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Advanced Concepts

in Transformer Protection
Detailed Syllabus:

Protection of Power Transformers

1) Modes of Transformer Failure

a) Winding Failures and causes (moisture, overheating, etc)

b) Voltage regulating tapchangers

c) Bushings

d) Core issues

e) Misc. (CTs, oil leakage, overvoltage, v/Hz, etc)

2) Types of Protection

3) Mechanical

a) Accumulated gases

b) Pressure relays

c) Thermal

· Hot spot temperature

· Heating due to overexcitation, harmonics solar induced (DC)

· LTC overheating (arcing)

4) Electrical

a) Fuse

b) Overcurrent protection

c) Overexcitation

d) Overvoltage

e) Differential

f) Ground differential

5) Unique factors for differential electrical protection

a) Differential protection basics

· Classic three line with matching CTs

· Digital implementation with matching, vector and zero-sequence accomplished in software

b) Current magnitude differences

· Winding ratio

· CT ratio differences

· Tapchangers

· Mitigating current magnitude differences

c) Vector shift/quantity derivation differences

· Phase shift

· CT configuration

· Operating state diffrential current differences

· Mitigating vector shift/quantity derivation differences

d) Inrush phenomena and its effect on differential systems

· Types of inrush

· Initial

· Recovery

· Sympathy

· Mitigating inrush phenomena and its effect on differential systems

e) CT saturation and effect on differential systems

· Causes and waveform patterns

· Mitigation of CT saturation effects on differential systems

f) Overexcitation and effect differential systems

· Causes and waveform patterns

· Mitigation of overexcitation effects on differential systems

g) Use of a ground differential element for sensitivity near transformer neutral

h)
Use of directional criteria for additional security (vs, high-Z method)

6) Special concerns

a) Switch on to fault

· High side

Use of high set differential element for sensitivity

· Low Side

Use of ground differential element for sensitivity

7)
Back up protection

a) High side (50, 51, BF)

b) Low side (51N, 51, 46, BF)

Setting a Relay – Overcoming Engineering Challenges

1) Configure relay to “the outside world”

2) Element enabling

3) Element setting

4) Setting groups

5) Purposes and configuration

6) Input / Output Matrixing (Marshalling)

7) Programmable logic

8) Setpoint review & printout

9) Input / Output review & printout

10) File saving & recall (file management)

Commissioning of Transformer Differential Protection Systems

1) Phasing Issues

a) A-B-C vs. A-C-B

b) The “dreaded delta” winding

c) The even more dreaded delta CT winding

2) Polarity Issues

a) Roll anyone?

3) Injection Testing

a) From the panel inward

4) Load Testing

a) From the panel outward

5) Tools for Commissioning

a) Advanced metering

· Examples of phasing and roll issues

b) Vector displays

· Examples of phasing and roll issues

c) Digital Oscillography

· Examples of phasing and roll issues






