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The Optimization of Grading Ring Design for 800 kV UHYV DC Transmission Lines

DENG Tao, LI Qing-feng, ZHANG Xue-jun, SU Zhi-y1, FAN Jian-bin
(China Electric Power Research Institute, Haidian Daistrict, Beyjing 100192, China)

ABSTRACT: The three-dimensional finite element method 1s

used to calculate the electric field of isulator strings for
+800kV UHV DC transmission lines. After the comparison of

electric field distribution and voltage distribution with different

ring diameter, tube diameter and shielding depth, the dimension
and position of grading ring 1s recommended. The ball-gap
method 1s used to measure the voltage distribution of 1insulator
strings for £800kV UHV DC transmission lines. Test results

are consistent with calculation results. Findings of this paper

are mmportant for the grading ring configuration of +800KkV
UHYV DC transmuission lines.
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The electric field strength and voltage distribu-
tion of 1nsulator string without grading ring under DC
voltage are uneven [1-4]. The undertaken voltage of
the conductor side msulators 1s much higher than
other insulators. And the electric field strength on
isulator feet-side near the conductor side 1s relatively
high. These make the corona effect and deterioration

of msulator strings often start from the conductor side

insulators. Because of the higher tower and longer
insulator strings on UHV DC transmission line, the
voltage distribution of insulator strings 1s more
uncven. Owing to the shielding role of grading ring,
the electric field strength and voltage distribution on
insulator trip can be effectively improved by the
reasonable placement of grading rings. Because the
clectric field distortion problem has not been solved
citectively, electric field distribution along msulator
string surface still can’t be measured accurately.
Therefore, 1n engineering applications, the DC voltage
distribution measurement of msulator strings 1s always
used to improve both grading ring and shield ring
configuration [5-8]|. The voltage distribution of
insulators under DC voltage has great dispersion
because 1t 1s mnfluenced not only by the structure and
volume resistivity of different materials, but also by
space charge and 1on flow. Besides, the measurement
has a higher cost and longer cycle compared with the
calculation. Measurement results are influenced by the
sensor, test environment, test conditions to certain
extent. In recent years, with the development of
computer science, the finite element method shows
superiority 1n solving electromagnetic field problem.
Without the environment and conditions limitation,
the calculation method 1s more flexible than the test
method. The size and location of grading ring can be
changed randomly, so the optimization of grading ring
design can be greatly simplified [9-14]. However,
because the space charge and 1on flow have great

impact on voltage distribution of DC msulator strings
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and the two factors can’t be easily considered 1n
calculation method, there 1s certain deviation between
calculation results and actual conditions. In this paper,
the quantitative calculation superiority of the finite
element method 1s taken to carry out the grading ring
optimization design. Then the voltage distribution
measurement 1s used as verification. The results
introduced 1n this paper provide both a reference for
engineering applications and an effective way of

grading ring optimization.

1 CALCULATION MODEL

data of +800kV
Xiangjiaba-Shanghait UHV DC project, including size

According to the basic

of tower, conductor, and fitting, the three-dimensional
finite element models for different types of insulator,
string and tower are set up to calculate its voltage
distribution and electric field distribution. In order to
expound the optimization method of grading ring
design, a single V type porcelain msulator suspension
string of 2x300 kN 1s taken as an example to describe
the optimization process from ring diameter, tube
diameter and mounting position three aspects. The
insulator unit spacing 1s 195 mm and the disc diameter
1s 400mm. Some factors are considered 1n the
calculation such as smngle grading ring,
6xACSR-720/50 conductors and 81 m cross arm
height towers. The applied voltage for the system 1s
the maximum operating voltage (816kV). Fig. 1
cstablished finite

According to calculation experience, the sheds profile

shows the celement models.
and deep under-rib sheds of the porcelain msulator
have little mmpact on the whole electric field
distribution, so they are not considered to save the

memory space and improve the solving speed.

(b) Grading ring model
f1 tE&EE
Fig.1 Calculation model

(a) Frontal diagram of calculation model
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2 THE ELECTRIC FIELD COMPARISON
OF STRINGS WITH OR WITHOUT
GRADING RING

The voltage distribution with unit of kV and
electric field distribution with umit of kV/mm of
porcelaimn insulator suspension strings without grading
ring are shown 1 Fig. 2 and Fig. 3 respectively. The

voltage distribution on each unit 1s shown 1n Fig. 4.

HHHHHH

dbda d75
P b | R -
20 75
dSL. RN
478.125%
11
535.5
20l

= O 18

= = IE

== =
i

21
b |

=
=1 =
= ¥

ROCOO0OCOO0CEEREOOEOCOCNERENEE

I = =l = =l A

— 2 L5 0 B |

r g -
Ll wi B =3 =
a - LA LS L

&2 FEHEIRETRAS
Fig. 2 Potential distribution without grading ring
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Fig. 3 Electric field distribution without grading ring
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Fig. 4 Voltage distribution on each unit

with or without grading rings

It 1s shown n Fig. 4 that the voltage distribution
and electric field distribution of 1nsulator strings
without grading rings are very uneven. The voltage on

conductor end insulators 1s higher than that on central
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insulators. But the voltage on ground end insulators
increases gradually. Because of the shielding effect of
tower, voltage on ground end isulators of the mside
string 1s a little lower than that of the outside string.
After the grading ring 1s installed, the voltages on line
end 1nsulators are obviously reduced by 39.5%. So,
the grading ring can effectively improve the effect of

voltage uniform distribution.

3 THE OPTIMIZATION OF GRADING
RING

3.1 The Mounting Position Optimization

The voltage distribution on 1nsulators varied
oreatly with different mounting position of the
ograding rings. Taking the strings away from tower as
an example, with the mounting position away from
the conductors or increasing the shielding depth, the
maximum voltage on each insulator 1s reduced. That
means the voltage distribution can be mmproved by
increasing the shielding depth which 1s shown 1n
Fig. 5. But the deeper the shielding depth, the longer
the carriage of the grading ring would be, which 1s not
oood for the stability and mechanical strength of the
orading ring. It should be noted that the dry arcing
distance between the conductor end and the ground
end 1s shortened as the grading ring 1s moved above
the end fitting, and this reduction will reduce the
impulse and power frequency of the insulator
flashover voltages. So 1t 1s suggested that the grading
ring be mounted between the third and forth insulators
near the conductor side. If there are mounting
difficulties, 1t can also be mounted between the second

and third msulators.

- —e— between the first and second unait
Zl(} .................................... -l|_-l}f:ttﬁ”3lel tllf:;S‘:{}{}rlcliaJ]{i tllirii_lltlit
35 [ —— between the third and fourth unit
30 P\l L R —between the fourth and fifth unit
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Fig. S Voltage distribution on each unit

with variable mounting position
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3.2 The Ring Diameter Optimization

The ring diameter affects the shielding effect a
lot. The larger the ring diameter, the wider the
shielding range 1s, as shown in Fig. 6. However,
according to Fig. 7, the voltage distribution of
msulator 1s not improved obviously. And the larger the
ring diameter, the heavier the weight of grading ring 1s.
That 1s not conducive to transport and install. So the
orading ring with 1000mm diameter 1s recom-

mended.
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(b) ring diameter 1s 1 200 mm
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Fig. 6 Electric field distribution at line end
with ring diameter of 900 mm and 1 200 mm
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3.3 Optimization of Tube Diameter

With the tube diameter increasing, the voltages
on conductor end 1nsulators are reduced gradually but
slightly as shown 1 Fig. 8. Obviously, 1t 1s not very
helpful for

increasing the tube diameter. But 1t 1s an important

improving voltage distribution by
factor 1in controlling the field on the grading ring to
avold corona as shown 1n Fig. 9. With the tube
diameter 1ncreased from 60mm to 140mm, the
maximum electric field strength on grading ring
surface decreased 35% from 2. 7kV/mm to
1.75kV/mm. When the tube diameter increases to
100 mm, the reducing trend of the surface field
strength slows down. The electric field strength 1s less
than 2kV/mm which 1s the iitial discharge electric
field strength of air. Considering the anti-corona effect

of 1tself, 100~120 mm tube diameter 1s recommended.
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Fig. 8 Voltage distribution on each unit

with variable tube diameter
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4 THE VOLTAGE DISTRIBUTION MEA-
SUREMENT OF INSULATOR STRINGS
AS VERIFICATION TEST

There are several DC system voltage distribution
measurement methods including ball-gap method,

parallel high-resistance resistor divider method,

+800 kV 5 e [ ELUALEK 6 2] I A AT 5 103

changing parallel resistance calculation method,
clectrostatic voltage meter type laser emission method,
etc. Because the existing parallel resistance changed
the equivalent resistance of the insulator and the
surrounding electric field, the measurement results
and the actual voltage distribution are not equivalent
by the parallel high-resistance resistor divider method
and changing parallel resistance calculation method.
The mput resistance can be considered to be infinite
with the electrostatic voltage meter type laser
reflection method and the common ball-gap discharge
method. But the laser reflection method requires
special equipment, while the ball-gap method 1s more
simple and reliable. The principle of the ball-gap 1s to
parallel a known distance of the ball diameter and ball
clearance gap at both ends on the measurement of
insulators. First, increase the system voltage
uniformly until the ball-gap flashover, and record the
voltage at this moment. Then search the ball-gap
discharge voltage table to get the voltage on this
msulator. The rest may be deduced by analogy and the
voltage on each msulator can be measured. Because
the voltage on insulator strings 1s affected signifi-
cantly by space charge surrounding the sample, the
measurement unit should not generate corona. Taking
into account the measurement voltage range, two
ball-gaps with 55 mm and 20 mm diameter are chosen.
In order to avoid the leakage current induced by the
ball-gap support to change the voltage distribution of
isulator strings, the ball-gap 1s fixed on the caps of
two adjacent msulators by clubs and fixture. The lead
shape of conductor 1s specially designed to minimize
the distortion of the electric field as shown m Fig. 10
and Fig. 11. Because 1t 1s difficult to consider the

space charge and 1on flow effect in numerical

10 BESHN=REHE

Fig. 10 Test layout of voltage distribution measurement
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calculation, there 1s some deviation between

calculation results and measurement results as shown
in Fig. 12.

& 11 A PKER
Fig. 11 Ball-gap used in experiment
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Fig. 12 Contrast of calculation results

and measurement results
5 CONCLUSIONS

1) The three-dimensional finite element method
1s used to calculate the voltage distribution and
electric field distribution of insulator strings of
+800kV DC project. And the
configuration of porcelain suspension strings for
+800kV DC project 1s given.

2) The deeper the shielding depth, the better the

effect of voltage uniform 1s 1n the range investigated

grading ring

in this paper. Considering the dry arcing distance and
mechanical stability, 1t 1s recommended to mount the
grading ring in the muddle of the third and fourth
isulator near the conductor side.

3) There 1s no obvious improvement on the
voltage distribution by increasing the ring diameter.
But the larger the ring diameter, the wider the
shielding range 1s, which 1s beneficial to improve the
electric field distribution on the conductor side.
Synthetically, taking the electric field and the weight
limitations 1tself mmto account, the 1000mm ring

diameter 1s recommended.

5 29

4) The tube diameter mainly affects the electric
field strength on 1itself but has little effect on the
distribution of the

Considering the anti-corona effect, the 100~120 mm

voltage insulator  strings.
tube diameter 1s recommended.

5) The ball-gap method can be used to measure
the voltage distribution of long msulator strings under
DC voltage. Because 1t 1s difficult to consider the
space charge and 1on flow effect 1n numerical
calculation, there 1s some deviation between
calculation results and measurement results. But the
trend 1s the same. And because voltage distribution
measurement at DC system 1s greatly influenced by
test conditions, there exists certain dispersion. The
voltage distribution and electric field distribution
measurement of imsulators under DC voltage require

further study.
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