controls. The system consists of
a fuel coatrol unit mounted on the front of the accessory section,
a fuel solenoid valve mounted on the fuel control unit, a fuel atom
izer assembly mounted on the turbine section combustor cap assembly,
a pneumatic thermostat mounted in the turbine exhaust flange, a
turbine plenum drain mounted in the turbine plenum assembly, and the

necessary plumbing and wiring.

" B. With the APU BATTERY switch and the APU MASTER swicch in the
ON position, pressurized fuel is provided by the fuel supply system
to the fuel contrel unit. When the APU is started, the fuel pump
and control unit supplies and regulates the flow of fuel to the fuel
atomizer in the combustion chamber. The regulated fuel flow con-
trols the acceleration of the turbine rotor during the starting
operation, When a load is applied to the APU, the fuel control unit
meters the fuel flow to maintain 2 near constant speed.

2. FUEL PUMP AND CONTROL UNIT

A. The fuel pump and control unit, mounted on the engine accessory
section, 1s the major component 1n the fuel system. The fuel pump
is driven by the accessory gear train at approximately 10X turbine
RPM., A governor, in the fuel control unit, senses turbine speed
and regulates quantity of Fuel injecced into the combustion chamber.
This sequence is a continuous cycle, thereby, controlling turbine
speed, The fuel pump and control unit is a single assembly made up
of the engine-driven fuel pump, fuel filter, acceleration limirer
valve, fuel pressure relief valve, fuel solencid valve, electrical
and pnedmatic connections and connections for fuel {inlet, fuel out-
let, fuel pressure gages, and a seal-leakage drain manifold.

(1) The engine-driven fuel pump iz a gear-type positive-displacement
y pump., The pump housing contains a spring-loaded ball-type pres-
sure relief valve which allows fuel to return to the pump inlet
after sufficient fuel pressure is built up in the fuel control
unit. A wmicronic fuel filter is locatad downstream of the pump
outlet port and filters all fuel passing from the pump to the
fuel control system conmponents.

Ml STEWARD DAVIS
+/82 | 49-32-0
SN REV Jul 31/99 | _ Page 1
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(2) The acceleration limiter valve conslsts of an adjusting spring,
two diaphrigm assemblies and a spring-loaded relief valve. The
valve cover Is provided with a connection for controlling alr
pressure, and g fixed orifice which vents the control air ro
acbiant, This orifice tends to bleed out any moisture which may
be present in the control air supply.

(1) The governor senses the engine speed and controls the fuel flow
into the combustion chamber to maintain the ungine speed nearly
constant under varying loading condicions. The governor con-
sists of an input shaft, governor cage, flyweights, spring, and
an adjustment screw and nut. High pressure fuel surrounds che
spring-loadaed flyweights. At high RPM or overspeed, the fly-
welights avercome the spring force and cpen a fuel bypass. Part
of the high pressure fuel escapes into the low pressure area of
the fuel pump and concrol unit, thus reducing the fuel pressure
and the anount of fuel injected incto the combustion chamber.

J. FUFL SOLEYOID VALVE

A.

The fuel solcnold valve is a normally closed electromagnetlic shutoff
valve, and 1s a compenent of the fuel punp and control unit Te (s
installed in che outlet port of the fucl control unit. The valve
consists of two bordy assemblles, a coll, plunper, and upring 1he
valve {s cnergized to piss fuel to the combustion chamber when the
oll pressure sensing switch clases durlng a stacting operation

4 FUFL ATOMIZEPR

A,

4£9-32-0
Page 2

[he fuel atomizer is a dual oriflce assembly nounted on the combustor
cap assembly attached to the flame tube and plenum assemblies., The
fuel atomlzer assembly consists of a screen, flow-divider valve, dis-
tribucter head, and housing., The discriburor head functions as a
divid{ng passageway, with a core in the center leading to a large
erifice plate located at the tip, The distribucor head and orifice
plates located within the housing, are covered by an atomizer nuc
Also located within cthe housing is the screen and flow divider valve.
The screen strains gll fuel entering the fuel atomizer. The flow-
divider valve functions to direct all fuel at lower pressures to the
small orifice which provides proper atomization of fuel under these
conditions. At higher fuel pressures the valve actuates to permit
combined flow to both orifices.

MM STEWARD DAVIS

1/81
SN REV, Dec 1/89

[

€



CONIRCL AIR PRES

B TIN G

e A

MAINTENANCE MANUAL

PNEUMATIC SQLENOID VAL VE (NC)
SURE CONNECTION

PNEUMATIC SOLENOID
(THREE-WAY) SHUTOFF

\ VALVE \
—— y —— —)
Dll 1 / ATOMIZER FLOW DIVIDER VALVE | |
1O CENTERIFUGAL
SWITCH assemaLy (1% AN
! _HIGH PRESSURE FUEL CONNECTION FUEL
[ s
IGMNITER LG ~
f‘*\'\
COMBUSTION
CHAMBER

FUEL COMTROL
UNIT

. M ACCELERATION

seitgution |17 R
N AN L

COMPRESSOR
FUEL ' ALR JNLET
SOLENQID COOLING PNEUMATIC
VALVE AlIR FAN ASSY THERMOSTAT

N

IFUEL

'
1
i
]
j
1
1
'
'
}
i
1
1
'
'
]
1
'
1
1
L

X

\

FUEL DRAIN

H
H T [ IFILTER
5 FUEL VL liidd 1 FUEL
 FnTER = ‘ PUMP
- - L)
- 1

i . : !
b l { Gasiag :
b [] — .
+ =0 ] H ;

" 1
H H ) -
E. T T \\.Lu;‘ T v : INLET PLENUM ORAIN
é Q FUEL GOVERNOR j COMPRESSOR AND

co~~ecuorx

TURBINE ASSEMBLY

ACCESSORY DRIVE
GEARCASE ASSEMBLY

PLUG AND ALEEDER

i)

HIGH PRESSURE FUEL {AMBIENT VENT) :{J:SS'; IR
CONNECTION DRAIN PRESSURE
*FUEL INLET PORT REGULATO
LEGEND Q \(
BLEED AIR_ r—y BUTTERFLY |
C——) CONMOL AR o R
ouner SWITCHER _SOLENOID
(LTI ORAIN |
1
PMNELIMA
EIZZZ27T3  HIGH PRESSURE FUEL FUMATIC ACTUATOR N

REEORIINA]

LOW PRESSURE FUEL

LOAD CONTROL VALVE

bemn m

™~

RATE COMNTROL VALVE

’ S~

L
REGULATED AIR PRESSURE
CONNECTION

CUSTOMER CONNECTION

FUEL CONTROL SYSTEM
AND BLEED-AIR CONTROL SYSTEM

1/81
SN REV.

M STEWARD DAVIS
Dec 1/89



) mosINGD C,7 /7
s

MAINTENANCE MANUAL

5. PNREUMATIC THERMOSTAT

A. The pneumatlic thermostat profects into the turbine exhaust ducec. [t
consists of an alloy steel housing, spring-loaded ball valve, thermo-
statlc core, and connection for a pneumatic line. The thermostat
functions as a temperature controlled orifice over a range of turbine
exhaust gas temperatures. It 13 connected by pneumatic line to the
three~way solenold valve which applies fts signal to the acceleration
limiter valve during engine start and transfers its signal to the
pneumatic shutoff (load contrgl) valve when the englne reaches
governed spead, The thermostat ia closed when cold and begins to
open between 555° to 565°9C (10302 to 10509F) when it will bleed con-
trol air from one side of a diaphragm in che acceleration limiter
valve during eagine start, to control the fuel bypass valve, or the
pneunatic shutoff (load control) valve after governed speed is reached
to control air bleed.

6. OPERATION

A. With the APU BATTERY switch and MASTER switch in the ON position
clean pressurized fuel is delivered to the fuel control unit fuel in-
let by the APU fuel supply system. Fuel is pumped by the fuel contrel
unit geara through a fuel filter to the fuel solenoid valve. The fuel
solenofd valve is automatically opened as engine oil pressure builds
up, and permits fuel flow to the fuel atomizer assembly. Low pressurte
fuel passes through the primary orf{fices in the fuel atomlzer assembly
and 1s sprayed into the combustion chamber. As fuel pressure increases,
fucl passes through both pelmary and secondary orifices im the fuel

' atomizer assembly to provide adequate fuel spray. Small quantities
of fuel which may collect i{n the bottom of the turbine plenum are
drained overboard through the turblne plenum drain. Other fuel drain
connections are located at the fuel control unit acceleration limiter
valve and drive shaft seal.

B. Fuel flow during acceleration 1s metered by the acceleration limiter
valve in the fuel control unit to provide smooth acceleration; fuel
flow during normal speed operation is metered by the fuel governor
in the fuel control unlt to maintain constant speed. Fuel flow at
overtemperature conditions is modulated during engine start and
acceleration to governed speed by action of the pneumatic thermostat
operating in conjunction with the three-way solenoid valve to bleed
control air from the acceleration limiter valve in the fuel control
unit. At governed speed the three-way solenoid valve actuates to
transfer the pneumatic thermostat's output to the pneumatic shutoff
(load control) valve to control air bleed as required to prevent ex-—
cessive exhaust gas temperatures.

MM STEWARD DAVIS -
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APU ENGINE L CO L
DESCRIPTION AND OPERATIO

EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A The APU engme fuel and control system 1s fully automatic in operation and does not
require external controls The system consists of a fuel control unit mounted on the
front of the accessory section, a fuel solenoid valve mounted on the fuel control umit,
a fuel atomrzer assembly mounted on the turbine section combustor cap assembly, a
pneumatic thermostat mounted 1n the turbine exhaust flange, a turbine plenum drain
mounted 1n the turbine plenum assembly, and the necessary plumbing and wiring

B With the APU BATTERY switch and the APU MASTER switch 1 the ON position,
pressurized fuel 1s provided by the fuel supply system to the fuel control unit When
the APU 1s started, the fuel pump and control urut supphes and regulates the flow of
fuel to the fuel atoruzer 1n the combustion chamber The regulated fuel flow controls
the accelerauon of the turbme rotor dunng the starting operanon When a load 1s
applied to the APU, the fuel control unit meters the fuel flow to mamtam a near
constant speed

2 EUEL PUMP AND CONTROL UNIT

A The fuel pump and control unit, mounted on the engine accessory section, 1s the major
component 1n the fuel system The fuel pump 1s driven by the accessory gear tramn at
approximately 10% turbine RPM A governor, 1 the fuel control umt, senses turbine
speed and regulates quantty of fuel injected into the combustion chamber This
sequernce 1s a continuous cycle, thereby, controlling turbine speed. The fuel pump and
control umt 1s a single assembly made up of the engine-driven fuel pump, fuel filter,
acceleration luniter valve, fuel pressure relief valve, fuel solenoid valve, electrical and
pneumatic connections and connections for fuel mlet, fuel outlet, fuel pressure gages,
and a seal-leakage drain marufold

(1) The engime-driven fuel pump is a gear-type positive-displacement pump The
pump housing contamns a spnng-loaded ball-type pressure relief valve wiuch
allows fuel to return to the pump imnlet after sufficient fuel pressure 1s built up
in the fuel control umt A micronc fuel filter 1s located downstream of the
pump outlet port and filters all fuel passing from the pump to the fuel control
system components

Ref MM STEWARD-DAVIS 49-32-1
SN REV Jul 31/99 Page 1
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(2) The acceleration Iimiter valve consists of an adjusting spring, two diaphragm
assemblies and a spring-loaded rehef valve. The valve cover 1s provided with
a connection for controlling air pressure, and a fixed orifice which vents the
control air to ambient. This orifice tends to bleed out any mostre whuch
may be present 1 the control air supply

(3) The governor senses the engine speed and controls the fuel flow into the
combustion chamber to mawntain the engine speed nearly constant under
varying loading conditions The governor consists of an iput shaft, governor
cage, flyweights, spring, and an adjustment screw and nut High pressure
fuel surrounds the spring-loaded flyweights At lugh RPM or overspeed, the
flywerghts overcome the spring force and open a fuel bypass. Part of the ugh
pressure fuel escapes into the low pressure area of the fuel pump and control
unit, thus reducing the fuel pressureand the amount of fuel injected into the
combustion chamber.

3 EUEL SOLENOID VALVE

A The fuel solenoid valve 1s a normally closed electromagnetic shutoff valve, and 1s a
component of the fuel pump and control umt It 15 nstalled 1n the outlet port of the
fuel conol umut The valve consists of two body assemblies, a coil, plunger, and
spring The valve 1s energized to pass fuel to the combustion chamber when the o1l
pressure sensing switch closes during a starting operation

4 FUEL ATOMIZER

A The tuel atomizer 1s a dual onfice assembly mounted on the combustor cap assembly
attached to the flame tube and plenum assemblies The fuel atomizer assembly consists
of a screen, flow-divider valve, distmbutor head, and housing The distributor head
functions as a dividing passageway, with a core in the center leading to a large ornifice
plate located at the tip The distributor head and orifice plates located within the
housing, are covered by an atomizer nut  Also located within the housing 1s the screen
and flow divider valve The screen stramns all fuel entering the fuel atomizer. The
flow divider valve functions to direct ail fuel at lower pressures to the small orifice
which provides proper atormzation of fuel under-these conditions At higher fuel
pressures the valve actuates to permut'combined flow to both orifices

Ref. ™M STEWARD-DAVIS
49-32-1
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5 PNEUMATIC THERMOSTAT

A The pneumatic thermostat projects mto the turbme exhaust duct. It consists of an alloy
steel housing, spring-loaded ball valve, thermostatic core, and connection for a
pneumatic line The thermostat functions as a temperature controlled orifice over a
range of turbine exhaust gas temperatures. It 1s connected by pneumatic line to the
three-way solenoid valve which applies 1ts signal to the acceleration limiter valve durning
engine start and transfers 1ts signal to the pneumatic shutoff (load contrel) vaive when
the engine reaches governed speed The thermostat 1s closed when cold and begins to
open between 555° to 565°C (1030° to 1050°F) when 1t will bleed control air from one
side of 2 diaphragm 1n the acceleration limiter valve during engine start, to control the
fuel bypass valve, or the pneumatic shutoff (load control) valve after governed speed
1s reached to control air bleed

6 OPERATION

A With the APU BATTERY switch and MASTER switch i the ON position clean
pressurized fuel 1s delivered to the fuel control umt fuel inlet by the APU fuel supply
system. Fuel 1s pumped by the fuel control wmt gears through a fuel filter to the fuel
solenoid valve The fuel solenoid valve 1s automatically opened as engine oil pressure
builds up, and permmts fuel flow to the fuel atormnizer assembly Los pressure fuel
passes through the pnmary onfices mn the fuel atornizer assembly and 15 sprayed 1nto
the combustion chamber As fuel pressure increases, fuel passes through both primary
and secondary orifices in the fuel atomizer assembly to provide adequate fuel spray
Small quantities of fuel which may collect i the bottom of the turbine plenum are
dratned overboard through the turbme plenum dramn. Other fuel drain connections are
located at the fuel control umut acceleration limiter valve and dnive shaft seal

B Fuel flow during acceleration 1s metered by the acceleration limiter valve n the fuel
control umt to provide smooth accelerauon, fuel flow dunng normal speed operauon
15 metered by the fuel governor in the fuel control umt to mamntamn constant speed
Fuel flow at overtemperature conditions 15 modulated during engme start and
acceleration to governed speed by action of the pneumatic thermostat operating in
conjunction with the three-way solenoid valve to bleed control air from the acceleration
limater valve 1n the fuel control umt At governed speed the three-way solenoid valve
actuates to transfer the pneumatic thermostat’s output to the pneumatic shutoff (load
control) valve to control air bleed as required to prevent excessive exhaust gas
temperatures

Ref - MM STEWARD-DAVIS
49-32-1
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EFFECTIVITY TCA LX-N20198

X-N20199
FUEL SOLENOID VALVE - REMOVAL/INSTALLATION

1. REMOVE FUEL SQLENOID VALVE

A.

ALy

L-l

Hl

Remove accessory cover from APU housing. Refer to 49-11-0Ll, APU
Housing Accessory Cover - Removal/Installation.

Remove fuel filter from fuel pump and control unit. Refer to
49-32-31, Fuel Pump and Contrel Unlt - Servicing.

Place sultable container under valve to catch dripping fuel.

Disconnect fuel outlet line from fuel solenoid valve tee fitting.
(See figure 401.)

Remove valve retaininz nut and washer.

Pull fuel solenocid valve straight down until clear of fuel pump and
control unit housing.

Pull valve to full extent of electrical wires; disconnect electrical
connector and lifec valve clear.

Remove packing and washer from valve fitting.

2. INSTALL FUEL SOLENOID VALVE

A

1/81

Install washer and new packing lightly lubricated wich fuel on fuel
solenoid valve ficting. (See figure 401.)

Insert valve through shroud access door; connect and lockwire electri-
ecal connector to valve.

Insert fuel solenoid valve fitting into fuel pump and contrel unit
housing and push straight up. Rotate valve backward and forward
while pushing up for easier insertion.

Install washer and valve retaining nut.
Connect fuel outlet line to fuel solenoid valve tee fitting.

Install fuel filter, Refer to 49-32-31, Fuel Pump and Control Unit
- Servicing.

Install accessory cover on APU housing. Refer to 49-11-01, APU
Housing Accessory Cover - Removal/Installation.

MM STEWARD DAVIS 49-32-11
Page 401
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FUEL SOLENQID VALVE - REMOVAL/INSTALLATIO

EFFECTIVITY RTCA LX-N18897 LX-N20000

1 REMOVE FUEL SOLENQID VALVE

A Remove accessory cover from APU housing Refer to 49-1102, APU Housing
Accessory Cover - Removal/Installation

B Remove fuel filter from fuel pump and control umt Refer to 49-32-32, Fuel Pump and
Control Unit - Servicing

C Place suitable contamner under valve to catch dripping fuel

D Disconnect fuel outlet line from fuel solenoid valve tee fitting (See Figure 401 )

E Remove valve retaining nut and washer

F  Pull fuel solenoid valve straight down untu! clear of fuel pump and control unit housing

G Pull valve to full extent of electrical wires, disconnect electrical connector and lift valve

clear
H Remove packing and washer from valve fiting

2 INSTALL FUEL SOLENOID VALVE

A Install washer and new packing lightly lubricated with fuel on fuel solenoid valve
fiting (see Figure 401 )

B Insert valve through shroud access door, connect and lockwire electrical connector to

valve
C Insert fuel solenoid valve fiting mto fuel pump and control umt housing and push
straight up Rotate valve backward and forward while pushing up for easier insertion
D Install washer and valve retamng nut
E. Connect fuel outlet line to fuel solenoid valve tee fitting.
F Install fuel filter Refer to 49-32-32, Fuel Pump and Control Umt - Servicing.
G Install accessory cover on APU housing Refer to 49-11-02, APU Houstng Accessory

Cover - Removal/Instailation.

Ref MM STEWARD-DAVIS 49-32-12
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MAINTENANCE MANUAL

EFFECTIVITY TCA LX-N20198 [LX-N20199
FUEL ATOMIZER - REMOVAL/TINSTALLATION

1. REMOVE FUEL ATOMIZER

A. Open circuit breakers FDl, FD2 and bus feed on Sta. 960 Starter
Relay Box.

WARNING: THE CURRENT INVOLVED IN THE IGNITION UNIT IS OF VERY
HIGH VOLTAGE AND CAN BE FATAL. DO NOT PERFORM NEXT
STEP UNTIL AT LEAST 3 MINUTES AFTER PULLING CIRCUIT
BREAKER AND DO NOT DISCONNLCT THE HICH TENSION LEAD.

B. Remove beolts attaching combustion chamber cover.

£ C. Lift combustion chamber cover from unict.

D. Disconnect fuel line from fuel atomizer. (See figure 40l.)
E. Remove fuel atomizer mounting bolts and washers,
F. Remove fuel atomizer and packing from unit.

2, INSTALL FUEL ATOMIZER

A. With new packing in place, insert fuel atomizer into combustion
chamber cap. (See figure 401.)

B. Install fuel atomizer mounting bolts with washers. Tighten bolts to
a torque range of 20 to 25 pound-inches.

€. Connect fuel line to fuel atomizer.

D. Position combustion chamber cover on unit and install bolts,

( -2 E. Close circuit breakers FD1, FD2 and bus feed on Sta. 960 starter

relay box.

MM STEWARD DAVIS
4/82 49-32-21
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19 F VE - INSPECTIO HE

1 General

A. This procedure contains instructions to dc a bonding resistance
check for the APU shutoff wvalve.

2. Shuto Valve — Bond Res1 ol Ch

A. References

(1) SWPM 20-20-00, Electrical Bonds and Grounds

B. Equipment
(1} Bonding Meter, Model T477W, Avtron Manufacturing, Cleveland OH

(2) Maintenance mats, commercially available

C. Procedure

(1) Get access to the APU shutoff valve found on the right wing rear
spar (Figure 1l).

(2) Measure the electrical bonding resistance between the bonding
jumper terminal and the structure (SWPM 20-20-00).

(a) Make sure the resistance 1s 0.005 ohm (5 millichm) or less.

(3) Measure the electrical bonding resistance hetween the APU shut-
off valve housing and the structure (SWPM 20-20-00).

(a) Make sure the resastance 1s 0.001 ohm (1 milliohm) or less.

{4) Put the airplane back to a serviceable condition

TR-Nr. 49-01
TCA: LX-N20199 49'32'1 2 Page 3 of 4

RTCA: LX-N19997, LX-N20000 Page 601 Sept 30/2009
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MAINTENANCE MANUAL

EFFECTIVITY TCA LX-N20198

FUEL ATOMIZER - CLEANING/PAINTING LX-N20199

EQUIPMENT AND MATERIALS

A,

Cleaning Solvent - Federal Specification P-D-68C, or equivalent,

CLEAN FUEL ATOMIZER

CAUTION: TUE FUEL ATOMIZER IS A PRECISELY ADJUSTED UNIT.

MALADJUSTED ATOMIZERS CAN CAUSE DANGEROUSLY HIGH
EXHAUST TEMPERATURES OR FLAMING STARTS. DISASSEM-
BLY AND ASSEMBLY OF THE ATOMIZER IS AN OVERHAUL
PROCEDURE REQUIRING SPECTAL EQUIPMENT. UNDER NO
CIRCUMSTANCE MUST THE ATOMIZER BE DISASSEMBLED
DURING MAINTENANCE, EXCEPT AS SHOWN BELOW. IF

THE ATOMIZER IS FOUND TO BE DEFECTIVE, IT MUST

BE REPLACED AND REMOVED UNIT SENT TO OVERHAUL.

Remove fuel atomizer. Refer te Fuel Atomizer - Removal/Installation,
Remove elbow from fuel atomizer. (See figure 701.)
Remove fuel screen by unscrewing with screwdriver.
CAUTION: EXERCISE CARE WIEN REMOVING FUEL SCREEN TO
PREVENT DAMAGE TO ATOMIZER HOUSLINC TIREADS
OR SCREEN.

Place fuel atomizer in solvent and allow to sgak thoroughly. Dry
thoroughly with filtered compressed air.

WARNING: SOLVENT IS HIGHLY TOXIC. USE IN WELL VLNTI-
LATED AREAS.

CAUTION: DOQ NOT USE SANDPAPER OR OTHER ABRASIVES TO

CLEAN ATOMIZER HEAD. ALTERATION OF FUEL

SPRAY PATTERN MAY RESULT.
Wash fuel screen in solvent and dry with filtered compressed air.
Install fuel screen in fuel atomizer.

Using new gasket, install elbow in atomizer. (See figure 701.)

Inatall fuel atomizer. Refer co Fuel Atomizer - Removal/Installacion,

MM STEWARD DAVIS 49-32-21
Page 701

SN REV Jul 31/9%
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MAINTENANCE MANUAL

FUEL ATOMIZER - REMOVAL TALLATION
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 REMOVE ATOMIZER

A

mm g O W

A

B

Open circuit breakers FD1, FD2, and bus feed on Sta 960 Starter Relay Box

WARNING THE CURRENT INVOLVED IN THE IGNITION UNIT
IS OF VERY HIGH VOLTAGE AND CAN BE FATAL
DO NOT PERFORM NEXT STEP UNTIL AT LEAST
3 MINUTES AFTER PULLING CIRCUIT BREAKER
AND DO NOT DISCONNECT THE HIGH TENSION
LEAD

Remove bolts attaching combustion chamber cover

Lift combustion chamber cover from unit

Disconnect fuel line from fuel atomizer (See Figure 401 )
Remove fuel atomizer mounting bolts and washers

Remove fuel atormizer and packing from vt

INSTALL FUEL ATOMIZER

With new packing 1n place, wsert fuel atomuzer into combustion chamber cap (See
Figure 401)

Install fuel atomizer mounting bolts with washers Tighten bolts 10 a torque range of
20 to 25 pound-inches

Connect fuel line to fuel atormuzer.
Position combustion chamber cover on umt and install bolts
Close circuit breakers FD1, FD2 and bus feed on Sta 960 starter relay box

Ref MM STEWARD-DAVIS 49-32-22

SN REV Jul 31/99 Page 401
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EFFECTIVITY TCALX-N20198 LX-N201¢9
FUEL PIMP AND CONTROL UNIT - SERVICING

l. EQUIPMENT AND MATERTIALS

A. (Cleaning Solvent - Federal Specification P~D-680, or equivalent.

2. REPLACE FUEL FILTER ELEMENT

A. Remove accessory sectlon cover from APU housing. Refer to 49-11-01,
APU Housing Accessory Section Cover — Removal/Installation,

B. Unscrew fllter cap from fuel pump and comtrol unit. (See figure 30l.)
o C. Remove filter element, spring, and packing.

CAUTION: EXERCISE EXTREME CARE TO PREVENT ANY DIRT FROM
ENTERING FUEL PUMP AND CONTROL UNIT.

D. Clean filter cap and spring in solvent and dry thoroughly.

WARNING: SOLVENT IS HIGHLY TOXIC. USE IN WELL VENTILATED
ARE.

E. Install new packing on fL{l:ier gulde.

F. Place new filter element, spring and new fllter cap packing in place;
install filter cap in fuel pump and lockwire.

F. Install acceasory section cover on APU housing. Refer ro 49-11-01
APU Accessory Section Cover - Removal/Installationm.

£y
fsn

MM STEWARD DAVIS
49-32-31

1/81 Page 301
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MAINTENANCE MANUAL prceomviTy TCA LX-N20198
LX-N20199

FUEL_PUMP AND CONTROL UNMIT - REMOVAL/INSTALLATION

REMOVE FUEL PUMP AND CONTROL UNIT

A. Open FD1, FD2 and bus feed circuit breakers on Sta. 960 starter
relay box.

B. Remove accessory cover from APU housing. Refer to 49-11-01, APU
Accessory Section Cover - Removal/Installation.

C. Remove fuel solenoid valve. Refer to 49-32-11, Fuel Solencid Yalve
- Removal/Installation.

D. Disconnect control air line from tee fitting. (See figure 401.)

E. Disconnect drive shaft seal drain line and acceleration Timited
valve vent Tine from fuel pump and control unit.

F. Remove protective cap from fuel pump and control unit mounting stud.
G. Remove attaching nuts and washers.
H. Carefully remove fuel pump and control unit,

I. Remove fuel i1nlet line from fuel pump and control unit and safe for
1nstallation.

INSTALL FUEL PUMP AND CONTROL

A. Conn?ct fuel inlet line to fuel pump and control unit. (See figure
401.

B. Position fuel pump and control unit on mounting studs. Make sure
that drive shaft of fuel pump and control umit engages with gear
shaft on accessory drive.

C. Install washers and attaching nuts. Tighten nuts to a torque range
of 50 to 70 pound-inches.

D. Install protective cap on stud.

E. Connect drive shaft seal drain line and acceleration 1imited valve
vent 1ine to fuel pump and control umit.

F. Connect control air 1ine to tee fitting.

G. Install fuel solenoid valve. Refer to 49-32-11, Fuel Solenoid Valve
- Removal/Installation.

MM STEWARD DAVIS
4/82 49-32-31
SN REV Jul 31/99 Page 401
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MAINTENANCE MANUAL

H. Install accessory cover on APU Housing. Refer te 49-11-01, APU
Accessory Section Cover - Removal/Installation.

I. Close FD1, FD2 and bus feed circuit breakers on Sta. 960 starter
relay box.

J. Bleed fuel system. Refer to 49-00, Auxiliary Power Unit - Main-
tenance Practices,

K. Adjust fuel pump and control unit. Refer to Fuel Pump and Control
Unit - Adjustment/Test.

ACCELERATION
LIMIER VALVE
VENT LIMNE

CONIRCL AR
LINE

FUEL
SOLENQID

FUEL PUMP AND
CONTROL UNIT

TEE f Y NUT (3 PLACES)
FITTING LA : <. % WASHER
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QUTLET LINE 5 (r—cu
/ {AIRESEARCH P/
1 94-304-9024)
STUD
FLEL ~
QUTLET
LINE SEAL
DRIVE SHAFT SEAL RETAINER
DRAIN LINE ACCESSORY
ORIVE
HOUSING
Fuel Pump and Control Unit Inscallacion
Figure 401
MM STEWARD DAVIS
49-32-31 k 4/82
SN REV. Dec 1/89
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MAINTENANCE MANUAL
EFFECTIVITY TCA LX-N20198

LX-N20199
FUEL PUMP AND CONTROL UNIT - ADJUSTMENT/TEST
EQUIPMENT AND MATERIALS
A, Pressure Gage - 0 to 50 PSIG.
B. APU Tester - AiResearch No. 290122-400, AiResearch Manufacturing
Company, Phoenix, Arizona, or equivalent.
C. Tester Cable Assembly - AiResearch No. 290128-1-1, A1Research Manu-
facturing Company, Phoenix, Arizona, or equivalent.
D. Establish interphone line between F/E station and aft cargo compart-
ment.
ADJUST ACCELERATION LIMITED VALVE
A. Open circuit breakers FD1, FD2 and bus feed on Sta. 960 starter
relay box.
WARNING- THE CURRENT INVOLVE IN THE IGNITION UNIT IS OF
VERY HIGH VOLTAGE AND CAN BE FATAL DO NOT PER-
FORM NEXT STEP UNTIL AT LEAST THREE MINUTES AFTER
PULLING CIRCUIT BREAKER AND DO NOT DISCONNECT THE
HIGH VOLTAGE LEAD.
B. Remove bolts attaching combustion chamber cover and 1ift cover from
housing.
C. Disconnect APU harness Jead from ignition units.
D. Remove accessory cover from APU housing. Refer to 43-11-01, APU
Accessory Section Cover - Removal/Installation.
D. Remove accessory cover from APU Housing. Refer to 49-11-01, APU
Accessory Section Cover - Removal/Installation.
E. Disconnect control air line from fuel pump and control umt. (See
figure 501,
F. Disconnect fuel outlet 1ine from fuel solenoid valve tee fitting
and 1nstall pressure gage on tee fitting.
G. Close circuit breakers FD1, FD2 and bus feed on Sta. 960 starter
relay box.
H. Actuate APU MASTER switch to ON position (MASTER light on).
I. Motor unit by momentarily depressing the START switch. (START
11ght on.
J. Continue motoring until speed levels off (approximately 20% RPM,
8000 to 9000 RPM turbine wheel speed).
4/82 MM STEWARD DAVIS 49-32-31

SN REV Jul 31/99 Page 501
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J. cont.
CAUTION: 0O NOT EXCEED STARTER MOTOR DUTY CYCLE OF ONE
MINUTE ON, FOUR MINUTES OFF.
K. While motoring umit, monitor pressure gage and note and record accelera-
tion Timiter valve opening pressure. Pressure should be 34 (+ 1) PSIG.
L. Actuate APU MASTER switch to off position as soon as possible.
(MASTER 11ght out.) '
M. If opening pressure 1s not within specified 1imits, adjust accelera-
tion Timiter valve.
NOTE: If no pressure change occurs after two full turns of fgrj
adjusting screw 1n either direction, do not adjust further.
Refer to 49-00, APU Trouble Shooting for applicable trouble
shooting procedure
(1) If pressure 1s too low, turn adjusting screw clockwise
(2) If pressure 1s too high, turn adjusting screw counterclockwise.
N. Repeat steps H through M acceleration limited valve 1s correctly Pl
adjusted. LA
P. Open FD1, FD2 and bus feed circuit breakers on Sta. 960 starter relay box.
Q. Remove pressure gage and reconnect fuel outlet line.
R. Connect control air line to fuel pump and ¢ontrol unit,
5 Connect APU harness connector to 1gnition unit. f"\)
T. Place combustion chamber cover on APU housing and install bolts.
ADJUST GOVERNOR
A. Connect tester and tester cable assembly to APU. Refer to 49-00,
Auxiliary Power Unit - Adjustment/Test. Do not connect hose assem-
blies to fuel pressure connection, control air connection, and o1l
pressure connection.
B. Install tachometer generator on APU.
C. Close FD1, FD2 and bus feed circuit breakers on Sta. 960 starter relay box.
D. Actuate APU master switch to ON position. (MASTER light on).
.t

MM STEWARD DAVIS
4/82
SN REV. Dec 1/89
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Je cont.

CAUTION DO NOT EXCEED STARTER MOTOR DUTY CYCLE OF ONE
MINUTE ON, FOUR MINUTES OFF

K. Wwhile motoring unit, monitor pressure gage and note and record
acceleration limiter valve opening pressure. Pressure should be
34 (x 1) PSIG.

L. Actuate APU MASTER switch to off position as soon as possible
{MASTER light out.)

NOTE: When operating the APU unattended for an extended period of
time, follow Airplane Maintenance Manual (AMM) 1nstructions
regarding necessary fuel quantity based on APU fuel burn
rate.

M. If opening pressure 1s not within specified limits, adjust
aceeleration limiter valve.

NOTE - If no pressure change occurs after two full turns of adjust-
ing screw in either direction, do not adjust further.
Refer to 49-00, APU Trouble Shooting for applicable trouble
shooting procedure.

(1) If pressure is too low, turn adjusting screw c¢lockwise.

(2) If pressure is too high, turn adjusting screw counterclockwise.

N. Repeat steps H through M acceleration limited valve 15 correctly
adjusted.

P. Open FDl1 , FD2 and bus feed circuit breakers on Sta. 960 starter
relay box.

Q. Remove pressure gage and reconnect fuel ocutlet line.
R. Comnect contrcol air lane to fuel pump and control unit.
s. Connect APU harness connector to ignitaen unit.

T. Place combustion chamber cover on APU housing and install bolts.

Adjust Goverpor

A. Connect tester and tester cable assembly to APU. Refer to 49-00,
Auxiliary Power Unit - Adjustment/Test. Do not connect hose assem-
blies to fuel pressure connection, control air connection, and o1l
pressure connection.

B. Install tachometer generator on APU.

C. Close FD1, FD2 and bus feed carcuit breakers on Sta. 960 starter
relay box.

D. Actuate APU master switch to ON position. (MASTER light on).

TR-Nr. 49-02
LX-N20199 49'32'31 Page 9 of 10
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INTENTIONALLY LEFT BLANK
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E. Momentarily depress START switch. (Start light on.)
F. Allow engine to accelerate ro no-load governed speed. Allow unit to
run at this speed for approximately one minute so that speed i{s sta-
bilized.
G. Check no-load governed speed. Speed shall be 41,500 - 41,600 max RPM.
H. 1If speed is not correct, adjust governor. (See figure 501.)
NOTE: If proper setting cannot be obtained after one full
turn of adjusting screw in either direction, do not
attempt further adjustment. Refer to 49-00, APU
Trouble Shooting for applicable trouble shooting
procedure, ™
(1) If speed is too low, turn adjusting screw clockwise.
(2) 1If speed is too high, turn adjusting screw counterclockwise.
I. Actuate APU MASTER switch to off position. (MASTER light out.)
J. Open FD1, FD2 and Bus Feed circuit breakers om Sta, 960 Starter Relay Box

K. Discoanect taster and tester cable assembly from APU. Refer to 49-00, -ﬁ
Auxiliary Power Unit - Adjustment/Test. -

L. Remove tachometer generator from APU.

M. Install accessory cover on APU housing. Refer to 49-11-01 APU
Accessory Section Cover - Removal/Installation.

N. Close FD1, FD2 and Bus Feed circuit breakers on Sta. 960 Starter Relay

Box., ™

MM STEWARD DAVIS
49-32-31 4 /82
Page 504 SN REY. Dec 1/89
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FUEL P AND CONTROL - SERVICING
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 EQUIPMENT AND MATERIALS
A. Cleaning Solvent - Federal Specification P-D-680, or equivalent.
2 REPLACE FUEL FILTER ELEMENT

A Remove accessory section cover from APU housing Refer to 49-11-02, APU Housing
Accessory Section Cover - Removal/Installation

B Unscrew filter cap from fuel pump and control umt (See Figure 301 )
C Remove filter element, spring, and packing

CAUTION EXERCISE EXTREME CARE TO PREVENT ANY
DIRT FROM ENTERING FUEL PUMP AND
CONTROL UNIT

D Clean filter cap and spring 1n solvent and dry thoroughly

WARNING SOLVENT IS HIGHLY TOXIC USE IN WELL
VENTILATED AREA

E Install new packing on filter guide

F Place new filter element, spring and new filter cap packing i place, mstall filter cap
1n fuel pump and lockwire

G Install accessory section cover on APU housing Refer to 49-11-02 APU Accessory
Section Cover - Removal/Installation.

. Ref MM STEWARD-DAVIS 49-32-32
SN REV Jul 31/99 Page 301
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FUEL PUMP AND CONTROL UNIT - REMOVAL/INSTALLATIO
EFFECTIVITY RTCA LX-N19897 LX-N20000

1 REMOVE FUEL PUMP AND CONTROIL, UNIT

A Open FDI1, FD2 and bus feed circuit breakers on Sta 960 starter relay box.

B Remove accessory cover from APU housing Refer to 49-11-02, APU Accessory
-Section Cover - Removal/Installation

C. Remove fuel solenoid valve Refer to 49-32-12, Fuel Solenoid Valve - Removal/
Installation

D Disconnect control Ar line from tee fiting  (See Figure 401 )

E Disconnect drive shaft seal drain Iine and acceleration imited valve vent line from fuel
pump and control unit

F. Remove protective cap from fuel pump and coatrol untt mounting stud

G Remove attaching nuts and washers

H Carefully remove fuel pump and control unit.

I Remove fuel imlet line from fuel pump and control umit and safe for installation

2 INSTALL FUEL PUMP AND CONTROL

A Connect fuel inlet line to fuel pump and control umit (See Figure 401.)

B Posituon fuel pump and control unit on mounting studs Make sure that drive shaft of
fuel pump and contro! unit engages with gear shaft on accessory drive

C  Install washers and attaching nuts Tighten nuts to a torque range of 50 to 70 pound-
inches,

D. Install protective cap on stud.

E. Connect dnve shaft seal dramn line and acceleration limuted valve vent line to fuel pump
and control unit. -

F  Connect control arr line to tee fitting.

G [Install fuel solenoid valve. Refer to 49-32-12, Fuel Solenoid Valve - Removal/

Installation

Ref MM STEWARD-DAVIS 49-32-32
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H. Install accessory cover on APU Housing. Refer to 49-11-02, APU Accessory Section
Cover - Removal/Installation,

I Close FD1, FD2 and bus feed circuit breakers on Sta. 960 starter relay box.
J  Bleed fuel system Refer to 49-00, Auxiliary Power Unit - Maintenance Practices

K Adjust fuel pump and control umt Refer to Fuel Pump and Control Umt -
Adjustment/Test
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FUEL PUMP AND CONTROL UNIT INSTALLATION
FIGURE 401
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FUEL P CONTROL UNIT - ADJUSTMENT/
EFFECTIVITY RTCA LLX-N19997 LX-N20000

1 E AND MA ALS
A Pressure Gage - 0 to 50 PSIG

B APU Tester - AiResearch No 290122-400, ArResearch Manufacturing Company,
Phoenix, Arizona, or equivalent.

C Tester Cable Assembly - ArResearch No 290128-1-1, AiResearch Manufacnring
Company, Phoenix, Arizona, or equivalent

D. Establish mterphone line between F/E station and aft cargo compartment

2 ADJUST ACCELERATION LIMITED VALVE
A. Open circuit breakers FD1, FD2, and bus feed on Sta. 960 starter relay box

WARNING: THE CURRENT INVOLVE IN THE IGNITION UNIT
IS OF VERY HIGH VOLTAGE AND CAN BE FATAL
DO NOT PERFORM NEXT STEP UNTIL AT LEAST
THREE MINUTES AFTER PULLING CIRCUIT
BREAKER AND DO NOT DISCONNECT THE HIGH
VOLTAGE LEAD

B Remove bolts attaching combustion chamber and Lift cover from housing

0

Disconnect APU harness lead from 1grution units

D Remove accessory cover from APU housmg Refer 49-11-02, APU Accessory Secuon
Cover - Removal /Installation

E. Disconnect control air lines from fuel pump and control unit  (See Figure 501 )

iy

Disconnect fuel outlet line from fuel solenoid valve tee fitting and install pressure gage
on tee fitting.

Close circunt breakers FD1, FD2 and bus feed on Sta. 960 starter relay box
Actuate APU MASTER swiich to ON position (MASTER hight on).
Motor unit by momentanly depress the START switch (START light on.)

Continue motoring until speed levels off (approximately 20% RPM, 8000 to 9000 RPM
turbine wheel speed.

CAUTION- DO NOT EXCEED STARTER MOTOR DUTY CYCLE
OF ONE MINUTE ON, FOUR MINUTES OFF

Ref MM STEWARD-DAVIS 49-32-32
SN REV Jul 31/99 Page 501
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K While motoring umt, momtor pressure gage and note and record acceleration limiter
valve openmg pressure. Pressure should be 34 (+ I) PSIG.

L. Actuate APU MASTER switch to off position as soon as possible (MASTER hght
out )

M If opening pressure 1s not within specified limits, adjust acceleration lLinuter valve

NOTE If no pressure change occurs after two full wrns of adjusting screw
n either direction, do not adjust further Refer to 49-00, APU
Trouble Shooting for applicable trouble shooting procedure

(1) If pressure 1s too low, turn adjusting screw clockwise

(2) If pressure 1s too hugh, turn adjusting screw counterclockwise

Repeat steps H through M acceleration lumted valve 1s correctly adjusted
Open FD1, FD2 and bus feed circuit breakers on Sta 860 starter relay box
Remove pressure gage and reconnect fuel outlet lne.

Connect control arr lme to fuel pump and control unit

»w RO v Z

Connect APU hamness connector to 1grtion unit
T Place combustion chamber cover on APU housing and install bolts
3 ADJUST GOVERNOR

A Connpect tester and tester cable assembly to APU Refer to 49-00, Auxihary Power
Unt - Adjustment/Test Do not connect hose assemblies to fuel pressure connection,
control air connection, and o1l pressure connection

B Install tachometer generator on APU
C Close FD1, FD2 and bus feed circuit breakers on Sta 960 starter relay box
D Actuate APU master switch to ON position (MASTER light on)

Ref MM STEWARD-DAVIS
49-32-32
Page 502 - SN REV Jul 31/99
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FUEL PUMP AND
CONIROL UNIT

FUEL QUTLET LI
GOvresoe
ADJUSHMG
SCREW

ACLLLLRATION

LEMITLR VaLvE
AMUSTIMNG SCRIwW

FUEL PUMP AND CONTROL UNIT ADJUSTMENT
FIGURE 501

Ref MM STEWARD-DAVIS 49-32-32
SN REV Jul 31/99 Page 503
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E. Momentanly depress START swiich. (Start light on )

F Allow engine to accelerate to no-load governed speed  Allow umit to run at this speed
for approximately one minute so that speed is stabilized.

Check no-load governed speed. Speed shall be 41,500 - 41,600 max RPM.
H 1If speed 15 not correct, adjust governor (See Figure 501)

Q@

NOTE If proper setting cannot be obtamed after one full turn of adjusting
screw in either direction, do not attempt further adjustment Refer
to 49-00, APU Trouble Shootng for applicable trouble shooting
procedure

(1) If speed 1s too low, twn adjusting screw clockwise
(2) If speed 1s too lugh, turn adjusting screw counterclockwise
[ Actuate APU MASTER switch to off posinon (MASTER hLght out )
Open FD1, FD2 and Bus Feed circuit breakers on Sta 960 Starter Relay Box

K Disconnect tester and tester cable assembly from APU Refer to 49-00, Auxihary
Power Unt - Adjustment/Test

et

L Remove tachometer generator from APU

M Install accessory cover on APU housing Refer to 49-11-02 APU Accessory Section
Cover - Removal/Installation

N Close FD1, FD2 and Bus Feed circuit breakers on Sta 960 Starter Relay Box

Ref : MM STEWARD-DAVIS
49-32-32

Page 504 SN REV Jul 31/99
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EFFECTIVITY TCA LX-N20198
LX-N20198
APY IGNITION AND STARTING SYSTEM

DESCRIPTION AND OPERATION

HWARNING:  THE CURRENT INVOLVED IN THE IGNITION UNITS IS OF VERY HICH
VOLTAGE AND CAN BE FATAL. BE SURE THAT POWER IS REMOVED
FROM THE SYSTEM FOR A MINIMUM OF 3 MINUTES BEFORE MAKING ANY
DISCONNECTIONS. AFTER DISCONWECTING A HIGH TENSION LEAD,
ENSURE COMPLETE DISCHARCE OF CAPACITORS BY IMMEDIATELY SHORT-
ING EXCITER UNIT TERMINAL TO GROUND.

l. GENLRAL

A. The APU ignition and starting system provides the means of rotating
i, the APU coxpressor and turbine to starting spced and for igniting
* the fuel-air mixture in the combustion chamber. The system consists
of a starter motor, a starter relay, an ignition unit, an igniter
plug, a high voltage lead.

B. During an APU start the starter motor cranks the APU engine and the
rgnition unit converts 28 volt DC power into a high voltage current
which is conducted to the igniter plug by the high voltage lead, the
resultant high energy spark starts combustion of the fuel-air mixture
in the combustion chamber. TJTnitiation and terminaring of starter
operation and ignition unit enerpizaction is automatically controlled
to occur at the correct cime during the starting cycle.

2, STARTCR MOTOR

A. The starter motor i{s mounted on the APU accessory drive sectior.
It rotates the APU engine compressor and turbine and all engine-
driven accessories during an APU start. The starter motor conmsists
of a series-wound electric motor, a spring-loaded friction clutch
and a pawl-driven mechanism. When the starter motor is energized,
it begins rotating., As its speed increases, centrifugal force throws
the pawls into engagement with a ratchet on the accessory drive shaft
and the starter rotates the engine and the other accessories. The
shock of initial engagement of the pawls is absorbed by the spring-

. loaded friction clutch. When the starter motor is de-energized, the
engine speed exceads starter motor speed, the pawls ratchet on the
shaft until the starter motor speed slows to where the centrifugal
force is small enmough to allow the springs to retract the pawls.

MM STEWARD DAVIS
49-40-01

1/81 Page 1
SN REV Jul 31/99
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3. STARTER RELAY

A. The starter relay is a single coill relay with heavy duty contacts that
carry the large electrical load required to operate the starter motor
and with suxiliary contacts that are used as follows:

(1) NC contacts interrupt control power to the APU gemerator control
unit during starter motor operation.

(2) NO contacts keep the starter relay coil energized, after the .
start switch is released, until control power is interrupted
when the 35X switch opens.

4. TIGNITION UNIT ;4r\
A. The ignition unit provides the high voltage current required to pro- ‘

duce the spark at the igniter plug. The unit consists of a trans-

former, a vibrator, a rectifier, a booster coll and a series of

capacitors all enclosed in a3 hermerically sealed metal container

mounted in the APU housing. When the ignicion unit is energized

the vibrator converts the 28 volt DC input into a pulsating output.

The voltage of this pulsating current is greatly increased by the

transformer and booscer coil before 1t is delivered to the igniter

lLI . .--.
plug i *)

5. IGNITER PLUG

A. The igniter plug provides the high energy spark for ignicing the
fuel-air mixture in the combustion chamber. It 48 mounted on the
side of the combustion chamber. The principal parts of the igniter
plug are the outer casing, a center electrode, and a ceramic in-
sulator. The spark that bridges the non—adjustable annular gap be-
tween the center electrode and the outer casing is of sufficifeat in- f53§
tensity to vaporize and ignite wer fuel,

6. HIGH VOLTAGE LEAD

A. The high voltage lead conducts the output current of the ignition
unit to the igniter plug. The lead consists of an {nsulated elec-
trical conductor encased in a braided metal conduit with insulated,
threaded, connectors at each end. The lead and connectors are
shielded to prevent radioc interference.

MM STEWARD DAVIS

49-40-01
Page 2 1/81
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OPERATION

Once an APU start is initiated, operation of the ignition and starting
system is automatically controlled to correctly sequence the energiz-
ing and de-energlzing of the starter motor and the ignition unit.
Momentarily pressing the APU "START" switch energizes the start relay.
When the swvitch 1s released, the start relay remains energized through
a self-locking circuit, the 35% switch of the centrifugal switch assem=
bly and through NC contacts of the lockout relay (LO-2). With the
start relay energized, the start light is illuminated and its internal
heavyduty c¢ontacts complete the circuit to the starter motor which
begins to rotate and accelerate the APU engine. As the oil pressure
rises to a predetermined value, the sequencing oil pressure switch
closes to energize the ignition unit and the fuel solenoid valve.

When the ignitfon unit is energized, the vibrator is supplied with 28
volt DC power. The vibrator converts the DC input current to a pul-
sating current. This pulsating current 1s transmitted into the trans-
former, where the voltage is greatly increased, then passes through
the rectifier unit into the storage capacitors. When the storage
capacitors are fully charged, an air pap breaks down. This allows
the capacitors to diascharge a surge of high intensity current into
the primary winding of the booster coil. The secondary winding of
the booster coil produces a surge of current, the voltage of which

1s many times that of the input current in the primary winding, which
is transmitted to the center electrode of the igniter plug by the
high voltage lead. The voltage of this current is sufficiently high
to break down the igniter plug air gap and generate a high energy
spark between the igniter plug center electrode and the outer case

to ignite the fuel-alr wixture in the combustion chamber The tur-
bine exhaust gases now assist the starter motor to rotate the engine
and the engine continues to accelerate.

When the engine has accelerated to approximately 35% of governed
speed, the 357 switch in the centrifugal switch assembly opens. The
start relay is de-energized. This in turn de-energizes the START
light and the starter motor circuit which terminates starter opera-
tion. The engine continues to accelerate. At 957 governed speed,
the 95X switch in the centrifugal switch opens and breaks the circuit
to the ignition unit to terminate operation of the igniter plug.

After a one minute warm-up at governed speed the engine can be loaded
as desired, electrically and/or pneumatically.

MM STEWARD DAVIS

49-40-01
Page 3
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BOEING

MAINTENANCE MANUAL

APU IGNITION AND STARTING SY.
D ON OPERATION

EFFECTIVITY RTCA LX-N19997 LX-N20000

WARNING- THE CURRENT INVOLVED IN THE IGNITION UNITS IS OF VERY
HIGH VOLTAGE AND CAN BE FATAL BE SURE THAT POWERIS
REMOVED FROM THE SYSTEM FOR A MINIMUM OF 3 MINUTES
BEFORE MAKING ANY DISCONNECTIONS AFTER DISCON-
NECTING A HIGH TENSION LEAD, ENSURE COMPLETE
DISCHARGE OF CAPACITORS BY IMMEDIATELY SHORTING
EXCITER UNIT TERMINAL TO GROUND

1. GENERAL

A The APU igmtion and starting system provides the means of rotating the APU
compressor and turbmne to starting speed and for igmting the fuel-air mixture in the
combustion chamber. The system consists of a starter motor, a starter relay, an
1grution unat, an igmter plug, a high voltage lead

B During an APU start the starter motor cranks the APU engine and the 1grution umt
converts 28 volt DC power mnto a hugh voltage current which 15 conducted to the igniter
plug by the high voltage lead, the resultant high energy spark starts combustion of the
fuel-air mixture m the combustion chamber Imtiation and terminating of starter
operation and igrtion urut energization is automatically controlled to occur at the
correct tume during the starting cycle.

2 STARTER MOTOR

A The starter motor 1s mounted on the APU accessory drive section It rotates the APU
engine compressor and turbine and all engine-driven accessones during an APU start
The starter rotor consists of a series-wound electric motor, a spring loaded friction
clutch and a pawl-driven mechamism. When the starter motor 15 energized, it begms
rotating  As 1ts speed increases, centrifugal force throws the pawls into engagement
with a ratchet on the accessory drive shaft and the starter rotates the engine and the
other accessorties The shock of imtial engagement of the pawls is absorbed by the
spring-loaded friction clutch  When the starter motor is de-energzed, the engine speed
exceeds starter motor speed, the pawls ratchet on the shaft until the starter motor speed
slows to where the centrifugal force 1s small enough to allow the springs to retract the
pawls.

Ref MM STEWARD-DAVIS 49-40-02
SN REV Jul 31/99 Page 1
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3 STARTER RELAY

A The starter relay is a smgle coil relay with heavy duty contacts that carry the large
electrical load required to operate the starter motor and with auxiliary contacts that are
used as follows*

(1) NC contacts interrupt control power to the APU generator control umt during
starter motor operation.

(2) NO contacts keep the starter relay codl energized, after the start switch 1s
released, untl control power 1s mterrupted when the 35% switch opens

4 IGNITION UNIT

A The ignution unit provides the ligh voltage current required to produce the spark at the
1ignuter plug  The umt consists of a transformer, a vibrator, a rectifier, a booster coil
and a series of capacitors all enclosed tn a hermenically sealed metal container mounted
in the APU housing When the 1gmition unit 1s energized the vibrator converts the 28
volt DC wput 1ato a pulsating output. The voltage of thus pulsating current is greatly
mncreased by the transformer and booster coil before 1t 1s delivered to the igniter plug

5 IGNITER PLUG

A The igniter plug provides the ligh energy spark for igniting the fuel-air mixture in the
combustion chamber It 15, mounted.on the side of the combustion chamber The
principal parts of the 1gruter-plug are the outer casing, a center electrode, and a ceramic
insulator, The spark that bridges the non-adjustable annular gap between the center
electrode and the outer casing 1s of sufficient mtensity to vaporize and 1gnite wet fuel

6 HIGH VOLTAGE LEAD

A The lugh voltage lead conducts the output current of the igrution umt to the igmiter
plug The lead consists of an msulated electrical conductor encased 1n a braided metal
conduit with mnsulated, threaded, connectors at each end The lead and connectors are
shielded to prevent radio interference

Ref MM STEWARD-DAVIS
49-40-02

Page 2 SN REV Jul 31/99
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7 QPERATION

A Once an APU start 1s imtiated, operation of the igmtion and starting system 1s
automatically controlled to correctly sequence the energizing and de-energizing of the
starter motor and the 1gnitton umt Momentanly pressing the APU "START" swatch
energizes the start relay When the swatch 1s released, the start relay remains energized
through a self-locking circuit, the 35% switch of the centrifugal switch assembly and
through NC contacts of the lockout relay (LO-2) With the start relay energized, the
start light 15 llumnated and its internal heavy duty contacts complete the circuit to the
starter motor which begins to rotate and accelerate the APU engine As the oil
pressure begins to rotate and accelerate the APU engine. As the oil pressure rises to
a predetermined value, the sequencing o1l pressure switch closes to energize the 1grution
umt and the fuel solenoid valve

B When the 1gmtion umnit is energized, the vibrator 1s supphes with 28 volt DC power
The vibrator converts the DC wput current to a pulsating current Thus pulsating
current 1s transmutted nto the transformer, where the voltage 1s greatly mcreased, then

-  passes through the rectifier umt into the storage capacitors When the storage
capacrtors are fully charged, an air gap breaks down Ths allows the capacitors to
discharge a surge of high intensity current into the pnmary winding of the booster coil
The secondary winding of the booster coil produces a surge of current, the voltage of
which 15 many tmes that of the mput current n the primary winding, which 1s
transmitted to the center electrode of the 1gmter plug by the high voltage lead The
voltage of thus current 1s sufficiently lugh to break down the igmiter plug air gap and
generate a high energy spark between the 1gniter plug center electrode and the outer
case to 1ignite the fuel-arr mixture m the combustion chamber. The turbine exhaust
gases now assist the starter motor to rotate the engine and the engine continues to
accelerate.

C When the engme has accelerated to approximately 35% of governed speed, the 35%
switch m the centrifugal switch assembly opens The start relay 15 de-energized Thus
n turn de-cnergizes the START hght and the starter motor circurt which termunates
starter operation The engine continues to accelerate At 95% governed speed, the 95
switch 1 the centnfugal switch opens and breaks the circuit to the ignition umit
terminate operation of the igniter plug

D After a one mmnute warm-up at governed speed the engime can be loaded as desired,
electrically and/or pneumatically

Ref.. MM STEWARD-DAVIS 49-40-02
SN REV Jul 31/99 Page 3
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EFFECTIVITY TCA LX-N20198 LX-N20189
IGNITER PLUG - RFMOVAL/INSTALLATION

1. REMOVE IGNITER PLUG

|3
J

(o]

M

A. Open FD1, FD2 and Bus Feed c¢ircuit breaker on Sta. 960 starter relay box.

B. Remove combustion chamber cover attaching bolts and 1ift cover from

housing.

WARNING: THE CURRENT INVOLVED IN THE IGNITION UNIT IS OF VERY
BE SURE THAT POWER I3

REMOVED FROM THE UNIT FOR A MINIMUM OF 3 MINUTES BE-

A FORE MAKING ANY DISCONRECTIONS,
T A HIGH VOLTAGE LEAD, INSURE COMPLETE DISCHARGE OF CAP-

ACITORS BY IMMEDIATELY SHORTING EXCITER UNIT TERMIKAL

HIGH VOLTAGE AND CAN BE FATAL.

TO GROUND,

C. Disconnect high voltage lead from igniter plug.

D. Remove igniter plug mounting bolts and was

AFTER DISCONNECTING

hers.

E. Withdraw igniter plug from combustion chamber cap.

F. Remove and discard old gasket,

2. INSTALL ICNITER PLUG

A. Place new gasket on igniter plug. (See figure 401.)

B. Insert igniter plug into combustion chamber cap.

4!

a torque range of 50 to 70 pound-inches.

D. Connect high voltagas lead to igniter plug.

Install igniter plug mounting bolts with washers.

Lockwire bolts,

(See figure 401)

Tighten bolts to

E. Position combustlon chamber cover on housing and install bolts.

F. Close FDl, FD2 and Bus Feed circuit breakers on Sta. 960 starter

relay box.

MM STEWARD DAVIS

4/82
SN REV Jul 31/99
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COMBLISTION
CHAMBLA
CAP

- —-- GASKET _
{ARESEARCH O
B

P/N 15947)
IGNITEL
PLUG
MOUHTING 8O{T —
— HIGH
YOLTAGE
LEAD
~
Igniter Plug Installation
Figure 401 )
-

MM STEWARD DAVIS
1/81

SN REV. Dec 1/89



RN

A}

e,
MAINTENANCE MANUAL

EFFECTIVITY TCA LX-N20198 LX-N20199
IGNITER PLUG - ADJUSTMENT/TEST

EQUIPMENT AND MATERIALS

A. Establish interphone communication between F/E station and aft cargo
compartment.

TEST IGNITER PLUG

A. Remove accessory section cover. Refer to 49-11-11, APU Accessory
Section Cover - Removal/Installation.

B. Disconnect electrical connector from fuel solenoid valve.

C. Close BUS FEED, BATT switch,CONTROL FEEDS 1 and 2 c-rcuit breakers
on Sta 960 starter relay box

D Actuzte APU MASTER switch to ON position  (MASTER 1ight on.)

E. PRESS START switch.

F Listen for sound of 1gmiter plug sparking, then actuate MASTER
switch to OFF position MASTER T1ght out.)

CAUTION: DO NOT EXCEED STARTER MOTOR DUTY CYCLE OF ONE
MINUTE ON, FOUR MINUTES OFF.

G. Open BUS FEED, BATT switch,CONTROL FEEDS 1 and 2 circuit breakers on
Sta. 960 starter relay box

H. Connect electrical connector to fuel solenoid valve.

I. Install accessory section cover. Refer to 49-11-11, APU Accessory
Section Cover - Removal/Installation.

MM STEWARD DAVIS
4/82 49-40-21
SN REV Jul 31/9% Page 501
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EFFECTIVITY TCA LX-N20198

SH REV Jul 31/99

LX-N20199
IGNITER PLUG - INSPECTION/CHECK
1. CHECK IGNITER PLUG
A. Remove igniter plug from APU. Refer to Igniter Plug - Removal/
Installation.
B. Check igniter plug for cracks or chipping of ceramic insulator or
body.
C. Check electrodes for excessive burning, erosion of material or
other damage.
D. Check that electrode extends beyond ceramic insulator a minimum of
1/16 inch.
E. 1Install igniter plug on APU. Refer to Igniter Plug - Removal/
Installation.
MM STEWARD DAVIS
49-40-21
1/81 Page 601
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EFFECTIVITY TCA LX-N20198

LX-N20199
IGNITER PLUG - CLEANING/PAINTING
1. EQUIPMENT AND MATERIALS
A. Solvent -~ Federal Specification P-D=-68C, or equivalent.
B. Soft Grit Blasting Equipment or Brass Bristle Brush.
NOTE: Suitable soft blasting materials are ground corn,
apricot or peach pits, walnut shells, clover seeds,
or cracked wheat.
2. 'ICLEAN IGNITER PLUG
- A. Remove igniter plug from APU. Refer to Igniter Plug - Removal/
. Installation. -
B. Clean igniter plug with solvent and blow dry with clean compressed
air.
C. Clean all deposits from igniter plug by blasting or brushing.
D. Blow off all loosened material with clean, dry compressed air.
- CAUTION: DO NOT USE HARD CRIT BLASTINC OR STFEL BRISTLE
- BRUSH AS THESE MATERIALS CAN SERIOUSLY DAMAGE
ICNITER PLUG.
E. Install igniter plug on APU. Refer to Igniter Plug -~ Removal/
Installation.
o~ ""'z
-
) MM STEWARD DAVIS 49-40-21
1/81 Page 701
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IGNITER PLUG - REMOVAL/INSTALLATION
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 REMOVE IGNITER PLUG

A

Open FD1, FD2 and Bus Feed circuit breaker on Sta 960 starter relay box

B Remove combustion chamber cover attaching bolts and list cover from housing

m m o 0

WARNING THE CURRENT INVOLVED IN THE IG-
NITION UNIT IS OF VERY HIGH VOLTAGE
AND CAN BE FATAL BE SURE THAT
POWER IS REMOVED FROM THE UNIT FOR
A MINIMUM OF 3 MINUTES BEFORE MAK-
ING ANY DISCONNECTIONS AFTER DIS-
CONNECTING A HIGH VOLTAGE LEAD,
INSURE COMPLETE DISCHARGE OF
CAPACITORS BY IMMEDIATELY SHORTING
EXCITER UNIT TERMINAL TO GROUND

Disconnect high voltage lead from igmater plug (See Figure 401)
Remove 1gmter plug mounting bolts and washers
Withdraw 1gmuter plug from combustion chamber cap

Remove and discard old gasket

2 INSTALL IGNITER PLUG

A
B
C

tti

Place new gasket on 1gmter plug (See Figure 401 )
Insert 1gmiter plug into combustion chamber cap

Install igniter plug mounting bolts with washers Tighten bolts to a torque range of 50
to 70 pound-mches Lockwire bolts
Connect hugh voltage lead to igruter plug

Position combustion chamber cover on housing and install bolts
Close FD1, FD2 and Bus Feed circuit breakers on Sta 960 starter relay box

Ref . MM STEWARD-DAVIS 49-40-22

SN REV Jul 31/99 Page 401



BOEINCG

MAINTENANCE MANUAL

COMBMISTION
CHAMBLR
CAP

GASKET
{AIRESLARCH
PN 75947)

et e |G NI TE R
WALIER -- PLUG
MOUHTING BOLT —— -_
— HIGH
VOLTAGE
LEAD

IGNITER PLUG INSTALLATION
FIGURE 401

Ref - MM STEWARD-DAVIS
49-40-22
Page 402
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I PLUG - ADJUSTMENT/TEST
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 EQUIPMENT AND MATERIALS

A Establish mterphone commumcation between F/E station and aft cargo compartment™

2 TEST IGNITER PLUG -

A Remove accessory section cover Refer to 49-11-12, APU Accessory Section Cover -
Removal/Installation.

B Disconnmect electrical connector from fuel solenoid valve

C. Close BUS FEED, BATT switch, CONTROL FEEDS [ and 2 crrcuit breakers on Sta
960 starter relay box

D Acwate APU MASTER switch to ON posiion  (MASTER light on.) -
E. PRESS START switch

F Listen for sound of igmiter plug sparking, then actuate MASTER swm:h to OFF
positon. MASTER hight out )

CAUTION DO NOT EXCEED STARTER MOTOR DUTY CYCLE
OF ONE MINUTE ON, FOUR MINUTES OFF

G Open BUS FEED, BATT switch, CONTRQL FEEDS 1 and 2 circuit breakers on Sta
960 starter relay box

H Connect electrical conneetor to fuel solenoid valve

I  Install accessory section cover Refer to 49-11-12, APU Accessory Section Cover -
Removal/Installation _

Ref MM STEWARD-DAVIS 49-40-22
SN REV Jul 31/99 Page 501



Q7 /1, -

MAINTENANCE MANUAL

IGNITER PLUG - INSPECTION/CHECK
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 CHECK IGNITER PLUG

Remove 1gniter plug from APU Refer to Igmter Plug - Removal/Installation
Check 1gmuter plug for cracks or chipping of ceramic 1nsulator or body

Check electrodes for excessive burmng, EROSION of matenal or other damage

Check that electrode extends beyond ceramic insulator a mummum of 1/16 wnch

m o Q W »

Install 1gruter plug on APU  Refer to Igmter Plug - Removal/Installation

Ref *+ MM STEWARD-DAVIS 49-40=-22
SN REV Jul 31/9%9 Page 601
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IGNITER PLUG - CLEANING/PAINTIN
EFFECTIVITY RTCA LX-N19997 1 X-N20000

1 EQUIPMENT AND MATERIALS

A

B.

Solvent - Federal Specification P-D-680, or equivalent
Soft Gnt Blasting Equipment or Brass Bristle Brush

NOTE Suttable soft blasting matenals are ground com, apricot or peach
pits, walnut shells, clover seeds or cracked wheat

2 CLEAN IGNITER PLUG

A

B
C
D

Remove 1gniter plug from APU  Refer to Igniter Plug - Removal/Installation
Clean 1gmuter plug with solvent and blow dry with clean compressed air
Clean all deposits from 1gnuter plug by blasting or brushing

Blow off all loosened material with clean, dry compressed air

CAUTION- DO NOT USE HARD GRIT BLASTING OR STEEL

BRISTLE BRUSH AS THESE MATERIALS CAN
SERIOUSLY DAMAGE IGNITER PLUG

Install 1igruter plug on APU  Refer to Igmter plug - Removal/Installation

Ref MM STEWARD-DAVIS

SN REV Jul 31/99
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Page 701



- e L ’é‘ |

MAINTENANCE MANUAL-
EFFECTIVITY TCA LX-N20198

LX-N20199
STARTER MOTOR - REMOVAL/INSTALLATION

1. REMOVE STARTER MOTOR

A. Open all circuit breakers om Sta. 960, starter relay box.

B. Remove accessory section cover. Refer to 49-11-01, APU Accessory
Section Cover - Removal/Installation.

C. Tag and disconnect electrical leads from starter moter terminals.
(See figure 401.)

D. Remove starter motor attaching nuts and washers.
- E. Carefully withdraw starter motor from mounting studs.

NOTE. When starter is withdrawn from unit, a small amount of
0il may drain from the accessory drive case. It is
suggested that a rag be placed beneath the starter to
cateh this ofl.

F. Remove packing from starter motor mounting pad.

2. TNSTALL STARTER MOTOR

A. Install new packing on starter motor mounting pad. (See figure 401.)

B. Position starter motor on accessory drive, tile slightly and rotate
starter motor shaft until shaft pawls mesh with mating shaft in
accessory drive.

C. Carefully slide starter motor ento mounting studs.

£ D. Install starter motor attaching washers and nuts. Tighten nuts to
a torqué range of 50 to 70 pound-inches.

E. Remove tags and connect electrical leads to starter motor terminals.

F. Install accessory section cover. Refer to 49-11-01, APU Accessory,
Section Cover - Removal/Installation.

G. Close all circuit breakers on Sta.960, starter relay box.

MM STEWARD DAVIS
4/82 49-40-52

SN REV Jul 31/99 Page 401
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APU COOLING AIR SYSTEM

DESCRIPTION AND OPERATIGCH

GENERAL

A. The APU cooling air system provides the means for cooling the APU
housing, engine accessories and the exhaust duct The system con-

s1sts of cooling air intake ducting between the R/H main gear wheelwell

and the APU module, a cooling air fan, and ducting to distribute and
direct the cooling air through the housing. Cooling air 1s drawn
from the main gear wheel well into the housing, where 1t 1s Circu-
lated through the generator and the 011 cooler and around the engine
accessories, before being exhausted overboard with the exhaust gases.

COOLING AIR INTAKE DUCT

A The cooling air intake duct carries cooling air from the R/H main gear
wheel well through the Sta 960 pressure bulkhead to the APU module
housing The intake to the duct 15 covered with stainless steel
screen, % 1nch mesh, to prevent foreign objects entering the cool-
Ing air system The duct, made from 5 1nch diameter stainless steel
tubing, 1s clamped to the module housing cooling air tnlet, to ex-
pedite the 1nstallation and removal of the APU module, and attaches
to the Sta 960 bulkhead doubler through a bellows assembly, to pro-
vide for thermal expansion and contraction of the duct with changes
in temperature

COOLING AIR FAN

A. The cooling air fan provides a positive cooling air flow through the
011 cooler, the generator and through the module housing. It 1s an
axi1al flow type fan mounted on the engine accessory section and 1s
driven by the accessory gear train

OPERATION

A. When the APU engine 15 running the exhaust gases passing through the
eductor section of the exhaust system will draw air from the APU
module housing, this assists the cooling air fan in drawing cooling
air from the main gear wheel well. The ducting within the moduie
housing directs the cooling air through the o011 cooler, the gen-
erator, and around the engine and engine accessories The cooling
air leaves the module housing through an annular space between the
engine exhaust eductor tube (8 nch diameter) and the outer exhaust
duct (10 i1nch diameter), and mixes with the engine exhaust gases
downstream from the .eductor to reduce the total temperature of the
gases exhausted overboard.

49-51-0
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APU BLEED AIR SYSTEM

DESCRIPTION AND OPERATION

1. GENERAL

A The APU bleed air system 1s an automatically controlled source of
pneumatic power which 15 connected to the airplane's pneumaiic sys-
tem The system consists of APU bleed air control components and
ducting from the APU module in the aft cargo compartment ot the air-
plane pneumatic crossover duct.

B The bleed atr control components for the APU installation consist
of a pneumatic shutoff {load control) valve, a differential air
pressure regulator, a pneumatic thermostat and three-way solenoid
valve provided 1n the APU engine controls, and BLEED AIR selector
switch on the APU cockpit control panel

C. The bleed air ducting manifolds the APU output and carries the
compressed air in a five i1nch, stainless steel duct, installed 1n
the keel beam structure, to the airconditioning bay and through a
transition duct 1nto the airplane pneumatic crossover duct. A
fiapper type check valve on the output of the APU prevents the
reverse flow of air  (See Subject 49-00-36, APU Pneumatic System
Interface }

D The APU bleed air system supplies pneumatic power to the airplane
system by bleeding compressed air from the compressor section of
the APU engine The amount of air extracted from the APU 15 auto-
matically regulated, by the pneumatic thermostat, to provide a
maximum amount of air without exceeding APU engine exhaust gas
temperature Timts  When the APU engine 15 started and reaches
95% governed speed, the three-way solenoid valve 1s automatically
actuated to transfer the output of the pneumatic thermostat from
the acceleration 1tmited valve to the pneumatic shutoff (load
control) valve After a one minute warm-up period at governed
speed the APU 1s ready to accept a pneumatic load

2 LOAD CONTROL VALVE

A The load contrel valve 1s mounted between the bieed air outlet on
the APU housing and the APU bleed air ducting. The valve controls
the bleed Toad by 1mmiting the bleed airflow to below the amount that
would cause excessive exhaust gas temperature The load control
valve consists of the main valve, the actuator. the rate control
valve, and the switcher valve The main valve 1s a normally closed
butterfly valve enclosed in a housing having flanges for clamps on
each end The actuator 1s attached to the main valve housing and

/82 49-52-01
SN REV. Dec 1/89 Page 1
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A. cont,

consists of a spring-loaded diaphragm and an actuating linkage con-
tained in a housing which also encloses the switcher valve The
switcher valve is a solenoid-operated two-ball selector valve that
directs control ailr to either side of the actuator diaphragm as re-
quired., The rate control valve controls the opening rate of the main
valve and consists of a spring-loaded, diaphragm-operated, poppet
valve contained in a housing having an adjustable orifice in the con-
trol air inlet,

B. When {ts solenoild is energized, the switcher valve directs control
air to the actuator diaphragm to open the maln valve and allow bleed
air to flow into the airplane ducting. The rate control valve con-
trols the amount and speed of the initial opening of the main valve.

3. DIFFERENTIAL AIR PRTSSURE RECULATOR

A. The differential air pressure regulator is attached to the load con-
trol valve. It provides a constant alr pressure under all ambient
conditions to the load contrel valve. The regulator consists of a
cover and a main housing. The housing contains a spriag-loaded dia-
phragm assembly, metering valve and an adjustable relief valve. An
outlet port is alao provided in the main housing. The cover incor-
porates an inlet port fitting and encloses an air filter. The regu-
lating pressure of the valve is set at approximatecly 19.2 PSI above
ambient.

4. PNEUMATIC THERMOSTAT

A. The pneumatic thermostat of the APU engine controls is connected by
the three-way solenold valve (See Subject 49-61-0) to the actuator
diaphragm chamber of the load control valve when the APU engine acce-
lerates to 95Z RPM, The thermostat begins to open between 555° to
5659C (1030° to 10509F) and bleeds control air from the diaphragm
chamber to close the load control valve and reduce the pneumatic
load as required to maintain the exhaust gas temperature within
limits.

5. PNEUMATIC LOAD SELECTION

A. Pneumatic loading of an APU is manually selected by actuating the
BLEED AIR switch-lite on the APU cockpit control panel. The switch
is a push type, alternate action switch-lite.

MM STEWARD DAVIS

49-52-01 4/82
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B The BLEED AIR switch-11te, when closed (1ight on}, applies power to
energize the switcher (solenoid) valve to move and allow control
air to actuate the load control valve to the open position

& OPERATICN

A The APU bleed air system furnishes a regulated supply of compressed
air to the airplane pneumatic system and also acts as an over-
load qovernor for the APU  The amount of compressed air available
1s automatically controlled to prevent the APU being overloaded and
w1ll therefore vary with the electrical load 1mposed on the umit

B When the APU accelerates to 95% governed speed during the 1gnition/
start sequence, the centrifugal switch closes and actuates the three-
way solenold valve to connect the control signal of the pneumatic
thermostat to the load control valve When BLEED AIR 15 selected
on the APU control panel the switcher vaive solenoid 1s erergized

- causing the load control valve tc open and allow air to flow 1nto
the APU bleed air ducting to the airplane pneumatic system

C  When the bleed air solenoid 1§ not energized, the switcher valve
directs the control air to the topside of the actuator diaphragm
to keep the main valve closed Control air from upstream of the
main valve 15 directed to both sides of the rate control vaive dia-
phragm and, since the pressure 15 the same on both sides of the dia-
phragm, the poppet valve remains closed Energtizing the switcher
soleno1d opens the primary ball valve 1n the switcher vaive and
closes the secondary ball valve This transfers control air from
the bottom to the top of the actuator diaphragm and the main valve
opens When the valve opens, the pressure sensed by the rate con-
trol valve drops in proportion to the rate at which air bleeds from
the unit  Since the adjustable orifice restricts the bleed off from
the top of the rate control diaphragm, the diaphragm will move down
and open the poppet valve to bleed some of the control air from the
actuator to atmosphere Reducing the air pressure 1n the actuator
slows down the opening speed of the main valve and the amount 1t
w11l open, thus preventing a momentary overload of the unit. As the
pressure continues to bleed off from the top of the rate control
diaphragm the poppet valve gradually closes As the poppet valve
closes, the control air pressure in the actuator increases and opens
the main valve further When the poppet valve 1s fully closed, the
main valve 15 fully open. The adjustable orifice 1s normally set
so that the main valve will open 1n between three and six seconds

4/82 MM STEWARD DAVIS 49-52-01
$ RZV. Dec 1/89 Page 3
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D. During extraction of APU bleed air, the pneumatic thermostat acts
as an overload protection for the APU and does not function until
an overload condition occurs, If an overload 15 applied to the
APU, the exhaust gas temperature rises This rise 1n temperature
causes the thermostat to open and allow control air to bleed to
atmosphere  Reduction of control air pressure 1n the ioad control
valve actuator partially closes the valve This reduces the amount

of bleed air extracted from the APU compressor until the overload
15 removed.

MM STEWARD DAVIS
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STARTER MOTOR - REMOVAL/INSTALLATION
EFFECTIVITY RTCA LX-N19897 LX-N20000

1. REMOVE STARTER MOTOR - — —
A Open all crreunt breakers on Sta, 960, starter relay box.

B Remove .accessory section cover Refer to 49-11-02, APU Accessory Section Cover -
Removal/Installation.

Tag and disconnect electrical leads from starter motor terminals (See Figure 401 )

IU n

Remove starter motor attaching nuts and washers

t

Carefully withdraw starter motor from mounting studs.

NOTE, When starter 1s withdrawn from umit, a small amount of ol may
drain from the accessory dnve case It s suggested that a rag be
placed beneath the starter to catch this oud

F. Remove packing from starter motor mounting pad
2 INSTALI STARTER MOTOR
A Install new packing on starter miotor mounting pad  (See Figure 401) -

B Position starter motor on accessory drive, tilt shghtly and rotate starter motor shaft
_ until shaft pawls mesh with mating shaft 1n accessory drve.

C Carefully side starter motor onto mountng studs -

D Install starter motor attaching washers and nuts Tighten nuts to a torque range of 50
to 70 pound-inches

E Remove tags and connect electrical leads to starter motor termunals

F Tostall accessory section cover Refer to 49-11-02, APU Accessory Section Cover -
Removal/Installation.

G Close all circuit breakers on Sta 960, starter relay box

Ref MM STEWARD-DAVIS 49-40=-53
SN REV Jul 31/99 Page 401
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EFFECTIVITY TCA LX-N20198

APU COOLING AIR SYSTEM LX-N20199

DESCRIPTION AND QPERATION

GENERAL

A.

The APU cooling atr system provides the means for cooling the APU
housing, engine accessories and the exhaust duct. The system con-
sists of cooling air intake ducting between the R/H main gear wheelwell
and the APU module, a2 coeling air fan, and ducting to distribute and
direct the cooling air through the housing. Cooling air 1s drawn

from the main gear wheel well into the housing, where it 1s circu-
lated through the generator and the oil cooler and around the engine
accessories, before being exhausted overboard with the exhaust gases.

COOLING AIR INTAKE DUCT

A.

The cooling air intake duct carries cooling air from the R/H main gear
wheel well through the Sta. 960 pressure bulkhead to the APU module
housing The 1intake to the duct 1s covered with stainless steel
screen, % inch mesh, to prevent foreign objects entering the cool-

1ng air system. The duct, made from 5 inch diameter stainless steel
tubing, 1s clamped to the module housing cooling air inlet, to ex-
pedite the 1nstallation and removal of the APU module, and attaches

to the Sta. 9560 bulkhead doubler through a bellows assembly, to pro-
vide for thermal expansion and contraction of the duct with changes

1n temperature.

COOLING AIR FAN

A. The cooling air fan provides a positive cooling air flow through the
011 cooler, the generator and through the module housing. It 1s an
axia) flow type fan mounted on the engine accessory section and 1s
driven by the accessory gear train.

OPERATION

A. When the APU engine 1s running the exhaust gases passing through the

eductor section of the exhaust system will draw air from the APU
module housing; this assists the cooling air fan 1n drawing cooling
air from the main gear wheel well. The ducting within the module
housing directs the cooling air through the 011 cooler, the gen-
erator, and around the engine and engine accessories. The cooling
air leaves the module housing through an annular space between the
engine exhaust eductor tube (8 inch diameter) and the outer exhaust
duct (10 inch diameter), and mixes with the engine exhaust gases
downstream from the eductor to reduce the total temperature of the
gases exhausted overboard.

49-51-0
Page 1
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APU COOL AIR SYSTE
DESCRIPTION PERATION

EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A The APU cooling arr system provides the means for cooling the APU housing, engine
accessories and the exhaust duct The system consists of cooling air intake ducting
between the R/H main gear wheelwell and the APU module, a coolmng air fan, and
ducting to distribute and direct the cooling aiwr through the housing. Cooling air 1s
drawn from the main gear wheel well into the housing, where 1t 1s circulated through
the generator and the o1l cooler and around the engine accessories, before being
exhausted overboard with the exhaust gases

2 COOLING AIR INTAKE DUCT

A The cooling awr intzke duct carries cooling air from the R/H main gear wheel well
through the Sta 960 pressure bulkhead to the APU module housing The mtake to the
duct is covered with stainless steel screen, 1/4 inch mesh, to prevent foreign objects
entermng the cooling air system The duct, made from 5 inch diameter stainless steel
tubing, 15 clamped to the module housing cooling air inlet, to expedite the 1nstallation
and removal of the APU module, and attaches to the Sta. 960 bulkhead doubler through
a bellows assembly, to provide for thermal expansion and contraction of the duct with
changes in temperature

3 COOLING AIR FAN

A The cooling arr fan provides a positive cooling air flow through the o1l cooler, the
generator and through the module housing It 1s an axial flow type fan mounted on the
engme accessory section and 1s drniven by the accessory gear train

4 OPERATION

A. When the APU engine 1s running the exhaust gases passing through the eductor section
of the exhaust system will draw air from the APU module housing, this assists the
cooling air fan n drawing cooling air from the mam gear wheel well The ducting
within the moedule housing directs the cooling air through the o1l cooler, the generator,
and around the engine and engme accessories The cooling air leaves the module
housing through an annular space between the engme exhaust eductor tube (8 mch
diameter) and the outer exhaust duct (10 mch diameter), and mixes with the engme
exhaust gases downstream from the eductor to reduce the total temperature of the gases
exhausted overboard.

Ref MM STEWARD-DAVIS 49-51-1
SN REV Jul 31/99 Page 1
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EFFECTIVITY TCA LX-N20188
APU BLEED AIR SYSTEM LX-N20199

e DESCRIPTION AND OPERATION

1. GENERAL

A. The APU bleed air system is an automatically controlled source of
pneumatic power which is connected to the airplane's pneumatic sys-
tem. The system consists of APU bleed air control components and
ducting from the APU module in the aft cargo compartment ot the air-
plane pneumati¢ crossover duct.

B. The bleed atr control components for the APU installation consist
of a pneumatic shutoff (load control) valve, a differential air
pressure regulator, a pneumatic thermostat and three-way solenord
valve provided in the APY engine controls, and BLEED AIR selector
switch on the APU cockpit control panel

C. The bleed air ducting manifolds the APU output and carries the
compressed air in a five inch, stainless steel duct, installed in
the keel beam structure, to the airconditioning bay and through a
transition duct into the airplane pneumatic crossover duct. A
flapper type check valve on the output of the APU prevents the
reverse flow of air. (See Subject 49-00-36, APU Pneumatic System
Interface.)

D. The APU bleed air system supplies pneumatic power to the airplane
system by bleeding compressed air from the compressor section of
the APU engine. The amount of air extracted from the APU 1s auto-
matically regulated, by the pneumatic thermostat, to provide 2
maximum amount of air without exceeding APU engine exhaust gas
temperature 1imits. When the APU engine is started and reaches
95% governed speed, the three-way solenoid valve is automatically
actuated to transfer the output of the pneumatic thermostat from
the acceleration limited valve to the pneumatic shutoff (load
control) valve. After a one minute warm-up period at governed
speed the APU 1s ready to accept a pneumatic load

2. LOAD CONTROL VALVE

A. The load control valve 1s mounted between the bleed air outlet on

: the APU housing and the APU bleed air ducting. The valve controls
the bleed 1oad by limiting the bleed airflow to below the amount that
would cause excessive exhaust gas temperature. The load control
valve consists of the main valve, the actuator. the rate control
valve, and the switcher valve. The main valve 1s a normally closed
butterfly valve enclosed in a housing having flanges for clamps on
each end. The actuator is attached to the main valve housing and

1/82 49-52-01
SN REV Jul 31/99 Page 1
- MM STEWARD DAVIS
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cont.

consists of a spring-loaded diaphragm and an actuating linkage con-
tained in a housing which also encloses the switcher valve. The
switcher valve is a solenocid-operated two-ball selector valve that
directs control air to either side of the actuator diaphragm as re=
quired. The rate control valve controls the opening rate of the main
valve and consists of a spring-loaded, diaphragm-operated, poppet
valve contained in a housing having an adjustsble orifice in the con-
trol air inlet.

When its solenoid is energized, the switcher valve directs control
air to the actuator diaphragm to open the main valve and allow bleed
air to flow into the airplane ducting. The rate control valve con-
trols the amount and speed of the initial opening of the main valve.

3. DIFFERENTIAL ATR PRLSSURE REGULATOR

A.

The differential air pressure regulator 1s attached to the load con-
trol valve. It provides a constant air pressure under all ambient
condliticns to the load control valve, The regulator consists of a
cover and a main housing. The housing contains a spriag-loaded dia-
phragm assembly, metering valve and an adjustable relief valve. An
outlet port is also provided in the main housing. The cover incor-
porates an inlet port fitting and encloses an air filter. The regu-
lating pressure of the valve is set at approximately 19.2 PSI above
ambient.

PNEUMATIC TIHERMOSTAT

A.

The pneumatic thermostat of the APU engine controls is connected by
the three-way solenoid valve (See Subject 49-61-0) to the actuator
diaphragm chamber of the load control valve when the APU engine acce-
lerates to 95Z RPM. The thermostat begins to open between 555° to
5659C (1030° to 105G°F) and bleeds control air from the diaphragm
chamber to close the load contrel valve and reduce the pneumatic

load as required to maintain the exhaust gas temperature within
limits.

PNEUMATIC LOAD SELECTION

AI

49-52-01
Page 2

Puneumatic loading of an APU is manually selected by actuating the
BLEED AIR switch-lite on the APU cockpit control panel. The switch
is a2 push type, alternate action switch-lite.

MM STEWARD DAVIS
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U BLEED AIR SYSTEM
DESCRIPTION AND OPE N
EFFECTIVITY RTCA LX-N19897 LX-N20000

1 GENERAL

A. The APU bleed air system 1s an automatically controlled source of pneumatic power
which 1s connected to the airplane’s pneumatic system. The system consists of APU
bleed ar control components and ducting from the APU module 1n the aft cargo
compartment to the airplane pneumatic crossover duct

B The bleed air control components for the APU stallation consist of a pneumatic
shutoff (load control) valve, a differential air pressure regulator, a pneumnatic thermostat
and three-way solenoid valve provided m the APU engine controls, and BLEED AIR
selector switch on the APU cockpit control panel

C The bleed air ducung mamfolds the APU output and carnes the compressed air in a
five mch, stainless steel duct, mstalled 1n the keel beam structure, to the airconditionng
bay and through a transttion duct into the awrplane pneumatic crossover duct. A flapper
type check valve on the output of the APU prevents the reverse flow of awr (See
Subject 49-00-37, APU Pneumatc System Interface )

D The APU bleed air system supplies pneumatic power to the airplane system by bleeding
compressed air from the compressor section of the APU engine  The amount of air
extracted from the APU 1s automatically regulated, by the pneumatic thermostat, to
provide a maximum amount of air without exceeding APU engme exhaust gas
temperature imits  When the APU engine 1s started and reaches 5% governed speed,
the three-way solenoid valve 15 automatically actuated to transfer the output of the
pneumatic thermostat from the acceleration limuted valve to the pneumatic shutoff (load
control) valve, After a one munute warm-up period at governed speed the APU 1s
ready to accept a pneumatic load.

2 LOAD CONTROL VALVE

A The load control valve 1s mounted between the bleed arr outlet on the APU housing and
the APU bleed air ducting The valve controls the bleed load by lumting the bleed
airflow to below the amount that would cause excessive exhaust gas temperature. The
load controt valve consists of the main valve, the actuator. The rate control valve, and
the switcher valve The main valve ts a normally closed butterfly valve enclosed 1n a
housing having flanges for clamps on each end The actuator 1s attached to the man
valve housing and consists of a spring-loaded diaphragm and an actuating linkage

. Ref : MM STEWARD-DAVIS 49-52-02
SN REV Jul 31/99 Page 1



”"”2.;72442?2&: )_}_

MAINTENANCE MANUAL

2 LOAD CONTROL VALVE (CONTINUED)
A (CONTINUED)

contained 1n a housmg which also encloses the switcher valve The switcher valve is
a solenoid-operated two-ball selector valve that directs control air to either side of the
actuator diaphragm as required The rate control valve controls the opening rate of the
maun valve and consists of a spring-loaded, diaphragm-operated, poppet valve contamed
In a housing having an adjustable onfice 1n the control ar mlet

B When its solenoid 1s energized, the switcher valve directs control amr to the actuator
diaphragm to open the main valve and allow bleed air to flow 1nto the awrplane ducting
The rate control valve controls the amount and speed of the mutial opening of the mamn
valve

3 DIE NTIAL AIR PRESS REGULATO

A The differential air pressure regulator 1s attached to the load control vailve It provides
a constant air pressure under all ambient conditions to the load control valve The
regulator consists of a cover and 2 main housing The housing contains a spring-loaded
diaphragm assembly, metering valve and an adjustable relief valve An outlet port 1s
also provided 1n the main housing The cover incorporates an inlet port fithng and
encloses an air filter The regulating pressure of the valve 1s set at approxunately 19 2
PSI above ambient

4 PNEUMATIC THERMOSTAT

A The pneumaunc thermostat of the APU engine controls 1s connected by the three-way
solenoid valve (See Subject 49-61-1) to the actuator diaphragm chamber of the load
control valve when the APU engine accelerates to 95% RPM  The thermostat begins
to open between 555° to 565°C (1030° to 1050°F) and bleeds control air from the
diaphragm chamber to close the load control valve and reduce the pneumatic load as
required to maintain the exhaust gas temperature within limits

5 ENEUMATIC IOAD SELECTION

A Pneumatic loading of an APU is manually selected by actuaung the BLEED AIR
switch-lite on the APU cockpit contro} panel The switch 15 a push type, alternate
action switch-lite

Ref * MM STEWARD-DAVIS
49-52-02
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B The BLEED AIR switch-lite, when closed (light on), applies power to energize the
switcher {solenoid) valve to move and allow control air to actuate the 1oad control valve
to the open position.

6. OPERATION

A The APU bleed awr system furmshes a regulated supply of compressed air to the

aurplane pneumatic system and also acts as an overload governor for the APU The
amount of compressed awr available is automatically controlled to prevent the APU
bemg overloaded and will therefore vary with the electrical load imposed on the umut

When the APU accelerates to 95% governed speed during the 1gmtion/start sequence,
the centrifugal switch closes and actuates the threeway solenoid valve to connect the
control signal of the pneumatic thermostat to the load control valve When BLEED
AIR 15 selected on the APU control panel the switcher valve solenoid 1s energized
causing the load control valve to open and allow air to flow 1nto the APU bleed air
ducting to the awplane preumatc system

When the bleed air solenoid 1s not energized, the switcher valve directs the control air
to the topside of the actuator diaphragm to keep the main valve closed Control air
from upstream of the maiwn valve 1s directed to both sides of the rate control valve
diaphragm and, since the pressure 1s the same on both sides of the diaphragm, the
poppet valve remains closed Energizing the switcher solenoid opens the primary ball
valve 1n the switcher valve and closes the secondary ball valve This transfers control
air from the bottom to the top of the actuator diaphragm and the mam valve opens

When the valve opens, the pressure sensed by the rate control valve drops in proportion
to the rate at which awr bleeds from the umut Since the adjustable orifice restricts the
bleed off from the top of the rate control diaphragm, the diaphragm wiil move down
and open the poppet valve to bleed some of the control air from the actuator t0
atmosphere Reducing the air pressure 1n the actuator slows down the opemng speed
of the main valve and the amount 1t will open, thus preventing 2 momentary overload
of the umt As the pressure continues to bleed off from the top of the rate control
diaphragm the poppet valve gradually closes As the poppet valve closes, the control
air pressure in the actuator increases and opens the mamn valve further When the
poppet valve 1s fully closed, the main valve is fully open The adjustable orifice 1s
normally set so that the main valve will open in between three and six seconds.
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D During extraction of APU bleed awr, the pneumatic thermostat acts as an overload
protection for the APU and does not function unt an overload condition occurs Ifan
overload 1s applied to the APU, the exhaust gas temperature mses Ths rise m
temperature causes the thermostat to open and allow control air to bleed to atmosphere
Reduction of control 2ir pressure 1n the load control valve actuator partially closes the
valve This reduces the amount of bleed air extracted from the APU compressor until
the overload 1s removed
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EFFECTIVITY TCA LX-N20198
APU ENGINE CONTROL LX-N20199

DESCRIPTION AND OPERATION

1. GENERAL

A.

4/82

The APU engine control system provides for the manual selection and
the automatic control of the operation and loading of the APU engine.
The system consists of an APU control panel, engine control components
and engine control circuits.

The APU control panel provides switches for selecting the APU opera-
tional mode and loading configuration, and instrumentation to monitor
the electrical loading and the performance of the engine.

The APU engine control components monitor the operation of the APU
engine to provide electrical and pneumatic signals used to sequence
and control the start, ignition and acceleration of the engine to
governed speed, to control the pneumatic l1oad on the APU engine and
to shutdown the engine. See APU Engine Control Components, Subject
49-61-0.

The engine contrel circuits provide for the manual selection and the
automatic control of the operation and loading of the APU engine.
See APU Engine Control Circuits, Subject 49-62-0.

COCKPIT CONTROL PANEL

The APU control panel consists of a control module, an APU battery
switch, an APU generator contactor control switch, an overspeed test
switch, engine and electrical instrumentation and i1nstrument 1ightning,

The control module provides switches for energizing the APU engine
control circuits, for starting the APU engine and for activating

and testing the APU's fire extinguishing and fire detection system
Switch 11ghts, annunciator lights and warning 1ights 1n the control
module provide visual references of the operational status and the
loading configuration of the engine. The module consists of a mount-
1ng rack with nine pushbutton switch-11te and three annunciator

l1ght assemblies.

(1) The mounting rack is itself a modular assembly that
Provides terminal blocks for quick installation and
removal of the pushbutton switch-11te and annunciator
Tite assemblies. A hole in the terminal biock mates
with a large post on the terminal end of the switch-lite
and annunciator 11te units to assure proper orientation
of the units when they are installed. Oividers in the
mounting rack extend out to form a natural barrier between
un1ts. To actuate a particular switch-lite, the switch-plate
(lens) must be depressed below the level of the barrier. If
two adjacent units are accidentally depressed simultaneously

MM STZWARD DAVIS 49-60-0
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cont.

with one finger, the barrier will prevent actuation. The mount-
ing rack is mounted in the APU control panel through a single
panel cutout. Mounting fasteners are slipped into slots on the
rack frame and tightened-against the back of the control panel
to secure the entire control module to the panel.

The pushbutton switch-lite assemblies are alternate or momen-—
tary actuation switches with indicartor lights mounted beneath
their switch-plate (lens). A color filter below the lens of
each switch-lite (and annunciator lite) provides color coding
in relationship to the significance of the information that the
light provides: safe/acceptable (blue or green); advisory in-
formation, on/energized, ecc., (amber or yellow); warning, un-
safe (red). The following switch-lites are provided in the
control module:

(a) MASTER - An alternate action switch that applies control
power to the master relay and the APU generator
control relay circults. Its indicator light
cones on (blue color filter) when control power
is available to the master relay.

(b) START - A guarded, momentary action switch that applies
power to the start-ignition/fuel circutit, Its
indicator light comes on {yellow color filter)
when the switch 1s depressed and control power
is applied to tlhie starter relay. When the starcer
relay actuates, closes, the indicator light will
renain on (after the start switch is released)
until the relay opens.

(c) BLEED AIR -~ An alternate action switch that applies power
to energize the control circuit of the load con-
trol valve in the engine bleed air system. Its
indicator light comes on (blue color filter) when
its switch contacts are in the closed positien.

1
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GEM TRIPPED- A momentary action switch that applies power
to the close circuit of the generator field
control relay Its rndicator 11ght comes on
(Red color filter) when the generator control
unit has automatically tripped the freld
control relay to protect the generator or AC
power system  {(See Subject 24-13-0, AC Power
System - APU)

TEST INMDIC LIGHTS- A momentary action switch that applies
power to check all 1ndicator and annunciator
11ghts n the controt module Its indicator
11ght comes on (Amber color filter) when ats
switch contacts close and power 15 availlable
to the jight test circuit

PUSH TO EXTING FIRE- A guarded, momentary action switch
that applies power to the fire extinguisher
detonator circuit  [ts indicator 11ght comes
on (Yellow color filter) when 1ts switch con-
tacts close or when the fire extinguisher cir-

; cult 15 energized automatically by the fire
warning or test fire circuits  (See APU Fire
Protection, Subject 49-00-26 )

TEST FIRE CIRCUIT- A momentary action switch that applies
power to the (fire) test relay Its 1ndicator
11ght comes on (Amber color filter), and remains
on when the (fire} test relay 1s 1n the closed
position

FIRE/HORM CUTOUT- A momentary action switch that cuts out
the fire warning horn, but does not extinguish
the 1ndicator light {Red color filter) The Tight
rematns on until the fire detector cools off or
until the fire warning test relay opens

{3) The annunciator lites provide information concerning APU shut-
down and of 1ts electrical loading configuration. The annunci-
ator li1tes are 1dentical to the switch-li1tes except that they
do not contain switch contacts The following annunciator lites
are provided in the control module

{a}

(b)

4/82

GEN ON BUS- Its light 11luminates (Green color filter) when
the APU generator 1s 1n the closed position to
show that the APU generator output 1s connected
to the synchronous bus.

HI OIL TEMP- Its light 1lluminates (Red color filter) when
the APYU engine 15 automatically shut down due
to excessive engine o011 temperature. The light
remains on until the master relay 1s opened
(MASTER switch open, light out) to remove power
from the self-locking circuit of the high o1l
temperature relay

49-60-0
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(c) LOW OIL PRESS - Its light 17luminates (red color filter)
when the APU engine 15 automatically shut down due
to low engine 011 pressure [ts Tight rematns on
unt11 the master relay 15 opened (MASTER switch
open, 11ght out) to remove power from the self-
focking circuit of the low 011 pressure relay

(d) DOOR CLOSED - Its light 11luminates when APU exhaust door
15 fully closed

(e) DOOR OPEN - Its light 11luminates when APU exhaust door 1s
fully open

The generator contactor selector switch, APU CONTACTOR, 1s a lever
actuated switch that 1s spring loaded and locked to the center, OFF
position  When the switch actuating lever 31s 11fted and moved to
the CLOSE or TRIP position, power 15 applied to the related control
circuit of the APU generator contactor (See Subject 24-13-0, AC
Power System - APU ) When the actuating lever 1s released, the
Tever returns to and locks 1n the center position The switch 1s
adjacent to the control module, stightly above the GEN ON BUS
annuncirator Jight that 1ndicates the position of the generator
breaker

The OVERSPEED TEST switch 1s a momentary contact, press to actuate
switch that provides for normal shutdown of the APU engine  hen
actuated, 1ts contacts close and apply power to enrgize the pneumatic
{shutoff) solenoid valve to shut down the engine through actuation

of the 110% contacts of the centrifugal switch assembly The switch
1s located above the control module between the engine instruments

The engine nstrumentation provided on the APU control panel con-
s1sts of a tachometer and an exhaust gas temperature i1ndicator The
tachometer 1ndicates the engine's rotational speed 1n percent of
governed speed (% RPM) to provide a visual 1ndication that the engine
fuel and control system 1s maintatning the engine speed with pre-
scribed 1imits The exhaust gas temperature indicator displays the
engine's exhaust gas temperature 1n degrees centrigrade (EGT, °C) to
provide a visual wndication that the pneumatic thermostat 15 main-
taining the engine exhaust gas temperature within allowable 1mmits

The electrical i1nstrumentaiton on the APU cockpit control panel 1s

provided to monitor the electrical Joad on the APU engine The AC

ammeter (AC AMPS) indicates the APU generator output {one phase) as
a measure of the engine's electrical lecad AC valtmeter indicating
the voltage level of the APUs AC output voltage supply to the air-

craft's electrical system

The AC volitmeter i1ndicates the voltage level that the APU generator
1s supplying to the aircraft's electrical system

MM STEWARD DAVIS
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APU ENGINE CONTROT.
DESC ION PERATION

EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A The APU engine control system provides for the manual selection and the automatic
control of the operation and loading of the APU engme. The system consists of an
APU control panel, engmne control components and engine control cureuts.

B The APU control panel provides switches for selecting the APU operational mode and
loading configuration, and nstrumentation to momtor the electrical loading and the
performance of the engine

C The APU engine control components monitor the operation of the APU engne to
provide electnical and pneumatie signals used to sequence and control the start, 1gmtion
and acceleration of the engme to governed speed, to control the pneurnatic load on the
APU engine and to shutdown the engine See APU Engme Control Components,
Subject 49-61-1

D. The engme control circuuts provide for the manual selection and the automatic control
of the operation and loading of the APU engme. See APU Engime Control Circuits,
Subject 49-62-1.

2 APU COCKPIT CONTROL PANEL

A The APU control panel consists of a control module, an APU battery switch, an APU
generator contactor control switch, an overspeed test switch, engine and electrical
instrumentation and instrument lightung

B The control module provides switches for energizmg the APU engme control circuits,
for starting the APU engine and for activaung and testing the APU’s fire extinguishing
and fire detection system Switch lights, annunciator lights and warmung fights in the
control module provide visual references of the operational status and the loading
configuration of the engmme. The module consists of a mounting rack with mne
pushbutton switch-lite and three annunciator light assemblies.

(1) The mounting rack is itself a modular assembly that provides terminal blocks
for quick mstallation and removal of the pushbutton switch-ltte and
annunciator lite assemblies. A hole m the terminal block mates with a large
post on the terminal end of the switch-lite and anmunciator lite umts to assure
proper onentation of the units when they are installed. Dividers m the
mounting rack extend out to form a natural barrier between uaits. To actuate
a particular switch-lite, the switch-plate (lens) must be depressed below the
level of the barrier If two adjacent unts are accidentally depressed

Ref MM STEWARD-DAVIS 49-60-1
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(1) (Continued)

simultaneously with one finger, the barrier will prevent actuation The
mounting rack 1s mounted 1 the APU control panel through a single panel
cutout Mounting fasteners are slipped mto slots on the rack frame and
tightened against the back of the control panel to secure the entire control
module to the panel

(2) The pushbutton switch-lite assemblies are alternate or momentary actuation
switches with indicator hights mounted beneath their switch-plate (lens) A
color filter below the lens of each switch-lite (and annunciator lite) provides
color coding 1n relationship to the sigmficance of the information that the light
provides safe/acceptabie (blue or green), advisory information, on/energized,
etc , (amber or yellow), warmng, unsafe (red) The following switch-lites are
provided 1n the control module

(a) MASTER - An alternate action switch that applies control power to
the master relay and the APU generator control relay curcuits  Its
indicator light comes on (blue color filter) when control power 1s
available to the master relay.

(b) START - A guarded, momentary action switch that applies power
to the start-igmition/fuel circust  Its indicator hight comes on (yellow
color filter) when the switch 15 depressed and control power 1s
applied to the starter relay When the starter relay actuates, closes,
the mdicator hight will remain on (after the start switch 1s released)

until the relay opens

(c) BLEED AIR - An alternate action switch that applies power to
energize the control circuit of the load contrel valve in the engine
bleed air system Its indicator hight comes on (blue color filter)
when 1ts switch contacts are 1n the closed position

Ref MM STEWARD-DAVIS
49-60-1
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(¢) GEN TRIPPED - A momentary action switch that applies power to
the close circuit of the generator field control relay. Its indicator
Light comes on (Red color filter) when the generator confrol unit has
automatically tmpped the field control relay to protect the generator
or AC power system. (See Subject 24-49-0, AC Power System -
APU).

(f) TEST INDIC LIGHTS - A momentary action switch that applhes
power to check all mdicator and annunciator hights 1n the control
module Its indicator light come on (Amber color filter) when 1is
switch contacts close and power 1s available to the light test circust

(g) PUSH TO EXTING FIRE - A guarded, momentary action switch
that applies power to the fire extinguisher detonator cureurt Its
indicator light comes on (Yellow color filter) when its switch
contacts close or when the fire extinguisher circuit 1s energized
automatically by the fire warmng or test fire cucuits (See APU
Fire Protection, Subject 49-00-27) -

(h) TEST FIRE CIRCUIT - A momentary action switch that apples
power to the (fire) test relay Its indicator hight comes on (Amber

color filter), and remains on when the (fire) test relay 1s m the closed
position

(1) FIRE/HORN CUTQUT - A momentary action switch that cuts out
the fire warning horn, but does not extinguish the indicator light
(Red color filter) The hght remains on until the fire detector cools
off or until the fire warnng test relay opens

(3) The annunciator lites provide information concerning APU  shutdown and of
its electrical loading configuration The annunciator lites are :dentical to the
switch-lites except that they do not contain switch contacts The followmg
annunciator lites are provided mn the control module

(a) GEN ON BUS - Its light illuminates (Green color filter) when the
APU generator 15 I1n the closed position to show that the APU
generator output 1s connected to the synchronous bus

(b) HI OIL TEMP - Its light illuminates (Red color filter) when the
APU engme 1s automatically shut down due to excessive engine o1l
temperature. The light remains on until the master relay 1s opened
(MASTER switch open, hght out) to remove power from the self-
locking circuit of the high o1l temperature relay

Ref MM STEWARD-DAVIS 49-60-1
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() LOW O, PRESS - Its light 1lluminates (red color filter) when the
APU engine 1s automatically shut down due to low engme oil
pressure  Its light remamns on untd the master relay is opened
(MASTER switch open, light out) to remove power from the self-
locking circuit of the low o1l pressure relay

(d) DOOR CLOSED - Its hight illurmmnates when APU exhaust door 1s
full closed

(¢) DOOR OPEN - Its light 1lluminates when APU exhaust door s fully
open

C The generator contactor selector switch, APU CONTACTOR, 1s a lever actuated switch
that 1s spring loaded and locked to the center, OFF position. When the switch
actuating lever 1s lifted and moved to the CLOSE or TRIP position, power 1s applied
to the related control circuit of the APU generator contactor  (See Subject 24-49-0, AC
Power System - APU ) When the actuating lever 1s released, the lever returns to and
locks 1n the center positon The swich 1s adjacent to the control module, slightly
above the GEN ON BUS annunciator light that indicates the position of the generator
breaker

D The OVERSPEED TEST switch is 2 momentary contact, press to actuate switch that
provides for normal shurdown of the APU engine When actuated, its contacts close
and apply power to energize the pneumatic (shutoff) solenoid valve to shut down the
engine through actuation of the 110% contacts of the centrifugal switch assembly The
switch 1s located above the control module between the engine mstruments

E The engine instrumentation provided on the APUJ contro] panel consists of a tachometer
and an exhaust gas temperature indicator The tachometer indicates the engine’s
rotational speed 1n percent of governed speed (% RPM) to provide a visual mdication
that the engine fuel and control system 1s mamntaimng the engine speed with prescribed
limits The exhaust gas temperature 1n degrees centigrade (EGT, °C) to provide a
visual indication that the pneumatic thermostat 15 mamntaining the engine exhaust gas
temperature withun allowable lumits

F  The electrical instrumentation on the APU cockpit control panel 1s provided to monitor
the electrical load on the APU engine The AC ammeter (AC AMPS) indicates the
APU generator output (one phase) as a measure of the engine’s electrical load. AC
voltmeter mndicating the voltage level of the APUs AC output voltage supply to the
aircraft's electrical system

The AC voltmeter indicates the voltage level that the APU generator 1s supply to the
aircraft’s electrical system

B Ref.. MM STEWARD-DAVIS
49-60-1
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EFFECTIVITY TCA LX-N20198 LX-N20199
APU ENCINE CONTROL COMPONENTS

DESCRIPTION AND OPERATION

GENERAL

A'

The APU engine control components provide speed (RPM), temperature
(ECT, and 01l) and pressure (0i{l) information used to start, to con-
trol the loading, and to shut down the APU engine. The engine con-
trols consist of a sequencing oil pressure switch, a centrifugal
switch assembly, a pneumatic thermostat, a three-wvay solenoid valve,
& pneumatic (shutoff) solenoid valve and a low oil pressure switch,
all of which are mounted on the APU englne and a high oil temperature
switch inserted in the return line to the oil tank.

The sequencing oil pressure switch, mounted on the engine oil pump
assembly flange, senses oil pressure at the oil pump outlet at a
very low APU engine RPM, Closure of the switech assures that there
1s lubrication ofl for the engine and that airflow (engine rotacion)
is available for combustion. The switch is used in the start/igni-
tion circuit to control the opening of the fuel solenoid valve and

the iniciation of the ignirion unit.

The centrifugal switch assembly, mounted on the engine accessory
gear case, provides information concerning engine speed to the
engine control circuits. Switches within the assembly close at
35%, 95% and 110% of governed engline RPM,

The pneumatic thermostat, mounted in the turbine exhaust flange of
the engine, genses exhaust gas temperature and controls pneumati-
celly actuated valves to limit fuel flow (acceleratien limirer valve)
or air bleed (load control valve) as required to maintain the englne
exhaust gas temperature within established limits.

The three-way (solenoid) valve connects the pneumatic thermostat's
control output to the acceleration limiter valve, in the engine fuel
and control system, during the engine start/ignition cyclejand when
energlzed by actuation of the 95% switch in the centrifugal switch
assembly, it transfers the pneumatic thermostat's control output to
the load control valve in the engine bleed air system.

The pneumatic (shutoff) selenoid valve is a normally closed valve
that, when energized by actuation of the cverspeed test switch or
engine protection circuits, allows compressed alr to flow into the
centrifugal switch assembly to actuate the 1107 (overspeed) switch

and shut down the engine.
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The low oil pressure switch, mounted with the sequencing oil pressure
switch is used in the engine protection circuits to shut down the
engine and illuminace an annunciator light on the APU contrel panel
if englne oil pressurc falls below 45 PSIG.

The high oil temperature switch, mounted in the oil return line to
the oil tank, 1is used in the engine protection circuits to shut dowm
the engine and 1lluminate an annunciator light on the AFY control
panel if engine oil temperature rises above 25% % 10°F.

2. SEQUENCING OTIL PRESSURE SWITCH

Al

The sequencing oil pressure switch consists of a housing containing

a diaphragm-~cperated snap-action switch having connections for an

01l pressure line and an electrical connector. When the lubricating
oll pressure rises to approximately 3 PSIG the switch will be actuated
te close. The switch controls power to the fuel solenocid valve, the
ignition unit and to the APU loading circults.

J. CENTRIFUGAL SWITCH ASSEMBLY

A

The centrifugal switch assembly consists of a mechanical flyweight
type governor, an actuating lever, three spring-loaded pushrods and
three snap-action switches

As the APU engine acceclerates, the flyweights in the switch act
against the actuating lever to move it in proportion to e¢ngine speed.
The spring-loaded pushrods oppose the flywelght force on the lever

to decrease the flyweight moverent as necessary te ensure that the
three swicches are actuated in sequence and at the correct engine
spead. The switches are mechanically actuated at approximately 135%,
95% and 110Z of governed engine speed. In addition, an air-operated
override provision will operate the 110I switch whea the pneumatic
sSolenoid is energized.

4. PNEUMATIC THERMOSTAT

A.

45-61-0
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The pneumacic thermostat projects into the turbine exhaust duct. It
consists of an alloy steel housing, spring-loaded ball valve, ther-
mostatic core, and connection for a pneumatic line. The thermestac
functions as a temperature controlled orifice over a range of turbine
exhaust gas temperatures. It is connected by pneumatic line to the
three-way solenoid valve which applies its control signal to the
acceleration limiter valve during engine start aad transfers its
signal to the pncumatic shutoff (load control) valve vhen the engine
reaches 957 governed speed. The thermostat is closed when cold and
begins to apen between 555° to 565°C (103Q° to 1050°F) when it will
bleed control air from one side of a diaphragm in the acceleration
limiter valve during engine start, to control the fuel bypass valve
or the pneumatic shutoff (load control) valve after governed speed
is reached, to control air bleed as required to maintain the exhaust
gas temperature within limits.
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¢ 5. OPERATION

A. The APU engine controls are actuated by the rotational speed (RPM),
the Tubricating o011 pressure and temperature, and the exhaust gas
temperature of the engine. When the lubricating o11 pressure in-
creases to approximately 3 PSIG as the engine 1s rotated by the
starter motor, the sequencing o611 pressure switch 1s actuated to
close, as the engine accelerates during the 1gnition/start cycle,
the centrifugal switch 35% contacts open and the 95% contacts close
Transfer of each switch 15 used 1n the engine control circuirtry to
automatically sequence the start/i1gnition cycle, to transfer the
pneumatic thermostat control to the (bleed air) load control valve,
and to provide control power to the APU loading circuits. The 110%
contacts of the centrifugal switch provide overspeed protection of
the engine and, n addition, are actuated by compressed air through
action of the pneumatic solenoid valve for normal {overspeed test)
and protective shutdown of the engine.

P
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APU ENGINE CONTROL COMPONENTS

DES ON AND OPERATION
EFFECTIVITY RTCA LX-N19997 LX-N20000

GENERAIL,

A

The APU engine control components provide speed (RPM), temperature (EGT, and
O1l) and pressure (O1l) information used start, to control the loading, and to shut down
the APU engine. The engine controls consists of a sequencing o1l pressure switch, a
centrifugal switch assembly, a2 pneumatic thermostat, a three-way solenoid valve, a
pneumatic {shutoff) solenoid valve and a low o1l pressure switch, all of which are
mounted on the APU engine, and a tugh o1l temperature switch mnserted m the return
Iine to the o1l tank

The sequencing o1l pressure switch, mounted on the engine oil pump assembly flange,
senses o1l pressure at the o1l pump outlet at 2 very low APU engme RPM  Closure of
the switch assures that there 1s lubrication o1l for the engine and that awrflow (engine
rotation) 1s available for combustion Thee switch 1s used in the start/i)grution crreuit
to control the operung of the fuel solenoid valve and the mmiiation of the igrution unit

The centrifugal switch assembly, mounted on the engine accessory gear case, provides
information concerning engne speed to the engine control curcuts  Switches withm the
assembly close at 35%, 95% and 110% of governed engine RPM

The pneumatic thermostat, mounted 1 the turbine exhaust flange of the engine, senses
exhaust gas temperature and controls pneumatically actuated valves to limit fuel flow
(acceleration limiter valve) or air bleed (load control valve) as required to marntam the
engme exhaust gas temperature within established lmmits.

The three-way (solenoid) valve connects the pneumatic thermostat’s control output to
the acceleration limiter valve, m the engine fuel and control system, dunng the engine
start/igrution cycle; and when energized by actuation of the 95% switch in the
centrifugal switch assembly, it transfers the pneumatic thermostat’s control output to
the Inad control valve m the engine bleed amr system.

The pneumatic shutoff) solenoid valve 1$ a normally closed valve that, when energized
by actuauon of the overspeed test switch or engme protection crrcuits, allows
compressed air to flow mto the centnfugal switch assembly to actuate the 110%
(overspeed) switch and shut down the engine
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G The low o1l pressure switch, mounted with the sequencing o1l pressure switch is used
1n the engine protection circuits to shut down the engine and illununate an annunciator
light on the APU control panel if engine oul pressure falls below 45 PSIG

H The high oil temperature switch, mounted n the o1l return line to the oil tank, is used
in the engine protection circuits to shut down the engine and luminate an annunciator
light on the APU control panel if engine oil temperature rises above 255 + 10°F,

* 2 SEQUENCING OIL PRESSURE SWITCH

A The sequencing o pressure switch consists of a housing contamung a diaphragm-
operated snap-action switch having connections for an o1l pressure line and an electrical
connector When the lubrnicatng o1l pressure rises to approxumately 3 PSIG the switch
will be actuated to close. The switch controls power to the fuel solenoid valve, the
1gmtion umt and to the APU loading circuits

3 CEN UGAL SWITCH ASSEMBLY

A The centrifugal switch assembly consists of a mechantcal flyweight type govemnor, an
actuaung lever, three spring-loaded pushrods and three snap-action switches

B As the APU engwme accelerates, the flyweights in the switch act agamst the actuatng
lever to move 1t in proportion to engine speed. The spring-loaded pushrods oppose the
flyweight force on the lever to decrease the flyweight movement as necessary to ensure
that the three switches are actuated 1n sequence and at the correct engine speed  The
switches are mechanically actuated at approximartely 35%, 95% and 110% of governed
engine speed In addition, an awr-operated override provision will operate the 100%
switch when the pneumatic solenoid 1s energized

4 PNEUMATIC THERMOSTAT

A The pneumaric thermostat projects into the turbine exhaust duct It consists of an alloy
steel housing, spring-loaded ball valve, thermostatic core, and connection for a
pneumatic line  The thermostat functions as a temperature controlled orifice over a
range of turbme exhaust gas temperatures It 1s connected by pneumatic line to the
three-way solenoid valve which applies its control signal to the acceleration humuter
valve durmng engine start and transfers its signal to the pneumatic shutoff (load control)
valve when the engine reaches 95% governed speed The thermostat 1s closed when
cold and begins to open between 555° to 565°C (1030° to 1050°F) when 1t wll bleed
control air from one side of a diaphragm in the acceleration limuter valve during engine
start, to control the fuel bypass valve or the pneumatic shutoff (foad control) valve after
governed speed 1s reached, to control air bleed as required to mamtain the exhaust gas
temperature withun limies
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5 OPERATION

A The APU engine controls are actuated by the rotational speed (RPM), the lubricating
o1l pressure and temperature, and the exhaust gas temperature of the engine When the
lubricating o1l pressure increases to approxmmately 3 PSIG as the engine is rotated by
the starter motor, the sequencimg oil pressure switch 15 actuated to close, as the engme
accelerates during the 1gnition/start cycle, the centrifugal switch 35% contacts open and
the 95% contacts close Transfer of each switch is used in the engine control circuitry
to autornatically sequence the start/ignition cycle, fo transfer the ppeumatic thermostat
control to the bleed air load control valve, and to provide control power to the APU
loading circuits The 110% contacts of the centrifugal switch provide overspeed
protection of the engine and,, 1n addition, are acmated by compressed air through
action of the pneumatic solenowd valve for normal (overspeed test) and protective
shutdown of the engme

Ref MM STEWARD-DAVIS 49-61-1
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APU ENGINE CONTROL CIRCUITS

DESCRIPTION AND OPERATION
EFFECTIVITY TCA LX-N20198 LX-N20199

GEMERAL

A.

The APU engine control circuits control power to the APU fuel supply
system, the APU battery charger and generator control unit, the APU
exhaust door actuator, and to components of the APU engine start,
1gnition and bleed air systems. Relays and sensors are provided in
the circuits to monitor the conditions required for safe operation

of the APU engine and to interconnect the selector switches on the
APU control panel with the engine, fuel and electrical control com-
ponents as required to automatically sequence the start, loading and
shutdown (normal and protective)} of the APU engine. The circuit con-
s15ts of a master power circult, engine start circuits, pneumatic and
electric loading ¢ircuits and engine shutdown circuits, plus the fire
detection/fire test circuits of the APU fire protection system., (See
Subject 49-00-26.) The engine control circuits require 28 VDC

power to actuate the components and relays controlled by the circuits.

The master power circuits controls power to the generator control unit,
the APU fuel supply system, the APU exhaust door actuator and to the
engine start, pneumatic and electric loading and engine shutdown
circuits.

The engine start circuit provides control of the start and loading of
the APU engine. The circuit 1nterconnects engine control components
and control relays as required to automatically sequence the operation
of the starter motor, fuel solenoid valve and engine ignition unit as
required to 1nitiate engine rotation and combustion, to accelerate the
engine to governed speed quickly and safely, and to energize an APU
loading c1rcurt when governed speed is reached.

The pneumatic loading circuits provide for loading the APU engine pneu-
matically and for 1imiting the electrical load on the engine when
maximum pneumatic power 15 desired.

The APU engine shutdown circuits provide for the manual selection of
engine shutdown (normal) and for automatic shutdown of the engine
through engine protection circuits.

The APU engine control circuits require 28 VDC power to actuate the
engine control components and the control relays provided in the
circuits, Control power 1s avarlable to the master power circuit
when the APU BATTERY switch 1s i1n the ON position.

MM STEWARD DAVIS
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2, MASTER POWER CIRCUIT

A. The master power circuit consists of a master switch and a master
relay circuit. Control power 15 available to the circuit from the
APU DC bus through a 15A BUS FEED circuit breaker on the starter relay
Junction box (Sta. 960L) when the APU BATTERY switch 1s placed in the
ON position,

{1) The MASTER switch is a push type, alternate action switch-Tite
located on the APU contro1 panel. When actuated to the closed
position, the switch aop11es power from the CONTROL FEED % ,
circurt breaker to the master relay circuit.

(2) The master relay c1rcu1t provides and controls a master relay
that, 1n turn, controls power to the APU exhaust door actuator, -
to the APU fuel supp]y{system, and to the engine start, pneuma- f'“E
ti¢ and electrical loading and engine shutdown circuits The
circuit monitors the airplane landing gear and APU fire protec-
tion system to assure that conditions are safe for APU engine
operation before the master relay closes. The ¢ircuit 11Tum-
nates the MASTER switch-11te on the APU control panel when con-
trol power 1s available to the master relay,

B. The master relay circuit consists of a master relay, master relay (MR)
actuating circuit, and master relay power circuits. {‘Tj

- (1) The master relay 1s a single co1l, multiple contact relay that
requires 28 VDC power and an electrical ground to actuate to
the c¢losed position. The contacts of the master relay control
power to the master relay power circuits. The master relay 1s
contained 1n the APU control relay box on Sta. 960L in the aft

baggage compartment. |

i
(2) The MR actuating circuit consists of 2 power circuit and an Fﬁhh
electrical ground circuit. &;‘

\
|

(Conthnued on Page 4)
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APU _ENGINE CONTROL CIRCUITS

DESCRIPTION AND OPERATION

1 GENERAL

A The APU engine control circuits control power to the APU fuel supply
system, the APU battery charger and generator control unmit, the APU
exhaust door actuator, and to components of the APU engine start,
1gnition and bleed air systems Relays and sensors are provided 1n
the circuits to monitor the conditions required for safe operation
of the APU engine and to 1nterconnect the selector switches on the
APU control panel with the engine, fuel and electrical control com-
ponents as required to automatically sequence the start, loading and
shutdown (normal and protective) of the APU engine The circult con-
s1sts of a master power circuilt, engine start circuits, pneumatic and
electric Toading circuits and engine shutdown circuits, plus the fire
detection/fire test circuits of the APU fire protection system (See
Subject 49-00-26 ) The engine control circuits require 28 VDC
power to actuate the components and relays controlled by the circuits

B The master power circuits controls power to the generator control unit,
the APU fuel supply system, the APU exhaust door actuator and to the
engine start, pneumatic and electric lpading and engine shutdown

- circuts,

C The engine start circuit provides control of the start and loading of
the APU engine The circuit Interconnects engine control components
and control relays as required to automatically sequence the operation
of the starter motor, fuel solenoid valve and engine 1gnition unit as
required to 1n1tiate engine rotation and combustion, to accelerate the
engine to governed speed quickly and safely, and to energize an APU
Toading circuit when governed speed 1s reached

D The pneumatic Toading circuits provide for loading the APU engine pneu-
matically and for Timiting the electrical load on the engine when
maximum pneumatic power 1s desired.

E. The APU engine shutdown circuits provide for the manual selection of
engine shutdown (normal)} and for automatic shutdown of the engine
through engine protection circuits

F The APU engine control circurts require 28 VDC power to actuate the
engine control components and the control relays provided i1n the
circurts  Control power 15 avairlable to the master power circuit
when the APU BATTERY switch 1s 1n the ON position

MM STEWARD DAVIS
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!
2 MASTER POWER CIRCUIT !

|
A. The master power circuit consists of a master switch and a master
relay circuit  Control power 1s available to the circult from the
APU DC bus through a 15A BUS FEED circuit breaker on the starter relay
junction box {Sta 960L) when the APU BATTERY switch 15 placed 1n the
ON position

(1) The MASTER switch 1s a push type, alternate action switch-lite
located on the APU control panel  When actuated to the closed
position, the switch applies power from the CONTROL FEED #1
circuit breaker to the master relay circurt.

(2) The master relay circuit provides and controls a master relay
that, 1n turn, controls power to the APU exhaust door actuator,
to the APU fuel supply system, and to the engine start, pneuma-
tic and electrical Toading and engine shutdown circuits The
circuit monitors the airplane landing gear and APU fire protec-
tion system to assure 'that conditions are safe for APU engine
operation before the master relay closes. The circuit 11lumi-
nates the MASTER switch-l11te on the APU control panel when con-
trol power 1s available to the master relay.

B. The master relay circuit consists of a master relay, master relay (MR)
actuating circurt, and masqer relay power circuits

(1) The master relay 15 a single co1l, multiple contact relay that
requires 28 VDC power and an electrical ground to actuate to
the closed position The contacts of the master relay control
power to the master relay power circuits The master relay 1s
contained 1n the APU control relay box on Sta 960L 1n the aft
baggage compartment

(2) The MR actuating circuit consists of a power ¢i1rcuit and an
electrical ground circuit.

(Continued on Page 4)

I
|
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(a) The power circuit connects power from the MASTER switch

(b)

through normally closed contacts of the fire lockout relay
to the MR control co1l 1n parailel with the MASTER li1ght
circuit  When the fire lock relay 15 1n the tripped posi-
tron (no APY engine fire) control power from the master
switch 1s available to energize the MR coil and to 111lu-
minate the MASTER light

The electrical ground circult connects a ground to the
master relay control co1l through normally closed contacts
of an aircraft safety relay When the oleo strut of the
airplane's right hand landing gear 1s compressed, airplane
on the ground, the safety relay 1s actuated to provide an
electrical ground for the MR coil.

The master relay power circuits control power from the CONTROL
FEED 2 and DOOR MOTOR circuit breakers on the APU starter
control relay junction box at Sta 960L

(a)

Power from the CONTROL FEED 1 circuit breaker 15 controlled
through normally 'open contacts of the master relay to
actuate the boost pump relay and to make control power
avarlable to the engine start, pneumatic loading and engine
shutdown circuits

1} The boost pump relay (BPR) 1s a single co1l, multiple
contact retay that requires 28 VDC power to actuate to
the closed position  The contacts of the relay apply
power from the BOOST PUMP crrcurt breaker on the APU
starter relay box at Sta 960L to the fuel boost pump
and to the fuel supply shutoff valve The BPR 15 con-
tained 1n the APU control relay box at Sta 960L

Power from the DOOR MOTOR circuit breaker 15 connected to
the control circuits, ED open and ED close, of the APU
exhaust door actuator through normally open and normally
closed contacts of the master relay

1) Normally open!contacts of the relay apply power to the
ED open circuit when the master relay actuates to the
closed position

2) Normally closed contacts of the relay apply power to
the ED close circuilt when the master relay trips

1
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0 Operation

{1) Control power 1s avallable to the master power circuit through
the BUS FEED circuit breaker when the APU BATTERY switch on
the APU control panel 1s placed in the ON positien  The master
relay circuit energized when the MASTER switch 1s actuated to
the closed position

(a) The MASTER li1ght w111 11luminate and control power will
be available to the control co1l of the master relay 1f
the fire lockout 15 tripped (no APU engine fire 1n pro-
gress} The master relay will actuate 1f an electrical
ground 1s available to 1ts control corl through contacts
of the aircraft safety relay (airplane on the ground).

(2) When the master relay actuates to the closed position, APU DC
bus power 1s applied as follows

(a) Power from the DOOR MOTOR circuit breaker is applied to
the ED open circuit of the APU exhaust door actuator to
open the exhaust door

{b) Power from the CONTROL FEED 2 circuit breaker 1s applied
- to the control co1l of the fuel boost relay When the
relay actuates {closes), power from the APU bus 1s
applied to the fuel supply shutoff valve and to the fuel
boost pump to make the airplane main tank fuel available
for the APU engine operation

MM STEWARD DAVIS
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(c) Control power from the CONTROL FEED 2 circuit breaker 1s
made available to the engine start, pneumatic loading and
engine shutdown circuits

When the master relay 1s de-energized, tripped, by actuating

the MASTER switch to the open position, by action of the fire
lockout relay (APU engine fire) or by action of the safety relay
(landing gear oleos extending at airplane W1ft-off) the follow-
1ng events occur [

(a) Power 1s applied,to the ED close circuit of the APU exhaust
door actuator to close the exhaust door.

(b) Power 1s removed from the control coil of the fuel boost
relay. When the relay trips, power 1s removed from the
fuel supply shutoff valve and the fuel boost pump to shut
the valve and to stop the pump

{c) Control power 1s:removed from the engine start, pneumatic
and electric loading, and engine shutdown circuits
|

A

49-62-0
Page 6

The start circuits consists of a starter relay circuit, a fuel-
1gnition/loading circuit and a holding relay circunt

(1)

(3)

The starter relay circuirt controls the operation of the starter
motor opens the battery charger circuit, and monitors the posi-
tion of the exhaust gas door to assure that the door 1s open
before an engine starF can be 1n1tiated

The fuel-ignition/loading circuits control power to the fuel
solenoid valve, to the APU ignition unit and to an APU loading
circult. The circuit monitors engine o1] pressure as an 1ndica-
tion of the availability of lubrication for the engine and as

an 1ndication of engine rotation and airflow to support combus-
tion before fuel 1s 1njected and 1gnmition 1s in1tiated In add-
1tion, the circutrt transfers power from the 1gnition umit to

the APU loading circuit when governed speed 1s reached

The holding relay maintains power to the start circuits on
release of the start switch and prevents re-energizing the fuel-
ignition circurt and the starter relay as the engine rotational
speed spins down after actuation of the 110% switch causes

engine shutdown.
|

The starter relay circuit consists of a starter relay, start Tight
and a starter relay and light control circuit.
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(1) The starter relay 1s a single co1l, 28 VDC power actuated,
heavy duty DC power contactor that requires 28 VDC power
and an electrical ground to actuate to the closed position
The contacts of the relay apply power from the battery to
the starter motor. The starter relay 1s contained 1n the
starter reilay junction box at Sta. 960L

(2) The start Yl1ght 11luminates the coverplate {lens) of the
START switch-11te on the APU control panel  The light
requires 28 VDC power to 11luminate. The l1ght 1s 1n
paraliel with the control corl of the starter relay and
t1Tuminates when power 1s available to the coi1l

(3) The starter relay and l1ght control circuit consists of
power circults to the starter relay coi1l and start light
and an electrical ground circuit to the starter relay co1l
only

(a) The power circuits consist of a start switch circuit
and a holding relay circuit.

1} The start switch circuit 15 a series circult that
connects 28 VDC power from contacts of the master
relay to the starter relay co1l and start light
through the closed contacts of the BLEED AIR

. switch 1n the OFF position, the normally closed
contacts of the 011 pressure sequencing and 35%
switches Therefore, the BLEED AIR switch must
be 1n the OFF position (BLEED AIR light out),
the 011 pressure sequencing and 35% switches
must be closed {engine RPM below 6%), and the
START switch must be actuated (pressed) before
power from the master relay 1s available to
energize the starter relay coil and to 11Tuminate
the start light ’

NOTE  In this circuit the START tight
indicates that control power 1s
available to the starter relay

2) The holding relay circuit closes normally open
contacts in parallel with the start switch and o011
pressure sequence switch contacts maintaining
power to itself, the starter relay circuit, and
the fuel-ignition/loading circuit

MM STEWARD DAVIS
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NOTE When the START switch 1s released, the
START Ti1ght as powered by this circunt
1ndicates that the starter relay has
actuated and that the starter motor
should be operating {engine RPM 1n-
creasing)

The electrical ground circuit connects a ground to the
starter relay co1l through normally open contacts of the
exhaust door switch 1. Therefore, the exhaust door
switch must be actuated to the closed position (exhaust
door fully open} before a ground 1s available to compiete
the starter relay control circuirt.

The starter relay and start light circuit 1s initrally
energized when the START switch 1s (momentarily) pressed.
Power 15 retaitned on the circuit by contacts of the hold
relay when the START switch 15 released The circuit 1s
de-energized when power to the starter relay coirl is
mnterrupted by actuation of the 35% switch when engine
rotational speed reaches 35% RPM.

The fuel-1gnition/loading circuits consist of a fuel ¢circunt, an
gnition circuit and a loading circult. The fuel circuit controls
power to the fuel solenoid valve and to the 95% switch The 95%
switch controls power to the 1gnition circuirt and the Toading circuit.

(1) The fuel circuit consists of the holding relay and a fuel sole-
noid control circuit

{a)

(b)

The holding relay 1s a single 28 VDC cotr1, multipie contact,
relay tocated in the APU control relay box at Sta. 960L.

The fuel solenoid control circuit 1s a series circuit that
applies 28 VDC to the holding relay co1l 1nitially through
the start switch and the normally closed contacts of the
011 pressure sequencing and 110% switches, then through
¢losed normally open contacts of the holding relay 1n
series with normally closed contacts of the low 011 pres-
sure (LOP) and high o011 temperature (HOT) relays and the
110% switch. The power train continues from the 110%
switch through normally closed contacts of the lockout
relay and normally open contacts of the o011 pressure
sequencing switch to the 95% switch and the fuel sole-
noid. The 011 pressure sequencing switch contacts close
to complete the circuit due to 011 pressure build-up as
the starter rotates the engine.

MM STEWARD DAVIS 4/82
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(2) The i1gnmition circuit consists of the 1gnition umit and 1gnrter
plug The circuit 15 energized by power from the fuel solenold
control circult through normally closed contacts of the 95%
switch The circuit 1s de-energized by actuation of the 95%
switch when the engine's rotational speed reaches 95% RPM. Thas
action completes the start cycle and transfers power to the load-
ing circuit

{3) The loading circuit applies 28 VDC power to the three-way sole-
noid valve, the 95% relay and to the hourmeter The circuit
15 energized by power from the fuel solenoid control circuit
when the normally open contacts of the 95% switch are actuated
to close

(a} The three-way solenoid valve 15 an engine control component
mounted on the engtine

(b) The 95% relay 15 a single coil, multiple contact relay
that requires 28 VDC power for actuation to the closed
position Normally open contacts of the relay are used
1n the control circuits to the APU generator protection
panel, the bleed air valve and to the low 011 pressure
relay. This prevents loading of the APU during the
start cycle and prevents actuation of the lTow 011 pres-
sure engine protective circuit during normal engine
shutdown.

(c}) The hourmeter 1s an engine indicating component mounted
above the accessory section of the APU engine  {See APU
Engine Indicating, Subject 49-70-0 )

{4) The fuel soleno1d valve remains open and the loading circuit
remains energized until control power to the circuit 1s inter-
rupted by actuation of the 110% switch or by opening (tripping)}
the master relay.

NOTE  APU engine shutdown should not be initiated by
actuating the MASTER switch to the open (MASTER
T1ght, out) position

D  Operation

(1) Momentarily pressing the START switch w111 apply power to the
starter relay, START light and to the fuel solenoid control
circult

MM STEWARD DAVIS
‘/82 49-62-0
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(a) The START Tight w11l come on.

(b) The starter relay w11l actuate (close) 1f an electrical
ground 1s avatlable through the exhaust door 1 switch

(c} The halding relay will close.

(2) When the holding relay closes, 1ts self-locking (holding) circuit
15 completed

(a) The START light remains on after the START switch 1s re-
leased

(b) The starter motor 15 energized to 1nitiate engine rota-
tion,

(c) The battery charger control unit 1n the starter relay box
disconnects operating power from the APU battery charger

(3) As engine 011 pressure 1ncreases due to engine rotation, the
sequencing o011 pressure switch closes to complete the fuel
solenoid control circunt.

(a) The fuel solenoid valve opens to supply fuel to the fuel
nozzles.

{b) The 1gn1tion circurt 1s energized through the normally
closed contacts of the 95% switch to 1gnite the fuel-air
mixture and 1nitiate combustion,

(4) At 35% RPM, the 35% switch actuates to interrupt power 1in the
starter relay and start Tight circuit.

(a) The START light goes out.
(b) The starter relay trips
1) The starter 1s de-energized

2) The battery charger control umit connects the APU
battery charger to 1ts power source

(5) At 95% RPM the 95% switch actuates to remove fuel solenoid con-
trol circurt power from the 1gnition circuit and apply 1t to
the load c¢ircuit This completes the start cycle of the APU
engtne

(a) The three-way solenoid valve 1s actuated to transfer
the pneumatic thermostat control of engine exhaust
gas temperature from the acceleration limiter valve,
of the engine fuel and control system, to the load
control valve, of the engine bleed air system.
49-62-0 4/82
Page 10 MM STEWARD DAVIS SN REV. Dec 1/89
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{b) The 95% relay 1s actuated to close 1ts contacts In
the APU generator control circult, the low o1]
pressure relay power circuit and the bleed air
{1oad control) valve circurt.

(c) The hourmeter 1s energized to time and totalize
APU operation speed.

PNEUMATIC LOADING CIRCUIT

A

The pneumatic loading circurt consists of a bleed air circuit.

{1) The bleed air circuit provides for pneumatic loading of the

APU engine by manual actuation of the BLEED-AIR switch on

the APU control panel

(2) The pneumatic loading circuit receives 28 VDC pawer from
the APU DC bus through contacts of the master relay

The bleed air circuit connects power from the master relay to
load control valve of the engine bleed air system, and to the
Tight (bulbs) 1n the BLEED AIR switch-T11te on the APU panel

the

{1) The load contrel valve circuit 1s a series circuilt consisting

of normally open contacts of the 95% relay and the BLEED
switch  The contacts of the 95% relay prevent actuation
the load control valve before the APU engine reaches 95%

AIR
of
RPM

and also serve to remove the pneumatic load if the load con-

trol valve was not closed prior to engine shutdown

(2) The bleed ai1r l1ght 15 powered through contacts of the BLEED
AIR switch only. This provides an indication of the switch
position when the MASTER switch 1s closed so that the switch,
1f closed, can be actuated to the open position (BLEED AIR

T1ght out) before starting the APU engine

(3) The switch contacts are closed in both circurts when the

BLEED AIR switch 1s in the AIR position. (BLEED AIR light

on)

ENGINE SHUTDOWN CIRCUITS

A

The engine shutdown circuits consists of normal and engine protective
circuits that control power to the pneumatic solenoid valve on the

centrifugal switch assembly of the engine control components.
15 available to the circuits when the master relay closes.

MM STEWARD DAVIS
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(1) The normal engine shutdown circuit provides for the manual selec-
tion of engine shutdown on the APU control panel

(2) The engine protection circutts provide automatic shutdown of the
engine 1f the engine 011 temperature or pessure 1s not within
specified Timits  Annunciator lights are provided on the APU
control panel to 1ndicate the cause of automatic engine shutdown

B8 The normal engine shutdown circuit connects power from the master
relay to the pneumatic solenord valve through the normally open con-
tacts of the OVERSPEED TEST switch on the APU control panel.

€. The engine protectton circuits consist of a high 011 temperature cir-
cuilt and a Tow 011 pressure circuit.

(1) The high 011 temperature circuit consists of a high 011 tempera-
ture relay (HOT), a HOT switch and an engine high 011 temperature
{HOT) shutdown circuit.

(a) The HOT relay 1s a single coil, multiple contact relay that
requires 28 VDBC power and an electrical ground for actua-
tion. Control power 15 available to the HOT switch when
the master relay closes and to the HOT relay and HIGH QIL
TEMP annunciator light when the switch closes. The relay
15 contained 1n the APU control relay box at Sta. 960L.

{b) HOT relay contacts close 1mn parallel with the HOT switch
to hold the HOT relay.

{c) HOT relay normally closed contacts open the holding loop
to the fuel/holding/loading circuit of the APU engine to
shut 1t down.

(2) The low 011 pressure circuit consists of a low o1l pressure
relay (LOP), a LOP switch circuit and an engine low o1l pres-
sure (LOP) shutdawn circutt

(a) The LOP relay is a single co1l, multiple contact relay
that requires 28 VDC power and an electrical ground for
actuation. Control power 1s available to the LOP switch
when the relay co1l closes and to the LOP relay and LOW
QIL PRESSURE annunciator 11ght wne the 95% switch closes.
The relay 1s contained in the APU control relay box at
Sta 960L.

{b) LOP relay contacts close 1n parallel with the LOP switch
to hold the LOP relay.

49-62-0 MM STEWARD DAVIS 4/82
Page 12 SN REV. Dec 1/89
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(c) LOP relay normally closed contacts open the holding loop
to the fuel/holding/loading circuit of the APU engine to
shut 1t down.

&  OPERATION

A Operation of an APU consists of four steps, preparing to start, start-
1ng, loading and shutdown Each step 15 manually initiated through
selector switches provided on the APU control panel  However, the
engine control circuits monitor the conditions required for safe
operation of the APU engine before power 15 applied to actuate start
and Toading control components

B. Preparing to Start APY

(1) Placing the APU BATTERY switch to the ON position actuates the
APU battery relay to connect the battery bus to the APU DC bus
(Sta. 960L)

{2) Actuating the MASTER switch to the on postion (MASTER 11ght on)
applies power from the APU DC bus to the control circuit of the
master relay, and to the MASTER light.

NOTE  The MASTER T1ight indicates that the contacts of
) the master switch and the NC contacts of the
fire lockout relay are closed and that power
“from the APU DC bus 1s available to the relay
The 11ght does not 1ndicate the position of
the master relay.

(a) The master relay w11l actuate when control power 1s applied
1f an electrical ground 15 available to 1ts corl through
contacts of the safety relay. (The electrical ground 1s
only available when the airplane 1s on the ground.) When
the master relay actuates, control power from the APU DC
bus 1s applied to open the APU exhaust gas door, to actuate
the fuel boost relay and to energize the engine control
circutts.

1) When the fuel boost relay actuates, control power from
the APU bus 1s applied to open the fuel supply
shutoff valve and to run the fuel supply boost pump.

(3) In summary, with the airplane on the ground, the APU BATTERY
switch 1n the ON position and the MASTER tight on, the APU ex-
haust gas door will open, pressurized fuel will be available to
the engine fuel and control system The engine control circuits
w11l be enrgized and the APU w111 be ready to start

MM STEWARD DAVIS
4/82 49-62-0
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APU Starting

NOTE -

(1)

(2)

(4)

The BLEED AIR switch must be 1n the OFF position {1ight out)
1n order to 1mtate an engine start

Momentarily press1ng the START switch will apply power from the
master relay'to the starter relay and start light circuits.

(a) The START 11ght w111 11luminate 1f power 1s avallable to
the starter relay through the contacts of the start switch,
the 011 pressure sequence switch and the 35% switch

(b) The start relay (SR} will actuate 1f an electrical ground
1s available to 1ts co11 through the exhaust door 1 switch,
lihen the SR actuates, power from the APU battery bus 1s
applied to the starter motor and power from the master
relay 1s applied to a self-locking circuit to retain
power on SR and on the START light after the start switch
1s released In addition, power 1s interrupted to the
battery charger This prevents the APU battery charger
from carrying any of the heavy electrical load of the
starter operation.

When the sequehc1ng 011 pressure switch closes, power 15 applied
to the fuel solenoid valve and to the 1gnition umit  This pro-

vides fuel and 1gnition to 1nitiate combustion  When combustion
starts, the gases generated assist the starter motor in acceler-
ating the engine

When the 35% switch actuates, power 15 interrupted to the starter
relay and start light circuit.

(a) The START light w11l go out.
(b) The starter motor will stop.
{c}) The APU béttery charger w11l be re-activated

|
When the 95% switch actuates, power 15 removed from the 1gnition
unit and applied to the three-way solenord valve, the 95% relay
and to the hourmeter.

(a} When the three-way solenoid valve actuates, the pneumatic
thermostat's control output 15 transferred from the acce-
Teration limited valve to the load control valve to con-
trol the pneumatic Toading of the engine when bleed air
15 selected.

(b} When the 95% relay actuates 1ts contacts close 1n the APU
generator control and bleed air (load control) valve (close)
circuits to allow electrical and pneumatic loads to be
applied to the engine

' MM STEWARD DAVIS 4/82
SN REV, Dec 1/89
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(c) The hourmeter 1s energized to time and totalize the
hours that the engine operates,

NOTE. After a warm-up period of one minute at governed
speed the APU engine 1s ready for loading electri-
cally and/or pneumatically

D APU Loading
(1) Electrical Power Only

(a) Thi1s configuration provides shaft horsepower exceeding
normal generator requirement and no pneumatic power
The turbine engine 1s not Joaded to rated capacity (Gen-
erator protective devices would function before the engine
15 overloaded }

(b) Control Selection and Indication
1) GEN TRIPPED - If l1ght on (red),push to reset

2) ESSENTIAL POWER selector - Position selector to oper-
ating APU on Flight Engineer's upper center
panel

3) APU CONTACTOR SW - Momentarily select the CLOSE posi-
tion, green GEN ON BUS annuciator light
11luminates

{2} Electrical and Pneumatic Power

{a) This configuration provides electrical power to 75 amps,
and pneumatic power as avallable to load turbine engine
to rated capacity

NOTE  Should the 75 amp load be exceeded while
air bleed 1s selected, the generator will
trip off l1ine .

MM STEWARD DAVIS
4/82 49-62-0
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(b) Control Selection and Indication
As 1n (1-B) above, except the following

BLEED AIR - On - Depress switch momentarily to select bleed
air valve to the open position, blue cover plate
w1ll 11Tuminate.

(3) Pneumatic Power Only

(a) This configuration provides pneumatic power only and no
electrical power The turbine engine 1s not loaded to
rated capacity,

(b) Control Selection and Indication
1) GEN TRIPPED - If light on (red) push to reset.

NOTE The generator field control relay
should be closed, generator tripped
11ght out, during all APU operations

2) APU CONTACTOR SW - Momentarily select the TRIP position,
green GEN ON BUS annunciator will extinguish

E. APU Shutdown (Normal)

NOTE- Electrical and pneumatic loads should be removed for
an engine cool-down period of one minute prior to
engine shutdown

CAUTION DO NOT SHUTDOWN ENGINE BY OPENING THE MASTER SWITCH
THIS CAUSES EXCESSIVE HEAT BUTLD-UP IN THE APU ENGINE
AND EXHAUST DUCTS DUE TO CLOSURE OF THE APU EXHAUST
DOOR.

(1) OVERSPEED TEST switch - Press momentarily

(a) The pneumatic solenoid valve will open to actuate the 110%
switch.

{b} The 110% switch w11l remove power from the fuel solenoid
valve, the APU Toad circuit and the holding relay

1} Closure of the fuel solenoid valve shuts down the
engine due to fuel starvation

2) Dropout of the holding relay removes all power from
the APU engine control circuits.

49-62-0 MM STEWARD DAVIS 4/82

Page 16 SN REV. Dec 1/89

e



4/82

"y

MAINTENANCE MANUAL

{c) The starter control circuit will be locked out by the
open normally close 011 pressure sequencing switch con-
tacts unt11 they close at approximately 6% RPM

CAUTION- DO NOT OPEN MASTER SWITCH UNTIL ENGINE SHUTDOWN IS
COMPLETE  (RPM NEEDLE AT REST)--IF QPENED INADVER-
TENTLY, DO NOT CLOSE MASTER SWITCH UNTIL ENGINE
SPIN DOWN IS COMPLETE

(2) MASTER switch - Actuate to open position, MASTER Light out

(a) Master relay opens
1) APU exhaust door closes
2) Fuel boost relay opens

a) Fuel supply shutoff valve closes
b} Fuel boost pump stops running
3) Control power 15 removed from generator control unit.
(3) APU Battery switch - OFF
Protective Shutdown
(1) If automatic shutdown of the APU engine occurs due to excessive

011 temperature or low 01] pressure the HI OIL TEMP or LOW OIL

PRESS annunciator light w11l come on and remain on until the

master relay 1s opened to remove power from the holding circuit

(2) After noting cause of shutdown

(a) MASTER switch - Actuate to open position, MASTER light out
(b) APU BATTERY switch - OFF

MM STEWARD DAVIS
49-62-0
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ENGINE CONTROL CIR
DESC N AND OPERATION
EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A The APU engine control circurts control power to the APU fuel supply system, the
APU battery charger and generator control unit, the APU exhaust door actuator, and
to components of the APU engimne start, 1grution and bleed ar systems Relays and
sensors are provided n the circuits to momtor the condittons requured for safe operation
of the APU engine and to mterconnect the selector switches on the APU control panel
with the engine, fuel and electrical control components as required to automatically
sequence the start, loading and shutdown (normal and protective) of the APU engine
The circurt consists of a master power circuit, engmne start circuits, pneumatic and
electric loading circurts and engine shutdown circuuts, plus the fire detection/fire test
circutts of the APU fire protection system  (See Subject 49-00-27 ) The engine control
circuits require 28 VDC power to actuate the components and relays controlled by the
crreults

B The master power circuits controls power to the generator control umt, the APU fuel
supply system, the APU exhaust door actuator and to the engine start, pneumatic and
electric loading and engine shutdown circuits

C The engine start circuit provides control of the start and loading of the APU engine
The circuit interconnects engine control components and control relays as required to
autematically sequence the operation of the starter motor, fuel solenoid valve and
engme 1gnition umt as required to iutiate engine rotation and combustion, to accelerate
the engine to governed speed quickly and safely, and to energize an APU loading
circuit when governed speed 1s reached

D The prneumatic loading circuits provide for loading the APU engine pneumatically and
for limiting the electrical load on the engine when maxumum pneumatic power 1S
desired

E The APU engine shutdown circuuts provide for the manual selection of engine shutdown
(normal) and for automatic shutdown of the engine through engine protection circuits

F The APU engine control circuits require 28 VDC power to actuate the engme control
components and the control relays provided in the circuits. Control power 1s available
to the master power circuit when the APU BATTERY switch 1s i the ON position

. Ref MM STEWARD-DAVIS 49-62-1
SN REV Jul 31/99 Page 1
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2 MASTER POWER CIRCUIT

A The master power circuit consists of a master swich and a master relay circuit,
Control power 15 available to the circuit from the APU DC bus through a 15A BUS
FEED circurt breaker on the starter relay junction box (Sta. 960L) when the APU
BATTERY switch 15 placed mn the ON position.

(1) The MASTER switch 1s a push type, alternate action switch-lite located on the
APU control panel When actuated to the closed position, the switch apphes
power from the CONTROL FEED #1 circuit breaker to the master relay
circult

(2) The master relay circuit provides and controls a master relay that, in turn,
controls power to the APU exhaust door actuator, to the APU fuel supply
system, and to the engine start, pneumatic and electrical loading and engine
shutdown crrcuits, The circwit morutors the auplane landing gear and APU
fire protection system to assure that conditions are safe for APU engine
operation before the master relay closes The cirewt illununates the MASTER
switch-lite on the APU control panel when control power 1s available to the
master relay

B The master relay cireut consists of a master relay, master relay (MR) actuating circutt,
and master relay power cireuits

(1) The master relay 1s a single coil, multiple contact relay that requires 28 VDC
power and an electrical ground to actuate to the closes posiion The contacts
of the master relay control power to the master relay power circuits  The
master relay 1s contained 1n the APU control relay box on Sta 960L 1n the aft
baggage comparmment

(2) The MR actuating cireunt consists of a power circuit and an electrnical ground
circuit,

Ref. MM STEWARD-DAVIS
49-62-1
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The power circuit connects power from the MASTER switch through
normally closed contacts of the fire lockout relay to the MR control
coll in parallel with the MASTER light circuzt.  When the fire lock
relay .is m the tripped position (no APU engme fire) control power
from the master switch 1s available to energize the MR coul and to
illummate the MASTER hight.

The electnical ground c¢ircuit connects a ground to the master refay
control coil through normally closed contacts of an aircraft safety
relay When the oleo strut of the awplane’s right hand landing gear
1s compressed, airplane on the ground, the safety relay 1s actuated to
provide an electrical ground for the MR coil

box at Sta 960L

(2)

®)

Power from the CONTROL FEED 1 circuit breaker 1s controlled
through normally open contacts of the master relay to actuate the
boost pump relay and to make control power available to the engine
start, pneumatic loading and engine shutdown curcurts

1) The boost pump relay (BPR) 15 a single coil, muitiple contact
relay that requures 28 VDC power to actuate to the closed
posiion The contacts of the relay apply power from the
BOOST PUMP circurt breaker on the APU starter relay box
at Sta 960L to the fuel boost pump and to the fuel supply
shutoff valve The BPR 1s contamned in the APU control relay
box at Sta 960L

Power from the DOOR MOTOR circuit breaker 15 conmnected to the
control circunts, ED open and ED close, of the APU exhaust door
actuator through normally open and normally ciosed contacts of the
master relay

1) Normally open contacts of the relay apply power to the ED
open cwrcuit when the master relay acmates to the closed
position.

2) Normally closed contacts of the relay apply power to the ED
close circurt when the master relay trips

Ref * MM STEWARD-DAVIS
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D Operation

(1) Control power 1s available to the master power circurt through the BUS FEED
circuit breaker when the APU BATTERY.-switch on the APU contro] panel
15 placed 1n the ON posiion. The master relay circuit energized when the
MASTER switch 15 actuated to the closed position

(a) The MASTER lght wul dlumupate and control power will be
available to the control coil of the master relay if the fire lockout 1s
tripped (no APU engine fire 1n progress) The master relay will
actuate 1f an electrical ground 1s available to 1ts control coil through
contacts of the awrcraft safety relay (awrplane on the ground)

(2) When the master relay actuates to the closed position, APU DC bus power 1s
appled as follows.

(a) Power from the DOOR MOTOR circuit breaker 1s applied to the ED
open circuit of the APU exhaust door actuator to open the exhaust
door

(b} Power from the CONTROL FEED 2 circutt breaker 1s applied to the
control coil of the fuel boost relay When the relay actuates (closes),
power from the APU bus 1s applied to the fuel supply shutoff valve
and to the fuel boost pump to make the airplane man tank fuel
available for the APU engine operation

Ref. MM STEWARD-DAVIS
49-62-1
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(c) Control power from the CONTROL FEED 2 circuit breaker 1s made
avauable to the engine start, pneumatic loading and engine shutdown
cireuits.

When the master relay i1s de-energized, tripped, by actuating the MASTER
switch to the open position, by acticn of the fire lockout relay (APU engine
fire) or by action of the safety relay (landing gear oleos extending at airplane

hift-off) the following events occur.

(a) Power is apphed to the ED close cureust of the APU exhaust door
actuator to close the exhaust door.

(b) Power 1s removed from the control coil of the fuel boost relay
When the relay trops, power 1s removed from the fuel supply shutoff
valve and the fuel boost pump to shut the valve and to stop the
pump

{c) Control power 1s removed from the engme start, pneumatic and
electric loading, and engine shutdown circuits

3. START CIRCUITS

A The start circuits consists of a starter relay circunt, a fuel-igmition/loading circuit and
a holding relay crreunt

B

8y

2)

3)

The starter relay circuit controls the operation of the starter motor opens the
battery charger circuit, and monutors the position of the exhaust gas door to
assure that the door is open before an engine start can be mmuated

The fuel-igmtion/loading circuiis control power to the fuel solenowd valve, to
the APU 1gniion umt and to an APU loading eiwrcuit  The circuit momtors
engine oil pressure as an wndication of the availability of lubneation for the
engine and as an indication of engine rotation and awflow to support
combustion before fuel 1s iyected and 1gmtion 1s 1utiated In addition, the
curcuit transfers power from the ignition unit to the APU loading circuit when
governed speed 15 reached

The holding relay mamtains power to the start circuits on release of the start
switch and prevents re-energizing the fuel-ignition ctrcuit and the starter relay
as the engne rotational speed spins down after actuation of the 110% switch
causes engimne shutdown

The starter relay circuit consists of a starter relay, start hght and a starter relay and
light control circuit.
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The starter relay 1s a single coil, 28 VDC power actuated, heavy duty DC
power contactor that requires 28 VDC power and an electrnical ground to
actuate to the closed position. The contacts of the relay apply power from the
battery to the starter motor The starter relay 1s contained in the starter relay
junction box at Sta, 960L.

The start light 1llununates the coverplate (lens) of the START switch-lite on
the APU control panel The light requires 28 VDC power to tllurminate The
light 1s 1 parallel with the control coil of the starter relay and illuminates
when power 1s available to the coil

The starter relay and DIight control ciurcuit consists of power cucuits to the
starter relay coil and start light and an electrical ground circuit to the starter
relay coil only

() The power circuits consist of a start switch circuit and a holding
relay curcuit,

1) The start switch circuit 15 a series cucult that connects 28
VDC power from contacts of the master relay to the starter
relay coil and start light through the closed contacts of the
BLEED AIR switch wn the OFF position, the normally closed
contacts of the o1l pressure sequencing and 35% switches
Therefore, the BLEED AIR switch must be in the OFF
position (BLEED AIR light out), the o1l pressure sequencing
and 35% swatches must be closed (engine RPM below 6%).
and the START switch must be actuated (pressed) before
power from the master relay 1s available to energize the starter
relay coil and to illuminate the start light

NOTE. In thus crrcuit the START light indicates that
control power 1s avatlable to the starter relay

2) The holding relay circuit closes normally open comtacts in
paralle] with the start switch and oil pressure sequence swatch
contacts mawmntaining power to self, the starter relay cireuit,
and the fuel-1igrution/loading circut

Ref + MM STEWARD-DAVIS
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NOTE When the START switch 158 released, the
START hght as powered by this circuit
indicates that the starter relay has actuated
and that the starter motor should be operating
(engine RPM increasing)

(b) The electrical ground circuit connects a ground to the starter relay coil
through normally open contacts of the exhaust door switch 1  Therefore, the
exhaust door switch must be actuated to the closed position (exhaust door fully
open) before a ground 1s available to complete the starter relay coantrol circunt

(c) The starter relay and start light circuit 1s mutially energized when the START
switch 1s (momentarily) pressed. Power is retained on the circut by contacts
of the hold relay when the START swutch 15 released The circuit 15 de-
energized when power to the starter relay coil 1s interrupted by actuation of
the 35% switch when engine rotational speed reaches 35% RPM.

C The fuel-igmtion/loading circuits consist of a fuel circuit, an 1gmuon circut and aa
loading circuit. The fuel circunt controls power to the fuel solenoid valve and to the
95% switch The 95% swich controls power to the 1grution circuit and the loading

circult,

(1) The fuel circuit consists of the holding relay and a fuel solenoid control
cireunt

(2) The holding relay s a single 28 VDC coil, muluple contact, relay
located 1 the APU control relay box at Sta 960L

(b) The fuel solenoid control circuit is a series circuit that applies 28
VDC to the holding relay cou inthally through the start switch and
the normally closed contacts of the o1l pressure sequencing and 110%
switches, then through closed normally open contacts of the holding
relay o senies with normally closed contacts of the low oil pressure
(L.OP) and hugh o1l temperature (HOT) relays and the 110% switch
The power train continues from the 110% switch through normally
closed contacts of the lockout relay and normally open contacts of
the o1l pressure sequencing switch to the 95% switch and the fuel
solenoid. The o1l pressure sequencing switch contacts close to
complete the circuit due to o1l pressure build-up as the starter rotates
the engine

Ref . MM STEWARD-DAVIS
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(2) The ignition circuit consists of the igmtion unit and 1gniter plug  The cireunt
is energized by power from the fuel solenoid control ctreuit through normally
closed contacts of the 95% switch The circuit is de-energized by actuation
of the 95% switch when the engine’s rotational speed reaches 95% RPM.
This action completes the start ¢ycle and transfers power to the loading
CLCuIt.

(3) The loading circuit applies 28 VDC power to the three-way solenoid valve,
the 95% relay and to the hourmeter The curcuit 1s energized by power from
the fuel solenoid coatrol cireuit when the normally open contacts of the 95%
switch are actuated to close

(a) The three-way solepoid valve 1s an engine control component
mounted on the engine

(b) The 95% relay 15 a single cotl, multiple contact relay that requires
28 VDC power for actuation to the closed posiion Normally open
contacts of the relay are used in the control cucuits to the APU
generator protection panel, the bleed awr valve and to the low oil
pressure relay Thus prevents loading of the APU during the start
cycle and prevents actuation of the low 01l pressure engine protective
crcuit during normal engine shutdown.

(¢) The hourmeter 1s an engine mdicating component mounted above the
accessory section of the APU engine (See APU Engme Indicating,
Subject 49-70-02 )

(4) The fuel solencid valve remains open and the loading circuit remains
energized until control power to the circutt ts interrupted by actuauon of the
110% switch or by operung (tnipping) the master relay

NQOTE APU engimne shutdown should pot be initiated by actuating
the MASTER switch to the open (MASTER light, out)
position

D  Operation

(1) Momentanly pressing the START switch will apply power to the starter relay,
START light and to the fuel solenoid control circurt

Ref * MM STEWARD-DAVI
49-62-1 AVIS

Page 8 SN REV  Jul 31/99
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(a) The START light will come on

(b) The starter relay will acwuate (close) if an electrical ground is
available through the exhaust door 1 switch

(¢) The holding relay will close.

(2) When the holding relay closes, 1ts seif-locking (holding) circuit is completed.
(a) The START light remains on after the START switch released
(b) The starter motor 1s energized to 1nitiate engine rotation

(¢) The battery charger control umt 1n the starter relay box disconnects
operating power from the APU battery charger

(3) As engme ol pressure increases due to engine rotaton, the sequencing o1l
pressure switch closes to complete the fuel solenoid control curcuit

{a) The fuel solenoid valve opens to supply fuel to the fuel nozzles

(b) The igunon circuit 1s energized through the normally closed contacts
of the 95% switch to igmte the fuel-awr mixture and runate
combustion

(4) At35% RPM, the 35% switch actuates to interrupt power in the starter relay
and start light cireunt.

{a) The START lLight goes out
(b) The starter relay trips
1) The starter is de-energized

2) The battery charger control umt connects the APU battery
charger to its power source

(5) At 95% RPM the 95% switch acruates to remove fuel solencid control circuit
power from the ignition circuit and apply it to the load ciwrcwt. Ths
completes the start cycle of the APU engine

(a) The three-way solenoid valve 1s actuated to transfer the pneumatic
thermostat control of engine exhaust gas temperature from the
acceleraton limiter valve, of the engine fuel and control system, to
the load control valve, of the engine bieed air system.

Ref.: MM STEWARD-DAVIS 49~62-~1
SN REV Jul 31/9% Page 9
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(b) The 95% relay 1s actuated to close 1ts contacts 1n the APU generator
control circuit, the low o1l pressure relay power circuit and the bieed
air (load control) valve curcuit.

{¢) The hourmeter 15 energized to tume and totalize APU operation
speed.

4 PNEUMATIC LOADING CIRCUTIT
A The pneumauc loading curcuit consists of a bleed awr circunt

(1) The bleed awr circutt provides for pneumatic loading of the APU engune by
manual actuation of the BLEED-AIR switch on the APU control panel.

(2) The poneumatic loading circunt recerves 28 VDC power from the APU DC bus
through contacts of the master relay

B The bleed air circust connects power from the master relay to the load control valve of
the engine bleed air system, and to the hight (bulbs) 1n the BLEED AIR switch-lite on
the APU panel

(1) The load control valve curcuit is a series cireurt consisting of pormally open
contacts of the 95% relay and the BLEED AIR switch The contact of the
95% relay prevent actuation of the load control valve before the APU engine
reaches 95% RPM and also serve to remove the pneumatic load if the load
control valve was not closed prior to engine shutdown

(2) The bileed air ight 1s power through contacts of the BLEED AIR switch only
This provides an indication of the switch position when the MASTER swiich
1s closed so that the switch, if ¢closed, can be actuated to the open position
(BLEED AIR hght out) before starting the APU. engine.

(3) The switch contacts are closed 1n both circuits when the BLEED AIR switch
15 1n the AIR posiion (BLEED AIR light on):

5 ENGINE SHUTDOWN CIRCUITS

A The engine shutdown circuits consists of normal and engine protective CirCuits that
control power to the pneumatic solenord valve on the centrifugal switch assembly of the
engine control components Power 1s available to the circuits when the master relay
closes

Ref : MM STEWARD-DAVIS
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(1) The normal engne shutdown circuut provides the manual selection of engine
shutdown on the APU control panel.

(2) The engine protection circuits provide automatc shutdown of the engine 1if the
engine o1l ternperature or pressure is not within specific imits  Anmnciator
lights are provided on the APU control panel to indicate the cause of
automatic engme shutdown

B The normal engme shutdown circuit connect power from the master relay to

the

pneumatic solenoid valve through the mormally open contacts of the OVERSPEED

TEST switch on the APU control panel

C. The engne protecuon circuits consist of high oil temperature circut and a low o1l

pressure circuit

(1) The lgh onl temperature circuit consists of a hugh oil temperature relay
(HOT), a HOT switch and an engine high o1l temperature (HOT) shutdown
circuit

(a) The HOT relay 1s a siigle coil, multiple contact relay that requires
28 VDC power and an electnical ground for actuauon. Control
power 1s available to the HOT switch when the master relay closes
and to the HOT relay and HIGH OIL TEMP annunciator light when
the switch closes The relay 1s contained m the APU control relay
box at Sta 960L

(b} HOT relay contacts close 1n paralle] with the HOT switch to hold the
HOT relay

(c) HOT relay normally closes contacts open the holding loop to the
fuel/bolding/loading circuit of the APU engine to shut 1t down.

(2) The low oil pressure circuit consists of a low o1l pressure relay (LOP), a LOP
switch circurt and an engine low o1l pressure (LOP) shutdown circuit,

(a) The LOP relay 1s a single coil, multiple contact relay that requires
28 VDC power and an electrical ground for actuation Control
power 1s available to the LOP switch when the relay coil closes and
to the LOP relay and LOW OIL PRESSURE annunciator light when
the 95% swiich closes The relay 1s contamned m the APU control
relay box at Sta S60L.

(b) LOP relay contacts close 1n parallel with the LOP switch to hold the
LOP relay

Ref MM STEWARD~DAVIS
SN REV Jul 31/9%
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(c) LOP relay normally closed contacts open the holding loop to the
fuel/holding loading cucuit of the APU engine to shut it down.

6 OPERATION

A

B

49-62-1
Page 12

Operaunon of an APU consists of four steps, preparing to start, starting, loading and
shutdown Each step is mannally mitiated through selector switches provided on the
APU control panel However, the engine control circuits momtor the conditions
required for sale operation of the APU engine before power is apphed to actuate start
and loading control components

Preparing to Start APU

(1) Placing the APU BATTERY switch to the ON position actuates the APU
battery relay to connect the battery bus to the APU DC bus (Sta 960L)

(2) Actuating the MASTER switch to the on position (MASTER light on) apphes
power from the APU DC bus to the control circuit of the master relay, and
to the MASTER hght.

NOTE. The MASTER lght indicates that the contacts of the
master switch and the NC contacts of the fire lockout
relay are closed and that power from the APU DC bus 1s
available to the relay The hght does pot indicate the
position of the master relay

(a) The master relay will actuate when control power 1s applied 1f an
electrical ground 1s available to 1ts coil through contacts of the safety
relay (The electrical ground is only available when the airplane 1s
one the ground } When the master relay actuates, control power
from the APU DC bus 1s apphed to open the APU exhaust gas door,
to actuate the fuel boost relay and to energize the engine control
circults

1) When the fuel boost relay actua‘tes, control power from the
APU bus 15 applied to open the fuel supply shutoff valve and
to run the fuel supply boost pump

(3) In summary, with the aurplane on the ground, the APU BATTERY switch 1n
the ON position and the MASTER light on, the APU exhaust gas door wiil
open, pressutized fuel will be available to the engme fuel and control system
The engine control circuits will be energized and the APU will be ready to
start.

Ref. MM STEWARD-DAVIS
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C. APU Starting

NOTE. The BLEED AIR switch must be 1n the OFF position (Light out 1n
order to initiate an engine start.

(1) Momentarily pressing the START swiatch will apply power from the master
relay to the starter relay and start light circuts

(a) The START lIight will dluminate 1f power 1s avatlable to the starter
relay through the contacts of the start switch, the oil pressure
sequence switch and the 35% switch

(b) The start relay (SR) will actuate 1f an electrical ground 1s available
to 1ts coul through the exhaust door 1 switch When the SR actuates,
power from the APU battery bus 1s applied to the starter motor and
power from the master relay is applied to a self-locking circutt to
retamn power on SR and the START light after the start switch 15
released. In addition, power 1s wnterrupted to the battery charger
This prevents the APU battery charger from carrymg any of the
heavy electrical load of the starter operation

(2) When the sequencing oil pressure switch closes, power ts applied to the fuel
solenoid valve and to the ignition unit Thus provides fuel and igmtion to
mitiate combustion When combustion starts, the gases generated assist the
starter motor 1n accelerating the engine

(3) When the 35% switch actuates, power 1s wnterrupted to the starter relay and
start light circunt

{(a) The START hght will go out.
(b) The starter motor will stop
(c) The APU battery charger will be re-activated

(4) When the 95% switch actuates, power 1s removed from the 1gnition umt and
applied to the three-way solenoid valve, the 95% relay and to the hourmeter

(a) When the three-way solenoid valve actuates, the pneumatic
thermostat’s control output 1s wansferred from the acceleration
Iimited valve to the load control valve to coatrol the prneumatic
loading of the engine when bleed air 1s selected

(b) When the 95% relay actuates 1ts contacts close in the APU generator
contro] and bleed air (load control) valve (close) circults to allow
electrical and pneumatic loads to be applied to the engine

Ref MM STEWARD-DAVIS 49-62-1
SN REV Jul 31/99 Page 13
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{(c) The hourmeter 1s energized to time and totalize the hours that the
engme operates

NOTE. After a warm-up period of one minute of governed speed the APU
15 ready for loading electncally and/or pneumatically

D APU Loading
(1) Electrical Power Only

(2) Thus configuration provides shaft horsepower exceeding normal
generator requirement and no pneumatic power The turbine engine
1s not loaded to rated capacity (Generator protective devices would
function before the engine 15 overloaded )

(b) Control Selection and Indication
(1) GEM TRIPPED - If hght on (red), push to reset
(2) ESSENTIAL POWER SELECTOR - Position selector

to operating APU on Flight Engineer’s upper center panel

(3) APU_CONTACTOR SW - Momentanly select the
CLOSE position, green GEN ON BUS annuncrator hght

illuminates
(2) Electrical and Pneumatic Power

(a) This configuration provides electrical power to 75 amps, and
poeumatic power as available to load turbine engmme to rated
capacity

NOTE Should the 75 amp load be exceeded wiule air
bleed 1s selected, the generator will trip off le

Ref MM STEWARD-DAVIS
49-62-1
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() Control Selection and Indication
As m (1-B) above, except the following

BLEED AIR - ON - Depress switch momentarily to select bleed air valve to the open
position, blue cover plate will illuminate.

(3) Pneumatic Power Only

(a) Ths configuration provides pneumatic power only and no electrical
power The turbine engine 1s not loaded to rated capacity

(b) Control Selection and Indication

(1) GEN TRIPPED - If light on (red) push to reset

NOTE The generator field control relay
should be closed, generator tripped
Iight out, during all APU operations

(2) APU CONTACTOR SW - Momentanly select the TRIP
position, green GEN ON BUS annunciator will

extinguish.
E APU Shutdown (Normal)

NOTE Electrical and pneumatic loads should be removed for an engne
cool-down peniod of one minute prior t0 engine shutdown

CAUTION DO NOT SHUTDOWN ENGINE BY OPENING THE
MASTER SWITCH THIS CAUSES EXCESSIVE
HEAT BUILD-UP IN THE APU ENGINE AND
EXHAUST DUCTS DUE TO CLOSURE OF THE APU
EXHAUST DOOR

(1) OVERSPEED TEST switch - Press momentanly
(a) The pneumatic solenoid valve will open to actuate the 110% switch.

(b) The 110% switch will remove power from the fuel solenoid valve,
the APU load circurt and the holding relay

(1) Closure of the fuel solenoid valve shuts down the engine
due to fuel starvation

(2) Dropout of the holding relay removes all power from the
APU engime control circuits,

Ref MM STEWARD=-DAVIS 49-62-1
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(c) The starter control-circut will be locked out by the open normally
close ol pressure sequencing switch contacts until they close at
approxmmately 6% RPM

CAUTION DOQ NOT OPEN MASTER SWITCH UNTIL ENGINE
SHUTDOWN IS COMPLETE (RPM NEEDLE AT
REST)--IF OPENED INADVERTENTLY, DO NOT
CLOSE MASTER SWITCH UNTIL ENGINE SPIN
DOWN 1S COMPLETE

(2) MASTER SWITCH - Actuate to open position, MASTER Light out
(a) Master relay opens
(1) APU exhaust door closes
(2) Fuel boost relay opens
(a) Fuel supply shutoff valve closes
(b) Fuel boost pump stops runmng )
(3) Control power 1s removed from generator control umt
(3) APU Banery switch - OFF
F Protectuve Shutdown

(1) If automatic shutdown of the APU engimne occurs due to excessive oil
temperature or low o1l pressure the HI OIL TEMP or LOW OIL PRESS

annunciator light will come on and remain on unul the master relay i1s opened
to remove power from the holding circuit

(2) Afier noting cause of shutdown
(a) MASTER SWITCH - Actuate to open position, MASTER light out

(b) APU BATTERY SWITCH - OFF.

Ref MM STEWARD-DAVIS
49-62-1
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EFFECTIVITY TCA LX-N20198 LX-N20199
APU ENGINE INDICATING SYSTEM

DESCRIPTION AND OPERATION

GENERAL

A.

The APU engine indicating systems provide the i1nformation necessary
toc moni1tor the starting and operation of the unit. The indications
provided on the APU control panel are door closed and door open lights,
exhaust gas temperature, engine RPM, and a start light. In addition,
an APU exhaust door open light is provided on the first officer’s
door annunciator panel and an hourmeter is mounted in the accessory
section of the engine.

NOTE: This section covers only the APU engine indicating
systems. For APU generator indicators see Subject
24-13-0, and for fire warning indicators see Sub-
Jject 49-00-26.

EXHAUST GAS TEMPERATURE INDICATING SYSTEM

A.

APU

The APU exhaust gas temperature {EGT) indicataing system measures
the APU engine exhaust gas temperature and displays the temperature
value on the EGT indicator on the APU controi panel.

A thermocouple proble, projecting into the exhaust gas stream, is
mounted 1n the exhaust nozzle ring. Chromel and alumel wiring con-
nects the proble to the engine harness connector. A variable resis-
tor is included in the engine ¢ircurt to allow the total resistance
of the system to be adjusted during maintenance.

ENGINE RPM (TACHOMETER) SYSTEM

The APU tachometer system provides an 1ndication of the rotary speed
of the APU turbine. A tachometer generator supplies a three-phase
signal to drive the indicator.

The tachometer generator is mounted on the accessory section of the
engine and 1s driven by the accessory gearcase train. It 15 a stan-
dard tachometer generator consisting of a stator and rotor. The
rotor rotates inside the stator coils and generates a three-phase
alterating signal with a frequency that varies with the turbine
speed. This generated signal is fed to the tachometer i1ndicator by
a two-wire conductor, the third phase is complieted through ground
connections.

MM STEWARD DAVIS
438-70-01
Page 1
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The tachometer indicator, mounted on the APU control panel, receives
the signal from the tachometer generator and converts it to a visual
indication of APU engine speed, % RPM (percent of governed speed)
The 1ndicator consists of a three-phase synchro-motor

driving an 1nduction drag cup mechanism The speed ot the synchro-
motor varies with the input frequency and is therefore always rotat-
1ng at the same speed as the generator. A pointer moves across the
graduated d1al, on the face of the i1ndicator, by an amount propor-
tional to the speed of the synchro-motor, to provide the indication
of APU engine speed.

START LIGHT

The APU start light, contained within the start switch-light on the
APU control panel, 1ndicates when the starter relay 1s energized.

The light comes on and the start relay 1s energized when the start
circuit keeps the relay energized and the start light on, after the
start switch 1s released, unti1l the 35% switch opens to 1nterrupt
power to the relay coi1l and to the 11ght. Therefore, the start light
provides a multiple 1ndication, it indicates starter relay energiza-
tion, starter relay operation, 35% switch operation and starter
relay de-energiziation during a start cycle.

DOCR_CLOSED LIGHT

The APU DOOR CLOSED light on the APU control panel indicates that the
APU exhaust door 1s fully closed. A ground is provided for the Tight
through normally open contacts of the Exhaust Door Switch #2.

DOOR OPEN LIGHT

The APU DOOR OPEN 11ght on the APU control panel indicates that the
APU exhaust door 1s fully open. A ground 1s provided for the light
through normally open contacts of the Exhaust Door Switch #1.

EXHAUST DOOR OPEN LIGHT

The APU exhaust door apen light on the first officer's door annun-
ciator panel indicates that the APU exhaust door 1s not in the fully
closed position. A ground 1s provided for the light through the NC
contacts of the Exhaust Door Switch #2.

HOURMETER

The hourmeter 1s energized when the 95% switch transfers power from
the i1gnition umit to the APU loading circuits. Therefore, 1t records
throughout the APU operating periods to give a visual indication of
the number of hours that the APU has been operated since the meter
was reset to zero. The meter 1is basically an electric clock with a
digrtal indicating dial that shows the total operating time in hours
and tenths of hours. The meter 15 mounted on a shock absorbing
bracket in the accessory section of the APU engine. 4/82
SN REV. Dec 1/89
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EFFECTIVITY TCALX-N20198 1X-N20199

l
EXHAUST GAS TEMPERATURE THERMOCOUPLE - MAIMTENANCE PRACTICES

1. Removal/Installation
1
'Table 201. Materials and Compounds
{ ~
|
Material or Compound Manufacturer

MOTE: Equ1va1ent’subst1tutes may be used for listed item.

¢~Hinh temperature compound
21-Pro C-54)

Fel-Pro Inc, Division of Feit Products
Hfg Co, 7450 North McCormick Blvd.
| Skokie, I1 60076

SN REV Jul 31/99|
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31

|
Remove Exhaust Gas Temperature Thermocouple

(1)

(2)
(3)

CAUTION  EXERCISE CARE WHEN REMOVING LOCKNUTS

‘ TO PREVENT DAMAGE TO THERMOCOUPLE.

Remove locknuts and harness assembly leads from terminals of
exhaust gas temperature thermocouple

Remove attaching bolts and washers (See figure 201.)

Carefully withdrau exhaust gas temperature thermocouple from
exqaust duct flange assembly.

Instal]'Exhaust Gas Temperature Thermocouple

(1)

(2)

(3)

(4)

Insta]] exhaust gas temperature thermocouple in exhaust duct
flange assembly =~ (See figure 201.)

Coat threads of attahcing bolts with high temperature compound
(table 201).

Secure exhaust gas temperature thermocouple with washers
and bolts.

T1§hten boits to torque value of 50U t¢ 70 1nch-pounds.
I

|

| MM STEWARD DAVIS £9-70-01
| Page 201
|
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1. THERMOCOUPLE (EGT)
2. BOLT

3. WASHER

4. LOCKNUT

S.
6.
7.

WASHER
LOCKNUT
WASHER

Exhaust Cas Temperature Thermocouple Removal/Installation

Figure 201
MM STEWARD DAVIS
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Reconnect harness assembly leads to exhausc gas Cemperature thermo-
couple terminals, matching Chromel lead teo CR and Alumel lead to AL
warked Cerminals.

CAUTION DO NOT EXCEED 25 LNCH-POUNDS

TIGHTENING TORQUE AT AL TERMINAL
AND 15 INCH-POUNDS TIGHTENLNG
TORQUE AT CR TERMINAL WHEN TIGHT-
ENING LOCKNUTS.

[astall locknuts to secure harness assembly leads.

2. Inspection/Check

&. Check Exhaust Gas Tezmperature Thermocouple

(1)

(2)

(3)

(4)

(3)

(6)

1/81

SN REV Dec 1/89 l

Check exhaust gas temperatur2 thermocouple 1f special facilities
are available.

Provide a surrounding temperature of 677C (1250F), exhaust gas
temperature thermocouple shall register 28.00 to 28.30 mailliivolts.

[f specral facilities are not avalrlable, place thermocouple in a
holder.

Connect a millivoltmeter (register to 1.6 volts dc full scale de-
flection) to terminal connections oa thermocouple.

Apply heat to thermocouple 1n area of sensing holes. A3 heat 1s
applied millivoltmeter shall register increase. If 1nc¢rease 1is
neted, thermocouple 13 acceptable. If no increase 1s noted, ther-
mocouple 13 defective and shall be replaced.

Using a multimeter, measure reslstance from each stud to body.

Resistance shall be 20,000 ohms minimum at 20C (68F) or 10,000
ohms minumum at 649C (1200F).

49-70-01
Page 203
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| APU ENGINE INDICATING SYSTEM
DESCRIPTION PERATI

| EFFECTIVITY RTCA LX-N19997 LX-N20000
|
!
1 GENERAL
A The APU engine indicating systems provide the information necessary to momtor the
starting and operating of the unit The indications provided on the APU control panel
are door closed and door open hights, exhaust gas temperature, engine RPM, and a start
hight! In addition, an APU exhaust door open lLight 15 provided on the first officer’s
door;annunmator panel and an hourmeter is mounted 1n the accessory section of the
engine
|
NOTE: Ths section covers only the APU engine indicating systems For

' APU generator indicators see Subject 24-49-0, and for fire warmng
indicators see Subject 49-00-27

2. EXHAUST GAS TEMPERATURE INDICATING SYSTEM

A. The:APU exhaust gas temperature (EGT) indicating system measures the APU engine
exhaust gas temperature and displays the temperature value on the EGT indicator on

the APU contro] panel

B A thermocouple probe, projecting into the exhaust gas stream, 1s mounted in the
exhaust nozzle ring Chromel and alumel wiring connects the probe to the engme
hamess connector A vanable resistor 1s included 1n the engine circuit to allow the
total resistance of the system to be adjusted during mamtenance.

3 APU E'NGIN'E RPM (TACHOMETER) SYSTEM

A Tho:e APU tachometer system provides an indication of the rotary speed of the APU
turbme A tachometer generator supplies a three-phase signal to drive the wndicator

B The tachometer generator 1s mounted on the accessory section of the engine and 1s
driven by the accessory gearcase train. It is a standard tachometer generator consisting
of'a stator and rotor The rotor rotates mside the stator cois and generates a three-
phase alternaung signal with a frequency that varies with the turbmne speed This
generated signal 15 fed to the tachometer indicator by a two-wire conductor, the third
pliiase is completed through ground connections.

|

. Ref MM STEWARD-DAVIS 49-70-02
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C The tachometer indicator, mounted on the APU control panel, receives the signal from
the tachometer generator and converts it to a visual indication of APU engine speed,
% RPM (percent of governed speed). The indicator consists of a three-phase synchro-
motor driving an induction drag cup mechanism The speed of the synchromotor vares
with the input frequency and is therefore always rotating at the same speed as the
generator A pomnter moves across the graduated dial, on the face of the indicator, by
an amount proportional to the speed of the synchro-motor, to provide the indication of
APU engine speed

4 APU START LIGHT

A The APU start light, contamed withun the start switch-light on the APU control panel,
mndicates when the starter relay 1s energized. The light comes on and the start relay
1s energized when the start circwut keeps the relay energized and the start hight on, after
the start switch 1s released, untl the 35% switch opens to nterrupt power to the relay
coil and to the hight Therefore, the start light provides a multiple indication, 1t
indicates starter relay energization, starter relay operation, 35% switch operation and
starter relay de-energization during a start cycle

5 DOOR CILOSED LIGHT

A The APU DOOR CLOSED light on the APU control panel indicates that the APU
exhaust door 1s fully closed A ground 1s provided for the light through normally open
cdntacts of the Exhaust Door Switch #2

6 DOOR OPEN LIGHT

A The APU DOOR OPEN light on the.APU control panel indicates that the APU exhaust
door is fully open A ground 1s provided for the Light through normally open contacts
of the Exhaust Door Switch #1

7 APU EXHAUST DOOR OPEN LIGHT

A The APU exhaust door open hight on the first officer’s door annunciator panel indicates
that the APU exhaust door 1s not 1n the fully closed posiion A ground 1s provided for
the light through the NC contacts of the Exhaust Door Switch #1

8 APU HO

" A The hourmeter 1s energized when the 95% switch transfers power from the 1gntion umt
to the APU loading circurts Therefore, 1t records throughout the APU operating
periods to give a visual indication of the number of hours that the APU has been
operated since the meter was reset to zero The meter is basically an electric clock
with a digital indicating dial that shows the total operating tme in hours and tenths of
hours. The meter 1s mounted on a shock absorbing bracket n the accessory section of
the APU engine

- Ref MM STEWARD-DAVIS
49-70-02
Page 2 SN REV Jul 31/89



a7/, -

MAINTENANCE MANUAL

EXHAUST GAS TEMPERATURE THERMOCOQUPLE - MAINTENANCE PRACTI

EFFECTIVITY RTCA LX-N19997 LX-N20000

1 REMOVAL/INSTALLATION
Table 201 Matenals and compounds

Materral or Compound Manufacturer

NOTE Equ}valent substitutes may be used for listed tem

High temperature compound Fel-Pro Inc, Division of Felt Products Mfg Co
(Fel-Pro C-5A) - 7450 North McCormick Blvd
Skokie, Illmois 60076

A Remove exhaust Gas Temperature Thermocouple

CAUTION EXERCISE CARE WHEN REMOVING
' LOCKNUTS TO PREVENT DAMAGE TO
THERMOCOUPLE

(1)| Remove locknuts and hamness assembly leads from termunals of exhaust gas
temperature thermocouple

|
(2); Remove attaching belts and washers (See Figure 201 )

(3) Carefully withdraw exhaust gas temperature thermocouple from exhaust duct
' flange assembly

B Install exhaust Gas Temperature Thermocouple

(1) Install exhaust gas temperature thermocouple m exhaust duct flange assembly
" (See Figure 201 )

(2) Coat threads of attaching bolts with high temperature compound (Table 201)
(3;) Secure exhaust gas temperature thermocouple with washers and boits

|
(4) Tighten bolts to torque valve of 50 to 70 inch-pounds

J

Ref. MM STEWARD-DAVIS 49-70-02
SN azvaul 31799 Page 201
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-8
1. THERMOCOUPLE (EGT) 5. WASHER
2. BOLT 6. LOCKNUT
J. WASHER 7. WASHER
4. LOCKNUT -

EXHAUST GAS TEMPERATURE THERMOCOUPLE REMOVAL/INSTALLATION
FIGURE 201

Ref MM STEWARD-DAVIS

49-70-02
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Reconnect harness assembly leads to exhaust gas temperature thermocouple
term.mals, matching Chromel lead to CR and Alumel lead to AL marked

termmals

CAI;UTION DO NOT EXCEED 25 INCH-POUNDS
. TIGHTENING TORQUE AT AL TERMINAL
| AND 15 INCH-POUNDS TIGHTENING
w TORQUE AT CR TERMINAL WHEN
| TIGHTENING LOCKNUTS

Install locknuts to secure harness assembly leads

Inspection/Check
A Check Exhaust Gas Temperature Thermocouple

6y
2}

©))
)

&)

(6

Check exhaust gas temperature thermocouple 1f special facilities are available

Provide a surrounding temperature of 677 (1250F), exhaust gas temperature
thermocouple shall register 28 00 to 28 30 mullivolts

If special facilities are not available, place thermocouple 1n a holder

Connect a mullivoltneter (register to 1 6 volts dc full scale deflection) to
‘terminal connectiops on thermocouple

IApply heat to thermocouple in area of sensing holes As heat 1s applied
mﬂhvoltmctcr shall register mcrease If increase is noted, thermocouple 1s
acceptable If no increase 1s noted, thermocouple 1s defective and shall be

replaced

Using a multimeter, measure resistance from each stud to body Resistance
Ishall be 20,000 ohms numimum at 20C (68F) or 10,000 ohms mummum at
:649c (1200F)

|

|
SN REV
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EFFECTIVITY TCA LX-N20198

' APU EXHAUST SYSTEM LX-N2019¢

' DESCRIPTION AND OPERATION

1. GENERAL

A,

B.
f‘ ] l_{:*.!
t
P
s
o~ c

4/82

The APU exhaust systems discharge the APU exhaust gases and cooling
air overboard, provide a thermal barrier to shield the aft cargo
compa%:men: and the airplane structure from the high temperature of
the exhausc gases, and they reduce the exhaust noise level. The APU
exhaust system consists of an inboard and outboard exhaust assembly,
an exhaust door, an exhaust door actuater, an exhaust door open and
an expaust door closed swiceh.

The iLbcard and outboard exhaust assemblies consist of an outer ex-
haust' duct and an inner exhause duct that form an annular shaped
cooling alr chamber. The outer duct serves as the outer surface of
the cooling air chamber and as the support structure for the assem~
bly.! The inner duct carries the hot exhaust gases and it is posi-
tioned concentric to the outer duct to form the inner surface of
the ﬂooling air chamber. The inner duct of the inboard exhaust
assembly is smaller (8 inch I.D.) and extends, approxlmately one
inchl into the larger (10 inch I.D.) imner duct of the outboard ex-
haust assembly to form an eductor section {a low pressure area
created by the expansion of the exhaust gases as they pass into the
outboard exhaust assembly) chat draws air from the APU housing and
franOutside of the airplane body through the cooling alr chambers
of che exhaust assemblies. In addition to providing a thermal bar-
rier |to shield the aft cargo compartment and the alrplane struccure
the cooling air mixes with the exhaust gases to reduce the tempera-
ture [of the gases discharged overboard. All ducting, inner and
outer, is made from corrosion resistant steel., The outer ducting 1is
covered with a ceramic fiber imsulation to provide a non~wettlng
:herTal ifnsulation of the exhaust system.

The APU exhaust door provides an serodynamically clean cover over the
exhaust duct, when closed, and prevents the entry of foreign material
in:o‘the APU engine and housing whea the APU is not cperating.

The exhaust door actuator receives 28 VDC power from the APU aft DC
bus through contacts of the APU master relay to open the exhaust door
when, the master relay closes (MASTER switch, ON) and cto close the ex-
haust door when the master relay opens (MASTER switch, OFF).

The exhaust door open switch provides a ground for the starter relay
whenfthe door reaches the fully open position. The exhaust door
closed switch provides a ground for the door open light, on the first
officer ¥ door annunclator panel, when the door leaves the fully
closed position. The switches are mounted to support structure and
are actuated when the door reaches, or leaves, the open, or closed
pos#tion.

MY STEWARD DAVIS 49-80-02

SN REV Jul 31/99 Page 1
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INBOARD EXHAUST DUCT ASSEMBLY

2. APU
A.
49-80-02

Page 2

The APU inboard exhaust assembly provides the first level of noise
reduction 1n the exhaust system by abruptly changing the direction
of the exhaust gas flow. The abrupt change 1n direction, approx:-
mately 158°, practically eliminates the high frequency noise and, 1n
addition, the change in direction creates turbulent flow that reduces
the low frequency noise. The inner surface of the 1nner duct 15 pro-
tected by a ceramic coating to absorb the scrubbing action of the
high temperature exhaust gases. The inner duct of the assembly 1s
clamped directly to the exhaust flange of the turbine engine and 1s
provided additional support through a foot located at approximately
the mid-point of the bend. Spring clips maintain the relative posi-
tion of the inner duct within the outer duct, but they do not pro-
vide any real support for the duct. 3Since the inner duct of the
inboard exhaust assembly does not attach to the inner duct of the
outboard exhaust assembly, provision for thermal expansion between
the ducts 1s not reguired. The outer duct section of the assembly
clamps directly to the cooling air outlet flange of the APU upper
housing and to the outer duct of the outboard exhaust assembly. Two
bellow sections 1n the outer duct of the 1nboard exhaust assembly
absorb the thermal expansion and contraction of both outer duct
sections.

MM STEWARD DAVIS
4/82

SN REV. Dec 1/89



s

gatt /R

MAINTENANCE MANUAL

The APU exhaust door provides the means of closing the gas outlet
opening 1n the wing-to-body fairing. The exhaust door 15 located
at body station 960M + 12,75 just aft of the wing flap fence The
door 1s| hinged along 1ts lower edge and actuates outward to the
open position The door 1s fabricated from corrosion resistant

l
The APU exhaust door switch #1 prevents the APU from being started
unti] the exhaust door 1s fully open and provides an i1ndication on
the APYU control panel to that effect when the door reaches the fully
open pos1t1on When actuated, the switch provides a ground for the

The APU exhaust door switch #2 provides an 1ndication on the APU
control panel when the exhaust 'door 1s 1n the fully closed position
and 1n|the control cabin when the door 1s not in the fully closed
position. The switch 1s a plunger operated switch that applies a
groundito the exhaust door open light on the first officer's door
annunciator panel when the door leaves the fully closed position
and to|the door closed 1ight on the APU control panel when the
door reaches the fully closed position.

The APU exhaust door actuator controis the opening and closing of
the exhaust door. The actuator 1nciudes an electric motor, reduc-
tion gear train and internal 1imit switches. The 1nternal 1imt
sw1tchks interrupt control power to the actuator motor when full
travel) of the door 1s reached, open/closed.

The actuator receives 28 VDC APU batter power from the APU DC bus
through contacts of the master relay. When the master relay closes
(MASTER switch ON) power 1s applied to the open windings of the
actuator motor and when the master relay 15 open {MASTER switch OFF)
power (1s applied to the close windings of the actuator motor

MM STEWARD DAVIS
49-80-02

3. APU EXHAUST DOOR
A
steel plate
4. APU EXHAUST DOOR SWITCH #1
A.
starter relay.
5. APU EXHAUST DOOR SWITCH #2
A
6. APU EXHAUST DOOR ACTUATION
I
A
B
I
4/82
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7. QPERATION

A. With the APU battery switch 1n the ON position, placing the APU
master switch in the ON position w11l apply control power to the co1l
of the master relay When the master relay closes, power from the
APU aft bus 15 applied to the open windings of the exhaust door
actuator to open the exhaust door As the door Teaves the closed
position, the exhaust door open light on the first officer's door
annunciator panel will come on and the door closed light on the APU
control panel will go off, and when the door reaches the fully open
position, a ground 1s appiied to the co1l of the stater relay and the
door open 11ght on the APU control panel. The starter relay can now
ge actuated to energize the starter motor when an APU start 15

esired.

B When the unmit 1s operating, the exhaust gases leaving the un1t pass
through the eductor section at the junction of the inner ducts of
the 1nboard and outboard exhaust assemblies. The exhaust gases
Teaving the eductor section draw air from the APU housing and from
outside the airplane body through the cooling air chambers of the
exhaust assemblies. In addition to providing a thermal barrier,
between the hot exhaust gases and the aft cargo compartment and the
airplane body structure, the cooling air mixes with the exhaust gases
to reduce the temperature of the gas discharged overboard

C. When the MASTER switch 1s placed in the OFF position, the master
relay will open and apply power to the close windings of the
exhaust door actuator. When the door reaches the fully closed
position, the exhaust door open light on the first officer's door
annunciator panel will go off and the door closed 1ight on the APU
contraol panel will come on

MM STEWARD DAVIS
4/82 ’ 49-80-02

SN REV. Dec 1/89 Page 4
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! APU EXHAUST SYSTEM
DESCRIPTION PERATIO

| EFFECTIVITY RTCA LX-N19997 LX-N20000

1 GENERAL

A The A.'ElU exhaust systems discharge the APU exhaust gases and cooling air overboard,
provide 2 thermal barmier to shield the aft cargo compartment and the airplane structure
from the lugh temperature of the exhaust gases, and they reduce the exhaust noise
level IThe APU exhaust system consists of an inboard and outboard exhaust assembly,
an exhaust door, an exhaust door actuator, an exhaust door open and an exhaust door
closed! switch

B The mboard and outboard exhaust assemblies consist of an outer exhaust duct and an
mner r’exhaust duct that form an annmlar shaped cooling air chamber The outer duct
serves as the outer surface of the cooling air chamber and as the support structure for
the assembly The inner duct carmes the hot exhaust gases and it 15 positioned
concentric to the outer duct to form the mner surface of the cooling air chamber. The
lner. duct of the imboard exhaust assembly 1s smaller (8 inch I D) and extends,
approxrmately one inch, into the larger (10 inch 1D ) inner duct of the outboard
exhaust assembly to form an eductor section (a low pressure area created by the
expansion of the exhaust gases as they pass 1o the outboard exhaust assembly) that
draws air from the APU housing and from outside of the airplane body through the
cool;ng air chambers of the exhaust assemblies In addition to providing a thermal
barrier to shield the aft cargo compartment and the awplane structure the cooling air
mixes with the exhaust gases to reduce the temperature of the gases discharged
overboard All ducting, 1nner and outer, 1s made from corrosion resistant steel  The
outer ducting 1s covered with a ceramic fiber insulation 10 provide a non-wettng
thermal wmsulation of the exhaust system

C The APU exhaust door provides an aerodynamucally clean cover over the exhaust duct,
whcn closed, and prevents the entry of foreign material into the APU engine and
housmg when the APU 1s not operating

D. The exhaust door actuator receives 28 VDC power from the APU aft DC bus through
contacts of the APU master relay to open the exhaust door when the master relay closes
(MASTER switch, ON) and to close the exhaust door when the master relay opens
(MASTER switch, OFF).

E Thc exhaust door open switch provides a ground for the starter relay when the door
reaches the fully open position. The exhaust door closed switch provides a ground for
the door open light, on the first officer's door annunciator panel, when the door leaves
the fully closed position. The switches are mounted to support stucture and are
aomated when the door reaches, or leaves, the open, or closed posiuon

! Ref : MM STEWARD-DAVIS -80-
SN REVI Jul 31/99 49?23603
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2 APU QARD UST DUCT ASSEMB

A  The APU inboard exhaust assembly provides the first level of noise reduction mn the
exhaust system by abruptly changmg the direction of the exhaust gas flow. The abrupt
change in direction, approximately 158°, practically elumnates the high frequency noise
and, 1n addition, the change 1n direction creates turbulent flow that reduces the low
frequency noise The inner surface of the inner duct is protected by a ceramic coating
to absorb the scrubbing action of the high temperature exhaust gases The inner duct
of the assembly 1s clamped directly to the exhaust flange of the turbine engine and 1s
provided add:tional support through a foot located at approximately the mid-point of
the bend Spring clips maintain the relative position of the inner duct withun the outer
duct, but they do not provide any real support for the duct Since the mner duct of the
mboard exhaust assembly does not attach to the inner duct of the outboard exhaust
assembly, provision for thermal expansion between the ducts 1s not required  The outer
duct section of the assembly clamps directly to the cooling air outlet flange of the APU
upper housing and to the outer duct of the outboard exhaust assembly Two bellow
sections 1 the outer duct of the inboard exhaust assembly absorb the thermal expansion
and contraction of both outer duct sections

Ref MM STEWARD-DAVIS
49-80-03
Page 2 - SN REV Jul 31/99
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3 APU EXHAUST DOOR

A The APU exhaust door provides the means of closing the gas outlet opening in the
wmg-to-body fainng. The exhaust door is located at body station 960M + 12 75 just
aft of the wing flap fence. The door 15 hinged along its lower edge and actuates
outwlard to the open position. The door 1s fabricated from corrosion resistant steel
plate

4 APU EXHAUST DOQOR SWITCH #1

A. The APU exhaust door switch #1 prevents the APU from being started until the exhaust
door 1s fully open and provides an indication on the APU control panel to that effect
when the door retches the fully open positton. When actuated, the switch provides a
ground for the starter relay

5 APU EXHAUST DOOR SWITCH #2

A The’ APU exhaust door switch #2 provides an indication on the APU contro] panel
when the exhaust door 1s 1n the fully closed positton and 1n the control cabin when the
door 1s not 1n the fully closed position The switch 1s a plunger operated switch that
apphes a ground to the exhaust door open light on the first officer’s door annunciator
pancl when the door leaves the fully closed position and to the door closed light on the
APU control panel when the door reaches the fully closed position.

6 APU EXHAUST DOOR ACTUATION

A Thiz APU exhaust door actuator controls the opemung and closing of the exhaust door
The actuator includes an electric motor, reduction gear train and tnternal lumit switches
The internal imit switches interrupt control power to the actuator motor when full
travel of the door 1s reached, open/closed

B Thc actuator receives 28 VDC APU batter power from the APU DC bus through
contacts of the master relay When the master relay closes (MASTER swich ON)
power 1s apphied to the open windings of the actuator motor and when the master relay
1slopen (MASTER switch OFF) power 1s applied to the close windings of the actuator
motor

|

' Ref MM STEWARD-DAVIS 49-80-03
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A 'With the APU battery switch 1n the ON position, placing the APU master switch in the
ON position will apply control power to the coil of the master relay When the master
relay closes, power from the APU aft bus is applied to the open windings of the
exhaust door actuator to open the exhaust door As the door leaves the closed position,
the exhaust door open light on the first officer’s door anounciator panel will come on
and the door closed light on the APU control pane! will go off, and when the door
reaches the fully open position, a ground 1s applied to the coil of the starter retay and
the door open light on the APU control panel The starter relay can now be actuated
to energize the starter motor when the APU start 1s deswed

B When the unit 15 operating, the exhaust gases leaving the umt pass through the eductor
section at the junction of the wner ducts of the inboard and outboard exhaust
assemblies The exhaust gases leaving the eductor section draw air from the APU
housing and from outside the arplane body through the cooling air chambers of the
exhaust assemblies In addition to providing a thermal barmier, between the hot exhaust
gases and the aft cargo compartment and the airplane body structure, the cooling air
mixes with the exhaust gases to reduce the temperature of the gas discharged
overboard

C When the MASTER swuch 1s placed 1n the OFF position, the master relay will open
and apply power to the close windings of the exhaust door actuator When the door
reaches the fully closed position, the exhaust door open light on the first officer’s door
annunciator panel will go off and the door closed light on the APU control panel will
come on

Ref : MM STEWARD-DAVIS
45-80-03
Page 4 SN REV Jul 31/99
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EFFECTIVITY TCA LX-N20198

f APU LUBRICATION SYSTEM

| DESCRIPTION AND OPERATION

1. GENERAL

LX-N20199

Lubrication for the APU turbine engine is by a self-contained, positive

pressur%, dry-sump system, which cools and lubricates all gears and
bearings in the engine by providing a pressurized and splash supply
of oil. | The components of the system are the oll pump, oil cooler,
and of{l [tank.

When the unit is started, the pressure pump draws oil from the oil
tank and delivers 1t under pressure to the accessory drive section
and to the bearing between the second stage compressor and the tur-
bine. The oil drains into the accessory drive housing sump and into
the second stage compressor and turbine bearing cavity. The scavenge
pump draws the oil from the sump and bearing cavity and pumps 1t
thrOugh‘the 01l cooler back into the tank.

| |
‘

The oll| pump consists of separate pressure and scavenge pumps, & pres-—
sure regulating valve, an oil filter and a filter bypass valve. The
oil pump is installed on the accessory drive gearbox.

The pressure and scavenge pumps are driven by a common shaft. The
pressure pump is a two gear, positive displacement pump which sup-
plies oil under pressure to the bearings, gears and shafts of the
turbine engine. The scavenge pump is a three gear positive dis-
placement pump which scavenges oll from the accessory drive gearbox
oil aump and from the bearing cavity between the second stage com—
pressor impéller and the turbine wheel. It Teturns the oll through
the cil cooler into the oll tank., External outlet and inlet lines
are connected to threaded ports in the body, but scavenging from the
accessory drive gearbox is through an intermal opening between the
oll pump and the gearbox.

The maximum delivery pressure is regulated by a spring-loaded relief
valve contained within the pump body. The function of this valve is
to open when the pressure pump pressure exceeds 90 PSIG system pres—
sure, thus allowing oil to bypass back to the inlet side of the pres-
sure pump to malntaln nearly constant system pressure,

The oil filter is included within the oil pump assembly, and filters
all thle oil flowing from the pressure pump. The filter base is ino-
tegraﬂ with the pump body and a removable case screved into the base
encloses a replaceable filter element.

MM STEWARD DAVIS
49-30-01
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E. The filter bypass valve 1s a spring-loaded relief valve contained
within the pump body. The function of this valve is to yield to
pressure slightly in excess of normal filter resistance, so that
if the filter should become blocked, oil is permitred to bypass the
filter and maintain a flow through the system.

3. OIL COOLER

A. The oil cooler, installed on the upper aft side of the power unit,
is a2 cylindrical unit constructed of mechaniczlly bonded aluminum
tubes housed in a shell, 0fl delivered by the scavenge pump passes
around the tubes in the cooler before returning to the tank, while
air supplied by the cooling fan flows through the tubes and cools
the oil.

4. OIL TANK

A. The oil tank contains the supply of o1l for the system. It is mounted
externally on the APU base below the aft end of the module lower hous-
ing. O0il is drawn from the tank by the pressure pump and returned,
through the 0il cooler, by the scavenge pump. An air-oil separator
in the tank separates the oil from the air going through the tank to

the vent,
OPERATION

A. When the unit is started, the oil pressure is supplied by the oil
pressure pump gears through the oil pump filter. If the filter is
clogged, the bypass valve opens to permit continuing oll flow. From
the oil pump, the 0il is routed to the accessory drive gearbox and
to the bearing between the second stage compressor impeller and the
turbine wheel to provide pressure and splash lubrication for the
engine gears and bearings. An oil pressure regulator valve in the
0il pump operates to maintain the output oll pressure at 85 * 5 PSIG
at 100Z governed speed.

B. Lubricating oil in the unit drains into the accessory drive gearbox
01l sump and into the second stage compressor and turbine bearing
cavity. It is pumped from the sump and cavity by the oil scavenge
pump gears. Scavenge oll flows through the oill cooler back to the
oill tank. Any air trapped in the second stage compressor and turbine
bearing cavity 1s released through the oil tank vent line into the
turbine exhaust,

MM STEWARD DAVIS
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| L CATION SYS
| DESCRIPTION AND OPE ON
1. GENERAL

A Lubrcation for the APU turbine engine 1s by a self-contained, positive pressure, dry-
sump system, which cools and Iubricates all gears and bearings mn the engine by
providing a pressurized and splash supply of o1l The components of the system are
the o1l pump, oil cooler, and o1l tank

B. When the umt 1s starter, the pressure pump draws o1l from the oil tank and delivers 1t
under pressure to the accessory drive section and to the bearing between the second
stage compressor and the turbine. The o1l drawns into the accessory drive housmg sump
and mto the second stage compressor and turbine bearing cavity The scavenge pump
draws the o1l from the sump and bearing cavity and pumps 1t through the ol cooler
back 1nto the tank

2 OIL PUMP
A  The oul pump consists of separate pressure and scavenge pumps, a pressure regulatng
valve, 'an o1l filter and a filter bypass valve The o1l pump is mnstalled ou the accessory
drive gearbox

B The pressure and scavenge pumps are dniven by a common shaft The pressure pump
15 2 tWo gear, positive displacement pump which supplies o1l under pressure to the
bearings, gears and shafts of the turbine engmne The scavenge pump iis a three gear
positve displacement pump which scavenges oil from the accessory dnve gearbox o1l
sump and from the bearing cavity between the second stage compressor impeller and
the turbmc wheel It returns the oul through the ol cooler into the o1l tank. External
outlet and 1nlet lines are connected to threaded ports 1n the body, but scavenging from
the accessory drive gearbox 1s through an internal opening between the oil pump and
the gcarbox

C The maximum delivery pressure 1s regulated by a spring-loaded relief valve contained
within the pump body The function of this valve 1s to open when the pressure pump
pressure exceeds 90 PSIG system pressure, thus aliowing o1l to bypass back to the inlet
sidelof the pressure pump to mamtain nearly constant system pressure.

D The'oil filter 1s mcluded within the o1l pumyp assembly, and filters all the oil flowing
from the pressure pump The filter base is integral with the pump body and a
reml'ovable case screwed nto the base encloses a replaceable filter element
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E The filter bypass valve is a spring-loaded rehief valve contained withun the pump body
The function of this valve 1s to yield to pressure shightly mn excess of normal filter
resistance, so that if the filter should become blocked, odl is permatted to bypass the
filter and maintain a flow through the system.

OII. COOLER

A The o1l cooler, mstalled on the upper aft side of the power umt, 15 a cylindnical umt
constructed of mechamcally bonded aluminum tubes housed mn a shell Oul delivered
by the scavenge pump passes around the tubes in the cooler before returnung to the
tank, while air supplied by the cooling fan flows through the tubes and cools the o1l

OIL TANK

A The oy tank contawns the supply of oil for the system If 1s mounted externally on the
APU base below the aft end of the module lower housing  O1l 1s drawn from the tank .
by the pressure pump and returned, through the o1] cooler, by the scavenge pump An
awr-ou separator 1n the tank separates the o1l from the air gong through the tank to the
vent -

OPERATION

A When the unst 15 started, the o1l pressure 1s supphed by the oll pressure pump gears
through the oil pump filter If the filter 15 clogged, the bypass valve opens to permit
continung o1l flow. From the oil pump, the oil 15 routed to the accessory dnive
gearbox and to the bearing between the second stage compressor impeller and the
turbine wheel to provide pressure and splash lubricanion for the engme gears and
bearings. An o1l pressure regulator valve in the o1l pump operates to maimntain the
output o1l pressure at 95+ 5 PSIG at 100% governed speed

B Lubncating o1l 1n the umt drains into the accessory drive gearbox ol surnp and mto the
second stage compressor and turbine bearmg cavity It 1s pumped from the sump and
cavity by the o1l scavenge pump gears. Scavenge o1l flows through the o1l cooler back
to the o1l tank Any air trapped 1n the second stage compressor and turbine bearing
cavity is released through the o1l tank vent line into the turbine exhaust.
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