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Structure Design of Sensors for Internal Pressure Measurement in OQil-immersed
Power Transformers

JI Mao, QI Bo, HUANG Meng, LI Chengrong

(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources, North China Electric Power University,
Beijing 102206, China)

Abstract: Due to the complex multi-physics environment inside the oil-immersed pressure transformer, common fi-
ber grating sensor structures such as metal diaphragm or F-P air cavity type cannot be used for the sensory measure-
ment of internal pressure. Aiming at the long-term high-temperature oil-immersed electromagnetic environment, a
high - sensitivity fiber grating sensor structure that can measure the pressure in a single direction in the oil is pro-
posed. Next, this article establishes the static strain model of the sensor structure and the thermal expansion model of
the polymer, and analyzes it with FEM simulation. The results show that the designed structure can accurately mea-
sure the pressure. In addition, it can effectively avoid the problem of reduced sensitivity of the traditional enhancing
sensitivity pot due to the thermal expansion of the polymer. This paper provides a practical idea for the design of the
sensor structure used for the internal pressure measurement of oil -immersed power transformers. With the corre-
sponding rubber polymer, it can be used to directly measure the pressure at various positions in the oil, and will not
pose a threat to the transformer’s internal insulation.

Key words: oil-immersed power transformers; structure of sensors; pressure measurement; thermal expansion of

polymer; FEM simulation
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Fig. 1 Structure diagram of sensor suitable for

transformer internal pressure monitoring
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Fig. 2 Front view and side view of the proposed

sensor structure
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Table 1 Parameters of each part of the sensor model
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FBG caused by different pressures
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Fig. 9 Normal pressure on the side of the pressure sensor

4 LhiE

SRR T — P T R R T R
T R A A SR A Al B Rl i B T L 5
HIE , TE 73 R I B 2 AR, T I i SR A0RE AT 3k
FIRROCH ) 4 000 247 o AL TGS Fy ] LA 200k
e 48 M S T s ) AR R 1l T BRI BIK S B0 R A
JEE WAV A9 TRD L, I R T T30 MR PR35 rp BEAT 81— T7 18]
JESwAL:H s o8

SCHR T B A TR K AT T A% 2 R R R
A AR I o ph T A A A AR T
A e HEAB IG5 T 1) BRI A3, DR b ok 22 2 o7 Al e
FROR TSR, AT R 2 B T E S G O, i T
1 i) AR 0 57 B 5 — i S AR I e R R B
Ao [  FT HT30  A RS 20 H B N TR A
Gt OB o SR B e ] kA R SR N L
AR R R0 72 T i v ) T 2K A, A v ) R P A
50T P REAT & X TR M A BRI
T AR A W R R AR, A AR IR



- 38 - 20204£9 J

Eudz

568 HioM

i o TR AR B 45, 3k AR B A A0 S A Tk il 44 A
PRI EEAS B T~V 0T, A6 5 o DG £ el R T 1 g
) 2R A Y T] I BB 2252 I M B e TR R PR 5

S LMk -

(1] FLefs, TARHT, TP R A HLAE i i A i 7
BS54k s R M. Jbat i e g S R, 2006:205-206.
WANG Weijian, WANG Xiangheng, WANG Zanji. Analy-
sis and relay protection of internal faults in large generators
and transformers[M]. Beijing: China Electric Power Press,
2006:205-206.

[2] ABI-SAMRA N, ARTEAGA J, DAROVNY B, et al.Power
transformer tank rupture and mitigation:A summary of cur-
rent state of practice and knowledge by the task force of
IEEE power transformer subcommittee[J]. IEEE Transac-
tions on Power Delivery, 2009, 24(4): 1959-1967

[3] CIGRE WG A2.37.Transformer Reliability Survey[R]. CI-
GRE:CIGRE WG A2.37,2015.

(4] FEROG, kb2 iR [, 45 1 A28 T S AR A S e I

FIRRAEFRAR K5 L[] R LB TR 23R, 2014, 34(1):
179-185.
YAN Chenguang, ZHANG Baohui, HAO Zhiguo, et al.
Modeling and simulation of pressure characteristics of
power transformer tanks’ internal faults[J]. Proceedings of
the CSEE,2014,34(1):179-185.

(5] HIIAE P RAL IR ) Ak s BRI AL - 1CS 19.060—
2019[S]. 2019.

On - sitetest specification for power transformer sudden -
change pressure relay : ICS 19.060—2019[S]. 2019.

[6] PERIGAUD G, MULLER S, BRESSY G D E, et al. Con-
tribution to the study of transformer tank rupture due to in-
ternal arcing development of a computer simulation tool[C]//
Power and Energy Society General Meeting-Conversion and
Delivery of Electrical Energy in the 21st Century. Pitts-
burgh, USA: IEEE, 2008: 1-8.

(71 R B,E H BN S S RS R IT
KSR B R AE,2020,56(6):7-12.

WU Xing, WANG Yu, YIN Xiaogang, et al.Development
and application of power equipment status evaluation
system[J]. High Voltage Apparatus, 2020, 56(6):7-12.

[8] i, SRZE s, R AEIR B AR AR R

P DR A DL AR RE (D). T AR S A S,
2019(1):91-94.
ZHU Jiakun, WU Juner, AN Tingting. Application and set-
ting of pressure protection in non-electric parameter protec-
tion of oil-immersed power transformer[J]. Industrial Instru-
mentation & Automation,2019(1): 91-94.

O] WlR¥E,IT B K ANTEBERORTER ik
iz HERGAE T BT SR LT 8 R HOR L 2020, 46(2):
369-383.
PU Tianjiao, QIAO Ji, HAN Xiao, et al. Research and appli-
cation of artificial intelligence in operation and mainte-
nance for power equipment[J]. High Voltage Engineering,
46(2): 369-383.

[10] AU, R W, BRI, 2. SR T LSTM 2 i L 1 22

F s A TRAS TN T A DFIE (). W RAOR , 2018, 44(4) -
1099-1106.

DAI Jiejie, SONG Hui, SHENG Gehao, et al. Prediction
method for power transformer running state based on LSTM
network[J]. High Voltage Engineering, 2018, 44(4): 1099 -
1106.

[11] YAACOB M M, ALSAEDI M A, RASHED J, et al. Review
on partial discharge detection techniques related to high
voltage power equipment using different sensors[J]. Photon-
ic Sens.,2014,4(4):325-337.

[12] MA G M, QIN W Q,DU Y, et al. A centimeter resolution
GIS insulator strain distribution measurement method
based on OFDRJ[]]. IEEE Sens. J.,2018,19(8):2962-2969.

(13] Xz, Bieia , X , 4. RAaPIEER i e R UL

LT T A IEER ). T EHOE, 2000, 27(3):211-214.

LIU Yunqi, GUO Zhuanyun, LIU Zhiguo, et al. High-sensi-

tivity fiber grating pressure sensor with polymer jacket[J].

Chinese Journal of Lasers,2000,27(3):211-214.

sk w0 XEE L SRS AR RGO E )%

S LR ) A AR PR A WL )], D24 4T, 2002, 22

(1):89-91.

ZHANG Ying, LIU Zhiguo, GUO Zhuanyun, et al. A high-

sensitivity fiber grating pressure sensor and its pressure

sensing characteristics[J]. Acta Optical Sinica,2002,22(1):

89-91.

[15] XIONG Yanling, REN Naikui, WU Mingze, et al. Sensitivity-
enhanced FBG demodulation system with multi - sideband
filtering method[J]. Optics Communications, 2017(382):
246-252.

[16] 5Kk  F& Gl 3L3pL AR AE N J1/1% 10 T 64 57
WF5E[D]. WA - B TR, 2018.

ZHANG Shuang. Research on the application offiber F-P

sensor in stress/pressure test[D]. Chengdu: School of Infor-

[14

—

mation & Communication,2018.
[17] SRAEAS L 5, DhHfl—. — = R 20 B MEMS Y6 4F F-P
Ji T3 A% AR (D). WO 506 TR bR L 2019, 56(17):
314-318.
ZHANG Taojie, JIANG Yi, MA Weiyi. A hign fineness
optical F-P pressure sensors based on MEMS[J]. Laser &
Optoelectronics Progress,2019,56(17):314-318.
kit , TR SC, BngE, S OGE A RAR L TR
R R DU BT RV I 5 B 5T [J/OL). G 2 2 1 -
18.2020- 04 - 13..https://kns - enki.net./kems/detail/31.1252.
04.20200110.1505.014.html.
WANG Yonghong, ZHANG Mingyi, MA Jiayao, et al. Mea-

surements of penetration characteristics of jacked piles in

—
—
o]

—_

clayey soil based on fiber bragg gratings[J/OL]. Acta Optica
Sinica:1-18.2020-04-13. https://kns-cnki.net./kems/detail/
31.1252.04.20200110.1505.014.html.

L3 NS O NS CRRN I €12 D e A K [
AR SO B S 2 B gE L)) A Sk S ARG,
2020(1):44-46.

XUE Shanchao, CHEN Yongming, WANG Ning, et al.

Research on measurement range and overload capacity of

[19

[

FBG soil pressure sensor based on pneumatic calibration

(FH%45W)



FEXUEE, 1558,

N T REMIR I AR A e U i

7% 06, . BT E AR SART I R
{5 2 2 15 LR 22 X 28 5t LA 9 < 45

[16] FAARAR W8 6,55 JETIREE &M M2 E
o 1 R i AR B T O k(D). MR, 2017, 41
(8):359-364.

DAI Jiejie, SONG Hui, YANG Yi, et al. Concentration
prediction of dissolved gases in transformer oil based on
deep belief networks|J]. Power System Technology,2017,41
(8):359-364.

DAI J,SONG H,SHENG G, et al. Dissolved gas analysis of

insulating oil for power transformer fault diagnosis with

[17]

deep belief network[J]. IEEE Transactions on Dielectrics &

Electrical Insulation,2017,24(5):2828-2835.

H L AT A, S5 RA-DNN (19 H ) 28 FR 35 5 e 432

TN A B, 2019(2):98-107.

CAO Yukun, HE Jianwei. Power transformer fault classifi-

cation method based on RA -DNN][J]. Automation Devices

& Equipments, 2019(2):98-107.

[19] HINTON G E. A practical guide to training restricted
boltzmann machines|J]. Momentum,2012,9(1):599-619.

[20] HECHT-NIELSEN R. Theory of the backpropagation neu-

ral network|C]//International 1989 Joint Conference on Neu-

ral Networks. Washington,DC,USA:IEEE,1989: 65-93.

VT S E, SHIN Y C. Radial basis function neural network

for approximation and estimation of nonlinear stochastic

[18]

[21]

dynamic systems[J]. IEEE Transactions on Neural Networks,
1994,5(4): 594-603.

DUVAL M, DEPABLA A. Interpretation of gas - in - oil
analysis using new [EC publication 60599 and IEC TC 10
databases|J]. Electrical Insulation Magazine IEEE ,2002,17
(2):31-41.

[22]

(B4 38 W)

system|J|. Automation & Instrumentation ,2020(1):44-46.
TR AR BRI, A B TORE O )L iR
IR 7 ARSI IR L], ) AR B 7412, 2019,
27(4):55-58.

WANG Yongxiang, HE Haitao, DENG Muling, et al. Re-

search on track occupancy detection method based on fiber

[20]

bragg grating pressure sensor{J]. Journal of Guangzhou Mar-
itime University,2019,27(4):55-58.

[21] XUt 45K 32 M) EACI AR A, 2008.
LIU Shikui. Structural mechanics[M]. Beijing: Tsinghua Uni-

versity Press, 2008.
[22] Y1 F, ik BULFR G BAVIRRIZIK). DIRER kL,

2004(2):142-144.

JIANG Lei, SHEN Lie, ZHENG Qiang. The thermal expan-
sion of polymer[J]. Jorunal of Functional Materials , 2004(2):
142-144.

Sh W VR A O R A L MO S B A [ C LR AL
X8 B\ HRIE RS i 4 E LR TR 2R
W28 SO KRR A RS H TR AR A 2%
FARZE B14x,2008:704-709.

SU bo. Establishment of fluid - structure coupling equation

(23]

and coupling data transfer{C]//Proceedings of the 8th Na-

tional Symposium on Modern Structural Engineering. Tian-

(23] 48 F5LBEEIE, R &L AR BB TR BIREA R R
AR R AR RIS W L] R RS, 2020,46(1): 33-41.
CUI Yu, HOU Huijuan,SU Lei, et al. Fault diagnosis method
for power transformer considering imbalanced class distribu-
tion[J]. High Voltage Engineering,2020,46(1): 33-41.
TATC, A, R XN, A5 BT O 4 A 1 e
78 i B JR R SR TR AT, 8 AR, 2018, 44
(4):1051-1058.

WANG Youyuan, ZHOU Liwei, LIANG Xuanhong, et al.

Markov forecasting model of power transformer fault based

[24]

on association rules analysis|J]. High Voltage Engineering,
2018,44(4): 1051-1058.

X AACR] X A AF BT L2-VAE Y J5 36 i
AR P TTE]. J AR 1, 2019,32(9):69-77.
DENG Ran, ZHU Yongli, LIU Xuechun, et al. Pattern rec-
ognition of unknown signalsfor partial discharge based on

L2-VAE[J]. Guangdong Electric Power,2019,32(9):69-77.

[25]

AERAF(1981—), B, G A TR, F M AT ERLEL
W) BOK A7 3K (E-mail : 154889311@qq.com).

BRFA993—), B LR A, TRAREEELL
K ARE,

& T(1984—), B 81 #i%, T 2R R
54 BB,

ENH(1995—), Xk, MEAR A, EEHRE &
Eh W AR AR RS R,

KR E(1970—), B, %42, TEAAR G A HEHHFEDS
BT Fo otk A RAE R

JE 3% 1 TR

F3I54

jin University: Academic Committee of National Sympo-
sium on Modern Structural Engineering,2008:704-709.
[24] & 3C, BRI T OREXT 500 kA2 s 2 Hh 2%
EHGIEZW]. TR J71,2018,31(7):112-118.
ZHU Wen, ZHAO Xiaofeng. Influence of oil metallic parti-
cles on electric field of 500 kV transformer outlet device[J].
Guangdong Electric Power,2018,31(7):112-118.
AV, A, RZRER , 55, 220 kV 7B g RS 4%
2HZ JTEEAA)]. ) AR 07,2018, 31(7): 124-129.
DONG Chuntao, LI Debo, ZHOU Jielian, et al. Numerical

simulation on winding force of 220 kV transformer in short-

[25]

circuit condition[]J]. Guangdong Electric Power, 2018, 31
(7):124-129.

N TRl B S R G W B RO £ A Ak
A% B RS IR R Ry R B S [D). RO, 2005(2):
224-2217.

SUN An, QIAO Xueguang, JIA Zhen’ an, et.al. Tempera-

ture and pressure responsive characteristics of polymer

[26]

packaged fiber bragger grating with large dynamic rangel[J].
Chinese Journal of Lasers. 2005(2):224-227.

¥ OR01995—), B LR A, ERNFEELAREL
2 45 2% M) 5 HE 87 (E-mail : m.ji@ncepu.edu.cn)



