HIGH VOLTAGE ENGINEERINC

High Voltage Generation



High Voltage Laboratory

A The needed voltage level increases with
Increasing of transmitted power

A Currently the majoroty of power is transmitted by
ac systems with rated voltage of 400 kV

A At the same time there is an increasing portion of
HVDQhighvoltage direct currenttechnology
with the most common rated voltage 6800kV
(became more economically atractive)



Voltage stresses

A The operating voltage does not seriously stress the
l nsul ati on system, howev

A The voltage stress arise from various overvoltages,
when the peak value can be dependent (schwitching
overvoltages) or independent on rated voltage
(lightning overvoltages)

A For designing of insulation system is important to
determine:
I which voltage stresses must withstand

I the reponse of the insulation system when subjected to
these voltage stresses



Testing Voltages

A An insulation system must be tested during its
development and before commissioning

A Voltage tests
I Testing with power frequency voltages
I Testing with lightning impulse voltages
I Testing with schwitching impulses
I Testing with dc voltages

A Selection of the test and the value of testing
voltage depends on type of devices and its rated
voltage




Testing laboratories
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Generation of high voltages

A The high voltage generators are used both in
high voltage laboratories and in numerous
other applications

A Classes of generators
I DC voltage sources

I AC voltage sources
I Impulse {ransient) sources



Direct Voltages

A By transformation from ac voltages (rectifiers)
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where |is the mean value of current.
Charge Q is also equal to:
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Direct Voltages

A Voltage doubler¢Greinacher doubler)
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Direct Voltages

A Voltage multipliers (Cockcrefvalton)
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Direct Voltages

A Van de Graaff generator

A It is possible to reach extreme values
of dc voltages (8MV)

A The large charge is reached by
continuous charge acummulation on
sphere electrode from belt by using
collector

A The charge comes from higher
motor

+ . i potential U to lower potential U.




AC voltages

A AC testing suplies are usually singlease
A The voltage shape must be pure sinusoidal as possible
A The ration between peak value and rms value must be

Vg ub

A At high voltage testing of insulation system the load
has always capacitive character. The source power Is
then
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where K 1 is constant which respect other capacitances
of test circuit and ds capacity of tested object



AC voltages

A Testing transformers
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AC voltages

A Cascaded transformers
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AC voltages

A Series resonant circuits

HV
reactor

MEL

Voltage Exciter ~
regulator transformer

U Capacitive
2T~ load




AC voltages

A Resonant circuits with variable test frequency
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Impulse Voltages

A Singlestage impulse generator
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Impulse Voltages

A The influence of generator parameters on the
shape of output voltage
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Impulse Voltages

A Voltage efficiency

The voltage efficiency of impulse generator can be determined from formula:

Y
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whereU, is peak value of impuls and is charging voltage.

The peak value Us:
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Impulse Voltages

A Multi-stage impulse generater Marx
generator
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Impulse Voltages

A Full impulses
I Lightning impulses
AT, =1,2ms°30%, T, =50 ns ° 20%,
I Schwitching impulses
AT, =250n%° 20%, T, =2500 ns° 20%
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Impulse Voltages

A Chopped impulses
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Designing of impulse generator

A Detrmination of parameters (Angelini)

I for all connection of impulse generator is possible to
express the output voltage as
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I Constantsa, h, Q for the connection A and B are
shown in the table
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Designing of impulse generator

I The formulas for parameters determinantion
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Designing of impulse generator
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Designing of impulse generator
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Designing of impulse generator

I The required waveform of impulse voltage is
usually known (fandT,) and parameterf}, R,
C, and G, are looked for

I One pair of parameters is choosed and second is
consequently determined using previous graph

A Numerical calculation

I Thedifferent numericalmethods carbe used ér
direct solving of equation system to find required
parameters (see the Mathematica file)



