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Comprehensive transformer protection and control shall be provided in one integrated package suitable for incorporation in an integrated substation control system. The relay shall be applicable to small, medium and large transformers with up to four windings/restraints.

I. Protection Functions:

Biased Differential
· Automatic ratio and vector group compensations shall be included. 
· The protection shall be based on dual breakpoint, dual slope differential/restraint characteristic using maximum winding current for restraint. 
· The element shall include built-in magnetizing inrush and overexcitation inhibits. The inrush inhibit feature shall provide choice for per-phase, cross-phase or average blocking.
Instantaneous Differential
· The protection shall respond as instantaneous overcurrent element on differential currents
Restricted Earth Fault
· Multiple REF protections (one per three phase and a ground CT bank) are included

· The protection shall respond on ground differential currents using single slope and maximum phase current for restraint

Overexcitation Protection
· Two volts-per-hertz elements shall be available upon voltage configuration. The element shall respond to voltage/frequency ratio upon chosen source.
Overcurrent Protection
· Multiple phase time overcurrent elements: phase, ground, and neutral currents shall be provided.

· Time overcurrent curve characteristics: IEEE, IEC, IAC, I2t, definite time, and four custom curves for precise or difficult coordination shall be available.

· Multiple instantaneous overcurrent elements: for phase, ground and neutral shall be available

· Two directional overcurrent elements: for phase and neutral currents shall be available.

Voltage Protection
· Two phase under- and one over-voltage elements shall be provided

· Auxiliary under- and over-voltage elements shall be provided

· Neutral over-voltage element

· The voltage elements shall be time dependent.

II. Control Functions:

Programmable logic including non-volatile latches

Sixteen FlexElements™ for user-definable protection functions 

· Flexible control of all input and output contacts shall be provided.

· All elements shall have a blocking input that allows supervision of the element from other elements, contact inputs, etc. 

The relay shall allow for peer-to-peer communications direct fiber or G.703 or RS422 interfaces. 

Switchable Setting Groups

· The relay shall have switchable setting groups for dynamic reconfiguration of the protection elements due to changed conditions such as system configuration changes, or seasonal requirements.

III. Metering and Monitoring Functions:

Differential and Restraint Current

· Per-phase differential and restraint currents – magnitudes and angles, as well as per-phase differential 2nd and 5th harmonic levels (percent and angle)
Voltage, Current, Power, and Energy
· Voltage (phasors, true RMS values, and symmetrical components), current (phasors, symmetrical components, true RMS values), real, reactive and apparent power, power factor, demand, energy and frequency.

· Per-phase, per-source 2nd to 25th harmonic currents, and THD (Total Harmonic Distortion)

RTD transducer inputs

User-programmable oscillography

Trip circuit monitoring
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The relay shall be provided in one integrated package suitable for incorporation in an integrated substation control system. The relay shall be housed in a horizontal, 4 RU, 19-inch rack chassis configuration. It shall be a modular design to easily facilitate upgrading or repair by replacement of modules. The faceplate interface shall include an alphanumeric vacuum fluorescent display, keypad, and LED target indicators.

The logic that determines the interaction of inputs, features, and outputs shall be re-configurable through the use of FlexLogic™ equations. The use of remote inputs and outputs in addition to hardware shall be available on the communications ports using the UCA2 GOOSE (Generic Object Oriented Substation Event) mechanism to minimize the requirement for auxiliary components and wiring. The contact inputs shall accept wet or dry contacts. Contact outputs shall be trip rated Form-A with current and voltage circuit monitors, Form-C, or Fast Form-C for signaling. Hardware input/output capability shall be expandable.

The relay shall have three communications ports that operate independently and simultaneously. The RS232 port shall be accessible from the faceplate of the relay. The second port shall be RS485 supporting Modbus® RTU and DNP 3.0 protocols capable of baud rates up to 115 kbps. The third communications port shall be either a similar RS485 port or a 10 Mbps Ethernet port supporting MMS/UCA2, Modbus®/TCP, and DNP 3.0 or IEC 60870 protocols. The physical port shall be 10BaseF, or redundant 10BaseF. 

The relay shall be supplied with supporting application software for use on a PC with Windows® 95/98/NT operating systems. The program shall be capable of retrieving Comtrade oscillography files from the relay to display, save, or print when troubleshooting. The software shall provide the capability of editing and managing settings files to store to the relay or disk backup, while on-line or off-line. The software shall also permit the updating of new relay firmware and viewing of all trip and alarm target messages, and the 1024 time stamped events recorded by the relay.

The relay clock shall be capable of being synchronized with an IRIG-B signal to allow synchronism with other connected devices. The relay shall allow for SNTP network-based time synchronization.







