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Design of microstrip antenna and its application in partial discharge detection

Huang Yunzhi Wang Lei  Han Liang

(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract ; Partial discharge of electrical equipment is not only the main factor of insulation deterioration, but also an important parameter
to effectively characterize insulation defects. The accurate detection of partial discharge can detect the potential faults that endanger the
safety of equipment in time. UHF detection has the advantages of good real-time performance and strong anti-interference, and is widely
used in discharge detection. However, the existing microstrip antenna sensor is limited by the structure size, and the working bandwidth
is difficult to increase. In this paper, a new flexible microstrip antenna sensor based on polyimide is developed. The partial flooring
technology combined with the beveled meandering technology is used to improve the structure. The nonlinear relationship between
antenna size and working bandwidth is considered to optimize the size. The working bandwidth is expanded while keeping the antenna
area unchanged. In order to solve the problem that the antenna performance is unstable due to the adjustment of single size parameters in
the process of size optimization, a relationship model between multi-size and working bandwidth is proposed by using radial basis function
(RBF) neural network, and an improved beluga whale optimization (IBWO) algorithm is used to optimize antenna size. The simulation
results show that the size of the new flexible microstrip antenna is reduced by 59.59%. The operating bandwidth is increased from
0.598~0.6 GHz to 0.3 ~3 GHz, which fully covers the design requirements of partial discharge detection. By simulating partial
discharge test and comparing with Archimedean spiral antenna and three-dimensional spiral antenna, the results show that the new
flexible microstrip antenna has more reliable detection performance.
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Fig. 1 Three views of the structure of a

flexible microstrip antenna
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Table 1 Size parameters of flexible microstrip antenna
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w, 166 mm wy 220 mm
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wy 0. 63 mm L, 187 mm
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new flexible microstrip antenna
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Table 2 Comparison of several nonlinear
model-building methods
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Table 3 Size parameters of new

flexible microstrip antennas

2 4N ZH PN
w, 72 mm Wy 125 mm
lp 80 mm ly 133 mm
wy 0.63 mm L, 52 mm
L 18 mm w, 21 mm

5,/dB

-40

0.I5 ll,O 1.I5 2l,0 2,‘5 3’40 I
i /Hz x10°
Bl 4 HBIZEERGE RE&R) S S4E

Fig.4 S-parameter diagram of the new

flexible microstrip antenna

i e 3 AL 4l 0, DAk e B B S MR R4
SR E 133%125%0. 3 mm® | A% T4 G5 45 44 R SF /)
T 59.59% ; TAEH 54 J 3] Jmy 35 5 v A i iy i 19 0. 3 ~
3.0 GHz WA 5 Bl , 5 4T AL JRy 30 5 i A6 0 7y bz ) 75
Ko, BHSBA R REIAT IS, ik 4 R,
1 AT A AR SCR F 2 RE S8R A 7 3 i b 1 3
R MR R ZRAE ML/ N R ST R0 5637 56 Jr T A B 114
e,

R4 FTFHTHREREEEMEBHEREHEEER
Table 4 Comparison of the microstrip antenna designed

in this paper with other microstrip antennas
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Fig.5 The front and back of the new flexible microstrip antenna
3.1 WEIE

g T AR R SRS R A SE PR FH P R T
AE A S i HAE AN i (25 B4R R=0 mm) (25
42535170 100,500 mm (AL LT B GIS FEAASN
FEAR—FEAE 150 ~ 500 mm™) WF Y S %, & 6 fir
TN o BRI SR N IR A TR % R T AR 8k
0.293~3 GHz; £ [1] (WY KL K By m)) 25 i 2428
100 mm B, TAEHE 56 4 0. 328 ~3 GHz, K [ 25 i £ 42 Ky
500 mm i, TAEH 554 0. 302~ 3 GHz; D[] (U5 R T8 )%
J516]) 25 2424 100 mm, TAEH 584 0. 337~3 GHz, 4\
)25 {24224 500 mm B, T AR 564 0. 245~3 GHz, 15
FC I R AN R LR A TR B A IR L A R
AbAE AR 22 | 3 T B A7 R I TR T ARG 5
M), LA B 3 B3 S T G ) 4 SR T3, (AT SR B
55 0.3~3 GHz, ILAh, BMEL S ARSI, KL R
AR SRR 0B 2, 3 32 B AZ A8 R A 5 7
SO (ELAAR S SEMERE R 2 51 B & R

(b) KT
(b) The back



% 8 1]

Pt RE BT A Jey S L A I 14 1o £ 99 -

8
j .: — AEHR000
S0r W —— BT R 100
i ) i1 2 #R 500
SsEooag gV e 21525 HIR100
g - == YA H#HR500
40 . . . . . .
0.5 1.0 15 2.0 2.5 3.0
B/ Hz 10

K6 Bl REIEAFPRE T S S8
Fig. 6 S-parameter diagram of the new flexible

microstrip antenna in different states
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detected by the three antennas



- 100 - LSRR R e o

38 &

0.7

—— BTSRRI R AR
—— - PUEORTEIRIE K 2% 0.570
067 oo RIPESTARRB IR 2 *,
N 05l
m 0.403 PRyt
L% 04+ 0i07 ........................... ¥ /// 0.455 "-._43}0?{21
I " - 0,334
% 03 0360 T~ .7 *
® 0.290
02
0.202 .
0151 0.170 o201
0.1+
0 L L L L
18 20 22 24
AR IR{E Y
B10 3 R ZAGIN W 5 15 5 i
Fig. 10 The amplitude of the noise signal
detected by the three antennas
30 —*— HIELRMEMTRE
— - TR PEER R 2%
----- e R ST AR RE R 2% 25.304
25
20756 21.956
20F 8.448
S
A3
® 15
o 10714
oL 9157 - *o_ 9i04
W *.... = 6.589 -
9.086 g 438", = T e *
5 A e 7.784
4.909
0 .
18 20 22 24
LR ARE AV
11 3 ARG A 5 16 b
Fig. 11  Signal-to-noise ratio for three antenna detections

RO B R REMR I, SRWDH SRR R L AE il ik
P57 TREL AT 50 e 1) R ABORE [ I X W 75 £ 5 A KL 4
AR AR, A T P A 5 A i R A B e 8 A
PERE .

4 & it

-

A P8 PELASE N TS8R, Bl R 2 7 ) 0 I P A 0
JIh BATBUT P RE S0 5 S50 ] AR AR BN AR, i
AR TAR SERRA T T TR A 5 O AT 5G4
IR J AR i ity 7 XU 1T /IMARRIg L%, X
WA T ARATARI /N R SF 47 98 1 BE A SR P iy R AR
ARICH FEXTe R &AL GEAS b A7 it LRI G N
FLJZBERE, MR o AR A s HAS R IR 5 LA
AR B 7E AN R e 1w RS B0 T 9 T AR
5 3 SR ST RBE P20 0 4 2 7 2 Mol R & 24
RAF 2805 AR 98 2 0] 8 Ky ¢ R BEAL, I A ]

IBWO J& TiZ A5 A L e R AR 58 S H AR #EAT ROT AR

b, & S KL RS iy 187%220 x0.3 mm® 45 I8 &

133x125%0. 3 mm’ , FHXF 4% 58 RSFU/N 59. 59% ; T AR

SE 1 0.598~0.6 GHz 4" J&& £ 52 2l AL L A I A7 5

*RAY0.3~3 GHz, IRER R F I, B B AU KA

ASCRE RS T B ARG B TR L5 5 i A B R (R R 1L,

JRI PR TS LA I P 1 B R R A PR B

&% 3k

[ 1] RAFIQ M, SHAFIQUE M, AZAM A, et al. Transformer
oil-based nanofluid: The application of nanomaterials on
thermal, electrical and physicochemical properties of
liquid insulation-A review [ J]. Ain Shams Engineering
Journal, 2021, 12(1) . 555-576.

(2] ZBAVE, EMS, SR 5. T IR BE 5 & 0 2% 1 22 4t

FHLR A R R as e R TN [T ], (LS R 3R,
2021,42(2) :121-130.
LI P Y,WANG P, ZHANG X H, et al. Prediction of
partial discharge inception voltage for inverter-fed motor
based on deep belief network [ J]. Chinese Journal of
Scientific Instrument, 2021, 42(4) . 121-130.

[3] FAE, XNV, E43. 2T EEMD gt /E 5

ISSA-SVM 3419 GIS Jeyiff it i 2R3 5k 1] W
T A A, 2022,36(5) :204-212.
WANG L F, LIUY J Z, WANG Y Z. Partial discharge
identification method in GIS based on EEMD energy
moment and ISSA-SVM algorithm [ J ]. Journal of
Electronic Measurement and Instrumentation, 2022,
36(5): 204-212.

[ 4] BRE®R, TS, e 5. WA ILAZ R E A3

MR g it [J]. 7 I 4 5 40 8% % 4, 2019,
223(7) :114-121.
CHEN J Q, WANG P, HUANG Y, et al. Design of an
automatic test system for partial discharge voltage of
inverter-fed motor insulation [ J ]. Journal of Electronic
Measurement and Instrumentation, 2019, 223 (7).
114-121.

(5] KA #hHE, EAER, 2. BTG AU i) 21 AR
Jey B A DN IR RS (0] A R, 2020,
57(13) :126-136.

GUAN SH P, HAN X Q, WANG J L, et al. Research
on partial discharge of ring network cabinet based on
combined detection method [ J ]. Journal of Electrical

Measurement and Instrumentation, 2020, 57 ( 13):

126-136.



5% 8 Y R B A S s e S 0 iy o - 101 -
[ 6] W=, Mg, k7. oG Flp 2 W45 4G 5 (INSCIT) , Sao Paulo, Brazil, 2019 1-5.

(7]

(8]

(9]

[10]

(11]

(12]

[13]

PR RE A A S A (], A R 2022,
45(12) :141-147.

DAI X Y, XU H N, ZHANG N. Partial discharge
sample generation and detection of convolutional neural
network switchgear at mobile end [ J ]. Electronic
Measurement Technology, 2022, 45(12) . 141-147.
ERE% A8, B AEA 55, GIS )it Jmy 0 e e i O v 7
Pk I A% B A% B SE [J/0L]. Bl 5 43R, 1-9
[ 2024-08-02 ]. http://kns. cnki. net/kcms/detail/23.
1202. TH. 20230322. 0908. 002. html

QIU H, YANG X, LUO CH X, et al. Design and

research of high sensitive GIS intermittent partial
discharge leakage electromagnetic wave detection sensor
[J/OL]. Electrical Measurement and Instrumentation,
1-9 [ 2024-08-02 ]. http://kns. cnki. net/kcms/detail/
23.1202. TH. 20230322. 0908. 002. html

WANG B B, HUANG Y Z. Design and application study
of flexible wearable microstrip antenna sensor[ C]. 2021
36th Youth Academic Annual Conference of Chinese
Association of Automation ( YAC), 2021, 821-825.

CUI Z, PARK S, CHOO H, et al. Wideband UHF
antenna for partial discharge detection [ J]. Applied
Sciences, 2020, 10(5) . 1-10.

JARUMAN S, SAMAN N M, XIANG H C, et al.
Ultrahigh frequency partial discharge sensors based on
various microstrip patch antenna designs[ C]. 2021 3rd
International Conference on High Voltage Engineering and
Power Systems ( ICHVEPS ), Bandung, Indonesia,
2021 530-535.

MARCHAL A, MONEDERO M, THUC P L, et al.
Ulira-wide band antenna for partial discharge detection
inside switchgear for on-line monitoring [ C]. 2018 IEEE
Conference on Antenna Measurements & Applications
(CAMA) , Vasteras, SWEDEN, 2018 1-3.

GEORGE X, DA C, SERRES A, et al. Design and
application of a circular printed monopole antenna in
partial discharge detection [ J]. IEEE Sensors Journal,
2019, 19(10) ; 3718-3725.

GEORGE X, SERRES A, DA C, et al. Circular printed
monopole antenna  with slotted ground plane for
application in the detection of partial discharges in power
transformers[ C ]. 2019 4th International Symposium on
and Transducers

Instrumentation  Systems,  Circuits

[14]

[15]

[16]

[17]

(18]

[19]

[20]

DU B X, ZHAO Y Q, KONG X X, et al. A novel UHF
antenna for partial discharge detection based on fractal
theory[ C]. 2022 IEEE 4th International Conference on
Dielectrics (ICD) , Palermo, Tialy, 2022, 248-252.
SALAH W S, GAD A H, ATTIA M A, et al. Design of a
compact ultra-high frequency antenna for partial discharge
detection in oil immersed power transformers [ J]. Ain
Shams Engineering Journal, 2022, 13(2) . 1-8.

ZHANG S, ZHANG G Z, LU CY, et al. Flexible planar
monopole built-in GIS PD sensor based on meandering
technology[ J]. Sensors, 2022, 22(11); 1-20.

[ Sz IR % S - S 1 B s N <
W7 Ry A R A I R 2 B[], WA, 2022,
41(1) :85-90.

ZHANG AN, XU W T, XING D F, et al. Design of
discharge detection

ultrawideband  monopole partial

antenna based on meander technology [ J]. Electrical
Applications, 2022, 41(1) ; 85-90.

CHEN T, CHEN H. Approximation capability to
functions of several variables, nonlinear functionals, and
operators by radial basis function neural networks[]J].
IEEE Trans Neural Networks, 1995, 6(4) : 904-910.
CHEN H, WANG Z, DI W, et al. An improved multi-
strategy beluga whale optimization for global optimization
L1
Engineering, 2023, 20(7) . 13267-13317.
SRENG, AR, TRE A AE. BT GIS MBI M A
ERHOK FE IR KL WETE [J]. & H HL A, 2024,
60(1):15-24.

ZHANG G ZH, ZHANG SH, ZHANG X X, et al.

problems Mathematical ~ Biosciences  and

Research on flexible built in archimedes spiral antenna

for partial discharge in new type of GIS[ J]. High Voltage
Apparatus, 2024, 60(1) . 15-24.

EE &I

HAECEFEES),2005 4F FHILT
R FAT 2407, B A IR Tl K2
RS HIME TR B B A T,
TEARA: B Be &, 205805 1 R 15 5 4k
PR HLas AR

E-mail ; hqyz@ hfut. edu. cn

Huang Yunzhi ( Corresponding author) received her Ph.

D. degree from Hefei University of Technology in 2005. Now she

is a professor and doctoral supervisor in Hefei University of



- 102 - LSRR R e o

38 &

Technology. Her main research interests include signal

processing, intelligent instrument and robotic control.

EFE, 2019 4F T gl 27 Be AR A5 o
e, B AR Tl R <5 A S T
FRAEBE 1 WF 58 A, E W T 1 S AE
R A
E-mail; 2635383874@ qq. com

Wang Lei received her B. Sc. degree from Henan
University of Urban Construction in 2019. Now she is a M. Sc.
candidate at Hefei University of Technology. Her main research

interest includes control engineering.

B 3% ,2020 4 F I R T Tl K (IR
DIy FRAFIE A= 2 0, B A E Tl KA
EHA A TR 2 B fl o A+ A
Uile, S5 E W 52T 1A O B N A R AL
LH,
E-mail; lianghan@ huft. edu. ¢n

Han Liang received his Ph. D. degree from Harbin Institute
of Technology ( Shenzhen) in 2020. Now he is an associate
professor and master’ s supervisor in Hefei University of
Technology. His main research interests include robotic control

and human-robot interaction.



