volume III chapter

A-C POWER BYSTEM

"GENERAL

Electrical svstem power |s normally supplied by four engine-driven A-C
generators operating in parallel. Power can also be supplied from an
external source, or an APU-driven generator, for ground checkout.
Each source is capable of supplying sufficient power to checkout the
electrical systems. Care should be exercised during ground checkout to
ensure that overloading does not occur, since generator cooling air
temperature is higher on the ground.

An emergency A-C/D-C generator can be used if hydraulic pressure is
available to check part of the systems. The generator is quite smazall
and can be used with the !solated and emergency A-C and D-C buses only,

BUS DISTRIBUTION

The primaryv A-C buses lnclude four main A-C buses, ©wo essential A-C
buses, maln A-C tie bus, isclated A-C bus, and emerzency A-C hus,
Crher minor buses, such as the avionles and navigation buses, zrs ener-
sizend ovithe orimai~ buses.
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EXTERNAL POWER

External A-C power connects to the main A-C tle bus through an External Fower
Contactor (EPC). The Bus Tle Contactors (BTC) automatically close when the
tie bus is energized. Main A~C buses 1 and 4 energize from the tie bus through
the BTC's... Maln buses 2 and 3 are energized through BTC's and Monitor Relays.
The monitor relays automatically energlize when external power is used.

If an operational main generator is turned on while external power is in use, the
BTC of the associated generator opens to isolate the generator and respective
main A-C bus from the tie bus. The Generator Line Contactor (GLC) closes,
energizing the assoeiated maln bus from the generator. External power continues
to supply the tie bus and other main and essential buses, but the sources do

not parallel. The relays and contactors associated with the generators and bus
distribution svstems are lccated In the main A-C distribution center.
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AUX GENERATOR

When the AUX (APU) generator {s used, the Awdliary Power Contactor (APC) is
energized to connect the generator to the main A-C tie bus, The EPC and
monitor relays are open when awdliary power is used. Main A-C buses 1 and

4 are energized from the tle bus through the BTC's, If "OVERRIDE" s selected
on the AUTO LOAD DISC (ALD) switches, the monitor relays energize, allowing
the auxillary generator to supply maln A-C buses 2 and 3. If the auxiliary
generator is in use and a main generator is turned "ON," the respective BTC
will open to {solate the power sources. The main generator supplies the
associated main A-C bus through the GLC, and the auxiliary generator supplles
the tie bus and other main buses. Main buses 2 and 3 cannot be energized

from the auxillary generator unless "OVERRIDE" is selected.

MAIN GENERATCRS

The main generators normally supply the individual main buses through GLC's,
and parallel at the main A-C tie bus through the BTC's. Monitor relays 1 and 2
automatically energize when two or more main enerators are operating, "OVER-
RIDE" must be selscted to energize the monitor relavs when-only one maln
generator 1s operating.

When 2 main generator is turned to the "ON" position, the respective GLC and
BTC close thus energizing the main A-C bus and the main A-C tie bus., The

tie bus causes the other BTC's to close. As the remaining generators are turmed
to the "ON" position, the GLC's and BTC's energize through the automatic
paralleling circults. With all four generators operating, the BTC's, GLC's, and
mcalior relavs are energized and the generators share the load.

ESSENTIAL A-C BUSES /GERY 7GRy
The essesiial buses are controlied — l
ov two power relavs for sach bus. EPR ]:I;: ?GL{: 1 GLC 2=
The normaol power source is the "__ gt ;
main a-C ile bus. Waen the ti R S

sus is enerzized, the No, 2 J:".I:ETC ; BTC EJ‘
Essential (Bus) Power Relays ¢ I
(EPR-2 and E PR-+) energize, l MATN AC TIE Bus 3
and both essential buses receive EPR 2

power from the tie bus. If the

tle bus [adls, or is not energlzed, C—

EPR-2 and EPR-4 deenergize. EPR 2

Essential power is then obtalned ESSENTIAL AC

from alternate power sources eus No.1

through EPR-1 and EPR-3.
ESSENTIAL AC BUS NO.1 POWER SOURCES
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Malin generator 1 s the first alternate and generator 2 the second alternate source

for essential A-C bus 1. Malin generator 4 and 3 are the first and second alternates

for essential A-C bus 2. EPR-1 and EPR-2 determine which alternate source Is
used. If the first alternate power
source is operating, EPR-1 and
EPR-3 are energized and generator

@ @ 1 supplies essential bus 1.

Generator 4 supplies essential

bus 2. When the first alternate

e s ‘T SRER source is not operating, the relays
e are deenergized and the second
im 3 alternate supplies the bus.
BTC 3 BTC 4
I T The alternate power source In use
{__MAIN ac Tic sus | | causes {llum{nation of GEN 1 or
CEPR 4 GEN 2 light for essential bus 1,
and a GEN 4 or GEN 3 light for
=y essential bus 2. When the main
EPR 4 A-C tie bus or alternate sources
ESSENTIAL AC are not energized, bus power falls,
8us No,2 and the main and essential bus

ESSENTIAL AC BUS NO.2 POWER SOURCES OFF lights {lluminate. The tie
bus causes all lights to extinguish

when energlzed,
SUMMARY CHART

The following summary chart provides a listing of primary power sources,
relays, contactors, and buses. As each power source or combination of power
sources are energized, relavs and contactors energize to provide power tc the
correct buses. The buses are listed and power sources ldentifled urder vazisus
cperational condlitions. Switches necessary for operation are considered to be
In the "ON" or "NORMAL" positions as required.
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EXTERNAL A-C POWER

Power from an external A-C source can be supplied to all A-C buses. The

external power unit should be capable of 50/60 KVA, three-phase 115/200-volt
AC-at a frequency of 400 Hertz. Phase sequence should match the phase

sequence (A, B, C) of the aircraft's generating systems. Incorrect phase sequence,
or loss of indlvidual phase voltage, prevents use of the unit with the aircraft.

The external power system EXT POWER
consists of a receptacle, :
external power contactor,
and bus protection panel. -
The receptacle is on the CONTROL

forward right side of the

fuselage. The contactor EXTERNAL
is in the main A-C distri- FOWER ON
bution center, and the L G“‘fj‘

protection pansl is in the

electrical equipment rack. ,

Ii T )
The receptacle is in a re- :Jr \g ||
cessed campartment which i

| ® i
= T '—h-| E : .
power control circuit @ fﬁ !?

4lso containg an external
breaker and «n external ' ’0 : J

power "on' light. The

circuit breaker is'in the

sontrol eizcuit for external EXTERNAL POWER RECZPTACLE

power aadu prevents the

use nf giermal when pulled. The iIght [Uuminates when the exzernal power unit
is supplving power to tile alreraft systems,

The receptacle has four larze pins und two small pins, Three of the lurge pins
garry three-phase (A, B, C}, 1i5-volt, AC from the power unii. The [ourth
pin is grounded'to the aircraft structure. The amall (short) pins are used In
the control circuit to prevent arcing at the receptacle. No load can be applied
until the plug !s firmly engaged and the short control pins are mated.

Control voltarze is provided from the hus protection panel which changes the
three-phase AC fron the power unit to a D-C output. A jumper is provided in the
plug, or GPU, between the small pins. When the plug is Inserted Into the
receptacle, control voltage ls supplied through the jumper to the alreraft's
external power circuit for use with the EPC. If the power source is operating
properly, the green EXT POWER READY light on the control panel lluminates.
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EXTERNAL POWER CONTROL

EXTERNAL POWER CONTACTOR/AUXILIARY POWER CONTACTOR (EPC/APC)

This contactor ls a relay containing Interlock switches and heavv-duty relay
contacts. Two functional contactors are enclosed In one housing., The EPC is
energized when external A-C power |g selected as a power source. The AZC is
energized when the auxiliary generator is selected. The actuators are mechan-
leally interlocked to prevent simultaneous use of the contactors. The svstar .5
also electrically interlocked by the AUN/EXT power selector swiich and the
contacts of the GLC's and BTC's of the maln generators.
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® TERMINAL NUMBERS AND MAIN AC BUS LOAD
CONTACTS VARY BETWEEN (MAIN Ac TgE BUS)
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GLC/BTC - EPC/APC , COMTACTCR SCHEMATIC

BUS PROTZCTION PANEL

A combinatien of static components and relavs is provided In the protection
panel, The relays provide undervoltage and phase sequence protection when
external power {s being used. Panel relays are the Phase Sequence Relav (PSR},
LOR, Auxillary External Power Relays (AER-1 and AER~2), and the Synchron-
izing Bus Relay (SBR). The panel contrels the BTC's to allow the maln A-C buses
to be energlized from external, auxillary generator, or main generator power.

PHASE SEQUENCE CIRCUIT

Three-phase A-C voltage Is supplied to stepdown transformers and full-wave
rectifiers in the bus protection panel. The D-C output is used to control the

3-5 = VOL, Il



-

EPC and undervcﬂa.“g?‘&mgy; AG ls supplied to the phase sequence circuit.
Phase sequence must be A, B, the PSR cannot energlze.

FSR

]

PHASE SEQUENCE CIRCUIT

The phase sequence circuit consists of the FSR !n ser.es with two transistor
switches anc a Zener dioede, The Zener dicde establishes a D-C reference voltage
for the transistor switecnes, Collector voltage for the transistors is obtained
from a fuli-wave bridge rectifier which produces a pulsating D-C output . Outpus
voltoge is properiionyl to the pouse A to thase BDC voltagze inputs. Phase BC is
giatained by phase-shifiing phase C und adding the result to phase B at one side

of the bridge rectifier. Phase A is applied to the other side of the bridge. The
positive pulsatinrg D-C ocutput is filtered by a capaciter and applied to the PSR in
the transistor collector cireult. The PSI is energized when both transistor
switches conduct. Fhase B and phase C voitage s applied to hali-wave rectiflers
and filters then to the base of the transistor switches. hen Q3 base voltage (1,2
of phase B) s more positive than the Zener voltage reference, the transistor

can conduct. At the same time Q2 base voltage (1/2 of phase C) must be more
positive than the collector of @3. When (ts condition exists, both switches conduct
to energize the PSR. Any other phase sequence, or loss of phase voltage, will
no: ailow the PSR to energize, The PSR i3 energized when the three-phase
average A-C Input ls above 93 volts, AC.

The energized PSR completes the control circult to the external power READY
light and opens the undervoltage sensing circuit, If the power selector switch
is In "EXT," the EPC is energized, thus connecting external power to the main

VOL. II . 3=-9



—&= UNDER YOLTAGL
CIRCUIT

aux/exr

CONTROL PyR SELECT.

YOLTAGE

EPC CCMTROL

el

A-C tle bus, A combination of GLT-BTC contacts controls the EPC to snsure
that paralleling of Internal and external power sources does not occur. A set
of EPC contacts bypass the PSR contacts when energized, allowing the PSR to
deenerzize during low-voltage conditions, A low-voltags condition exists when
the three-phase average i3 93 volts, AC, or less.

UNDERVOLTAGE CIRCUIT

The undervoltage circuit Is normally open due to PSR contacts. A second set

of PSR contacts bypasses a time delay capacitor (C1), During a low-voltage
cendition, the PSR is deenergized, and the delay capacitor starts charging.

Emitter voltage of a unijunction transistor (Ql) is controlled by the charging
capacitor. If the low-voltage condition exists for 3 to 7 seconds, the capacitor

s charged to a sufficient voltage to cause the transistor switch to conduct. Current
between the two bases of the unijunction tranaistor develops a positive D-C ocutput

310 ) VOL, Il



EPC CONTROL
CIRCUIT

LOR
CONTROL
YOLTAGE

UNDERVOLTAGE CIRCUIT 3o T

voltage. The output Is supplied to a Silicon Control Rectiffer (SCR). The D-C
voltage gates the SCR Into conduction, energizing the LOR.

The energlzed LOR opens the D-C control circuit to the EPC and extinguishes
the READY light. External power control voltage keeps the LOR energized
through the SCR which {s conducting. The SCR conduction can be stopped (reset)
only by removing the control voltage. To reset the circuit, the EXT POWER
CONTROL circuit breaker can be momentarily pulled to deenergize the LOR,
Other methods of reset would be to remove the external power plug from the
receptacle or to shut down the ground power unit. Normal power can be restored

after reset of the LOR {s accomplished. External A-C power cannct be used
until the circult is reset,

The "AUX'" position of the power selector switch {s used to energize the APC,
thus connecting auxiliary generator power to the main A-C tie bus. The GLC-
BTC combination of contacts again prevent paralleling of power sources. Addi-
tional relay contacts for the EPC or APC are provided by the AER-1 and AER-2
in the protection panel. The relays energize when the power selector switch

is In "EXT" or "AUX" position. When the auxiliary generator ls used, a set of
AER-2 contacts bypasses the PSR contacts for the undervoltage circuit., External
undervoltage protection is provided even though external power {s not in use.

VOL. IO 3-11



SYNCHRONIZING BUS RELAY CIRCUIT

The SER circult is energlzed through contacts of AER-2 when external or auxiliary
generator power is

used. The SER is TesT ? aux/ext
PWR SELECT.

also energized H;::P:::L_ -

through the main 5

generator protec-
tion panels when AUX GEM
the mdin generators CONTROL
are connected to the SWITCH
main A-C tie bus.

Contacts of the SER

allow the BTC's

to energize when

external or

auxiliary power ls

uzed-or will allow

the BTC to energlze

when the generator

switch is in the
"OFF" position. Magle———1

The Contactor @

Auxiliary Relay :

(CAR) is energlzed -

when the GLC ls APC CONTROL

energized, and the

BTC Auxiliary Relay (BAR) |3 energized when the BTC is energized. The SER

is energized through series BAR-CAR contacts when a generator {5 suppiving
the main A-C tie bus, automatically energizing the BTC of an incperative generatsry,

GLC'S

MAIN GENERATOR SYSTEM!

The main generating sistem

. AER-2 E
I . i) ° SER )} consists of four generators,
| CAR  BAR CSD's, Voltagze Regulators

IsoL DcC o——|o (VR's), protection panels,

8us CAR  BAR and load controllers. Each

generator is bolted to a
CAR  BAR CSD unit which mounts on the

20 I__‘ engine accesscry drive
g 1 case. A Quick Attach-

| CaR BAR | Detach (QAD) bolt and ring
MAIN PROT PANELS secures the CSD to the

engine. The QAD is used

SBR CONTROL
to remove the generator and

i
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TITIRNAL AC PCWER SCHEMATIC

CSD as 2 unit for replacement. Protection panels, VR units, and the load
controliers ar: installed in the c¢lectrieal equipment rack.

The generating system. are practically identicai. The protection panels

contain circuits and relays for control and protection of the generators. The
voltage regulator maintains the generator voltaze output at 115 volts, AC. The
load controller is used in generator parallel operation to control the CSD for loa.!
equalizaticon between generators.

GENERATOR
The generator is an electro-mechanical device which converts mechanical energy

Into electrical energy. The generator electrical output rating i{s 40 KVA but each
generator has a thermal output rating of 50 KVA as a continuous power source.
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ENGINE DRIVEN GENERATCR LCCATION

Cooling Is provided by the engine fan discharge air, Output three-phase voltage
rating is 120,/208 volts, AC, but i{s maintained at 115/200 volts, AC, by the VR
unit for use with the load, The CSD is a hydraulic mechanical constant speed
drive which provides a generator shaft speed of 6000 RPM. At 6000 RPM the
generator produces a frequency of 400 Hertz. '

A brushless generator is actually three generators in one housing. It has no

sliprings, brushes, or commutator. The housing contains a Permanent Magnet
Generator (PMG), exciter generator, and main generator.

3-14 ! ay TrFOL.. I



2P Ac ouTPul

TO LOAD
j""'- — — —
~ /,__ "
[ PHG EXCITER MA |N GENERATOR x
vl
PERM .
l STATOR MAG STATOR 3 : ROTOR 3 '——ﬁ—+
| ROTOR | ROTOR < STATOR i
\ 7 ! ..ri‘ _f A
A, S . |
e — e — "/
|
DC EXCITATION |
|
| INST
TRANS | R
L—n  MAG AMPL je—r ‘:P:“ -—1 PEAK - ‘:;::E :
Aezans SENS NG
YOLTAGE
— REGULATOR
VOLTAGE

REF

BRUSHLESS GENERATOR AND REGULATOR

The PMG rotor, whick is par: of the same shal zs the maln rotor, contass o
permanent magnets and produces a single-vhase ourpu: of 10% volts;, AC, 1 a
frequency of 1600 Hertz. The cutput from the stator (fermiinal Pl) [s supnifed

to the protection panel and then to the VR undt. Thie PALG voltags (5 used (27
protection and control cf the penerator svstem.

Contacts of a Generator Control Relav (GCR-1) in the protecticn panel complet.
the PMG circult tothe VR ualt, Thi cuntacts disabie the generator exciter did
high-voltage output until the goacrator Is tuirned to e "OXN" pusltion. T 23S
output to the protection panel is continuous when the engine is running.

The VR unit's D=C output Is supplied to the generator exciter fleld (stator) In

the exciter section. The exciter rotor contalns three windlngs 120 degrees

apart and generates a three-phase, A-C voltage. The AC is changud to DC

a three—phase, full wave rectifier which provides excitation to the main generitur's
rotor fleld windlngs,

The main fleld windings consist of four rotating electromagnets (- poles). The
main stator has three fixed windings at 120~degree intervals, Each stator has

VOL. oI v Hadfi
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develops 115 volts, AC, at 400 Hertz when the shaft is 6000 RPM. The VR unit
determines the generator voltage by sensing the output voltage and varving exciter
fleld current accerdingly to maintain the 115-volt output.

The maln generator's stator windings provide three A-C voltages at 120-degree
iizze relationships, Terminals TL, T3, and T6 are connected to ground
Sirsradft struciure) to provide a three-phase, four-wire (WYE) generating

stem. Three-phase AC s obtained from terminals T,  (phase A), T (phase B),
2= T_ (phase C). It is supplied to contactors in the majln A-C distribition center.
The fSurth wire [s grounded to the afreraft structure. Voltage from phase-to-
sround 45 115 volts, AC. The voltage from phase-to-phase 1s 200 volts, AC
‘i. T4 tines phase voltage) since the voltages are 120-degree out of phase,

— a4
i

3

A Warning (W) terminal provides an indlcation of generator bearing failure:; An
insulated copper bar runs lengthwise along the surface of the stator, close to

the rotor., The stator frame is the ground. If the bearings fail, the rotor shears
the bar causing It to ground against the stator frame. When this occurs, a GEN
FAIL light on the electrical panel Uluminates., The generator can be disabled

by disconnecting the CSD., The CSD disconnect switch energizes a solenoid in

the CSD which causes the CSD to disconnect from the engine drive. Disconnect
must not be attempted with a stopped engine. Reset of the CSD can be accomplished
only when the engine is fully stopped by pulling the RESET lever on the CSD unit.
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MAIN PROTECTION PANEL

The protection panels provide relay
control and protection of each generat-
Ing system, The panels provide the
following:

o A D-C source for control of each
system

o Individual phase voltage sensing cp
o0 Undervoltage protection with fixed 115/200 vV AC GENERATOR OUTRUT
time delay

o Overvoltage protection with variable
time delay, time inverse to amplitude

¢ Differential fault (ground fault) protecticn with fixed time delay

0 Neutral current protection with fixed timea delay

¢ Unbalanced current protection with fixed time delay

¢ Reactive blas clrcult for load equalization

o Underexcitation protection

i Power lockout ciroull

o Automatic paralleling cl=cult

o Auxiliary relayvs

POWER SUPPLY CIRCUIT

The protection panel D-C supply provides positive and negative D-C voltage for
the various protection, control, and relay eireuwits. The power supply inputis
PMG voltage from the main generator which is supplicd to stepdown transtormers,
A variable impedance magnetic amplifier in series with one transformer primarm
controls primary current. The tronslormer sccondary windings supply AT b o

hridge rectifier which produces positive and negative 2i-volt, D=C outputs,
Zender diodes regulate the negative 24-volt D-C output.

VOL, IOI =1,
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Fecdback §s supplied to the magnetic amplifler from the center point between the
negative and positive supply. U the D-C v.lizre changes, feedback to the mag-
netic ampilfier varies the transformer pri.nary current to maintaln a constant
21-volt output The PMG voltage s supplie/i to a second transformer and bridge
rectifier which provides a positive 2=-volt D-C output.

UNDERSPEET RELAY CIRCUIT

The 25-volt, M-C output of the power supp!yv is routed through the ""ON"
positiun of tie zenerator control switch to <he Underspeed Relay (USR). The
USR is enerzizad when the underspeed switcn (USS) in the CSD opens. Tue
switch opens when the CSD operating speec is above 5700 RPM and closes when
the speed i: helow 5400 RPM.

The epergi-ed USR contacts alluw GCR-1 aud GCR-2 to energize. Relav GCZR-1
connects the FMG output of the generator t. the VR unit which then proviues
excitation tu ti:2 generator, Contacts of GCR-2 provide a holding circult oo the
GCR's, byviassing the USR contacts. The L;pass prevents loss of power during
momentary 1m ‘erspreed conditions,
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GLC CONTROL

When the generator output voltage is abowve 103 volts, AC, per-phase, the under-
voltage relay (UVR) is energized thus completing a circuit through BTC contacts
to the GLC and CAR-1, CAR~2, and CAR-3. Relay CAR-1 is used with the
GLC-BTC circuit; CAR-2 is used with the SBR circuit; and CAR~3 is used with
the unbalanced current circuit.

The GLC can be energized through normally closed BTC contacts or through

the gutomatic paralleling circuits. When the GLC and CAR's energize, the BTC
is controlled by the automatic paralleling circuits., If the BTC is energized,

the GLC ls controlled by the automatic paralleling circuits.

Contacts of CAR-1 bypass the BTC-UVR contacts and GLC paralleling circuit
to hold the GLC energized, thus preventing power loss during momentary
undervoltage conditions, The GLC connects the generator output tg the main
A=C bus, If the generator control switch is in the "TEST" position, the
generator produces an output, but the GLC cannot energize. The generator
operates but does not supply a load.

The normally deenergized LOR is energized from the protection circuits during
a fault or trouble to disable the generator (GEN OUT). It remains energized
after a trouble through LOR holding contacts.

The system 1s reset by positioning the generator control switch to "OFF" then
"OM," breaking the LOR holding circuit,
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BTC CIRCUIT
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BTC CONTROL

The BTC can be energized when the BUS TIE switch is in "NORMAL" and D-C
voltage Is supplied through CAR-1, External Power Auxiliary Relay (EAR), and
Bus Tle Lockout Relay (BTL) contacts. The CAR-1 contacts are used when the
generator Is cperating and the SBR ccntacts are used if the generator switch is
In the "OFF" position. The BTC and BTC Auxiliary Helay (BAR) energize
through the Power Lockout Relay (PLR) contacts, or through the GLC contacts
if the generator switch is in the "OFF" position. Contacts of the BTC connect
the power source to the load and provide a holding circuit to the BTC. The main
A-C bus source can supply the main A-C bus through the BTC.

The EAR controls the BTC to prevent auxiliary or external power from paralleling
with the generators. If external or awxliary power is supplying the main A-C

tie bus, the EAR is energized due to relay AER~-1 which causes the BTC's to
deenergize. The AER-1 s energized when external or auxiliary power Is in use.

: Mg gﬁh‘: 2 @Lﬂ 3 :

g
GLC 1 GLC 4
MON 1 MON 2 '|'
MAIN Bus 1 MA LN BUS {!—I MAIM Bus 3}— 1I-I-HH Bus 4
| MR

BTC 2 =8BTC 3 BTC 4

i
MAIN AC /|/TIE BUS |

2 GU:,1 3
ian cBIS 3 |
e
|
’TtJEﬁ- ~FmoT |
PANEL PAMEL

PARALLELING SEQUENCE CIRCUIT
AUTOMATIC PARALLELING

The PLR, the Automatic Paralleling Auxiliary Relay (APA), and the Automatic
Paralleling Relay (APR) are part of the automatic paralleling control circuits.
The paralleling sequence and synchronizing circuits allow the main generators
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to operate in parallel. The first generator in operation {s connected to the main
A~C tie bus through the BTC. The remaining generators synchronize with the
tie bus source and then parallel through the respective BTC's or GLC's.

Normal paralleling priority of the generators when all four are operating is the
Main Generators 1, 2, 3, or 4 to the main A-C tle bus. The priority is estab-
lished by the PLR's, PLR-1 is energized by the first power source connected

to the tie bus. If generator 1 is In the ""ON" position, GLC-1 and the CAR's
energize. The BTC-1 is energized through the PLR-1 contacts since the tie
bus.and PLR~1 are not yet energized. Generator 1 supplles power to the tie bus
through BTC~1, and PLR~1 is energized. BTC-1 remains energized through
holding contacts of BTC-1, The remaining generators sutomatically synchronize
with Generator 1 and then connect to the tie bus.

1S0L OC '+T

s
BTC CONTROL

PLR-2 is energized from main A-C bus 1 (Generator 1) through the Bu: 1ie
Switch (BTS) and GLC~1 contacts (energized), BTC-2 can be energized cnly
through the series contacts of APA and APR since PLR-C contacts are oper.
The APR is energized by D-C voltage from Bridge A rectifier., The rectifler
changes the tle bus Phase C voltage and generator Phase C voltage to DC for e
APR. The APR is normally energized until the voltages are approximataiv - jual
in amplitude and phase, A Zener dlode in series with the APR determines thLe
minimum voltage difference below which the APR is deenergized, The
deenergized APR allows the APA to energize, The APA-APR contacts are

then closed and BTC-2 {s energized thus paralleling the sources to the tie bus.
The remaining generators automatically parallel in a similar manner through
the respective BTC's or GLC's due to the PLR, APFR, and APA,

Holding contacts of the APA bypass the APR contacts to keep the APA energized,
during voltage fluctuations to the APR, The sequence circuits are bypassed
through the BTC holding contacts after paralleling {s completed. Paralleling

is indicated by equal readings on the generator loadmeters.
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U Generator 1 switch is in
the "OF F" position, Gener-
ator 2 would be the first
generator connected to the gc
tie bus. If the bus tie

GEW ON GEN TO BE
TIE BUS PARALLED

GLC
switcli’of an operating (enemcizen)
generator is placed in the are
"OPEN" position, the BTC !'.Elil:glmzl:uj
cannot energize. The asso- APC
ciated PLR is energized EPC
from the tie bus to allow i MAIN AC TIE BUS 5
paralleling of the bus loads.
The BTén?s energized througn AUTCMATIC PARALLELING

GLC contacts, allowing the
main A-C to be energized from the tie bus nower source.

The automitic paralleling circuits contro. the GLC when the generator switch is
“OFF" and the BTC is energized. When ihe generator control switch is placed

in the "ON position, the APR is energized The APR allows the AFA to energize
and to holc through APA contacts. The APR is already energized through the
BTC contr.l circuit. When the generator pnase C voltage is approximately in-
phase with the main A=C tie bus voltage, the APR is deenergized. The GLC is
then energized through the series APA contaers,

LOR
n;}_%.k_—_. j
1 uni _?_{.n APA
— e
CAR-1] I T
| P |
| uvll" . _TAer

.ll__

GLC CCWTROL
I external A-C power or auxiliary generator power is in use, the BTC's are
energized through the SBR contacts. The BTC's are also energized through
SBR contacts if the associated gencrator switch is in the "OFF " position thus
allowing the tie bus source W supply power to the main A-C bus,

PROTECTION CIRCUITS

The generator protection panel contains circuits which protect the generating and
bus distribution system. The pancl provides undervoltage, overvoltage, differential
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fault, neutral current, unbalanced current, and underspeed protection, Delay
circults are used to prevent transient conditions from energizing the protective

relays,
LOWEST uss
: PHASE
AP sENS (NG| UNDERVOLTAGE UNDERSPEED
VOLTAGE el CIRCUIT RELAY
2 —— SINS ING (uvm) (usr)
CImRCUIT
CP—o—= TTTTITS usm usR
PHASE
S3EN3 NG
uve GCR-2
—® REACTIVE LOAD SRR E TIME DELAY ,
AND UNDER Cll‘l::IT CIRCUIT No. 1
EXCITATION (TOR-1) sic
CIRCUIT
[_- {u:.} YARIABLE DELAY I
& usm :Ttl.mt LOR
CAR-2 -
- e | SE¢ |
DIFFERENT | AL 1 ALR TIME DELAY
FAULT AND 0.4 CiRCU!IT No.2
NEUTRAL CURRENT i | - (ToR-2)
l CIRCUIT DPR
<8 | (orm-wcr) L 4
BTLE
=
l cT ] !
[ UNBALANMCED | '
\ AUTOMAT I C ol CURRENT 8 scc |
! PARALLEL CIRCUIT
CIRCUITS i

!

(apr - PLR)

PROTECTION CIRCUITS

An undervoltage condition trips the BTC In 3 seconds and the GLC in 6 seconds,
¥ the undervoltage condition {s due to underexcitation of the generator, the BTC
does not trip. An overvoltage condition trips the GLC in a time period inverse to
voltage, maximum time not to exceed 10 seconds. A differantial fault trips the
GLC immediately. If the GLC does not clear the fault, the BTC is tripped 0.4
second after the GLC.
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GCR's. The LOR Is held energized through LOR contacts, or through DLR

contacts after a diffarential fault,

The LOR can be reset by stopping the engine in order to remove the PMG input

voltage to the power supply.

Loss of the power supply causes the LOR to deenergize.

The DLR can be reset by energizing the DLR reset coll after the LOR {s reset,
A reset pushbutton on the protection panel must be pushed to energize the DLR

reset coll,

MA IN DC BUS

No.2 RESET

SWITCH

%—I—. LOR

LhLeEn DIFF
PROT RESET

RESET
coilL

DLR RESET

A differential fault is in-
dicated by llumination of
the GEN OUT light when
the generator contral
switeh is in the "ON" and

I "OFF" positions, The
other faults require the
generator control switch
to be "ON" before the

GEN OUT light

{lluminates,
The BTC 1s controlled by
the BTL relay which is
normally deenergized,
The BTL 1is energized BTL —
through TDR-2 and {s held — ——— aTL
through BTL contacts, T~ A
The TDRE-2 is energized Py -C I, 1.} l_”_:lﬁ_ﬁ;} J2
due o an undarveltage, PR BTS oopen  ICAR-1| EAR BTL
tiferandei fauil, septral ISCL DC N T
Mzrust, or unbaianced FUl sBR
cuprrznt coodition, The

BTL COMTROL

enersized BTL opens the
gi=ow T o the BTE ang BAR.

T..e BTL is reset by poaltioning she Bus Tie Switch (BTS) to "OPEN" then "NORJMALLY
The bus tie OPEN Ught {lluminates when the BTC 1s open and is extinguished aiter

reset i{s accomplished,

DIFFERENTIAL FAULT PROTECTION

The differential fault circuit disables the generator immediately If a fault occurs

on 4 feeder wire between the generator and GLC,

If the fault {s between the BLC

and BTC, the BTC is opened 0.4 second after the GLC thus lsolating the fault from
the main AC Tle Bus. The generator is disabled through the BLC elrcuit due to

the LOR, The maln bus Is isolated by opening the BTC due to the BTL,

The B:i L

is controlled hy TDR~2 which provides the 0. 4 sceond delay.
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DIFFERENT IAL PROTECT ION CURRENT TRANSFORMERS

A differential fault is sensed by current tr :nsformers around the phase feeders and
ground wires of the generator, Two trans“ormers are connected in oppesition to
each other ua each phase of the generator. An output, which 1s proportional to

the current (i*fference between the feeder .nd ground wire, is provided L the
transformess. I a sufficient difference e :ists due to a fault, the resultant output
is rectified and energizes the Differential Protection Relay (DPR).
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The DPR contacts cause the LOR to energize. The LOR opens the circuit to the
GLC and GCR's disabling the generator. The DPR contacts also start the timing
circuit of TDR-2, If the fault is not cleared by opening the GLC, TDR~2 is en~
ergized 0.4 second later. Contacts of TDR~2 allow the BTL to energlze,
-deenergizing the BTC and BAR.

An indication of a differential fault is provided by illumination of the GEN OUT
light with the generator control switch in the "OFF" or "ON" position, After the
fault {s corrected, the system can be reset by stopping the generator and pressing
the reset pushbutton on the protection panel. The generator is stopped in order to
remove the PMG input to the protection panel power supply. Loss of power supply
voltage will deenergize the LOR In the GLC circuit. The BTC circult can be reset
by positioning the BUS TIE switch to "OPEN" then "NORMAL' position, which
deenergizes the BTL,

NEUTRAL CURRENT PROTECTION

The neutral current sensing detects an open generator phase, or fault, not
detected by the differential protection or undervoltage protection circuits,
Current in the common wire between the current tranaformers is sensed by a
transformer, Rectiflers change the transformer voltage to DC, which controls
a Neutral Current Relay (NCR),

I the sensing current between the current
transformers {8 unequal, the NCR s energized. ;ﬁ-‘,‘-.
Contacts of the NCR start the TDR=-2 timing

crele. I the condition still exists after 3 3;2"}?
seconds, TDR~2 is energlzec. TDR-Z opens e

the BTC bv energizing the BTL. The generator b i
cnntinuga to supply the main bus load but is o = R
isolated from the maln A-C tie bus, ;,.—T‘ww 4—:};

I? the unbalance ccndition continues, protection

|5 provided by the undervoltage circuit which E_“ J__-i
disables the generator, The NCR contacts - =
also bypass the reactive biasing circuit to E_l —
prevent tripping of a good generator system. -

The BTC tripped condition {s indicated by
{llumination of the BUS TIE OPEN light. The NEUTRAL CURRENT CIRCUIT
BTC can be reset, and the light extinmuished,

by positioning the BUS TIE switch to "OPEN"

then "NORMAL. "
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VOLTAGE SENSING

The three-phase A-C output of the generator {s stepped down by transformers,
rectified, and filtered to provide a D-C output, The output is referenced to the

24=volt output of the protection panel power supply. Zener diodes regulate the
D-C rafgranca voltage.

Isolating dlodes between the individual-phase DC outputs control which phase
voltage is used with the overvoltage circuits. Only one of each group of three
diodes conducts, providing reverse bias to the other dlodes. The overvoliage
circuit senses the highest phase voltage which |s rectifled and coupled as a
negative Input to the overvoltage circuit. The overvoltage isolating clodes are
normally cutoff until the overvoltage condition exceeds 129 volts, AC.

The undervoltage isolating diodes are normally cutoff while phase voltage is above
103 volts, AC. If phase voltage decreases, a dlode conducts due to the positive
reference voltage, The diode with the lowest phase voltage provides a positive
output to the undervoltage circuit, The overvoltage and undervoltage sensing
reference is also varied by the reactive load circuit.
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UNDERVOLTAGE PROTECTION CIRCUIT

In the undervoltage circult the UVR is normally energized due to conduction of
trangistor @602, Transistor Q603 and Q601 are normally cutoff, During an
undervoltage condition the positive input from the voltage sensing circuits cause
transistor @603 to conduct. The positive output from the emitter of Q603 causes
Q601 to conduct, The negative collector voltage of Q501 turns off @602, and the

UVR is deenergized.
o—+24y
| j

Qeoz

POSITIVE INPUT
DURING
UNDERYOLTAGE
CONDITION

Q602

=24y

LUHDERVOLTAGE

Contacts of the UVR start the timing cvcle of TDR-1 and TDR=-2. If the under-
voliage cendltion continues, TDH~-2 will tixie out {a 3 seconds and TDR-1 i»

3 seconds. The TD2-2 opens the BTC, a=d TDR-1 ogens the GLT whick ¢isabias
e geperator, if the condiilar is porentadr ite TDRIs W nolitime - ous: I 4he
undervoitags condliion s eimivated by TDR~250d the STC, 'ToR=1 w81 gt
iime out since the UVR is again energized, If the uncervoltage condition (s

caused by underexcitation of the menerator, the UER Is energized to prevent loss

oL tae ETC.
OVERVOLTAGE PROTECTION CLIICUIT

The overvoltage circuit produces an output with a delay time which varies Inversely
to the amplitude of the overvoltage condition. A maximum of 10 seconds delay is
produced at 129 volts, AC. Delayv time Is equal to 5 divided b the number of volts
above 129, or

i
number of volts = 129,

Delay =

Example: At a phase voltage of 134 volts,

Delay = ———— =

131 = 139 = 1 gecond.

i en
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NEGAT IVE IMPUT
DUR ING
OVERYOLTAGE
CONDITION

< 424y

To TDR=-1

CVERVOLTAGE

In the overvoltage circuit, delay time I3 determined by saturation of reactor L501.
Transistor Q503 is normally cutoff and Q501 is conducting. The reactor is
saturated due to base current of transistor Q501.

During an overvoltage condition, the negative output from the voltage sensing

circult causes Q393 to conduct. The nesative em!tter simnal is coupled to the

reactor, reversing the reactor current, The delay time is the time required

for the rauctor flelc o coilapse and gaturate In the opposite direction, causing
0301 to cummoff, A larmer simnal saturated the core earlier thus decreasing

the delay time.

As @301 stops condusting, collector veltaze Increzses towards the 24-velt source
voltage. When the voltazz {5 above the breéakdown voltage of the Zener lode,

the diode conducts, producing a positive output. The positive output gates an
SCR to energize TDR-1 immediately. The TDR controls the LOR, which deener-
gized the GLC and GCR's. To reset after an overvoltage condition, position the
generator control switch to "OFF" then "ON,"

UNBALANCED CURRENT PROTECTION

During generator parallel operation, the unbalanced current circuit senses the load
current of each generator, If the load currents are not equal, an output is

provided to the protection panel of the faulty generator system., The faulty gen-
erator {s disconnected from the main A~C tie bus In 5.5 seconds. Current ls

3=82 To. VOL, II
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sensed by current transformers arcund the phase B feeder of each generator. Whe

hoger hen
the generators are paralleled, the CAR~2 and BAR contaets open. In a balanced

current transformer (CT) eireuit, currentis through the low impedanee of tha CT's
hwvpassing the transformer input of the protection pansls. When an unhalince exis:s
between the generator loads, the current change of the CT results in current througn

the parallel transformer since the series circuit-curren:

L a2

- 13 TVerage Currelll.

iransformer pravides an ifnput o the unbalapced current T
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UNBALANCED CURRENT CIRCUIT
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rectified, filtered, and supplied to transistor Q401, Transistor Q401 and Q402
are normally cutoff. A Zener diode in the emitter circuit of Q401 determines the
signal amplitude necessary before Q401 conducts, The rectifler's positive output
causes Q401 to conduct and breakdown the Zener diode.

The negative output from the collector of Q401 causes Q402 to conduct, producing
a positive output to time delay circuit No, 2, The delay circult controls TDR-2
which is energlzed afier 8,5 seconds, The TDR~-2 contrals the BTL and BTC

to disconnect the generator from the main A=C tie bus. The BTC can be reset by
positioning the BUS TIE switch to "OPEN" then "NORMAL, "

Contacts of the energized BTL open the unbalanced current circult when the
generator is not paralleled. Contacts of the CAR-2 bypass the current transformer
when the generator is "OFF," completing the CT circuit for the remaining gener-
ators. The BAR contacts bypass the CT when the generator is operating but not
paralieled (BTC open),

UNDERSPEED PROTECTION

Underspeed protection is provided by the underspeed switch (USS) in the CSD
unit, At a normal CSD operating speed above 5700, the switch 1s opened, allowing

the underspeed relay (USR) to energize., Contacts of the USR control the GLC
and CAR's

During an underspeed

oM . condition with the generator
Z8v i - in operation, the USH con=-
acs a_J tacts start the 2-second
TEaL ’ timing cycle of TDR-1, X
s uss the CSD remains In the
i S underspeed cond!tior for

more than 2 seconds, the
TDR~1 times out io energize
the LOR and disable the
genarator, The USRH contacts
5o disabie the undervoltage protection circudt during an underspeed conditicn,
Orerspeed protection of the generating system Is not required since the CSD and
APU are already protected against the overspeed.

UNDERSPEED CIRCUIT

TIME DELAY CIRCUIT NO, 1

The delay timing {s controlled by a resistor-capacitor network in the emitter of a
unijunction transistor (Q701). The transistor is normally cutoff until capacitor

701 charges to a sufficient voltage to overcame the tranaistor base supply voltage,
The rate of capacitor charge determines delay time and is varied by adding
resistors In series with the capacitor. The resistors are selected through contacts
of the protection relays.,
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TIME DELAY
CIRCUIT No.2 OVERVOLTAGE CIRCUIT >~

=
TIME DELAY CIRCUIT NOQ. 1 :

In normal cperation, the USR's, UVR, and GCR-2 energize opening the capacitor
circult, An underspeed condition causes the USR to deenergize, and the capacitor
starts charging, Two seconds later, capacitor voltage ls sufficient to cause the
trangistor to conduct. Base-to-base current through the transistor produces a
positive cutput, which {3 supplied as a gating voltage to an SCR. The SCR conducts,
energdzine TDR-1.

The TDR-1 contacts contrel the LOR to disconnect the generator acd to open the
TDR~-1 circuit. During an underspeed condition, the USR contacts in the LOR
holding elrcuit are open, The LOR is energized momentarily to di sconnect the
generator. I engine speed Increases 10 normal, the USR 1s energized and the
generator automatically connects to the load througn the GLC. The circuit does

not require reset of the Generator Control Switch (GCS) for an underspeed condition,

An undervoltage condition causes the circuit to tine out in ¢ seconds, energizing
TDR=1. An additional resistor is in the capacitor charging circuit to increase time
by decreasing the charging rate. In normal operation, the USR and UVR are deener-
gized. During an undervoltage condition, the UVR is deenargized to start the timiny
cycle, After 6 seconds, TDR~1 1s energized and the generator is disabled.

The undervoltage condition also supplied 24 volts through the USR-UER contacts to

timing circuit No. 2, The circult imes out in 3 seconds to energize TDR-2 and open
the BTC. If TSR-2 clears the undervoltage condition, the UVR is again energlzed
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to stop the timing of TDR~1. I TDR-2 does not clear the undervoltage condition,
TDR-1 times out after 6 seconds to disable the generator. The TDR~2 timing cycle
does not start If the UER is energized, preventing loss of the BTC during a

gene rator underexcitation condition,

The circult can be reset by positioning the generator control switch to "OFF" then
"ON, " and the BUS TIE switch to "OPEN" then "NORMAL." Reset Is required

to break the holding circuit of the LOR which controls the GLC and the holding
circuit of the BTL which cantrols the BTC.

The overvoltage circult provides an input to the SCR of TDR~1 through an {sclating
diode. Delay time 18 determined in the overvoltage circuit. The SCR {s gated
into conduction energizing TDR-1. To reset the generator circuit, the control
switch must be positioned to "OFF" then "ON,"

TIME DELAY CIRCUIT NO, 2

The circuit of TDR=-2 15 similar to the circuit of TDE-1 except for timing, When
the generator {s operating normally, the USR and UVR energize. In parallel
operation, the ALR is energized due tothe BTC circuit. The UER, NCR, DPR
and BTL are normally deenergized.

UNBALANCED
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: I } | - = “ - > - Zdv
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During an undervoltage condition, the UVR {s deenergized and the circuit times out
in 3 seconds. The TDR~2 {8 energized, cauaing the BTL to energize. The BTC
and TDR~-2 circuit {s opened and locked out by the BTL, If the undervoliage
condition results from underexcitation, the UER is energized. The UER contacts
open the undervoltage circuit to TDR~-2, preventing the timing cvcle. The TDR-1
circuit does not time out if the undervoltage condition is cleared by TDR~2

since the UVR will energize.

If a differential fault (ground fault) occurs, the Differential Protection Relay (DPR)
is energized. The DLR and LOR in the GLC control circult immediately disable
the generator due to DPR contacts. The DPR contacts of timing circuit No, 2
start the timing cycle, I the fault is cleared by disabling the generator, the

DPR is deenergized and TDR-2 does not time out, A fault between the GLC and
BTC would not be cleared by disabling the generator since the main A-C tle

bus continues to supply the load through the BTC, The TDR~2 circuit times out

in 0,4 second after the DFR {s energized, opening the BTG,

A neutral cucrent abnormal condition will energize the NCR, starting the timing
cvele, If tne condition continues for 3 secouads, TDR-2 is energized, opening
the BTC.

An unbalanued current condition between the generators operating in parailel causes
TDR-Z to energize. The parallel senerators normally share the load equally, If
an unbalance exists, transistor Q402 conducts. The charging circu!t of the timing
capacitor is through the series resistors and the transistor. TDR-2 is energized
after a delay of =.5 seconds, and she BTC 1s upened. The circult = mesel Uy
positisning the BUS TIE swiich o "OPEN™ then "NOBMAL"

REACTIVE Bias CIRCLTT

Tie HReuctive Bias Clroult (RBC) of tie protecticn panei is paraileiec by the RSEC
cizcuit of the VR unll, using the same current transiormers. The VR uzit blas
shsures agual reactive load sharing hetween gengrators in parallel. The sro-
weotion panel Mas changes the reforence volidge to the overvollags anc under=
voltage sensing circults., The bias also controls the UER to open the undervoltage
protectiun circult of TDR~-2 during an underc:citation condition.

Generators In parallel share the resistive and reactive loads equally., If cne
generator has more or less reactive load, an input {s supplied to the protection
panel. If the load is larger than the load on the other generators, the reactive
blas decreases the reference voltage, Increasing voltage amplitude to the over-
voltage circult. The overvoltage protection {s biased closer to the trip point for
the defective system.

Since the generators are paralleled, the actual bus voltage does not change. The
defective systems generator |s disabled due to the changing reference voltage when
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CemImocopr VOILTaES, Tie oo Lihur st passed o contacts of the GLC or BTC if the

ssnerator 18 not pardlieled, or by MCR contneots [f the neudtral current is excessive.
The inputs are applied to transfiormers, Lridge rectifiers, and fllters. The rec-
tfier outputs are positive and result in zcro difference In potential when voltages
are equal, The phase B input produces a zere ouput until the CT input unbalances
the bridge rectiflers, The resultant output is a negative or positive difference
voltage which is compared with the Jied reference voltage of Zener diodes. The
difference voltage increases or decreases the reference voltage of the overvoltage
circuit and Is the input to the underexcitation circuit.

The UER is controlled by transistors Q201 and @203, which are normally cutoff.
If the generator has low excitation, the reactive blas output is a positive signal to
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the base or A201. A signal of sufficient amplitude will cause Q201 to conduct,
turning on Q202. Conduction of Q202 causes Q203 to conduct, energizing the UER.
The UER contacts open the undervoltage circult to TDR-2 preventing loss of the
BTC during an underexcitation condition. Contacts of CAR-2 bypass Q203 to

keep the UER energized when the generator Is off.

VOLTAGE REGULATOR

Each voltage regulator provides autamatic regulation of generator output voltage.
The regulators are located in the electrical equipment rack. The regulator main-
tains a constant 115-volt, AC, at the generator terminals under the various

load conditions by sensing output voltage and comparing the voltage with a preset

reference. Excitation to the generator field is varied to maintain voltage to the
desired level.

The VR is a static device consisting of a High Phase Takeover (HPT) circuit,

Zener diode voltage reference, transistor preamplifier, reactive bias, and mag-
netic amplifier. The regulator input is PMG voltage, three phase A-C generator
voltage, and a reactive bias current transformer signal. The current transformers
are also used with the —eactive bias circuit in the protection panel.

When the generator {s operating. PMG voltage Is supplied through GCR contacts
to the VR unit. The PMG voltage Is approximately 108 volts, AC, at 1600 Hertz.
The voltage is rectifled and supplied through a magnetic amplifier to the exciter

field of the generator. When excitation 1s applied, an A-C output ls cotalned
from the generator.
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HIGH PHASE TAKEOVER (HPT)

Output of the generator is applled as a sensing voltage into the VR unit transformer.
The transformer supplied the three-phase AC to the high-phase takeover circuit,
consisting of diodes and fllters. The positive half-cycle of each phase input veltaze
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will forward-blas sensing diodes to charge a fllter capacitor. The capacitor is
charged to the average voltage of the three Inputs. The high-phase takeover
diodes are reverse-blased by capacitor voltage, The highest phase voltage (nput
overcomes the average capacitor voltage and a diode conducts, charging the
capacitor to the high-phase voltage.
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PRE-AMPLIFIER - MAGMETIC AMPLIFIER

The sensing output s filtered and applied through a voltare divider to the transistor
ur.plifier. Zener diodes provide a constant D-C reference signal for the ampiifier
~od establish the operating point. The transistor is normally conducting, providing
current through the control windiog of the magnetic amplifier. Collector current
controls the cutput of the mametic amplifier bwv controlling its saturation.

With minimum control current, the magnetic amplifier provides maximum average
current output. The output is rectified and supplied to the generator execiter field
As trangistor current increases, the magnetic amplifier current decreases to
maintain the generator voltage at 115 volts, AC.

In generator parallel operation, load sharing is accomplished by an RBC. The
hiasing circult produces a signal proportional to the unbalance of reactive current
between generators, as detected by the reactive load current transformers. The
blas signal adds to, or subtracts from, the reference voltage to change the input
to the amplifier.
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REACTIVE BIAS CIRCUIT

The RBC inputs are obtained from phase B of the generator and a reactive bias
current transformer. When the generator is not paralleled, contacts of the BTC
or GLC bypass the CT and the bias circuit is inoperative. The CT i3 also by-
passed when the neutral current relay Is energized.

The error signal from the CT's, due to generator reactive load, is applied to
transformers and rectiflers. The rectifier outputs are of the same peolarity and
result in a zero signal until the CT input unbaiances the bridge rectifiers. If the
generator {s supplying a larger reactive load, the bridge is unbalomeed and tha
resultant D-C voltage of the reactive bias circuit is applied to the transistor. An
Increase [n transistor collector current causes 2 deecrease In execiter Hald curran:,
decreasing generator outphut, If the generator ouiput Is decreased, the icad
decreases. The parallel generators then pick up meore of the reactlve load,
equalizing the load between generators.

_LOAD CONTROLLER

The load controller provides an electrical trimming signal to the load-biasing
solenoid of the CSD. The solenoid controls fine trimming of CSD torque which
drives the generator. The load controller varies CSD torgque to ensure load
sharing between parallel generators. The load controllers are located in the
electrical equipment rack.

During generator parallel operation, the load controller receives inputs from
phase A of the generators and from load-biasing current transformers. The CR
signal consists of the real (watts) and reactive (vars) load components and varles
with the unbalance of load between generators. The phase of the CT signal
indlcates the generator 1s supplyving more, or less, load than the other generators.
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Each CT 1s paralleled by contacts of the BTC and GLC, bypassing the CT when

the generator |s not paralleled. The load controller {s used only in parallel opera-
tion.,
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DISCRIMINATOR
CT LOOP

POWER STAGE
CONTROL WINDING

LOAD CONTROLLER INPUT

The load cantroller ls a static device contalning magnetic amplifiers, phase
iscriminator, and voltage requlater. Magnetic amplifiers are used as a pre-
emplifler, transient response amplifier, and power amplfier. The voltage
rezulator provides D-C reference voltages to the am pliffer windings.

The phase discriminator inputs are ghase A voltage of the generator aad the
load biasing current transformer signal. Both Inputs are required to produce

an output. The D-C output {s proporticnai to the real component of the CT input,
with a polzarity determizeu Ly the phase of the CT input, The cutpus polarity
cetermines if CSD torque Is to Increase or decrease.

Discriminator D-C output {s supplied {o the control winding ¢” the preamplifier,
and controls saturation of {ie magnetic amplifier. Each magnetic amplifier
output winding receives an A-C input from the power transforme. and uses
ractifiers to provide D-C outputs. The preamp operates as a push-pull amplifier
and provides control current to the power stage magnetic amplifier.

The power stage output drives the load-blasing solenold in the CSD unit to increase
or decrease CSD torque. An Increase in torque allows the genmerator to carry a
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larger real load, equalizing the generator loads. A decrease in torque decreases
the generator load.
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The transient response magnetic amplifier controls the response of the magnetic
amplifiers to signals from the current tranaformers. The amplifier prevents
the load controller from responding to signals of short duration. The voltage
regulator 1s a full-wave rectifler and voltage divider, using a Zener dlode for
regulation, The D-C voltages blas the magnetic amplifier windings for proper
operation.
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The magnetic amplifiers contain many windings to control the saturable reactor core.
A control winding is the magnetic amplifier's D-C input winding. A bias winding
establishes the operating point of the amplifier by blasing the core. Gate windings
have A-C power inputs, and rectifiers to change the A-C to D-C. The gate wind-
Ings are the output windings of each stage. Feedback and frequency response
windings are used for linearity and stability. A sum current winding and balance
winding are used to establish the correct output of the amplifiers when the CT Input
signal {s zero.

AUXITIARY GENERATOR SYSTEM (APR GENERATOR)

The fifth A-C power source Is driven by the APU to provide three-phase A-C
power during ground checkout of the systems. The auxiliary generator cannot
be used [n flight and does not parallel with any other A-C power source. The
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auxiliary generator system consists of a generator, protection panel, and VR
unit. The APU and generator are located in the forward left main wheel well.
The generator i{s identical to the mailn generators, capable of selectively supply-
ing power to all aircraft buses. An APU-driven fan provides cooling air for the

generator. The protection panel and VR unit are located in the electrical equip-
ment rack.

The auxiliary generator is controlled by both the Generator Control and Power
Selector switches., If the control switch is "ON" and the power selector s In
"AUX," the generator output connects to the main A~C tie bus. The APC is
energized to connect the generator output to the bus. With auxiliary power in use,
main A=C buses No. 2 and 3 can be energized by positioning the Auto Load Dis-
connect switches to "OVERRIDE." The "OVERRIDE" position energized the
monitor relays. The auxiliary generator loadmeter should be monitored as a
precaution against overloading the generator when "OVERRIDE" is used.

VOLTAGE REGULATOR

The voltage regulator automatically maintains the generator three-phase voltage
output, 115-volt, AC per phase., The regulator is similar to the main generator
regulator but does not contaln reactive blasing since the generator does not
parallel with the other power sources.

GENERATOR PROTECTION PANEL

The protection panel containg the protection and control circuits of the system,
The panel 1s simlilar to the maln protection panels but containa few clrcuits and
rela.'s since paralleling protection aid control are not required. The panel

coatains a2 PMG, D-C power supply plus Individual phase sensing, undervoitage
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with fixed time delay, overvoltage with time delay Inverse to amplitude, under-
speed with fixed time delay, and differential fault protection circults.

The power supply, individual phase sensing, overvoltage, undervoltage, and
underspeed circuits are basically the same as the main generator protection
circuits. One TDR is used to control the APC. The TDR times out to energize
the LOR, disabling the generator.

The TDR timing is initlated by an undervoltage or underspeed condition. The
overvoltage circult determines the variable delay which is inverse to voltage
amplitude and then energizes the TDR. The underspeed awitch (s controlled by
the APU to energize or deenergize the USR. To reset the generator after a fault,
position the Generator Control switch to "OFF" then "ON." The switch breaks
the holding circuit of the LOR in the "OFF" position.

A differential fault between the generator and APC immediately disables the
generator by energlizing the LOR. The fault indication Is the same as the other
faults on the auxiliary generator system, and reset is accomplished by position-
ing the Generztor Control switch to "OFF" then "ON." If the fault still exists,
the generator is immediately disabled.

EMERGENCY POWER SYSTEM

The emergency system automatically provides A-C and D-C power {f the normal
power sources fail. If power to the essential A-C bus Ne. 1 is lost, the emergen-
¢y generator automatically operates. Generator output i{s three-phase, 115/200-volt,
AC, at 2 KVA and 25-volt, 20-ampere DC. The generator supplies the emergency
and Isclated A-C and D-C buses., Emergency power cannot be used to supply the
other buses or to charge the battery.

EMERCGENCY GENERATOR

The emergency generator i3 located in hydraulic service center No. 2, A four-
nole, Lundell-tipe generator is used. The continuous A-C power owtput is 2 KVA,
However, the generator s capable of supplying 2.5 KVA for 5 out of 30 xminmes,
A rotor speed of 12,000 RPM is maintzined by a conatant-displacement hidraulle
motor. Generator output voltage is reculated to 116 yolts, AC, by an Integral
voltage regulator. A fan attached to the rotor provides generator cooling air.

The generator contains a permanent magnet rotor and three sets of stator windings.
The rotor magnetic fleld strength is varjed by fleld excitation current from the
voltage regulator. Three sets of stator windings provide the generator outputs.
The stators provide a three-phase A-C output, 26-volt D-C output, and three-
phase sensing voltage Into the voltage regulator.
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The three-phase A-C output |s supplied to the emergency and (solated AC buses
when the generator ls operating. The neutral wire curren:t of each phase !s
rectified and supplled Intec the VR as hoost current during an averload

The three-phase vollage sensing windinrs crovide AC {20 the voliage ragulatc:-.
The regulator rectifies the AC to provide CR operating voltage and compares
the sensed voltage against a zener diode voltage reference. The resulting siznsl
from the camparison circult is amplified and supplled <o the exgiter to regulate
generator output voltaze.

The third stator voltage s rectified and supplied to the emergency and isolated
D-C buses. A full-wave rectifler changes the AC to 28-volt, D-C output. The
rotor is the equivalent of a four-pole magnetic rotor driven at 12,000 RPM to
provide 400 Hertz A-C output. Without excitation, the residual magnetism would
provide approximately 30-volt A-C output. The VR controls the exciter to main-
tain the output at 116 volts, AC.

FREQUENCY SENSITIVE RELAY

The Frequency Sensitive Relay (FSR) contains a voltage sensing circult, high-pass
low-pass fliter, transistor switch, and relay colls. The FSR s¢nses generator
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phase C voltage and frequency and is energized when voltage is above 100

volts, AC and the frequency is above 380 Hz. A 3 to 6-second delay Is provided
in the FSR to prevent relay dropout during a transient voltage or frequency
condition.

As generator voltage builds up, the voltage sensing coll |s energized. The
voltage required to energize the coll Is determined by a glow discharge tube
and Zener dlode in serles with the coil. Relay contacts connect the high-pass
or low-pass fliter signal to the transistor switch. Above 380 Hertz, the high-
pass filter signal |s rectified, filtered, and supplied to the switch. The positive
rectified voltage causes the unijunction transistor and transistor switch to
conduct, energizing the HI coll of a polarized relay. The HI relay contacts
close to encrgize the FSR coil which controls the geperator system. The low-
pass/high-pass filters are switched by the polarized relay and the transistor
switch stops conducting., The poiarized relay remains in the "HI" position
due to the permanent magnet relay armature.

When frequency decreases below 360 Hertz, the low-pass fliter output is

rectified, filtered, and supplied to the transistor switch. Fllter voltage builds

up until the transistors conduct, energizing the LO coll of the polarized relay.

The relay contacts switch to the LO side, deenergizing the FSR. The FSR contacts
remove the generator from the load through the EGCR. The lower frequency

of the low pass filter and the fiiter capacitors provide the 3 to 6-second delay on
relay dropout.

EMERGENCY GENERATOR CONTROL

An energized motor-contocl solenold prevents hvdraulles fluic fram driving the
hvédzaulic morsr, preventing generator operation. The solenoid is deenergized
fue tu 083 JI puwver to ssseniial A-C bus Mo, 1, orlcss of the emergency D=-C
hus, The Jeenargizad ssienoic opens o hyvdrawiic shuteff valve allowing the
motor to operate. The solenoid {s located helow the motor generator.

vogl powar 1o the essential A-T hus Ne. 1 Jzlls, the Emergency Bus Power Ralay
LEPR) i3 daenergizad. Reiay comac:s u;.:f.'_i the clireull o the solenvic anc the
rmofor siaris. An FSR senses generaior outpus Zrequency through a low-pass
high-pass filter. The FSR is energized arhan E‘r&:{uem:} i3 above 350 Hertz and
deenergized below 360 Hertz. The FSR contacts provide a ground to energlze
the Emergency Generator Control Relay (EGCR), and Isolated DC Bus Power
Relay (IBPR)

The energized EGCR connects the A-C and D-C generator outputs to the buses,
The emergency buses are supplied through the deenergized EBPR, and the
solated buses are supplied through the energized Isclated A-C Bus Power
Relay (IPR) and the Isolated D-C Bus Power Relay (IBPR). The FSR and EGCR
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are located In the generator contrel box within hydraulic service center No. 2.
The bus power relays are behind the emergency circult breaker panel in the
flight station,

The "EMER" positicn of the switch deenergizes the EBPR to start the generator.
The "OFF" position prevents use of the emergency generator with a load by
opening the EGCR circuit but does not prevent generator operation.

An EMERGENCY POWER test switch, located on the electrical control panel,

is used to check the generator without a load. The voltmeter and frequency
meter can be used to monitor generator cutput. The "TEST" position removes
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emergency D-C bus power from the solenold to start the generator. The output
of the generator will not connect to the buses in '"TEST" since the TEST RELAY
opens the IPR and IBPR to the {solated bus. Power from the emergency gener-
ator cannot reach the emergency bus due to open contacts of EBPR.

"An isolated bus power disconnect switch can be used to disconnect the isolated
buses from the emeargency generator. The "OFF" position deenergizes the

IER, and IBPR, The relays prevent generator power from reaching the isolated
buses, and the emergency buses remain energized from the emergency generator,

NAVIGATION BUSES

EPR 2 EPR 4
The avionic buses are Y
enercized from the pri-

mary bus power sources. £33 AC
The Phas< A navigation sus 1|
buses are normally ener-

gized through the Naviga-
tion Bus Power Relay

i . AC AC
(NBR). The NBR ls ener- _ ABRiCE P
gized from the emergency . s 1 8Us 2
D-C bus when the normal
POWer sources are operat- _l_ H—#
ing. The navigation buses T NPR NPR |
are normally supplied PHASE A PHASE A
power from the A-C avionics I"'“ sus | MAY BSus 2
Wis No, 1.

MAY |GATICN 3US POWER SOURCES
if the emergency generator
is operating, the NBR is
deenergized, The NBR opens the circuit to the Phase A navigation bus No. 1, and
connects Phase A navigation bus No, 2 avicnics bus No. 2, The avionics bus
No. 2 is supplied {rom essential A-C bus No. 2 which may still be energized,
even though the emergency generator |s operating. The emergency generator
is controlled by loss of power to essential A-C bus No. 1.

FLIGHT ENGINEER"S ELECTRICAL CONTROL PANEL
The control switches, selectors, and Indicators necessary to monitor and main=-
tain control of the electrical power system are on the flight engineer's electrical

control panel,

AC METERS

The output frequency and phase voltage of all generators or external A-C power
can be monitored on the frequency and volt meter through switch selections.
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PHASE

I'—m SELECT

AC METERS

The system to be monitored is selected on the AC VOLT & FREG SELECT switch
and phase on the PHASE SELECT switch. During parallel operation, the volt-
meter reading is the voltage of the parallel generators, not the selected generator.
Isolated operation, or "TEST" of the generator s used to obtain a single gensrator
indieation.

D=C METERS

Voltage of all D-C sources may be checked on the D-C volt meter through the
DC VOLT SELECT switch. Batter voltage may be read on the {solated D-C
bus when the TR units and emergenc: generator are not operating. The batlem
swich must be positioned to "ON," energizing the isolate? D-C hus ifrom Hanenm
voliage,

Two D-C load meters (ndicate the

H -
& »—Ls0L eus percent load cn each TR unit, A
e WA I N EMER 100 percent reading iz egual to
Hﬁ BusS 1 sus a’ﬂ 200 amperes. The reading (s
provided by a meter shunt in
r f\e u:';l':? J’ p'.:::‘:g h series with the TR unit ground
oc voLT. wire.
SELECT
CSD MONITORING

Each CSD unit has a temperature
Indicator, warning light, and
DC METER disconnect switch. The Indicator
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and warning light are controlled by CSD oll temperature. The CSD ovurheat

switch closes above 179° C to illuminate the warning light. The CSD DIsC

switch controls a solenoid in the CSD unit., If the switch is actuated while D-C

power is avallable, the CSD will be disconnected. The CSD remains disconnected
until the manual lever on the CSD is reset.

TR UNIT

e suLs
-
CSD OIL TEMP
e ey
| CSD OVERHT |
' |
|
!
oc ! ! OVERHEAT
' SWITCH
TEST :B——o—-\_)f\—
N N J i

CSD OVERHEAT LIGHT

£so
HORM.  piscONMECT

! AW ITCH
Cso
DISCONMMECT
oi1sc SOLENDID

oc

CSD DISCONMECT
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GENERATOR MONITORING

Each main generator and auxiliary generator has a GEN FAIL light, loadmeter,
generator OFF light, and control switch. The fail light (lluminates due to a
mechanical circuit in the generator when the generator bearings fail. The load
may be removed from the generator by moving the control switch to "OFF," or
the generator can be stopped by disconnecting the CSD. The auxiliary generator
can be stopped by turning the APU to "OFF."

The generator loadmeter indicates percent load, with 100 percent equal to 50KVA.
During normal parallel operation, the main generator load meters should read
the same, The loadmeter reading is provided by a current tra.usfarm er around
the Phase A feeder of the generator,

Ft‘::“ Tke generator OUT light lluminates
through GCR~1 or DLR contacts when

CURRENT the protection circults trip the gener-
TRANS — ator. The light is extinguished by

FORMER placing the control switch in "OFF."

If a ground fault exists, the light
remains illuminated in "OFF" rue to the
DLR until reset {s accomplished. The
auxiliary generator OUT Hlght is
extinguished in the "OFF" position of
the control switch since the auxiliary
generator cdoes not have a DLR. The bus tie OPEN lghr ‘s identical to the
generator OUT light but is controlled by normally closed BTC contacts,

LOADMETER

P [ emaw |

]
—~ ™ SLR
99 |

GENERATCR OUT LIGHT
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MCMITOR RELAY CONTROL

AUTO LOAD DISCONNECT SWITCHES

The No. 2 and No. 2 maln generator sy'stems have auto load-disconnect switches
to permit override of the menitor relays. The relays are normallr energized
through two series CAR-J contacts of the protection panels. Two or more maln
generators In operation close the CAR-3 contacts to energlze the relays.
External power 2130 energizes the relavs through EPC contasts. The auto load
disconnect switch {s used to byvpass the CAR-3 contacts (override) to energize
the monlior relavs.

5US WARNING LIGHTS

The A-C bus OFF warning lights are provided for maie A-C buses No. 1 and 4,
esgential A-C buses Mo, 1 and 2, and !30iated A-C bus. The OFF ligh:s are
gentrolled by bus OFF Indicator reiays '‘which sense the three-phase bus voltage,
The relays are ener_ized when bus voltage |s normal. Rectifiers change the
three-phase bus voltage to DC for the relay coil. When the bus fails or has low
voltage (three—phase average below 390 volts AC), the relay ls deenergized and
the light (lluminates. The relays are located in the flight station relay panel
below the flight engineer's table,
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OFF

(® W AP
BUS OFF ColL
'———'___"mn RELAY | 4
BUS "OFF" INDICATCR : cp
[y = S =3

BUS "OFF" INDICATCR RELAY

The essential bus indicator lights are OFF -~ GEN 1 and GEN 2 for essential
bus 1. The essential bus No., 2 lights are OFF - GEN 3 and GEN 4, The OFF
light is illuminated through the deenergized bus off indicator relay when the
bus source fails, The GEN 1 light {s illuminated through the energized bus

off indicator relay, deenergized EPR-2 and energized EPR~1. The bus is
supplied power from generator No. 1.

Ess AC Bus | ESS AC Bus 2
OFF IND RELAY OFF |IMD RELAY
—| e —i! Ay
; EPR2 | EPR 1 . ’ EPR 4 | EPR 3 !
sty —ih L s —h
| | !
7. v v 7
BUS OFF GEIN 1 GEn 2 8uys OFF GEN 4 GEN 2
LIGHT LIGHT LIGHT LIGHT LIGHT LIGHT
ES3 3US 1 LIGHTS ESS 8US 2 LIGHTS

The GEN 2 light 1s illuminated through the deenergized EPR-1. The bus is
supplied power from Generator 2. All three lights extingulsh when the main
A-C tle bus has a power source due to the energized bus off Indicator relayv and
EPR-2. The essentlal bus No., 2 lights function the same as bus 1 using EFR-3
and EPR-4.

The {solated A-C bus off indicator relay is energized by three—-phase A-C voltage

from the isolated A-C bus. The relay controls the Isolated A-C OFF light. The
EMER PWR and ISOL AC BUS lght illuminate when the emergency generator la
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supplying power to the bus. The lights are controlled through the energized IPR.
The EMER PWR EMER AC BUS lights {lluminate when emergency bus is supplied
power from the emergency generator, The lights are controlled through the
energized EGCR and deenergized EBPR. An EMER PWR ON light, located on
the pilot's instrument panel, also {lluminates to Indicate emergency power is
supplying the emergency A-C bus. The light Is In parallel with emergency bus
lights.

BUS POWER DISCONNECT SWITCHES

The disconnect switches are provided to remove the bus load quickly in case of
a fire or emergency condition. The main A-C buses No. 2 and 3 switch in the
"OF F" position opens the monitor relays, disconnecting main A-C buses No, 2
and 3, The main A-C buses No. 1 and 4 switch opens GLC's 1 and 4 and BTC's
1 and 4, disconnecting main A-C buses No. 1 and 4. The essentlal huses
switch opens GLC-2 and GLC-3, deenergizing the essential A-C buses

and main A=C tie bus by deenergizing EPR~1 and EPR=3,

The main A=C bus disconnect switches should be "OFF" before the essential
buses’ disconnect switch is effective in generator parallel operation., The
isolated bus switch deenergizes the isolated A-C and D-C power relays (IPR
and IBPR).

The switch connects the isolated buses to the normal system by deenergizing
the relays. If the normal power source is operating, the switch has no effect
and the Isolated buses remain energized. The emergency generator must be
the only power source bhefore the isolated bus disconnect Is effective.
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