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Predictive calculations of overvoltages generated due to lightning are most essential for a reasonable
insulation design of power system. For an accurate lightning surge analysis, power system apparatus should
be represented with its stray capacitors even if its capacitance is some picofarads, because the surge includes
high frequency components. An accurate measurement of the small capacitance becomes indispensable. A
measurement method of small-capacitance using transient waveforms is proposed in this thesis. A pi-circuit
is used to express the stray capacitors between terminals and those from each terminal to ground. Two
measuring modes, differential and common modes, are required to obtain the parameters of the circuit. The
parameters are determined by transient current waveforms of the modes with an applied voltage, i.e., the
open circuited voltage at the end of the current injection cable.

At first, a measurement using an impedance measuring instrument, which is categorized as a steady
state method, is investigated. Although the method is applicable in a laboratory test, it is difficult to apply to
practical systems due to instability by radio interference.

On the other hand, the transient measuring method, which gives the impedance as a ratio between the
voltage and current frequency responses transformed from time domain, can be easily applied to the power
system apparatus. However, the measurement of the small stray capacitance is difficult due to the low
impedance of the voltage probe, which is indispensable to the transient voltage measurement. The parasitic
capacitance of the voltage probe obscures the small capacitance.

A current injection cable is indispensable to the transient measurement. Investigation of the effect of
the sheath surge impedance clarifies that stray capacitor grounding from a terminal is short-circuited by the
low impedance of the sheath surge impedance in the differential mode. A correcting method of the effect of
the sheath surge impedance is proposed in this thesis.

The parameters of the pi-type circuit are obtained from a slope of the transient current waveforms or
a waveform fitting by a nonlinear method. These methods enable the derivation without a voltage
measurement by a probe connecting across the small capacitance. The first method has high resistance to
extraneous noise, because the numerical time to frequency transformation, which is sensitive to noise, is not
required. The parameter estimation can be carried without any numerical simulation. In the nonlinear fitting
method, the time to frequency transformation is simply in the form of analytical equations. Since the
analytic method is a closed form solution, it is insensitive to noise in comparison with numerical
transformation. Although the nonlinear method requires numerical calculations, the accuracy is higher than

that of the former method. The former method is useful to determine the initial values for the nonlinear



fitting calculation.

The transient measuring methods are applied to define the circuit parameter of the equivalent
pi-circuit of the following elements: (1) impedance between electrodes implanted into a piece of wood, (2) a
gas arrester (GA) and (3) a miniature circuit breaker (MCB).

The contact and leakage resistances between the electrode and the wood and the capacitance between
the electrodes are simultaneously obtained with the stray capacitances to ground by the proposed methods.
The methods are applicable to measure not only the small stray capacitances but also the resistances. The
transient methods can be applied to a measurement of a high impedance circuit. The wood model is useful
for an insulation design of wooden insulators such as a wooden pole.

The GA is a basic device for protecting a circuit from a lightning surge. It can be used as a voltage
sensor to evaluate the voltage across a small-capacitance circuit, because its internal capacitance is smaller
than that of the conventional voltage probe. The breakdown voltage of GA can be known from a current
measurement.

Characteristic of MCB can be simply expressed by a switch at a power frequency. However, the
transient characteristic of MCB has to be expressed by some capacitors. For example, even if the MCB is
turned off, some voltage is induced from a surge-entering terminal on the other terminal via the stray
capacitor between its contacts. The contact capacitance with the stray capacitances determines the
penetrating surge.

The accuracies of the models are confirmed by numerical simulations using Electromagnetic
Transients Program. Good agreements between the measured and calculated results show the high
reliability of the proposed methods.

To illustrate the usefulness of the proposed method and the equivalent circuit, an MCB is used as an
example. Because the induced voltage across a small stray capacitance cannot be directly measured, the
induced voltage is indirectly measured by a flashover of a GA connected to the terminal. In addition, the
circuit of the MCB with the GA enables a prediction of the applied voltage from the flashover. If the stray
capacitances of the MCB as well as the GA are accurately known, the ratio between input and output
voltage can be theoretically obtained. The voltage dividing ratio is useful to estimate and design the
insulation level of distribution power system. The ratio obtained by a theoretical calculation agrees well with
that between the voltage across the incoming-terminal of the MCB and that of the GA just before the
flashover obtained by EMTP simulation.

A circuit-parameter derivation method of the models of a wood as an insulator, a switch
(MCB) and a gas-arrester for a fast transient simulation have been developed in this thesis. These
components are basic elements not only for power system but also electronic and/or
communication system. In addition to this, the proposed method is applicable to the other elements,
whose capacitance cannot be accurately measured by conventional methods. This thesis will open

up a new field in a transient simulation.



