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1. Introduction

The first model of AMR's vacuum circuit breaker, the CB-1000-
450, was designed for use in mining applications. It provides a
safer and more reliable circuit control system than the mechanii
ca circuit breaker in use in power distribution centers. It can aso
be used as the belt or pump controller, replacing the mechanical
circuit breaker, control contactor and overcurrent relay. Later,
the CB-1000-300 and the CB-1000-600, were developed.

The CB-100 is a simplified version of the CB-1000. Currently,
there are three models available. They are:

e CB-100-300, 300 amperes continuous current rating;
e CB-100-450, 450 amperes continuous current rating;
« CB-100-600, 600 amperes continuous current rating.

The vacuum breaker panel contains the following units:

V acuum Bottle Contactor with DC solenoid - switches
three phase power to the load.

Current Limiting Fuses - limit three phase fault current
and disconnect the load under extreme fault currents.

Phase Current Transformers - monitor phase current
level for thermal and magnetictrips.

Ground Fault Current Transformer - monitors circuit for
aphase conductor to ground conductor fault condition.

» Auxiliary Contacts Interface - interfaces thevacuum
contactor with the circuit control unit.

 Cable Receptacle - provides three phase power to the
load.

e Circuit Control Unit - consolidates in one package all of
the electronic circuitry needed to monitor and control
the three phase circuit.




2. SPECIFICATIONS AND FEATURES

A. SPECIFICATIONS

Item CB-100-300 CB-100-450 CB-100-600
Operation voltage 1000 VAC 1000 VAC 1000 VAC
Operation current 100- 300 A 100-450A 100 -600 A
Interrupting current 300,000 Amp 300,000Amp 300,000Amp
Operation Life 1 Million 1 Million 0.5 Million
Control voltage 10 VAC 120VAC 120 VAC
Ambient temperature -40 to 15 F -31t0 185°F 14to 122°F
range
B. FEATURES

» Thermal overload protection.
* Instantaneous overload protection.

» Ground fault protection (4 Amp, 6 Amp, 12 Amp

setting).
» Undervoltage protection.
 Continuous self-test (unit fault).

» Blown fuse detection and contactor bottlefailure

detection.

* Phase current imbalance protection (adjustable).
* Indicator lightsfor al faults on the front panel of the

control unit.
* Remote open, close and reset.
* No external arcing.
» Extremelong life operations.

 Easily tested by Breaker Test Unit (BT-1000).

« Compact size.
» Lightweight.
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3. DESCRIPTION

The model CB-100-300 vacuum circuit breaker is packaged on
a 12 inch wide panel. The model CB-100-450 vacuum circuit
breaker is packaged on a 14-1/2 inch wide panel commonly used
in power distribution centers. The model CB-100-600 vacuum
circuit breaker is packaged on a 17-1/2 inch wide panel. This
alows for easy retrofit of a mechanical breaker pand with a
vacuum breaker panel.

Custom designed packagesareavailable.

A. Vacuum Bottle Contactor

The Vacuum Bottle Contactor provides the primary means for
interrupting three phasefault currents. Theunit consistsof three
vacuum bottle interrupters driven by a DC solenoid and insul at-
ing rod actuator assembly. Control voltage is derived from recti-
fied 120 VAC through adiode bridge. The control lineisdriven
on the DC side of the bridge by a solid state switch to achieve fast
interrupt times.

The terminal block of the Contactor is connected to the CB-100
circuit control unit asshownin Figure 1. Two normally open and
normally closed contact modules are located on each side of the
contactor and are used by the CB-100 to determine the state of
thevacuumbottles. TheAuxiliary Contact I nterfaceisconnected
to these contacts and to the CB-100 circuit control unit as shown
inFigure 1.

The Vacuum Bottle Contactor used on each model is:

¢ CB-100-300, Joslyn Clark VC77U03515;
» CB-100-450, Jennings RP133-2332-00;
e CB-100-600, Toshiba CV212
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B. Current Limiting Fuses

The Current Limiting Fuses are state of the art semiconductor
protection type devices selected for their high current disconnect,
high voltage rating and fast disconnect time. Bussman Semitron
type SPJ}6E600 (with a voltage rating of 1000 VAC) 600 Amp
current limiters with indicators are used to interrupt the circuit
for fault currents of 5000 amperes to 300,000 amperes on model
CB-100-300. Bussman Semitron type SPJ}6E700 (with avoltage
rating of 1000 VAC) 700 Amp current limiterswith indicators are
used to interrupt the circuit for fault currents of 6000 amperesto
300,000 amperes on models CB-100-450 and CB-100-600. The
fuses must bemounted directly to theload side tabs of thevacuum
contactor with theindicatorsvisiblefromthe cutout window. An
insulator assembly is used to isolate the fuses from each other.
The fuse monitor wires (P4-21, P4-22, and P4-23 shown in Figure
1) should be attached to the receptacle bolts so that during fuse
replacement they do not have to be disconnected.

MSHA requiresthat awindow be installed on the front panel to
allow the fuses to be viewed from outside the enclosure which
contains the vacuum breaker. Thisisto insure the operator that

the fuses are in place and have not been jumpered out.

C. PhaseCurrent Transformers

An AMR current transformer (P/N 130-0079) is placed around
each phase conductor as shown in Figure 1. The current trans-
former provides an output voltage which is alinear representa-
tion of the phase current. This output voltage is applied to the
circuit control unitwhereelectronic circuitry processesthevolt-
age. Should the phase current exceed apreset long-term average
level or ashort-termpeak level, theel ectroniccircuitry causesthe
vacuum bottle breaker to interrupt the three phase circuit and
indicate an overcurrent.




D. Ground Fault Current Transformer

An AMR current transformer (P/N 130-0032) is placed around
all three phase conductors as shown in Figure 1. Since the circuit
Is three phase and under normal conditions currents are bal-
anced, the ground fault current transformer provides an output
when an imbalance in the three phase current exists. A phase to
ground fault produces a three phase current imbalance that is
detected by the transformer. The transformer output voltage is
applied to the circuit control unit where electronic circuitry pro-
cesses the voltage and causes the vacuum bottle breaker to inter-
rupt the three phase circuit, and indicating a ground fault.

E. Circuit Control Unit

The circuit control unit is aremovable assembly that contains
all the controls, indicators, and two printed circuit boardsthat are
necessary to control the operation of the vacuum circuit breaker.
All indicators and controls are placed on the front panel for easy
operator use. (See Table 1 for a description of the front panel
controls and indications.)

The front panel printed circuit board assembly provides the
followingfunctions:

» This board contains the circuitry which processes the
input from the various fault transducers. Phase
overcurrent signals from the phase current transformers
are compared with preset, thermal and magnetic trip
levels. Thermal leves are set by a plug-in module on the
front, while magnetic levels are established from the
front panel magnetic current trip adjust. Should the over
current Sgnas exceed the preset levels, this board will
send a contactor interrupt signal to the back panel
printed circuit board assembly.

» Ground fault signals from the ground fault current
transformer are compared with preset ground fault trip
level. Thetrip leve is set by means of the front panel
ground fault trip DIP switch. It can be set as4 Amp, 6
Amp or 7.5 Amp.




» The undervoltage condition signas are taken from the
control voltage and compared with a regulated voltage.

The back panel printed circuit board assembly provides the
followingfunctions:

» Converts the incoming 24VAC to 30vVDC and 12VDC to
power the circuit control unit's electronic circuitry.

» Contains a solid state DC switch that interrupts DC
power to the vacuum bottle contactor DC solenoid when
afault signa is received from the fault detector PC
board.

» Monitors the three phase current imbalance. The setting
of phase current imbalance can be adjusted by R84 and
R123 on this board (see Figure 2).

» Monitors an open fuse or frozen contactor.

 Performs the unit self-test function. It generates the
signas used to test the proper operation of the control
unit. The test signals simulate fault conditions as
received from the appropriate transducer, i.e., phase
over current, ground fault or under voltage. These test
signals are periodically applied to the control unit to test
for proper processing. If the simulated fault conditions
are not processed properly the contactor is interrupted
and the unit fault LED is activated.

* |nterfaces the circuit control unit to another controller,
system, or monitor such as ground monitor and PLC.
When this optional function isused ajumper on the
right side of back panel printed circuit board must be
removed. :




4. OPERATION

Since the vacuum bottle contactor is limited to disconnecting
faults less than 6000 amperes (or 5000 amperes), coordination of
the disconnect time between the vacuum bottles and the fuses is
crucial to the protection of the vacuum bottles and the prevention
of nuisance fuse disconnects. The CB-100 Circuit Control Unit is
designed to always open the vacuum bottle contactor before the
fuses open for faults below 6000 amperes (or 5000 amperes).
Fault currents above 6000 amperes (or 5000 amperes) generate
adisconnect time faster than the contactor disconnect time, thus
protecting the vacuum contactor bottles. Figure 3, Figure 4, and
Figure 5 shows the coordination of the disconnect times between
the fuses and vacuum bottle contactor for various fault currents.

Before turning the power on, the proper rating plug must be
selected and installed. Set the magnetic trip adjustment to the
proper level. Set the ground fault trip adjustment to the level as
required.

When the power isinitially turned on, some fault indicator lights
may come on. By pushing the fault reset pushbutton on thefront
panel, al the fault indicator lights should go off if the unit is
working correctly.

To prevent accidentally closing the vacuum circuit breaker, a
closetime delay isbuilt into the circuit control unit. To closethe
vacuum circuit breaker, push and hold the close pushbutton
switch for 3 seconds. Also, a"one shot circuit” isbuilt into the
circuit control unit to prevent a close switch failure. Push and
hold the close switch for 3 seconds. If the breaker does not close,
the close pushbutton switch must bereleased. Wait for 3 seconds,
then again push and hold the switch for 3 seconds. Repeat again
if the vacuum circuit breaker still does not close.

The CB-100 Circuit Breaker has front panel indicators to point
the operator in the direction of a problem with either the power
source (phase undervoltage or loss); the load (phase overcurrent,
groundfault, fuse open or phaseimbal ance); or thecircuit control
unit (unit fault).

~J




5. Caution

If "Fuse/Contact Failure" indicator is on,
be sure to turn off the incoming power be-
fore troubleshooting.

Turn off theincoming power when check-
ing fuses, current transformers, and vac-
uumcontactor.




Figure 1, CB-100 Circuit Breaker
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Figure 2, Phase Imbalance Setting
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Table 1. Front Panel Controls and Indicators (continued)

Item Description and Function

Ground Fault Two  position DIP switch that dlows the

Trip Setting operator to set the breaker ground fault
current trip level to 4 amperes, 6 amperes
or 7.5 amperes.

Unit Test Receptacle for connecting the circuit control

Receptacle unit analyzer to the circuit control unit. The

analyzer dlows the operator to easily test the
circuit control unit and contactor for proper
operation under al fault conditions.

Current Rating Defines the thermal or continuous current trip

Plug level, used in conjunction with the magnetic
trip adjust to set the magnetic trip level.

Table 2. Available Current Rating Plugs

M odel Amperage Rating

CB-100-300 100,150,200,250, 300

CB-100-450 100, 1S0, 200,250, 300, 375, 400, 450
CB-100-600 100,150,200, 250, 300,375,400,450,500, 600




Moddl:

Reference:

Description:

ADDENDUM
72996

VACUUM CIRCUIT BREAKER

CB-100 Jodyn Clark 300-AMP CONTACTOR

The purpose of this addendum is to notify factory personnel, ingtalers and users
of the AMR Circuit Breaker of a revision change to AMR Schematic # 218-
0171A to # 218-0171-C

Schematic # 218-0171-A
AMR Manual Part # 180-0206

AMRdrawing # 218-OI171-A, installation of the Vacuum Circuit Breaker, was
revised to C on 7/29/96. The purpose of this revision isto show the proper
"termina block jumper configuration” for the Jodyn Clark 300 amp contactor.
Contactors are shipped from Josdlyn to AMR configured for 120 volt ac and with a

jumper ingdled from Termina 6 to 7. Thisjumper disablesthe EXTERNAL
CONTROL used by the AMR Control Unit to operate the contector. THE
JUMPER BETWEEN TERMINALS 6 AND 7 MUST BE REMOVED FOR
THE VACUUM BREAKER TO FUNCTION PROPERLY. FAILURE TO
REMOVE THISJUMPER RESULTSIN AN UNSAFE CONDITION! The
breaker will immediately dosewhen 120 volts ac is applied if thejumper is not
removed.

Additionaly, a cgpacitor must be added to the contactor between terminas TB1-1
and TB1-2. The capacitor is a .022mfd 600 VDC 10% film. (AMR P/N 024-
0024)

For further information or questions pertaining to this matter please contact your
AMR representative or cdl our Service Department at (540)-928-1712.




APPENDIX A

RECOMMENDED SPARE PARTS

Parts Number Description Quantity
253-0228 Back panel PCB assembly 1
253-0229 Front panel PCB assembly 1
270-0123 Aux. contactor interface 1
130-0079 Phase CT 3
130-0032 Ground fault CT 1
160-0024 Fuse, 15 Amp, slow blow 5
For model CB-100-300 only:
160-0029 Fuse, 600 Amp, 1000V 3
011-0025 Rating plug, (300 Amp) 1
280-0077 Phase Assembly 3
280-0078 Control module 1
For model CB-100-450 only:
160-0022 Fuse, 700 Amp, 1000 V 3
011-0002 Rating plug, (450 Amp) 1

For model CB-100-600 only:

160-0022
011 -0026
280-0072
280-0073
280-0074
280-0075
280-0076
150-0043
100-0007

Fuse, 700 Amp, 1000 V
Rating plug, (600 Amp)
Vacuum Interrupter
Coil set

Resistor assembly
Rectifier assembly

Contact wear guage
Aux. terminal block
Contact spring

L p g e e G e
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APPENDIX B

RECOMMENDED TESTING UNIT

Model BT-1000 Circuit Breaker Tester.
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WARRANTY

American Mine Research Inc., warrantsthat each product manufactured by
itisfreefrom defectsin material and workmanship under normal usage and
service. The obligation under thiswarranty shall be limited to the repair or
exchange of any part or demonstrated to be defective; provided, such part or
partsisreturned to American Mine Research, Inc.'s plant or to an author-
ized agent of American Mine Research, Inc., within ninety (90) days after de-
livery of the product to the original purchaser; such return to be made at the
soleexpense of theoriginal purchaser.

THISWARRANTY IS EXPRESSLY IN LIEU OF ANY AND ALL
OTHER WARRANTIES, INCLUDING THE WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE, AND
OF ANY AND ALL OTHER OBLIGATIONS OR LIABILITIES ON THE
PART OFAMERICAN MINE RESEARCH, INC. AMERICAN MINE
RESEARCH, INC. NEITHER ASSUMES NOR AUTHORIZES ANY
OTHER PERSON TO ASSUME FOR IT ANY LIABILITY OTHER
THAN THISWARRANTY IN CONNECTION WITH THE SALE OF ITS
PRODUCTS OR ANY PART OR PARTS THEREOF

THIS WARRANTY SHALL NOT APPLY TO ANY PRODUCT OR
ANY PART THEREOF WHICH HAS BEEN SUBJECT TO ACCIDENT,
NEGLIGENCE, ALTERATION, ABUSE, OR MISUSE, INCLUDING
ANY PRODUCT OR ANY PART THEREOF ON WHICH THE SERIAL
NUMBER HAS BEEN ALTERED, DEFACED, OR REMOVED.

THISWARRANTY SHALL FURTHER NOT APPLY TO ANY PROD-
UCT OR ANY PART THEREOF WHICH HAS BEEN CONNECTED, IN-
STALLED, OR ADJUSTED OTHERWISE THAN IN ACCORDANCE
WITH AMERICAN MINE RESEARCH INC.'SINSTRUCTIONS
AND/ORSPECIFICATIONS.

American Mine Research, Inc. reserves the right to discontinue any product
model at any time or with MSHA approval to change specifications or de-
signs at any time without prior notice and without incurring any obliga-
tionsthereby.




