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Several Important Characteristics of Quality Factors of

Series Resonant Circuit for Field Withstand Voltage Test
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Abstract: This paper analyzed quality factor - Q of series resonant circuit for
withstand voltage test. Combined with the simulation test, reasons that affect the
Q value were found out. Also, we made concrete investigation on equivalent loss
resistance - R in the series resonant circuit and put forward new views.
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1. Introduction

Series resonant device is extensively
applied in AC withstand voltage test of
test object with large capacity on site,
such as transformer and capacitor etc.
Against common problems in the
actual application, this article
analyzes several factors, which have
influence on factor quality - Q in the
series resonant withstand voltage test.

2. The Capacity of Test Object

Q-value is the most important
parameter to evaluate series resonant
circuit. It is in proportional to power
frequency f and inductance L of
high-voltage  capacitor, and is
inversely proportional to impedance R,
which stands for active loss of the
whole circuit. In a actual power
frequency series resonant test circuit,
based on the formula wL=1/wC, we
can conclude that capacitive reactance
determines  inductive  reactance.
However, Q=wL/R. If the test object is
GIS or the equipment composed of
independent elements, withstand
voltage test can be conducted in

section to improve the capacitive
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reactance and obtain higher Q-value. If
variable frequency resonant device is
used, the capacity of test object is
greater and the resonant frequency is
lower. In most cases, that is helpful for
the test object.

3. Equivalent Resistance of Circuit
Loss

No mater what power frequency or
variable frequency resonant device is,
if the capacity of test object is fixed or
the inductance of high voltage reactor
is fixed, when the circuit reaches
series resonant, wL=1/wC, it follows
that:

Q= == (M

-
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=

In the formula: U,y is output voltage;
Uexc is input exciting voltage

According to the above formula, the
only method for improving Q-value is
to reduce the circuit loss resistance R.
The actual test circuit is composed of
three parts: series test device, high
voltage lead and test object. The active
loss in the circuit is mainly from high
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voltage reactor and test object in the
series device.

3.1 Loss of series resonant device

High  voltage  reactor  mainly
determines active loss of series
resonant device.The inductance of
high voltage reactor is high while the
current is low. Therefore, DC
resistance of the coil can reach k.. It
and iron loss of the reactor constitute
important component of circuit loss
resistance R. To facilitate further
analysis, we introduce this view - the
Q-value of whole circuit is
decomposed into each part of circuit.
Suppose that Q-value of the circuit is
Qs; Q-value of series resonant device is
Qr; Q-value of test object is Q.

3.2 Loss of different loads

If tan & is used to express load loss,
then Q can be regarded as the
reciprocal of tan & . Typical Q-value of
different loads are shown in Tab 1.

Table 1. Quality factor of different
loads

Test object Typical O
tand
SF6 breaker | <<0.0001 > 10000
XLPE cable << 0.001 = 1000
~ 200
EPR cable ~ 0.005
~ 20
PVC cable ~0.05
Cable 0.1 10
terminal
Generator 0.1 10

Based on Tab 1, as for different test
objects, Qi is significantly different.
Hence, we must estimate the loss in
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advance before the test to avoid low
Q-value. According to Fig 1, Q. has a
significant impact on Qs.

Qr=80 =

Qs

Fig.1 Effect of Qron Qs

In most cases, we also need to take
corona loss caused by high voltage
lead and non-shielding electrode into
account when analyzing Qs. But, I hold
that Qr and Qr are main factors. In
addition, the corona loss can be
eliminated through arising high
voltage lead and adding shielding. So,
we can conclude that:

Qs=Qu o Qr/ (Qut Qr) (2)
3.3 Loss of high voltage lead

The formula (2) is only applicable to
ideal condition. However, corona loss
must be fully taken into account in the
field test. If the high voltage electrode
shielding is good, the loss mainly
comes from high voltage lead, which
has been confirmed in the practices.
In the field test, affected by site and
test object position, high voltage lead
always has certain distance, short or
long. In addition, as the 500kV device
grows, test voltage even reaches
above 500KkV. Bare copper wire with
3-4 mm diameter is mostly used on
site. At this point, because field
strength of the surface far exceeds gas
breakdown strength, wire surface will
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generate strong corona discharge,
which will result in great loss to
Q-value of test circuit.

The corona loss of high voltage lead
has something to do with many
factors, such as lead size, surface field
strength and meteorological condition
etc. Peek’s law, which describes initial
corona, is as follows:

0.298
Jré

E= 303m ¢ (1+ ) kV/cm

(3)

Us=E=tln 4 (4)

r

E.: initial corona field strength
m: wire finish coefficient

0 : relative gas density

r: wire radius

d: the distance between wire and
other images

According to the formula, wire
diameter and finish must be enhanced
in order to arise initial discharge
voltage. In the lab, three leads are
compared. The first lead is bare
copper lead, the diameter of which is
3-4mm; the second Kkind is high
voltage elastic lead produced by
America  company - Flexible
Technologies and its diameter is
250mm; the third one is finish
aluminium  tube with  100mm
diameter. The test is carried out
indoors; the lead length is taken as
8.5m; the voltage only rises to 280kV.
In the field test, with the rising of
voltage and lengthening of lead, the
influence three different leads have on

Qs will be greater. Test results are
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shown in Table 2.

Tab.2 Test results of three different
wires

BCW with 3-dmm HY elastic wire FAT with 100mm

diameter with 250mm dr diameter
Uexe Ut Uese Uout Uexc Uout

b oy B oy o &y oy O
L 45 450 (K1} 50 .0 L 5 A0
i 7 3.5 20 95 47.5 20 m S0
1o 1o BT L0 1o .7 L0 48 ®_3
10 142 A5 40 150 45.0 4.0 188 4.3
50 S L g1 50 20 4.2 50 2¥ w0
60 185 I8 60 230 3.3 6.0 2% 417
1.4 20 MAe R0 20 35.0 7.2 MO xo

BCW: bare copper wire
FAT: finish aluminium tube

According to Table 2, when the output
voltage reaches 280kV, three different
leads obtain different Qs-value. In
terms of the effect of high voltage lead,
the finish aluminium tube is the best
and Qs = 38.9; high voltage elastic lead
is ranked as second and Qs = 35.0; the
bare copper lead is the worst and Qs =
24.6. The diameter of high voltage
lead and finish degree directly affect
the Q-value of the whole test circuit.
Because the high voltage lead may be
longer and the voltage may be higher
in the test on site, it is likely that the
effect of high voltage lead is greater.
Even though finish aluminium tube
has the best effect, it cannot be bent.
Because of that character, the best
choice is to use the elastic lead with
long diameter in the field test. Based
on the experience, when the voltage
exceeds 300kV, you had better adopt
the high voltage elastic lead in order
to control corona loss; otherwise,
because the capacity of series
resonant device is small, if the high
voltage lead is bad, output voltage will
saturate when it reaches a certain
degree. At this time, it is meaningless
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to rise Uexc because the the rising
speed of R is the same as that of Uec.
The character, small capacity of series
resonant device, has become the
bottleneck to arise the voltage.
Accordingly, in the field test, the loss
of high voltage lead cannot be
neglected and high voltage lead of
long diameter must be adopted. Even
so, the corona loss of high voltage lead
still affects (Qs. Qs of the whole test
circuit should be determined by the
formula (5).

0,00,°0,
Q;. OQH + 0, OQ(' +Q!, DQ('

0s =

(5)

Qc is quality factor of high voltage
lead.

3.4 Voltage distribution of the reactor
in the resonant equipment

In the power frequency resonant
device, adjustable high voltage reactor
is the most important part in the
circuit. The reactor of resonant device
with high-level voltage is generally
formed by two levels or three levels
overlapping in order to lower the
insulation requirement. Users can
select their needed reactor with
different stages according to the
requirement of test voltage. If the test
voltage is not high, this problem is not
serious. However, if the test voltage is
close to nominal value of the test
device, the voltage distribution
becomes an important issue. The
Q-value of adjustable reactor is low.
When it is close to or reaches the
highest voltage of the device, if the
voltage distribution is not uniform,
that means some stage reaches the
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nominal voltage firstly. However, the
adjustable reactor is the one with iron
core. When the voltage surpasses the
nominal value, the loss of this stage
rises quickly, which restricts the
whole device to obtain higher Q-value.
Although most devices have iron core
interval dial gauge, the dial gauge is
only for reference and cannot
precisely reflect the reactance value of
each stage reactor. Small deviation of
mechanical tuning will impose a
significant effect on the inductance,
which is very important for obtaining
higher voltage. The correct method is
to use the voltage and current mode to
accurately measure the reactance
value of each stage reactor to ensure
that the reactance value of each stage
reactor is the same and obtain ideal
voltage distribution. As for variable
frequency resonant device, voltage
distribution of each stage reactor
should also be paid attention to.
Because the voltage of one stage
exceeds the nominal value, its loss
may increase significantly and affect
the @-value of the system.

4. Conclusions

(1) In the series resonant test, many
factors can have effect on @-value,
including the capacity of test object,
circuit loss resistance and weather
etc.

(2) Qs isacomplicated parameter and
generally determined by Q. and Qx.
However, in the field test, other
factors also affect Qs, including high
voltage electrode and high voltage
lead. In particular, it is difficult to
control the corona loss of high voltage
lead. As the voltage rises, the corona

loss of high voltage part will gradually
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increase, resulting in  obvious
reduction of Q@s. Finally, the output
voltage cannot saturate and no longer
increase.

(3) The effective method of reducing
the corona loss of high voltage part is
to add corona ring to high voltage
electrode and enhance the initial
corona field strength of high voltage
lead. The finish aluminium tube with
long diameter can be adopted in the
lab while the high voltage lead should
utilize the elastic lead with long
diameter in the field test. The bare
copper wire is not recommended.

(4) When the output voltage is close
to the nominal value, please pay more
attention to voltage distribution of the
reactor.
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