
                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-01
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: 061-T/061-T/B/S
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :
DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :

ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
   1 C4280-508                 9.00 EA SP 192510 DC OVERCURRENT RELAY
                                                 LONG,SHORT,INSTANTANEOUS
                                                 RATE-OF-RISE, 0-50MV INPT
                                                 24-125VDC CONTROL POWER
                                                 UNI-BI-DIRECTIONAL, PANEL
                                                 MOUNT.
                                                 SMC ELECTRICAL PRODUCTS

   2 C4280-921                 3.00 EA SP 192510 CURRENT TRANSDUCER
                                                 BI-DIRECTIONAL,
                                                 -50-0-50MV INPUT,
                                                 -1-0-1MA OUTPUT,
                                                 125VDC POWER SUPPLY
                                                 SMC

   3 C4280-941                 3.00 EA SP 192510 WATT TRANSDUCER/SMC
                                                 0-50mVDC & 0-1000VDC
                                                 INPUTS, 0-1mADC OUTPUT
                                                 24-125VDC POWER

   4 C4280-902                 1.00 EA SP 192510 TRANSDUCER/VOLTAGE
                                                 0-1000VDC INPUT, 0-1mA DC
                                                 OUTPUT, 24-125VDC POWER
                                                 SMC

   5 G6004-01-05               1.00 EA SP 037260 DC VOLTMETER/CROMPTON
                                                 TYPE 077 FOR USE WITH
                                                 EXTERNAL TRANSDUCER
                                                 SIMILAR TO 077-05AA-FA**
                                                 0-1mADC INPUT, 0-1000VDC
                                                 SCALE, 4-1/2" SQ FLANGE

   7 H-15000-50-SP             6.00 EA SP 032086 SHUNT,15KA/CSI 15000A IN
                                                 50mV OUTPUT-SILVER PLATED
                                                 CANADIAN SHUNT INC.
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                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-01
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: 061-T/061-T/B/S
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :



DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :
ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
   8 G6001-04-10               6.00 EA SP 037260 DC AMMETER/CROMPTON-TYPE
                                                 077 SHUNT-RATED SIMILAR
                                                 TO 077-05CA-GB**, 50-0-50
                                                 mV INPUT, 15-0-15KA SCALE

   9 H-20000-50-SP             3.00 EA SP 032086 SHUNT,20KA/CSI 20000A IN
                                                 50mV OUTPUT-SILVER PLATED
                                                 CANADIAN SHUNT INC.

  10 G6001-04-10A              3.00 EA SP 037260 DC AMMETER/CROMPTON-TYPE
                                                 077 SHUNT-RATED SIMILAR
                                                 TO 077-05AA-EY**, 0-50
                                                 mV INPUT, 0-20KA SCALE

  11 276-19                   17.00 EA SP 081725 TUBULAR HEATER HEATREX
                                                 240 VOLTS W/MOUNTING CAGE
                                                 COVER, 125W @ 120 VAC
                                                 HEATREX

  12 USM2                     18.00 EA SP 021818 FUSE HOLDER, GOULD
                                                 2 POLE, 600V, 30A
                                                 FERRAZ-SHAWMUT

  13 ATM30                    36.00 EA SP 021818 FUSE, 30 AMP, MIDGET TYPE
                                                 RATED 500VDC, 600VAC
                                                 FERRAZ-SHAWMUT

  14 A-1102                    9.00 EA SP 061100 KNIFE SW, FILNOR, 30A, 2P
                                                 DPST, FRONT CONNECTED
                                                 FILNOR, INC.

  15 G097227                  25.00 EA SP 021818 FUSEHOLDER, 80A, 2 POLE
                                                 1500V FOR 20mm X 127mm DC
                                                 FUSES
                                                 FERRAZ
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                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-01
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: 061-T/061-T/B/S
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :
DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :
ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
  16 T089487                  38.00 EA SP 021818 FUSE 20 AMPS 1000V.
                                                 NON-INDICATING FERRAZ

  17 2440D                     9.00 EA SP 051250 24 CB SW TRIP CLOSE

  18 24204B                    9.00 EA SP 051250 CONTROL SWITCH, SERIES 24
                                                 4-DECK, 30A, 600V,



                                                 OVAL HANDLE
                                                 ELECTROSWITCH

  19 MRL125DL-48R-MPLLRD       9.00 EA SP 036669 INDICATING LIGHT, RED
                                                 16MM RESISTOR TYPE, LED,
                                                 110-140V AC/DC LAMP, RED,
                                                 LENS CAP.
                                                 CONTROL CONCEPTS

  20 MRL125DL-48G-MPLLGN       9.00 EA SP 036669 INDICATING LIGHT, GREEN
                                                 16MM RESISTOR TYPE, LED,
                                                 110-140V AC/DC LAMP,
                                                 GREEN LENS CAP
                                                 CONTROL CONCEPTS

  21 MRL125DL-48W-MPLLWE      10.00 EA SP 036669 INDICATING LIGHT, WHITE
                                                 16MM RESISTOR TYPE, LED,
                                                 110-140V AC/DC LAMP, WITH
                                                 WHITE LENS CAP.
                                                 CONTROL CONCEPTS

  22 1604STD                   8.00 EA SP 021818 TERMINAL BLOCK, SWBD
                                                 30A. 600V. 4 POLE
                                                 MARATHON
                                                 18

  23 4291012-2                36.00 EA SP 231601 CELL MOUNTED SECONDARY
                                                 CONTACTS, BLOCK OF 10,
                                                 FOR W&B DC BREAKER MM74.
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                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-01
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: 061-T/061-T/B/S
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :
DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :
ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
                                                 FORMERLY G4687P007.
                                                 WHIPP & BOURNE

  24 BZ-2RW82-A2              63.00 EA SP 141400 SWITCH, LIMIT S.P.D.T.
                                                 1 FORM C CONTACT
                                                 MICROSWITCH

  25 CR151B20                 81.00 EA SP 070700 12 CIRCUIT TERMINAL BLOCK
                                                 30A HEAD SCREW BOTH SIDES
                                                 GENERAL ELECTRIC

  26 USM1                      1.00 EA SP 231663 FUSE HOLDER, GOULD
                                                 1 POLE, 600V, 30A
                                                 FERRAZ-SHAWMUT

  27 OTM20                     1.00 EA SP 231663 FUSE, 20A. ONE TIME,
                                                 250VAC, 10KA I.R.,



                                                 UL LISTED
                                                 SHAWMUT

  28 016-02AA-NGNG             1.00 EA SP 037260 AC AMMETER SERIES 016
                                                 RATED 20A, 0-20A SCALING
                                                 3-1/2" PANEL METER
                                                 PN 016-02AA-NGNG-C6-S2
                                                 CROMPTON INSTRUMENTS

  29 7805D                     1.00 EA SP 051250 LOCKOUT RELAY, 125VDC
                                                 COIL, 10NO & 10NC, 5 DECK
                                                 SERIES 24
                                                 ELECTROSWITCH

  30 C4280-600                 1.00 EA SP 192510 RELAY- STRUCTURE GROUND
                                                 ADJ 30-45VDC HOT TRIP,
                                                 5-20VDC GND TRIP,
                                                 24-125VDC OR 120VAC POWER
                                                 SUPPLY, DEVICE 164
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                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-01
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: 061-T/061-T/B/S
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :
DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :
ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
                                                 SMC

  31 12HGA11S52               26.00 EA SP 070701 AUXILIARY RELAY, TYPE HGA
                                                 125VDC COIL, 2-C CONTACTS
                                                 FRONT-CONNECTED, SURFACE
                                                 MOUNT W/ PROVISION, SOLID
                                                 COVER.
                                                 GENERAL ELECTRIC

  32 G6025-01-32               1.00 LT SP        KEY INTERLOCKS PER DWG
                                                 DWG G602501K01

  33 CR151B40                 10.00 EA SP 070701 4 CIRCUIT TERMINAL BLOCK,
                                                 30A HEAD SCREW BOTH SIDES

  34 12HGA11S56               12.00 EA SP 070701 AUXILIARY RELAY, TYPE HGA
                                                 24 VDC COIL, 2-C CONTACTS
                                                 FRONT-CONNECTED, SURFACE
                                                 MOUNT W/ PROVISION, SOLID
                                                 COVER

  35 1N4007                   24.00 EA SP 141400 DIODE/TARZANIEN
                                                 NEWARK

  36 B255XCXP-125VDC           6.00 EA SP 021818 S-D/REL 3-FORM C,LATCHING
                                                 125VDC LATCH & RELEASE
                                                 COILS.



  37 27390                     6.00 EA SP 141400 RELAY SOCKET, 12-PIN, S-D
                                                 STRUTHERS-DUNN

  38 6007-003                  6.00 EA SP 192510 SURGE ARRESTOR, 750VDC
                                                 NOMINAL VOLTAGE, METAL-
                                                 OXIDE,  970 MCOV
                                                 SMC ELECTRICAL PRODUCTS
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                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-01
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: 061-T/061-T/B/S
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :
DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :
ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
  39 F089498                  12.00 EA SP 021818 FUSE, 32A, 1000V
                                                 W/BLOWN FUSE INDICATOR
                                                 FERRAZ

  40 C4280-580                 6.00 EA SP 192510 RELAY SYS/SMC DC
                                                 RECLOSING RELAY
                                                 CONSISTING OF
                                                 (1) C4280-560 RELAY
                                                 (1) C4280-901 XDCR

  41 LTHS60SDDJ                6.00 EA SP 160147 CONTACTOR, 1000V, 80A
                                                 TWO N/O MAIN POLES TYPE S
                                                 1 N/O & 1 N/C AUX CONTACT
                                                 125VDC COIL
                                                 MICROELECTRICA

  42 4LC120-DBEN4B2            6.00 EA SP 162725 LOAD MEASURE RESISTOR
                                                 48 OHMS, 1500VDC, 16A,
                                                 5 SEC. ON / 45 SEC. OFF
                                                 POST GLOVER

  43 21305G00000005            6.00 EA SP        MOUNTING BRACKET ASSY -
                                                 SUPERCEDES:DM0133A

  44 MRL125DL-48A-MPLLAR       2.00 EA SP 036669 INDICATING LIGHT, AMBER
                                                 16MM RESISTOR TYPE, LED,
                                                 110-140V AC/DC LAMP,
                                                 AMBER LENS CAP
                                                 CONTROL CONCEPTS
  45 A1287JFGQRPWR             6.00 EA SP 073000 FIBERGLASS ENCLOSURE
                                                 12 X 8 X 7 WITH LEXAN
                                                 WINDOW
                                                 HOFFMAN ENCLOSURES, INC

  46 ECG5817                   6.00 EA SP 141400 CARLTON BATES (PHILIPS
                                                 RECTIFIED FORWARD CURRENT
-------------------------------------------------------------------------------
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                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-01
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: 061-T/061-T/B/S
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :
DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :
ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
                                                 PC BOARD MOUNTING, TL=60
                                                 DEGREES C
                                                 NEWARK

  47 21006P00008006            9.00 EA SP 141426 TERMINAL BLOCK STAND-OFF

  48 2165-1A                  36.00 EA SP 130199 600V STANDOFF INSUL 1
                                                 1" HEIGHT W/ 1/4-20X5/16D
                                                 INSERTS, RATED 600 VOLTS.
                                                 GLASTIC
                                                 MAR-BAL # 1100-A1

  49 21305G00000004            9.00 EA SP        TOC SWITCH ASSY W/B BKR

  50 172                       9.00 EA SP 072701 DOOR SWITCH-15A, 125V
                                                 NORMALLY OPEN-PUSH TO
                                                 CLOSE, SCREW TERMINAL
                                                 CARLINGSWITCH

  51 264B903G-19               2.00 EA SP 373233 TERMINAL BLOCK/GE,EB-1,
                                                 2 CKT, SCREW CONNECTION,
                                                 600V,100A
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                              BILL OF MATERIAL

WORK ORDER NUMBER : G6025-02
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
LOCATION          : WASHINGTON, DC                  PAINT CODE: XX/XX/X/X
EQUIPMENT ID      : FARRAGUT NORTH SUBSTATION-A02
EQUIPMENT TYPE    :
DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :
ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
 101 G6000-01-101              3.00 EA SP 128180 DC CATHODE CKT BKR-MM74
                                                 8KA CATHODE, 750VDC, 1P
                                                 COMPLETE WITH METAL PLATE
                                                 ARC CHUTE, SET OF AUX SWS
                                                 MECH OPERATIONS COUNTER,
                                                 125VDC CLOSING, 125VDC
                                                 TRIPPING, DIRECT-ACTING
                                                 SERIES CONNECTED REVERSE
                                                 CURRENT TRIP DEVICE WITH
                                                 TD CONTACT (DEV 32), DC
                                                 ANTI-PUMP RELAY, ON/OFF
                                                 POSITION INDICATOR,
                                                 MANUAL RACKING DEVICE
                                                 DESIGNED TO PREVENT OVER-
                                                 TRAVEL, SET OF SECONDARY
                                                 FINE WIRE DISCONNECTS.
                                                 WITH BREAKER SHUTTER
                                                 BRACKET ADDED AND THE
                                                 REMOVAL OF THE SHUTTER
                                                 LIFT BOLTS

 102 G6000-01-102              6.00 EA SP 128180 DC FEEDERE CKT BKR-MM74
                                                 6KA FEEDER,  750VDC, 1P
                                                 COMPLETE WITH METAL PLATE
                                                 ARC CHUTE, SET OF AUX SWS
                                                 MECH OPERATIONS COUNTER,
                                                 125VDC CLOSING, 125VDC
                                                 TRIPPING, DIRECT-ACTING
                                                 SERIES CONNECT INST OVER-
                                                 CURRENT TRIP DEVICE WITH
                                                 TD CONTACT (DEV 76), DC
                                                 ANTI-PUMP RELAY, ON/OFF
                                                 POSITION INDICATOR,
                                                 MANUAL RACKING DEVICE
                                                 DESIGNED TO PREVENT OVER-
                                                 TRAVEL, SET OF SECONDARY
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WORK ORDER NUMBER : G6025-02
PURCHASER         : TRACTION POWER SYSTEMS          PO# : NTP
USER              : WMATA
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EQUIPMENT TYPE    :



DESIGNER          : DAR     DATE:           ORDER QUANTITY:       1
                  :

ITM# PART NUMBER          ASMBY.QTY UM SP VENDR# DESCRIPTION
---- -------------------- --------- -- -- ------ -------------------------
                                                 FINE WIRE DISCONNECTS.
                                                 WITH BREAKER SHUTTER
                                                 BRACKET ADDED AND THE
                                                 REMOVAL OF THE SHUTTER
                                                 LIFT BOLTS

 103 G600001G01                1.00 EA SP        BREAKER TEST BOX-WMATA
                                                 125VDC WITH UV SWITCH

 104 MM74-ACCS                 1.00 EA SP 128180 ACCESSORIES FOR W&B MM74
                                                 BREAKERS CONSISTING OF:
                                                 1-157724-03-M RACKING HDL
                                                   WITH CLUTCH (WMATA SPL)
                                                 1-43191106-9 CLOSING HDL
                                                 1-157724-05 STEERING
                                                   DOLLY
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Sequence of Operation
700V DC Switchgear

FARRAGUT NORTH SUBSTATION-A02

Cathode Breaker 72-01, 02, & 03 (Refer to drawing G602501013)

Before the cathode breaker 72 can be operated, 125VDC control power must be available at terminals P and N, the knife switch must be closed, the closing and tripping control circuit fuses must be
plugged in, and the 27T relay must be energized.  Racking the breaker into the “TEST” position causes the secondary contact fingers to make up.  The breaker main contacts are open, auxiliary
contact 72/b 13/14 (green light GIL on) is closed, and auxiliary contacts 72/a in the trip circuit is open (red light RIL off).   The breaker is ready for a close operation.  The breaker can be closed in the
“TEST” position locally by placing the 43AM switch in “MANUAL”. (White light WIL on) Turning the breaker control switch 72CS to “CLOSE” (contact 12/13) energizes the closing contactor 72CC,
through the truck-operated cell switch TOC contact 3NC/3C, energizing the closing solenoid 72OC and closing the breaker main contacts.  The anti-pump relay 94 energizes, de-energizing the
closing coil 72CC, preventing repeated close attempts until the control switch 72CS is released.  The breaker main contacts are closed and auxiliary contact 72/b 13/14 is open (Green light off) and
auxiliary contacts 72/a in the trip circuit is closed (red light RIL on).  The breaker can be tripped locally by turning the 43AM switch to “MANUAL” and turning the breaker control switch 72CS (contact
15-16/14) to “TRIP” energizing the trip coil TC and tripping the breaker.  Before the breaker can be closed in the “CONNECTED” position, lockout relay 86R4 (located in the AC Switchgear rectifier
transformer feeder breaker cubicle) must be reset, the rectifier doors must be closed and the 33R relay in the rectifier must be reset and the station lockout relay 86H in the DC switchgear cathode
breaker #1 cubicle must be reset.  The breaker must be racked into the “CONNECTED” position (72 TOC contact 3NO/3C).  With the 43AM switch in “MANUAL”, turning the breaker control switch to
“CLOSE” (contact 12/13) causes the breaker to close (red light on-green light off).  With the 43AM switch In “AUTO”, the breaker will automatically close when the associated rectifier transformer
feeder breaker closes.

The breaker will trip automatically if the associated rectifier feeder breaker lockout relay 86R is tripped, if the station lockout relay 86H trips, if the backup DC overcurrent relay (DEV 76) operates, if
the rectifier door (33R) is opened, if a rectifier hot structure (64CX) occurs, or if the associated AC rectifier feeder breaker 52R opens while the 43AM switch is in “AUTO”.

Feeder Breaker 172-01, 02, 03, 04, 05, & 06 (Refer to drawing G602501007)

Before a feeder breaker 172 can be operated, 125VDC control power must be available at terminals P and N, the knife switch must be closed, and the closing and tripping control circuit fuses must
be plugged in.  Racking the breaker into the “TEST” position causes the secondary contact fingers to make up.  The breaker main contacts are open, auxiliary contact 72/b 13/14 (green light GIL on)
is closed, and auxiliary contacts 72/a in the trip circuit is open (red light RIL off).   The breaker is ready for a close operation.  The breaker can be closed in the “TEST” position locally by placing the
43L/R switch in “LOCAL”. (White light WIL on) Turning the breaker control switch 72CS to “CLOSE” (contact 12/13) energizes the closing contactor 72CC, through the truck-operated cell switch TOC
contact 3NC/3C, energizing the closing solenoid 72OC and closing the breaker main contacts.  The anti-pump relay 94 energizes, de-energizing the closing coil 72CC, preventing repeated close
attempts until the control switch 72CS is released.  The breaker main contacts are closed and auxiliary contact 72/b 13/14 is open (Green light off) and auxiliary contacts 72/a in the trip circuit is
closed (red light RIL on).  The breaker can be tripped locally by turning the breaker control switch 72CS (contact 15-16/14) to “TRIP” energizing the trip coil TC and tripping the breaker.  Before the
breaker can be closed in the “CONNECTED” position, lockout relay 86H (located in the DC Switchgear rectifier no. 1 cubicle) must be reset,.  The breaker must be racked into the “CONNECTED”
position (72 TOC contact 3NO/3C).  With the 43L/R switch in “LOCAL”, turning the breaker control switch to “CLOSE” (contact 15-16/17) energizes and latches the latching relay 201X. contact 201X
(4/11) initiates a signal to the 182/183 load measuring relay.  If the relay determines that it is safe to close the breaker, the 182/183 relay close contact (12/13) allows the breaker to close (red light
on-green light off).  With the 43L/R switch In “REMOTE”, a signal from SCADA energizes the 201C relay latching the 201X relay.  The breaker will close if the 182/183 relay determines that it is safe.

The feeder breaker will trip automatically if the station lockout relay 86H trips, if the DC overcurrent relay (DEV 76) operates, or if the direct acting series trip on the breaker operates.  The 86H relay
operation will cause the 201X relay to unlatch, blocking the 182/183 relay from attempting to automatically a reclose function.  If the breaker trips on 76 operation from the 76 relay or the direct acting
series trip device, the 201X relay stays latched and the 182/183 relay will attempt to load measure and re-close the breaker.

Load-measuring and Auto-Reclosing Circuit

When the breaker trips and the 201X relay is NOT reset, the 182/183 relay compares the track voltage to pre-set values.  If the track voltage is above a pre-set High set-point value, the track is
assumed to be clear and the breaker is allowed to close.

If the track voltage is determined to be below the Low set-point value, the 182/183 closes its “Load Measure” contact which energizes the 129 load measuring contactor.  The load measuring
contactor puts a load measuring resistor in the circuit to the track.  The 182/183 relay then compares the total resistance to a pre-set value.  If the resistance is above the pre-set value, the track is
determined to be clear and the breaker is allowed to close.
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If the track voltage is between the high and low set points, the breaker is NOT allowed to close and a timer is started.  The 182/183 relay continues to measure the track voltage until the condition
clears or the timer times out.  If the timer times out the 182/183 relay locks out and must be reset before another load measuring attempt is allowed.
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Sequence of Operation
700V DC Switchgear

FARRAGUT NORTH SUBSTATION-A02

Cathode Breaker 72-01, 02, & 03 (Refer to drawing G602501013)

Before the cathode breaker 72 can be operated, 125VDC control power must be available at terminals P and N, the knife switch must be closed, the closing and tripping control circuit fuses must be
plugged in, and the 27T relay must be energized.  Racking the breaker into the “TEST” position causes the secondary contact fingers to make up.  The breaker main contacts are open, auxiliary
contact 72/b 13/14 (green light GIL on) is closed, and auxiliary contacts 72/a in the trip circuit is open (red light RIL off).   The breaker is ready for a close operation.  The breaker can be closed in the
“TEST” position locally by placing the 43AM switch in “MANUAL”. (White light WIL on) Turning the breaker control switch 72CS to “CLOSE” (contact 12/13) energizes the closing contactor 72CC,
through the truck-operated cell switch TOC contact 3NC/3C, energizing the closing solenoid 72OC and closing the breaker main contacts.  The anti-pump relay 94 energizes, de-energizing the
closing coil 72CC, preventing repeated close attempts until the control switch 72CS is released.  The breaker main contacts are closed and auxiliary contact 72/b 13/14 is open (Green light off) and
auxiliary contacts 72/a in the trip circuit is closed (red light RIL on).  The breaker can be tripped locally by turning the 43AM switch to “MANUAL” and turning the breaker control switch 72CS (contact
15-16/14) to “TRIP” energizing the trip coil TC and tripping the breaker.  Before the breaker can be closed in the “CONNECTED” position, lockout relay 86R4 (located in the AC Switchgear rectifier
transformer feeder breaker cubicle) must be reset, the rectifier doors must be closed and the 33R relay in the rectifier must be reset and the station lockout relay 86H in the DC switchgear cathode
breaker #1 cubicle must be reset.  The breaker must be racked into the “CONNECTED” position (72 TOC contact 3NO/3C).  With the 43AM switch in “MANUAL”, turning the breaker control switch to
“CLOSE” (contact 12/13) causes the breaker to close (red light on-green light off).  With the 43AM switch In “AUTO”, the breaker will automatically close when the associated rectifier transformer
feeder breaker closes.

The breaker will trip automatically if the associated rectifier feeder breaker lockout relay 86R is tripped, if the station lockout relay 86H trips, if the backup DC overcurrent relay (DEV 76) operates, if
the rectifier door (33R) is opened, if a rectifier hot structure (64CX) occurs, or if the associated AC rectifier feeder breaker 52R opens while the 43AM switch is in “AUTO”.

Feeder Breaker 172-01, 02, 03, 04, 05, & 06 (Refer to drawing G602501007)

Before a feeder breaker 172 can be operated, 125VDC control power must be available at terminals P and N, the knife switch must be closed, and the closing and tripping control circuit fuses must
be plugged in.  Racking the breaker into the “TEST” position causes the secondary contact fingers to make up.  The breaker main contacts are open, auxiliary contact 72/b 13/14 (green light GIL on)
is closed, and auxiliary contacts 72/a in the trip circuit is open (red light RIL off).   The breaker is ready for a close operation.  The breaker can be closed in the “TEST” position locally by placing the
43L/R switch in “LOCAL”. (White light WIL on) Turning the breaker control switch 72CS to “CLOSE” (contact 12/13) energizes the closing contactor 72CC, through the truck-operated cell switch TOC
contact 3NC/3C, energizing the closing solenoid 72OC and closing the breaker main contacts.  The anti-pump relay 94 energizes, de-energizing the closing coil 72CC, preventing repeated close
attempts until the control switch 72CS is released.  The breaker main contacts are closed and auxiliary contact 72/b 13/14 is open (Green light off) and auxiliary contacts 72/a in the trip circuit is
closed (red light RIL on).  The breaker can be tripped locally by turning the breaker control switch 72CS (contact 15-16/14) to “TRIP” energizing the trip coil TC and tripping the breaker.  Before the
breaker can be closed in the “CONNECTED” position, lockout relay 86H (located in the DC Switchgear rectifier no. 1 cubicle) must be reset,.  The breaker must be racked into the “CONNECTED”
position (72 TOC contact 3NO/3C).  With the 43L/R switch in “LOCAL”, turning the breaker control switch to “CLOSE” (contact 15-16/17) energizes and latches the latching relay 201X. contact 201X
(4/11) initiates a signal to the 182/183 load measuring relay.  If the relay determines that it is safe to close the breaker, the 182/183 relay close contact (12/13) allows the breaker to close (red light
on-green light off).  With the 43L/R switch In “REMOTE”, a signal from SCADA energizes the 201C relay latching the 201X relay.  The breaker will close if the 182/183 relay determines that it is safe.

The feeder breaker will trip automatically if the station lockout relay 86H trips, if the DC overcurrent relay (DEV 76) operates, or if the direct acting series trip on the breaker operates.  The 86H relay
operation will cause the 201X relay to unlatch, blocking the 182/183 relay from attempting to automatically a reclose function.  If the breaker trips on 76 operation from the 76 relay or the direct acting
series trip device, the 201X relay stays latched and the 182/183 relay will attempt to load measure and re-close the breaker.

Load-measuring and Auto-Reclosing Circuit

When the breaker trips and the 201X relay is NOT reset, the 182/183 relay compares the track voltage to pre-set values.  If the track voltage is above a pre-set High set-point value, the track is
assumed to be clear and the breaker is allowed to close.

If the track voltage is determined to be below the Low set-point value, the 182/183 closes its “Load Measure” contact which energizes the 129 load measuring contactor.  The load measuring
contactor puts a load measuring resistor in the circuit to the track.  The 182/183 relay then compares the total resistance to a pre-set value.  If the resistance is above the pre-set value, the track is
determined to be clear and the breaker is allowed to close.
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If the track voltage is between the high and low set points, the breaker is NOT allowed to close and a timer is started.  The 182/183 relay continues to measure the track voltage until the condition
clears or the timer times out.  If the timer times out the 182/183 relay locks out and must be reset before another load measuring attempt is allowed.







Revision 1 AS BUILT G602501SOO.doc

Sequence of Operation
700V DC Switchgear

FARRAGUT NORTH SUBSTATION-A02

Cathode Breaker 72-01, 02, & 03 (Refer to drawing G602501013)

Before the cathode breaker 72 can be operated, 125VDC control power must be available at terminals P and N, the knife switch must be closed, the closing and tripping control circuit fuses must be
plugged in, and the 27T relay must be energized.  Racking the breaker into the “TEST” position causes the secondary contact fingers to make up.  The breaker main contacts are open, auxiliary
contact 72/b 13/14 (green light GIL on) is closed, and auxiliary contacts 72/a in the trip circuit is open (red light RIL off).   The breaker is ready for a close operation.  The breaker can be closed in the
“TEST” position locally by placing the 43AM switch in “MANUAL”. (White light WIL on) Turning the breaker control switch 72CS to “CLOSE” (contact 12/13) energizes the closing contactor 72CC,
through the truck-operated cell switch TOC contact 3NC/3C, energizing the closing solenoid 72OC and closing the breaker main contacts.  The anti-pump relay 94 energizes, de-energizing the
closing coil 72CC, preventing repeated close attempts until the control switch 72CS is released.  The breaker main contacts are closed and auxiliary contact 72/b 13/14 is open (Green light off) and
auxiliary contacts 72/a in the trip circuit is closed (red light RIL on).  The breaker can be tripped locally by turning the 43AM switch to “MANUAL” and turning the breaker control switch 72CS (contact
15-16/14) to “TRIP” energizing the trip coil TC and tripping the breaker.  Before the breaker can be closed in the “CONNECTED” position, lockout relay 86R4 (located in the AC Switchgear rectifier
transformer feeder breaker cubicle) must be reset, the rectifier doors must be closed and the 33R relay in the rectifier must be reset and the station lockout relay 86H in the DC switchgear cathode
breaker #1 cubicle must be reset.  The breaker must be racked into the “CONNECTED” position (72 TOC contact 3NO/3C).  With the 43AM switch in “MANUAL”, turning the breaker control switch to
“CLOSE” (contact 12/13) causes the breaker to close (red light on-green light off).  With the 43AM switch In “AUTO”, the breaker will automatically close when the associated rectifier transformer
feeder breaker closes.

The breaker will trip automatically if the associated rectifier feeder breaker lockout relay 86R is tripped, if the station lockout relay 86H trips, if the backup DC overcurrent relay (DEV 76) operates, if
the rectifier door (33R) is opened, if a rectifier hot structure (64CX) occurs, or if the associated AC rectifier feeder breaker 52R opens while the 43AM switch is in “AUTO”.

Feeder Breaker 172-01, 02, 03, 04, 05, & 06 (Refer to drawing G602501007)

Before a feeder breaker 172 can be operated, 125VDC control power must be available at terminals P and N, the knife switch must be closed, and the closing and tripping control circuit fuses must
be plugged in.  Racking the breaker into the “TEST” position causes the secondary contact fingers to make up.  The breaker main contacts are open, auxiliary contact 72/b 13/14 (green light GIL on)
is closed, and auxiliary contacts 72/a in the trip circuit is open (red light RIL off).   The breaker is ready for a close operation.  The breaker can be closed in the “TEST” position locally by placing the
43L/R switch in “LOCAL”. (White light WIL on) Turning the breaker control switch 72CS to “CLOSE” (contact 12/13) energizes the closing contactor 72CC, through the truck-operated cell switch TOC
contact 3NC/3C, energizing the closing solenoid 72OC and closing the breaker main contacts.  The anti-pump relay 94 energizes, de-energizing the closing coil 72CC, preventing repeated close
attempts until the control switch 72CS is released.  The breaker main contacts are closed and auxiliary contact 72/b 13/14 is open (Green light off) and auxiliary contacts 72/a in the trip circuit is
closed (red light RIL on).  The breaker can be tripped locally by turning the breaker control switch 72CS (contact 15-16/14) to “TRIP” energizing the trip coil TC and tripping the breaker.  Before the
breaker can be closed in the “CONNECTED” position, lockout relay 86H (located in the DC Switchgear rectifier no. 1 cubicle) must be reset,.  The breaker must be racked into the “CONNECTED”
position (72 TOC contact 3NO/3C).  With the 43L/R switch in “LOCAL”, turning the breaker control switch to “CLOSE” (contact 15-16/17) energizes and latches the latching relay 201X. contact 201X
(4/11) initiates a signal to the 182/183 load measuring relay.  If the relay determines that it is safe to close the breaker, the 182/183 relay close contact (12/13) allows the breaker to close (red light
on-green light off).  With the 43L/R switch In “REMOTE”, a signal from SCADA energizes the 201C relay latching the 201X relay.  The breaker will close if the 182/183 relay determines that it is safe.

The feeder breaker will trip automatically if the station lockout relay 86H trips, if the DC overcurrent relay (DEV 76) operates, or if the direct acting series trip on the breaker operates.  The 86H relay
operation will cause the 201X relay to unlatch, blocking the 182/183 relay from attempting to automatically a reclose function.  If the breaker trips on 76 operation from the 76 relay or the direct acting
series trip device, the 201X relay stays latched and the 182/183 relay will attempt to load measure and re-close the breaker.

Load-measuring and Auto-Reclosing Circuit

When the breaker trips and the 201X relay is NOT reset, the 182/183 relay compares the track voltage to pre-set values.  If the track voltage is above a pre-set High set-point value, the track is
assumed to be clear and the breaker is allowed to close.

If the track voltage is determined to be below the Low set-point value, the 182/183 closes its “Load Measure” contact which energizes the 129 load measuring contactor.  The load measuring
contactor puts a load measuring resistor in the circuit to the track.  The 182/183 relay then compares the total resistance to a pre-set value.  If the resistance is above the pre-set value, the track is
determined to be clear and the breaker is allowed to close.
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If the track voltage is between the high and low set points, the breaker is NOT allowed to close and a timer is started.  The 182/183 relay continues to measure the track voltage until the condition
clears or the timer times out.  If the timer times out the 182/183 relay locks out and must be reset before another load measuring attempt is allowed.
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