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600KV Impulse Voltage Generator With Steep Front Wave
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Abstract: In this paper a method for calculating circuit parameters of impulse
voltage generator is presented. The generation of steep front wave by using oil
gap is studied. Finally the testing result using steep front wave and standard
lightning wave are give.
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1. Introduction

Because people are paying more
attention on the investigation of steep
front wave of suspension insulator, a
large amount of human and material
resources are put into the research at
home and abroad, resulting in the
generation of impulse voltage
generator circuit of 2500kV/us steep
front wave. Generation and debugging
of steep wave waveform is a very
difficult work. 600kV impulse voltage
generator with steep front wave
equipment is presented in this paper.
It also introduces a method for
calculating parameters and debugging
results.

2. Circuit Principles and Parameter
Calculation

The impulse voltage generator, used
for conducting impulse high-voltage
test, is a type of test equipment, which
simulates lightning over-voltage and
operation over-voltage. The main
circuit of impulse voltage generator is
shown in Figure 1. Figure 2 presents
equivalent discharge circuit. C; - main
capacitance; Ry - front resistance; C; -
load capacitance; R;-tail resistance; Uy
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- charge voltage.
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Fig.1: Main circuit diagram of 600kV
impulse voltage generator
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Fig.2: Equivalent discharge circuit

In the past, approximate formula was
utilized to calculate discharge circuit
parameters of impulse voltage
generator, but its precision is low. A
precise method is adopted in this

paper.
According to Figure 2, output voltage

1S:

U =A(e-:/'r| _E—I/Tl)

b

In the formula:
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T,+T,=C R +C,R, +R)
s = o .
A=U,C R /(T ~T),)

U, formula indicates that the
waveform has something to do with
only T: and T-. Therefore, in order to
figure out the relation between front
time t; waveform time t;and Ty, T3,
assume: Y = Uz/A, x =t/T1,a = T3/T>
The formula changes into the
following:

Y=e*—e*/2

Fig.3: Wave length at a value

Figure 3 can be drawn at some a value.

In the Figure 3,

Xo3 corresponds to x value by y
0.3ym

Xoe corresponds to x value by y
0.9ym

Xos corresponds to x value by y
0.5Ym

Assume dy/dx = 0, the maximum
value can be calculated:

ym = aa/(1‘3] —a 1/(i-a)

Based on figure 3, we can get:

= (‘ru.v i xm)/ﬂﬁ
| 3
X =7%s T 2%m F X5

Accordingtoy =e*— e ¥/2
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Based on the above formulas, the
relation between t; t: and Ty , T> can
be solved.

For instance: as for standard lightning
wave, ty= 1.2ps, t,= 50ps, ¢/ t. = 0.024

tr/T2=2.961;t./ Ti=0.733

T;=6821ps T2=0.405ps

Similarly, if tf / t¢, tr /T2 and t: / T1are
known, T: and T, under any waveform
can be obtained.

After obtaining T; and T, , circuit
parameters Ci, C2, Rras well as R can
be solved based on Figure 2. In
general, C; depends on load and C; is
10-20 times of C5,

It has been proved that parameters
selected via above methods can
accurately obtain the required
waveform.

3. Generation of Steep Front Wave

The total voltage of this generator is
600kV and the waveform is 1.2/50ps.
Consequently, its average front
steepness S = 500kV/us. However,
steep front wave test of suspension
insulator requires 2500kV/us
steepness. If chopping according to
rising steepness of standard lightning
wave, only 3000kV total voltage
generator can meet the steepness
requirement S = 2500kV/us, which is
not economic. The steep front wave
flashover voltage of suspension
insulator is about 300kV. If impulse
generator with low voltage is used,

Himalayal, always by vour side. Copy right © HIMALAYAL
Page:2

All right reserved.



&) Himalayal”

WWW.HIMALAYAL.COM.CN

peaking apparatus can be used to
meet the requirement of insulator
test.

The peaking apparatus is a device
which further raises impulse voltage
wave steepness via using compressed
gas gap or oil gap. Obviously, only
when inherent inductance and
inherent capacitance of discharge
circuit is small, can peaking apparatus
play a role.

If ignoring inherent inductance and
inherent capacitance of discharge
circuit and only taking the effect of
non-linear resistance of discharge gap
into account, the maximum steepness
of wave front is:

(du/dt)max = 0.15U?/KS
In the formula:
U — static breakdown voltage of
gap,V
S —gap distance, cm
K—constant, K= 1~2x10*V-S/cm

According to the Pasehen law, raise
the voltage to nPo, gap distance
reduces to So/n, breakdown voltage U
remains unchanged, so the wave-front
steepness can be raised many times,
namely:

(du/dt)max= 0.1502/KSs - n

If the gap is placed in the transformer
oil, gap distance S can reduces greatly
under the same breakdown voltage,

thus improving the steepness of
impulse voltage wave.
According to peaking role,

compressed gas gap is better than oil
gap. But it needs to be inflated and

sealed. The compressed gas gap has
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complex structure while the oil gap
has simple structure for convenient
usage. The insulator steep front wave
test requires 2500kV/us steepness
and oil gap is sufficient, so this device
takes oil gap as peaking apparatus.
Gas gap is also utilized as peaking
apparatus, such as arrester plate gap.
It also can play a role of peaking
owing to uniform electric field and
short gap distance S under the same
breakdown voltage but its
performance is not good.

Principles of steep front wave circuit
generated by this generator is shown
in Figure 4.

ARC Pesking gap R.
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r = Oscillo-
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Fig.4: Schematic diagram of peaking
circuit

In the Figure 4, A is voltage wavefrom
of lightning wave, B 1is voltage
waveform after peaking, R, is damping
resistance, which is used to restrain
oscillation and adjust the steepness, G
is peaking gap, which is composed of
one pair of ¥ 50mm copper ball
placed in a sealed epoxy cylinder with
filled oil. The gap distance can be
adjusted outside the cylinder based on
test condition.

4. Debugging Results
4.1 Steep Front Wave Debugging

4.1.1 Observe the performance of
peaking gap without connecting test
objects. The recorded waveform is
shown in Figure 5. The rising time is
only 19ns; the amplitude is 295.61kV;
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the average steepness § = 13663KkV/ps,
which is far more than 2500kV/ps.
Therefore, peaking gap performance
is excellent.
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Fig.5: Peaking gap waveform under
no-load

4.1.2 Characteristics of insulator steep
front wave discharge. In Figure 4, the
steep front circuit is connected with
test objects. Calculate:

a. Positive polarity steep front wave.
The waveform after the insulator
flashover is illustrated in Figure 6.
Insulator flashover voltage is 295.7kV;
front time of steep front wave is 108ns;
average steepness § = 295.7/108x103
= 2737.8kV/ps, S > 2500kV/us, so
meet the test requirement.
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Fig.6: Network voltage waveform of
insulator steep front wave

b. Negative polarity steep front wave
(shown in Figure 7; charge voltage
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28V; R,y = 0). According to oscillogram,
insulator flashover voltage is 323.8kV;
front time of steep front wave is 128ns;
average steepness S = 2529.7kV /s, S
> 2500kV/ps, so meet the test

requirement.
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Fig.7: flash voltage waveform of
insulator steep front wave

It is necessary to take rated voltage of

impulse voltage generator into
consideration when using impulse
voltage generator and peaking

apparatus to conduct insulator steep
front wave test. That has something to
do with the performance of peaking
apparatus. The peaking apparatus has
good performance and the voltage of
impulse voltage generator is low,
otherwise, the voltage must be raised
to meet the requirement of steepness.
Based on the debugging condition, if
oil gap is used as peaking apparatus,
charge voltage in each level is 70kV;
total voltage of six levels is 420kV; so
500KV is sufficient for rated voltage of
impulse voltage generator.

4.2 Anti-Interference Measures

Impulse voltage is a transient
phenomenon, especially steep front
wave test. Its steepness is great and it
is chopped wave, which will cause
serious interference and rising earth
potential. Digital storage oscilloscope
used in the test will be damaged if

measures are not taken. Therefore,
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measures such as isolation, shielding
and filtering etc are taken (see Figure
8). The oscilloscope is put in the
double-layer shielding room. 220kV
AC power source offers power to the
oscilloscope via isolation transformer
and filter. The test signal is led to the
oscilloscope through double-layer
shielding cable penetrating flexible
conduit. Debugging results indicate
that the problem of electromagnetic
interference is solved by virtue of
adopting the above measures. It also
shows that the lab to grounding is
good. Please refer to the reference [3]
for details of grounding.

~220V
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Fig.8: Anti-Interference Equipment
5. Conclusions

5.1 A method for calculating circuit
parameters of impulse voltage
generator is presented. Calculation
data is provided to correctly calculate
the circuit parameters.

5.2 Using oil gap as peaking apparatus,
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lightning wave peaking generated by
impulse voltage generator can meet
the requirement of steep front wave
test of suspension insulator. Owing to
good performance and simple usage,
it should be recommended and
promoted. The rated voltage impulse
voltage generator requires is 500kV.

5.3 Test indicates that each index of

this equipment meets the
requirement. With perfect
anti-interference = measures and

excellent grounding, this equipment
can be used in arrester test and steep
front wave test of suspension
insulator.
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