

Guide Form Specification for SCADA Controls on Medium Voltage Automatic Metal-Enclosed Capacitor Banks and Harmonic Filter Banks 

1 General

1.1 The specification covers the Supervisory Control and Data Acquisition (SCADA) requirements for Multi-Step Automatic Medium Voltage Metal Enclosed Capacitor Banks.

1.2 The SCADA system shall be housed in the automatic capacitor bank control compartment. The compartment shall be segregated from the medium voltage compartments and shall form an integral part of the capacitor bank enclosure. The control compartment shall contain adequate space for a user installed or user specified RTU and communications device.

1.3 The SCADA system shall be rated for an ambient temperature range of -40C to +40C.

As an option item 1.4 can be specified.  The SCADA control system can be equipped with a factory wired RTU and Communication device. This provides wiring at the factory as well as a minimum amount of installation work in the field.

1.4 The automatic capacitor bank manufacturer shall provide a fully wired SCADA system, including a ______________ remote terminal unit (RTU) and _____________ communication device.  The manufacturer will not be responsible for programming of the RTU.

Permissible RTU's may include: DAQ, Hathaway, Motorola, Energyline, Harris, Velmet/Sage/Neles Automation, ACS. 

Permissible Communication devices include: H&L Instruments, MDS, Metricom, and Motorola.

2 Sensor Requirements

2.1 The automatic capacitor bank shall be equipped with the necessary voltage, current, and temperature sensors to meet the requirements of this specification. Sensors include but may not be limited to the following:

· Phase VTs

· Phase CTs

· Neutral Current Transformer or Neutral Voltage Transformer

· Temperature/Over-temperature relay outputs

3 SCADA Input/Output Requirements 

3.1 The Automatic Capacitor Bank SCADA system shall be equipped with the following I/O.

	Table 1 - SCADA I/O 

Requirements

	Name
	Type
	Functional Description

	Supervisory Control Enabled
	Indicator/output
	Provides indication if Automatic Capacitor Bank can be supervisory controlled.

	Supervisory Control Disabled
	Indicator/output
	Provides indication that supervisory controls are disabled. This mode of operation can only be performed by throwing a local switch on the capacitor bank control panel and is primarily used when the bank requires testing.

	Automatic Control
	Control/Input
	Returns control back to the capacitor banks automatic power factor correction control system.

	Stage 1 On
	Control/Input
	Turns Stage 1 on when supervisory control is enabled  - Automatic Power Factor Control System gets disabled.

	Stage 1 Off
	Control/Input
	Turns Stage 1 off when supervisory control is enabled  - Automatic Power Factor Control System gets disabled.

	Stage 2 On
	Control/Input
	Turns Stage 2 on when supervisory control is enabled  - Automatic Power Factor Control System gets disabled.

	Stage 2 Off
	Control/Input
	Turns Stage 2 off when supervisory control is enabled  - Automatic Power Factor Control System gets disabled

	Stage 3 On
	Control/Input
	Turns Stage 3 on when supervisory control is enabled  - Automatic Power Factor Control System gets disabled.

	Stage 3 Off
	Control/Input
	Turns Stage 3 off when supervisory control is enabled  - Automatic Power Factor Control System gets disabled

	Stage 1 On
	Indicator/Output
	Indicates if Stage 1 is on

	Stage 1 Off
	Indicator/Output
	Indicates if Stage 1 is off

	Stage 2 On
	Indicator/Output
	Indicates if Stage 2 is on

	Stage 2 Off
	Indicator/Output
	Indicates if Stage 2 is off

	Stage 3 On
	Indicator/Output
	Indicates if Stage 3 is on

	Stage 3 Off
	Indicator/Output
	Indicates if Stage 3 is off

(Repeat above Stage indicators for each stage)

	Data Acquisition Parameters
	Output Via DNP/Modus Protocol to RTU

(Specify communication requirement of RTU)
	Three Phase Voltage, Average Voltage, L-L Voltage, Phase Currents, Voltage Unbalance, Current Unbalance, Line Frequency, Phase KW, Total KW, Phase Kvar, Total Kvar, Phase KVA, Total KVA, Phase Power Factor, KW Thermal Demand, KVAR Thermal Demand, KVA Thermal Demand, Maximum KW Demand, Maximum Kvar Thermal Demand, Maximum KVA Thermal Demand,  Maximum Total kW, Maximum Total Kvar, Maximum Total KVA, Minimum Average Current, Total kVARh, Net kVARh, Total kVARh, Max Phase Voltage THD, Maximum Phase Current THD

	Neutral Unbalance Alarm
	Indicator/Output
	Provides warning against a blown capacitor fuse condition. Each stage of the bank may be equipped with this indication.

	Neutral Unbalance Trip
	Indicator/Output
	Provides indication that bank tripped on a blown capacitor fuse condition Each stage of the bank may be equipped with this indication.


	Over-VoltageAlarm
	Indicator/Output
	Provides indication of an over-voltage alarm

(Only required when bank is equipped with an over-voltage relay)

	Over-Voltage Trip
	Indicator/Output
	Provides indication that the capacitor bank tripped on Over-Voltage

(Only required when bank is equipped with an over-voltage relay)

	Over-current Trip
	Indicator/Output
	Provides indication that the capacitor bank tripped on over-current.

(Only required when the bank is equipped with an over-current relay)


4 SCADA Control Requirements 

4.1 The Automatic Capacitor Bank SCADA control system shall be designed and tested to meet the functional requirements of this section and the block diagram shown in Figure 1.  Key elements shown in the diagram are as follows:

· SUPERVISORY CONTROL SWITCH – This switch is typically located on the control panel of the metal enclosed automatic capacitor bank. When the supervisory control switch is in the "DISABLED" position, all SCADA controls are disabled and the bank can only be operated from the control panel. When the Supervisory Control Switch is in the "DISABLED" mode, the SCADA system will continue to receive indication of the capacitor bank's status, but SCADA controls received by the bank will be ignored. 

When the Supervisory control switch is in the "ENABLED" position, the bank can be controlled by the SCADA system, but will remain in the automatic control mode until an over-ride command is sent.  Once in over-ride command is sent (i.e. SCADA command to turn stage 3 on), automatic mode is disabled and complete capacitor bank control is based upon commands received by the SCADA system. Automatic control can be re-initiated by SCADA with a “Return to Automatic Control” signal. 

· MAN/OFF/AUTO SWITCH – These switches are only functional when the bank is not being controlled by the SCADA system (i.e. when the Supervisory Control Switch is in the "DISABLED" or when the bank is in automatic control mode). These switches are 3-Position. When in the “ON” Position, the stage associated with the MAN/OFF/AUTO switch is forced on. When in the “OFF” position, the associated stage is forced off. When in the “AUTO” position the bank is controlled by the Power Factor Controller. Re-energization of a stage in less than 5-minutes is prevented by the controls.

· MODICON OR EQUIVALENT PLC – The Modicon Or Equivalent PLC  controls many of the functional requirements of the SCADA control system.

· PROTECTION SYSTEM – This system is composed of the neutral unbalance protection system, over-current relay(s), and over-voltage relay(s) (Note: over-voltage and over-current relays are not always installed in multi-step capacitor banks. Requirements for these relays are system dependent).

· SENSORS – The PT’s, CT’s and other devices required to provide SCADA and automatic control signals as outlined in Table 1 of this specification.

· STAGE VACUUM SWITCH – These switches are part of the capacitor bank and are responsible for energizing and de-energizing the capacitor bank.

· NEUTRAL SENSOR(S) – These sensors are typically located in the neutral of most capacitor banks and will be either a current transformer or voltage transformer. Their purpose is to provide a voltage or current signal to the unbalance relay on the loss of a capacitor fuse.

· METERING – This meter shall monitor the power system parameters as listed in Table 1. The power system parameters shall be available to the PLC for detection of alarm and fault conditions as well as to the RTU for the SCADA System. A common communication protocol (RTU or DNP 3 needs to exists between the RTU, Metering device(s), and the PLC.

· AUTO CONTROLLER – The auto controller, controls the capacitor bank stages based upon system power factor, voltage, or vars. The auto controller is only allowed to control the bank when it is not being controlled by the SCADA system.
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Figure 1 – Block Diagram of 

SCADA System
4.2 The SCADA System shall be designed such that a capacitor bank stage cannot be re-energized in less than 5-minutes. This conditions shall hold true when going from Manual to Auto Control with the MAN/OFF/AUTO switches, and also when going between Supervisory Control and Automatic Control Modes.

4.3 All protective relays shall be Basler Station Class or approved equal.

4.4 All control switches and indicators shall be oil tight 22 mm with voltage and current ratings appropriate for the control voltage. IDEC or approved equal shall be supplied. 

4.5 The automatic capacitor bank controller shall automatically switch equal or unequal capacitor bank stages in or out to regulate power factor to a preset value. The controller shall monitor individual stages for loss in kvar, and shall continue to regulate to a preset value in the event there is a defective stage. In addition, the controller shall consists of the following features:

· Digital setting of individual parameters including target power factor, switching time, step limit, etc.

· Digital indication of preset power-factor, preset parameters, and specified installation data.

· Automatic Self-Adjustment to any capacitor step value.

· Facility to Connect a Mini-printer.

· Plug-in Terminal Connection.

· Automatic elimination of defective capacitor steps and their indication (e.g. blown capacitor fuses, welded contacts, etc.).

The following section may be removed if these metering functions are not desired. If removed, the Data Acquisition Parameters in Table 1 should be removed.
4.6 A three-phase panel meter shall be provided. This meter shall receive its voltage and current signals from three current transformers and two potential transformers located inside the capacitor bank. The meter shall be pre-programmed at the factory and shall have the following features:

· Voltage, per phase & average 

· Current, per phase & average

· Real Power, per phase & total

· Apparent Power, per phase & total

· Power Factor, per phase and total

· Voltage & Current Unbalance

· Frequency

· Imported, exported, absolute and net kWh & kVARh 

· Accumulated kVAh

· Sliding Window, Predicted, & Thermal Demand on kW, kVAR, kVA, & I average

· Minimums and Maximums are stored for Voltage, Current, kW, kVAR, kVA, Power Factor, Frequency, & Sliding Window Demand for kW and kVA 

· Individual and Total Harmonic Distortion on Voltage & Current Inputs up to 15th harmonic
· The meter shall have 4 digital outputs that can be wired for relay control based on any of the measured values above..

4.7 The bank shall be provided with a maintenance interval timer that can be set to alert utility personnel of a maintenance requirement. 

4.8 A counter that counts the number of times each stage has been energized shall be provided.  The counters shall be equipped with set points that allow an indicator to be lit when the set point value is reached.

4.9 The complete control circuit shall be protected by a main circuit breaker. 

4.10 Each stage shall be equipped with man/off/auto switches, stage on indicator (green) and stage off indicator (red).  An interposing time delay shall be provided to prevent the re-energization of a capacitor bank stage in less than 5 minutes. These indicators shall annunciate when in SCADA control mode as well as in Local Control Mode.

4.11 The Medium Voltage Capacitor Bank Control System shall be listed under UL 508A for Industrial Control Panels. 

4.12 UL class CC 600 volt current limiting fuses shall be provided to protect the AC control circuit. All DC circuits shall be protected with DC rated fuses in both polarities.

The following optional requirements can be specified as required:

4.13 The capacitor bank shall be equipped with a single phase over voltage relay. This relay shall protect the capacitors as well as the system equipment from over-voltages that may be present during light loads.  The relay shall have two individual set-points that can alarm as well as trip the bank off-line.

4.14 The capacitor bank shall be equipped with a three phase over-current relays. The relays shall protect the main bus of the capacitor bank from faults. The relay shall be wired to trip the upstream breaker.

4.15 The capacitor control system shall be mounted on a swing out panel located in the control compartment. Figure 2 shows a typical layout, alternate layouts can be provided. The figure may not show all of the requirements of this specification, but is representative of a typical panel.
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Figure 2 - Typical Panel Layout

5 SCADA Control Power Requirements 

5.1 The Automatic Capacitor Bank SCADA System shall operate with DC station power at ________ Volts. 

Optionally Specify the following:

The SCADA system shall operate at _________ Volts and shall receive power from the Automatic Capacitor Bank's Control Power Transformer

5.2 All SCADA inputs shall be wetted by the Automatic Capacitor Bank Manufacturer at ______ Volts.








Northeast Power Systems, Inc.
Page 1 of 7
Guide Form Specification for Capacitor Bank SCADA System


_1048591935.dwg

_1048594250.dwg

