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Fig.1 Longitudinal modulation diagram
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Fig.2 Electric field distribution at electrode spacing of 150 mm

R 1 AEEETHHEABEMZE R
Tab.l1 Maximum field strength and safety factor at

different spacing

Electrode spacing/mm Maximum field strength/kV-cm™ Safety factor

100 77.618 0.97
120 66.662 1.13
140 56.979 1.32
150 54.263 1.38
160 49.956 1.50

HIZE 1 a1, OVT A28k AR (] BE 6 0 150 mm,
BRI R 1 B B A L2 A B, R 2 T OVT 1
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Fig.3 Internal structure diagram of medium layering method
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Tab.2 Uneven coefficient of partial pressure in

different media

Uneven coefficient of electric field
Internal structure o
along the central axis f

1.157291464

L1-L5(160 BGO)
L1,L2,L4,L5(25 calcite);
L3(60 BGO);
L1.L2,L4,L5(25 quartz);
L3(60 BGO);
L1,L5(30 calcite);
L2,L4(30 quartz); L3(40 BGO)
L1,L5(30 quartz);
L2,L4(30 calcite); L3(40 BGO)

1.050770614

1.119726 029

2.808525035

1.664036271

/N, BT RASR O kA AR D T A AT A S el 3
OVT RIS NI i S 70 A o #h 26 2 T, nlfg
Kl 3 e A AT 4 B

L1 (calcite) | L2 (BGO) | L3 (calcite)

Pl 4 ik AR RTALIE

Fig.4 Simplified diagram of the sensor head interior
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Tab.3 Simulation results of different lengths of calcite

and BGO

Uneven coefficient of electric field
Internal structure .
along the central axis f

1.050770614
1.047418909
1.043037132
1.044010605
1.042240523
1.036833224
1.039859667

L1,L3(50 calcite); L2(60 BGO)
L1,L3(60 calcite); L2(40 BGO)
L1,L3(70 calcite); L2(20 BGO)
L1,L3(72 calcite); L2(16 BGO)
L1,L3(74 calcite); L2(12 BGO)
L1,L3(75 calcite); L2(10 BGO)
L1,L3(76 calcite); L2(8 BGO)

L1,L3(77 calcite); L2(6 BGO) 1.060976 667

4 BGO f AR 2 10 mm B, Hrh gk i
Yy R 355) Z 0K B fe/ME, 26 0 B3 00 A G A 1
5o BHUL, SRR BE ) 10 mm R ff A KRR
75 mm B SR B A
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Tab.4 Dielectric constant of different wrapping

materials

Material Relative dielectric constant
Al)O4 10
Y,0; 13
Al N 8.8

N T E AL B R R Ik P L 37 0 A 2 SO R
SO, B AN R A B B SR I BEAT 40 A, AL S iR

Packaging
material

Packaging
material

(©)

Packaging
material

€5 (a) f12E BGO; (b) ARG (o) (LI R
Fig.5 (a) Packaging BGO; (b) The package does not enter the electrode;

(c) The package enters the electrode

HRAE 2 4 FEL 5 XA [R] A B4Rk 160 2 254 53531
A5 E, TR a2k 5 Fs .

x5 FEAMHMEBREMTHHREER
Tab.5 Simulation results under different materials

and packaging structures

. Packaging Uneven coefficient of electric field
Packaging structure

material along the central axis f*

No package 1.036833224
Al,O3 1.027438892
Packaging BGO Y,0; 1.051428278
AlN 1.018698990
AlLO3 1.059131114

The package does not
packag Y,0, 1.062449 804

enter the electrode

Al N 1.057003 822
Al,O3 1.046571856

The package enters the
Y,03 1.088016 863

electrode

Al N 1.023207299

AL, f AR R ALN A T ALO; AN
Y,05 B Tl £ B 3 R 350 R E0H B B I REAIS; 2
FLE 1, HALHE BGO 33X — 45 F4 A1 55 T oAt 9 b )
BORAARH B3 . T Ak FE R S(a) LS5 K
ALNTE Jy 60 ZE 41 R Be 4 . A 22 J2 78 0.1~5 mm
TR A AE F B, (5 ELE5 R AR 6 I .

1.09 r
1.08 r
1.07
1.06
1.05
1.04 +
1.03
1.02 +
1.01
1.00

Uneven coefficient of electric
field along the central axis f°

0 0.5 1.0 1.5 2.0 2.5 3.0
Packaging thickness/mm
K6 AREHEET G AR EL
Fig.6 Uneven coefficient of electric field under different packaging

thicknesses
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Fig.7 (a) Crystal deviation; (b) Light path deviation
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Fig.8 (a) Integral voltage error before improvement; (b) Improved

integrated voltage error

M ] 8 B 45 R mT AL WS T OVT R4GEH
TOtBE RS 5 i re A B3R 22 5 K AT 35 0.089 69%,
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0.006 12%, X B8 Jy i U 1 R &880, A %08
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31 EWAES
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BGO fiiifA; A/4 3% 7k 45705 1], (AR £ e S5 A2 Ry
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@10 mm x10 mm), -3 HL Kk 33.26 kV, SN HEA
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Fig.9 Schematic diagram of experimental setup
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Fig.10 (a) U=500 V before packaging the medium; (b) U=1kV before
wrapping the medium; (c) After wrapping the medium, U=

500 V; (d) After wrapping the medium, U=1 kV
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Structural optimization and design of 110 kV longitudinal Optical

Voltage Transducer

ZHU Junnan'?, TAN Qiao'"

(1. College of Physics and Electronic Information Engineering, Minjiang University, Fuzhou 350108, China;

2. College of Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University, Fuzhou 350100, China)

Abstract:
Objective

With the continuous improvement of power system transmission capacity and voltage level, previous

voltage transformers have exposed some fundamental shortcomings, such as poor insulation performance, large

volume, electromagnetic resonance, easy magnetic saturation, etc., which are difficult to meet the needs of smart

grid development. Optical Voltage Transformer (OVT) adopts optical sensing technology, which can overcome

the above defects and better meet the development needs of China's smart grid, with good development prospects.

However, there are still many unresolved issues with OVT. In practical applications, small positional deviations

between optical devices may occur due to vibration, unstable connections, and thermal expansion and contraction,

resulting in uneven distribution of internal electric fields and affecting measurement results. However, current

research methods have only reduced the unevenness and coefficient of the internal electric field, and have not

improved the accuracy of measurement results when small crystal and optical path offsets occur in OVT crystals.

20240208-7
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Therefore, this article conducts electric field simulation on the longitudinal modulation OVT structure of 110 kV,
analyzes the non-uniformity and coefficient inside the electric field, and proposes a new dielectric layering and

wrapping method when offset occurs.

Methods The sensing unit of OVT is simulated and analyzed using ANSYS Maxwell. Firstly, the distance
between electrodes is determined (Fig.2), and then a layered structure is selected (Fig.3). Next, the packaging
material and structure are selected (Tab.5), and finally the thickness of the packaging is determined (Fig.6). By
using calcite with relatively high dielectric constant to divide the voltage of BGO and wrapping it with Al N, the
adverse effect of electric field non-uniformity after contact between BGO with higher dielectric constant and SFg
gas with lower dielectric constant is greatly eliminated. And an experimental setup is built to verify its simulation
results (Fig.9).

Results and Discussions The non-uniformity of the electric field inside the OVT sensing unit is mainly caused
by direct contact between SF4 (1.002) with a relatively small dielectric constant and BGO (16) with a relatively
large dielectric constant. Direct contact between the two is avoided by using calcite layering with a relative
dielectric constant of 8.3 and Al N wrapping with 8.8. And a set of two ends @10 mmx75 mm calcite layers, with
the middle being @10 mmx10 mm BGO and an OVT sensing unit with a thickness of 0.5 mm wrapped around it.
Through system simulation, it can be found that the unevenness of the field integration voltage and the coefficient
are significantly reduced (Fig.6), and the errors caused by crystal shift or optical path shift due to external factors
are also significantly reduced. Finally, an experimental setup was constructed and signals were collected through
CMOS. The results are shown (Fig.10), which presents the standard deviation calculated before and after the

improvement, as well as under different voltages. The optimized effect can be clearly seen.

Conclusions This article conducts simulation analysis on longitudinal modulation OVT with a voltage level of
110 kV. Detailed analysis is conducted on electrode spacing, additional medium, and wrapped medium, and the
most suitable structure is found to effectively reduce the unevenness of the internal electric field of the crystal. In
addition, compared to other studies, this article greatly reduces the errors generated in the case of crystal or optical
path offset. By improving the internal structure of the OVT system, the uneven electric field along the crystal axis
has been reduced from 1.157 3 to 1.008 8 (Fig.6), and the maximum electric field integration error caused by
optical path offset has been reduced from 0.090% to below 0.008%; The maximum electric field integration error
caused by crystal displacement has been reduced from 0.075% to about 0.006% (Fig.8), and the improvement
effect is significant. And through experiments, it can also be demonstrated that the model can effectively improve
the distribution of electric field inside the crystal and reduce the integration voltage error (Fig.10), which further

confirms the effectiveness and reliability of our proposed method.

Key words: Optical Voltage Transducer; Pockels effect; internal electric field distribution; error of

electric field integral
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