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Preface

For power system engineers engaged in sophisticated electric power systems, such as with very
high power generations, with high capacity of EHV/UHV transmission lines, high density power
flows, combined with IPP systems, etc., more and more understanding in detail the various tran-
sient and complicated phenomena in the systems are obliged. The time regions of these are from
nanoseconds to several seconds, or even minutes.

As for the education of such engineers the best way is thought to be experiments and experiences
in actual power systems, any of which seems to be very difficult and costly in these fields. Also long
time interval of education is necessary.

Recently ATP-EMTP has made a significant development and became a more and more useful and
powerful tool to analyse various transients in power systems and, also, power apparatuses. The
program covers almost all of the transients and is applicable to PC, by which virtual experi-
ment/experience seems to be realistic. Therefore, the efficient usage of the program is beneficial for
cost and time saving.

In this text-book various kinds of transients together with the analyses with ATP-EMTP are written.
Also the principles of the phenomena and the usages of ATP-EMTP are involved as much. Data
files analysing such phenomena are attached.

Care should be taken that, beforehand, primary stage study of ATP-EMTP is strongly recom-
mended before reading this text book.

Contents

1. Transient currents in power systems

Short circuit current

Transformer inrush magnetizing current

Transformer magnetizing current under geo-magnetic storm condition
Inrush current in capacitive circuit
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2. Current interruption transients
2.1 Short circuit current breakings
2.2 Capacitive current switchings
2.3 Inductive current breakings
Appendix 2.1 TRV with parallel capacitance in SLF breaking
Appendix 2.2 4-armed shunt reactor for suppressing secondary arc in single pole rapid
re-closing
Appendix 2.3  Switching 4-armed shunt reactor compensated transmission line

3. Overhead transmission lines and underground cables
3.1 Overhead transmission line
3.2  Under ground cables
Appendix 3.1  COMBINATION of overhead line(s) and underground conductors
Appendix 3.2  Multi-layer coaxial insulation

4. Transformer
Single-phase two winding transformer
Single-phase three winding transformer
Three-phase one core (three legs or five legs) transformer
A few examples
Appendix 4.1 Response to fast/very fast transient voltage (VFT)

5. Black box arc modelling
5.1  Mayr arc model
5.3  Cassie arc model

6. Synchronous machine dynamics
6.1 Machine parameter coding



6.2 Some examples
Appendix 6.1 Synchronous machine sudden short-circuit --- description on d-q co-ordinate

plane
Appendix 6.2 Synchronous machine starting as induction motor
Appendix 6.3 Voltage distribution on transmission line
7. Transient stability
71 Classic analysing method -------- Equi-area method
7.2  Time domain analysis ------- ATP-EMTP

Field excitation control
Back swing phenomena
Appendix 7.1 Modelling by Universal Machine

8. Induction machine, doubly fed machine
Cage-rotor induction machine
Machine parameters and basic calculations
Multi machine case
Quasi-constant power load
VVVF starting
Doubly fed machine
Appendix 8.1 Doubly fed machine vector diagram as fly-wheel generator operation

9. Typical power electronics circuits in power systems
9.1 HVDC converter/inverter
9.2  SVC (Static Var Compensator/ Thyrister Controlled Inductor)
9.3 PWM inverter, 3-phase, triangular carrier wave principle
9.4  Cycloconverter

10. Machine drive applications

10.1  Small scale system composed of synchronous generator(s) and induction motors
Initialisation, Induction motor starting, Application of AVR, Inverter controlled VVVF starting

10.2 Cyclo-converter driven synchronous machine
Sudden mechanical load, Quick starting of cyclo-converter driven synchronous motor,
Comparison with inverter driven system, Quick starting by inverter driven

10.3 Fly-wheel generator ---- Doubly fed machine application to transient stability enhancement
Circuit diagram, Initialisation, Effect of the fly-wheel generator

Note: Data files attached are explained in the relevant chapters.



