volume I chapter 2

ELECTRICAL POWER SYSTEM

The electrical power required by the StarLifter systems is normally supplied
by four main, engine-driven, brushless A-C generators (aiternators). Each
generator is a 40/50 KVA unit which supplies 115/200-volt AC to the systems.
The main generators are driven by the engines through hydro-mechanical
Constant Speed Drives (CSD) to provide an output of three-phase, 400-Hertz
(Hz) AC.
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Auxiliary A-C power is supplied by a fifth generator, identical to the main
generators. The auxiliary generator is driven directly by the Awdliary
Power Unit (APU) in the left main wheel well fairing. The APU and its
generator are used only during ground checkout of the aircraft systems.
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An emergency generator provides A-C and D-C power as necessary to preveat a
total loss of electrical power, The generator is rated at 2 KVA, 115/200~-volt
AC, at 400 Hertz and 28-vyolt DC at 20 amperes. The emergency generator

{s a hydraulic mctor-generator unit which s located in the No, 2 hydraulic
service center in the cargo area.

External A-C power can be used with the electrical systems for ground checkout.
An external power receptacle is located on the forward right side of the fuselage.
The Ground Power Unit (GPU) should supply a minimum of 50 KVA, at 115/200-volt
AC at 400 Hertz. Phase sequence of the three-phase AC from the GPU must

mateh the phase sequence of the alrcraft systems or the unit cannot be used.

The DC power for the systems is supplied by two 28-volt DC Transformer
Rectifier (TR) units. Taese units change AC to DC and provide 28= volt DC wita
a load capacity of 200 amperes per unit. A battery provides DC for APU ignition
duriiiy starting when external A-C power is not available. The battery is rated
at 24 volts and 11 Amperes Hours (AH). TR units are located in the electrical
equipment raek below the flight station, and the battery is in a compartment
between the racks.
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An electrical control panel is provided at the flight engineer's station. Control
switches, meters, and warning lights for the power sources are on this panel.
Main generators normally operate in parallel to supply the electrical loads. Emer-
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gency generator operation is usually automatic but can be controlled by an instru-
ment power switch on the pilot's instrument panel. The D-C system is automatic,
controlled by the A~C system. The battery (s switch-controlled so that It can be
used or charged as necessary.

Each generator is rated to produce 120/200-volts AC. Voltage regulator units,
protection panels, load controllers, and a bus protection panel are located in the
electrical equipment racks. These units provide control, protection, regulation,
and automatic sequencing of the power sources and the bus distribution system.

BUS DISTRIBUTION

The main generator is normally connected to & main A-C bus through contacts of
a Generator Line Contactor (GLC). Four main A-C buses are used, one for
each main generator. Main generators also connect to a main A-C tie bus
through Bus Tie Contactors (BTC). The GLC and BTC for each generator are in
the same contactor housing. The BTC's and Main A-C tie bus are used for
parallel operation (load sharing) of the main generators. Isolated operation

is possible if the BTC's are opened by switches on the electrical control panel.

Main A-C buses No. 2 and No. 3 are controlled by monitor relays which prevent
the buses from being energized until two or more main generators are operating.
The relays automatically protect the generators by decreasing the electrical

load when only one main generator is operating. The monitor reiays may be
energized through an "override"” switch to energize the buses.

Two essential A-C buses are part of the electrical system. These buses are
normaiiy energized from the main A-C tle bus through four power relays
Alternate essential bus power sources are proviled through the relays, allowing
the main generators to supply the buses when the He bus s not energized

External A-C power or auxiliary generator power can be supplied to the main A-C
tie bus. External and auxiliary power cannot be used simultaneously, and they
will not parallel with any other power source. A combination External Power
Contactor-APU Contactor (EPC/APC) connects the selected power source to the
tie bus. The BTC's close to allow the main A-C tie bus to energize all main

AC buses when the main generators are not operating. The BTC's open to pre-
vent paralleling when the generators are operating and external power or Auxiliary
power is in use.

The low-power emergency generator automatically supplies power to the isolated

and emergency A-C and D-C buses when the normal power source fails. The
normal power source is essential A-C bus No. 1.
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The heavy duty contacturs and relayvs assoclated with the power sources aod bus
distribution are located in the maln A-C distrioution censer. The distribution
center is on the right side of the bulkhead between tne cirgo area and flight
station. Power feeder circuit breakers, oo the front of the panel in the flight
station, distribute power to flight station circuit breaker paneis. Relays,
cuntactors, and the main A-C tie bus are accessibie from the ¢argo area,

Other A-C buses, in addition to the main and essential, are the Avionics AC
buses Ng. 1 and No. 2, phase A navigation buses No. 1 and No. 2, isolated, and
emergency A-C buses. These buses are normally energized from the essential
A-C buses.

The D-C buses are automatically energized from the essential A-C buses through
the TR units, These buses are main D-C No. 1l and No. 2; main D-C avionics buses
Mo. 1 and No. 2; and emergency D-C buses. Emergency power can be supplied to
the isolated and emergency D-C buses when the emergency generator is operating.
The battery can be used to supply the isolated D-C bus when other power sources
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are oot available. Relays associated with the D-C system are located behind
the ecircuit breaker panels.

A=C SYSTEM OPERATION

The Constant Speed Drive (CSD) unlt oll temperature Indicator, located on the
electrical system control panel represents the beginning of the generating
system and provides an indication of ofl outlet temperature from the CSD. I

oll temperature (s above normal, the CSD load can be decreased by turning the
main generator off, allowing the oll to cool. Above 179°C oil temperature, a
switch closes causing lllumination of the CSD OVERHT (overheat) light. The
CSD can be disconnected from the engine drive by the CSD disconnect switch to
prevent damage. Once disconnected, the CSD and generator cannot be used since
reset must be accomplished mechanieally at the CSD unit on the engine.

The generator fail light provides an
indication of generator mechanical
failure. To prevent damage to the
NO.1 GENERATCR SYSTEM generator or C5D, the CSD should be
disconnected, and the generator
replaced. The CSD is reset by
pulling the reset plunger on the C5D
gsl?. unit (engine stopped,.

7 TEMP MAIN GENERATOR

The A-C loadmster provides az
indicasion of the percent icad on
ohaza A of the main geperator
autput. Sinece balanced thrse-phase
icading is used in the aircraft systems, the indlcation is representative ci 2ach
nhase load. One hundred percent load represents a total three-phase load of
il AYVA. \When the gzneraters are in garelizi, the meter reacdirgs should be

.egual since the generators are sharing the load.

The GEN OUT light {lluminates when the B S R A W B e
generator switch is "ON" and the generator s (e o

{s nct functioning to supply the required load.
The light 1s ext’nguished when the trouble

{5 cleared. The generatcr circult can be reset
by positicning the generator switch to "OFF"
then "ON", [ a differentlal fault has occured,
the eircuit will not oe reset from the switch.

To reset afier a differential fault has been
eleared, the engine must be stopped and a reset
push-button on the generator protection panel
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must be depressed. A differential fault is
indicated when the GEN OUT light remains
illuminated in the "OFF' position of the

generator switch.

The "ON'" position of the generator switch is
used to energized the GLC which connects the
generator to the main AC bus load.
position deenergizes the GLC and the generator
output. The momentary "TEST' position is

The "QFF"

used to check the generator output voltage and
frequency without a load. The switch is spring-loaded from "TEST" to "OFF."

The main bus OFF light 1lluminates when the bus is not energized or has a low

MAIN BUS ]

Al
|l OFF i.

| 1
BUS TIE

'
:l CPEN ]

B ]
MAIM AC TIE Bu3s

voltage power source. The light
is normally extinguished.

BUS TIE

The "NORMAL" position of the bus

tie switch controls the BTC, allowing
the generator to automatically supply
the main A-C tie bus during generator
parallel operation. It also allows the
main A-C tie bus source to supply the
main A-C bus when the associated gen-
erator is not cperatinz. The "OFF™
position of the switch opens tne BTC,
~5olating the zenerator and mailn A-C

b Fnme = =7 L
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The bus tie OPEN light iliuminates when
the BTC is not epergized. In the "OFF"
pesition of the bus tie switch, the light
remains illuminated. Io "NORMAL",

the light extinguishes when the generator
switch is turned ""ON" or when the main
A-C tle bus is energized. The BTC
circuit may be reset if the light fails to
extinguish by positioning the bus tie switch
to "OFF" then "NORMAL."

All main generators normally operate in parallel, sharing the load equally. The
GLC's BTC's and buses are normally energized with the associated light
extinguished. Generator isolated operation can be accomplished by positioning the
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bus tie switches to "OFF". The electrical buses are energized in parallel or
isolated operation.

Main A-C buses No. 2 and 3 are controllad by monitor relays. The relays decrease
the electrical load when only one engine generator or the auxiliary generator is
operating.- Monitor relay No. 1 controls the main A-C bus No. 2, and monitor
relay No. 2 controls main A-C bus No. 3. Main A-C buses No. 1 and 4 do not

have monitor relays.

When the auto-load disc switch is in
"NORMAL'™ and two or more main gener-
ators are operating, the monitor relays
automatically energize. The relays also
energize when external A-C power is used.
The OVERRIDE switch is used to energize
the monitor relay, bypassing the auto- -
matic relay control aircuit. Override
must be used in order to energize main
A-C bus No. 2 and 3 when the auxiliary
generator or one main generator is the
only power source.

The main A-C tie bus is normally energized

through the BTC's by the four main

RS IR AT generators in parallel. If a generator fails,

AUTO-LOAD GFEN or ls turned off, the other generators pick
Disc . up the load through the BTC circuit, Tke

main generators share the load equally zs

MAIM AC TIE BUS incdicated on the loadmeters.

EXTERNAL A-C POWER

When the external A-C power plug is inserted
1t0 tae external power receptacie, the green READY light on the elecirical panel
dluminates. If the AUX/OFF/EXT power switch is positioned to "EXT", external
power will connect to the main A-C tie bus. Since the same switch is used for the
auwxliary and external power sources ("AUX'" and "EXT" positions) only one power
source can be selected at a time. With external power as the only power source,
the BTC's close to energize all A-C buses. If a main generator is turned on, the
associated BTC opens to isolate the power sources.

External A-C power or the auxiliary generator cannot be paralleled with the engine
generators. I external power or APU power s selected while the englne generators
are operating, the four BTC's open. The generators then supply the main buses

and the external or APU power ls supplied to the tie bus. When a main generator is
turned off, the BTC automatically closes, allowing the tie bus to supply the associated
main A-C bus, .
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The auxiliary generator is driven directly by the APU when the aircraf: is co the
ground. The generator is used for ground checkout of the aircraft systems,
Since a CSD is oot ussd with the APU, an oil temperature indicator, overheat
light, and CSD disconnect switch are not provided.

Two switch selections are required to connect the zuxiliary generator to the main
A=C tie bus. The generator switch allows the generator to supply the tie bus
when the switch is "ON", and the AUX/OFF/EXT power switch is in the "AUX"
position. When the tle bus is energized, the BTC's close, allowing main A-C
buses No. 1 and 4 to be energized. Main A-C buses No. 2 and 3 can also be
energized by positioning the AUTO LOAD DISC switch to "OVERRIDE", energizing
the monitor relays. If a main generator is turned on, the BTC opens to

isolate the power sources. If a fault occurs causing loss of the generator,

the circuit can be reset by positioning the control switch to "OFF'" then "ON."

VOL. III : 2-9




AUX GEM

G

MAIN AZ
TIE BUS

' ExT POWER |

1L[_ :unv II.

The main A-C tie bus is the source
aupply point for all alrcraft systems
except those connected to the four main
A-C buses. The tie bus can be ener-
gized from the four main generators
individually or combined, during

flight or on the ground. External
power or auxiliary generator power
can energize the tie bus when the air-
craft is on the ground.

The main A-C tie bus normally supplies
power to the essential A-C buses. The
essential bus No. 1 supplies the emer-
gency and isolated A-C buses. Warning
lights {lluminate to indicate the bus
condition or alternate power source.
Normally all bus lights are extinguished.

The normal power source for essential
bus No. 1 is the main A-C tie bus. The
first alternate power source for essential
No. 1 is Generator No. 1 and the second
alterpate is Generator No. 2. The
"GEN 1" or "GEN 2" ligats illuminaze to
indicate the power source when the tie
bus is not erargized. I all three sources
re not energized, the essential OFF
light illuminates indicating bus power
failure.

When the essential bus No. ! I5 desger=-
gized, the emergency gensrator auto-
matically turns on the supply the
emergency and lsolated A-C buses. In

this condition the EMER PWR - EMER AC BUS and the EMER PWR - ISOL AC BUS
lights illuminate. The lights identify the bus and power source. If the isolated
AC bus is not energized, the ISOL AC OFF Ught illuminates and the.other two

lighta remain extinguished.

Essential bus No. 2 is similar to bus No. 1 except generator No. 4 is the first
alternate power source and generator No. 3 is the second. Essential bus No. 2
does pot control the emergency generator and cannot be used to supply the isolated

and emergency A-C buses.
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EMERGENCY. GENERATOR

The emergency generator has priority over the normal power source to supply
the isolated and emergency buses. The generator is controlled by the instrumesat
power switch on the pllot's instrument panel. In the "OFF" position of the switch
the generator will not operate. In the "NORMAL'" position generator operation

is automatic, and loas of power to the essential A-C bus No. 1 causes the gecer-
ator to turn on. While on, the emergency generator supplies power to the emer-
gency and isolated A-C and D-C buses and the EMER PWR ON ligk: {lluminazes.

In the "EMERG" switch position, the automatic
function is bypassed and the generaior contin-
uously supplies the emergency and isolated
buses. The generator is driven by a hvdraulic
motor and requires hydraulic pressure

from the No. 2 hydraulic svstem. The fen-
eralor and assoclated componsnts ass

located In the No, 2 hydraulie seryvice caniay,

T ImER PWR 3N

AD emergency power test switch at the flight
enginecr's station allows the ~zitage zad
frequency of the generator :o se c=scked
under a "No-load” condition. The switch L5 snringloacded from “T25T o
"NORMAL."™

BUS POWER DISCONNECT

Bus power dlsconnect swiiches provide bus isolation
to remove power from the various buses in case of
internal fire or emergency. The "NORMAL" switch
poaitions allow automatic control of the systen.. The
"OFF" positlons isolate the buses by controlling
relays and contactors.
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With the main generators operating in parallel and the main A—-C huaas‘ Nn. 2 and 3
switch in the "OFF"

position, the two
monitor relays deener-
gize causing loss of
main A-C buses No, 2
and 3. The main A-C
buses No. 1 and 4
awitch-opens GLC 1
and + and BTC 1 and 4,
causing loss of main - . s

A=C buses No. 1 and 4. The essential buses switch causes the loss of both essential
A=C buses, and the emergency generator turns on to supply isolated and emergency
AC and DC. Loss of the essential A-C buses results in failure of the TR units,
resulting in loss of main A-C and D-C buses. The only buses remaining energized
are the emergency A-C and D-C buses, which are energized by the emergency
generator. When the switches are posgitioned to "NORMAL' the system is again
energized from the parallel generators.

D=C SYSTEM OPERATION

The D-C system of the aircraft receives 28-volt DC from two Transformer-Rectifler
{(TR) units. These uaits change three-phase from the essential A-C buses to 25 volt
DC to the main D-C buses.

TR UNITS D.C. SYSTEM
FROM ESSEWY ]I FROM ESSEM
Loadmerers indicate the sus No.] i aus Ho.2

percent of the load carried 1 F
by each TR unit. One et T::::TST::R
hundred percent load is

200 amperes, The out=
put of TR upit No. 1 is
supplisd to main D-C
bus No. 1, and TR

unit No. 2 supplied main
D=-C bus No. 2. The
main D-C buses are
paralleled to share the
alrcraft loads. If the
main D-C buses are not

: i MAIN DC MAIN DC
energized, the main sus No.l sus No.Z2

bus OFF lights illuminate. E[ OFF
The main D-C buses supply I |

28-volt DC to the isolated
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1soL DC Bus

BATTERY

and emergency D-C buses.
If the isolated D-C bus is
not epergized, the ISOL
DC OFF light is illuminated.
When the emergency gen-
erator is supplying DC to
the isolated and emergency
buses, the EMER PWR ~
ISOL DC BUS and EMER
PWR - EMER DC BUS
lights are illuminated.

BATTERY

An additional power source
for the isolated D-C bus

is the aircraft battery. When
the battery switch {s "ON",
the battery connects to the
isolated.D~C bus and the
BATTERY light {lluminates.
When main D-C bus voltage
is supplied to the lsolated
D-C bus, the battery |s char-

ging and the light extinguished. The hnttei'y switch "OFF" posltion disconnects
the battery from the bus. When emergency generator power is in use, relays

disconnect the battery from the isolated bus.

Battery voltage |s required when external power is not avallable {or APU !gniticn
and control. The /A PU Is started hydraulically from ap accumulaior which is part
of hydrzulic system No. 3. The engines are started pneumatically with compressed

air from the APU.
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ELECTRICAL METERS

The frequency meter and A-C voltmeter are connected in parallel to provide a
voltage and frequency indication for the generators and external power. The

A=C VOLT & FREQUENCY SELECT switch, and PHASE SELECT switch determine
the meter selections.

The frequency of the six generators and external A-C power can be displayed on the
380-420-Hertz scale of the frequency meter. The voltmeter provides an indication
of the phase voltage (A-B~C) for each of the generators, or external A-C power, on
a 0 to 150-volts scale. The frequency should be 400 Hertz and the voltage 115-volt
AC. The frequency is controlled by engine speed through the CSD, and the voltage
is controlled by the voltage regulator unit.

A D-C voltmeter and selector switch provides an indication of the D-C bus voltages
as selected. The meter scale is 0 to 30-volt DC and should indicate 28 volts, DC.
When the battery is the only power source, the isolated bus reading should be
24-volt DC.

COOLING FANS

DC YOLT
Dual cooling fans are .EEEE 3
installed in cooling BuUs

sy -tem, I the faps f.{:?-k\’: sus
fail, the waraing S = -

L U I Y § o =
lights illuminaze, The

ducts of the electrical /’//—\ (o]
: W0 20 —
and avionics cooling / : ﬁ]lmgsl

tates als tirougn the
AVionics equipment in
the left and center
avionics egiiprient
acks. The
E_ECTRICAL fan
circulates air around the elecirical equipment racks.

-

A caution lights TEST - NORMAL switch, springloaded to "NORMAL", allows
simultaneous test of all warning lights at the flight engineer's station. I a light
fails, the leas may be rotaied 150 degrees for raplacement.

COOLING CAUT ION
FAN FAILURE

[u:cumnji
- |
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