6. DC SWITCHGEAR

6.1 CATHODE BREAKER (8000 AMP)
(Refer to Drawing 34-0001-00-707: 8000 Amp Cathode Breaker Schematic)

A. Power Inputs
1. 700 VDC Power from respective Rectifier positive bus
2. 125 VDC Control Power

B. Power Outputs
1. 700 VDC Power to DC Main bus

C. Control Inputs
1. Lockout Relay command to Trip Cathode Breaker, 86 (Refer to Drawing 34-0001-00-703: Rectifier-

Transformer Feeder Schematic)

2. Control interlocks from respective Transformer-Rectifier AC Breaker, 52R/a & 52R/b (Refer to Drawing 34-
0001-00-703: Rectifier-Transformer Feeder Schematic)

3. Lockout Relay command to Trip Cathode Breaker, 186 (Refer to Drawing 34-0001-00-708: 6000 Amp
Cathode Breaker Schematic)

D. Control Outputs
1. NONE

E. Annunciator
1. NONE

F. Data Transmission System (DTS)
DTS functions are listed with respect to this schematic. A DTS output for this schematic is a supervisory indication.

1. DTS Supervisory Indication Outputs:

a.  Breaker Closed and in the Connected Position, 72/a in series with 72/TOC
b.  Breaker Open, in Test Position, or in Disconnected Position, 72/b paralleled by 72/TOC

G. Operational Description

1. Power Circuit
a. 700 VDC power enters the line side of the feeder breaker from the respective Rectifier positive bus.

b. A 10,000 amp, 50 mv shunt detects the current flowing in the Cathode circuit. The shunt provides a
proportional signal to the following devices: Reverse Current relay (32), forward Current Relay (76),
Current Transducer (XD-A), and Watt Transducer (XD-W).

¢.  The 32 relay contains one channel of operation (for a more detailed description of operation for the 32
relay refer to the Calibration and Operation Manual):
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d.  Instantaneous Overcurrent which responds to reverse currents

. The 76 relay contains four channels of operation (for a more detailed description of operation for the 76 relay
refer to the Calibration and Operation Manual):

(1) Instantaneous Overcurrent which responds to high current faults

(2) Short-Time Overcurrent which responds to low current arcing faults which do not trip other
channels

(3) Long-Time Overcurrent which prevents damage to the contact rails during heavy overloads

(4) Rate of Rise which responds to bolted or arcing faults which are to far away to trip the
Instantaneous channel

e. XD-A outputs a 0-1ma signal proportional to the current flowing through the Cathode Breaker, to the
Ammeter (AM) and the Remote Terminal Unit (RTU). AM is rated 0-2ma and scaled 0-20,000 amps.

f.  In addition to the signal from the shunt, XD-W also detects the voltage on the load side of the Cathode
breaker. XD-W outputs a 0-1ma signal proportional to the load seen by the Cathode Breaker to the RTU.

g.  The Breaker is kirk-key interlocked with the Negative Disconnect switch (89N-2) located in the Rectifier
#2 enclosure. The key interlocks are configured so that the Cathode breaker must be opened before
opening the 89N-2.

2. Control Circuit
The Cathode Breaker control circuit provides 3 functions: Breaker trip functions, Breaker close functions,

Indication functions.
a.  Breaker Trip Functions:
The Breaker's trip circuit is between external terminals 4 and 2.

The following conditions apply power to the breaker’s trip circuit:

(1) (Lockout Relay) sends trip to breaker

The 186 relay is tripped by the devices listed in Section 6.2 (page 46). When 186 is tripped, all feeder
breakers are opened through normally open contacts. Upon 186 trip, the normally open contact
closes, which applies 125 VDC to the breaker's trip circuit. Also, a normally closed contact opens
and prevents energizing the Master Control Relay (01X) until 186 has been reset.

(2) (Forward Overcurrent Relay) overcurrent detected

As discussed in Section 6 (page 43), 76 detects various overcurrent conditions in the feeder circuit.
When an overcurrent condition is detected, 76 shorts pins 11 and 12 which applies 125 VDC to the
breaker's trip circuit.

(3) CS (Breaker Control Switch) sends trip to breaker
When CS is placed in the trip position, CS/T normally open contact closes, which applies 125 VDC to
the breaker's trip circuit.

(4) (Reverse Current Relay) reverse current detected
When 32 detects reverse current, pins 11 and 12 are shorted which applies 125 VDC to the breaker’s trip
circuit.

(5) 52R (Transformer-Rectifier AC Breaker) opens
When 52R opens, 52R/b closes which applies 125 VDC to the breaker’s trip circuit.

. (6) (AC Switchgear Lockout Relay) sends trip to breaker
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The respective 86 relay is tripped by functions as listed in Section 3.4 (page 22). When 86 is tripped, the

Cathode breaker is opened through normally open contacts. Upon 86 trip, the normally open
contact closes, which applies 125 VDC to the breaker’s trip circuit. Also, a normally closed contact
opens and prevents energizing the Master Control Relay (01X) until 36 has been reset.

b.  Cathode Breaker Closing Functions:

The Breaker’s close circuit is between external terminals 3 and 5. The close circuit consists of an anti-pumping
circuit and the closing coil circuit (for a detailed description of these circuits refer to the breaker
Installation/Maintenance Instructions bulliten IB 4.2.74C)..

The following conditions apply a breaker close command to breaker terminal 3:

M

Master control relay (01X) is momentarily energized and closes 01X normally open contacts.
When 01X contacts close, 125 VDC is applied to the breaker’s closing circuit.

Before 01X can be energized the breaker must be in the connected position (72/TOC is closed), Lockout

@

Relay 186 reset (186/R is closed), Lockout Relay 86 reset (86/R is closed), and the Transformer-
Rectifier AC breaker is closed (52R/a is closed). Once the above conditions exist, the following
conditions energize 01X:

(a) Manual/Auto Switch (43) is placed in the Manual position and Cathode Breaker Control
Switch (72CS) is placed in the Close position.

Placing 43 in the Manual position closes contact 43/M. Placing 72CS in the Close position closes
72CS/C. When both of these contacts are closed, 125 VDC is applied to the breaker's closing
circuit.

(b) Manual/Auto Switch (43) is placed in the Auto position.

Placing 43 in the Auto position closes contact 43/A. When this contact is closed, 125 VDC is
applied to the breaker’s closing circuit.

Breaker is racked out to the test position and 72CS (Cathode Breaker Control Switch) is placed in
the close position.

Racking the breaker to the test position closes the normally open 72/TOC. Placing 72CS in the close

)

@
(€)

position closes contact 72CS/C. When both of these contacts are closed, 125 VDC is applied to the
breaker’s closing circuit. This provides a test closing function for the breaker.

Indication Functions:

Breaker in Manual Mode (W) is energized when local control has been selected by the
Manual/Auto Selector Switch (43).

Breaker OpenN(G) is energized when the breaker is open.

Breaker Closed (R) is energized when the breaker is closed and the breaker trip coil is intact.
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6.2 CATHODE BREAKER (6000 AMP)
(Refer to Drawing 34-0001-00-708: 6000 Amp Cathode Breaker Schematic)

A Power Inputs
1. 700 VDC Power from Rectifier #3 positive bus
2. 125 VDC Control Power

B. Power Outputs
1. 700 VDC Power to DC Main bus

C. Control Inputs
1. Lockout Relay command to Trip Cathode Bmker 86-3 (Refer to Drawing 34-0001-00-703: Rectifier-
Transformer Feeder Schematic)
2. Control interlocks from Transformer-Rectifier #3 AC Breaker, 52R3/a & 52R3/b (Refer to Drawing 34-0001-
00-703: Rectifier-Transformer Feeder Schematic)

D. Control Outputs
1. Lockout Relay command to Trip each DC Breaker, 186/T (Refer to Drawing 34-0001-00-707: 8000 Amp
Cathode Breaker Schematic) and (Refer to Drawing 34-0001-00-709: Feeder Breaker Schematic) and (Refer to
Drawing 34-0001-00-710: Gap Breaker Schematic)
2. Lockout Relay Allow Reset of each DC Breaker, 186/R (Refer to Drawing 34-0001-00-707: 8000 Amp
Cathode Breaker Schematic) and (Refer to Drawing 34-0001-00-709: Feeder Breaker Schematic) and (Refer to
Drawing 34-0001-00-710: Gap Breaker Schematic)

E. Annunciator
Annunciator functions are listed with respect to this schematic. An Annunciator output for this schematic is an input into
the annunciator. Refer to Section 7.1, Table 7.1-1, page 62 for window locations.

1. Annunciator Outputs:
a. DC Switchgear Grounded Structure, 64Y
b.  DC Switchgear Hot Structure, 64D

F. Data Transmission System (DTS)
DTS functions are listed with respect to this schematic. A DTS output for this schematic is a supervisory indication.

1. DTS Supervisory Indication Outputs:
a.  Breaker Closed and in the Connected Position, 72-3/a in series with 72-3/TOC
b.  Breaker Open, in Test Position, or in Disconnected Position, 72-3/b paralleled by 72-3/TOC
G. Operational Description

1. Power Circuit
a.  VDC power enters the line side of the feeder breaker from the Rectifier #3 positive bus.
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A 7500 amp, 50 mv shunt detects the current flowing in the Cathode circuit. The shunt provides a
proportional signal to the following devices: Reverse Current relay (32), forward Current Relay (76),
Current Transducer (XD-A), and Watt Transducer (XD-W).

The 32 relay contains one channel of operation (for a more detailed description of operation for the 32
relay refer to the Calibration and Operation Manual):

Instantaneous Overcurrent which responds to reverse currents

The 76 relay contains four channels of operation (for a more detailed description of operation for the 76 relay

refer to the Calibration and Operation Manual):

(1) Instantaneous Overcurrent which responds to high current faults

(2) Short-Time Overcurrent which responds to low current arcing faults which do not trip other
channels

(3) Long-Time Overcurrent which prevents damage to the contact rails during heavy overloads

(4) Rate of Rise which responds to bolted or arcing faults which are to far away to trip the
Instantaneous channel

XD-A outputs a 0-1ma signal proportional to the current flowing through the Cathode Breaker, to the
Ammeter (AM) and the Remote Terminal Unit (RTU). AM is rated 0-2ma and scaled 0-20,000 amps.

In addition to the signal from the shunt, XD-W also detects the voltage on the load side of the Cathode
breaker. XD-W outputs a 0-1ma signal proportional to the load seen by the Cathode Breaker to the RTU.

A Voltage Transducer (XD-V) detects the voltage on the load side of the Cathode Breaker. XD-W
outputs a 0-1ma signal proportional to the bus voltage, to the Voltmeter (VM) and the RTU. VM is rated
0-1ma and scaled 0-1000 VDC.

A Ground Structure Relay (64) is connected between the Positive DC Switchgear frame and ground. 64
provides two functions: Grounded Structure and Hot Structure (for a detailed description of the internal
operation of this relay see the Operation and Calibration Manuat).

If the Switchgear frame becomes grounded, 64 energizes 64Y (Grounded Structure Relay), which provides

indication to the Annunciator.

If a fault exists between Switchgear bus and frame, 64 energizes the Lockout Relay (186) and 64D (Hot

Structure Relay). 186 deenergizes the entire station by tripping all DC Breakers. 64D provides
indication to the Annunciator.

The Breaker is kirk-key interlocked with the Negative Disconnect switch (89N-1) located in the Rectifier
#3 enclosure. The key interlocks are configured so that the Cathode breaker must be opened before
opening the 89N-1.

Control Circuit

2.
The Cathode Breaker #1 control circuit provides 3 functions: Breaker trip functions, Breaker close functions,
Indication functions
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a.  Breaker Trip Functions:
. The Breaker's trip circuit is between external terminals 4 and 2.

The following conditions apply power to the breaker’s trip circuit:

(1) (Lockout Relay) sends trip to breaker

The 186 relay is tripped by functions listed in Section 6.2 (page 46). When 186 is tripped, all feeder
breakers are opened through normally open contacts. Upon 186 trip, the normally open contact
closes, which applies 125 VDC to the breaker’s trip circuit. Also, a normally closed contact opens
and prevents energizing the Master Control Relay (01X) until 186 has been reset.

(2) (Forward Overcurrent Relay) overcurrent detected

As discussed in Section 6.2 (page 46), 76 detects various overcurrent conditions in the feeder circuit.
When an overcurrent condition is detected, 76 shorts pins 11 and 12 which applies 125 VDC to the
breaker’s trip circuit.

(3) 72CS (Breaker Control Switch) sends trip to breaker
When 72CS is placed in the trip position, 72CS/T normally open contact closes, which applies 125 VDC
to the breaker's trip circuit.

(4) (Reverse Current Relay) reverse current detected
When 32 detects reverse current, pins 11 and 12 are shorted which applies 125 VDC to the breaker's trip

circuit.

(5) 52R3 (Transformer-Rectifier #3 AC Breaker) opens
When 52R3 opens, 52R3/b closes which applies 125 VDC to the breaker’s trip circuit.

. (6) (AC Switchgear Lockout Relay) sends trip to breaker
| The 86-3 relay is tripped by functions as listed in Section 3.4 (page 22). When 86-3 is tripped, the
| Cathode breaker is opened through normally open contacts. Upon 86-3 trip, the normally open
contact closes, which applies 125 VDC to the breaker's trip circuit. Also, a normally closed contact
opens and prevents energizing the Master Control Relay (01X) until 86-3 has been reset.

b.  Breaker Closing Functions:

The Breaker's close circuit is between external terminals 3 and 5. The close circuit consists of an anti-pumping
circuit and the closing coil circuit (for a detailed description of these circuits refer to the breaker
Installation/Maintenance Instructions bulliten IB 4.2.74C).

The following conditions apply a breaker close command to breaker terminal 3;

(1) Master control relay (01X) is momentarily energized and closes 01X normally open contacts.
When 01X contacts close, 125 VDC is applied to the breaker's closing circuit.

(2) Before 01X can be energized the breaker must be in the connected position (72-3/TOC is closed),
Lockout Relay 186 reset (186/R is closed), Lockout Relay 86-3 reset (86-3/R is closed), and the
Transformer-Rectifier #3 AC breaker is closed (52R3/a is closed). Once the above conditions exist,

. the following conditions energize 01X:

(@) Manual/Auto Switch (43) is placed in the Manual posmon and Breaker Control Switch
(72CS) is placed in the Close position.
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Placing 43 in the Manual position closes contact 43/M. Placing 72CS in the Close position closes
72CS/C. When both of these contacts are closed, 125 VDC is applied to the breaker’s closing
circuit.

(b) Manual/Auto Switch (43) is placed in the Auto position.

Placing 43 in the Auto position closes contact 43/A. When this contact is closed, 125 VDC is
applied to the breaker's closing circuit.

(c) Breaker is racked out to the test position and 72CS (Breaker Control Switch) is placed in the
close position.
Racking the breaker to the test position closes the normally open 72-3/TOC. Placing 72CS in the

close position closes contact 72CS/C. When both of these contacts are closed, 125 VDC is
applied to the breaker's closing circuit. This provides a test closing function for the breaker.

Indication Functions:

(1) Breaker in Manual Mode (W) is energized when local control has been selected by the
Manual/Auto Selector Switch (43).

(2) Breaker Open (G) is energized when the breaker is open.

(3) Breaker Closed (R) is energized when the breaker is closed and the breaker trip coil is intact.

(4) Lockout Reset (G) is energized when the Lockout relay (186) is reset.

(5) Auto Trip (A) is energized when the Lockout relay (186) is tripped.
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6.3 DC FEEDER BREAKERS
(Refer to Drawing 34-0001-00-709: Feeder Breaker Schematic)

A.  Power Inputs
1. 700 VDC Power from Positive Bus
2. 125 VDC Control Power

B. Power Outputs
1. 700 VDC Power from each DC Feeder to the contact rail served

C. Control Inputs
1. Lockout Relay command to Trip each DC Breaker,186/T (Refer to Drawing 34-0001-00-708: 6000 Amp
Cathode Breaker Schematic) for TPS or (Refer to Drawing 34-0001-00-711: Gap Breaker Schematic w/ LOR
& 64) for TBS
2. Lockout Relay AHow Reset of each DC Breaker, 186/R (Refer to Drawing 34-0001-00-708: 6000 Amp
Cathode Breaker Schematic) for TPS or (Refer to Drawing 34-0001-00-711: Gap Breaker Schematic w/ LOR
& 64) for TBS
Trip command from trackside emergency trip switch, ETS
4.  450% overcurrent command to trip each DC Breaker, 51BX (Refer to Drawing 34-0001-00-703: Rectifier-
Transformer Feeder Schematic) for TPS only

Rl

D. Control Qutputs
1. NONE

E. Annunciator
1. NONE

F. Data Transmission System (DTS)
DTS functions are listed with respect to this schematic. A DTS output for this schematic is a supervisory indication. A
DTS input for this schematic is a 24 VDC supervisory control signal.

The DC Feeder Schematic is a typical for all DC Feeders (except Gap Acceleration Breakers). The DTS points listed
below are typical for each feeder.

1. DTS Supervisory Indication Outputs:
a.  Breaker Closed and in the Connected Position, 172/a in series with 172/a TOC
b.  Breaker Open, in Test Position, or in Disconnected Position, 172/b paralleled by 172/b TOC

2. DTS Supervisory Control Inputs:
a.  Breaker Close, SC/C
b.  Breaker Trip, SC/T"

G. Operational Description
The DC Feeder Schematic shows a typical feeder circuit with Load Measuring and Rate of Rise functions. Specific feeder
designations and contact rail terminations are tabled at the bottom of the schematic.

1.  Power Circuit
a. 700 VDC power enters the line side of the feeder breaker from the Positive Bus. A load measuring

circuit is in parallel with the feeder breaker.
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b. The load measuring circuit consists of the 2 pole 129 Load Measuring Contactor switching in both
terminals of Load Measuring Resistor LMR. A 25 amp fuse protects both legs of the parallel load
measuring circuit (fuses 9 and 10).

¢.  Voltage transducer XD-V detects the voltage on the load side of the feeder breaker and outputs a 0-1ma
signal to the 182 Reclosing Relay. The 182 relay uses the voltage signal during load measuring to
determine whether a fault exists on the rail served.

d A 5000 amp, 50 mv shunt detects the current flowing in the feeder circuit. The shunt provides a
proportional signal to both the 150 Rate of Rise Relay and ammeter AM. NOTE: A 7500/50 shunt is
used in Feeder #3 at Grant Circle and Feeder #4 at Columbia Heights since these feeders are 6000
Amp.

e.  The 150 relay contains four channels of operation (for a more detailed description of operation for the

150 relay refer to the Calibration and Operation Manual):

(1) Instantaneous Overcurrent which responds to high current faults

(2) Short-Time Overcurrent which responds to low current arcing faults which do not trip other
channels ’

(3) Long-Time Overcurrent which prevents damage to the contact rails during heavy overloads

(4) Rate of Rise which responds to bolted or arcing faults which are to far away to trip the
Instantaneous channel :

f.  The ammeter AM is 100 mv rated and 10KA-0-10KA scaled. NOTE: A 15SKA-0-15KA scale is used
in Feeder #3 at Grant Circle and Feeder #4 at Columbia Heights since these feeders are 6000 Amp.

g A Surge Arrestor (SA) is provided to minimize track voltage surges.

2. Control Circuit
The DC Feeder control circuit provides 3 functions: Breaker trip functions, Breaker close functions, Indication

functions

a.  Breaker Trip Functions:
The Breaker's trip circuit is between external terminals 4 and 2.

The following conditions apply power to the breaker’s trip circuit;

(1) (Lockout Relay) sends trip to breaker

The 186 relay is tripped by functions listed in Section 6.2 (page 46) for TPS feeders and Section 6.5
(page 58) for TBS feeders. When 186 is tripped, all feeder breakers are opened through normally
open contacts. Upon 186 trip, the normally open contact closes, which applies 125 VDC to the
breaker's trip circuit.

The Master Control Relay (01X) prevents automatic, manual, and supervisory reclosure. This is

accomplished by providing contacts in series with 01X coil, latching around the manual and
supervisory close finctions with a normally open 01X contact, and removing power to 182

(Reclosing Relay) pin 6.

After a 186 trip is performed, automatic reclosure should not be attempted. Therefore, the 186 normally
closed reset contact is opened and deenergizes 01X.

(2) (Rate of Rise Relay) overcurrent detected
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As discussed in Section 6.3 (page 50), 150 detects various overcurrent conditions in the feeder circuit.
When an overcurrent condition is detected, 150 shorts pins 11 and 12 which applies 125 VDC to
the breaker’s trip circuit.

After an overcurrent condition occurs, a reclosure should be attempted. Therefore, 150 does not
deenergize 01X

(3) SC/T (Supervisory Control Trip) sends trip to breaker
The SC/T relay is controlled through the Data Transmission System (DTS). Upon SC/T trip, the
normally open contact closes, which applies 125 VDC to the breaker’s trip circuit.

After a supervisory control trip is performed, automatic reclosure should not be attempted. Therefore, the
SC/T normally closed contact is opened and deenergizes 01X

(@) ETS (Emergency Trip Station) sends trip to breaker

The ETS contains relays which are controlled by external trip switches which are located at trackside. If
any of these trip switches are activated, the ETS normally open contact closes, which applm 125
VDC to the breaker's trip circuit.

After an emergency trip station trip is performed, automatic reclosure should not be attempted
Therefore, the ETS normally closed contact is opened and deenergizes 01X.

(5) 51BX (450% Overcurrent) sends trip to breaker
When a 450% overcurrent is detected by relay 51B in any one of the Rectifier-Transformer Feeders,

auxiliary relay 51BX is energized closing its normally open contacts which provide 125 VDC to all
feeder breaker’s trip circuit.

b.  Breaker Closing Functions:

The Breaker's close circuit is between external terminals 3 and 5. The close circuit consists of an anti-pumping
circuit and the closing coil circuit (for a detailed description of these circuits refer to the breaker
Installation/Maintenance Instructions bulliten IB 4.2.7-4C).

The following conditions apply a breaker close command to breaker terminal 3:

(1) (Recloser Relay Close) normally open contacts closes. When 182/C contact closes, 125 VDC is
applied to the breaker's closing circuit.

182/C closes under the following conditions:
(a) Control power present at 182 terminals 6, 11, and 13. Power is removed from terminal 6
when 01X (Master Control Relay) is deenergized. Power is removed from terminals 11 and
13 when there is a loss of 125 VDC control power.

(b) The breaker is open. Breaker status is determined by a 172/b contact between 125 VDC and
182 terminal 5. 172/ is closed when the breaker is open, and open when the breaker is
closed.

(c) The rail voltage is above the preset value.

(d The load measuring circuit determines that the rail is unfaulted. Load measuring is
performed when the rail voltage is below the preset value.
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When load measuring is performed, 182/LM energizes 129 (load measuring contactor) to initiate load
measuring circuit discussed in Section 6.3 (page 50).

If 182 determines there is a fault, another load measure is performed after a preset time delay. Upon
repeated faulted load measures, 182 energizes 182/LOX which opens a normally closed contact and
deenergizes 01X (master control relay).

If 182 determines there is not a fault after load measuring, 182/LOX is decnergized and 182/C is
energized. : :

For additional operational instructions refer to Operational Manual.

(2) Feeder Breaker is racked out to the test position and 172CS (Breaker Control Switch) is placed in
the close position.

Racking the breaker to the test position closes the normally open 172/TOC. Placing 172CS in the close

position closes contact 172CS/C. When both of these contacts are closed, 125 VDC is applied to
the breaker’s closing circuit. This provides a test closing function for the breaker.

Indication Functions:

(1) Breaker in Local Mode (W) is energized when local control has been selected by the Local/Remote
Selector Switch (43).

(2) Breaker Open (G) is energized when the breaker is open.

(3) Breaker Closed (R) is energized when the breaker is closed and the breaker trip coil is intact.
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6.4 DC GAP ACCELERATION BREAKERS
(Refer to Drawing 34-0001-00-710: Gap Breaker Schematic)

A.  Power Inputs
1. 700 VDC Power from Positive Bus
2. 125 VDC Control Power

B. Power Qutputs
1. 700 VDC Power from each DC Feeder to the contact rail served

C. Control Inputs
1. Lockout Relay command to Trip each DC Breaker,186/T (Refer to Drawing 34-0001-00-708: 6000 Amp

Cathode Breaker Schematic) for TPS or (Refer to Drawing 34-0001-00-711: Gap Breaker Schematic w/ LOR
& 64) for TBS
2. Lockout Relay Allow Reset of each DC Breaker, 186/R (Refer to Drawing 34-0001-00-708: 6000 Amp
Cathode Breaker Schematic) for TPS or (Refer to Drawing 34-0001-00-711: Gap Breaker Schematic w/ LOR
& 64) for TBS
Trip command from trackside emergency trip switch, ETS
4.  450% overcurrent command to trip each DC Breaker, 51BX (Refer to Drawing 34-0001-00-703: Rectifier-
Transformer Feeder Schematic) for TPS only

w

D. Control Outputs
1. NONE

E. Annunciater
1. NONE

F. Data Transmission System (DTS)
DTS functions are listed with respect to this schematic. A DTS output for this schematic is a supervisory indication..

The DC Gap Breaker Schematic is a typical for all DC Gap Acceleration Breakers. The DTS points listed below are
typical for each feeder.

1. DTS Supervisory Indication Outputs:
a.  Breaker Closed and in the Connected Position, 172/a in series with 172/a TOC
b.  Breaker Open, in Test Position, or in Disconnected Position, 172/b paralleled by 172/b TOC

2. DTS Supervisory Control Inputs:
a.  Breaker Close, SC/C
b.  Breaker Trip, SC/T

G. Operational Description
The DC Feeder Schematic shows a typical feeder circuit with Load Measuring and Rate of Rise functions. Specific feeder
designations and contact rail terminations are tabled at the bottom of the schematic.

1. Power Circuit

a. 700 VDC power enters the line side of the feeder breaker from the Positive Bus. A load measuring
circuit is in paralle]l with the feeder breaker.
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The load measuring circuit consists of the 2 pole 129 Load Measuring Contactor switching in both
terminals of Load Measuring Resistor LMR. A 25 amp fuse protects both legs of the parallel load
measuring circuit (fuses 9 and 10).

Voltage transducer XD-V detects the voltage on the load side of the feeder breaker and outputs a 0-1ma
signal to the 182 Reclosing Relay. The 182 relay uses the voltage signal during load measuring to
determine whether a fault exists on the rail served.

A 5000 amp, 50 mv shunt detects the current flowing in the feeder circuit. The shunt provides a
proportional signal to the ammeter AM.

The ammeter AM is 100 mv rated and IOKA-O-IOKA scaled..

A Surge Arrestor (SA) is provided to minimize track voltage surges.

2. Control Circuit }
The DC Feeder control circuit provides 3 functions: Breaker trip functions, Breaker close functions, Indication

functions

a.

Breaker Trip Functions:

The Breaker's trip circuit is between external terminals 4 and 2.

The following conditions apply power to the breaker's trip circuit:

(1) (Lockout Relay) sends trip to breaker

The 186 relay is tripped by functions listed in Section 6.2 (page 46) for TPS Gap breakers or Section 6.5
(page 58) for TBS Gap breakers. When 186 is tripped, all feeder breakers are opened through
normally open contacts. Upon 186 trip, the normally open contact closes, which applies 125 VDC
to the breaker’s trip circuit.

The Master Control Relay (01X) prevents automatic, manual, and supervisory reclosure. This is
accomplished by providing contacts in series with 01X coil, latching around the manual and
supervisory close functions with a normally open 01X contact, and removing power to 182

(Reclosing Relay) pin 6.

After a 186 trip is performed, automatic reclosure should not be attempted. Therefore, the 186 normally
closed reset contact is opened and deenergizes 01X.

(2) SC/T (Supervisory Control Trip) sends trip to breaker
The SC/T relay is controlled through the Data Transmission System (DTS). Upon SC/T trip, the
normally open contact closes, which applies 125 VDC to the breaker's trip circuit.

After a supervisory ;ontrol trip is performed, automatic reclosure should not be attempted. Therefore, the
SC/T normally closed contact is opened and deenergizes 01X.

(3) ETS (Emergency Trip Station) sends trip to breaker

The ETS contains relays which are controlled by external trip switches which are located at trackside. If
any of these trip switches are activated, the ETS normally open contact closes, which applies 125
VDC to the breaker's trip circuit.

After an emergency trip station trip is performed, automatic reclosure should not be attempted.
Therefore, the ETS normally closed contact is opened and deenergizes 01X.
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(4 51BX (450% Overcurrent) sends trip to breaker
When a 450% overcurrent is detected by relay 51B in any one of the Rectifier-Transformer Feeders,

auxiliary relay 51BX is energized closing its normally open contacts which provide 125 VDC to all
feeder breaker’s trip circuit.

(5) [Ifeither adjacent feeder breaker trips when Gap Breaker is in the Remote Mode.
The adjacent feeder normally closed auxiliary 172/b closes, which applies 125 VDC through 43/R
(Remote Mode selected) to the breaker’s trip circuit. .

After an adjacent breaker trip, a reclosure should be attempted. Therefore, 01X is not decnergized.

b.  Breaker Closing Functions:
The Breaker’s close circuit is between external terminals 3 and 5. The close circuit consists of an anti-pumping
circuit and the closing coil circuit (for a detailed description of these circuits refer to the breaker

Installation/Maintenance Instructions bulliten IB 4.2.7-4C).
The following conditions apply a breaker close command to breaker terminal 3:

(1) 182/C (Recloser Relay Close) normally open contacts closes. When 182/C contact closes, 125
VDC is applied to the breaker's closing circuit.

182/C closes under the following conditions:
(@) Control power present at 182 terminals 6, 11, and 13. Power is removed from terminal 6
when 01X (Master Control Relay) is deenergized. Power is removed from terminals 11 and
13 when there is a loss of 125 VDC control power.

(b) The breaker is open. Breaker status is determined by a 172/b contact between 125 VDC and
182 terminal 5. 172/ is closed when the breaker is open, and open when the breaker is
closed.

(c) The rail voltage is above the preset value.

(d) The load measuring circuit determines that the rail is unfaulted Load measuring is
performed when the rail voltage is below the preset value.

When load measuring is performed, 182/LM energizes 129 (load measuring contactor) to initiate load
measuring circuit discussed in Section 6.4 (page 54).

If 182 determines there is a fault, another load measure is performed after a preset time delay. Upon
repeated faulted load measures, 182 energizes 182/LOX which opens a normally closed contact and
deenergizes 01X (master control relay).

If 182 determines there is not a fault after load measuring, 182/LOX is deenergized and 182/C is
energized.

For additional operational instructions refer to Operational Manual.

I-56



(2) Feeder Breaker is racked out to the test position and 172CS (Breaker Control Switch) is placed in
the close position.

Racking the breaker to the test position closes the normally open 172/TOC. Placing 172CS in the close

position closes contact 172CS/C. When both of these contacts are closed, 125 VDC is applied to
the breaker’s closing circuit. This provides a test closing function for the breaker.

Indication Functions: 4 :

(1) Breaker in Local Mode (W) is energized when local control has been selected by the Local/Remote
Selector Switch (43).

(2) Breaker Open (G) is energized when the breaker is open.

(3) Breaker Closed (R) is energized when the breaker is closed and the breaker trip coil is intact.
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6.5 DC GAP ACCELERATION BREAKER w/ LOCKOUT AND GROUND
STRUCTURE
(Refer to Drawing 34-0001-00-711: Gap Breaker Schematic w/ LOR & 64)

A.  Power Inputs
1. 700 VDC Power from Positive Bus
2. 125 VDC Control Power

B. Power Outputs
1. 700 VDC Power from each DC Feeder to the contact rail served

C. Control Inputs
1.  Trip command from trackside emergency trip switch, ETS

D. Control Outputs
1. Lockout Relay command to Trip each DC Breaker,186/T (Refer to Drawing 34-0001-00-709: Feeder Breaker

Schematic) and (Refer to Drawing 34-0001-00-710: Gap Breaker Schematic)
2. Lockout Relay Allow Reset of each DC Breaker, 186/R (Refer to Drawing 34-0001-00-709: Feeder Breaker
Schematic) and (Refer to Drawing 34-0001-00-710: Gap Breaker Schematic)

E. Annunciator
Annunciator functions are listed with respect to this schematic. An Annunciator output for this schematic is an input into
the annunciator. Refer to Section 7.2, Table 7.2-1, page 65, for window locations.

1.  Anmunciator Outputs:
a. DC Switchgear Grounded Structure, 64Y
b. DC Switchgear Hot Structure, 64D

F. Data Transmission System (DTS)
DTS functions are listed with respect to this schematic. A DTS output for this schematic is a supervisory indication..

The DC Gap Breaker Schematic is a typical for all DC Gap Acceleration Breakers. The DTS points listed below are
typical for each feeder.

1. DTS Supervisory Indication Outputs:
a.  Breaker Closed and in the Connected Position, 172/a in series with 172/a TOC
b.  Breaker Open, in Test Position, or in Disconnected Position, 172/b paralleled by 172/b TOC

2. DTS Supervisory Control Inputs:
a.  Breaker Close, SC/C
b.  Breaker Trip, SC/T"

G. Operational Description
The DC Feeder Schematic shows a typical feeder circuit with Load Measuring and Rate of Rise functions. Specific feeder
designations and contact rail terminations are tabled at the bottom of the schematic.

1.  Power Circuit
a. 700 VDC power enters the line side of the feeder breaker from the Positive Bus. A load measuring
circuit is in parallel with the feeder breaker.
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b. The load measuring circuit consists of the 2 pole 129 Load Measuring Contactor switching in both
terminals of Load Measuring Resistor LMR. A 25 amp fuse protects both legs of the parallel load
measuring circuit (fuses 9 and 10).

¢.  Voltage transducer XD-V detects the voltage on the load side of the feeder breaker and outputs a 0-1ma
signal to the 182 Reclosing Relay. The 182 relay uses the voltage signal during load measuring to
determine whether a fault exists on the rail served.

d. A 5000 amp, 50 mv shunt detects the current flowing in the feeder circuit. The shunt provides a
proportional signal to the ammeter AM.

e. The ammeter AM is 100 mv rated and 10KA-0-10KA scaled.
f A Surge Arrestor (SA) is provided to minimize track voltage surges.

g. A Ground Structure Relay (64) is connected between the Positive DC Switchgear frame and ground. 64
provides two functions: Grounded Structure and Hot Structure (for a detailed description of the mtemal
operation of this relay see the Operation and Calibration Manual).

If the Switchgear frame becomes grounded, 64 energizes 64Y (Grounded Structure Relay), which provides
indication to the Annunciator.

If a fault exists between Switchgear bus and frame, 64 energizes the Lockout Relay (186) and 64D (Hot
Structure Relay). 186 deenergizes the entire station by tripping all DC Breakers. 64D provides
indication to the Annunciator.

‘ 2. Control Circuit
The DC Feeder control circuit provides 3 functions: Breaker trip functions, Breaker close functions, Indication
functions

a.  Breaker Trip Functions:
The Breaker’s trip circuit is between external terminals 4 and 2.

The following conditions apply power to the breaker’s trip circuit:

(1) (Lockout Relay) sends trip to breaker

The 186 relay is tripped by functions listed in Section 6.5 (page 58). When 186 is tripped, all feeder
breakers are opened through normally open contacts. Upon 186 trip, the normally open contact
closes, which applies 125 VDC to the breaker's trip circuit.

The Master Control Relay (01X) prevents automatic, manual, and supervisory reclosure. This is
accomplished by providing contacts in series with 01X coil, latching around the manual and
supervisory close functions with a normally open 01X contact, and removing power to 182
(Reclosing Relay) pin 6.

After a 186 trip is performed, automatic reclosure should not be attempted. Therefore, the 186 normally
. closed reset contact is opened and deenergizes 01X.
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(2) SC/T (Supervisory Control Trip) sends trip to breaker
The SC/T relay is controlled through the Data Transmission System (DTS). Upon SC/T trip, the
normally open contact closes, which applies 125 VDC to the breaker’s trip circuit.

After a supervisory control trip is performed, automatic reclosure should not be attempted. Therefore, the
SC/T normally closed contact is opened and deenergizes 01X

(3) ETS (Emergency Trip Station) sends trip to breaker

The ETS contains relays which are controlled by external trip switches which are located at trackside. If
any of these trip switches are activated, the ETS normally open contact closes, which applies 125
VDC to the breaker’s trip circuit.

After an emergency trip station trip is performed, automatic reclosure should not be attempted.
Therefore, the ETS normally closed contact is opened and deenergizes 01X.

@ Ifeither adjacent feeder breaker trips when Gap Breaker is in the Remote Mode.
(5) The adjacent feeder normally closed auxiliary 172/b closes, which applies 125 VDC through 43/R
(Remote Mode selected) to the breaker’s trip circuit.

Afier an adjacent breaker trip, a reclosure should be attempted. Therefore, 01X is not deenergized.

b.  Breaker Closing Functions:
The Breaker's close circuit is between external terminals 3 and 5. The close circuit consists of an anti-pumping

circuit and the closing coil circuit (for a detailed description of these circuits refer to the breaker
Installation/Maintenance Instructions bulliten IB 4.2.74C).

The following conditions apply a breaker close command to breaker terminal 3:

(1) 182/C (Recloser Relay Close) normally open contacts closes. When 182/C contact closes, 125
VDC is applied to the breaker's closing circuit.

182/C closes under the following conditions:

(a) Control power present at 182 terminals 6, 11, and 13. Power is removed from terminal 6
when 01X (Master Control Relay) is deenergized. Power is removed from terminals 11 and
13 when there is a loss of 125 VDC control power.

(b) The breaker is open. Breaker status is determined by a 172/b contact between 125 VDC and
182 terminal 5. 172/b is closed when the breaker is open, and open when the breaker is
closed.

(¢) The rail yoltage is above the preset value.

(d) The load measuring circuit determines that the rail is unfaulted. Load measuring is
performed when the rail voltage is below the preset value.

When load measuring is performed, 182/LM energizes 129 (load measuring contactor) to initiate load
measuring circuit discussed in Section 6.5 (page 58).

If 182 determines there is a fault, another load measure is performed after a preset time delay. Upon

repeated faulted load measures, 182 energizes 182/L.OX which opens a normally closed contact and
deenergizes 01X (master control relay).
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If 182 determines there is not a fault after load measuring, 182/LOX is deenergized and 182/C is
energized.

For additional operational instructions refer to Operational Manual.

(2) Feeder Breaker is racked out to the test position and 172CS (Breaker Control Switch) is placed in
the close position.

Racking the breaker to the test position closes the normally open 172/TOC. Placing 172CS in the close

position closes contact 172CS/C. When both of these contacts are closed, 125 VDC is applied to
the breaker’s closing circuit. This provides a test closing function for the breaker.

Indication Functions:

(1) Breaker in Local Mode (W) is energized when local control has been selected by the Local/Remote
~ Selector Switch (43).

(2) Breaker Open (G) is energized when the breaker is open.

(3) Breaker Closed (R) is energized when the breaker is closed and the breaker trip coil is intact.

(4) Lockout Reset (G) is energized when the Lockout relay (186) is reset.

(5) Auto Trip (A) is energized when the Lockout relay (186) is tripped.

I-61



CLOSE CIRCUIT

TRIP CIRCUIT

(+) 0s | I
TBA-1 B0 3,20
|
|
|
|
|
| 17
I
# 12
| T
| 18
|
| T Y. * e
% : XD-A XD-W
w
(Y= - -
oo I .
>z B2 Y I #E &
h ML 33y ! i1 .
"o 20 | e é é;
c NANUAL BREAKER : ” : CTB-13 TBG-T
i —_ o | wo0E | oPEN N 1205 1 p  9CTB-1S 2_; 146 8 8
55 186 | N—™1 BREAKER 25 b i " 18}
= # e LT3gﬂi LTZ\Z;G | | LoD P2l gg SCTBT e S0 32 76
i TBG-10 2 | (1) | ! c18-14 128 T 417777 i, TBG-8 7 7
| | \X¥ ' LTH( R 5 eac 3 Yy
| Lo | | T 46 PCTB-16 79 7 12 LZ
l d | - 43/M P Y3
: 2 : ) M o8 2
| () I 2\
| Fu4 10
: DS 512041 .
TBA-2BY——0 ro—BoAll;
(=) FROM 3000KW RECTIFIER
(REF. DWG. 34-0001-00-705)
02 . 15KV TO DTS CABINET
M2 4 15KV SHUNT 16 15 5
12800A 0-20KA —<—] 1—>>—*1~L———o CTB-3
MV 0-2i RATED
» FUS | U, e cTe 2s " 1z a o CIRCUIT BKR CLOSED
BTl DA crocze Y1 10 @ CTB-4 CONNECTED POSITION
== (-) RTU 2 2
T U cTB-27 -—<é—ﬂ-9>——l—=,—0 €18-5 CIRCUIT BKR OPEN,
SHIELD _7b2 ——1702c Ts ——IN TEST POSITION,
Fut3 7881 TBB-2 T8 o cies OR IN DISCONNECT POS.
FE
FU14 XD-W
{fioal}:
Fus NOTES: @'«@"ﬁsm 3//9/??
TO RESPECTIVE NEG. 1 ’ :
DISCONNECT SW. (89) 1. 70C (TRUCK OPERATED CONTACTS)
CATHODE NO.1 (72-1) éggl%{gm W/BREAKER IN CONNECTED
N.
K2 CATHODE NO.2 (72-2)
2. 186 LOR CONTACTS ARE SHOWN IN
NORMAL POSITION.
0 OC T0 RECT.
3. 72CS BREAKER CONTROL SWITCH
MAIN BUS NEG. 1S SHOWN IN THE NORNAL POSITION.
4. # AWG. IS WIRED TO TB-1,2 TO EACH
CUBICLE FOR 125VDC CONTROL BUS.
5. ALL CONTROL WIRE TO BE #14 AWG, 1KV MIN
1268 UNLESS OTHERWISE SPECIFIED.
BREAKER CONTROL 186-13  TBG-15  T8G-17  TBG-19  TBG-21  TBG-23
CONTRACT No.: 277043
I' POSITION
NANUAL sl CONTACTS g 19 23 25 27 29 31 SUBCONTRACTOR:  LACH ELECTRIC CORP. {
o : SEE i 8Y: L.D. KUKREJA DATE:
R oir—ion X 12 12 12 12 12 2NN N N N ——— - AT SC ELESIRICAL FRODUCTS
[}
16 o—iFol a a b Q b a Z‘1 AL
21 o-—H028[ X -\[ I $ $ ~‘“‘S‘"’w ’“”"ﬂ_‘_J BARBOURSVILLE WV 25504
&l g’F 284 —irozs X 20 24 26 28 30 32
conTACTS ISR Slodk—irosey XX CATHODE BKR. SCHEMATIC (8KA)
Boirol |X 35o-k—iro36] 1X[X TRACTION POWER SUBSTATION (72-1 AND 12-2)
Tronl Ix 420-—il043 XX TB6-14 186-16 T86-18 1B6-20 T86-22 T86-24 MID “E” ROUTE. STAGE SSE-13
orob|X ‘;f:::; i XiX WASHINGTON METRDPDLITAN AREA TRANSIT AUTHORITY
o] IX S501—FG56[X X SPARE ey .
= BREAKER AUXILI1ARY SWITCHES m—LE mz 1396 13470001-00-707
C 11-96 | PRE-CONSTRUCTION UPDATES DEG DEG oo o
] §-96 | UPDATED 52R/TOC CONTACT STATUS DEG SeT SRR o
2 | 6-96 | UPDATE PER CUSTOMER COMMENTS DEG P.% I 'OOO1OOGG
o — _ frefowe ) ewsows | I ews e oo foac s e ce 3 g oot s e




TRIP CIRCUIT

LOCKOUT CIRCUIT ————‘

TBA-1 pg CLOSE CIRCUIT
o) | | |
K‘ 70 304 C
|
.
i \ 1
I ; oy Lz P 64  vockour ;
[ 17 T 4 ToC reser (G JLT4 K A triepen LA JLTS
; | 2 12 2
| _
Lo T s| 64
% } 18 Wl
.
| | T £ i S —'l + ha +
Lok I r——t—— saf 186 x0-A | | xo-v | | x0-w
o8 LF | |0 el | sl
Sh Suad | | #186 | - - -
> >xo | 12-3 )
= W TOC IoF |
0O wnok- | _k |
8, 823 | 1 ' | }
\ i ;% 1 e ! CTB-13 | |
11 NANUAL AKER
: == 9:'_ 33X MoDE 4 OPEN 4 : 24 72_Tcs lspps ©CTB-15 12 :% = : 2 2 2 8 8
| - BREAK 25 7 1" 18
b CT8-22 ¢ LB\QI LT?Z:G : SREAKER {' D ool gepy SCTB-17 ¥ 5 | l 186) | (64 pay) (64 32 76
: ' 13 ® ’ ’ | ! CTB-14 281 44”3 I : 10 10 3 7 1
L | »LT'KR:Z = 64C J533)( "1 | |
P 1 | T 16 c1B-16 T3 1233 Ao |
M scm-w b |
I { 2 ! 15 2 | g |
| | 4 > _— ]
Lo @ y_
| : Fu4 10
Ll os 0T}
+—bo w\o-l—“?rA o488,
(-TBA-2 FROM 2000KW RECT. NO.3
(REF. DWG. 34-0001-00-706) A TO DTS CABINET
(+) #2 . 15KV we D ——<<1§—| }—159>——\i~}ro-4®5 cT8-3
#12 . 15KV 12-3 12-3 CIRCUIT BKR CLOSED
_ i ToC CONNECTED POSITION
0-15KA
FUS L FUt1 0-2mA RATED ~1p_s5 —@CTB-4
2 1 T0A2 . (+) TBH-1 TBM-3 TBH-5 TBH-7 TBH-3 TBH-11 TBH-13 TBH-15 2 2
: 7500 iz, RTTOU S —<GH:9>-——J_——07 CT8-5 CIRCUIT BKR QPEN.
T0A (=) | 188 ,_ 15, 186 21,186 250186 186 39186 o186 45l 186 S'li186 123 123 ——IN TEST POSITION,
U E| conTacTs |l B #ER AR FR FR AR AR AR b T0C T8 ocrps OR IN DISCONNECT POS.
B L 17 23 21 33 37 43 7 53
|I [lziirote ] Q{-z TBH-4 TBH-6 TBH-8 TBH-10 TBH-12 TBH-14 TBV TO ANNUNCIATOR
- 140016 {X
1 FUM 2 2lo{—+o23| {X __%\L_—QCTB_'{
- ooz (X 186 LOCKOUT RELAY RESET gy | V1 —— GROUNDED STRUCTURE INDICATION
ToA—iroz? 70 72-1, 72-2, 12-3. & 172-1 THRU 172-6
50 ] L @CTB-8
24040261 X -
K3 3l04—ro33] [X]
[Fot—iros]x —N——@ CTB-9
i 3o —ro3T| |X . TRY]
TO RECTIFIER NO.3 - 3404 —Fo%6| X 64D ——— HOT STRUCTURE INDICATION
NEG. DISC. SW. (83-3) fiot—iros3] [X NOTES: L @m0
. . SW. : STX TBH-19 TBH-21 TBH-23 TBH-25 TBH-27 TBH-29 TBH-31 T8H-33 . Toc (IRUCK OPERATED CONTACTS)
4
5o qr—iroar| |X : .
10 RECT. 1EUS_ o —irodlx I I ARE SHOWN W/BREAKER IN CONNECTED
NEG TroA} 5o —iros3] [X] 14 186 22 186 24 186 32 186 34 186 42 186 44 % 52| 1_?_6 POSITION.
K T T T T T T
s e 161 2% 261 331 361 48 451 si 2. 186 LOR COVTACTS ARE SHOWY IN
J0 s 10 RECT. EEE R TBH-20 TBH-22 TBH-24 TBH-26 TBH-28 TBH-30 TBH-32 TBH-34 '
MAIN BUS NEG. 3. 72CS BREAKER CONTROL SWITCH
1S SHOWN IN THE NORMAL POSITION.
10 72-1 17826 2L OC7K20 U3T R&EL1A7Y2 T1R]TPHRU 172-6 4. #6 AWG. 1S WIRED T0 TB-1,2 T0 EACH
The femer fem ) " CUBICLE FOR 125VDC CONTROL BUS.
TBB-3 TBB-4 cuBl voc CoN
@eeereeneeee 120 VAC -oooeemmemeesseness 5. ALL CONTROL WIRE TO BE #14 AWG. 1KV MIN.
(BY OTHERS) UNLESS OTHERWISE SPECIFIED.
, TBG-13 TBG-15  TBG-17  TBG-13  TBG-21  TBG-23 o
ACT No.: 277043
S 1_,} ™
BREAKER CONTROL o 19 23 25T 27I 29 31T SUBCONTRACTOR:  LACH ELECTRIC CORP. [
2 i i 1 i BY: L.D. KUKREJA DATE:
I: POSITION = 0-1A o I Z_ 72 =3 720 3 72b =3 I 720 3 SMC ELECTRICAL PRODUCTS
MANUAL 880
DC SWITCHGEAR | 4 —~6 B e oE o ? .—'—"' Hilo—se $ I 2 BARBOURSVILLE, WV 25504
ASSENBLY ’ Tor—ron] | T 26 28 39 32 o
" Sh CATHODE B, SHEMATIC (6Kt
e - o TB3-1 TBB-2 T8G-14  T8G-16  TBG-18  TBG-20  TBG-22  TBG-24 D “E% ROUTE. STAGE NoTas
3 Sl B8]0 B 20 VAC -worreomemsissserssees WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY
B A B coNTACTS |3 (70 AL OTHER SREAKER CUBICLES) N YT T — e th
feat—ront T XX “EronT % BREAKER AUXILIARY SWITCHES e e e 1 ™ org s> 34-0001-00-708
DC SKITCHGEAR HOT/GROUNDED STRUCTURE RELAY L= ' [oroB X %P (2ot 55> ABER LTS FOR LOKGIT TRTP [ 586 b e—feree E
e =T 1= 4\ 3&-«-”’//?/?5' 51 6-96 | UPGATE PER CUSTONZR COMMENTS L 000100GH
R — e Svia DLTE“ . R?“fsio'fs — »?'Y - }'!-’-17? EJM:ESS HOTED Ovraﬁ -t ;O|O_C_E;C¥’X .0553 ELEG.DE,E,* 7' /7»' il




E3|

0s
: (+) TBA-1
! 7O 39 ©
| |
. |
! N
: |
|
|
|
|
|
|
|
|
|
I -~
R
85
> 5
QW
2
|
|
|
|
|
|
|
|
|
|
|
|
|
| DS
—p—0 3pro
(—) TBA-2
70 MAIN LINE OC
POS BUS (REF DWG) (4

700
e l

4000A

SA

W—F61a

176

)172 4

(SEE NOTE 6)

! dl
254 .

S000A
SOMV
(SEE NOTE 6)

<

TO CONTACT
RAIL

||= CLOSE CIRCUIT -]l TRIP CIRCUIT l
Fi
T304 }5 ,
y
T z 12;543L,R AFTIER S
1L 3] R 3
2{ETsx Y0 25
17172 172
197 P o
26
FrA 1l
I 01X
| 3
|
Locs
| #T
|
|
|
| 12 8
__ T0C
| \'\ 1 Y A 15@ e 2] =
I : ERAED) N 182
1| emeaker | (172 1] 7 -y
won | () | ” 124 150 338 SEE NOTE 7 M [ Gl XD
LTZIG | | BREAKER 172CS 2 CTB-17 J
% | | CLOSED 25 T 1 = [ 1 I_-_l
| - 1 T8G-13 s¢ ! ' |
e oo T :'FS'PX:‘F“ZBX :;5135x
l 7 TS B AR TOT R
cua —_¥ ____________ 16 L TBG-141 11 43, 1R s;f ETSX C18-18
T r 6
(1204} ¢ 16|
(Boallz ¢ . *
17265
BREAKER CONTROL
m
g L3R §§ POSITION
CONTACTS | S[% B ContacTs | | | |2
BINET lztu-ou X SEEE
TO DTS CABIN o3| [X 2 odl—io13 X
#12.15KV e — ! 160015 [X 16 o-{—-oI7
o7} X 21 0+4—4-028] X
9 TBG-25 TBG-31 240410 25[ X
172 112 s oa—ro32| |X|X
._—0 ——TDC 350036 XX
#12,15KV 19 29 16 e {5315 4 o cTB-3 . e T I
S8 CIRC NOTES: oot —iroaT T Ix[x
i UIT BKR CLOSED Slo-r—iFo52| X [ X
CONNECTED POSITION BT
172 172 —@ CTB-4 1. TOC (TRUCK OPERATED CONTACTS) 5504—Fo56| X | X
" I o ) ézzgl?}l{gxu W/BREAKER IN CONNECTED
0 .
o 2 » 1 2. 136 LOR CONTACTS ARE SHOWN IN
129 2 Py 552 @ CTB-5 CIRCULT BKR OPEN. " NJRMAL POSITION.
#12415KV 18626 TBG-32 R T CIRCUIT BKRRTEST POS. +
TOC T 8 3. 172CS BREAKER CONTROL SWITCH
/ GA(PSEBERECAI-:(ERRT CBDENLTOAWC )T s T8 5 ctB—6  CIRCUIT BKR. DISCONNECT POS. 0 b 13°SHONN TN THE NORMAL POSITION.
CABINET 4. #5 AWG. 1S WIRED TO TB-1.2 TO EACH
2/ CJBICLE FOR 125VDC CONTROL BUS.
L @ CTB-T  SUPERVISORY '
. 78629 T8G-27  TBG-33 \C/ CLOSE 5. ALL CONTROL WIRE TO BE #14 AWG, 2KV MIN
5] TwisTeD ® CTB-8 24VDC UNLESS OTHERWISE SPECIFIED.
s EUr_2 [ TEEIED [+ 217 23 31 6. FIEDERS NO.4 AT COLUMBIA HEIGHTS AND NO.3
7oA 8 AT GRANT CIRCLE ARE 6000A. THIS REQUIRES A
YD~V 182 1 . 1 112 1 12 7500A/50MV SHUNT AND A 15KA-0-15KA AMMETER.
> 7 g 1T - - 7 7. 51BX CONTACTS ARE NOT REQUIRED FOR
G’D @ = H v y v 2% @ CTB-S  SUPERVISORY TIE BREAKER STATIONS.
= = TWISTED TRIP . R
T oo PAIR 2 241 * @ cte-10 V¢
4 FUB (SEE NOTE 6) ] @a«é@-«-%//?/;
786-30  TBG-28  TBG-34 4
6 TWISTED
oA —CAIR SPARE BKR. AUX. CONTACT CONTRACT No.: 277043
— #12,15KV SUBCONTRACTOR: LACH ELECTRIC CORP.
10 RECT. BY: L.D. KUKREJA DATE:
NEGATIVE STATION GAP BREAKER ADJ. BREAKERS a SMC ELEGTRICAL FRODUCTS
\ P.O. X 880
T8B-1 - GRANT CIRCLE FEEDER NO.5 FEEDER NO.1 & 3 va'dnowan ARBOLISVILL G W 2560
O e 120 VAC -oemssmemmomrmmmnnee TBE-2 FEEDER NO.6 FEEDER NO.2 & 4 s BARBOURSVILLE
(FROM CATHODE NO.3) COLUMBIA HEIGHTS FEEDER NO.5 FEEDER NO.1 &3 FEEDER BREAKER SCHEMATIC
FEEDER NO.6 FEEDER NO.2 & 4 TRACTION POWER SUBSTATION/TIE BREAKER STATION
GEORGIA AVE. TIE BREAKER NO.5 | TIE BREAKER NO.1 & 3 MID “E” ROUTE, STAGE SSE-13
TIE BREAKER NO.6 | TIE BREAKER NO.2 & 4 WASHINGTON METROPOL ITAN AREA TRANSIT AUTHORITY
CHAPIN ST. TIE BREAKER NO.5 TIE BREAKER NO.1 &3 €} 08-97] FACTORY TEST UPDATES BEG Jo oo
0-1A ST ) D | 11-96 | PRE-CONSTRUCTION UPDATES DEG - 34-0001-00~709
AN o A TIE BREAKER 0.6 TIE BREAKER NG.2 8 4 C [ 710-96 | UPDATED PER CUSIGHER COMMENTS _ [DEG po pos
R/ nne B | 08-96] UPDATED LABEL IN 172CS DETAIL | DEG | —— —
5 ] 06-96 | UPDATED PER CUSTONER COMMENTS _ [DLB o ' 00010064
S - _ sujoare | FTEEOE | Y 7 Gures woh + roc ¥ o beo % s btewE £ 12




: DS ' CLOSE CIRCUIT | TRIP CIRCUIT |
(+) TBA-1 | e l I
T s O¢llodks
, | -
. | e ayr ZLar Loy
| L 3] R 3
| s¢ At
| TT 2(F1se)L0 2 N o1x
| ”:Lm; 1112 N4 Ji2 9
‘| 12| 0] b 1] P #112
; | L 172¢8 26
' | 3] °C T86-17 &2
| 2| g
15 Q AKX
} -8 ig 3 CONTACTS
- ﬂ ~ T86-18 1 (SEE
# I CHART
Qe " 1_13 BELOW)
28 LY .
9 w TBG-19
-3 (SEE CHART BELOW)
I = ADJACENT
| s
—— A 32
| T et K3 o 3]
I 2 I 370 J' l] l 1 182
| M 1 1A SEE NOTE 6 X0-V
182 BREAKER sC 1 4 TBG-20 186-22 #1338 i 71 7] 1
: L[D @9 i LT?Z:GI OPEN BREAKER 24L 11205 TR .. & z o CT8-1T
| 10 A2 5 CLOSED 25 T i i i < l_ l M
| y TB6-13 L 51BX -L 51BX -L- 518X
| LTt Kfi 186 TrTT 2T 3
| > (LB VRV T (I pommend
L 14 5 -
| 6 T86-1 oL ero CTB-18
: T nm b
R
16
—Lﬂ'—30 T d e
(-) TBA-2
‘ 70 DTS CABINET
#2,15KV 11265
TO MAIN LINE DC / Atz 112 KER CON
POS BUS (REF DWG) (4 1 FU3_ 5 16 e 45 10C BREAKER CONTROL
51 35k — e} N—0 cT1B-3 _ ST
voe #1215k 56 CIRCUIT BKR CLOSED gl sum (Bl N
1 ' R @ CTB-4 CONNECTED POSITION CONTACTS|S|E B conTaCTS |, f, |5
129 2oHro It |X [SEEIE]
2 [ =Bt X  f2od—rols X
172 1604FO 151X 16 04017
e oW 2 . Q.2 CIRCULT BKR OPEN —tott] X el
49.4 OHM — ) 240-H025(X
4| H¥ — <> T2 CTBS CIRCUIT BKR TEST POS. . So—iro%] [X[X
#0004 1z 129 Toc T8 CIRCUIT BKR [[])F}SCDNNECT POS NTES! Eorrowl XX
. +—@ CTB- . . &
7 '] ya 6 T R e
FU10 SHOWN W/I Al ONN 51 52
B4 POSITION. S rose i Ta
SA
TBB-2 2. 186 LOR CONTACTS ARE SHOWN IN
——p 1o #12.15KY 120 VAC - -7 (LY@ cTB-7  SUPERVISORY NORMAL POSITION.
CATHODE NO.3) CLOSE
. 24VDC 3. 172C5 BREAKER CONTROL SWITCH
B2 TWSTED @ C16-8 : IS SHOWN IN THE NORMAL POSITION.
8 4, # AWG. IS WIRED TO TB-1.2 T0 EACH
XD-V @ CUBICLE FOR 125VDC CONTROL BUS.
7 HEAY
50004 AN 5 Y @ CTB-9  SUPERVISORY 5, ALL CONTROL WIRE TO BE #14 AWG, 2KV MIN
S0MV C— = B o JRIF UNLESS OTHERWISE SPECIFIED.
A el TWISTE
B[ 10KZ0-10% PAIR —@ CTB-10 6. 51BX CONTACTS ARE NOT REQUIRED IN
TIE BREAKER STATIONS.
<+
10 CONTACT .
RAIL 'TroaTH T8G-25  TBG-27  T86-23  7RG-31  TBG-33 CONTRACT No.: 2727043
#12,15KV 19I 23T ZTT 29I - , SUBCONTRACTOR:  LACH ELECTRIC CORP. E
70 RECT. BY: L.D. KUKREJA DATE:
NEGATIVE STATION GAP BREAKERS | ADJ. BREAKERS —
172 172 172 172 172 'SMC SMC ELECI‘R]CA.}‘ PRODUCTS
3 3 3 5 3 GRANT CIRCLE FEEDER NO.5 FEEDER NO.1 & 3 » BARBOURSVLLE, WV 25504
I $ $ v I FEEDER NO.6 FEEDER NO.2 & 4 | :
SEED ) B vE IO | e s | g 4 GAP BREAKER SCHEMATIC
l : : TRACTION POWER SUBSTATION/TIE BREAKER STATION
0 GEORGIA AVE. TIE BREAKER NO.5 TIE BREAKER NO.1 & 3 MID “E” ROUTE. STAGE SSE-13
TBG- T
T8C-26  T86-28  TBG-30 32 TBG-34 CHAPTH ST. TIE BREAKER NO.5 | TIE BREAKER NO.1 & 3 Vel revises PeR susMITTAL maRkuPs [REA] WASHINGTON NETROPOLITAN AREA TRANSIT MUTHORITY
D 11-96 ] PRE-CONSTRUCTION UPRATES DEG |ont EX At NG, ND
SPARE € | 10-96] UPDATED PER CUSTOMER COMMENTS _ |DEG 34-0001-00-710
BREAKER AUXILIARY SWITCHES I R KR R S BV R 0 e =
Q__: ;mw W15 )9s 536 | UPOATED PER CUSTOWER COVENTS _ [OLB ””‘"ngc,. o « Fl:oo 1006k
B ) L fewjose) | mevsows N [Tovm e owe . s s oo Bie s onbreve i1




DS l CLOSE CIRCUIT TRIP CIRCUIT | LOCKOUT CIRCUIT —
(+) TBA-1 | ru |
7O 1350 0O7¢ 304 1> . - . o
| : !
! 1 2 12 12 t - LOCKOUT LOCKOUT
‘ | ,_‘%L_LR L 43":‘,"2 1l01x 1 c1e-15 p | Reser TRIP
, 1 I 3 ETs 1 64 1
: - SC I CT8-16 25 " LT4 K H LTS
[ 12| 1L 18 115172 ' A~ 2 9T M2 2 2
| TN 17 b 27010 B
! 13 10 sy 2 s4 186 o &L
! sl o]
2l
! 2L ames Y 5 Asg F—ft————t e ADJACENT
I y 3 2 = 1 | 13 4 | BREAKER i
Y% LT32:W Sooe ‘ﬂ 69 | I CONTACTS | r— =& ——|
2 T v | | + Sher |1 Lrse |
P 4186
=] 10 1721 X0~V I #1885
oA oY l 1z d BELOW) || T
7] "L:_,J | [ |
o 8 ! 172 | ‘
I N | (SEE CHART BELOW) i
e | | oy | |
172 K
| ! N Y 5 : 1z CONTACTS o | | 2 2 2
| ——1 1z | 10 . I (186) | (e 6av) (64
| , BREAKER | | I EAET) L 182 |
I 2 A N { 172 : @ Il l l me—zo ’] 186-22 e i3p { : 10 10 3
o'y h . % ] 3
} 1" 1—@ @3 i LWZ:c:z : | L] } — 1126 2 = ETSE : c :
| 10 A2 2 i _ || oo 25 % 1%3 |
| 338 ET ] \L | B |
LM
' T 2'° o7 5 14 VAR R 15k asm -
| 173 [T (PR — | 2 L
, 16
I
J[Tz0%
| 03 | ] 4
— 0 pro-{Eoil
(-) TBA-2 [ OG0T BOLAY ]
70 DTS CABINET > Uﬁ“
. #12,15KV - o)
AIN LINE DC 2 2
| US (REF DWG)  (+) 6. O 45 TOC TBH-1  TBH-3 TBH-5 TBH-T .TBH-9
. —<e—| F>>=—HN—=@ CT8-3
i <t
700 56 CIRCUIT BKR CLOSED 15 21 25 3 35
i voc l #12,15KV @ CTB-4  CONNECTED POSITION = 186 186 “2c186 k185 o186 11268
? .| 186 . 17 23 21 33 37 BREAKER CONTROL
8| CONTACTS %%
172 1 TBH-2 TBH-4 TBH-6 TBH-8 TBH-10 — FOSITION
176 b IoA—roi3 | |X Bl ar |l ]
49.4 OHN 22 21 CTB-5 CIRCUIT BKR OPEN,  [Zor—iroB [X CONTACTS|S|E 5| CONTACTS o | |18
< >y CIRCUIT BKR TEST POS. . Boir—ror] [X ool [X e
4000A )172 4 ‘%%‘r 8 R e s[x 186 LOCKOUT RELAY RESET ot . e P = &
, 129 12, 15KV 5 @ cTB-6  CIRCUIT BKR. DISCONNECT POS. o] 1% et X e X
2 220 028 | X Lo17 X 21 oHi—iFo028{ X
m . 250-"—1-0:7 _l 240025 X
_ 240~{H—H026| X o032 XX
. A €L @ CTB-T  SUPERVISORY Sor—ros] Ix] o X
| 55335 3204—iF038[ X 420043 X
ﬁ; @ CTB-8 ;jgj:ig;; : X T8H-13 TBH-15 TBH-17 TBH-13 TBH-21 ;f:::z;; o X[
fo—iro®3| |X NOTES: ® [5503—iro56[X X
| 3 8(152)% Ao row[X 1I 2i ZﬂT 3ZT Si QQ o
P SOYES
T (T s=m TPttt pmeamERR.e [
. 240 —rod6|X ARE SHOWN W/BREAKER IN CON S
Xo-v % 2 CTB=9 S”PE%'FSURY [ Siofr—iros3] x| e Zi 261 381 SGI POSITION. :
7 5204058 [ X .
50004 A B 87 @ CTB-10 24vpC ® [S5ot—iro57] |X| NB“‘“ TBH-16 TBH-18 TBH-20 TBH-22 2. 186 LOR CONTACTS ARE SHOWN IN
50MV — ou10 =] 0-TT00V 5404—H056] X NORMAL POSITION.
8[ 10K~0-10K - 186 LOCKOUT RELAY TRIP
100Mv 0-1mA RATED 70 ANNUNCIATOR 8 3. 172CS BREAKER CONTROL SWITCH
. — e - IS SHOWN IN THE NORMAL POSITION.
7O CONTACT U6 JL4 ~CT8-11 4. #6 AWG. 1S WIRED TO TB-1.2 TG EACK
RAIL ! 2 64Y —— GROUNDED STRUCTURE INDICATION CUBICLE FOR 125VDC CONTROL BUS.
[J10AT}
#1215k L1812 5. ALL CONTROL WIRE TO BE #14 ANG. 2KV MIN
' UNLESS OTHERWISE SPECIF [ED.
NEGAT VE Ty oLt
64D ——— HOT STRUCTURE INDICATION CONTRACT No.: 277043
-@ C1B-14 F
_ = _ - SUBCONTRACTOR: LACH ELECTRIC CORP.
T86-25 TBG-27 TB6-29 T86-31 186-33 BY: L.D. KUKREJA DATE: 11-4-96
SMC ELECTRICAL PRODUCTS
19 23 217 29 31 P.0. BOX B
N _,]: BARBOURSVILLE, WV 25504
0C SWITCHGERR | 4 —~6 1 172 1 172 = 112 i 112 A% SLATE CAp BREAKER ADJ DUDAKTES ™ GAP BREAKER SCHEMATIC
ASSENBLY 564 )i { ! ]; M J GEORGIA AVE. TIE BREAKER NO-6 | TIE BREAKER NO.2 & 4 Vsl EvisED Fen SuBITTAL WS [ WITH 186,8 64 (TIE SREAKER STATION ONLY)
- ; £ { 58-97 | UPDATED 64 CUST CONN 1B PIS. EG “E” ROUTE, STA -
2 24 28 30 32 CHAPIN ST. TIE BREAKER NO-6 | TIE BREAKER 0.2 & 4 5| 7155 | PRE-CONSTRUCTION UPDATES 5G] WASHINGTON NETROPOL ITAN AREA TRANSIT AUTHORITY
T {1096 | UPDATED PZR CUSTONZR COMMENTS [ EEE @ SRTE 2-13-96 DAG. ND
- n_ B | 6-96_ | ADDED AMBER LTS5 FOR LOCKOUT TRiP. — — 34-0001-00-711
186-26 186-28 T85-32 186-32 T8G-34 TOVED SC/C TN CLOSE CIRCUIT. AND TARD B . SCALE — -
/ UPDATED LABEL IN 172C5 DETAIL | DEG e TR —
DC SWITCHGEAR KOT/GROUNDED STRUCTURE RELAY SPARE A | 6756 | CPDATED PER CUSTOER COMANTS | OLB M
BREAKER AUXILIARY SWITCHES puys e p— e 0001006

Li7ITS UNLESS NOTED e FRAZ & .01 DEC 3 .003 DEGRFE & 1/2°.




BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid “E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 2/24/97

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
|so# 164527 1
Sum of QTY
UNIT DESIG. | PART NO. DESCRIPTION MFG. Total
Nameplate |NAMEPLATE 32-0314-00-301 Equipment Nameplate-Stamp as follows: Use SO# for S/N, Model No. FBK-94, 700 Volts, 800 Max [SMC 1
Voits, 125KA SC Amps, DC Hz
Nametags |NAMETAGS BY DESCRIPTION Nametags,3-Ply Laminated Plastic,Beveled Edges,Black wAVhite Core, Drill for #6-32 Stainless Steel [Promark 1
Screws,Per Attached List
Unit No.1 129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
Feeder No.2
150 C4280-508 Relay-Dc Qvercurrent, Variable Pwr Supply (24-125VDC),Uni/Bi Directional, C4280-025 Case SMC 1
172 FBK-5-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/O,E/O0,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/T0C 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-includes Plunger Spring and Hardware ABB 1
1728D 271985701 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit 1no, 1nc Plunger Type Square D 1
43R 242018 Control Switch-2 position maintained, Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2* Condiut-EMT Thinwall 1-1/2", Cut to Length Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2° Conduit Neer 4
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC 30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FU5-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS5-8 D100RBO10V Fuse-1000VDC,10A Ferraz 4
FUS-10 D100RB0O25V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Controt Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid “"E" Route, Stage SSE-13, Contract 2Z7043

Release Date: 3/11/96
Revision Date: 2/24/97

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.:1

DC SWITCHGEAR

[so# |64527

Sum of QTY

UNIT DESIG. | PART NO. DESCRIPTION MFG. Total
RB0O8 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S$-815131123 Strip Heater-150W, 240V 8" Overall, 7" Mig. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, S0mv Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal B!ock-GOOv,4pt,WlCover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt W/Cover Ring Term. General Electric 8|
TM-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell, Double Indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1

UnitNo.2 [129 LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Scientifica 1

Feeder No.4
150 C4280-508 Relay-Dc Overcurrent,Variable Pwr Supply (24-125VDC),Uni/Bi Directional, C4280-025 Case SMC 1
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1

Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182LOX,ETS|RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger, Spring and Hardware ABB 1

1728D 271985701 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit, 1no, 1nc,Plunger Type Square D 1
43L/R 24201B Control Switch-2 position,maintained, Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length, Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-28 Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FU5-10 PSI20X127PRE Fuse Holder Ferraz 6

- SMC Electrical Products, Power Systems Operation
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Release Date: 3/11/96
Revision Date: 2/24/97

BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
{so# 184527 1
Sum of QTY
UNIT DESIG. PART NO. DESCRIPTION MFG. Total
FUS-8 D100RBO10OV Fuse-1000VDC,10A Ferraz
FUS-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 126VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Amestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control,DPDT,24vdc Coil Idec 2|
SH S$-815131123 Strip Heater-150W, 240V,8" Overall,7" Mig. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, S0mv Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB, TBF EB25B04C Terminal 8Iock-600v,49t,W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt, W/Cover,Ring Term. General Electric 8]
TM-1 YA44-2N Terminal-Type YA 1000 KCMIL,Long Barrell,Double Indent,Nema 2-Hole Pad Burndy S
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
Unit No.3 32 C4280-555 Relay-Reverse Current,125VDC,C4280-025 Case SMC 1
Cathode
No.2
72 FBK-S-8000 (BY DESC.)| Breaker-8000A,800VDC,1P,"00",D/O,E/O,125vdc Cont.,12 Aux Sw,Kirk Lock Prov.,Permissive ABB 1
switch Shutter Act. Nr Operations Counter, ODFBK-10A Trip Device, W/Wheel Assembly
76 C4280-509 Relay-Dc Overcurrent,100ms TD,Variable Pwr Supply (24-125VDC),Uni/Bi Directional C4280-025 |SMC 1
Case
01X RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 1
338 9007-AP221 Switch-Limit, 1no, 1nc Plunger Type Square D 1
43W/A 242018 Control Switch-2 position, maintained, Manual/Auto Escutcheon engraved per Sketch #2 Electroswitch 1
72TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-includes Plunger, Spring and Hardware ABB 1
72CS 2457D Switch-Breaker Control Electroswitch 1
72SD 271985T01 Secondary Disconnect for Type FBK Breaker ABB
AM 103-111-FGXX Ammeter-0-2ma Rated,0-20ka Dc Scale Yokogawa 1
AMHTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length Bend as Required (blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid “E" Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97
GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.:1
DC SWITCHGEAR
[so# 164527 ]
Sum of QTY
UNIT DESIG. PART NO. DESCRIPTION MFG. Total
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V ) Buss 2
FU3 4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-8,FU11-15 |PSI20X127PRE Fuse Holder Ferraz 9
D100RBO10V Fuse-1000VDC,10A Ferraz 9
INS-SH 255716 * Bushing-Secondary Insulation Chromolox 1
K1 KFX002510SM Key Interlock, Type FX ,With 1/4" Bolt Projection, Key Removable in Extended Position ABB 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB11 SR3P-06 Relay Base-11 Pin Idec 1
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-10000-50 Shunt-10000A, 50mv Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v 4pt,W/Cover,Ring Term. General Electric 2
T8J,TBG,CTB EB25B12C Terminal Block-600v, 12pt,W/Cover,Ring Term. General Electric 8
XD-A 3299-518 Transducer-Current,0-50mv In,0-1ma Out SMC 1
XD-wW 3299-787 Transducer-Watt,0-1000VDC; 0-50mv INPUT; 0-1ma OUTPUT SMC 1
Unit No.4 |129 LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Scientifica 1
Feeder No.6
172 FBK-S-4000 (BY DESC.)| Breaker-4000A,800VDC,1P,"01",D0/0,E/0,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR Shutter [ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger Spring,and Hardware ABB 1
1728D 271985701 Secondary Disconnect for Type FBK Breaker ABB 4
33B S007-AP221 Switch-Limit,1no,1nc,Plunger Type Square D 1
43L/R 24201B Control Switch-2 position,maintained, Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97
GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
|SO# 184527
Sum of QTY
UNIT DESIG. . PART NO. DESCRIPTION MFG. Total
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-800Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS.6 D100RBO10V Fuse-1000VDC,10A Ferraz 2]
FU5-6,9-10 PSI20X127PRE Fuse Holder Ferraz 4
FUS-10 D100RB0O25V Fuse-1000VDC,25A Ferraz 2)
INS-SH 265716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE ind. Light-LED, 125VDC, White Control Concepts 1
RB0O8 SR2P-06 Relay Base-8 Pin idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S$-815131123 Strip Heater-150W, 240V 8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-800v,4pt W/Cover, Ring Term. General Electric 2
TBJ,TBG,CTB,TB |EB25B12C Terminal Block-600v,12pt, W/Cover Ring Term. General Electric 9
TM-1 YA44-2N Terminal-Type YA, 1000 KCMIL,Long Barrell, Double Indent Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer—Voltage,O-&OOvdc In,0-1ma Out SMC 1
Unit No5 [129 LTNSB0-SDAJ Dc Contactor-750 VDC,680A,2P Microelectrica Scientifica 1
Feeder No.5
172 FBK-$-4000 (BY DESC.)| Breaker-4000A,800VDC,1P,"01",D/0,E/O,125vdc Cant.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X -
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger Spring and Hardware ABB 1
1728D 271985701 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit, 1no, 1nc,Plunger Type Square D 1
43LR 242018 Control Switch-2 position,maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E" Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 2/24/97

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
|so# 184527 {
Sum of QTY
UNIT DESIG. ¢ PART NO. DESCRIPTION MFG. Total
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated, 10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall 1-1/2", Cut to Length,Bend as Required (blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 * Locknut for 1-1/2* Conduit Neer 4
D1 1N4007 Diode-1000V, 1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-800Vac,200Vdc,20A Buss 2
FUS,6 D100RBO10OV Fuse-1000VDC,10A Ferraz 2
FU5-6,9-10 PSI20X127PRE Fuse Holder Ferraz 44
FUS9-10 D100RB025V Fuse-1000VDC 25A Femraz 2]
INS-SH 255716 Bushing-Secondary insulation Chromolox 1
LMR 3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Contro} Concepts 1
RBO8 SR2P-06 Relay Base-8 Pin Idec 2|
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall 7" Mig. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF TBH EB25B04C Terminal Block-600v,4pt, W/Cover Ring Term. General Electric 3
TBJ,TBG,CTB,TB |[EB25B12C Terminal Block-600v,12pt W/Cover,Ring Term. General Electric 9
TM-1 YA44-2N Terminal-Type YA, 1000 KCMIL Long Barrell, Double indent,Nema 2-Hole Pad Burndy 5
XD-V 3181071 Transducer-Voltage,0-800vdc In,0-1ma Out SMC 1
Unit No.6 {32 C4280-555 Relay-Reverse Current,125VDC,C4280-025 Case SMC 1
Cathode ,
No.1
72 FBK-S-8000 (BY DESC.)|Breaker-8000A,800VDC,1P,"00",D/O,E/O,125vdc Cont.,12 Aux Sw,Kirk Lock Prov.,Permissive ABB 1
switch Shutter Act. Nr Operations Counter, ODFBK-10A Trip Device, W/Wheel Assembly
76 C4280-5Q9 Relay-Dc Overcurrent,100ms TD,Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 [SMC 1
Case
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Release Date: 3/11/96
Revision Date: 2/24/97

BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
|SO# 164527 |
Sum of QTY ]
UNIT DESIG. . ° PART NO. DESCRIPTION MFG. Total
01X RR3PAULDC110 Relay-Control, TPDT,110vdc Coil ldec 1
338 9007-AP221 Switch-Limit, 1no, tnc Plunger Type Square D 1
43M/A 242018 Control Switch-2 position, maintained, Manual/Auto,Escutcheon engraved per Sketch #2 Electroswitch 1
72/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
: 836876701 Actuator Assy.-Includes Plunger, Spring and Hardware ABB 1
72CS 2457D Switch-Breaker Control Electroswitch 1
72SD 271985T01 Secondary Disconnect for Type FBK Breaker ABB
AM 103-141-FGXX Ammeter-0-2ma Rated,0-20ka D¢ Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall, 1-1/2",Cut to Length,Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2° EMT Thinwall Conduit Neer
COND-F TC-505 Connector for 1-1/2* EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4]
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-800Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2|
FU3 4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-8FU11-15 |PSI20X127PRE Fuse Holder Femraz g
D100RBO10V Fuse-1000VDC,10A Ferraz 9
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
K2 KFX002510SM Key Interlock, Type FX With 1/4" Bolt Projection, Key Removable in Extended Position ABB 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB11 SR3P-06 Relay Base-11 Pin ldec 1
SH S-815131123 Strip Heater-150W, 240V 8" Overall,7" Mtg.,6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-10000-50 Shunt-10000A, SOmv Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A, 2pt General Electric 1
T8B,TBF EB25B04C Terminal Block-600v,4pt W/Cover,Ring Term. General Electric 2|
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt W/Cover,Ring Term. General Electric 8
XD-A 3209-518 Transducer-Current,0-50mv In,0-1ma Qut SMC 1
XD-W 3299-787 Transducer-Watt,0-1000VDC: 0-50mv INPUT: 0-1ma OUTPUT SMC 1
Unit No.7 1129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
Feeder No.3
150 C4280-508 Relay-Dc Overcurrent, Variable Pwr Supply (24-125VDC),Uni/Bi Directional, C4280-025 Case SMC 1
172 FBK-S-6000 (BY DESC.)| Breaker-6000A,800VDC,1P,*01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)

Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 2/24/97

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
|so# 64527 |
Sum of QTY
UNIT DESIG. . PART NO. DESCRIPTION MFG. Total
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182/LOX,ETS |[RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876TO1 Actuator Assy.-Includes Plunger Spring,and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB
338 8007-AP221 Switch-Limit, 1no,1nc,Plunger Type Square D 1
43L/R 242018 Control Switch-2 position, maintained,Local/Remote Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,15KA-0-15KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2",Cut to Length Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4]
D1 1N4007 Diode-1000V, 1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS5-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10V Fuse-1000VDC,10A Ferraz
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR €3313 Resistor-Load Measuring SMc 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall,7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-7500-50 Shunt-7500A, 50MV Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v 4pt, W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25812C Terminal Block-600v,12pt,W/CoverlRinJg Term. General Electric 8
T™-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell, Double Indent,Nema 2-Hole Pad Burndy 5
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid “"E" Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97
GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
Iso# 184527 ]
Sum of QTY
UNIT DESIG. . PART NO. DESCRIPTION MFG. Total
XD-V 3181-071 Transducer-Voltage 0-800vdc {n,0-1ma Out SMC 1
Unit No.8 [128 LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P {Microelectrica Scientifica 1
Feeder No.1
150 C4280-508 Relay-Dc Overcurrent,Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 Case SMC 1
172 FBK-5-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,“01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
: Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Relay-Contro!, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Piunger Spring.and Hardware ABB 1
172SD 271985T01 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit,1 no, 1nc Plunger Type Square D 1
43L/R 242018 Control Switch-2 position,maintained, Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated, 10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length,Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2° EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2* EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-800Vac,200Vdc,30A Buss 2,
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 PS120X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10OV Fuse-1000VDC,10A Ferraz
FUS-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB0O8 SR2P-06 Relay Base-8 Pin Idec 2]
RB11 SR3P-06 Relay Base-11 Pin Idec 3]
SA 6007-003 Surge Arrestor-750VDC SMC 1
- SMC Electrical Products, Power Systems Operation Page 9 of 11



BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 2/24/97

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
[so# |64527
Sum of QTY
UNIT DESIG. . PART NO. DESCRIPTION MFG. Total
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg. 6-1/2" Body (Applied At 11Svac) Chromotox 1
SHUNT H-5000-50 Shunt-5000A, S0mv Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt, W/Cover Ring Term. General Electric 2]
T8J,TBG,CTB EB25B12C Terminal Block-600v,12pt W/Cover Ring Term. General Electric B
TM-1 YA44-2N Terminal-Type YA 1000 KCMIL Long Barrell,Double Indent,Nema 2-Hole Pad Burndy 5|
XD-V 3181071 Transducer-Vottage 0-800vdc In,0-1ma Out SMC 1
Unit No.8 |32 C4280-555 Relay-Reverse Current,125VDC,C4280-025 Case SMC 1
Cathode
No.3
64 C4280-600 Relay-Ground Structure Variable Pwr Supply (24-125VDC),C4280-027 Case SMC 1
72 FBK-S-6000 (BY DESC.)|Breaker-6000A,800VDC,1p,“01",D/O,E/O,125vdc Cont.,12 Aux Sw,Kirk Lock Prov.,Permissive ABB 1
switch, Shutter Act.,Nr Operations Counter, ODFBK-10A Trip Device, W/Wheel Assembly
76 C4280-509 Relay-Dc Overcurrent,100ms TD,Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 [SMC 1
Case
186 7805D Relay-Lock Out Electroswitch 1
01X.64D,64Y RR3PAULDC110 Relay-Control, TPDT,110vdc Coil idec 3
338 9007-AP221 Switch-Limit, 1no, tnc,Plunger Type Square D 1
43M/A 242018 Control Switch-2 position,maintained, Manual/Auto,Escutcheon engraved per Sketch #2 Electroswitch 1
72/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger,Spring‘and Hardware ABB 1
72CS 2457D Switch-Breaker Control Electroswitch 1
728D 271985701 Secondary Disconnect for Type FBK Breaker ABB 4]
AM 103-111-FGXX Ammeter-0-2ma Rated,0-15KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall 1-1/2" Cut to Length Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer
COND-F TC-505 Connector for 1-1/2' EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2]
FU3,4 JKS-20 Fuse-800Vac,200Vdc,20A Buss 2
FUS5-8,FU11-15 |PSI20X127PRE Fuse Holder Femaz o
D100RBO10V Fuse-1000VDC,10A Ferraz O
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
K3 KFX002510SM Key Interlock, Type FX,With 1/4" Bolt Projection, Key Removable in Extended Position ABB 1
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Release Date: 3/11/96
Revision Date: 2/24/97

BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E" Route, Stage SSE-13, Contract 227043

GRANT CIRCLE TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
[so# |64527 1
Sum of QTY

UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total

LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1

LT2,LT4 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 2

LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1

LTS 22RL120LYXPLAR Ind. Light-LED, 125VDC, Amber Control Concepts 1

RB11 SR3P-06 Relay Base-11 Pin Idec 3

SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7* Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1

SHUNT H-7500-50 Shunt-7500A, SOMV Canadian Shunt 1

TBA,TBF 264B903G20 Terminal Block-600V,100A,2pt General Electric 2

TBB EB25B04C Terminal Block-600v,4pt, W/Cover Ring Term. General Electric 1

TBJ, TBG,CTB,TB |EB25B12C Terminal Block-600v,12pt W/Cover,Ring Term. General Electric 11

TH 2E206 Thermostat-SPDT 30-110 Deg F Adj Dayton 1

VM 103-111-FAXX Voltmeter-0-1ma Rated,0-1KV DC Scale Yokogawa 1

XD-A 3209-518 Transducer-Current,0-50mv In,0-1ma Out SMC 1

XD-V 3181-071 Transducer-Voitage 0-800vdc In,0-tma Out SMC 1

XD-W 3299-787 Transducer-Watt,0-1000VDC; 0-50mv INPUT; 0-1ma OUTPUT SMC 1

- SMC Electrical Products, Power Systems Operation
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 10/31/96
COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.:1
DC SWITCHGEAR
1S0O# 164552 1
Sum of QTY
UNIT DESIG. | PART NO. DESCRIPTION MFG. Total
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt,W/Cover Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt,W/Cover Ring Term. General Electric 8
XD-A 3299-518 Transducer-Current,0-50mv In,0-1ma Out SMC 1
XD-W 3299-787 Transducer-Watt,0-1000VDC; 0-50mv INPUT; 0-1ma OUTPUT SMC 1
Unit No.2 |129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
Feeder No.2 :
150 C4280-508 Relay-Dc Overcurrent, Variable Pwr Supply (24-125VDC),Uni/Bi Directional, C4280-025 Case SMC 1
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/Q,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR, Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-Includes Plunger,Spring,and Hardware ABB 1
1728D 271985T01 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit, 1no,1n¢,Plunger Type Square D 1
43UR 242018 Control Switch-2 position maintained,Local/Remote Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 24570 Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2",Cut to Length,Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4]
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS5-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10OV Fuse-1000vDC,10A Ferraz 4
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 10/31/96
COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.:1
DC SWITCHGEAR
|SO# ]64552 ]
Sum of QTY
UNIT DESIG. - PART NO. DESCRIPTION MFG. Total
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2]
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Colt Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg.,6-1/2“ Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, S0mv, Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB, TBF EB25B04C Terminal BIock-GOOvAptLW/Cover,er erm. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block—600v.12pt,W/Cover,Ring Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell, Double indent,Nema 2-Hole Pad Bumdy 5|
XD-V 3181-071 Ttansducer-Von_age,O-BOOvdc In,0-1ma Out SMC 1
Unit No.3 129 LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Scientifica 1
Feeder No.4
150 CA4280-508 Relay-Dc Overcurrent,Variable Pwr Supply (24-1 25VDC),Uni/Bi Directional,C4280-025 Case SMC 1
172 FBK-S-6000 (BY DESC.) Breaker-6000A,800VDC,1P,"01",0/0,E/O,125vd¢ Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act.,Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relfay-Dc Reclosing, Variable Pwr Supply (24-1 25VDC),C4280-026 Case SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-Includes Plunger,Spangt,gnd Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit,1 no,1nc,Plunger Type Square D 1
43UR 242018 Control Switch-2 position, maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated, 15KA-0-15KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length,Bend as Required (blank)
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4]
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
- SMC Electrical Products, Power Systems Operation Page3of 11




BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E" Route, Stage SSE-13, Contract 227043 Revision Date: 10/31/96
COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
[so# 164552 |
Sum of QTY
UNIT DESIG. .- PART NO. DESCRIPTION MFG. Total
FU5-6,9-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10V Fuse-1000VDC,10A Ferraz
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 265716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT4 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB0O8 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMc 1
SC/C,SCIT RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S$-815131123 Strip Heater-150W, 240V,8" Overall,7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-7500-50 Shunt-7500A, 50MV Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v, 4pt W/Caver,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,1 2pt WiCover,Ring Term. General Electric 8|
TM-1 YA44-2N Terminal-Type YA, 1000 KCMIL Long Barrell, Double indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Vottage 0-800vdc In,0-1ma Out SMC 1
Unit No.4  }129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
Feeder No.6
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01 “,D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/ Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-028 Case . SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger, Spring,and Hardware ABB 1
1728D 271985T01 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit, 1no, 1 nc,Plunger Type Square D 1
43R 24201B Control Switch-2 position,maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall, 1-1/2°,Cut to Length,Bend as Required (blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2° EMT Thinwall Conduit Neer 4|
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E" Route, Stage SSE-13, Contract 227043 Revision Date: 10/31/96
COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.:1
DC SWITCHGEAR
[sO# 164552
Sum of QTY
UNIT DESIG. PART NO. DESCRIPTION MFG. Total
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
D1 1N4007 Diode-1000V 1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS,6 D100RBO10OV Fuse-1000VDC,10A Ferraz 2)
FU5-10 PSI20X127PRE Fuse Holder Ferraz
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RBO8 SR2P-06 Relay Base-8 Pin Idec 2]
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil idec
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mig.,6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, S50mv, Sitver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB,TB |EB25B12C Tenminal Block-600v,12pt W/Cover Ring Term. General Electric 9|
TM-1 YA44-2N Terminal-Type YA 1000 KCMIL Long Barrell, Double Indent,Nema 2-Hole Pad Bumdy 5|
XD-V 3181-071 Transducer-Vottage 0-800vdc In,0-1ma Out SMC 1
Unit No.5 {129 LTNS60-SDAJ Dc Contactor-760 VDC,60A,2P Microelectrica Sclentifica 1
Feeder No.1
150 C4280-508 Relay-Dc Overcurrent, Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 Case SMC 1
172 FBK-S-4000 (BY DESC.){ Breaker-4000A,800VDC,1P,"01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182LOX ETSIRR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887103 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-Includes Plunger, Spring and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB
338 9007-AP221 Switch-Limit,1no,1nc,Plunger Type Square D 1|
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E" Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 10/31/96

COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.: 1

DC SWITCHGEAR

{SO# 84552

Sum of QTY

UNIT DESIG. PART NO. DESCRIPTION MFG. Total
43L/R N 24201B Control Switch-2 position,maintained, Local/Remote Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Controf Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AMHTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2",Cut to Length Bend as Required (blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwali Conduit Neer
COND-F TC-505 . Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU14 J60030-2S Fuse Holder,2P 600V Buss 2
FU3 4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FU5-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10OV Fuse-1000VDC,10A Ferraz 4
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR 3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepis 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Contral Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2]
RB11 SR3P-06 Relay Base-11 Pin Idec )
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2]
SH S$-815131123 Strip Heater-150W, 240V,8" Overall 7" Mig. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, S0mv,Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
T8B,TBF, TBH EB25B04C Terminal Block-600v,4pt W/Cover,Ring Term. General Electric 3
TBJ,TBG,CTB,TB |EB25B12C Terminal Block-600v,12pt, W/Cover,Ring Term. General Electric 9
T™-1 YA44-2N Terminal-Type YA 1000 KCMIL Long Barrell, Double Indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voltage,0-800vdc In,0-1ma Out SMC 1

Unit No6 {32 C4280-555 Relay-Reverse Current,125VDC,C4280-025 Case SMC 1

Cathode

No.2
72 FBK-S-8000 (BY DESC.)|Breaker-8000A,800VDC,1P,"00",D/0,E/O,125vdc Cont.,12 Aux Sw,Kirk Lock Prov.,Permissive ABB 1

switch, Shutter Act.,Nr Operations Counter, ODFBK-10A Trip Device, W/Wheel Assembly

. SMC Electrical Products, Power Systems Operation
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Release Date; 3/11/96
Revision Date: 10/31/96

BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E" Route, Stage SSE-13, Contract 227043

COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.: 1
DC SWITCHGEAR
1SO# |84552 |
Sum of QTY
UNIT DESIG. 1PART NO. DESCRIPTION MFG. Total
76 C4280-509 Relay-Dc Overcurrent,100ms TD,Variable Pwr Supply (24-125VDC),Uni/Bi Directional C4280-025 [SMC 1
Case
01X RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 1
338 9007-AP221 Switch-Limit,1no, 1 nc,Plunger Type Square D 1
43M/A 242018 Control Switch-2 position,maintained Manual/Auto, Escutcheon engraved per Sketch #2 Electroswitch 1
72TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger, Spring and Hardware ABB 1
72CS 2457D Switch-Breaker Control Electroswitch 1
728D 271985701 Secondary Disconnect for Type FBK Breaker ABB
AM 103-111-FGXX Ammeter-0-2ma Rated,0-20ka D¢ Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall, 1-1/2" Cut to Length Bend as Required (blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4]
DS-CP A-1102 Disconnect Switch-250VDC, 30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc 30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-8,FU11-15 |PSI20X127PRE Fuse Holder Ferraz 9
D100RBO10OV Fuse-1000VDC 10A Ferraz 9
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
K2 KFX002510SM Key Interlock Type FX With 1/4" Bolt Projection, Key Removable in Extended Position ABB 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Conce_pts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Contro! Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB11 SR3P-06 Relay Base-11 Pin Idec 1
SH S$-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-10000-50 Shunt-10000A, 50mv,Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt W/Cover Ring Term. General Electric 8
XD-A 3299-518 Transducer-Current,0-50mv in,0-1ma Out SMC 1
XD-W 3209-787 Transducer-Watt,0-1000VDC; 0-50mv INPUT; 0-1ma OUTPUT SMC 1
UnitNo.7 129 LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Scientifica 1
Feeder No.3
150 C4280-508 Relay-Dc¢ Overcurrent,Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 Case SMC 1

. SMC Electrical Products, Power Systems Operation
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 10/31/96
COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.:1
DC SWITCHGEAR
|so# |64552 |
Sum of QTY -
UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total
172 FBK-8-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",0/0,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR, Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876 TO1 Actuator Assy.-Includes Plunger Spring and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB 4
33B 9007-AP221 Switch-Limit,1no, 1nc Plunger Type Square D 1
43LU/R 242018 Control Switch-2 position,maintained, LocallRemote,Escutcheowgraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length Bend as Required (blank) 3
COND-B PBSO0D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
D1 1N4007 Diode-1000V, 1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-800Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10V Fuse-1000VDC,10A Ferraz 4
FUS-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,.SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall,7" Mtg.,6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv, Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt, W/Cover,Ring Term. General Electric 2

- SMC Electrical Products, Power Systems Operation Page 8 of 11



BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E" Route, Stage SSE-13, Contract 227043 Revision Date: 10/31/96
COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.:1
DC SWITCHGEAR
[so# |64552 ]
Sum of QTY
UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total
TBJ,TBG,CTB EB25B12C Terminal Block-800v,12pt W/Cover,Ring Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA 1000 KCMIL Long Barrell, Double Indent Nema 2-Hole Pad Bumdy 5
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
UnitNo.8 |129 LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Scientifica 1
Feeder No.5
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/0,E/Q,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC), C4280-026 Case SMC 1
01X,182/LOX,ETS |RR3PAULDC110 Retay-Control, TPDT,110vdc Coil Idec 3
X
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-Includes Plunger, Spring,and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB
33B 9007-AP221 Switch-Limit,1no,1 nc Plunger Type Square D 1
43L/R 24201B Control Switch-2 position,maintained,Local/Remote Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated, 10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Candiut-EMT Thinwall,1-1/2",Cut to Length Bend as Required (blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4}
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2* Conduit Neer 4
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS,68 D100RBO10V Fuse-1000VDC,10A Ferraz
FU5-6,9-10 PSI20X127PRE Fuse Holder Ferraz
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RBO8 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 10/31/96

COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.:4
DC SWITCHGEAR
[SO# ]64552
Sum of QTY
UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control DPDT,24vdc Coil Idec 2
SH $-815131123 Strip Heater-150W, 240V,8" Overall,7* Mtg. 6-1/2" Body (Applied At 11Svac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, S0mv, Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt W/Cover,Ring Term. General Electric 2]
TBJ,TBG,CTB EB25B12C Terminal Block-800v,12pt W/Cover,Ring Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA, 1000 KCMIL, Long Barrell, Double Indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voltage 0-800vdc In 0-1ma Out SMC 1
UnitNo9 |32 C4280-555 Relay-Reverse Current,125VDC,C4280-025 Case SMC 1
Cathode
No.3
64 C4280-600 Relay-Ground Structure, Variable Pwr Supply (24-125VDC),C4280-027 Case SMC 1
72 FBK-S-6000 (BY DESC.)|Breaker-8000A,800VDC,1p,"01",D/O,E/O,125vdc Cont.,12 Aux Sw,Kirk Lock Prov., Permissive ABB 1
switch Shutter Act. Nr Operations Counter, ODFBK-10A Trip Device W/Wheel Assembly
76 C4280-509 Relay-Dc Overcurrent,100ms TD,Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 [SMC 1
Case
186 7805D Relay-Lock Out Electroswitch 1
01X,64D 64Y RR3PAULDC110 Relay-Control, TPDT,110vdc Coil idec 3
338 9007-AP221 Switch-Limit,1no,1 nc,Plunger Type Square D 1
43MA 242018 Control Switch-2 position maintained, Manual/Auto, Escutcheon engraved per Sketch #2 Electroswitch 1
72/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plurlgrer,Springland Hardware ABB 1
72CS 24570 Switch-Breaker Control Electroswitch 1
728D 271985701 Secondary Disconnect for Type FBK Breaker ABB
AM 103-111-FGXX Ammeter-0-2ma Rated,0-15KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
DS-CP A-1102 Disconnect Switch-250VDC,30A Flinor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-28 Fuse Holder,2P,600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-8,FU11-15 |PSI20X127PRE Fuse Holder Ferraz 9
D100RBO10V Fuse-1000VDC,10A Ferraz 9
INS-SH 255716 Bushing-Secondary Insutation Chromolox 1
" SMC Electrical Products, Power Systems Operation Page 10 of 11



BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E" Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 10/31/96

COLUMBIA HEIGHTS TRACTION POWER SUBSTATION Rev. No.: 1

DC SWITCHGEAR

|so# {64552

Sum of QTY
UNIT DESIG. . PART NO. DESCRIPTION MFG. Total

K3 KFX002510SM Key Interlock, Type FX,With 1/4" Bolt Projection, Key Removable in Extended Position ABB 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC. Red Control Concepts 1
LT2,LT4 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 2
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
LTS 22RL120LYXPLAR Ind. Light-LED, 125VDC, Amber Control Concepts 1
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg. 6-1/2" Body (Applied At 11Svac) Chromolox 1
SHUNT H-7500-50 Shunt-7500A, SOMV Silver Plated Canadian Shunt 1
TBA TBF 264B903G20 Terminal Block-600V,100A,2pt General Electric 2
TBB EB25B04C Terminal Block-600v, 4pt W/Cover,Ring Term. General Electric 1
TBJ,TBG,CTB,TB {EB25B12C Terminal Block-600v,12pt,W/Cover,Ring Term. General Electric 11
TH 2E206 Thermostat-SPDT 30-110 Deg F Adj Dayton 1
VM 103-111-FAXX Voltmeter-0-1ma Rated 0-1KV DC Scale Yokogawa 1
XD-A 3299-518 Transducer-Current,0-50mv In,0-1ma Out SMC 1
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
XD-W 3299-787 Transducer-Watt 0-1000VDC; 0-50mv INPUT; 0-1ma OUTPUT SMC 1

- SMC Electrical Products, Power Systems Operation
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97
GEORGIA AVENUE TIE BREAKER STATION Rev. No.: 1
DC SWITCHGEAR
|So# 164513 1
Sum of QTY .
UNIT DESIG. : PART NO. DESCRIPTION MFG. Total
Nameplate |NAMEPLATE 32-0314-00-301 Equipment Nameplate-Stamp as follows: Use SO# for S/N, Model No. FBK-94, 700 Volts, 800 Max |SMC 1
Volts, 125KA SC Amps, DC Hz
Nametags |[NAMETAGS BY DESCRIPTION Nametags;3-Ply Laminated Plastic,Beveled Edges,Black w/White Core,Drill for #6-32 Stainless Steel |Promark 1
Screws,Per Attached List
Unit No.1  J01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coll Idec 3
Tie Breaker {X
No.3 '
129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
150 C4280-508 Relay-Dc Overcurent Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 Case SMC 1
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act.,Nr Operations Counter, ODFBK-7A Trip Device W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing Variable Pwr Supply (24-125VDC),C4280-026 Case _ SMC 1
43L/R 242018 Control Switch-2 position,maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated 10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2]
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss.
FUS-10 PS120X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10OV Fuse-1000VDC,10A Ferraz
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin |dec 3
SA 6007-003 Surge Arrestor-750VDC SMc 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv, Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal BIock-600v,4pt,W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminat Block-600v,12pt, W/Cover,Ring Term. General Electric 8]
T™M-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell, Double indent,Nema 2-Hole Pad Burndy 5
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid “E" Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97
GEORGIA AVENUE TIE BREAKER STATION Rev. No.:1
DC SWITCHGEAR
|so# |64513 ]
Sum of QTY
UNIT DESIG. PART NO. DESCRIPTION MFG. Total
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
D1 1N4007 Diode-1000V,1A Motorola 1
338 9007-AP221 Switch-Limit,1no,1nc,Plunger Type Square D 1
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger,Spring,and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB 4
COND EMT-1-1/2" Condiut-EMT Thinwall, 1-1/2",Cut to Length,Bend as Required (blank) 3]
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
Unit No.2 |01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker |X
No.4
129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
150 C4280-508 Relay-Dc Overcurrent,Variable Pwr Supply (24-125VDC),Uni/Bi Directional, C4280-025 Case SMC 1
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/0,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device W/Whee! Assembly
182 C4280-560 Relay-Dc Reclosing Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
43U/R 242018 Control Switch-2 position,maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 24570 Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS5-8 D100RBO10V Fuse-1000VDC,10A Ferraz
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2

- SMC Electrical Products, Power Systems Operation

Page 20of 8



BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 2/24/97

GEORGIA AVENUE TIE BREAKER STATION Rev. No.:1
DC SWITCHGEAR
[so# |64513
Sum of QTY
UNIT DESIG. PART NO. DESCRIPTION MFG. Total
SH S$-815131123 Strip Heater-150W, 240V 8" Overall,7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv. Silver Plated Canadian Shunt 1
TBA 26489803G20 Terminal Block-600V,100A,2pt General Electric 1
TBB TBF EB25B04C Terminal Block-800v,4pt W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt,W/Cover£igg Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA, 1000 KCMIL, Long Barrell, Double Indent Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
D1 1N4007 Diode-1000V,1A Motorola 1
33B 9007-AP221 Switch-Limit, 1no, 1nc, Plunger Type Square D 1
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy -Includes Plunger, Spring and Hardware ABB 1
172SD 271985T01 Secondary Disconnect for Type FBK Breaker ABB 4
COND EMT-1-1/2" Condiut-EMT Thinwall 1-1/2",Cut to Length, Bend as Required (blank) 3]
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
Unit No.3  {01X,182/LOX,ETS|RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker |X
No.2
129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
150 C4280-508 Relay-Dc Overcurrent, Variable Pwr Supply (24-125VDC),Uni/Bi Directional, C4280-025 Case SMC 1
172 FBK-5-4000 (BY DESC.)| Breaker-4000A,800VDC,1P,"01",D/0,E/O,125vdc Cont., 12 Aux Sw, PermissiveSwitch,UVR,Shutter [ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/ Wheel Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC) C4280-026 Case SMC 1
43R 242018 Control Switch-2 position malntained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO1OV Fuse-1000VDC,10A Ferraz 4
FUS-10 D100RB025V Fuse-1000VDC,25A Ferraz g]
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96

Mid “E" Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97

GEORGIA AVENUE TIE BREAKER STATION Rev. No.: 1

DC SWITCHGEAR

[so# 164513 |

Sum of QTY

UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Controt Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mig. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv,Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-800v,4pt, W/Cover Ring Term. General Electric 2
TM-1 YA44-2N Terminal-Type YA,1000 KCMIL Long Barrell, Double Indent,Nema 2-Hole Pad Burndy 5]
XD-V 3181-071 Transducer-Voltage,0-800vdc in 0-1ma Out SMC 1
D1 1N4007 Diode-1000V,1A Motorola 1
338 9007-AP221 Switch-Limit 1no, 1nc Plunger Type Square D 1
172TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1

836876T01 Actuator Assy.-Includes Plunger, Spring.and Hardware ABB 1

172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB
TBJ,TBG,CTB,TB |JEB25B12C Terminal Block-800v,12pt W/Cover Ring Term. General Electric 9
COND EMT-1-1/2" Condiut-EMT Thinwall, 1-1/2" Cut to Length Bend as Required (blank) 3
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer
COND-8 PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4]

Unit No.4  |01X,182/LOX,64D,|RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 5

Tie Breaker |64Y,ETSX

No.6
129 LTNS60-SDAJ Dc Contactor-750 VDC 60A 2P Microelectrica Scientifica 1
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/0,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter {ABB 1

Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Whee| Assembly

182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC) C4280-026 Case SMC 1
43LU/R 242018 Control Switch-2 position, maintained, Local/Remote Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Controf Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated, 10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Fiinor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2]
FU14 J60030-2S Fuse Holder,2P 600V Buss 2]
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A ) Buss 2
FU5-6 D100RBO10OV Fuse-1000VDC,10A Ferraz 2
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97
GEORGIA AVENUE TIE BREAKER STATION Rev. No.:1
DC SWITCHGEAR
1SO# 84513
Sum of QTY
UNIT DESIG. - PART NO. DESCRIPTION MFG. Total
FUS5-6,9-10 PSI120X127PRE Fuse Holder Ferraz 4
FU9-10 D100RBO25V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2LT4 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 2
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
LTS 22RL120LYXPLAR ind. Light-LED, 125VDC, Amber Controt Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 5
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V 8" Overall, 7" Mig. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv, Silver Plated Canadian Shunt 1
TM-1 YA44-2N Terminal-Type YA 1000 KCMIL Long Barrell, Double Indent,Nema 2-Hole Pad Burndy
XD-V 3181-071 Transducer-Voltage 0-800vd¢ In,0-1ma Out SMC 1
64 C4280-600 Relay-Ground Structure, Variable Pwr Supply (24-125VDC),C4280-027 Case SMC 1
186 7805D Relay-Lock Out Electroswitch 1
VM 103-111-FAXX Voltmeter-0-1ma Rated,0-1KV DC Scale Yokogawa 1
D1 1N4007 Diode-1000V,1A Motorola 1
33B 9007-AP221 Switch-Limit, 1no,1n¢,Plunger Type Square D 1
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-includes Plunger Spring and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB 4
TH 2E206 Thermostat-SPDT 30-110 Deg F Adj Dayton 1
TBJ,TBG,CTB,TB |EB25B12C Terminal Block-800v,12pt W/Cover,Ring Term. General Electric 10
TBA TBF 264B903G20 Terminal Block-600V,100A,2pt General Electric 2
TBB,TBH EB25B04C Terminal Block-600v,4pt W/Cover,Ring Term. General Electric 2
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2",Cut to Length,Bend as Required (blank) 3
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2° Conduit Neer 4
Unit No.5  |01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker {X
No.1 -
129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
150 C4280-508 Relay-Dc Overcurrent,Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 Case SMC 1
- SMC Electrical Products, Power Systems Operation Page S of 8



BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 2/24/97

GEORGIA AVENUE TIE BREAKER STATION Rev. No.: 1

DC SWITCHGEAR

[so# |64513

Sum of QTY

UNIT DESIG. - PART NO. DESCRIPTION MFG. Total
172 FBK-5-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/0,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1

Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Whee! Assembly
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC) C4280-026 Case SMC 1
43R 24201B Control Switch-2 position,maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated, 10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
DS-CP A-1102 Disconnect Switch-260VDC,30A Filnor 1
FUt,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3 4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 PSI120X127PRE Fuse Holder Ferraz 6)
FU5-8 D100RBO1OV Fuse-1000VDC,10A Ferraz
FUS-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE ind. Light-LED, 125VDC, White Control Concepts 1
RBO8 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V, 8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, SOmv, Silver Plated Canadian Shunt 1
TBA 2648903G20 Terminal Block-600V,100A 2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt W/Cover Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-800v, 12pt W/Cover, Ring Term. General Electric 8
T™M-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell Double Indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voitage 0-800vde In,0-1ma Out SMC 1
D1 1N4007 Diode-1000V,1A Motorola 1
33B 9007-AP221 Switch-Limit, 1no, 1nc,Plunger Type Square D 1
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-Includes Plunger, Spring,and Hardware ABB 1

172SD 271985T01 Secondary Disconnect for Type FBK Breaker ABB 4
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2",Cut to Length,Bend as Required (blank) 3|
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4]

- SMC Electrical Products, Power Systems Operation
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 2/24/97

GEORGIA AVENUE TIE BREAKER STATION Rev. No. 1
DC SWITCHGEAR
[SO# |64513
Sum of QTY
UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
Unit No.6  |01X,182/LOX,ETS|RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker |X
No.5
129 LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
172 FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/0,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
¢ Act.,Nr Operations Counter, ODFBK-7A Trip Device W/Wheel Assembly
182 C4280-560 Relay-Dc Reclosing,Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
43L/R 24201B Control Switch-2 position maintained, Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder, 2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-6 D100RBO10OV Fuse-1000VDC,10A Ferraz 2
FUS-6,9-10 PS120X127PRE Fuse Holder Ferraz 4]
FU9-10 D100RB025V Fuse-1000VDC, 25A Ferraz 2
INS-SH 255716 Bushing-Secondary Insulation Chromotox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control,DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall,7” Mtg.,6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-S000A, SOmv, Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt,W/Cover Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt W/Cover,Ring Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA 1000 KCMIL Long Barrell, Double Indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
D1 1N4007 Diode-1000V,1A Motorola 1
338 9007-AP221 Switch-Limit,1no, 1nc,Plunger Type Square D 1
172TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
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BILL OF MATERIAL
Washingtan Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 2/24/97
GEORGIA AVENUE TIE BREAKER STATION Rev. No.: 1
DC SWITCHGEAR
{So# |64513 ]
Sum of QTY
UNIT DESIG. ' PART NO. DESCRIPTION MFG. Total
836876101 Actuator Assy.-Includes Plunger, Spring,and Hardware ABB 1
1728D 271985T01 Secondary Disconnect for Type FBK Breaker ABB 4
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2",Cut to Length,Bend as Required (blank) 3]
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 10/31/98

CHAPIN STREET TIE BREAKER STATION Rev. No. 1
DC SWITCHGEAR
1so# 164539 {
Sum of QTY o
UNIT DESIG. ' PART NO. DESCRIPTION MFG. Total
Nameplate |NAMEPLATE 32-0314-00-301 Equipment Nameplate-Stamp as follows: Use SO# for S/N, Model No. FBK-94, 700 Volts, 800 Max |SMC 1
Volts, 125KA SC Amps, DC Hz
Nametags |NAMETAGS BY DESCRIPTION Nametags;3-Ply Laminated Plastic,Beveled Edges,Black w/White Core,Drill for #6-32 Stainless Stee! |Promark 1
Screws, Per Attached List
Unit No.1  ]01X,182/LOX,ETS |RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker {X
No.2 :
129{LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Scientifica 1
150]C4280-508 Relay-Dc Overcurrent, Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 Case SMC 1
172{FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/0,E/0,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-Includes Plunger,Spring and Hardware ABB 1
172SD 271885701 Secondary Disconnect for Type FBK Breaker ABB 4}
182 C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC) C4280-026 Case SMC 1
338 9007-AP221 Switch-Limit, 1no,1n¢,Plunger Type Square D 1
43UR 242018 Control Switch-2 position,maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall, 1-1/2" Cut to Length Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2° EMT Thinwall Conduit Neer
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder 2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 PS120X127PRE Fuse Holder Ferraz 8
FUS-8 D100RB0O10V Fuse-1000VDC,10A Ferraz
FU9-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716] Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE ind. Light-LED, 125VDC, White Control Concepts 1
RBO8 SR2P-06 Relay Base-8 Pin idec 2
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BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043 Revision Date: 10/31/96
GHAPIN STREET TIE BREAKER STATION Rev. No.: 1
DC SWITCHGEAR
[So# 164539 1
Sum of QTY
UNIT DESIG. ' PART NO. DESCRIPTION MFG. Total
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,.SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv, Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt,W/Cover,Ring Term. General Electric %
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt, W/Cover,Ring Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA,1000 KCMIL Long Barrell Double Indent,Nema 2-Hole Pad Burndy 5|
XD-V 3181-071 Transducer-Voltage,0-800vdc In,0-1ma QOut SMC 1
Unit No.2  |01X,182/LOX,ETS|RR3PAULDC110 Relay-Control, TPDT,110vdc Coll ldec 3
Tie Breaker |X
No.4
129]LTNS60-SDAJ Dc Contactor-750 VDC 60A 2P Microelectrica Scientifica 1
150{C4280-508 Relay-Dc Overcurrent, Variable Pwr Supply (24-125VDC), Uni/Bi Directional,C4280-025 Case SMC 1
172|FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/0,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
1727TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger Spring,and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB
182 C4280-560 Relay-Dc Reclosing Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
33B 9007-AP221 Switch-Limit, 1no,1nc, Plunger Type 'Square D 1
43L/R 24201B Control Switch-2 position,maintained,Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall, 1-1/2",Cut to Length Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-25 Fuse Holder,2P 600V Buss 2
FU3 4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RB0O10V Fuse-1000VDC,10A Ferraz 4
FU9-10 D100RB0O25V Fuse-1000VDC 25A Ferraz 2[
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 10/31/96

CHAPIN STREET TIE BREAKER STATION Rev. No.:1
DC SWITCHGEAR
[so# ]64539 Il
Sum of QTY
UNIT DESIG. | PART NO. DESCRIPTION MFG. Total
INS-SH 255716} Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT4 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RBO8 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SCIT RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall,7* Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, S0mv, Sitver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-600v,4pt,W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,12pt, W/Cover,Ring Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA,1000 KCMIL Long Barrell,Double Indent,Nema 2-Hole Pad Burndy S
XD-V 3181-071 Transducer-Voltage,0-800vdc in,0-1ma Out SMC 1
Unit No.3 129]LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Scientifica 1
Tie Breaker
No.6
172|FBK-S-4000 (BY DESC.)| Breaker-4000A,800VDC,1P,"01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter JABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-Includes Plunger Spring,and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB
182]C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
338 9007-AP221 Switch-Limit, 1no, 1nc,Plunger Type Square D 1
43L/R 24201B Control Switch-2 position,maintained, Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length,Bend as Required (blank) 3
COND-B PBS00D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4]
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Flinor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P,600V Buss 2
- SMC Electrical Products, Power Systems Operation Page 3 of 8



BILL OF MATERIAL
Washington Metropolitan Area Transit Authority (WMATA) Release Date: 3/11/96
Mid “E" Route, Stage SSE-13, Contract 2Z7043 Revislon Date: 10/31/96
CHAPIN STREET TIE BREAKER STATION Rev. No.: 1
DC SWITCHGEAR
{SO# 164539 |
Sum of QTY
UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total
FU3 4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2)
FUS-10 D100RB0O25V Fuse-1000VDC,25A Ferraz 2]
INS-SH 255716{Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB08 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 5
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V 8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, SOmv, Silver Plated Canadian Shunt 1
TM-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell Double Indent,Nema 2-Hole Pad Bumdy 5
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
01X,182/LOX,64D,|RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 5
B84Y,ETSX
186}7805D Relay-Lock Out Electroswitch 1
C4280-600 Relay-Ground Structure, Variable Pwr Supply (24-125VDC),C4280-027 Case SMC 1
FUS5-6 D100RBO10V Fuse-1000VDC,10A Ferraz 2
FUS-6,9-10 PSI20X127PRE Fuse Holder Ferraz 4
LT2,LT4 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 2
LTS 22RL120LYXPLAR Ind. Light-LED, 125VDC, Amber Control Concepts 1
TBA,TBF 2648903G20 Terminal Block-600V,100A,2pt General Electric 2
TBB EB25B04C Terminal BIock-600v,4pt,W/Cover,RingTerm. General Electric 1
TBJ,TBG,CTB,TB |EB25B12C Terminal Block-600v,12pt, W/Cover Ring Term. General Electric 10
TH 2E206 Thermostat-SPDT 30-110 Deg F Adj Dayton 1
VM 103-111-FAXX Voltmeter-0-1ma Rated,0-1KV DC Scale Yokogawa 1
Unit No.4 ]01X,182/LOX,ETS |[RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker |X
No.1
129|LTNS60-SDAJ Dc Contactor-750 VDC 60A,2P Microelectrica Scientifica 1
150{C4280-508 Relay-Dc Overcurrent,Variable Pwr Supply (24-125VDC),Uni/Bi Directional, C4280-025 Case SMC 1
172|FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter JABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device W/Wheel Assembly
172/TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876TO1 Actuator Assy.-Includes ngqer,Spﬂng,and Hardware ABB 1
172SD 271985T01 Secondary Disconnect for Type FBK Breaker ABB 4
182]C4280-560 Relay-Dc Reclosing,Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1|
- SMC Electrical Products, Power Systems Operation Page 4 of 8



BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 10/31/96

CHAPIN STREET TIE BREAKER STATION Rev. No.: 1
DC SWITCHGEAR
|SO# |84539 |
Sum of QTY |
UNIT DESIG. PART NO. DESCRIPTION MFG. Total
338 9007-AP221 Switch-Limit, 1no,1 nc,Plunger Type Square D 1
43L/R 242018 Control Switch-2 position,maintained,L.ocal/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2" Cut to Length,Bend as Required (blank) 3
COND-B PBS00D: Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2° Conduit Neer
D1 1N4007 Diode-1000V,1A Motorota 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2]
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3 4 JKS-20 Fuse-800Vac,200Vdc,20A Buss 2
FUS-10 PSI20X127PRE Fuse Holder Ferraz 6
FUS-8 D100RBO10V Fuse-1000VDC,10A Ferraz 4
FUS-10 D100RB0O25V Fuse-1000VDC,25A Ferraz 2|
INS-SH 255716]Bushing-Secondary Insulation Chromolox 1
LMR €3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RBO8 SR2P-06 Relay Base-8 Pin dec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control, DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall, 7" Mtg. 6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv, Sitver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
TBB,TBF EB25B04C Terminal Block-800v,4pt, W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block—600v,12pt,W/Cover,RiL|g Term. General Electric 8
TM-1 YA44-2N Terminal-Type YA 1000 KCMIL Long Barreli,Double indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voitage 0-800vdc In,0-1ma Out SMC 1
Unit No.5  J01X,182/LOX,ETS |[RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker |X
No.3
129]LTNS60-SDAJ Dc Contactor-750 VDC,60A 2P Microelectrica Scientifica 1
150{C4280-508 Relay-Dc Overcurrent,Variable Pwr Supply (24-125VDC),Uni/Bi Directional,C4280-025 Case SMC 1
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revislon Date: 10/31/96

CHAPIN STREET TIE BREAKER STATION Rev. No.: 1
DC SWITCHGEAR
|so# 164539 1
Sum of QTY
UNIT DESIG. .’ PART NO. DESCRIPTION MFG. Total
172|FBK-S-4000 (BY DESC.)|Breaker-4000A,800VDC,1P,"01",D/O,E/O,125vdc Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter |ABB 1
Act. Nr Operations Counter, ODFBK-7A Trip Device, W/\Wheel Assembly
172TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876T01 Actuator Assy.-includes Plunger, Spring,and Hardware ABB 1
172SD 271985701 Secondary Disconnect for Type FBK Breaker ABB 4
182{C4280-560 Relay-Dc Reclosing Variable Pwr Supply (24-125VDC) C4280-026 Case SMC 1
338 9007-AP221 Switch-Limit, 1no,1nc Plunger Type Square D 1
43L/R 242018 Control Switch-2 position, maintained, Local/Remote, Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated 10KA-0-10KA DC Scale Yokogawa 1
AM/HTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall 1-1/2",Cut to Length,Bend as Required (blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer ]
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4]
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer 4
D1 1N4007 Diode-1000V,1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2]
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-800Vac,200Vdc,20A Buss 2
FUS-10 PSi20X127PRE Fuse Holder Fefraz 6
FUS-8 D100RBO10OV Fuse-1000VDC,10A Ferraz
FUS-10 D100RB025V Fuse-1000VDC,25A Ferraz 2
INS-SH 255716|Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE ind. Light-LED, 125VDC, White Control Concepts 1
RBO8 SR2P-08 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC?24 Relay-Control DPDT,24vdc Coil Idec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall,7* Mtg.,6-1/2" Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv, Silver Plated Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
T8B,TBF EB25B04C Terminal Block-600v 4pt,W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal B!ock-600v,12pt,W/CoverJRingr Term. General Elactric 81
T™-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell, Double Indent,Nema 2-Hole Pad Bumndy 5|
Page 6 of 8
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BILL OF MATERIAL

Washington Metropolitan Area Transit Authority (WMATA)
Mid "E” Route, Stage SSE-13, Contract 227043

Release Date: 3/11/96
Revision Date: 10/31/96

CHAPIN STREET TIE BREAKER STATION Rev. No.: 1
DC SWITCHGEAR
[SO# Je4539 ]
Sum of QTY
UNIT DESIG. PART NO. DESCRIPTION MFG. Total
XD-V 3181-071 Transducer-Voltage 0-800vdc In,0-1ma Out SMC 1
Unit No.6  J01X,182LOX,ETS|RR3PAULDC110 Relay-Control, TPDT,110vdc Coil Idec 3
Tie Breaker |X
No.5
129{LTNS60-SDAJ Dc Contactor-750 VDC,60A,2P Microelectrica Sclentifica 1
172|FBK-S-4000 (BY DESC.)| Breaker-4000A,800VDC,1P,"01",D/O,E/O,125vde Cont.,12 Aux Sw,PermissiveSwitch,UVR,Shutter JABB 1
: Act. Nr Operations Counter, ODFBK-7A Trip Device, W/Wheel Assembly
172TOC 271887703 Cell Switch-8 Contact with Crank and Stud ABB 1
836876701 Actuator Assy.-Includes Plunger Spring and Hardware ABB 1
172S8D 271985T01 Secondary Disconnect for Type FBK Breaker ABB 4
182]C4280-560 Relay-Dc Reclosing, Variable Pwr Supply (24-125VDC),C4280-026 Case SMC 1
338 9007-AP221 Switch-Limit,1no,1nc Plunger Type Square D 1
43LU/R 242018 Control Switch-2 position, maintained, Local/Remote Escutcheon engraved per Sketch #1 Electroswitch 1
72CS 2457D Switch-Breaker Control Electroswitch 1
AM 103-124-AEXX Ammeter-100-0-100mv Rated,10KA-0-10KA DC Scale Yokogawa 1
AMHTR 2PB-AAC-001 Ammeter-0-1A Rated And Scaled Modutec 1
COND EMT-1-1/2" Condiut-EMT Thinwall,1-1/2",Cut to Length Bend as Required {blank) 3
COND-B PB500D Bushing for 1-1/2" EMT Thinwall Conduit Neer 4
COND-F TC-505 Connector for 1-1/2" EMT Thinwall Conduit Neer 4
COND-LN LN-105 Locknut for 1-1/2" Conduit Neer
D1 1N4007 Diode-1000V, 1A Motorola 1
DS-CP A-1102 Disconnect Switch-250VDC,30A Filnor 1
FU1,2 JKS-30 Fuse-600Vac,200Vdc,30A Buss 2
FU1-4 J60030-2S Fuse Holder,2P 600V Buss 2
FU3,4 JKS-20 Fuse-600Vac,200Vdc,20A Buss 2
FUS-10 D100RB025V Fuse-1000VDC,25A Ferraz 2|
INS-SH 255716} Bushing-Secondary Insulation Chromolox 1
LMR C3313 Resistor-Load Measuring SMC 1
LT1 22RL120LRXPLRD Ind. Light-LED, 125VDC, Red Control Concepts 1
LT2 22RL120LGXPLGN Ind. Light-LED, 125VDC, Green Control Concepts 1
LT3 22RL120LYXPLWE Ind. Light-LED, 125VDC, White Control Concepts 1
RB0O8 SR2P-06 Relay Base-8 Pin Idec 2
RB11 SR3P-06 Relay Base-11 Pin Idec 3
SA 6007-003 Surge Arrestor-750VDC SMC 1
SC/C,SC/T RR2PAULDC24 Relay-Control,DPDT,24vdc Coil |dec 2
SH S-815131123 Strip Heater-150W, 240V,8" Overall,7" Mtg.,6-1/2° Body (Applied At 115vac) Chromolox 1
SHUNT H-5000-50 Shunt-5000A, 50mv,Silver Plated ) Canadian Shunt 1
TBA 264B903G20 Terminal Block-600V,100A,2pt General Electric 1
- SMC Electrical Products, Power Systems Operation Page 7 of 8



BILL OF MATERIAL
Washington Metropofitan Area Transit Authority (WMATA)

Release Date: 3/11/96
Mid "E” Route, Stage SSE-13, Contract 227043

Revision Date: 10/31/96

CHAPIN STREET TIE BREAKER STATION Rev. No. 1
DC SWITCHGEAR
[so# [64539 ]
Sum of QTY
UNIT DESIG. .- PART NO. DESCRIPTION MFG. Total
TBB,TBF EB25B04C Terminal Block-600v,4pt,W/Cover,Ring Term. General Electric 2
TBJ,TBG,CTB EB25B12C Terminal Block-600v,1 2pt W/Cover,Ring Term. General Electric 8|
TM-1 YA44-2N Terminal-Type YA,1000 KCMIL,Long Barrell, Double Indent,Nema 2-Hole Pad Burndy 5
XD-V 3181-071 Transducer-Voltage,0-800vdc In,0-1ma Out SMC 1
FU5-6 D100RBO10OV Fuse-1000VDC,10A Ferraz 2
FUS-6,9-10 PSI20X127PRE Fuse Holder Ferraz 4

- SMC Electrical Products, Power Systems Operation Page 8 of 8
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INTRODUCTION

These instructions apply to the semi-high speed versions of
ABB's direct current circuit breakers with continuous currents of
1600 through 6000 amperes; the type FBK-S-1600 through FBK-
S-5000. They may be applied on systems with voitages of 300,
800, or 1000 volts DC. Thecircuit breakers are available as single
pole breakers with electro-mechanical or solid state tripping. Also
available is a negative disconnect withdrawal unit. The mecha-
nisms are electrically operated and mechanicaily latched with
provision for manual close, trip and maintenance slow closing.
These circuit breakers are available in stationary and drawout
forms.

A drawout type FBK-H 4000, single pole, is shown in Figure 1,
with a typical schematic diagram shown in Figures 11 and 12.

These instructions should be read thoroughly before handling,
instailing and/or operating the circuit breaker.

RECEIVING AND STORAGE

Immediately upon receipt of the circuit breakers, examine the
shipping crate to determine if any damage or loss was sustained
during transit. If breakage or rough handling is evident, file a
damage claim at once with the carrier and promptly notify the
nearest ABB District Office representative. Asea Brown Boveri
s not responsible for damage of goods after delivery to the carrier.
However, we will lend assistance if notified of claims.

Unpack circuit breakers as soon as possible after receipt. |If
unpacking is delayed, difficulty may be experienced in making a
claim for damages not evident upon receipt. Use care in unpack-
ing in order to avoid damaging any circuit breaker parts. Check
the contents of each crate againstthe packing list before discard-
ing any packing material. If any discrepancy is discovered,
promptly notify the company representative. Information specify-
ing the purchase order number, carton number and part number
of damaged or missing parts should accompany the claim.

Circuit breakers should be installed in their permanent locations
as soon as possible. (See Basic Handling section.) If possible,
a drawout circuit breaker should be stored and locked in the
"DISCONNECTED' position in its compartment with the door
closed. Both the primary and control separabile contacts are dis-
connected in this position. Ifthe breaker cannotbe installedin its
compartment, it should be kept in a clean and dry location or
covered and sealed to preventinfiltration of dint. Where conditions
of high humidity prevail, the use of heaters is recommended,
regardless of the method of storage selected.

BASIC HANDLING INSTRUCTIONS

Once the circuit breaker has been removed from its shipping
srate, it should be kept in the upright position and placed on a flat
surface to avoid damage to breaker parts. For safety, all handling
in this position should utilize a lifting yoke (Figure 1, ltem 20):
CAUTION CAUTION Do not push against or lift the circuit
breaker by its arc chute.

CIRCUIT BREAKER OPERATION
Circuit Breaker Rating

The continuous current rating is the maximum current that can be
carried without exceeding rated temperature rise. There is no
overload rating.

Exceeding the current rating may raise the temperature of the
breaker beyond its design limit and, thus, affect the life of the
circuit breaker.

Basic Circuit Breaker Operating Scheme

Refer to the specific schematic diagrams, electrical operating
sequences and any other operational information furnished with
the order. See also, Fig. 11 or 12.

With the circuit breaker open, the closing springs discharged, the
control power source energized, and the motor disconnect switch
(MDS) closed, operation occurs as follows:

1. Immediately upon application of control power, the spring
charging motoer is energized, which in turn charges the closing
springs. When the closing springs are charged, limit switch
contracts "LS/1" and "LS/3" are opened, and limit switch contact
"LS/2" is closed.

2. Operation of the remote close control switch or local electrical
close pushbutton (when supplied) energizes the close latch
release coil (X) through the circuit breaker auxiliary switch "L/b"
contact, the normally closed lockout relay contact "Y/2", and the
limit switch contact "LS/2". The close latch release coil (X)
releases the latch and the springs then discharge to close the
circuit breaker.

3. When the springs discharge, limit switch contacts "LS/1" and
"LS/3" close and limit switch contact "LS/2" opens.

4. When thecircuit breaker closes, all auxiliary switch "b"contacts
open and all auxiliary switch "a" contacts close.

5. When the limit switch contacts "LS/3" close, the lockout relay
coil {Y) is energized and opens lockout contact "Y/2" which de-
energizes the close latch release coil (X). Lockout contact "Y1"
closes which seals in the lockout relay coil (Y) as long as the
"close” signal is maintained. The purpose of the lockout coil (Y)
is to prevent pumping of the closing mechanism when closing
against a faulted circuit.

6. The circuit breaker can be tripped by operation of the remaote
trip controi switch which energizes the circuit breaker trip coil (TC)
through the auxiliary switch "L/a" contact.

7. The closing springs recharge after the circuit breaker closes.
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. Arc Chute

. Auxiliary Switch

Secondary Separable Contacts

. Racking Cam Assembly

Overcurrent Trip Device -
(Electro-mechanical, Semi-High Speed)

. Positioning Wheels

. Closing Spring Charging Motor

. Escutcheon Assembly

Arc Chute Return Connections

Motor Disconnect Switch

.gocoqm NEWN

Figure 1 - 4000 AMPERE FBK SEMI-HIGH SPEED BREAKER

11

12.

14.
15.
16.
17.
18.
19.
20.
21.

. Locking Hasp

Electrical Close Push button
Manual Trip Button

"OPEN" or "CLOSED" Indicator
Racking Shutter

Closing Spring Charge Indicator
Electrical Trip Button (Optional)
Self-Aligning Dust Plate
Nameplate

Lifting Yoke

Racking Crank (Not Shown)

MODEL 01 WITH ELECTRO-MECHANICAL TRIPPING

. Removable Maintenance Handle

{Not Shown)

. Track (not shown)

. Latch (not shown)

. Arc Chute Retaining Nuts
. Position Indicator

. Cradle (not shown)

. Operation Counter

. Arc Chute Shelf

. Automatic Trip Indicator

(Not Shown)
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Closing Spring Operation

The two closing springs supply the power that closes the circuit
breaker contacts and also charge the opening springs during the
closing operation. The closing springs are charged by a motor,
storing energy forthe next close operaticn. Forsafety, the closing
springs are automatically discharged when drawout circuit break-
ers are racked from the disconnected to the withdrawn position.

ESCUTCHEON FEATURES

Summary of Features

All FBK circuit breakers are provided with an escutcheon which
extends through its enclosure doar. All indicators and controls
necessary to open, close, or rack the circuit breaker are grouped
on this escutcheon.

The controls and indicators (Figure 1) included on the escutcheon
face plate are (19) nameplate giving the rating assigned to the
particular circuit breaker, (13) manual trip button, (12) electrical
close push button switch, (10) motor disconnect switch, (14)
"OPEN" and "CLOSED" position indicator, (11) means for pad-
locking the circuit breaker in the "CONNECTED", "TEST", or
~DISCONNECTED" position and (16) closing spring charge indi-
cator. A maintenance handle (22) is inserted for manual spring
charging and maintenance slow closing. An operation counter
(28) is furnished on all FBK breakers.

All drawout circuit breakers have the racking shutter (15) that
must be raised to allow inserting of the racking crank (21).

A self-aligning dust plate (18) immediately behind the escutcheon
face plate is issued to exclude dust from the circuit breaker
compartment. On drawout type circuit breakers, the escutcheon
face will protrude through the front door of the compartment when
the circuit breaker is in the "TEST" and "DISCONNECTED"
positions. In these positions, the dust plate adjusts its position to
still function as a dust shield.

Circuit Breaker Nameplate (Figure 1, ltem 19)

The circuit breaker nameplate contains information regarding (1)
the manufacturer's name and address, (2) type of circuit breaker,
(3) serial number, (4) continuous current rating, (5) short circuit

currentrating atrated voltages and (6) momentary current rating.

Circuit Breaker "Open” or "Closed" Indicator
(Figure 1, ltem 14)

This indicator shows the physical position of the circuit breaker
contacts.

Manual Trip Button (Figure 1, ltem 13)

This button, when pushed, mechanically trips the circuit breaker
to "OPEN".

Padlocking Device (Figure 1, tem 11)

All FBK circuit breakers have provisions for padlocking the
mechanism in the trip-free position. When the padlocking hasp is
pulled out, it can be secured with up to three padlocks.

To use the Padlocking Device, first push the manual trip button to
trip the circuit breaker (if it is closed) and to unlatch the padlock
hasp. Pull out the padlock hasp and affix the padlock(s) through
. In this position, the mechanism is held trip-free; the main
contacts cannotbe closed even thoughthe closing springs can be
charged and discharged.

On circuit breakers equipped with a drawout mechanism, the
Padlocking Device will also lock the circuit breaker in any of its
three basic drawout positions of "CONNECTED", "TEST", cr
"DISCONNECTED".

Closing Spring Charge Indicator (Figure 1, Item 16)

The closing springs on a FBK circuit breaker are automatically
charged as soon as control power is applied and immediately after
each closing operation when the Motor Disconnect Switch is on.
The Closing Spring Charge Indicator shows the status of the
clesing springs by showing "SPRINGS CHARGED" or "SPRINGS
DISCHARGED" through an escutcheon window.

Auto-Trip Indicator (Optional)
(Figure 1, Item 30)

This white pushbutton, engraved "RESET", is located on the
lower right corner of the escutcheon when furnished. Inits normal
position, itis almost flush with the circuit breaker escutcheon. The
following conditions cause it to pop out:

a. Operation of the direct acting semi-high speed electro-me-
chanical avercurrent trip device. (Optional)

b. Operation of the direct acting undervoltage trip device.
Depress the button before reclosing the circuit breaker.
Motor Disconnect Switch (Figure 1, item 10)

The motor disconnect switch is a double pole, single throw teggle
type switch connected in series with the charging motor circuit and
is used to disconnect the motor from the voltage source. This
cut-off switch is used:

a. When it is desirable to prevent automatic recharging of the
closing springs just prior to taking the circuit breaker out of
service.

b. To prevent automatic recharging when racking in the circuit
breaker.

c. For control wiring dielectric tests. The motor must be discon-
nected for the control wiring dielectric test and tested at voltages
recommended by the latest revision of ANSI C37.14. Note that
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.wer dielectric test voltages are allowed for breakers-that have
been in service.

Electrical Closa Push Button (Figure 1, Item 12)

The electrical close push button is used to electrically close the
breaker from the escutcheon. This contact is connected in series
with the latch release coil (X). Energizing the latch release coil
allows the charged springs to close the circuit breaker.

Operation Counter (Figure 1, ltem 30)

The operation counter is used to count each opening of the circuit
breaker contacts. The counter is nonresetable and gives only
progressive adding indication. Itisfrequently used as a reference
to schedule maintenance intervals.

Racking Mechanism (Drawout Breaker)

The racking mechanism is used to move the circuit breaker to any
one of its three positions ("CONNECTED", "TEST", or "DISCON-
NECTED"). Allof these positions are attainable with the cubicle
doerclosed. Theracking shutter (15, Fig. 1), which must be lifted
to gain access to the racking mechanism, is interlocked with the
circuit breaker so that the circuit breaker contacts must be open
before the shutter can be lifted to rack the circuit breaker to

~ther position. The circuit breaker cannot be closed when the
Qmer is apen. The circuit breaker may be padlocked open by

eans of the locking hasp. This automatically lecks the racking
mechanism.

There are two sets of arrows and indicating lines to show the
circuit breaker position within the compartment. One set, located
on the dust cover, is utilized with the compartment door closed
and one set, located on the cradle, is utilized with the door open.

Control Device (Fig. 8)

This device is mounted below and to the left of the mechanism.
The control device contains three electrical components, the limit
switch (LS), the lockout relay (Y), and the latch release relay (X).
The schematic diagram of the control circuit (Fig. 2) illustrates the
function of this device. In addition to its electrical functions, the
base of the device provides a terminal block for the circuit breaker
wiring. A close latch release plunger is available for manual close
and spring discharge operation. On circuit breakers with solid
state tripping, metal oxide varistors are secured to the outside of
the control device.

The lockout relay (Y) in the control device is energized with the
latch release relay (X) and serves as an anti-pump device.
Without this device, a maintained close signal would then allow
the FBK circuit breaker to close, recharge its springs, discharge,
recharge and so on until the close signal is released. The lockout

'3y requires that the close signal be removed before the close
q.l can be re-energized. Because some control systems require

aintained close signals, the lockout relay is designed for con-
tinuous operation.

Auxiliary Switches (Figi:re 1, ltem 2)

The auxiliary switches, available for customer use, are mounted
on the upper right-hand side of the circuit breaker and are wired
toits secondary disconnects. Two types of contacts are provided:
“a" contacts which are closed when the circuit breaker main
contacts are closed, and "b" contacts which are open when the
circuit breaker mains are closed. Driven by the same mechanical
operator as the main contacts, the auxiliary contacts are available
infourand eight pole forms. Two "a” contacts and two ™" contacts
are supplied on four pole forms with four "a” and four "b" on eight
pole forms. These switches can be field converted to meet
various control needs.—

AVAILABLE TRIP DEVICES

Semi-High Speed Solid State Overcurrent Trip System

The optional semi-high-speed solid state cvercurrent trip system
is @ multi-component system consisting of sensor(s) and an
electronic control assembly. The system can be equipped with
normally open contacts to be used with the circuit breaker shunt
trip or normally closed contacts for use with the breaker undervoit-
age device.

The sensor(s), supplied in several ratings, provides a signal in
direct response to the direction and level of the current (1) through
the circuit breaker. This signal initiates the tripping cperaticn. By
proper selection of sensor ratings and connections, forward and/
or reverse tripping functions are provided at selected settings.

TheHalldevice, integralinthe sensor, produces an cutput voltage
signal proportional to the current (1) through the circuit breaker
and in the same polarity. When a fault occurs, this output voltage
exceeds the level-detector threshold voltage value; and the de-
tector initiates a contact change of state to either energize the
shunt trip or open the undervoltage control circuit.

A current-measuring sensor (Hall effect), that is mounted on
either the lower or the upper breaker terminal supplies an input
signal to the 78 device. The devices are interconnected by a 4-
conducter cable, with a plug at the sensor end and wire lugs atthe
relay terminal. Interchange of two cable leads atthe relay is used
to change the trip direction. Auxiliary switching by the 76 device
is by both a contact and solid state switching. The contact is used
for alarm and the solid state for shunt trip operation. Both devices
close at the moment of threshold but open after tripping or return
to normal operating conditions before end of time delay. Available
functions, trip settings and sensor ratings are shown in Table 4.
The 76 relay requires a control power source as shown in Table
5.

Refer to IB-7.5.1.7-1 for further information on the sensor-oper-
ated 76 DC Overcurrent Relay.
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Rate-of-Risa Fault Detector 76R/R (Optional)

For transit application, the rate-of-rise fault detector (R-R) func-
tions to discriminate between normal train starting currents and
actual track fault currents. The circuit is based on a true rate-of-
rise principle. Upon detection of the track fault, the breaker will trip
within a preset time limit. This device has adjustable time delay.
This adjustment provides fault detection “reach” based on the
parameters of the system. Inherent with this device is a push
button operated test circuit for periodic maintenanca checks. The
test circuit simulates atrack fault signal which checks the integrity
of the R-R detector and trip system. NOTE: Where automatic
reclosing circuitry is provided, the above test should only. be made
when the breaker is in the TEST paosition or if the reclosing circuit
is disconnected during the test.

Direct-Acting Overcurrent Trip Devices (Fig. 9)(Table 6)
(Optional) (Semi-High Speed) ( Bi-directional)

The following electro-mechanical trip devices are available:

. ODFBK - 3A - Long time and high-set instantaneous
ODFBK - 3B - Long time and low-set instantaneous
ODFBK - 4A - Long time and short time

ODFBK - 7A - Instantaneous

ODFBK - 8A - Low-set instantaneous

ODFBK - 10A - Short time

~oapgomw

The adjustments for pick up or time delay as applicable are made
by adjustment screws on the bottom of the trip device. These
devices have been calibrated at the factory prior to shipment; the
settings of the trip devices should be made by qualified personnel
based on the application conditions prior to installation in the
switchgear.

ODFBK trip units are located on the lower terminal of the single
pole breakers.

Direct Acting Undervolitage Trip Device (Optional)

The electrically reset undervoltage trip device automatically trips
the circuit breaker when its control voltage decreases to 30 to 60
percent of the rated voltage. This device may be furnished fer
either instantaneous or adjustable time delay (0-15 seconds)

tripping.
See Table 3 for electrical characteristics.

Other Trip Devices

Other trip devices such as shunt trip, undervecltage or electro-
mechanical overcurrent trip devices act directly on the latch bar
(10), causing roller (8), latch (7) and the jackshaft to move as a
unit in opening the circuit breaker.

INSTALLATION INITIAL TESTING AND REMOVAL
(Drawout & Stationary)

CAUTION CAUTION CAUTION CAUTION

When installing or removing stationary breakers, the supply for
primary and control circuits must be de-energized at all times.
Testing of stationary circuit breakers should be done with the
primary supply circuit DE-ENERGIZED.

For initial instaftation of drawout breakers in the "CONNECTED"
pasition, the supply for the primary circuit should be de-energized.
Testing of the drawout breaker should be done in the “TEST"
position.

NOTE: When the circuit breaker has an overcurrent device with
long-time delay (OD FBK-3), the following procedure must be
performed pricr to inserting the circuit breaker into the switch-
board. With the breaker in the upright position, exercise the long-
time armature (1" wide armature) several times until resistance to
motion has increased, indicating that the oil dashpotis functioning
properly. Improper operation can result if the circuit breaker is
shipped or stored on its back. This causes the ail in the dashpct
tobe displaced and an air bubble can be trapped underthe pisten.
The exercise described above remaves the air to permit proper
operation.

Installation (Stationary Type)
(Refer to Fig 1)

Lifting yoke (20, Fig. 1) can be used to move the breaker to the
installation location.

Instailation (Drawout Type)
(Refer to Fig. 1)

To insert the circuit breaker into its compartment, proceed as
described below:

1. The circuit breaker must be inthe "OPEN" position, the racking
crank turned in the counterclockwise direction fully against its
stop, and the motor disconnect switch (10) in the "OFF" position.

2.Openthe compartment door and pull out the right-hand and left-
hand tracks (23) to the fully extended and latched position.

3. Using a lifting yoke (20), lower the circuit breaker so that the
positioning wheels (6) (two on each side of circuit breaker) rest in
the cut-out sections of each track (23).

4. Remove the lifting yoke and push the circuit breaker toward the
compartment. The circuit breaker will slide in the cut-out sections
of the tracks until the positioning wheels reach the end of the cut-
outs. While holding the two latches (24, one on sach side of the
circuit breaker) down, push tne circuit breaker toward the com-
partment until the racking cams (4) stop against their guudes on
the cradle (28). Release hold on latches.



IB 4.2.1.7-4C
Page 8

ADD
Mpp

ASEA BROWN BOVERI

‘.‘rft shutter (15) covering the racking opening, insert racking
¢rank, and turn crank clockwise, pass through the "DISCON-
NECTED" position, until the position indicator on the cradle (left
side) shows "TEST" position. Remove rackingcrank. The shutter
should close if the breaker is in the proper position. Inthe "TEST"
position, the primary disconnects are not engaged in the cradle,
but the control power disconnects are engaged.

Checking Circuit Breaker Operation In "TEST" Position
(Drawout Type) Control Power on (Refer to Fig. 1)

1. Turn motor disconnect switch (10) to "ON" position and closing
springs will automatically charge.

2. Close circuit breaker by local close button and trip by local trip
button. )

NOTE: All breakers have a manual trip button. A local electrical
trip button is optional.

3. Close and trip circuit breaker by means of remcte control switch
(when used), if the control scheme allows this with the breaker in
the "TEST" position.

4. Check each auxiliary device for proper operation.

.edto allow insertion of the racking crank. This demonstrates
t the circuit breaker could not be racked while closed in the test

position.

’ ‘+sethe circuit breaker and check that the shutter (15) cannot
a

Checking Circuit Breaker Operation in"CONNECTED"
Position (Drawout Type) Control Power On (Refer to Fig. 1)

Primary supply circuit must be DE-ENERGIZED with the circuit
breaker in the "OPEN" position and the motor disconnect switch
(10) in the "OFF" position, insert the racking crank and turn
clockwise until the position indicator on the cradle shows "CON-
NECTED" position. Test the circuit breaker as it was tested inthe
"TEST" position above.

Check Circuit Breaker Operation (Stationary Type)

Follow the same procedure as for the drawout circuit breaker,
remembering that the breaker is bolted to its-line and load.
Therefore ALL TESTS MUST BE PERFORMED WITH THE
PRIMARY SUPPLY CIRCUIT DE-ENERGIZED.

Emergency operation (Refer to Fig. 3)
Circuit breakers may be charged manually by a removable
maintenance handle (4) for emergency operation.

The removable maintenance handle (4) is first positioned in two

inthe pawl carrier (2). The handle is then raised and lowered

Q umping motion until the pawl carrier (2) no longer rotates the

tchet wheel (1). The breaker closing springs are now fully
charged and ready for a closing operation.

NOTE: The motor crank arm (3) may occasionally stopinsuch a
position as to prevent charging the springs with the handle.
Should this happen, the motor crank arm must be rotated manu-
ally by using a screwdriver or similar tool to rotate the crank arm
aquarter turn so that the springs may be charged with the handle
as described above.

Circuit Breaker Removal (Drawout Type)
(Refer to Fig. 1)

To mova the circuit breaker to the "TEST™ position or to remove
it from the compartment, proceed as follows:

1. With the compartment door closed, trip the circuit breaker by
means of the remote control switch (when used) or manual "TRIP"
button (13) on the escutcheon.

2. Lift racking shutter (15), insert racking crank and turn counter-
clockwise until position indicator (27) on the right-hand side of the
escutcheon shows "TEST™ position.

3. Continue turning the racking crank counterclockwise until the
position indicator (27) on the right-hand side of the escutcheon
shows "DISCONNECTED" position. Remove the racking crank.

4. Open compartment doaor. Place motor disconnect switch (10)
in the "OFF" position.

5. Insert racking crank and turn counterclockwise as far as the
stops will allow. Checkthatthe automatic spring discharge device
will discharge the closing springs near the end of the racking
operation.

6. Pull circuit breaker forward on tracks (23) to the fully extended
and latched position.

7. With a positive pull, release positioning wheels from cut-out
sections of the tracks.

8. Remove circuit breaker from tracks by means of lifting yoke and
crane.

9. Release latch (24) on each track, push tracks into the compart-
ment, and close compartment door.

MAINTENANCE

CAUTION CAUTION CAUTION CAUTION

De-energize both primary and control circuits before making any
inspections, adjustments, or replacements of parts. Make certain
that the circuit breaker is open and that the closing springs are
discharged by observing their indicators on the front escutcheon
(14 and 16, Figure 1).
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When itis necassary that the charging springs be charged, or the
circuit breaker be closed, make sure to stay clear of operating
parts.

Stationary breakers should be checked for operation with the
control circuit energized and the primary power de-energized.
Drawout breakers should be withdrawn to "TEST" pesiticn for
checking the breaker operation. For further inspection, adjust-
ments, cleaning or replacement of parts, the drawout circuit
breaker should be withdrawn and maved to a suitable area.
Stationary breakers should likewise be removed, but, if removal
is not possible, then the primary and control circuit sources MUST
BE DE-ENERGIZED.

Periodic Maintenance Inspection

The safety and successful functioning of the connected apparatus
depends upon the proper operation of the circuit breaker. There-
fore, it is recommended that a maintenance program be estab-
lished that will provide for a periodic inspection of the circuit
breaker after a given number of operations as follows:

FBK - 1600 through 6000 - 1 pole 500 Operations

The above inspection periods apply to either no-load or current
switching operations. If the listed number of operations are not
completed in the first year of service, the circuit breakers should
be inspected, regardless.

When a circuit breaker is known to have interrupted close-in, high
current faults or highly inductive track faults in transit applications,
it should be inspected after the series of faults regardless of any
time period or number of operations.

It, after the initial inspection period, there is nc indication of any
problem, actual operating experience can then determine the
inspection cycle.

Where unusual service conditions exist, as covered by ANSI
C37.14, it must be assumed that these conditions were consid-
ered at the time of order; that the equipment supplied was
designed for the special applications; and that an appropriate
supplemental maintenance program has been developed. These
maintenance instructions only cover circuit breakers used under
the standard usual service conditions described in ANSI C37.14.

The inspection should include opening and closing the circuit
breaker electrically and manually. The unit should be visually
inspected for loose or damaged parts. Arc chutes, contacts and
insulation structure should be inspected as described below. All
accessible bolts, nuts and screws should be checked to insure

that they are tight.

Arc Chute (Refei to Figure 2)
Removal

1. Remove the two nuts and washers which sacure the return
connactions (9, Fig. 1) to the arc chute.

2. Pullthe return connnections off the studs projecting from each
side of the arc chute and position them back away from these
studs. Replace the washers and nuts to prevent loss and hold the
studs in place.

3. Remove thetwo bolts and washers that secure the front of the
arc chute to the frame of the circuit breaker.

4. Using a 1/4-inch Allen wrench on a long extensicn, loosen the
two Allen screws at the bottom rear of the arc chute. Do not
remove these screws: leave them in place loosened so that thay
are removed when the arc chute is lifted from the circuit breaxer.

5. Lifting STRAIGHT UP, remove the arc chute (with its rear
screws in place) from the circuit breaker. The arc chute is much
heavier than it locks; some assistance will be necessary ‘o
remove it.

Examination

Examine the arcchute fordamage. Discoloration or slight erccing
of the arc plates, runners or liners is normal and does not signify
damage.

The cooling plates of the arc chute feature a special light blue
epoxy paint. Take care to avoid chipping or scratching this paint;
chips in the paint can compromise the performance of the arc
chute. If chips are noted, a repair kit is available from Asea Brown
Boveri, Circuit Breaker Division.

The sides of the arc chute have insulating strips which cover the
staked ends of the cooling plates. (See Fig. 2.) These four strips
must be securely in place to maintain arc chute integrity.

If acrust has formedontheliner plates atthe base of the arc chute,
lightly remove it with.a carborundum stone or scraper. Remove
alldirt by blowing outthe arc chute with DRY compressed air. DO
NOTUSE SOLVENTS OF ANY KIND TO CLEAN ANY PART OF
THE ARC CHUTE.

If any of the following conditions exist, the arc chute should be
replaced:

1. Arc runners or cocling plates that are badly burned or liner
plates with large cracks.

2. Ahole 1/4"in diameter or larger burntin the rear steel arc plate.

3. Broken or cracked polyester side plates.
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The arc chute is installed by reversing the removal sequence.
Make sure to tighten the hardware at each end of the return

connection.

Contacts

Remova dirt and/or grease on contacts with aclean, lintless cloth.
DO NOT USE SOLVENTS OF ANY KIND TO CLEAN THE
CONTACTS. SOME SOLVENTS CAN DAMAGE THE CIRCUIT
BREAKER INSULATION STRUCTURES. Pitting or discolora-
tion of the contacts is normal and is only detrimental when i
interferes with proper contact adjustment. Oxidation of contact
surfaces canbe removed by several no-load operations every two

weeks.

Small burrs on the arcing contact can be removed with non-
metallic abrasive pads (like Scotch-Brite, a 3M Company prod-
uct). Larger burrs can be removed by filing along the contour of
the contacts.

CAUTION: Before cleaning the contacts, coverthe putfer nozzle.

Do not allow debris removed from the contacts to fall into the

hreaker mechanism. Use DRY compressed air to blow out stray
iris after cleaning the contacts.

Contacts should be replaced if any of the following conditions
exist:

1. Less than 50% of the original contact materiai thickness is left.
2. The tips of the arcing contacts are eroded away.
3. Any contact is broken or cracked.

When the contacts are filed or replaced, the contact pressure
must be checked and adjusted if necessary.

Insulation Structure

Insulated parts, such as the push rcd and the lead support
structure, should be checked for cracks or other damage. Dust
and dirt can be removed by DRY compressed air or wiped clean
with alintless cloth. DO NOT USE SOLVENTS OF ANY KIND AS
THEY MAY DAMAGE THE SURFACE FINISHOF THE INSULA-
TION STRUCTURE.

Puffer

The puffer helps push the arc’up into the arc chute with a blast of
air. Its performance can easily be checked during the mainte-
nance interval. Charge and close the circuit breaker with the arc
chute removed. Keeping clear of moving parts, place a hand
above the arcing contact and open the circuit breaker. A moder-
biast of air should be felt. If the puffer has low or no puffing
tion, do not put the circuit breaker in service. Check the puffer
nozzle for blockage, the puffer tube for cracks or breaks, and the
puffer piston seals and adjustment. Replace any of these parts if
found defective. See below for puffer adjustments.

WARNING WARNING WARNING WARNING

KEEP CLEAR OF ALL MOVING PARTS WHEN MAKING AD-
JUSTMENTS.

ADJUSTMENTS

NOTE: The operating mechanism must be operated slowly, as
described in section SLOW CLOSE PROCEDURE, when per-
forming any adjustment requiring contact movement.

In order to charge the closing springs and to close and apen the
circuit breaker, the racking mechanism must be turned to a
position such that the racking shutter (15, Fig. 1) closes whenthe
racking crank (21, Fig. 1) is removed.

Only one basic adjustmentis normalily required and thatis contact
adjustment. This should be checked to the dimensional values
required as described in paragraph "Contacts™. Other adjust-
ments are required only when operational check indicates a néed.

Siow Close Procedure

NOTE: Thecharging cranks must be reset (see steps 8, 3and 10
below) after the last slow close operation, or future electrical
operation will be impossible.

Refer to Figure 4 unless otherwise noted.

1. The closing springs must be charged; check spring charge
indicator (16, Fig. 1).

2. Insert a screwdriver or rod through the hole in the escutcheon
box (4) (right-hand side when facing the front of the circuit
breaker) and depress the close block lever pin (5) at "A”.

3. Push upon close latch release rod (S, Fig. 8) to manually close
the circuit breaker. The close black lever pin (5, Fig. 4) will now
remain in the down position. Remove screwdriver or rod.

4. Insert the maintenance handle in the ratchet carrier and oper-
ate the handle to slowly close the contacts (See Fig. 3 and "Emer-
gency Operation™.)

To repeat the slow-close operation, continue with the following
steps:

5. Insert the maintenance handle and continue the charging
operation until the indicator (16, Fig. 1) shows "SPRINGS
CHARGED".

6. Push manual "TRIP" button (13, Fig. 1) to open the contacts.
7. Repeat steps 2, 3 and 4 above for the slow-close operation.

To reset the charging cranks for normal electrical operation,
proceed as follows:
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8. Repeat steps 5 and 6 above.

9. Push up on close latch release rod (5, Fig. 8) to manually
close the circuit breaker.

10. Push the manual "TRIP" button (13, Fig. 1) to open the

contacts.
The circuit breaker is now ready for normal service operation with

the charging cranks reset and the closing springs discharged.

Contacts (Refer to Figure 5)

Psrform this adjustment with breaker out of switchgear with its arc
chute removed:

1. The hex portion of the adjusting stud (1) should be centered
within 1/16 inch, between the yoke (2) and the insulator (3).

2. Turning the adjusting stud (1) counterclockwise when viewed
from the insulated push rod (3) will increase the contact pressure.

3. If stationary arcing contact is removed for any reason, be sure
to reinstall the contact with its keeper plate.

4. The initial contact adjustment, 5.62 (+.03, -.00), is to be made
with the circuit breaker in the open position.

Tripper Bar Load (Referto Figure 6)

The tripper bar load is measured by use of a spring scale (4)
positioned as shown. With the circuit breaker in the "CLOSED"
position, the push required to trip the circuit breaker must be

between 40 and 60 ounces for aone pole unit and 48 to 80 ounces
for a two pole unit.

Shunt Trip Device (Refer to Figure 7)

After tripper bar has been checked per the above, proceed with
the following:

1. Charge springs (electrically or manually).

2. Turntrip rod (1, Fig. 7) up until a.105 gauge fits between head
of trip rod (1) and trip extension (5).

3. Remove gauge and close breaker. i

4. Try .105" gauge; it should still fit. If it doesnt, turn up trip rod
until gauge can be inserted.

5. Try .156" gauge - it should not fit.

6. Push up slowly with screwdriver or small rod at position "A” to
make sure the breaker trips mechanically.

Control Davice (Refer to Figure 8)

The control device is adjusted before leaving the factory. No
attempt should be made to adjust the internal relays and contacts
of this device in the field. If replacemaent of the control device is
required, the close latch release rod (5) overtravel may require
adjustment as described below.

Closé Latch Release Rod

1. Back off on the close latch release rod (S) and check that the
circuit breaker will not close by attempting to closa it electrically or
manually pushing up on the close latch release rod (5) to the full
extent of its travel.

2. Charge the closing springs. Push up cnthe close latch release
rod (5) to the full extent of its travel. While holding this rod up, turn
it in until the closing springs are released, closing the breaker.
Turn the close latch release rod (5) up an additional 1-1/2 turns.

OD-Overcurrent Device Adjustments (Refer to Figure 9)
Pick-up Setting Adjustments

Pick-up settings may be changed by turning the appropriate
adjusting screw untilthe moving indicator lines up with the desired
pick-up point line.

NOTE: The top line corresponds to the top printéd pick-up value,
the second line from the top corresponds to the second printed

pick-up value from the top, etc.

Armature Trip Travel Adjustment

CAUTION CAUTION CAUTION CAUTION .

KEEP HANDS CLEAR OF ALL MOVING PARTS. THE CIRCUIT
BREAKER WILL TRIP TO THE "OPEN" POSITION WHILE
CHECKING OR ADJUSTING THE ARMATURE TRIP TRAVEL.

The overload device trip travel is set at the factory; however, if trip
travel readjustment is required due to replacement of overloads
or other parts, then readjust as follows:

1. Back outonthe twotrip adjusting screws (2 & 3) untilthe screws
are engaging the nut by approximately two turns.

2. Charge springs and close circuit breaker.

3.Using a 1-footlong (approx.) rod, push uponlong time armature
(thick armature) at point "A", and hold it tight against the magnet.
Turn in screw (3) until the breaker just trips. Continue to turn the
screw in an additional 1-1/2 turns.
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Qharge springs and close the circuit breaker. Push up on the
thin armature and adjust screw (2) using the same procedure as

3" above.
LUBRICATION

Only two lubricants are approved for use in the FBK circuit
breaker. Lubricated during final assembly, the FBK circuitbreaker
may not require additional lubrication during its service life when
applied in accordance with ANSIC37.14. If, however, the breaker
is applied in unusual situations defined by ANSI C37.14, has
lubricant contaminated with dirt and debris, or has had parts
replaced, relubrication should be performed as follows:

1. Apply NO-OX-ID special Grade "A" grease from Dearborn
Chemical Company to all mating surfaces of moving current
carrying joints. DO NOT APPLY NO-OX-ID GREASE ON ANY
MAIN OR ARCING CONTACT SURFACE. Primary disconnects
should be maintained by reapplying NO-OX-ID during mainte-
nance periods. NO-OX-ID is available from ASEA Brown Boveri
in one pint cans, number 713222-A.

2. Apply Andercl 757 synthetic grease manufactured by Huls,

America, Inc. to mechanism parts, bearing and pins. DO NOT

APPLY GREASE TO LATCH ORROLLER SURFACES. Anderol

757 is available from Asea Brown Boveri in four-ounce tubes, part
Ser 712994-A.

3. DO NOT APPLY light machine oil, or thin spray lubricants to
lubricate any mechanism part.

4. DO NOT attempt to relubricate the spring charging motor
gearbox. It is sealed and should not require repacking.

5. NEVER LUBRICATE THE OD-TYPE ELECTRO-MECHANI-
CAL OVERCURRENT TRIP DEVICE.

6. Do not lubricate the circuit breaker using only Anderol 732 spray
lube. Although useful as a solvent for removing old lubricant,
Anderol 732 is not a substitute for Anderol 757.

DIELECTRIC TEST

If the insulation has become contaminated, or routine tests are
required, the test voltages to be applied for one minute to test the
ability of the insulation to withstand overvoltages are as shownin

Table 1.

CAUTION CAUTION CAUTION CAUTION

OTE: Disconnect the charging motor by means of the motor
innect switch (10, Fig. 1) to avoid motor damage.

Before any dielectric tests are made on the control circuit, the
semi-high speed overcurrent reiay should be withdrawn from its
enclosure so that the printed circuit card is not plugged in. No
dielectric tests should be made on the semi-high speed trip
system.

It is not recommended that the motor be dielectric tested, but if
desired, then test at 600V ac. Motors that have been in service
for a long period time may fail dielectric due to the normal
accumulation of debris from the brushes and commutator. Clean-
ing the motor will restore dielectric integrity.

ELECTRICAL CHARACTERISTICS OF CONTROL DEVICES |

For closing and tripping currents, voltages and ranges, refer to
Table 2.

For undervoltage trip devices, standard voltages and operating
data, refer to Table 3.

Current values are average steady state values. Momentary
inrush currents for all charging motors and ac coils are apprexi-
mately 6-8 times these values.

RENEWAL PARTS

Asea Brown Boveri recommends only those renewal parts be
stocked that will be required to insure proper and timely mainte-
nance of the breaker.

Refer to ranewal parts bulletin RP-4.2.1.8 for complete ordering
information and parts list.

The minimum quantities of assemblies recommended in the
Renewal Parts Bulletin are based on ABB's own tests and
statistical information on customer operating experience. The
replacement of total assemblies is recommended in the field so
that the circuit breaker can be returned to service as quickly as
possible. The faulty assemblies can then be returned to ABB for
reconditioning when that is possible.

The ABB service organization and factory personnel can be
reached by calling:

Service 1-215-699-8887
Factory 1-803-865-4144

REFERENCES

Additional reference material available:

IB 18.5.7-2 - Instructions for Circuit-Shield Solid State DC Over-
current Relay Type ITE-76

TD-6691 - OD-FBK-3 Time Current Characteristic Curves
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TABLE 1

TEST VOLTAGES TO BE APPLIED FOR ONE MINUTE
TO TEST THE ABILITY OF THE INSULATION TO WITHSTAND OVERVOLTAGES

Breaker in Service
or
After Storage

3150V. A.C.

a. Between line and
load terminals
and metal parts
_normally grounded.

b. Between line and
load terminals

3150V. A.C.

a. Between terminals
and metal parts

normally grounded.

b. Between phases

1125V. A.C.

a. Between control circuit
and metal parts normally
grounded.

NOTE: Motor & semi-high-speed
trip assy. must be disconnected
from control circuit for this test.

After Short Circuit

2520V. A.C.

a. and b. as above.

2520V. A.C.

a. and b. as above.

S00V. A.C.

a. as above and note.

TABLE 2

ELECTRICAL CHARACTERISTICS OF CONTROL DEVICES
CLOSING AND TRIPPING CURRENTS, VOLTAGES AND RANGES

6.5 4

1.5 104-127

104-127

104-127 10A

120 V ac 60 cycle 10.
125 Vdc 10. 1.3 .06 7 106-140 | 70-140 70-140 10A
250 V dc 5. .65 .03 3 210-280 | 140-280 140-280 10A
TABLE3

UNDERVOLTAGE TRIP DEVICE

120V ac 60 cycle 0.4 92 36-72
125V dc 0.2 100 38-75
250V dc 0.1 200 75-150
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TABLE 4
CHARACTERISTICS OF 76 DEVICE* AND SENSOR RATINGS

Instantaneous Pickup in Amperes 1, 2,3 & 4 X Sensor Rating 500
Long Ti Pickup in Amperes .5,.75, 1.0 & 1.25 X Sensor Rating 1600

ong lime Time-Delay in Seconds 5,10,15& 20 2500
Rate-of-Rise Rise-Rate in Amperes/Sec. .210 4.0 X Senscr Rating 4000
Detector Time in Seconds .05 0 .40 6000

* Actual Pickup and Rise-Rate values for 8,000 and 10,000 ampere breakers are twice the setting of the overcurrent device.
** Supplied with sensor-to-76 Relay Cable (609970-K1).

TABLE 5
CONTROL POWER OF 76 RELAY DEVICES

125V dc .05 90-140 -

* Voltage range for tripping function is 70-140 voits.

TABLEG6
AVAILABLE SETTINGS FOR ODFBK TRIP DEVICES

ODFBK -3A | .5X, .65X, .8X, 1.0X 1X, 2X, 3X, 4X TD - 6691
ODFBK -3B | .5X, .65X, .8X, 1.0X 1X, 1.5X, 2.0X, 2.5X TD - 6691
ODFBK -4A | 5X, .ssx,' 8X,1.0X | 2X,3X, 4X TD - 6690
ODFBK - 7A 1X, 2X, 3X, 4X TD - 7498
OFBK - 8A 8X, 1.0X, 1.5X, 2.0X, 2.5X ant’_ gi?y’)
ODFBK - 10A 2X, 3X, 4X (Sh;?{_l :nggmy)
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Figure 2 - ARC CHUTE
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Figure 3 - METHOD OF APPLYING MAINTENANCE
HANDLE FOR CHARGING CLOSING SPRINGS
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Figure 4 - PARTIAL VIEW OF ESCUTCHEON ASSEMBLY
(RIGHT-HAND SIDE) SHOWING SLOW CLOSE LEVER
FOR ELECTRICALLY OPERATED CIRCUIT BREAKERS
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1. ROLLER, CLOSE LATCH 4. CLOSE LATCH RELEASE ROD
2. CHARGING CAM 5. SPRING, CLOSE LATCH RELEASE ROD
3. ACTUATOR, UMIT SWITCH 6. SECONDARY CLOSE LATCH
7. PRIMARY CLOSE LATCH
J
Figure 8 - CONTROL DEVICE ADJUSTMENT
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CIRCUIT BREAKER
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ODFBK-3 LONG-TIME
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INSTANTANEOUS

PICK-UP POINTS ODFBK-8.

LOCKING SCREW FOR LONG-TIME DELAY ADJUSTMENT.

ODFBK-3 ADJUSTMENT KNOB AND INDICATOR FOR

LONG-TIME PICKUP POINTS

ODFBK-3.
INSTANTANEOUS

PICK-UP POINTS ODFBK-8.

LONG-TIME DELAY (FACTORY SET - SEE TEXT).

Figure 9 - DIRECT-ACTING OVERCURRENT TRIP DEVICE
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Figure 10 - TYPE 76 UNI-DIRECTIONAL SOLID-STATE
OVERCURRENT RELAY
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SYMBOL DESCRIPTION
a AUXILUARY SWITCH CONTACT OPEN WHEN BREAKER IS OPEN.
b AUXILJIARY SWITCH CONTACT CLOSED WHEN BREAKER IS OPEN.
bp BYPASS SWITCH CONTACTS CLOSED WHEN DRAWOUT BREAKER IS WITHDRAWN.
CE COIL LEAD.
L AUXIUARY SWITCH MOUNTED ON LEFT HAND SIDE.
LS UMIT SWITCH CONTACT OPEN WHEN SPRINGS ARE DISCHARGED, CLOSED WHEN SPRINGS ARE CHARGED.
LS/t & LS/3 eorenesssseesesssssssnmaseeees IMIT SWITCH CONTACT CLOSED WHEN SPRINGS ARE DISCHARGED, OPEN WHEN SPRINGS ARE CHARGED.
ML MOTOR LEAD.
PB LOCAL PUSH BUTTON RECOMMENDED OPERATION IN TEST POSITION ONLY.
r ALARM CONTACT CLOSES ON OVERCURRENT TRIP. MANUALLY RESET.-
s ALARM CONTACT OPENS ON OVERCURRENT TRIP. MANUALLY RESET.
R AUXILARY SWITCH MOUNTED ON RIGHT HAND SIDE
8 TERMINAL BLOCK POINT.
JC SHUNT TRIP COIL.
uv UNDERVOLTAGE DEVICE (TRIP OR LOCK OPEN)
uvn UNDERVOLTAGE CONTACT CLOSED WHEN UV COIL IS DE-ENERGIZED, OPEN WHEN UV COIL IS ENERGIZED.
X CLOSING LATCH RELEASE COIL
Y CONTROL RELAY LOCKOUT COIL
Yn NORMALLY OPEN CONTROL RELAY CONTACT.
yr NORMALLY CLOSED CONTROL RELAY CONTACT.
Lc LATCH CHECK SWITCH; CLOSED WHEN PRIMARY TRIP LATCH IS RESET.
MDS MOTOR DISCONNECT SWITCH.
[ofe] CONTROL DEVICE.
CLOSE LOCAL ELECTRICAL CLOSE PUSH BUTTON.
TRIP LOCAL ELECTRICAL TRIP PUSH BUTTON.
a TERMINAL BLOCK.
(] KNIFE BLADE WIRE DISCONNECTS.
< MOVABLE SECONDARY DISCONNECT CONTACT.
—_—D ... e DISCONNECT PLUG PIN AND RECEPTACLE.

YARISTOR.

Figure 11 - TYPICAL SCHEMATIC DIAGRAM OF CONTROL CIRCUIT

WITH ELECTRO-MECHANICAL TRIP DEVICE
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INSTRUCTIONS FOR
FBK-H CIRCUIT BREAKER

Stationary and Drawout Mounted

INTRODUCTION

These instructions apply to the type FBK-H 1600
through FBK-H 10,000 circuit breakers; 1600 through
10,000 ampere D.C. continuous current rating respectively
at any voltage up to 800V. D.C. These high-speed circuit
breakers will limit the magnitude and duration of fault
currents to values significantly less than the circuit’s avail-
able peak current. The circuit breakers are available as one
or two pale breakers with high-speed trip in forward and/or
reverse direction. Also available, is a negative disconnect
withdrawal unit. The mechanisms are electrically operated
and mechanically latched with provision for manual close,
trip and maintenance slow closing.

A drawout type FBK-H 4000, single pole, is shown in
Figure 1, with a typical schematic diagram shown in Figure
2.

These instructions should be read thoroughly before
handling, installing and/or operating the circuit breaker.

RECEIVING AND STORAGE
Immediately upon receipt of the circuit breakers, examine
the cartons to determine if any damage or loss was sustain-
ed during transit. If injury or rough handling is evident, file
a damage claim at once with the carrier and promptly noti-
fy the nearest District Office representative. Brown Boveri
Electric is not responsible for damage of goods after deliv-
ery to the carrier. However, we will lend assistance if noti-
fied of claims.
Unpack circuit breakers as soon as possible after receipt.
If unpacking is delayed, difficulty may be experienced in
making a claim for damages not evident upon receipt. Use
care in unpacking in order to avoid damaging any circuit
breakers parts. Check the contents of each carton against
the packing list before discarding any packing material. If
any discrepancy is discovered, promptly notify the comp-
any representative. Information specifying the purchase or-
der number, carton number and part numbers of damaged
or missing parts should accompany the claim.

Circuit breakers should be installed in their permanent
locations as soon as possible. (See Basic Handling section.)
It possible, a drawout circuit breaker should be stored and
locked in the “DISCONNECTED" position in its compart-
ment with the door closed. Both the primary and controi
separable contacts are disconnected in this position. If the
breaker cannot be installed in its compartment, it should be
kept in a clean and dry location or covered and sealed to
prevent infiltration of dirt. Where conditions of high
humidity prevail, the use of heaters is recommended,
regardless of the method of storage selected.

BASIC HANDLING INSTRUCTIONS

Once the circuit breaker has been removed from its
shipping crate, it should be kept in the upright position and

placed on a flat surface to avoid damage to breaker parts.
For safety, all handling in this position should utilize a
lifting yoke (Figure 1, Item 20).

CIRCUIT BREAKER OPERATION
CIRCUIT BREAKER RATING

The continuous current rating is the maximum current
that can be carried without exceeding rated temperature
rise. There is no overload rating.

Exceeding the current rating may raise the temperature
of the breaker beyond its design limit and thus affect the
life of the circuit breaker.

BASIC CIRCUIT BREAKER OPERATION (See Fig. 2)

(Refer to the specific schematic diagrams, electrical
operating sequences and any other operational information =
furnished with the order.)

With the circuit breaker open, the closing springs di3-
charged, the control power source energized, and the motor
disconnect switch (MDS) closed, operation occurs as fol-
lows:

1. Immediately upon availability of control power,
the spring charging motor is energized, which in tum
charges the closing springs. When the closing springs are
charged, limit switch contacts “LS/1” and "LS/3" are
opened, and limit switch contact “LS/2" is closed.

2. Operation of the remote close control switch or
local electrical close pushbutton {when supplied) energizes
the close latch release coil (X) through the circuit breaker
auxiliary switch "L/b” <ontact, the normally closed lock-
out relay contact “Y/2,” the 76 HS1 contact and the limit
switch contact ‘LS/2.” The close latch release coil (X)
releases the latch and the springs then discharge to close the
circuit breaker.

3. When the springs discharge, limit switch contacts
“1LS/1” and “LS/3" close and limit switch contact "LS/2"
opens. R ‘

4. When the circuit breaker closes, all auxiliary switch
“b’”* contacts open and all auxiliary switch “a” contacts
close.

5. When the limit switch contacts ‘LS/3" close, the
Jockout relay coil (Y) is energized and opens lockout con-
tact "'Y/2" which de-energizes the close latch release coil
{X). Lockout contact “Y/1” closes which seals in the lock-
out relay coil (Y) as long as the “close” contact is main-
tained. The purpose of the lockout coil {Y) is to prevent
pumping of the closing mechanism when closing against a
faulted circuit.

6. The circuit breaker can be tripped by operation of
the remote trip control switch which energizes the circuit
breaker trip coil (TC) through the auxiliary switch “L/a”
contact.

7. The closing springs recharge when the breaker is in
the closed position.
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CLOSING SPRING OPERATION .

The two closing springs supply the power that closes
the circuit breaker and also charge the opening springs
during the closing operation. The closing springs are
charged by a motor. The spring energy is available to close
the circuit breaker, thus referred to as “stored energy . For
safety, the closing springs are automatically discharged
when drawout circuit breakers are racked from the discon-
nected to the withdrawn position.

ESCUTCHEON OPERATING FEATURES

FBK-H circuit breakers are provided with an extendiblie
escutcheon face plate. This escutcheon provides a central
area for the controls and indicators which are mounted
directly on the circuit breaker.

The controls and indicators {Figure 1} included on the
escutcheon face plate are: (19) nameplate giving the rating
assigned to the particular circuit breaker, {13) manual trip
button, {12} electrical close push button switch, {10) motor
disconnect switch, (14) “OPEN" and “CLOSED” position
indicator, (11) means for padlocking the circuit breaker in
the “CONNECTED”, “TEST”, or “DISCONNECTED”
position and (16) closing spring charge indicator. Mainte-
nance handle {22) is inserted for manual spring charging
and maintenance slow closing.

All drawout circuit breakers have the racking shutter

(15) that must be raised to allow inserting of the racking
crank {21).

A seif-aligning dust plate (18) immediately behind the
escutcheon face plate is used to exclude dust from the
circuit breaker compartment. On drawout type circuit
breakers, the escutcheon face will protrude through the
front door of the compartment when the circuit breaker is
in the “TEST" and “DISCONNECTED" positions. In these
positions, the dust plate adjusts its position to still function
as a dust shield.

Circuit Breaker Nameplate (Figure 1, Item 19)

The circuit breaker nameplate contains information
regarding (1) the manufacturer’s name and address, (2) type
of circuit breaker, (3) serial number, (4) continuous current
rating, (S) short circuit current rating at rated voltages and
{6) momentary current rating.

Circuit Breaker “Open’’ or “Closed’ Indicator
(Figure 1, Item 14) -

This indicator shows the physical position of the circuit
breaker contacts.

Manual Trip Button (Figure 1, item 13)

This button, when pushed, mechanically trips the
circuit breaker to “OPEN"".

Padlocking Device (Figure 1, Item 11)

All FBK-H circuit breakers are equipped with means
for padlocking the circuit breaker mechanism in a trip-free
position. This is accomplished by the use of a locking plate
to maintain the manual trip button in a tripped position
when the locking plate is held forward by one or more
padlocks. To obtain the condition for padlocking the
circuit breaker in the open position, the manual trip button

is pushed inward (tripped position). Then the padlock plate
is pulled out and the padlock inserted into the vertical slot.
In this position, the mechanism is maintained trip free and
the contact arm cannot be moved to the closed position.

On circuit breakers equipped with drawout mechanism,
the padlocking device is also associated with the drawout
interlocking mechanism so that the circuit breaker cannot
be moved from any of its three basic drawout positions of
“CONNECTED"”, “TEST”, or “DISCONNECTED"” when
padlocked.

Closing Spring Charge Indicator
(Figure 1, Item 16)

Under normal operating conditions, the closing springs
are automaticaily charged after each closing operation.
However, there are occasions when the springs will be in 3
discharged state. Therefore, it is desirable that means be
available to indicate the charged or uncharged condition of
the closing springs. This is accomplished by a visual indi-
cator seen through an aperature in the escutcheon piate.
The indicator is marked ““SPRINGS CHARGED"” and
“SPRINGS DISCHARGED". -

Auto-Trip Indicator (Optional)
(Figure 1, Item 17)

This button, engraved RESET, is located on the break-
er escutcheon, when furnished. Its normal position is
depressed flush with the escutcheon. It can be arranged to
pop out if the breaker trips automatically due to:

A. Operation of the Direct Acting Overcurrent Trip Device
(Optionai) .

B. Operation of the Direct Acting Undervoltage Trip
Device (Optional)
Depress the button before reclosing the circuit breaker.

Motor Disconnect Switch (Figure 1, Item 10}
The motor disconnect switch is a double pole, single

throw toggle type switch connected in series with the
charging motor circuit and is used to disconnect the motor
from the voltage source. This cut-off switch is used (1),
when it is desirable to prevent automatic recharging of the
closing springs just prior to taking the circuit breaker out of
service for maintenance and (2), for control wiring dielec-
tric test. The motor must be disconnected for the control
wiring dielectric test and subsequently tested at 540 volts.

Electrical Close Push Button (Figure 1, Item 12)

The electrical close push button is used to electrically
close the breaker from the escutcheon. This contact is
connected in series with the latch release coil (X). Ener-
gizing the latch release coil allows the charged springs to
close the circuit breaker.

Racking Mechanism (Drawout Breaker)

The racking mechanism is used to move the circuit
breaker to any one of its three positions {'CONNECTED",
“TEST” or "DISCONNECTED"). All of these positions are
attainable with the cubicle door closed. The racking shutter
(15, Fig. 1), which must be lifted to gain access to the
racking mechanism, is interlocked with the circuit breaker
so that the circuit breaker contacts must be open before the
shutter can be lifted to rack the circuit breaker to another
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position. The circuit breaker cannot be closed when the
shutter is open. The circuit breaker may be padlocked open
by means of the locking hasp. This automatically locks the
racking mechanism.

With “TRIP” button (13, Fig. 1) depressed, the locking
hasp (11, Fig. 1) may be pulled outward, accommodating
from one to three padlocks, when the shutter is closed and
the circuit breaker is tripped. The shutter cannot be lifted
and the breaker contacts cannot be closed when the locking
hasp is restrained by one or more padlocks.

There are two sets of arrows and indicating lines to
show the circuit breaker position within the compartment.
One set, located on the dust cover, is utilized with the
compartment door closed and one set, located on the
cradle, is utilized with the door open.

OPERATION OF DEVICES

Circuit Breakers Rated over 6000 Amperes
Continuous

Circuit breakers with these ratings consist of two (2)
main contact assemblies with the upper terminals con-
nected in parallel and the lower terminals connected in
parallel. The electro-mechanical trip devices and high speed
trip devices are calibrated for the current that passes
through one main contact assembly and is equal to one-half
the current passing through the circuit breaker.

Two-Pole Circuit Breakers

Two-pole circuit breakers with a continuous current
rating less than 8000 amperes are assembled on one (1)
circuit breaker frame. Two-pole circuit breakers with con-
tinuous current ratings of 8000 amperes and above consists
of two (2) circuit breaker frames with the breakers being
electrically interlocked.

The normal overcurrent trip device arrangement is t0
provide the high speed function(s} on the left hand pole
and the direct acting overcurrent trip function (when or-
dered) also on the left hand pole.

Single-Pole Circuit Breakers with
Negative Disconnect

Single-pole/negative disconnect circuit breakers rated

up to and including 6000 amperes are on one (1) circuit .

breaker frame. Single-pole / negative disconnect circuit
breakers rated in excess of 6000 amperes consists of two
(2) frames, the circuit breaker on one (1) frame and the
disconnect on the other.

High-Speed Overcurrent Trip System
(Electrical Operation)

The high-speed overcurrent trip system is a multi-
component system consisting of sensor(s), a high-speed trip
control assembly (76HS), and the impulse trip coil. The
system is represented by block diagram (see Figure 11).

The sensor(s), supplied in several ratings, provides a
signal in direct response to the direction and level of the
current (1) through the circuit breaker. This signal initiates
the tripping operation. By proper selection of sensor ratings
and connections, forward and/or reverse tripping functions
are provided at selected settings.

The Hall device, integral in the sensor, produces an
output voltage signal proportional to the current n
through the circuit breaker and in the same polarity. When
a fault occurs, this cutput voltage exceeds the level-detector
threshold voltage value; (pickup) and the detector initiates
a firing pulse to energize the impuise trip coil, which opens
the circuit breaker. This high-speed tripping operation
causes the circuit breaker contacts to part in approximately
3 milliseconds after the fault level reaches the selected pick-
up value.

Pickup settings are provided that are 1.0, 2.0, 3.0 and
4.0 times the selected sensor rating and a tap block with
plug is mounted on .the front panel of the assembly for
selecting the pickup setting required.

Monitoring: The high-speed control assembly is
designed to monitor the trip system and to provide auto-
matic interlocking in the event of low or unavailable con-
trol power. If control power is unavailable or the voltage is
low, 76HS1 contact opens the close latch release coil circuit
{Fig. 2). If the breaker is open, it cannot be closed electri-
cally. 76HS3 contacts also opens. This contact is available
to customer and is rated 15VA non-inductive, 1 Amp maxi-
mum.

After a high-speed tripping operation, interiocking will
not allow the breaker to close until the tripping capacitor is
fully recharged. Refer to Table 4 for capacitor charging
time.

High-Speed Test Trip

Another feature provided is a test push button which
provides a means of simulating a sensor output signai above
the pickup level. Pressing this button with the breaker
closed will cause the breaker to trip open. This test should
only be made with the circuit breaker in the test position
when automatic reclosing equipment is provided, unless
such equipment is disconnected for the test period.

High-Speed Trip (Mechanical Operation)
(Refer to Figure 7)

As described in the electrical operation, above, the
impuise trip coil {6) is energized when the current level
through the circuit breaker reaches a predetermined value
or when the high-speed test. pushbutton (31, Fig. 1) is
pushed. The impulse trip armature (2) acts on the high-
speed trip latch (7) that releases the roller (8) connected to
the main contact assembly. This sequence constitutes the
high-speed trip operation.

When the latch (7) moves to release roller (8), it also
causes the actuator (9) to strike the mechanism trip screw
(4) that initiates the movement of the mechanism to the
open position.

Other Trip Devices

Other trip devices such as shunt trip, undervoltage or
electro-mechanical overcurrent trip devices act directly on
the latch bar (10) causing roller (8), latch (7) and the jack-
shaft to move as a unit in opening the circuit breaker. The
operating trip times of these devices are not as fast as the
high-speed overcurrent trip system.
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Rate-of-Rise Fault Detector 76HS-RR
(Optional)

For transit application the rate-of-rise fault detector
(R-R) functions to discriminate between normal train start-
ing currents and actual track fault currents. The circuit is
based on a true rate-of-rise principle. Upon detection of the
track fault, the breaker will trip within a preset time limit.
This device has adjustable time delay. This adjustment pro-
vides fault detection “reach” based on the parameters of
the system. Inherent with this davice is a push button
operated test circuit for periodic maintenance checks. The
test circuit simulates a track fault signal which checks the
integrity of the R-R detector and trip system. NOTE:
Where automatic reclosing circuitry is provided, the above
test should only be made when the breaker is in the TEST
position or if the reclosing circuit is disconnected during

the test.

Control Device (Fig. 9)

This device is mounted below and to the left of the
mechanism. The control device contains three electrical
components, the limit switch (LS), the lockout relay (Y],
and the latch release relay (X). The schematic diagram of
the control circuit (Fig. 2) illustrates the function of this
device. In addition to its electrical functions, the base of
the device provides a terminai block for the circuit breaker
wiring. A close latch release plunger is available for manual
close and spring discharge operation.

The purpose of the lockout relay (Y) is to require that,
if the remote or local close contacts are closed, resulting in
the charging springs discharging, the close contacts must
first be released (opened) before the breaker can be re-
closed. This prevents closing the circuit breaker more than
one time unless the close contacts are first released (anti-
pump). The operating coil of lockout relay (Y) is designed
for continuous duty. Consequently, the close signal can be
a maintained contact.

Aunxiliary Switches (Figure 1, 1tem 2)

ve_zse

The auxiliary switches contain the "a” and “b” con-
tacts (Fig. 2) and are furnished in 4 or 8 contact arrange-
ments. They are mechanically interconnected with the main
circuit breaker contacts such that, with the circuit breaker
closed, the "“a” contacts are closed. With the circuit breaker
open, the “b’’ contacts are closed.

Direct Acting Undervoitage Trip Device
{Optional)

The electrically reset undervoltage trip device auto-
matically trips the circuit breaker when the line voltage
decreases to 30 to 60 percent of the rated voltage. This
device may be furnished for either instantaneous or adjust-
able time deiay (0-15 seconds) tripping.

See Table 3 for electrical characteristics.

NOTE: If no means are provided to trip the circuit
breaker on loss of control power, a remote indication may
be obtained by paralleling the 76HS3 contact with an aux-
iliary switch “b” contact. A closed circuit indicates a good
power supply or an open breaker. An open circuit indicates
a closed breaker with no high-speed trip capability.

Direct-Acting Overcurrent Trip Devices (Fig. 10)
{Optional) {Semi-High Speed) (Bi-directional)

A. Type ODFBK-8 Overcurrent Trip Device. This device
provides semi-high-speed instantanecus tripping nor-
maily adjustable from .8X to 2.5X the circuit breaker
continuous current rating. A screw on the bottom of
the device provides adjustment for the instantaneous
pickup. The instantanecus setting is indicated on the
device namepiate.

B. Type ODFBK-3 Dual Overcurrent Trip Device. This
trip device, for general purpose applications, provides
long-time delay tripping on moderate overcurrents
which are above the long-time pickup settings: and
instantaneous (semi-high-speed) tripping on fault cur-
rents above the instantaneous trip setting. Three adjust-
ment screws on the bottom of the device provide
independent control of the long-time delay.® The set-
ting of these adjustments and the range of settings
which are available are indicated on the device name-
plate. The long-time pickup is adjustable from 0.5X to
1.0X the circuit breaker continuous current rating. The
instantanecus pickup is adjustable from 1.0X to 4.0X
the circuit breaker continuous current rating. The time- -
current characteristics of this device are shown on Dwg.
TD-6991 (copies available upon request).

*The !long-time delay adjusting screw is factory set and is not to be
disturbed.

INSTALLATION, INITIAL TESTING
AND REMOVAL

(Drawout & Stationary)

FOR SAFETY: When installing or removing stationary
breakers, the supply for primary and control circuits must
be de-energized at all times. Testing of stationary circuit
breakers should be done with the primary supply circuit
de-energized.

For initial installation of drawout breakers in the
“CONNECTED"” position, the supply for the primary cir-
cuit should be de-energized. Testing of the drawout breaker
should be done in the “TEST"’ position.

NOTE: If the circuit breaker has an overcurrent device
with long-time delay (OD FBK-3), then, prior to inserting
the circuit breaker into the switchboard and with the break-
er in the upright position, exercise the longtime armature
(1" wide armature) several times until resistance to motion
has increased, indicating that the oil dashpot is functioning
properly. Improper operation can result if the circuit break-
er is shipped or stored on its back. This causes the oil in the
dashpot to be displaced and an air bubble can be trapped
under the piston. The exercise removes the air to permit
proper operation.

INSTALLATION (Stationary Type) (Refer to Fig. 1)
Lifting yoke (20, Fig. 1) can be used to move the
breaker to the installation location.

INSTALLATION (Drawout Type) {Refer to Fig. 1)

To insert the circuit breaker into its compartment, pro-
ceed as described below:
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-
AR o]

tion, the racking crank tumed in the counter clockwise

223 1. The circuit breaker Mg bg-ig~the "OPEN" posi- .

racking crank and turn clockwise until the position indicator
on the cradle shows “CONNECTED" position. Proceed per

direction fully against its stop, éhd'-'fh'é‘momFdiseﬁnnect"' EYTESTL position: apezznon above.

v As e cee o Lm——-

s = SWitch (10Lin the "QEF” position. *% 75 EEIRES
| _z=-:ohand and-lett-hand: tracks (23) fo the _fully, exterided and
“r - '“tarchedposntrom ... e saema = o7

z 3. Using a lifting yoke 120L~lower the. em:iu: baeaker

- == Ts0 that;the positioning wheels -{6}.{twe- on.each side of

2~ _: -cirenit twreaker) rest-in the cut-out sections of each track
(23). SLRheTn

,--..-..__-

="+=2 "~ breaker toweed. the-compartment. The cireuit. breaker wJL

‘2=- =7 —glide in-the-cut-outsections of the tracks until-the position-
- 72 "= ing-wheets reachr the" end of the cut-outs. While hoiding the _
‘T =tworlatches . {24; ome:on each side of'fhe 2 circuit breaker) "

CrsE f—'dnmm,q:ustr:he ciccuit breaker toward’xﬁe.compartmem
until the racking cams (4) stogf dgairist their gmdes on the
. cradle (28). Release hold on latcRes. "=

- 5. _Lift.shutter (15) covezmg the rackmg opemng,
.insert racking crank, and turn crar\k clockwise, pass through

the “DISCONNECTED" position, until.the position indica- .
——1or aon the cradle (left side) shows _"“TEST _position.
XE7= Renmove racking crank. The shur.ter sb_ould close .n‘e.the
= -z~ Breakerisin the proper position, - . .7 . _ ’

LT Tz - A

: -"'-*:GHECKIAIG'CWT—BREAKER.QEEBATION IN
““FTESTF"” POSITION (DRAWOUT TYPE)

1= _sma: 2. -Open the-compartment door 4rid pull out the right: ~~¢

=4 --Remove:-the - hftlng yoke: and push,the circuit- .,

- Lt X L.

CHECK CIRCU IT B&EAKER OPERATION
(Statxonary Type)

3

: TS Pollow the same procedure as for the drawout circuit

®* breaker, except the circuit breaker will be in the “CON-
* NECTED” position. Primary supply circuit must be de-
energized.

EM,EHGENCY OPERATTON (Refer to Fig. 3)
Circuit breakers may be charged manually by a remov-
a:ﬂe faintenance handle (4) for emergency operation.

=7 " The -removabte -maintenance handle (4) is first posi-
5" tigmed N fwo slots in the pawi carrier (2). The handle is

o~

=2~ then'raised and fowered in a pumping motion untii the pawl

""camer 12) nolonger rotates the ratchet wheel (1). The
= "breakér-closiAg 3prings are now fully charged and ready for
"7 a closmg operatlon

n such_a posmon .as to prevent charging the springs with
“the handle. Should this happen, the motor crank arm must
be rotated manually by using a screwdriver or similar tool
to rotate the crank arm a sufficient amount so that the
springs may be charged with the handle as described above.

CIRCUIT BREAKER REMOVAL (Drawout Type)
< -(Ref,er.to.Flg_. 1 ..

-
*"To move the circuit breaker to the “TEST" position or
:o'remaoverit fronr thecompartment, proceed as follows:

£ - 3°“With' the’tompartment door closed, trip the circuit

. -CONTROL PQWER ON (Refer tq Fige Mh oo - ¢ - oo o cmopos o o o oo
1. Turn motor disconnect swu:ch (10) to "ON" posi-
tion and-clostng sprmgs will automat:caﬂ?’ehargé iCT.orat
€% - TIT st circuit breaker by Ibcal closebutton” and‘rnp
<FT ooz FBy-iocalt mp button =z 3. Smaeogere z- e i
T “'NOTE An breakers have ‘a mbpual m_p"butfd'r\ Alocal"

- _‘ electncal trxp button i Is optionall
3. Close and tnp circuit breaker by means of remote

this with the breaker in the fTEST posmo ,
- .o~e - A Check sach auxullary .de\gce for_proper operatxon.

T =RTT T 5. Close the cirduit breakerzand check thatthe-shutter
-(15) cannot-be:lifted to auow,.msemon “of - tm rackung
: crank 'Fhrs o‘emonstntes that t e.cucmt breaker could not

“8 Wnth “the c:rcunt breaker closed push the h:gh~

—

© T T 7 “speed test push “button (31)..The. circuit-breakec should
trip, indicating that simulatéd $énsor & oGtput sxgna‘l will trip

7222 Cye Circuif bréake?. ‘Note that a delayiis required before the -
T 2 T2 gicuit bréaker cAif be reclosed: Fhe delay time is showaq ipy z- SWitch (100 i  the " QFF” position.

R v"r&yf“‘. U TESTY S aTteey v Tsmr e

ot ITre

R 7 Wath the crrcust breaker c!osed de-energize the
_ comrol circuit'and 7 note that the-circyit breaker will open.

.= .= control switch,~(when used! xf the” control scheme allows )

~ breaker by means of the remote control switch (when used)
=~ or manuat"TRIP button (13) on the escutcheon.
T F 2. "Lift rackingshurter (15), insert racking crank and
T _turn coufiter'cldckwise until position mdncator (27) on the
~Tighthand-sife°of the escutcheon shows “TEST" position.
~~7 (NOTE: the circuit breaker may be tested in this position—
<7 ' pamary ¢orntacts:are disconnected and the control contacts
are connected. )
a1 rwo-F==Contimue turning the racking crank counterclock-
wise until the position lndlca(or (27) on the nght -hand side
of the escutcheon shows "DISCONNECTED” position.
Remove the racking crank.

- svse 4., Qpen compartment door. Place motor disconnect

v

Saes 5.- clnsert rackmg crank and turn counterclockwise as
far as the stops will allow. Check that the automatic spring
discharge device will discharge the closing springs near the

end of the racking operation.

CHECKING CIRCUIT BREAKER "OPERATION'IN' "‘8 gurtars €= 6, Pull circuit breaker forward on tracks (23) to the

“CONNECTED" POSITION (DRAWOUT 'rvpsy T
CONTROL POWER ON(Refe‘r‘ (o’#"g. ) Feesti o

TYLCs TN Soenr 3a7

Primary supply circuit must be de-energized:; withthezs o e o ant :

e

connect switch (10) in the.{'OER" _position, insert:the::
'S‘:’:’_ SHGCI® Y Set 0

‘31GNt up*Bptional.Feature FOR SAFETY: Cans ting

) . ST@ircRt Breaker in“the™ OPEN" :position and the: motordis-.it zrez. 2B.0: B

* fully ®¥xtendedaand latched position.

ea T “3'3‘7"' Wn’m ] gosrfve pull, release positioning wheels

] c'ut Bt sectmns of the tracks.
’em,gv.e ercql' breaker from tracks by means of
rm,,l-tupgyoke and frane,

9. Release latch (24) on each track, push tracks into

sar of i1 the.compartment, and close compartment door.

NOTE The motor crank arm (3} may occasionally stop .

1

v Al
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MAINTENANCE

SAFETY NOTES

De-energize both primary and control circuits before
making any inspections, adjustments or replacements of
parts. Make certain the circuit breaker is open by cbserving
indicator (14, Fig. 1), and closing springs are not charged
by observing indicator {16, Fig. 1),

When it is necessary that the charging springs be
charged, or the circuit breaker be.closed, make sure to stay
clear of operating parts. :

Stationary breakers should be checked for operation
with the control circuit energized and the primary power
de-energized. Drawout breakers should be withdrawn to
“TEST"” position for checking the breaker operation. For
further inspection, adjustments, cleaning or replacement of
parts, the drawout circuit breaker should be withdrawn and
moved to a suitable area.

Stationary breakers should likewise be removed, but, if
removal is not possible, then the primary and control cir-
cuit sources MUST BE DE-ENERGIZED.

PERIODIC MAINTENANCE INSPECTION

The safety and successful functioning of the connected
apparatus depends upon the proper operation of the circuit
breaker. Therefore, it is recommended that a maintenance
program be established that will provide for a periodic

- inspection of the circuit breaker after a given number of

operations as follows:

FBK-1600—-6000-1 pole 500 Operations
FBK-8000 and 10000 and all 2 poie 250 Operations

The above inspection periods apply for no load or load
current switching. If the listed number of operations are
not completed in the first year of service, the circuit break-
ers shouid be inspected regardless. The circuit breaker
should also be inspected after a short-circuit or severe over-
load interruption, regardless of time period or number of
operations.

Where unusual service conditions exist, as covered by

ANSI C37.14, it must be assumed that these conditions
were considered at the time of order; that the equipment
supplied was designed for the special application; and that
an appropriate supplemental maintenance program has been
developed. These maintenance instructions only cover cir-
cuit breakers used under the standard usual service condi-
tions. . .
The inspection should include opening and closing the
circuit breaker electrically and manually. The unit should
be visually inspected for loose or damaged parts. Arc
chutes, contacts and insulation structure should be inspec-
ted as described below. All accessible bolts, nuts and screws
should be checked to insure that they are tight.

ARC CHUTE (Refer to Fig. 1)
Removal

1. Remove the hardware fastening the two return
connections (9} to the are chute.

2. Remove 2 bolts and washers {25).

3. Lift the arc chute straight up to remove.

Examination 4
Examine the arc chute for damage. Disz_:oloration or

= slight eroding is not harmful. Arc runners ar cooling plates

that are badly burned or liner plates with large cracks re-
quire that the arc chute be replaced. If a crust has formed
on the liner plates, due to short circuit interruption or
current switching, it should be removed by using 3 carbor-
undum stone or scraper. Remove all dirt by biowing out the
arc chute with dry compressed air.

Installation

The arc chute ts—instailed by reversing the removai
sequence. Make sure to tighten the hardware at each end of
the return connection.

On breakers equipped with rwo (2) arc chutes, there is
a tie-rod located between the chutes. This rod ties the arc
chute shelf (32, Fig. 1) to the rear breaker frame, if at any

" time this rod is disturbed or replaced, readjust as foilows:

(The breaker must be open and the arc chutes installed.)
Insert the rod through both holes in the shelf and .the hole
in the rear frame. Install a nut on both ends of the rod
equalizing the thread on each end. Before tightening fuily,
insert a .010 shim under either nut, continue tightening the
nuts until pressure is feit on the shim. Do not tighten fur-
ther. Remove the shim.

CONTACTS

1. Remove dirt or grease on contacts with a clean
lintless cloth.

2. Pitting or discoloration is not detrimental uniess it
interferes with proper contact adjustment.

3. Small burrs on the arcing contacts can be removed
by filing along contour of the contact. Do not let filings fall
into the mechanism or puffer nozzle.

4. Replacement of contacts need only be considered
when: after repeated dressing of any contacts, less than
50% of the original contact material thickness is left; the
tips of the arcing contacts have been eroded away; any
contact has been broken or cracked.

5. If contacts are replaced or filed, then it is necessary
to check the contact adjustment.

NOTE: Several operations at two-week intervals will
remove the effects of oxidation.

INSULATION STRUCTURE

Insulated parts should be checked for damage. Dust
and dirt should be removed by air or wiped with a clean .
lintless cloth. Do not use any oil base solvents.

PUFFERS

The performance of the puffers can be readily checked
during a maintenance intervai. Each puffer, 1 for each con-
tact assembly, should provide a moderate biast of air at the
breaker contacts on opening of the circuit breaker. This can
be detected by holding the hands or arm over the top of the
contacts and opening the circuit breaker. If all puffers do
not have puffing action, the circuit breaker must not be
placed in service. ’

FOR SAFETY: Keep clear of all moving parts.
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ADJUSTMENTS

NOTE: The operating mechanism must be operated
slowly, as described in section SLOW CLOSE PROCE-
DURE, when performing any adjustment requiring contact
movement.

In order to charge the closing springs and to close and
open the circuit breaker, the racking mechanism must be
turmed to a position such that the racking shutter (15, Fig.
1) closes when the racking crank (21, Fig. 1) is removed.

SLOW CLOSE PROCEDURE

NOTE: The charging cranks must be reset (see steps 8,
9 and 10 below) after the last slow close operation, or
future electrical operation will be impossible.

Refer to Figure 4 unless otherwise noted.

1. The closing springs must be charged; check spring
charge indicator {16, Fig. 1).

2. Insert a screwdriver or rod through the hole in the
escutcheon box (4) {right-hand side when facing the front
of the circuit breaker) and depress the close block lever pin
(5) at “A".

3. Push up on close latch release rod (5, Fig. 9) to
manually close the circuit breaker. The close biock lever pin
{6, Fig. 4) will now remain in the down position. Remove
screw driver or rod.

4. Insert the maintenance handle in the ratchet carrier
and operate the handle to siowly close the contacts. (See
Fig. 3 and “Emergency Operation.”’)

To repeat the slow-close operation, continue with the
following steps:

5. Insert the maintenance handle and continue the
charging operation until the indicator (16, Fig. 1) shows
“SPRINGS CHARGED."”

6. Push manual “TRIP" button (13, Fig. 1) to open
the contacts.

7. Repeat steps 2, 3 and 4 sbove for the slow-close
operation.

To reset the charging cranks for normal electrical
operation, proceed as follows:

8. Repeat steps 5 and 6 above.

9. Push up on close latch release rod (5, Fig. 9) to
manually close the circuit breaker.

10. Push the manual "TRIP” button (13, Fig. 1) to
open the contacts. -

The circuit breaker is now ready for normal service
operation with the charging cranks reset and the closing
springs discharged.

CONTACTS (Refer to Fjgure 5)

1. The hex portion of the adjusting stud (1) must be
centered within 1/16 inch, between the yoke (2} and the
insulator (3).

NOTE: In the following steps 2 and 3 turning the
adjusting stud (1) counter-clockwise when viewed from the
insulator (3) will increase the contact pressure and dimen-
sion “A".

2. The contact adjustment is to be made with the
circuit breaker in the closed position. The self-locking

adjusting stud (1) is to be turned to provide contact pres-
sure such that the dimension at point A" is 15/32". After
making this adjustment in contact pressure, open and close
the circuit breaker. Recheck the 15/32 dimension. Readjust
if necessary.

3. On two-pole circuit breakers or where two contact
assemblies constitute one pole, open the circuit breaker and
slow close the contacts until the leading arcing contacts (4)
of one pole or contact assembly just touches. The remain-
ing contact assembly should be advanced by turning adjust-
ing stud (1) so that the arcing contact of the other contact
assembly just touches. ___

HIGH-SPEED TRIP

Impulse Coil Trip Adjustment
(High-Speed Trip) (Refer to Figure 7)

1. With the circuit breaker closed, turn the adjusting
screw (1) for dimension “"A" of .025/.035 inch. When
making this measurement make certain the striker pin (2) s
seated on the plunger (3).

Mechanism Trip Adjustment
(Initiated by H-S Trip) (Refer to Figure 7)

1. Back out on trip screw (4) so that when the high-
speed trip test button (31, Fig. 1) is actuated to trip the
breaker, the main contacts open but the breaker mechanism
remains closed as shown by the indicator (14, Fig. 1).

2. Reset the jackshaft and mechanism by depressing
the manual trip button. Close the breaker. Turn trip screw
{4) in slowly until the mechanism and jackshaft just trip.
Try closing twice; the breaker should not close. Back out
trip screw (4) by half turns until the breaker will close. Trip
the breaker. Turn trip screw (4) out two additional turns.

MECHANISM

Latch Engagement (Bite)
{Refer to Figure 6)

The latch engagement adjusting screw (2) is located to
the right of the right-hand mechanism housing (1).
To adjust the latch engagement, proceed as follows:

1. Back off adjusting screw (2} to assure excessive
latch engagement.

2. Close the circuit breaker.

3. Turn adjusting screw (2) down slowly until the
latch just releases, tripping the circuit breaker.

4. Back off the adjusting screw (2) two turns.

Tripper Bar Latch Engagement
(Refer to Figure 6)

The tripper bar latch engagement adjusting screw (3) is
located adjacent to the latch engagement adjusting screw
(2).

To adjust the tripper bar latch engagement, proceed as
foilows:

1. Back off adjusting screw (3) to assure excessive
tripper bar travel.

2. Close the circuit breaker.
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3. Turn adjusting screw (3) down slowly until the
latch just releases tripping the circuit breaker.

4. Back off the adjusting screw (3) 3% turns.

Tripper Bar Load (Refer to Figure 6)

The tripper bar load is measured by use of 3 spring
scale (4) positioned as shown. With the circuit breaker in
the “CLOSED" position, the push required to trip the cir-
cuit breaker must be between 40 and 60 ounces for 3 one
pole unit and 48 to 80 ounces for a two pole unit.

SHUNT TRIP DEVICE (Refer to Figure 8)

After latch bite and tripper bar are set per “MECHAN-

ISM”, proceed with the following:

1. Charge springs (electrically or manually).

2. Turn trip rod (1, Fig. 8) up until a .105 gauge fits
between head of trip rod (1) and trip extension (5),

3. Remove gauge and close breaker.

4. Try .105" gauge, it should still fit, if it doesn't tum
up trip rod until gauge can be inserted.

5. Try .156" gauge—it should not fit.

6. Push up slowly with screw driver or smail rod at
position “A” to make sure the breaker rips mechanically.

CONTROL DEVICE (Refer to Figure 9)

The control device is adjusted before leaving the fac-
tory. It is recommended that no attempt be made to adjust
the internal relays and contacts of this device in the field, |
replacement of the controi device is required, the close
latch release rod (5) overtravel may be adjusted as described
below.

Trip Rod Overtravel

1. Back off on the close latch release rod (5} and
check that the circuit breaker will not close by attempting
to close it electrically or manually pushing up on the close
latch release rod (5) to the full extent of its travel.

2. Charge the closing springs. Push up on the close
latch release rod (5) to the full extent of its travel. While
holding this rod up, turn it in until the closing springs are
released, closing the breaker, Turn the .close latch release
rod (5) up an additional 1-1/2 turns.

OD-OVERCURRENT DEVICE ADJUSTMENTS
(Refer to Figure 10)

Pick-up Setting Adjustments

Pick-up settings may be changed by turning the appro-

priate adjusting screw until the moving indicator lines up
with the desired pickup point line.

NOTE: The top line corresponds to the top printed
pick-up value, the second line from the top corresponds to
the second printed pick-up value from the top, etc.

Armature Trip Travel Adjustment

CAUTION: Keep hands clear of all moving parts. The -

circuit breaker will trip to the “OPEN’’ position while
checking or adjusting the armature trip travel,

The overload device trip travel is set at the factory:;
however, if trip travel readjustment is required due to re-
placement of overloads or other parts, then readjust as
foilows:

1. Back out on the two trip adjusting screws (2 & 3)
until the screws are engaging the nut by approximately two
turns, '

- 2. Charge springs and close circuit breaker.

3. Using a 1-foot long (approx.) rod, push up on long
time armature, thick armature at point “A”, and hold it
tight against the magnet. Turn in screw (3) until the breaker
just trips. Continue to turn the screw in an additional 1-1/2
turns,

4. Charge springs and close the circuit breaker. Push
up on the thin armature and adjust screw (2) using the same
procedure as "“3"’ above, .

HIGH-SPEED TRIP PICKUP SETTING

The pickup current for high-speed trip operation is set
to multiples of the sensor rating by locating the selector
plug (26, Fig. 1A) in the desired tap block siot. If the
selector plug is accidentally left out, the trip setting auto-
matically reverts to the minimum setting,

LUBRICATION

The FBK circuit breakers are lubricated during factory
assembly as follows:

1. All mating surfaces of moving current-carrying
joints have been lubricated with NO-OX-ID special Grade
"A” grease manufactured by Dearborn Chemical Company.

2. All other mechanism parts, bearings, pins, etc. have
been lubricated with Anderol L757 synthetic grease, manuy.
factured by Tenneco Chemical Inc., lntermediate Division.

The circuit breaker requies no lubrication during its
normal service life. However, if the grease should become
contaminated or if Parts are replaced, any relubrication
should be done with NO-O0X-1D or Anderol L757 grease as
applicable.

NOTES: .
1. Do not use NO-OX-ID grease on any main and
arcing contact surfaces,

2. It is recommended that the primary disconnects be
maintained by renewing the NO-OX-iD grease during main-
tenance periods.

3. Do not use light oil to lubricate any mechanism
parts.

4. Do not allow grease to be deposited on any latch
roller surface during relubrication.

5. The charging motor is sealed and does not require
lubrication.

6. DO NOT LUBRICATE OVERCURRENT TRIP

" DEVICES.

DIELECTRIC TEST

If the insulation has become contaminated, or routine
tests are required, the test voltages to be applied for one
minute to test the ability of the insulation to withstand
overvoltages are as shown in Table 1. NOTE: Disconnect
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the charging motor by means of the motor disconnect
switch (10, Fig. 1).

Before any dielectric tests are made on the control cir-
cuit, the plug connections at the rear of the circuit breaker
connecting the circuit breaker and high speed trip assembly
should be disconnected. No dielectric tests should be made
on the high speed trip assembly parts.

It is not recommended that the motor be dielectric
tested, but if desired, then test at-540V ac.

ELECTRICAL CHARACTERISTICS OF
CONTROL DEVICES

For closing and tripping currents, voitages and ranges,
refer to Table 2.

For undervoltage trip devices, standard voltages and
operating data, refer to Table 3.

Current values are average steady state values. Momen-
tary inrush currents for all charging motors and ac coils are
approximately 6-8 times these values.

RENEWAL PARTS

Brown Boveri Electric recommends only those renewal

parts be stocked that will be required to insure proper and
timely maintenance of the breaker.

Refer to renewal parts bulletin RP-16.4.1.8-1 for com-
plete ordering information and parts list.

The minimum guantity of assemblies and items recom-
mended in the builetin are predicated on infrequent re-
placement of parts based on accumulated tests and
operating experience. Total assemblies are recommended
for fast replacement, when necessary, to return the breaker
to service as quickly as possible. Then certain replaced
assemblies, such as the stationary upper terminals, high
speed trip control, ete- can be returned to the factory for
reconditioning or replacement.

REFERENCES

Additional reference material available.

1B-16.4.1.7-2 - Instructions for High-Speed Trip Control
Assembly
18-16.4.1.7-3 — Instruction Suppiement for High-Speed
Trip Control Assembly with Optional Mon-
itoring Accessories .
— OD-FBK-3 Time Current Characteristic
Curves

TD-6691

These instructions do not purport to cover all details or variations in equipment nor to provide for every possibie contingency to be
met in connection with installation, oparation, or maintenance. Should further information be desired or shouid particuiar problems
arise which are not covered sufficiently for the purchaser’s purposes the matter should be referred 0 the nearest District Offica.

R-R
Trip Test

R-R
Time Delay
Tap Block
Plug

R-R
Time Delay
Tap Block

R-R Test
Receptacle

H-S Pickup
Setting
Tap Block

H-S Trip Test
Pushbutton

Fig. 1A—High-Speed Trip Control Assembly
With R-R Fault Detector (Optional)



IB 16.4.1.7-1
Page 12

1. Arc Chute

2. Auxiliary Switech

3. Secondary Separabie Contacts

4. Racking Cam Assembpiy

S. Overcurrent Trnip Device
(Semi-High Speed)

6. Positioning Wheels

7. Closing Spring Charging Motor

8. Escutcheon Assembly

9. Arc Chute Return Connections
(Not Shown)

10. Motor Disconnect Switch

gl

11. Locking Hasp

12. Electricat Close Push Bution

13. Manual Trip Button

14, “OPEN" or “CLOSED" indicator
15. Racking Shutter

16. Closing Spring Charge Indicator
17. Auto Trip Indicator

18. Self-Aligning Dust Plate

19. Nameplate

20. Lifting Yoke

21. Racking Crank

22. Removable Maintenance Handle

Major Components

. Track

. Laten

. Retaining Screws

. High-Speed Trp Calibration

Selector Plug

. Position Indicator

. Cradle

. High-Speed Trip Control Assy. [76HS)
. Operation Counter

. High-Speed Trip Test Button

. Arc Chute Sheif

. Sensor Nameplate

Ty

~

4 ..

3}

—

- Fig. 1-FBK-H Drawout D-C Circuit Breaker—
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Drawout Stationary
Symbol Description

AUXILIARY SWITCH CONTACT OPEN WHEN BREAKER IS OPEN.
AUXILIARY SWITCH CONTACT CLOSED WHEN BREAKER IS OPEN.
BYPASS SWITCH CONTACTS CLOSED WHEN DRAWOUT BREAKER IS WITHORAWN.
COIL LEAO.
AUXILIARY SWITCH MOUNTED ON LEFT HANO SIDE.
LIMIT SWITCH CONTACT OPEN WHEN SPRINGS ARE DISCHARGED, CLOSED
WHEN SPRINGS ARE CHARGED.
LIMIT SWITCH CONTACT CLOSED WHEN SPRINGS ARE DISCHARGED, OPEN
WHEN SPRINGS ARE CHARGED.
MOTOR LEAD.
LOCAL PUSH BUTTON RECOMMENDED OPERATION IN TEST POSITION ONLY.
ALARM CONTACT CLOSES ON OVERCURRENT TRIP, MANUALLY RESET.
ALARM CONTACT OPENS ON OVERCURRENT TRIP. MANUALLY RESET.
AUXILIARY SWITCH MOUNTED ON RIGHT HAND SIOE.
TERMINAL B8LOCK POINT.
SHUNT TRIP COIL.
UNDERVOLTAGE TRIP DEVICE.
UNOERVOLTAGE CONTACT CLOSED WHEN UV COIL IS DE-ENERGIZED, OPEN WHEN
UV COIL IS ENERGIZED. -
CLOSING LATCH RELEASE COIL.
CONTAOL RELAY LOCXOUT COIL.
. NORMALLY OPEN CONTROL RELAY CONTACT.
NORMALLY CLOSED CONTROL RELAY CONTACT
MOVABLE SECONDARY DISCONNECT CONTACT.
KNIFE BLADE WIRE DISCONNECTS.
LATCH CHECX SWITCH- CLOSED WHEN PRIMARY TRIP LATCH IS RESET.
HIGH SPEED CONTROL MONITORING INTERLOCX CONTACTS: OPEN If
HIGH SPEED TRIP FUNCTION IS INOPERATIVE, OR LOSS OF CONTROL VOLTAGE.
MIGH SPEED CONTROL ASSEMBLY
DISCONNECT PLUG PIN AND RECEPTACLE
MOTOR DISCONNECT SWITCH

- co ... . CONTROL DEVICE
X707 ... .. AUX. RELAY IN MIGH SPEED CONTROL ASSEMBLY
K70V/a .. NORMALLY OPEN AUX. RELAY CONTACT
X702 ... AUX. RELAY IN HIGH SPEED CONTROL ASSEMBLY
K702/21, X702/22 &
X732/23 ... NORAMALLY OPEN AUX. RELAY CONTACTS
LOR ..., ... LATCH TYPE RELAY FURNISHED BY OTHERS

LOR/b1 & LOR/H2
NORMALLY CLOSED LATCH TYPE RELAY CONTACTS

Fig. 2—~Typical Control Circuit Schematic
Diagrams
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. Fig. 4—Partial View of Escutcheon Assembly 5. Tripper
6. Tripper Return Spring

(Right-Hand Side) Showing Slow Close Lever for
Electrically Operated Circuit Breakers Fig. 6—Trip Latch
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TABLE 1
TEST VOLTAGES TO BE APPLIED FOR ONE MINUTE
TO TEST THE ABILITY OF THE INSULATION TO WITHSTAND OVERVOLTAGES
Breaker Open Breaker Closed Beoaker Open or Closed j}
Breaker in Service © 3150v. A.C. 3150V.AC. .| 1125V.ALC, !
Qr
After Storage 3. Between line and a. Between terminais 3. Between control circuit
load terminais and metal parts and metal parts normaily
and metal parts normatly grounded. grounded.
normaily grounded.
b. Between phases, NUTE: Motor & high-speed.
b. Between line and trip assy. must be discon-
load terminais f nected from control
! circuit for this test,
After 2520V. AC. 2520V. AC. S00V. AC.
Short Circuit
a.and b. as above a. and b. as above a. as abo e and note
TABLE 2
ELECTRICAL CHARACTERISTICS OF CONTROL DEVICES
CLOSING AND TRIPPING CURRENTS, VOLTAGES AND RANGES .
[ Average [ : ] FBK.-H |
Closing Shunt CONTROL DEVICE Closing | Shunt Trip | High Speed |
Motor Trip Current Amperes Circuit ! Circuit Trip Device f Recommended
Nominal Current Current (X) (Y} Voitage |  Voitage Voitage |, Controi Fusa
Control Voitage Amperes Amperes Anti-Pump Release Range Range Range i Size
120 ac 60 cycte 10, 6.5 4 1.5 104-127 104-127 104-127 10 A
125V dc "0 1.3 06 7 106-140 70-140 70-140 10 A
250V de 5. .65 .03 3 210-280 140-280 140-280 10A
TABLE 3 TABLE 4 .
UNDERVOLTAGE TRIP DEVICE MINIMUM RECLOSE TIME-SECONDS
STANDARD VOLTAGE AND OPERATING DATA (TRIP CAPACITOR CHARGING TIME)
Current Maximum Dropout - Service Voitage Frame Size
at Rated Pickup Voltage
Service Volitage Voits Voitage Range 1600-6000A 8000-10,000A
120V ac 60 cycle 0.4 92 36-72 120V 60HZ (NOM) 4 8
_ —— s e ) 104V 60HZ (MIN) 7 14
128Vde k. 02 100 3875 125V 0C  (NOM) 4 8
250V dc 0.1 200 75.150 106V.DC  {MIN) 7 14
250V DC  (NOM) 12 24
210V 0C  (MIN) 20 40
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MODEL C4280-508

The SWARTZ. Type 76 DC Overcurrent Relay from SMC is the most widely accepted protective overcurrent
device used in the transit industry today, having been successfully used in every major transit system.
The overcurrent relay provides maximum protection for trolley wires, third rails, feeder and substations
from intermediate or remote overload conditions such as bolted faults, arcing faults and severe overloads.
The solid state design and rugged construction ensure dependable low maintenance operation under
adverse conditons. :

+ Uni-Bi directional: mode indicating, field switchable « Internal Power Supply operates on and auto-

+ LED Meter - Accurate, easy to read compensates for a wide range of DC inputs
« Draw out construction + Calibration controls:allows preset threshold and
« Detector channels include: time delays on all protective channels

instant overcurrent:range 10 to 300 mv + Use with any shunt

short-time overcurrent:range 10 to 110 mv « For use with positive & negative conductors in DC
long-time overcurrent Networks

rate of rise » Field Calibration

The Type 76 DC Overcurrent Relay is an isolated current monitor and overcurrent relay that may be used
for either the positive or negative conductors in DC power distribution networks. The device is designed as
a stand-alone relay or may be used in conjunction with a Type 82 automatic recloser relay. In combination
with a recloser relay, it will automatically interrupt a fault and then reclose to continue service. SMC's
unique rate of rise channel detects arcing faults on systems too far removed to be detected by the instan-
taneous overcurent channel. The Type 76 DC Overcurrent Relay front panel controls are calibrated in
millivolts so that the relay is compatiable with any type of shunt. The built-in calibration components allow
accurate field calibration of each channel and feeder current settings.

« Input Power: Operates on 24 - 125 VDC - Threshold Setting Error: +.5mV
* Supply Current: 40 mA at 125 VDC * Isolation Error: +1mV
200 mA at 24 VDC + SCR Output: 100 mA to 6 A (1 sec.)
* Ambient Temperature: -20°C to +55°C 200V
+ Design Test: SWC ANSI/IEEE C37.90 -« Annunciation: Reed Relay 100 VA, 2A,
« Isolation Dielectric: 5400V, 60 Hz, 1 min. 500 VDC

Date: 3/21/97

TYPE 76 OVERCURRENT RELAY

COMPONENTS OPERATION + P.O. Box 880, Barboursville, WV 25504 « Phone: (304) 736-8933 » Fax (304) 529-1406
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The information contained within is intended to assist operating personnel by providing information on the general
characteristics of equipment of this type. It does not relieve the user of responsibility to use sound engineering practices
in the installation, application, operation and maintenance of the particular equipment purchased.

These instructions do not purport to cover all details or variation in equipment nor to provide for every possible contingency
to be met in connection with installation, operation or maintenance. Should further information be desired or should
particular problems arise which are not covered sufficiently for the purchaser's purposes, the matter should be referred to
SMC.

If drawings or other supplementary instructions for specific applications are forwarded with this manual or separately, they
take precedence over any conflicting or incomplete information in this manual.

SMC Electrical Products, Inc. Components Operation Phone (304) 736-8933 Fax (304) 529-1406
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Refer to the Appendix and to the sections that apply.

SMC TYPE 76 RELAY

" *Your Type 76 Overcurrent Relay may not contain all of the features noted.
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1.0

4

SAFETY PRECAUTIONS

INTRODUCTION

This section of the manual is to familiarize the operating and maintenance personnel with the hazards
and the necessary precautions to follow when either operating or maintaining the Type 76 Relay.
Although all the hazards or possible hazardous conditions which may arise during the operation of
the Type 76 Relay may not be foreseen, this section of the manual is a guideline so as to prevent
personnel injury, equipment damage, or limit equipment damage should a fault occur.

SYSTEM HAZARDS AND PRECAUTIONS

Below are listed the safety hazards associated with the Type 76 Relay followed by a list of safety
precautions. Prior to the energization of the equipment or prior to commencement of any
maintenance, the appropriate personnel should review these hazards and precautions to become
readily familiar with them.

SAFETY HAZARDS
a. Electrical Shock or Current Flow

Current Flow through chest or head area may cause cardiac arrest, stoppage of breathing, and
ventricular fibrillation.

b. Electrical Arcs

May cause equipment explosion, flash burn to eyes, ultraviolet burning of skin tissue.

c. Direct Burns

May occur when in direct contact with overheated electrical equipment.

SAFETY PRECAUTIONS

a. Prior to any maintenance or entry into electrical switchgear, remove all metallic objects from
person. (Such items as wristwatches, rings, metal badges, belt buckle, metal pins, rules,
flashlights, keys, and key chains).

b. Do not wear loose fitting clothing when in and around equipment.

c. Work from an insulating mat whenever possible.

d. All hand tools should be insulated to the fullest extent possible.

e. Portable powered hand tools should be of a 3 wire grounded design.

f. Do not use aluminum or metallic ladders while in and around electrical switchgear.

OPERATIONAL SAFETY SUMMARY

Follow the manufacturer's start-up and shut-down procedures.

Never operate equipment which has been tagged "Out of Service" or "Do Not Operate". Never over-
ride any electrical or mechanical interlocks unless the over-riding of such devices is called for in the
special or emergency operating procedures. Become familiar with the substation functional
operation prior to operating the substation. Prior to any maintenance ensure that equipment has been
tagged out of service following the appropriate tag out procedures. Familiarize oneself with the
manufacturer's maintenance procedure prior to conducting any maintenance. Never perform
maintenance in an isolated location by oneself.

OPERATION AND CALIBRATION MANUAL
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2.0

3.0

INTRODUCTION

The Swartz Type 76 D.C. Overcurrent Relay is an isolated current monitor which is applicable to
either the positive or negative conductorsin D.C. power distribution networks. Therelay can be made
to operate in either unidirectional or bidirectional mode. The primary function of the detector is to
protect trolley wire, feeders, and substations from a variety of overload conditions including bolted
faults, arcing faults, and heavy over-loads either near the substation or remote from it. The detector
is designed to work in conjunction with an automatic recloser to automatically interrupt a fault and
then reclose to continue service. Detector channels include instant overcurrent, short time
overcurrent, long time overcurrent, and rate of rise. All front panel controls are calibrated in
millivolts so that the detector can be used with any shunt. Current is referred to as equivalent
"millivolts" in this manual. Each channel and its calibration is described below.

FRONT PANEL CALIBRATION AND CONTROLS
Refer to Figure 1a (Front Panel Layout), Figure 1b (Uni/Bidir Mode), Figure 2 (Interface Diagram).

Test
A built-in calibration control (CAL) with variable settings from 0 to 300 mV and a momentary
pushbutton switch (TEST) allow functional check of both thresholds and time delays of all current
detector channels. Test current can be read on the meter or at "SIG OUT" test jacks where 0.5mV
equals 50mV.

Accuracy precaution : Test current adds to any current already present at shunt leads.

Meter
The digital LED meter reads from 0 to 300mV to continuosly monitor current. The signal is sampled
and updated approximately every 300ms and is accurate to within ImV.

Power
The green LED indicates that the detector has power and is operational. Ifthis LED is off, either input
power is offor the internal fuse is blown. Ineither case, the output is fail safe and should cause breaker
to trip.

Zero

This adjustment compensates for slight offsets in the high voltage isolator and should only require
adjustment when the overcurrent unit is initially installed in the substation. With zero shunt current
(DC breaker open or zero loads) measure "SIG OUT" voltage with a Fluke 8024A digital voltmeter
orequal. Adjust zero for.000 +.002 volts. For best results, a five minute or greater warm-up period
should be allowed. Note that offset varies slightly depending oninstallation. For example, offset will
change by up to ImV when the detector is bench tested outside of its enclosure.

Uni-dir/Bi-dir

These LEDs indicate the mode in which the unitis sensing current, eitherinasingle direction(positive) orin
both positive and negative directions. The mode can be changed inthe field by setting the slide switch located
at the back of the motherboard to the desired position as marked on the board. Note that one of the LEDs
should be onatall times.

SMC TYPE 76 RELAY )
05/05/97
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4.0

5.0

6.0

8

INSTANT OVERCURRENT CHANNEL

This channel responds to "instantaneous" high current levels between 10 and 300mV as set by the
control. Input from the isolator is RC filtered for all channels so that current spikes or noise are
suppressed to prevent nuisance tripping. A buffered test jack is provided for highly accurate
adjustment of trip threshold with a digital voltmeter. A red LED latches on to indicate that a trip has
occurred. Note that loss of shunt continuity will trip either this channel or the rate-of-rise channel
if the latter's delay is set short.

Setting ""Pickup'' Threshold

Connect digital voltmeter's common lead to "SIG OUT-COM". Connect positive lead (+) to instant
test jack. Adjust pickup control for desired trip level. Note that knob calibration for this control as
well as all other front panel controls is only approximate (+10%). As an alternate method of setting
this control, apply trip level to shunt leads or by using "CAL/TEST" controls. While pressing RESET
switch to prevent LED from latching, adjust PICKUP knob until instant LED is just turned on.

SHORT - TIME OVERCURRENT CHANNEL (Short T.O.C.)

This time overcurrent channel is a thermal overload protection for trolley wire and especially works
well in protecting against an arcing fault which does not draw enough current to trip other channels.
Trip threshold and time delay are settable from the front panel. Time delay is inversely proportional
to current above the threshold. Delay adjustment is marked 1 thru 10 which represents a family of
time delay curves, (See Figure 3). Threshold control is marked 10 thru 110mV and is also provided
with a test jack. A non-latching yellow LED indicates that current is above threshold. A red LED
latches on to indicate trip. When current falls below threshold, a fast reset occurs so that trip is not
sustained.

Setting Short T.O.C. "Pickup' Threshold
This threshold is set in the same way as instant threshold except that yellow LED is monitored, (See
above).

Setting ""Time'" Delay

Time delay can be set, approximately, according to family of curves in Figure 3. For more accuracy,
using a stop watch, interval timer, or calibrated oscilloscope, time can be measured for any given set
of trip conditions. Adjust PICKUP to desired threshold. Set "CAL" control to input current above
the threshold. Apply simulated step input current by pressing TEST switch and measure the time
interval between closing TEST switch and the red STOC trip LED coming on.

LONG - TIME OVERCURRENT CHANNEL (T.0.C.)

This channel thermally protects the trolley or feeder to prevent annealing of the wire during sustained
heavy overloads. Wire temperature is continuously simulated within the detector by a current
squaring circuit and an exponential time delay circuit with a time constant of 9.5 minutes both during
wire heat up and cool down. In operation, this control is set, say to 80 °C, then a total wire current
corresponding to this wire temperature is applied with the calibration control. Then, the gain control
is adjusted until the yellow LED comes on. In this manner, different wire sizes and substation
configurations can be accommodated. A red LED indicates trip. Test jacks are provided to monitor
simulated wire temperature and trip temperature settings. A trip of this circuit, if properly adjusted,
indicates a serious overheating of feeders and / or conductors. Because of this, the circuit was
designed with trip hysteresis which causes a long reset time and a substation lockout.

OPERATION AND CALIBRATION MANUAL
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NOTE: For minimum sensitivity of short reset time during a relay check, turn gain control fully
counter clockwise(CCW) and temperature setting to 200°. Remember to return to normal settings
for proper protection.

Setting TEMP Control
Wire temperature rise in °C is set by adjusting TEMP control while monitoring "°C Set" Test jack,

(1 voltequals 100 °C). Allowablerise varies with conductor type, but a typical setting for hard drawn
copper wire might be 50 °C which is 0.5V at test jack.

SHORT TIME OVERCURRENT

REPRESENTATIVE DELAY CURVES

50\
\

40

1
/ -
=
>

20 \\\ \\

~

MV ABOVE PICKUP THRESHOLD
e
7
]
e
|
L~ ]

1 10 100
SECONDS

FIGURE 3

SHORT TIME OVERCURRENT DELAY CURVES
(FOR REFERENCE ONLY; INDIVIDUAL UNITS WILL VARY. SEE TEXT.)
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Setting GAIN Control

Refer to wire charts showing allowable current versus absolute wire temperature, Factors such as
maximum ambient temperature, wear of wire running surface, and wire configuration should be
considered. Set CAL/TEST controls to selected current. Then adjust gain control until yellow LED

just comes on.

Degree Rise Test Jack
This test jack can be connected to an oscillograph or recorder for long-term monitoring of simulated

wire temperature. (1V equals 100 °C rise)

RATE OF RISE CHANNEL

This is the most complex channel and a valuable feature of the overcurrent relay. This channel
responds to bolted or arcing faults on the distribution system which are too far away to trip the instant
channel. Three independent controls are used which closely characterize a fault as could be seen on
an oscillograph, (See Figure 4). These are initial slope (di/dt), peak current (DELTA I), and time
duration. Unless the current pulse is steep enough, high enough, and long enough, it will be rejected
and will not cause a nuisance trip. Typical settings are 0.3mV/msec slope, 20mV DELTA I, and 70
msec time. SLOPE and DELTA I have test jacks for calibration as well as calibrated knob settings.
For slope setting, 10mV equals 1.0mV/msec. Disregard negative polarity. A red LED indicates trip.
Time delay is adjusted according to curve in Figure 5.

A. Slope Detection

B. Delta I Detection

C. Time Duration. Time interval starts at point B
C
r -
20mv 1 B
Current
Expressed A 03mV
inmV 1 msec
A
T
je——70 msec —» fme

Figure 4. Rate of Rise, Typical Waveform
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9.0

Setting Delta I

Set DELTA I control to desired current step by measuring at associated test jack. This current should
be slightly greater than the maximum current drawn by a single vehicle. Although the three Rate of
Rise controls are as independent as possible, there is a slight interaction between SLOPE and DELTA

1. If DELTA I setting is checked by applying waveform at shunt leads, waveform should be

trapezoidal rather than a step function. (Type 76 D.C. Overcurrent Relay Simulator provides
trapezoidal pulses as well as other inputs useful in calibration and testing overcurrent detectors).

Setting SLOPE

SLOPE is set by measuring voltage at SLOPE test jack. 10mV equals ImV / msec so that easy
adjustments can be made using a standard 3 1/2 digit voltmeter. Note that SLOPE trip occurs at the
initial portion of the rise time.

Setting TIME

Refer to Figure 5 for time delay vs. knob setting. The most accurate time setting can be achieved by
applying a step pulse waveform to shunt leads with the desired pulse width. Adjust SLOPE and
DELTA I to minimums, while pressing reset switch until a pulsed output on the LED is observed.
Measure precaution: If trapezoidal waveform is used, note that TIME is measured along the top of
the waveform after the DELTA I trip has occurred as shown in Figure 4.

OUTPUTS

SCR Output

SCR output for substation control is available on rear terminal strip of detector. This 6 amp, 200 volt
SCRis optically isolated and floating for connection anywhere in arelay control ladder. An external
load of 5S0mA or more should be provided, at least part of which is resistive, i.e., a 25k Ohm relay
coil paralleled with a 2.5k Ohm, 5 watt resistor will provide minimum SCR latching and holding
currents. (This example is for a system with a 125 VDC supply power).

Form C Output
Momentary output contacts for annunciation, etc. are 100 vA, 2 A & 500 VDC.

Signal Qutput (SIG OUT)

Front panel jacks are provided for analog output current, (0.5V at test jacks equals 50mV at shunt).
This output is not floating, but is tied to internal power supplies so that when connected to external
instrumentation, differential amplifiers should be used.

Trip Output (TRIP OUT)
A current limited trip output 15V / 6k Ohm is provided to directly drive a galvanometer event marker
while making oscillograph recordings.

Wire Temperature Qutput (°C Rise)
This output is available from the long T.O.C. section, (1V equals 100 °C rise). As inthe Signal output
(SIG OUT) above, adifferential amplifier should be used when this output is connected to arecorder.

INTERNAL CALIBRATION
Internal adjustments should be infrequent. Most are made by selected fixed resistors and are only
necessary when sensitive components have been replaced.

SMC TYPE 76 RELAY 11
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SPECIFICATIONS

PARAMETER PERFORMANCE

Isolator Error........niniii +1lmV

Isolator Dielectric Capability .........occeeereinuenen 5400V, 60Hz, 1min.

Ambient Temperature .............ccooceveveeeeneeneennene -20 to +55°C

Threshold Setting Error ..........occoceevevenenennenenn. +0.5mV inst. and time pickup

Supply Voltage (Nominal) .........ccceeveeeerrecnnenne 24 - 125V DC

Supply Voltage Range ........c.ccceceeivenenenrnnnne. 20-140V DC

Supply Current .........ceceveeeerrreencnieeeseseceenenes 200mA @ 24VDC - 40mA @ 125VDC
SMC TYPE 76 RELAY 13
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Type 76 DC Overcurrent Relay Case Dimensions

Bezel | Panel 063 o 125 PANEL MOUNTING CUTOUT
(MTG. Ref))
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= = 250 | Jl
b [::]
® ® LI
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TOP VIEW
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#6 Screw Terminals
® [O0 VoL OO e
\! J \ / \ e/t
HIGH VOLTAGE = =
9N
RELAY OUT _J_:.
1ow max | 6C D
o
SNC < 5 3
(@] D SHUNT
12- : |"£ 4-
SCR OUT >
I+ ﬁ}l
7_
PONER
3 ZAN
CASE GND | /7 PN TANY A\
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Figure 6.
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APPENDIX A: TYPE 76 INSTANTANEOUS RELAY

Refer to Section 4.0 - Instant Overcurrent Channel for the 76 Instantaneous Relay. Sections 5.0,
6.0, and 7.0 do not apply to this specific purpose relay. All other sections do apply.

APPENDIX B: TYPE 76 RATE OF RISE RELAY

Refer to Section 7.0 - Rate of Rise Channel for the Type 76 Rate of Rise Relay. Sections 4.0, 5.0,
and 6.0 do not apply to this specific purpose relay. All other sections do apply.

SMC TYPE 76 RELAY 15
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August 1, 1994

SMC WARRANTY STATEMENT

The purchaser has a reasonable time to ascertain whether the apparatus is as represented. Any
test required by the purchaser to determine any conformance to representation must be made within
60 days from date of shipment. SMC reserves the right to review and mutually agree on condition of
tests and to be represented at any tests. SMC electric products are warranted for a period of one year
from the date of shipment to be free from any defect in materials or workmanship. SMC will repair
or replace F.O.B. factory, with regular UPS shipment allowed, any part which under normal and
proper use proves defective in workmanship or material within the effective warranty period.

The correction of such defects by repair or replacement at SMC’s sole discretion, shall consti-
tute fulfillment of all of the SMC obligations with respect to the apparatus sold hereunder. (RMA
Procedures for return are outlined below).

1)  Obtain verbal or written approval from SMC as outlined in the return procedure.

2)  Issue a purchase order to SMC Electrical Product, Inc for replacement of defective products,
full credit will be issued when the part is received and evaluated by SMC of the and is deter-
mined to be under warranty.

3)  Warranty replacements are quoted F.O.B. factory with regular UPS shipping charges al-
lowed. Any special shipping charges will be billed to the customer.

4)  Return Material - No material may be returned without an RMA (Return Material Authori-
zation) authorized by SMC. Proper RMA identification and packaging of returned goods will
only be accepted. Contact an SMC Components Division sales representative for authorization
at telephone number (304) 736-8933 or fax (304) 529-1406.

Such warranty shall not apply to any product or component; (A) repaired or altered by anyone
other than SMC or an authorized service center without SMC’s prior written approval; (B) tampered
with or altered in any way or subject to misuse, negligence or accidents; (C) which has the serial
number altered, defaced or removed; or (D) which has been improperly connected, installed or
adjusted other than in accordance with SMC instructions.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN LIEU OF ALL OTHER
WARRANTIES OF QUALITY WHETHER WRITTEN, ORAL, OR IMPLIED. INCLUDING
BUT NOT LIMITED TO ANY WARRANTY OR FITNESS FOR A PARTICULAR PUR-
POSE.

SMC Electrical Products, Inc.

Mailing Address Components Operation Shipping Address
PO Box 880 5950 Ohio River Road
Barboursville, WV 25504 Huntington, WV 25702

Phone: (304) 736-8933  Fax: (304) 529-1406
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MODEL C4280-560

The SWARTZ. Type 82 DC Reclosing Relay from SMC is part of a solid state reclosing system that prevents
the closing of a DC breaker on a faulted line. After a fault or overcurrent trip occurs, the relay provides
load side fault verification before the breaker can close and will automatically reclose the breaker on a clear
line. The Type 82 Relay is designed to be used on light and heavy rail systems.

» Draw-out construction » Internal Power Supply operates on and auto-
* LED Meter - Accurate, easy to read compensates for a range of DC inputs
e "Load Measure" memory » Fault Annunciation

+ Bi-Directional Load Measuring ° Built-in Calibration

+ Voltage Compensating ° Modular Construction

The reclosing system consists of two units: the SWARTZ. DC Reclosing Relay and a SWARTZ. solid state
transducer. The transducer is a self powered unit that sends converted, properly scaled bus voltages to
the relay. The relay can be remotely mounted from the transducer to eliminate exposure to traction
voltage. The relay responds to the input and performs the functions of voltage measurements, load mea-
surements, sequencing and indication. The relay measures voltage on the load side of the breaker and
picks up if the voltage is above its pre-set values to close the breaker on a clear line. The relay will maintain
pre-existing line voltage measurements and measure the differential voltage when load measuring is ap-
plied. If the differential voltage is above the pre-set value, it will close the breaker. The set value for the
relay is the voltage produced by the load measuring current at the minimum feeder resistance. Adjust-
ments include time for each step of the sequence, number of attempts and levels for voltage and dead load
pick-up.

o [nput Power: Operates on 24 - 125 VDC - Load Measuring Resistor: 15 to 100 ohm

> Supply Current: 40 mA at 125 VDC * Close Attempts: 1to5
200 mA at 24 VDC * Pump Attempts: 1to5

° Ambient Temperature: -20°C to +55°C * Cycles Per Close: 1to3

* Design Test: SWC ANSI/IEEE C37.90 -« Outputs: Fault, Load Measuring,

¢ Thresholds: High and Low Voltage, Load Close, Lockout (2A/500 VDC,
ohms 100 VA max.)

e Current Loop: 0-1 mA/2.49K ohm ° Meters: 0 to 800 V, 0-10 ohms

Date: 3/21/97

TYPE 82 DC RECLOSING RELAY

COMPONENTS OPERATION e« PO. Box 880, Barboursville, WV 25504 ¢ 5950 Ohio River Road ¢ Phone: (304) 736-8933 « Fax (304) 529-1406
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The information contained within is intended to assist operating personnel by providing information on the general
characteristics of equipment of this type. It does not relieve the user of responsibility to use sound engineering practices
in the installation, application, operation and maintenance of the particular equipment purchased.

These instructions do not purport to cover all details or variation in equipment nor to provide for every possible contingency
to be met in connection with installation, operation or maintenance. Should further information be desired or should
particular problems arise which are not covered sufficiently for the purchaser's purposes, the matter should be referred to
SMC.

If drawings or other supplementary instructions for specific applications are forwarded with this manual or separately, they
take precedence over any conflicting or incomplete information in this manual.

SMC Electrical Products, Inc. Components Operation Phone (304) 736-8933 Fax (304) 529-1406
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1.0

SAFETY PRECAUTIONS

This section of the manual is to familiarize the operating and maintenance personnel with the hazards
and the necessary precautions to follow when either operating or maintaining the Type 82 Relay.
Although all the hazards or possible hazardous conditions which may arise during the operation of

the Type 82 Relay may not be foreseen, this section of the manual is a guideline so as to prevent

personnel injury, equipment damage, or limit equipment damage should a fault occur.

SYSTEM HAZARDS AND PRECAUTIONS

Below are listed the safety hazards associated with the Type 82 Relay followed by a list of safety
precautions. Prior to the energization of the equipment or prior to commencement of any
maintenance, the appropriate personnel should review these hazards and precautions to become
readily familiar with them.

SAFETY HAZARDS
a. Electrical Shock or Current Flow

Current Flow through chest or head area may cause cardiac arrest, stoppage of breathing, and
ventricular fibrillation.

b. Electrical Arcs
May cause equipment explosion, flash burn to eyes, ultraviolet burning of skin tissue.
C. Direct Burns

May occur when in direct contact with overheated electrical equipment.

SAFETY PRECAUTIONS

a. Prior to any maintenance or entry into electrical switchgear, remove all metallic objects from
person. (Such items as wristwatches, rings, metal badges, belt buckle, metal pins, rules,
flashlights, keys, and key chains).

b. Do not wear loose fitting clothing when in and around equipment.

C. Work from an insulating mat whenever possible.

d. All hand tools should be insulated to the fullest extent possible.

€. Portable powered hand tools should be of a 3 wire grounded design.

f. Do not use aluminum or metallic ladders while in and around electrical switchgear.

OPERATIONAL SAFETY SUMMARY
Follow the manufacturer's start-up and shut-down procedures.

Never operate equipment which has been tagged "Out of Service" or "Do Not Operate". Never over-
ride any electrical or mechanical interlocks unless the over-riding of such devices is called for in the
special or emergency operating procedures. Become familiar with the substation functional
operation prior to operating the substation. Prior to any maintenance ensure that equipment has been
tagged out of service following the appropriate tag out procedures. Familiarize oneself with the
manufacturer's maintenance procedure prior to conducting any maintenance. Never perform
maintenance in an isolated location by oneself.
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2.0

3.0

INTRODUCTION

The Type 82 Solid State DC reclosing relay provides all logic and control in a small draw out unit
for load measure and auto reclose of circuit breakers on D.C. power distribution feeders for third rail
or trolly electric transit systems. By monitoring and measuring the voltage and impedance on the
system circuit, the 82 relay determines whether to allow a manual close operation or initiate an
automatic reclose.

Positive or negative dead line voltage is stored in a sample and hold circuit for comparison to voltage
during load measure. Dead line voltage can be either polarity in a network of substations depending
on IR drop in negative line, grounding of system, and nature of positive feeder/line fault or open
circuit resistance to ground. The Type 82 Relay system uses a bidirectional transducer and
bidirectional input to the recloser to track both polarities and accurately compensate this dead line
voltage.

The relay can be set to require 1, 2, or 3 successful load measuring cycles before close. Coupled with
aspecial lead/ follow circuit, several reclosers can be set up in a network such that simultaneous load
measures by 2 or 3 reclosers will not cause a close onto a low resistance fault. This is a selectable
feature that can be deleted in a single feed application or in case availability of service is deemed more
important than protection of equipment.

Annunciation occurs when the relay is pulled out, power fails, or relay fails such that the internal
supply fuse blows.

This manual contains helpful information for installing, calibrating and operating the recloser.
CONTROLS AND INDICATORS

CAL RUN Switch
Spring loaded switch when held in CAL position injects D.C. level from CAL V. pot for setting LM
GAIN and THRESHOLDS. Outputs are disabled in CAL mode. CAL Switch also resets relay.

V /OHMS Switch

Selects meter function. In Volts mode, meter displays line voltage. In Ohms mode, meter displays
track load during load measure cycle and will hold the last- read value until the unit is reset by
switching to CAL mode or until the next load measure cycle. For best operation, the 82 recloser
should be set to allow adequate time for the track signal to stabilize, providing a more accurate Ohms
measurement; see section 7, "TIMING".

CAL V Pot
Injects simulated line voltage between 0 and +800V in CAL mode (0 to 1600V for high voltage
model).

PWR LED

Indicates presence of supply power and that relay is functional. LED blinks when relay is in active
reclosing mode. LED blinks at a rate proportional to each step in sequence counter. If master
oscillator pot (front, top board) is set full CCW for fast cycle, one period of LED will be about 1/2
Second. For slowest setting (full CW) LED period will be about 4 seconds.

SMC TYPE 82 RELAY
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LM ADJUST Trimpot

Used to adjust relay internal ohm-meter to read correctly for different substation LM resistors (10-
100 ohms) and nominal feeder voltage (550-700VDC) see section 5.0 for detailed calibration
instruction. Once set for a given transit system, LM ADJUST may be sealed. This adjustment may
be factory set, if desired.

LM ADJUST Test Jack
Used for LM adjustment.
Note: Scale factor: 1V =1 Ohm.
Note: This and all other test jacks are buffered with series resistance. High impedance
DVM's must be used for all measurements.

Panel Meter
High accuracy digital LED meter displays line voltage (-70V to 850V); When set to Ohms mode,
meter displays dead load during load measure cycle and holds the value until the next cycle.

SIG OUT Test Jacks

Scale factor is 1 volt =100 line volts. SIG OUT tracks both positive and negative feeder volt-
ages. SIG OUT (-) is common for all other test jacks. SIG OUT (+) is buffered with 10k ohm so
that high impedance DVM such as fluke 77 must be used. SIG OUT can be connected to an
external recorder. Keep common mode voltage to substation structure less than 100 volts and
take into account the internal 10K ohm buffer.

THRESHOLDS

High Voltage

Each control has an associated LED and Test Jack. LED's on indicates a good condition for reclose.
Test Jack scale factors are 1 volt=100 vand 1 v=1 ohm. If feeder voltage is above High Voltage
setting, recloser will close after initial delay but without going through load measure cycle. Feeder
voltage, for example above 500 volts on a 600v System, says that trolley line or third rail is already
being fed from other end and its ok to close immediately.

Low Voltage

If feeder voltage is below setting, recloser will go into load measure cycle. If feeder voltage is
between low voltage and high voltage settings, relay will neither reclose nor load measure and will
eventually reach a time out lock out.

Ohms

This is the permissible load in ohms for reclose on an unenergized line. Loads include rolling stock
and any insulation leakage. Relay will not close on lower ohms or onto a short circuit. LED is only
meaningful during load measure interval as indicated by output status "LM" LED.

TIMERS

Delay
Sets minimum time delay for reclose after breaker opens on overcurrent. Time delay (2 to 8 seconds)
allows ionized air in breaker arc chute to dissipate.

Time Out
Overall timer causes relay to go into lock out if a successful load measure and reclose is not made
within the set time period (1 to 4 minutes). Note that this timer is reset every time breaker closes.

OPERATION AND CALIBRATION MANUAL
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Pump Out

Pump Out limits cycling of breaker within set time limit (1 to 4 minutes). Number of pump cycles
is set by "pump attempt" internal dip switch (right side. top board). Setting is 1 to 5 cycles. Timer
automatically resets at end of time period for additional cycles. Excess cycling due to faulted line
on breaker failure leads to a "pump" lockout.

OUTPUT STATUS

LM - (Yellow LED)....... On during load measure period.

CLOSE - (Red LED) .... On during command to close breakers.

LO - (Green LED) ........ On when recloser is locked out.
LOCKOUT MEMORY
Time (Red LED)
On when time out has expired without successful close.
Pump (Red LED)
On when breaker has cycled too many times within pump out time interval.
Both LED's on

Recloser has attempted to close breaker but has not received feedback via 72b - faulty breaker or
wiring or auxiliary switch. Cycle limit is set by internal dip switch on top board marked "Close
Attempt" with selection from 1to 5. This dip switch should always be set higher than pump attempt
dip switch.

THRESHOLDS )

R e 2 &®
Ahicoc @;’: @ @u
églog?' \ HlGH ERS LOW V., @ OHMS
m@%g ;@; @ "sec @ MIN ©04 I

CALV. | DELAY TIME OUT __PUMP OUT H
[ OUTPUT STATUS LOCKOUT MEMORY \
® O ® ® ® | ®@ @ ©®
\{ PWR  LMADWST A IM CLOSE LO TIME RESET  PUMP )O
_ SIG TYPE 82 D.C. RECLOSER
\O °°" out " SHC) *ANE reama W,

Figure 1 Front Panel Layout
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Input pairs 2-3, 4-5 and 6-7 are polarity insensitive.
Relay is activated when 125v is present at 4-5 and 6-7.

Relay lockout is reset by interrupting 125vdc at CRL 6-7.
All outputs are reed relay 2 amp / 500vdc / 100va maximums.

Recloser for use with external bidirectional voltage transducer,

SMC P/N 3181-071.
Load measure contactor coil must be suppressed.

Figure 2. INTERFACE DIAGRAM

P/N C4280-082 D.C. RECLOSING RELAY >~ @
- P1-D P2-L 1
Current Loop ,',f\\ }j 3 —< [ > > ° d
Signal Input : : 249K LM - Load Measure
0+ Ima | | _I—
0+ 800vde —HOH— < > > !
= ‘\UI, 2 PI.C  1SO-122 Internal K 1
Isolation
P2-v P21
22 < € { [ N 12
125vdc Supply Close
Power + - 2o fuse I 50N
3 ™~ 7z 7 13
P2-U P2-H
| t4 P2-N 18K P2-F 14
—N < <A | > >
72b Inpu LO - Lock Out.
put
< < = | > >
5 P2-M P2-E 15
| £6 PP 18K R2-C 16
__—I | < <W | FAULT - Held close. Opens
NO - Held .
CRL Input with loss of power,blown fuse,
+ Closed T . .
s & . N N or internal supply failure.
7 NN 7 7 17
P2-0 \/, P2-B OPTIONAL:

\ /PZ‘A Held Open so that units can
be changed out under power
without fault trip.

»+>-1 Case Ground (RFI GND)
T connect to substation
frame with short lead.
Case Terminals shown
#6 Screw Terminals
NOTES:
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4.0

ADJUSTMENTS AND CALIBRATION

TRIM POT SETTINGS

Offset and Gain trimpots

These trimpots adjust the ISO 122. input isolation amplifier. Scale factor is 1ma into 2.49K (located
on edge connector of relay case) equals 8 volts at SIG OUT equals 800 VDC. Adjust offset for 0.00v
out at zero input, then adjust Gain at 1 ma input. Repeat if necessary.

MTR - Meter Calibration
With meter on volts scale, using either current loop source or CAL V Pot, set for 5.00 volts at SIG
OUT, adjust MTR trimpot (located at top left of front panel, beside digital meter) for desired reading.

OSC trimpots

Sets cycle speed of load measure sequencer. Full counter-clock-wise is approximately 1/2 second
per sequence step. Full clock-wise is approximately 4 seconds per step. For most applications, this
control is set full counter-clock-wise.

DIP SWITCH SETTINGS
Note for all dip switches: ON or SET is always toward the board, or down.

Sequence LNF - Lead, Normal, Follow

This dip switch adds or subtracts sequence steps and therefore, overall cycle time in order for 2 or
3 reclosers to function simultaneously in a network configuration without load measure overlap.
Sequence is, left to right when viewed from front, Lead (subtract steps), Normal, Follow (add steps).
Refer to section 7 on timing for more detail.

LM Cycle per Close Dip Switch

Set for 1, 2 or 3 successful load measure cycles before close output. Again, with a2 or 3 setting, this
control prevents simultaneous load measure from causing a closure on a heavy overload or near short.
If, however, power system availability and minimal delay is most important, set this switch to 1 (left-
most rocker).

Pump Attempt Dip Switch
Sets allowable breaker cycles within pump timer time interval. This is the top-most switch bank on
the Logic 2 module; settings run 1-5 attempts, bottom rocker to top rocker, respectively.

Close Attempt Dip Switch

Set allowable close outputs from relay within pump timer time interval. This is a watchdog internal
loop which looks for equipment failure. Set higher than Pump Attempt Dip Switch. The Close attempt
dip switch is the bottom-most switch bank on the Logic 2 module; settings run 1-5 close attempts,
bottom rocker to top rocker, respectively.

SMC TYPE 82 RELAY
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Power Supply Module

Relay Module

Logic Module 2

Logic Module 1

Analog Module

~

Front Module

Figure 3a Type 82 Module Locations
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Figure 3b Internal Settings
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CALIBRATION OF LM _GAIN

This is a one time calibration that makes the ohm meter portion of the recloser read correctly when
the unitis used with various external load measure resistors (10 to 100 ohm) and system voltages (550
to 700 VDC). When calibrating recloser, note that 1v= 100 feeder volts and 1v =1 ohm at pin jacks.
Use only high impedance DVM's. Refer to Figure 4.

1. Calculate load measure current assuming a 1 Ohm load:

_ nominal system voltage
& Ry ¥1

2. Calculate voltage fed back to relay during ohms load measure:

V=1 x1

LM

3. Using "CAL V " pot, inject this voltage into recloser (as measured at SIG OUT).

4. Adjust LM Gain until "Ohms" at LM GAIN test jack equals 1.00.

Note: For best accuracy, calibrate at expected recloser ohms threshold.

For easier calibration, when using low LM current, multiply both Voltage and assumed load
in step 2 by a factor of 10, then adjust per step 4 using these higher values.

I, = 54.55 amps

600 VDC N\ —_— 54.55 Volts
O 720 O during load

_D=

Substation
Transformer /
Rectifier

L' + measure
l V.V V I R

129 R, 129 Isolator _ las(s)mﬁeran
10 Ohm \qu —

O

12

Recloser

1. [ = 600 Volts = 54.55 amps

M 10 Ohm + 1
2. V = 54.55amps x 1 Ohm = 54.55 volts

3. Inject 54.55 volts using "CAL V" pot (.5455v at SIG OUT)

4. Adjust LM ADJUST for 1 Ohm (1 volt at LM GAIN jack)

Figure 4 Load measure schematic / example
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5.0  Typical Applications And System Design

|
—CLOSE
13

‘ %J— %—L ST l ayy 2 ==
scI g %ﬁ: T 82 T:: :ch. . =
| ~ Q0@ @0 O
125 VDC 82 0-1mA
CRL CRLZZ 1?3@4®7®9® —0 @
r1——r" ”J"
@ @ ® @
td——L 4
Figure 7 Type 82 Recloser Control Scheme
TRADE STUDY
Load measure resistance, Low vs. High
(600 volt system, 1 Ohm dead load threshold)
(maximum for 600-700v system)
Low 15 Ohm Load Measure Resistor High 100 Ohm Load Measure Resistor
Test current 37.5 amps Test current 5.94 amps
Pro Pro
» Overcomes diode bridges, carbon brush » Lower cost LM Resistor and 129 Relay

drops and other nonlinear load resistance.

« High enough energy to heat up carbon
tracks?

+ Blow away or melt nuisance shorts?

@)
o
=1
O
©
=1

» Higher cost LM Resistor and 129 Relay  Requires better resolution, noise immunity

» Higher heat dissipation / Size
VS.

accuracy of recloser circuits.
A 5.94 volts go/no go

37.5 volts for 15 Ohm LM resistor

e More susceptible to being fooled by
negative rail voltage fluctuations.

SMC TYPE 82 RELAY
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Feeder +

. 0-800V P/N 3181-071 (bidirectional)
High Voltage +————Supply  Output Voltage Isolator
Breaker Cubicle +————{Power 0-1ma

- +
Low Voltage \,’C ><j,
Instrumentation / Control N L] -
:.’/\\: - €
' I i
Twisted / Shielded Pair PA %RI
H—= <&
\\E{/
SCADA
System Control &
Data Aquisition
Current Loop 1.
R1+R2+R3 < 10K Ohm N

g —————t
L ST ——

(¢

4

\ Feeder
"\C_ESD / Voltmeter

Burden resistor mounted in Singlé Point
case so that the current loop Substation Frame
remains unbroken when Ground
draw out unit is removed.
9] R3 |8
ANV
A2.49K A
Ohm |
/ P/N C4280-070
Recloser case Draw out unit
P/N C4280-026 82 Recloser

Figure 6 Typical hookup - Votage Isolator / Recloser Current Loop
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6.0

TIMING

Time required for a reclose can vary widely depending on OSC Trimpot setting and selection of LNF
and LM Cycle selections. Recloser can be set up for as little as 1 or up to 40 load measures and close
opportunities in a four minute period. Timingrequirements are a function of application. Onatrolley
bus system for example, time should be allowed for driver to exit bus and remove poles from overhead
lines before recloser goes into lockout. The following tables are typical time to close for various set
ups.

1. Shortest time - Delay set to 2 seconds 2. Longest time - Delay set to 8 seconds
(Seconds) OSC full CCW (Seconds) OSC full CW
LM Cycles per close LM Cycles per close
1 2 3 1 2 3
L 5 10 15 L |32 72 112
(]
2 7 14 21 g N |48 104 160
=
§" F 9 18 27 g F 64 136 208
w2 7]
Period is
0.5 to 4 sec. Note:  Sequence selection "N" adds 4 periods

selection "F" adds 8 periods
Master Oscillator

U13, Pin 6

Delay
2 - 8 sec.

Close LM Contractor —L—l'—
U19, Pin 3

Load Measure Decision Points Hi] 1 Low
U16, Pin 13 U16, Pin 1
Close Ulla, Pin 9 l | Pulse length controlled by R24

Figure 7 Sequence Time Line

CAUTION

Close pulse length is approximately 250 msec and is controlled by value of fixed resistor, R24. This
reclosing relay is set up to close a breaker (172) which has the following safety circuits:

1. 72 trip control overrides 72 close control
2. Breaker has an anti-pump circuit.
If the breaker does not have these safety circuits, consult SMC Electrical Products, Inc. before using

this recloser.

SMC TYPE 82 RELAY
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Load Measure Period (Refer to Figure 8 and Trade Study)

Load measure contactor will be closed for one period of sequence. Time interval is therefore
adjustable from 0.5 to 4 seconds. Note that all other sequence times are affected. Normally, a fast
cycle is adequate. The following shows critical timing parameters for load measure period.

500 msec.
LM Output —_— —_—
/— Delay off affected by
coil diode / suppression
LM Contractor —————————— —
Closure
Feeder Voltage J ¥
fed back to relay 1‘

Load measure High Low
Decision points

Load measure period should be much longer than L/R time constant for charging line, as-well-as the
recloser signal input filter which has a 50 msec. time constant.

Figure § Critical Timing Parameters

TRADE STUDY

Short vs. Long load measure period

Short Load Measure Period 0.5 seconds Long Load Measure Period 4 seconds

Pro Pro
* Low duty cycle on Load Measure Resistor * Plenty of time to reach equilibrium

* Lower shock hazard.

0O

=

=
O
©
=3

* Must charge feeder and load capacitance » Bigger window for fluctuations in negative
rail voltage to influence LM decision.

OPERATION AND CALIBRATION MANUAL
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7.0

THEORY OF OPERATION

By monitoring status of the breaker "72b" switch and the control relay "CRL" (reset by manual close
command) and by measuring the voltage and impedance on the system circuit, the situations for
breaker closing are described as follows:

High Voltage - If the incoming feeder is at or near normal voltage, i.e. hot from another station, then
itis assumed that conditions are normal and the breaker can be closed by hand or remotely or can close
automatically without human intervention if there has not been a pre-set time out period or a pre-set
pump out.

High voltage is normally set with a DVM for threshold pickup of 400 volts and above for reclose
(front panel measurementand adjust). The voltage is measured with an 800 volt transducer connected
to the incoming cable through a fuse. This transducer also supplies a current output to the panel meter
and SCADA. This voltage can be read on the upper scale of the 82 meter in "v" position.

If the transducer measures a voltage on the line between 30 volts and 400 volts, reclosing is not
allowed. The time out timer begins counting after the "b" closes and will produce a lockout signal
after a preset time of between 1 minute and 4 minutes. Low voltage threshold is adjustable from 20
- 80 volts and is typically set witha DVM for 30 volts pickup as measured and adjusted on front panel
using DVM.

If less than threshold for low voltage is sensed by the transducer on the incoming line (0 - 30 volts)
then, after the initial delay time, a load measure operation is called for which measures the resistance
between positive and negative of the overhead wire and feeders. A value which is very low, typically
an ohm or less, indicates that a short circuit is on the line and reclosing either by hand or automatically
is not allowed.

If a measurement is greater than an ohm or two, it is assumed that this is a coach load or maybe no
load at all and reclosing is allowed. This front panel adjust is accomplished with a Digital Voltmeter.

Load Measuring has several special features...

A Load Measure output pulse from the 82 relay causes the 129 relay to close which inserts resistance
in series with the 600 vdc bus and the feeder positive cables. Thiseffectively places areduced voltage
on the line which the 82 relay can measure and convert to ohms of loading or perhaps, a short circuit.

Because nearly all overhead circuits are fed from more than one end, and because Load Measuring
is likely to be initiated at each station, it is necessary to avoid overlapping measuring attempts which
will give false readings. The 82 relay can be preset to lead / follow to normal with respect to the other
end. This setting is performed by DIP switch on top of the relay. The setting will depend on the type
of load measuring equipment at the remote station or other parallel source. The initial delay setting,
interval time set , and the L/N/F switch must all be coordinated to reasonably avoid an overlap
between adjacent stations. (see enclosed information for details). The L/N/F switch will be generally
more effective for two Type 82 relays talking to each other. There can be anywhere from a few
seconds difference between lead and lag at minimum setting up to 2 or more minutes difference at
maximum.

The Load Measure output is pulsed onto the line at intervals which are set on the pot on top of upper
PC board from 5 - 208 seconds. The pulse itself is short (0.5 - 4 seconds) and is a percentage of the
preset interval. The output pulse may be observed by the yellow LM front panel light.

SMC TYPE 82 RELAY
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The close attempt counter is set (DIP switch) from 1 - 5 attempts (pulses) to close. When this count
out occurs, it will then produce alockout signal for the 82 relay. The close attempt counter is intended
to cover the situation when there is a malfunction in the breaker and the "b" switch is not available
orindicates incorrectly. The indication of this happening is both a pump out light and a time out light.
Typically set this at 5 on the Close Attempt DIP switch.

The pump out counter measures the number of operations of the "b" switch in the breaker. This pump
out counter is preset from 1 - 5 breaker operations by DIP switch, typically at 3. This close attempt
counter should always be set more than the pump out counter because otherwise it may be possible
to end up with a closed breaker under a lockout condition. The pump out counter latches a manually
reset light on the front panel of the 82 relay.

The close time out counter measures the length of time from a relay trip until the breaker recloses
automatically. Ifit does not close the 82 relay locks out and the breaker will not close until a manual
or SCADA close actionresets CRL. Thisisadjustable from 1 -4 minutes on the front panel. Typically
set for 2 minutes.

The pump out timer will provide a reset to the close attempt and pump out counters after the amount
of time preset on the front panel (1 - 4 minutes). Resetting these counters back to zero is necessary
if the breaker successfully recloses after a breaker overcurrent trip. Otherwise there would be an
unwanted lockout signal generated after a few legitimate breaker operations. This timer would
typically be set at somewhat more than the total Load Measure period x pump count setting. Typically
set for 1 minute.

To minimize false Load Measure readings, the relay can be preset via DIP switch to make an
additional 1 or 2 successful measurements before allowing a close operation. Typically set LM cycles
to "2".

Other 82 Relay features include:

Initial Delay Timer - This timer delays any reclose until arcing, etc. is complete and is
adjustable on the front panel from 2 - 8 seconds.

Front panel meter - Measures incoming line voltage directly in volts position. Measures ohms
on line during Load Measuring interval pulse. The ohms range is adjustable by DIP switch
at full scale of 2 or 5 or 10 ohms.

The CAL/Run test switch is used to adjust the sig out value to the calculated value unique to the
particular station. Using adigital voltmeter, with the switch held in CAL, adjust CAL V to calculated
"V". The LM Gain can now be adjusted with the switch in "cal" to pickup load "L" (usually about
1.4 ohms) as read in volts on the DVM.

A lockout is generated for several reasons. In review they are from pump out, time out, pump out
window and close attempts. When a lockout signal is generated, a NO relay contact will close which
acts to disable breaker closing and bring in various alarms. The lockout light on the front panel does
not seal-in and does not require a reset but a control switch or SCADA close operation is required
to reset the CRL lockout relay.

The RESET Switch on the front panel will unlatch time and pump out memory LED's.

An 82 failure alarm output will occur for various internal failure modes in the 82 relay and this is
brought out to the annunciator and SCADA.

OPERATION AND CALIBRATION MANUAL
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Type 82 Solid State D.C. Reclosing Relay Specifications

Supply
. Voltage: ......cccoevrrernnnnnn 24 to 125vdc operating range
Current: ...c.ocevvrinneverennnn 30ma @125v, 200ma @24v, standby
Inputs
Signal Input: ........cccenne. 0-1ma current loop, scale factor 0 to 800vdc
Impedance: ........ccccoeuenene approximately 2.4k ohm
Isolation: ......cceeevereivnnnene 5.6kv line to loop at external voltage transducer
2.0kv loop to internal recloser circuits (Burr Brown ISO 122)
External Isolator: ............. To be used with P/N 3181-071 Voltage Transducer or Equiv.
0 to + 1 ma up to 10k ohm load. Isolator must be bidirectional.
Digital Inputs:.................. CRL input - requires 125vdc / 7ma polarity insensitive
72B input - requires 125vdc / 7ma polarity insensitive
Outputs
Fault....cccocevevinniicininnenenn. NO held closed - All outputs 2a / 500vdc / 100va max (optional NC held open)
Load measure .................. NO
Closed.....ccccooervvirenrnnnnne. NO
Lockout ....c.cceviviiniinnnenn. NO
Thresholds, Front Panel
High voltage .........cceueu. 400vdc to 800vdc (direct close); 200vdc to 600vdc available
Low voltage ........ccoeruenene 20vdc to 80 vdc
Load ohms ...cccocvvvriccnennne 0.5to 3.5 ohms; 0.15 to 0.45 ohms available
‘ Timers, Front Panel
Initial Delay ........c.cceueuue.e. 2 to 8 seconds (deionizing time)
Overall time to close ....... 1 to 4 minutes
pump window ..........c....... 1 to 4 minutes

Internal Settings
Close attempts: ................ 1to5
Pump attempts: ................ 1to5
Lead/follow dip switch: .. Lead / Neutral / Follow
Cycles per close attempt: 1to3
~ Signal input gain and offset pots

Meter Cal.

Meter range dip switch:...2 /5 /10 ohms full scale

OSCi e 0.25 Hz (clock-wise) to 2 Hz (counter-clock-wise)
Miscellaneous Specs

Load Measure Cycle: ...... 1 to 12 per minute

Ext LM resistance: .......... 15 to 100 ohms (600vdc system)

Ext LM current: ............... 6 to 40 amps (600vdc system)

Environment Qualification Testing
SWC Fast transient test per ANSI/IEEE 37.90.1-1989
SWC Oscillatory test per ANSI/ IEEE 37.90.1-1989
Temperature -24°C to +55°C
. RF Suscept. qualitative at 150mhz and 440mhz
Input Power Range + 15%
Polyurethane conformal coat / low resistance timing circuits, Hermetic IC's wherever possible.

SMC TYPE 82 RELAY
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Type 82 Reclosing Relay Case Dimensions

Bezel Panel .063 to .125
(MTG. Ref)
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August 1, 1994

SMC WARRANTY STATEMENT

The purchaser has a reasonable time to ascertain whether the apparatus is as represented. Any test
required by the purchaser to determine any conformance to representation must be made within 60 days
from date of shipment. SMC reserves the right to review and mutually agree on condition of tests and
to be represented at any tests. SMC electric products are warranted for a period of one year from the
date of shipment to be free from any defect in materials or workmanship. SMC will repair or replace
F.O.B. factory, with regular UPS shipment allowed, any part which under normal and proper use proves
defective in workmanship or material within the effective warranty period.

The correction of such defects by repair or replacement at SMC’s sole discretion, shall constitute
fulfillment of all of the SMC obligations with respect to the apparatus sold hereunder. (RMA Proce-
dures for return are outlined below).

1) Obtain verbal or written approval from SMC as outlined in the return procedure.

2)  Issue a purchase order to SMC Electrical Product, Inc for replacement of defective products,
full credit will be issued when the part is received and evaluated by SMC and is determined to be
under warranty.

3)  Warranty replacements are quoted F.O.B. factory with regular UPS shipping charges allowed.
Any special shipping charges will be billed to the customer.

4)  Return Material - No material may be returned without an RMA (Return Material Authoriza-
tion) authorized by SMC. Proper RMA identification and packaging of returned goods will only be
accepted. Contact an SMC Components Division sales representative for authorization at tele-
phone number (304) 736-8933 or fax (304) 529-1406.

Such warranty shall not apply to any product or component; (A) repaired or altered by anyone
other than SMC or an authorized service center without SMC’s prior written approval; (B) tampered
with or altered in any way or subject to misuse, negligence or accidents; (C) which has the serial
number altered, defaced or removed; or (D) which has been improperly connected, installed or adjusted
other than in accordance with SMC instructions.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN LIEU OF ALL OTHER
WARRANTIES OF QUALITY WHETHER WRITTEN, ORAL, OR IMPLIED. INCLUDING
BUT NOT LIMITED TO ANY WARRANTY OR FITNESS FOR A PARTICULAR PURPOSE.

SMC Electrical Products, Inc.

Mailing Address Components Operation Shipping Address
PO Box 880 5950 Ohio River Road
Barboursville, WV 25504 Huntington, WV 25702

Phone: (304) 736-8933  Fax: (304) 529-1406
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MODEL C4280-555

The SWARTZ. Type 32 Reverse Current Relay from SMC is designed for the protection of rectifiers in transit
or industrial applications. The relay protects the rectifier from back-feeds in the power system, should
there be an internal fault. The solid state design and rugged construction ensure dependable, low main-
tenance operation under adverse conditions.

» Draw-out construction « Internal Power Supply operates on and auto-

« LED Meter - Accurate, easy to read compensates for a wide range of DC inputs
* Instant Reverse Current Channel - 0 to 20 mV « Calibration Controls Allow Preset Threshold and

* Use with any Shunt Test

+ Uni-Directional « Field Adjustable

The Type 32 relay detects reverse current flow onto the rectifier. It is recommended where there is no
cathode breaker or when supplementary protection is required. The front panel controls are calibrated in
millivolts so the relay is compatible with any type of shunt. The built-in calibration components allow
accurate field calibration of the current setting. The relay incorporates a signal-out jack that gives voltage
output equal to the line current.

* Input Power: Operates on 24 - 125 VDC - Isolation Dielectric: 5400 V, 60 Hz, 1 min.
» Supply Current: 40 mA at 125 VDC * SCR Output: 100 mA to 6 A(1 sec.) 200V
200 mA at 24 VDC * Annunciation: Reed Relay 100 VA, 2 A,
» Ambient Temperature: -20°C to +55°C 500 VDC
+» Design Test: SWC ANSI/IEEE C37.90 -« Threshold Setting Error: +.5mV
+ Isolation Error: +1mvV

Date: 3/21/97

TYPE 32 REVERSE CURRENT RELAY

COMPONENTS OPERATION ¢ P.O. Box 880, Barboursville, WV 25504 * 5950 Ohio River Road * Phone: (304) 736-8933 « Fax (304) 529-1406
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The information contained within is intended to assist operating personnel by providing information on the general
characteristics of equipment of this type. It does not relieve the user of responsibility to use sound engineering practices
in the installation, application, operation and maintenance of the particular equipment purchased.

These instructions do not purport to cover all details or variation in equipment nor to provide for every possible contingency
to be met in connection with installation, operation or maintenance. Should further information be desired or should
particular problems arise which are not covered sufficiently for the purchaser's purposes, the matter should be referred to
SMC.

Ifdrawings or other supplementary instructions for specific applications are forwarded with this manual or separately, they
take precedence over any conflicting or incomplete information in this manual.

SMC Electrical Products, Inc. Components Operation Phone (304) 736-8933 Fax (304) 529-1406
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1.0

SAFETY PRECAUTIONS

INTRODUCTION

This section of the manual is to familiarize the operating and maintenance personnel with the hazards
and the necessary precautions to follow when either operating or maintaining the Type 32 Reverse
Current Relay. Although all the hazards or possible hazardous conditions which may arise during
the operation of the Type 32 Reverse Current Relay may not be foreseen, this section of the manual
isaguideline so as to prevent personnel injury, equipment damage, or limit equipment damage should
a fault occur:

SYSTEM HAZARDS AND PRECAUTIONS

Below are listed the safety hazards associated with the Type 32 Reverse Current Relay followed by
alist of safety precautions. Prior to the energization of the equipment or prior to commencement of
any maintenance, the appropriate personnel should review these hazards and precautions to become
readily familiar with them.

SAFETY HAZARDS
a. Electrical Shock or Current Flow

Current Flow through chest or head area may cause cardiac arrest, stoppage of breathing, and
ventricular fibrillation.

b. Electrical Arcs

May cause equipment explosion, flash burn to eyes, ultraviolet burning of skin tissue.
C. Direct Burns

May occur when in direct contact with overheated electrical equipment.

GENERAL SAFETY PRECAUTIONS

a. Prior to any maintenance or entry into electrical switchgear, remove all metallic objects from
person. (Such items as wristwatches, rings, metal badges, belt buckle, metal pins, rules,
flashlights, keys, and key chains).

b. Do not wear loose fitting clothing when in and around equipment.

c. Work from an insulating mat whenever possible.

d. All hand tools should be insulated to the fullest extent possible.

e. Portable powered hand tools should be of a 3 wire grounded design.

f. Do not use aluminum or metallic ladders while in and around electrical switchgear.

SPECIAL SAFETY PRECAUTIONS

a. Voltage Hazard 2000V may be present at case terminal strip, internal case connectors and
portions of relay.

b. Grounding Relay case 13 should be grounded to the equipment frame for voltage safety and
to reduce susceptibility to RF interference.

c. Dielectric Testing Remove relay from case when dielectric testing of substation wiring is
performed.
d. Fusing One amp fuses are recommended in shunt leads and power supply leads.

OPERATION AND CALIBRATION MANUAL
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2.0

3.0

OPERATIONAL SAFETY SUMMARY
Follow the manufacturer's start-up and shut-down procedures.

Never operate equipment which has been tagged "Out of Service" or "Do Not Operate". Never over-
ride any electrical or mechanical interlocks unless the over-riding of such devices is called for in the
special or emergency operating procedures. Become familiar with the substation functional
operation prior to operating the substation. Prior to any maintenance ensure that equipment has been
tagged out of service following the appropriate tag out procedures. Familiarize oneself with the
manufacturer's maintenance procedure prior to conducting any maintenance. Never perform
maintenance in an isolated location by oneself.

INTRODUCTION
The Swartz Type 32 Reverse Current Relay is an isolated current monitor which is used with either

the positive or negative conductors in D.C. power distribution networks. The primary function of
the detector is to monitor low levels of reverse feeder current. All front panel controls are calibrated
in millivolts so that the detector can be used with any shunt. Current is referred to as equivalent
"millivolts" in this manual.

(C( CALIBRATE ) J

SN

\— J RESET
PE 32 REVERSE CURRENT RELAY _ /722> TRlP
SHC) *"Nameennia UT @

Front Panel Layout

FRONT PANEL CALIBRATION AND CONTROLS

Test

A built-in calibration control (CAL) with variable settings from 0 to 20 mV and a momentary
pushbutton switch (TEST) allow functional check of reverse threshold. Test current can be read on
the meter or at "SIG OUT" test jacks where 0.5V at test jacks equals 50mV at shunt.

Accuracy precaution : Test current adds to any current already present at shunt leads.

Digital Meter
The ameter reads from 0 to 20mV.

Power
The green light emitting diode (LED) indicates that the detector has power and is operational. Ifthis
LED is off, either input power is off or internal 1 A fuse is blown. In either case, the output is fail

SMC TYPE 32 REVERSE CURRENT RELAY
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4.0

5.0

safe and should cause substation trip.

Zero

This adjustment compensates for slight offsets in the high voltage isolator and should only require
adjustment when the overcurrent unit is initially installed in the substation. With zero shunt current
(DC breaker open or zero loads) measure "SIG OUT" voltage with a Fluke 8024A digital voltmeter
or equal. Adjust zero for.000 +.002 volts. For best results, a five minute or greater warm-up period -
should be allowed. Note that offset varies slightly depending oninstallation. For example, offset will
change by up to ImV when the detector is bench tested outside of its enclosure.

Shunt

50mV, Any Current
- Positive or Negative feeder

+
protected by 10kV Arrestor
1A/600V

SHUNT
+|3 -4

R Internal 250 mA fuse —{——< Threshold Setting
24.12vDc OF—s >t A 4
Power
ComRin Q> 1
9 15V 47k
NO——> ;: —C0 L
C—/— i
24125 VDC e )5_30 b Trip Out

Trip Coil Type 32DC

or External * Reverse Current Relay

Control Relay Sie Ou

w —a— B ) 5V =50mV
SCR Out
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INSTANT OVERCURRENT CHANNEL

This channel responds to reverse "instantaneous" current levels between 0 and 20mV as set by the
control. Input from the isolator is RC filtered so that current spikes or noise are suppressed to prevent
nuisance tripping. A buffered testjack is provide for highly accurate adjustment of trip threshold with
a digital voltmeter. A red LED latches on to indicate that a trip has occurred.

Setting "Pickup' Threshold
Connect digital voltmeter common lead to "SIG OUT-comm". Connect positive lead (+) to instant

test jack. Using the 200mV range on the DVM, adjust pickup control for desired trip level. Note that
knob calibration for this control is only approximate (+10%). As an alternate method of setting this
control, apply trip level to shunt leads or by using "CAL/TEST" controls. While pressing RESET
switch to prevent LED from latching, adjust PICKUP knob until instant LED is just turned on.

OUTPUTS

SCR Output

SCR output for substation control is available on rear terminal strip of detector. This 6 amp, 200 volt
SCR is optically isolated and floating for connection anywhere in arelay control ladder. An external
load of 50mA or more should be provided, at least part of which is resistive, i.e., a 5k Ohm relay coil
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paralleled with a 5k Ohm, 5 watt resistor will provide minimum SCR latching and holding currents.

Signal Qutput (SIG OUT)

Front panel jacks are provided for analog output current, (0.5V equals 50mV). This output is not
floating, but is tied to internal power supplies so that when connected to external instrumentation,
differential amplifiers should be used.

Trip Output (TRIP OUT)

A current limited trip output 15V / 6k Ohm is provided to directly drive a galvanometer event marker
while making oscillograph recordings.

Type 32 REVERSE CURRENT RELAY CASE

Bl T bl 06300125 PANEL MOUNTING CUTOQOUT
< (MTG. Ref.) _ 6.375 - 062
7 (]
(] @ . \\\ /'/,- ]
i 4.125 \\“,‘::»‘::""f 3.625
7.900 i ! 7.100 L . l
; - 6.500
® L] ° K .209 Dia
e ] (Typ.)
TOP VIEW
-Il.ns = 6875
5.000 ® 8 4.875
) po—————— 7.750 (Ref.) ——————si
SIDE VIEW REAR VIEW
SPECIFICATIONS
[sOlator EITOr.....ccovvviiicieeiceeeeeeeee e +1mV
Isolator Dielectric Capability ..............coeennnee.. 5400V, 60Hz, 1min.
Ambient Temperature .........ccccecvevereeereereereennne -20 to +55°C
Threshold Setting Error .............cccoovvvinvivveennnne. +0.5mV
Supply Voltage Range ...........ccooevevveevcrcnnnnnee. 24-125VDC +15%
Supply Current...........ccceeeeevrereeereicereeeeenn. 200mA @ 24V 30mA @ 125VDC
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August 1, 1994

SMC WARRANTY STATEMENT

The purchaser has a reasonable time to ascertain whether the apparatus is as represented. Any
test required by the purchaser to determine any conformance to representation must be made within
60 days from date of shipment. SMC reserves the right to review and mutually agree on condition of
tests and to be represented at any tests. SMC electric products are warranted for a period of one year
from the date of shipment to be free from any defect in materials or workmanship. SMC will repair
or replace F.O.B. factory, with regular UPS shipment allowed, any part which under normal and
proper use proves defective in workmanship or material within the effective warranty period.

The correction of such defects by repair or replacement at SMC’s sole discretion, shall consti-
tute fulfillment of all of the SMC obligations with respect to the apparatus sold hereunder. (RMA
Procedures for return are outlined below).

1) Obtain verbal or written approval from SMC as outlined in the return procedure.

2)  Issue a purchase order to SMC Electrical Product, Inc for replacement of defective products,
full credit will be issued when the part is received and evaluated by SMC and is determined to be
under warranty.

3)  Warranty replacements are quoted F.O.B. factory with regular UPS shipping charges al-
lowed. Any special shipping charges will be billed to the customer.

4)  Return Material - No material may be returned without an RMA (Return Material Authori-
zation) authorized by SMC. Proper RMA identification and packaging of returned goods will
only be accepted. Contact an SMC Components Division sales representative for authorization
at telephone number (304) 736-8933 or fax (304) 529-1406.

Such warranty shall not apply to any product or component; (A) repaired or altered by anyone
other than SMC or an authorized service center without SMC’s prior written approval; (B) tampered
with or altered in any way or subject to misuse, negligence or accidents; (C) which has the serial
number altered, defaced or removed; or (D) which has been improperly connected, installed or
adjusted other than in accordance with SMC instructions.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN LIEU OF ALL OTHER
WARRANTIES OF QUALITY WHETHER WRITTEN, ORAL, OR IMPLIED. INCLUDING
BUT NOT LIMITED TO ANY WARRANTY OR FITNESS FOR A PARTICULAR PUR-
POSE. ’

SMC Electrical Products, Inc.

Mailing Address Components Operation Shipping Address
PO Box 880 5950 Ohio River Road
Barboursville, WV 25504 Huntington, WV 25702

Phone: (304) 736-8933  Fax: (304) 529-1406




MODEL C4280-600

SRR 5

The SWARTZ. Type 64 Structure Ground Relay from SMC provides dual functions for high resistance
grounded DC switchgear. The relay is designed to protect equipment enclosures and alert personnel to
"ground"” and "hot" fault conditions in DC switchgear and rectifiers. These high resistance relays provide
superior performance and operational reliability through solid state components, rugged construction and
self-diagnostic features.

« Draw-out construction « Internal Power Supply operates on and auto-
» LED Meter - Accurate, easy to read compensates for a wide range of DC inputs
+» Transient Surge Protection « Internal Time Delays to prevent nusiance tripping

» Detects AC or DC "hot structure” faults

The SWARTZ. Type 64 High Resistance Structure Ground Relays alert personnel visually and through
alarm output contacts when a DC switchgear structure or rectifier becomes grounded through a breach in
the insulation. Annunciation occurs when the voltage sensing trip system has been by-passed by ground-
ing or when the relay's self-diagnostic feature determines that an internal failure has occured. The relay
also alerts personnel when a leakage or fault occurs between the bus and structure ("hot structure").
Normally, the output is connected to a lockout relay to automatically de-energize the entire station. The
hot structure function detects both AC and DC leakages and faults. Setpoints for ground structure an-
nunciation and hot structure trip are adjustable. Test buttons for both ground structure annunciation
and hot structure tripping are provided on the front panel. In the event of a fault and a lockout condition
does not occur, the Structure Ground Relay will provide continuous operation if voltage does not exceed
800 VDC or 700 VDC with 600 VAC superimposed (rectifier faults).

« Input Power: Operates on 24 - 125 VDC - Structure Applied Voltage: 25 VDC
or 120 VAC » Output Rating-Gnd: Form C; 2A, 500V, 100VA
* Supply Current: 40 mA at 125 VDC * Qutput Rating-Hot: Transistor; 350V, 10A,
200 mA at 24 VDC 60A Surge
+ Ambient Temperature: -20°C to +55°C » Trip Setting - Hot: 30-45 VDC
» Design Test: SWC ANSI/IEEE C37.90 -« Trip Setting - Ground: 5V - 20 VDC

Date: 3/21/97

TYPE 64 STRUCTURE GROUND RELAY - HIGH RESISTANCE

ELECTRICAL PRODUCTS)| ~OMPONENTS OPERATION * P.O. Box 880, Barboursville, WV 25504 + 5950 Ohio River Road * Phone: (304) 736-8933 + Fax (304) 529-1406
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TYPE 64 STRUCTURE GROUND RELAY
HIGH RESISTANCE MODEL

TYPE 64 STRUCTURE GROUND RELAY R;@T(J
- HIGH RESISTANCE
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The information contained within is intended to assist operating personnel by providing information on the general
characteristics of equipment of this type. It does not relieve the user of responsibility to use sound engineering practices
in the installation, application, operation and maintenance of the particular equipment purchased.

These instructions do not purport to cover all details or variation in equipment nor to provide for every possible contingency
to be met in connection with installation, operation or maintenance. Should further information be desired or should
particular problems arise which are not covered sufficiently for the purchaser's purposes, the matter should be referred to
SMC.

1f drawings or other supplementary instructions for specific applications are forwarded with this manual or separately, they
take precedence over any conflicting or incomplete information in this manual.

SMC Electrical Products, Inc. Components Operation Phone (304) 736-8933 Fax (304) 529-1406
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1.0

SAFETY PRECAUTIONS

INTRODUCTION

This section of the manual is to familiarize the operating and maintenance personnel with the haz-
ards and the necessary precautions to follow when either operating or maintaining the Type 64
Relay. Although all the hazards or possible hazardous conditions which may arise during the op-
eration of the Type 64 Relay may not be foreseen, this section of the manual is a guideline so as to
prevent personnel injury, equipment damage, or limit equipment damage should a fault occur.

SYSTEM HAZARDS AND PRECAUTIONS

Below are listed the safety hazards associated with the Type 64 Relay followed by a list of safety
precautions. Prior to the energization of the equipment or prior to commencement of any mainte-
nance, the appropriate personnel should review these hazards and precautions to become readily
familiar with them.

SAFETY HAZARDS

a. Electrical Shock or Current Flow
Current Flow through chest or head area may cause cardiac arrest, stoppage of breathing, and
ventricular fibrillation.

b. Electrical Arcs
May cause equipment explosion, flash burn to eyes, ultraviolet burning of skin tissue.

c. Direct Burns
May occur when in direct contact with overheated electrical equipment.

GENERAL SAFETY PRECAUTIONS

a. Prior to any maintenance or entry into electrical switchgear, remove all metallic objects from
person. (Such items as wristwatches, rings, metal badges, belt buckle, metal pins, rules,
flashlights, keys, and key chains).

b. Do not wear loose fitting clothing when in and around equipment.

c. Work from an insulating mat whenever possible.

d. All hand tools should be insulated to the fullest extent possible.

€. Portable powered hand tools should be of a 3 wire grounded design.

f. Do not use aluminum or metallic ladders while in and around electrical switchgear.

SPECIAL SAFETY PRECAUTIONS

a. Voltage Hazard.
High voltage may be present at the external terminal strip, at internal connections, and in

portions of the relay.

b. Grounding.
The relay case should be grounded to substation frame via case ground at terminal 1 for

voltage safety and to reduce susceptibility to R.F. interference.

c. Dielectric Testing.
Remove relay from case when dielectric testing of substation wiring is performed.

OPERATION AND CALIBRATION MANUAL
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OPERATIONAL SAFETY SUMMARY
Follow the manufacturer's start-up and shut-down procedures.

. Never operate equipment which has been tagged "Out of Service" or "Do Not Operate". Never over-
ride any electrical or mechanical interlocks unless the over-riding of such devices is called for in the
special or emergency operating procedures. Become familiar with the substation functional
operation prior to operating the substation. Prior to any maintenance ensure that equipment has been
tagged out of service following the appropriate tag out procedures. Familiarize oneself with the
manufacturer's maintenance procedure prior to conducting any maintenance. Never perform
maintenance in an isolated location by oneself.

2.0 INTRODUCTION

The unit operates from 24 - 125 VDC or 120VAC supply as a dual function structure ground relay
for high-resistance-grounded D.C. switchgear and rectifier enclosure systems. The first function is
“grounded structure” annunciation, activated by breaching the insulation system between the structure
being monitored and earth ground. This annunciation indicates that the voltage-sensing system has
been bypassed (by grounding) or that a failure within the relay has occurred. The second function
is “hot structure” detection, activated by a fault or leakage (AC or DC) between the bus and
structure. Normally, this output is connected to a lockout relay to de-energize the entire station.
The unit imposes a test voltage on the switchgear structure being monitored, and has adjustable
thresholds for annunciation and trip functions.

3.0 FRONT PANEL INDICATION AND CONTROLS

. Power

The green light emitting diode (LED) indicates that the relay has power applied. If this LED is off,
either input power is off or the internal 1A fuse (located on rear right of motherboard) is blown. In
either case, ground annunciation will occur.

METER
The LED digital meter displays the voltage read between frame and ground. It is nominally 25V.
This can be checked with a DVM at the jacks provided labeled "GROUND" (red) and "FRAME"
(black). Ground-to-frame voltage will read -25V nominal (polarity only reflects frame vs. earth
ground point of reference).

Ground
The ground section consists of a nonlatching yellow warning LED, a latching red trip LED, a test
jack, and a test button. When the imposed structure voltage drops below the preset level (5-20
volts) and remains for the set time (10-250 ms), the “Ground” output relay closes (de-energizes)
and the red LED latches. This output may be connected to the annunciator (local and/or remote) to
indicate that the structure is grounded. Note that both normally closed and normally open contacts
are provided for a variety of applications (500V, 2A, 100VA continuous contact rating). Leakage
which brings the structure voltage between the set point and nominal will light the yellow LED,
but no output or latch will occur. Loss of power will also cause a ground fault output.

The test jack is provided to check the threshold at which the ground trip will occur. The measure-
. ment is made with reference to the frame (black jack); one volt as read on a DVM is equivalent to
ten volts actual.

A test button is also supplied for the ground channel. Pressing this button simulates a grounded
structure condition, closing the output contacts, and latching the red LED (reset by pressing "RE-
SET" button.)

SMC TYPE 64 HIGH RESISTANCE RELAY
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Hot Structure

The Hot Structure Section consists of a nonlatching yellow warning LED, a latching red trip LED,
a test jack, and a test button. When the imposed structure voltage rises above the preset trip level
(30-45 volts) and remains for the set time (10-100 ms), the “Hot Structure” output transistor fires
and the red LED latches. This output is normally connected to a lockout relay which trips all station
breakers. Voltage between the normal 25 volts and the trip preset point will light the yellow LED,
but no output or latch will occur.

The test jack is provided to check the threshold at which the hot trip will occur. The measurement is
made with reference to the frame (black jack); one volt as read on a DVM is equivalent to ten volts
actual.

A test button is also supplied for the hot channel. Pressing this button simulates a hot structure
condition, latching the output transistor on and latching the red LED. The relay is reset by pressing
“RESET”.

The output transistor rating is 350V, 10A continuous, 60A surge.

OUTPUT OPTIONS

The type 64 relay's outputs are configured from the factory as follows:

Hot output LATCHING (model 600) or NONLATCHING (model 601)
Transistor FIRES on hot trip
Ground output Form C relay coil DE-ENERGIZES on ground fault, ie, fail-safe operation .

4 (CGROD 1\  ( FOT ) A

O O
) VARG ARSG o
O O
TRP TRP
FRAME - GROUND VOLTAGE
O v=igv O Iv=igy :
6ND. TRIP VOLTAGE HOT TRIP VOLTAGE
POWER O O 5

O \__wst_ ) \__mst_J O
© wme  @oso TYPE 64 STRUCTURE GROUND RELAY  RESET ©
HIGH RESISTANCE
o O O 0

- SHC) oiirame J

Note: Relay has clear front cover
with acess hole for reset only .

Front Panel
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40 SETTINGS

During fault clearing, lightning storms, etc., transients are induced into feeders of switchgear sys-
tems which capacitively couple to the structure. The time delay functions of this relay are designed
to tolerate such "normal" structure voltages while suppressing outputs. Maximum setting of "Hot
Structure" will trip at approximately 0.8 ma of leakage current, while maximum setting of the
ground would trip at approximately 6.25K ohm resistance from structure to ground. The warning
lights are designed to give warning of a developing situation in time to react before a dangerous

condition exists.

The relay's ranges Full CCW Full CW

Ground Time Delay ........ 250 ms delay* 10ms delay

Ground Set......ccccccevuerunnn 20 V threshold 5V threshold*

Hot Time Delay............... 100 ms delay* 10ms delay

Hot Set ..o 45V threshold* 30V threshold
* FACTORY SETTINGS

Hot Out GND Cut 24-125 VDC,
- No Com NC 120VAC

Grond Jack (Red)

>_

Internal >
To Structure | 5 Ir T 8 huq

+
ol
Signal
To Isolated GND [6 }
50K = WF 1
¢

l GND =
T w
> Internal b Z . ]
/;7 Common — — W
Frame Jack (Black) B E | | R F1
Scnsing HOT/GND Isolated Power
Hot Threshold 1V = 10V and |—— Output |— Source |—— Supply
Control
GND Threshold 1V = 10V
- oy
! O N
ragaan (E—_ HOT 50 VDC ‘—%
la HLU.L N CAL
Frame - Ground Volt Meter
To § 4 || -
{OluF v
3KV SOK
TYP. Internal
To Isolated GND | 7 ! l Power On
ledd
Ground Hot Structure
Note: Double Connection to GND and /7L

Structure to be through separate screws
Case Ground RF1 Bypass

& Connect to Mounting Panel / Structure
[

|
l Chasis

Reset —e

Warning ——g—

Trip

Warning —H—
A

Test —o 8—
A

Block Diagram Type 64 High Resistance Stucture Ground Relay

50 CALIBRATION OF 50 VDC POWER SUPPLY

Connect terminals 4 and 5 together and 6 and 7 together and isolate at least one pair from structure
or ground so that no external load exists. Adjust trimpot on module F2 for 25.0 VDC as indicated
with high impedance DVM connected between GROUND and FRAME jacks. This should not
need adjustment unless F2 module is replaced or repaired.
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Type 64 Ground Structure Relay Case Dimensions
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s v p ' —6.375 062
250 | Jl :
® [ ]
y (]
N
7.900 0 4125 n 3.625
6.500 .
® ® ) &
) AN 209 Dia.
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SIDE VIEW REAR VIEW
SPECIFICATIONS

Specifications
Input voltage (NOm.) ......cccccevveerinnvinininereereeeeeen, 24-125 VDC, 120VAC
Input voltage range ..........ccoceeeienvieiiieeciecieeceeeeeee, +15%
Supply CUITENL ...t 40mA @125V, 200mA @24V
Ambient temMpPerature .........ccocceveereeiierieesieesieseeseeseesaenseens -20to + 55 °C
Structure applied voltage .........coccervvvrvenerirveneneneeeneenne 25 VvDC
Ground trip setting (GTS)....cceovevrerieeeeeeeeeeeeeeeeeeeene 5V-20 VDC
Ground Warning ..........cccceveeeveeveneeneneeereeseeeneenreeseeeneenees 25-1/2 25V - GTS)
Hot trip setting (HTS) ...coovvoiiiiieeeeeee, 30-45 VDC
Hot trip Warning.........coceveeveeciieceeseeeeceeeee et 25+ 1/2 (HTS -25)
Time delay setting - ground ............cccooveevevveveeeeenrecrenenns 10 - 250 ms
Time delay setting - hot .............coevvevirreviciieeecece 10 - 100 ms
Output rating - ground™® .............coooeeviriiieneeereceree, 2A, 500V, 100VA
Output rating - hot** ..., 350V, 10A, 60A surge

* Mercury-wetted relay
** Transistor
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SMC WARRANTY STATEMENT

The purchaser has a reasonable time to ascertain whether the apparatus is as represented. Any test
required by the purchaser to determine any conformance to representation must be made within 60 days
from date of shipment. SMC reserves the right to review and mutually agree on condition of tests and
to be represented at any tests. SMC electric products are warranted for a period of one year from the
date of shipment to be free from any defect in materials or workmanship. SMC will repair or replace
F.O.B. factory, with regular UPS shipment allowed, any part which under normal and proper use proves
defective in workmanship or material within the effective warranty period.

The correction of such defects by repair or replacement at SMC’s sole discretion, shall constitute
fulfillment of all of the SMC obligations with respect to the apparatus sold hereunder. (RMA Proce-
dures for return are outlined below).

1) Obtain verbal or written approval from SMC as outlined in the return procedure.

2)  Issue a purchase order to SMC Electrical Product, Inc for replacement of defective products,
full credit will be issued when the part is received and evaluated by SMC and is determined to be
under warranty.

3)  Warranty replacements are quoted F.O.B. factory with regular UPS shipping charges allowed.
Any special shipping charges will be billed to the customer.

4)  Return Material - No material may be returned without an RMA (Return Material Authoriza-
tion) authorized by SMC. Proper RMA identification and packaging of returned goods will only be
accepted. Contact an SMC Components Division sales representative for authorization at tele-
phone number (304) 736-8933 or fax (304) 529-1406.

Such warranty shall not apply to any product or component; (A) repaired or altered by anyone
other than SMC or an authorized service center without SMC’s prior written approval; (B) tampered
with or altered in any way or subject to misuse, negligence or accidents; (C) which has the serial
number altered, defaced or removed; or (D) which has been improperly connected, installed or adjusted
other than in accordance with SMC instructions.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN LIEU OF ALL OTHER
WARRANTIES OF QUALITY WHETHER WRITTEN, ORAL, OR IMPLIED. INCLUDING
BUT NOT LIMITED TO ANY WARRANTY OR FITNESS FOR A PARTICULAR PURPOSE.

SMC Electrical Products, Inc.

Mailing Address Components Operation Shipping Address
PO Box 880 5950 Ohio River Road
Barboursville, WV 25504 Huntington, WV 25702

Phone: (304) 736-8933  Fax: (304) 529-1406






