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Study on the Influence of High Frequency Harmonics on Insulation Performance of
Resistive-capacitive DC Divider
ZHANG Hongwei
(Jinchang Electric Power Company, State Grid Gansu Electric Power Company,
Gansu Jinchang 737100, China)

Abstract: The high - precision, low - temperature coefficient resistors in resistive capacitive DC voltage
divider for DC converter station are used for voltage division. High frequency harmonics can cause heat of
the internal capacitors of the voltage divider, rise of insulation oil temperature, and dissolution of
polypropylene film in the capacitor element in the high temperature insulation oil, reducing the surface
insulation strength of the insulation material of capacitor element and causing breakdown of capacitor
element. In this paper the fault phenomenon and heat development process of the resistive capacitive DC
voltage divider due to high-frequency harmonics in a VSC-HVDC power grid project is analyzed. The fault
mechanism is analyzed through the disassembly, harmonic monitoring, decomposition and simulation of
the voltage divider. The influence of high - frequency harmonics on the edge flashover and insulation
performance of the capacitive elements inside the voltage divider is studied, and the influencing factors of
the insulation performance of the resistive capacitive voltage divider are verified. The specific improvement
measures are proposed from the aspects of structural process, design selection, and resistive capacitive
performance, providing the theoretical support and technical reference for improving the intrinsic safety
level of the resistive capacitive voltage divider.

Keywords: VSC - HVDC engineering; DC voltage divider; resistive capacitive type; high frequency

harmonics; breakdown strength
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Fig. 1 Schecmatic diagram of +500 kV four terminal
VSC-HVDC power grid
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Fig. 2 Principle diagram of resistive-capacitive DC
voltage divider
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Fig. 29 Test data of SF, temperature sensor at site

TEy e AN HURZS T, 2 Hedie A [A) H A
SRS Y A BT, (88 FH O FH ARSI B SO0 73 e 4%
JIT Ak BRI AN [ o B ) T A A i B R A 00 £ O
%, TR L N A A Tl BE MO E o Rl
fe e e oy i L, T B AR IR Sk S i 7 T
i B, DK 380 A A A DR E
BLEEMETAEN,

A 73 s gl TR A 2 an TRl 30 iz, fek
HTE 14 K0 EAL T3 R AR . Hr,
[l 30(a) Jy 73 TEas A i AT E AL IZR, 18] 30(h)
T A4 I 2R TR 2

16
14r >
»
124 //(t}\
10+ » o =5
§ 8 f//:ffﬁﬁm%
uiz // o e AP
6F Y4 / —A— HZFEH
74 v BT
A & * AR
< <« FIPHEEH
> TERRE
2r —e— HIFHA L2
0

100 1210 1410 1610 1810 1910
it %
(a) 73 543 % BRAL i KR TH AR 1K ih 2%

161
—a— 6.12
14F [—e— 6.13
—a— 6.14
12F |-+ 6.15
—e— 617
210
&=
g 8
6-
a0
v
2_
0

10:10  12:10  14:10  16:10  18:10  19:10
i %
(b) THHR< 2 i 2R T A2 i 28

B30 SESREFATH L
Fig. 30 Temperature rise variation curve of voltage
divider

H e H ISR AIRTF 14 K, 45470 FRA IR 7y
A D7 ELEE R WU ri 2t A S e el E 1 31 148.86°C,
LA AE 1 90 °C d5e s AR lF AR ™,
33 BBeERYBIE

D) IEH 8475 Feas A A

2023 4 11 7 8 ZD 3£ sl YQ 52 ¥ vl 1E
BATHIT & LR B A TR AR AT R T R
KPR AN A BRI T BN, A AR
TRIEAT H ORI

2) LA I T oA

Xof FL S A EA T LR I, RAGIN B CoH, AN
H,, & ] 5 /b 5 CO Al K & CO,, H COJ/CO =
113.68>7, J& TIEFEVERE", KL RN 4 PR,

| N RN N S BRI NE R A
TR HL | DN 48 Al e, B A R TR AR (M1
F150°C) , N FEBIY B AR L R de  PERE . & A
ik F 1.

<75 .



2025 4E57 6 1 LT LA AR O M 5464
R4 HERHBESNER 801
Table 4 Chromatography analysis result of capacitor oil 70k —=—25kHz-2.88 kV
—v— 25 kHz-8.7 kV
JRAY ErE/( wL/L) 60k s +—25kHz-9.8 kV
CH, 6.0 50F
N 4
C,H, 0.1 _‘H: 40+
= |7
CZH(, 26 30r
CH, ER o 20t
H. KA 10 _:/./.__._._‘—.—'—-—'—'—'—H
CO 24.1 L L L L L L L
0 1 2 3 4 5 6 7 8
CO, 2739.8 t/h
v 8.7 E31 AERBEEE TR

3) LR L3 Ae DN

XoF L2 i U 2R THI B A %) 11 6 20 iR A7 R
¥, 2040 (FTIR . Py-GCMS iR, 25 R E I H @
ZUIRY 0 F2 B 53 R A ot e e IR IR AT A 2R
G, T 2R ok TR T 3R TR T R 468 % T
CRIEHZ),

4) LR U e

B SR04 R AE 80 °C~140°C IR [A]
B A 10 °C {3 b R AL 3 K IRIE SN 120°C 19
FEL 5 i YE D TG €232 BHPR 8 7 728 SR IR B €0, YRtk
TREEA 140 °C (LRSI AR AL L E I

BB HR , &I 120°C K Lh AR IR FE A3
HpT 2R, HE AR R R R S BT
ERYIEZ . WA i o3 A IS BeNi, —
AU A, 75— D TEE G P s I fL 2 ook,
PGS T 120 °C 19 = IR AR Y, BP9 24 h I
—. BT RIF, HiCE 48 20 1) e oA
PR Y, BN T HL 28 0 B R Y 4 k0
MEAEEER, Jik, O aZRY 24 %0 5 a4
T R oy kA O AR R, e 2 A B Tk
AR B

FE 120 °C P T i+ RV AR 5“4
GO+ REES, & 5 KRB E A 4%
T+ RV 77 A T 2R, HEBR 2R Fh 4
SR BRI AL i = A UE B ZUIR Y R 48 5 AR
DA TS e 2 O A

5)HLA A HL 2 Ak

ST EL SRR AR Ay 25 kHz FOHLE 2.88 kV/8 h
9.8 kV/40 min . 8.7 kV/2 h (£ ML F+ 2y 75 K) .
4.6 kV/90 h (FRTHETH2 55 K) G ffik, & B 24
TR, A8 A 2R, ik T
M2 A AT DL AR AR . AR HUE R IR T
FEPE N 31 iR

. 76 .

Fig. 31 Temperature rise characteristics at different
voltage amplitudes
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Fig. 33 Surface breakdown test of capacitor film material
10 kHz 7 0 LS RS i A i T ol 2
SRS AT TR, HERYAF e 2t — 2D RE
AR el 2 R < O BRI 2R M 10 kHz i 1T
A SRR T R T 17.66% ; 4 2LR Y rh 5y
M 10 kHz T 100 o7 27 55 BE B2 T MR T 51.03%; T
BT 10 kHz 1A 2R Byl b SR DN A J5 o e < 2
S SR TC SR 73 50 T T 30.59% 1 58.72%
2) U G AR AR
DA A o 265 5 1) B A i TR
JERN G AV AR AR R iR e i R
2t 25 i D T 3k o T 30 TR R 8 K TR
BRI, , DRAIE TS0 1) 22 4, 140°C L) B2 ik
TRE R BN, S 0EA T SO 8 vh 4 b o A A
U, )i Lo S AR IR AR 100 ml,
TE G AT P, 8 35 ml A4 2505
0.8 emx2 em UL GAMUR & T IV N, B E 5
TR A N 9 23 SOF B ARV, LIPS 1k 8l f v
KA SR BE , B8 R By 48 8 s iR E A,

2 ] v U AR B A ] o 2 A 4 SR wT
TE 160 °C IR B SR T, 48 200 20 60 il 2 AL
Vi) PG 288 T T 4 % AR 17%) 23 (0 B = A s ] 1)
I . B AT RS 9 R, W4
T b R IR ) Bk TR BT 0, TD & 5 A A 3
TR REREITFY . IR R, 4% 400
TE 160°C =il F &AM S .
3.5 XTERASI[BELMERERM

R G | B AT R AR T A e A A, &
B LU R

1) A8 S0 B T, RS oA v A 2R DR A ek
TE iR a2 rh & ARl AR T HL A O T4 Z0b
ARV T A %

2) EIRAE T MR B 48 R UURN 48 R 4R 4 E
20, AT Y

3) ZURY) M2 5 e T L ) A IR TR B E 2R TR
KT s, W15 gnm i A E AT %Y
ST AR

R HEERLEFEER S BB AT S R
AEVRTATIN 2, Fo At R G H2 1) 2 S T AR Ak &
A A FECR AT o R

4 PLiIETE

D) BHASPERE T I o FK 2 (KB 3 R A L 25
{ERY 73, HOE PR B AR o ZD 3 YQ uh
A SRR R A o 0T 3 e PP PR B 0 e A A i
NAERLB I A, SOt R AR B A PERE IS R A
B

)M T T5 T o IR AR L A FL AR
LA it T RS A A i iR ) RCROBTH$D
S5 07 3 ST LT A R A BT S VERE

3) VLI RE R T o AR AT R He R A A e 1Y
I 3 o0 e 2 s A R R AT T ) e AL R A2 25 A
SEEG . BN T A R DU $E T R AR
TR BTN DR PR RE

4) BRI H T AR SEIHRG; T AR A
P20 I I 2 EL i R S il B8 L R AR F
I, A5 A A BRIE AN JC IR L e S5 25 Sl BoR e,
JESEVEBIR AR AT OB B R 6T A A
BUEHTTE , AP T R G R B A AR s

5 45iE

A R Heaf AR 32 R IO L R I, 52
R B R AT N B FEL 0 , 23 1 J P A0
o JT e



2025 455 6 1]

L AR S o M

463

PLN (AN A S RZUES T3
1) H L MAETE s S I . R AR

P T H T, T AT D 7 S 4G U R T ke

B R A o, 200 YOEDE (10 kHz) 5 6

BRSOl KB Ua=8.592 kV

2) RS I o R B A A AR B PRz

Frv, BT TR AR ALEA0URE S 79.86 W, YAl 2

4 42 °C, HUZR A AR e LS T K 148.86 °C., i AL

R RLAE ) e e SRR TARIRE 90°C.

3) PR A I R 5 BRI O3 T A A L A 4

DI e — JELEAT e AR e 2 5 RS 70 T A P PR FEL 2

o S SR R T, B IO P AR SR D U

JRAE i L2 G it P R A i ol BRI AT e bt

BHRYUT 28 555 L | T A BT R ST TR TN 25

S 3k

(1] Xt SR I, 5 AR TR A A UM, SR B it v, I i

TR PE WP 9T 5 TR 92 BRI H R HR , 2020, 44 (9) -
3595-3603.
LIU Zehong, GUO Xianshan. Operating characteristics re-
search and engineering application of voltage source con-
verter based DC grid with renewable source connected[]].
Power System Technology ,2020,44(9) :3595-3603.

(2] Rz, fBFE, WK - mh /R 8, 55 ZETHTRE IR LY

A I 70 R f A SRS BT (0], g8 P L Al L 2023, 59
(7):65-74.
ZHENG Yunping, JIAO Chunlei, YAXAR - Turgun, et al.
Research on grid-forming coordinated energy storage con-
trol strategy based on converter - interfaced generation[]J].
High Voltage Apparatus,2023,59(7) :65-74.

(3] Pliil, AP 2ar IR 35 kV B LA T i =R BB IR AR FE 2§ 11
TR )], AL TR, 2024,61(12) :10-15.

LU Han, ZHENG Huiqi.Discussion on load characteristics
of 35 kV and below oil-immersed new energy transformer|J].
Transformer,2023,60(12):10-15.

(4] 5KE, EAFE, E58 AR M 3R 4 se Ll K oA 208K
BRFERLITSE] AR AL R AR, 2024,45(7) £ 9-19.
ZHANG Hui, WANG Cunxu, WANG Liang. Research on
collaborative planning of electric vehicle charging stations
and distributed photo voltaics in rural power grid[J].North-
east Electric Power Technology ,2024,45(7):9-19.

(5] A, w7 %, 557 B HEORC AR B 52 55 1557 fiE
TRHL Jy 3 50 HRTHAL LD, H 0 5 9 B, 2024, 40
(1):130-136.

WEI Wei, YE Li, FANG Yi, et al.Day-ahead optimal sched-
uling of new energy power system considering Carbon emis-
sion quota and Carbon trading[J].Power System and Clean
Energy,2024,40(1) : 130-136.
(6] sKmelR], i Pt 5 b , 55 B BRI R i & 4 IR B R O
. 78 .

AL TR R EAR SR B 2 BB AL TR &%, 2024,61(6) -
1-5.

ZHANG Xiaotong, YANG Qingfu, FENG Juan, et al. Deter-
mination of technical parameters and design for new energy
amorphous alloy tridimensional wound core transformer{J].
Transformer,2024,61(6) : 1-5.

(7] 220, M SRIK, 5K, 55 B RE IR T 190 46 7t 2 1) 1 3k 1oz TR

B A ) B H IME S RE PR BT[] #T L , 2024,
43(11):3-14.
GONG Kai, XIAO Huangqing, ZHANG Zhan, et al.
Adaptive hybrid synchronization control of grid-connected
converters in renewable power plants and its small - signal
stability analysis[J].Zhejiang Electric Power, 2024, 43
(11):3-14.

(8] EhE-F, #EWEFH , 25T , 25 %5 JEGRT RE R A 0 v ) A

Ly 90 Sy 0 9 XUZ A S IEFE (T, HRL -5 9 T RE UL
2024,40(1):137-142.
MA Xiping, DONG Xiaoyang, LI Yaxin, et al. Research on
the two-layer optimal strategy of active power and reactive
power coordination considering integration of new energy [J].
Power System and Clean Energy,2024,40(1) : 137-142.

(9] E4IE, T 0015 B U5 o Y56 ) 2 A [ 2 280 i 8 g

SIEERE LA WL T, 2024,43(7) :20-28.
WANG Xingguo, YU Su. A comparison of the operational
performance of different types of distance protection in new
energy power transmission lines[J].Zhejiang Electric Pow-
er,2024,43(7):20-28.

(1018275 22, VIR, 5 AR, A 5 T AR X 24 00 % LE B3

AE IR — 2% B 1 R GE R UL A (], FL 5 3 T g
U,2024,40(5) : 96-104.
PENG Maolan, XU Jieyi, YAN Xilin, et al. Oscillation risk
assessment of renewable connected to MMC-HVDC system
based on relative equivalent short - circuit ratio[J].Power
System and Clean Energy,2024,40(5) :96-104.

CLLIX B8, FERE, SRH, S5, 35 BT I a8 A9 22 B
AR S LA ) TR ,2023,42(3) :61-71.
LIU Shuhan, ZHUANG Yuan, LIANG Zhan, et al. Over-
voltage and insulation coordination of flexible DC distribu-
tion network with DC circuit breaker|[J]. Electric Power En-
gineering Technology, 2023,42(3):61-71.

L1230/, w2 B0, AR , 45, 2 ERCHL RETIR G R MMC 7]

FEPEVPARLI]. AL 185k, 2023,60(9) : 88-95.
Ai Xiaoqing, Yuan Xufeng, Xiong Wei, et al. Reliability
evaluation of hybrid MMC for flexible DC distribution sys-
tem[]J]. Electrical Measurement & Instrumentation, 2023,
60(9):88-95.

(13 ]2 7 AR AR A IR, 45 5 SR T 5P I H,
APAEPEPPASI]. Y % T AR o741, 2024,38(2) : 1-8.

LI Ning, HU Jiale, ZHAN Xiaoxuan, et al.Reliability as-



2025 455 6 A

KA RO B A R R AR G M RERZ A ST

(55 22249)

sessment of elastic distribution network based on fault cor-
relation matrix[J].Journal of Xi’ an Polytechnic University,
2024,38(2):1-8.

(1430, 22 o F, S0 KU 32 BT I R UL BT Ve ] 20 4
AN )], LS RE, 2024, 40(6) : 137-144.
ZHAO Wenguang, LI Yunfeng, WEN Tao. The virtual
damping control strategy of flexible HVDC connecting to
PMSG-based wind farm for sub-synchronous resonance sup-
pression [J].Power System and Clean Energy,2024,40(6):
137-144.

(15 J5KHE A . £800 kV ELJL /ARG RE OB SR S AT (D). R
JIHR AR S TCIIAME ,2025,46(1) :98-105.

ZHANG Yaoyue. Analysis on low energy discharge fault
analysis of £800 kV DC voltage divider|[J]. Power Capacitor
& Reactive Power Compensation, 2025 ,46(1):98-105.

(16 ] AT, AR TR, XUTF AL , 45, e o FE 4 it sl ELIE 43 R 45 I

AEBBEAETEL]. DU 224 (T2 ) L 2019, 52(10) :
934-940.
WANG Qi, TAN Bingyuan, LIU Qingsong, et al. Analysis
of DC voltage divider internal flashover fault in UHVDC
converter station[J]. Engineering Journal of Wuhan Univer-
sity,2019,52(10) :934-940.

(17 [ 5, ohez 8, HBT , 55 Lo ] 43 A OGAR I M 82
HUR ) R D) AR AU TR, 2023,44(3) 1 1-5.
GU Taiyu, SUN Siluo, TIAN Ye, et al. Overview of reactive
voltage control methods for high proportion distributed pho-
tovoltaic grid connection[J].Northeast Electric Power Tech-
nology,2023,44(3):1-5.

I8 JFEHE, B, PR , S BELAZAS 0 F i v A 2 ) H R
SIRER[]. LR ,2022,46(1) :328-335.

DONG Wei, YE Ziyang, SUN Zelai, et al. Measurement
technology and tests for high precision RC voltage dividers[J].
Power System Technology,2022,46(1) :328-335.

(19 ]G 55 1 3R4) 18 FHHOREK : GB/T 20840. 1—2010[S].
2010.

Instrument transformers—Part 1: General requirements:
GB/T 20840. 1—2010[S]. 2010.

(202, V) A X IR . 22 F H S R S P T P D) A A 5

REPEMIT)]. W TRER 2022, 48(4) 1 1433-1441.
YE Jie, TANG Guangfu, ZHAO Chengyong. Modeling and
stability analysis for flexible DC power grid with multi-volt-
age levels[J]. High Voltage Engineering,2022,48(4) : 1433-
1441.

(21 JXUHR . 5 e s B3 L S A (M. bt < vl rig g H Rl
#t,2009.

[22 I, A2, R oL, 5. FEHETCR IR 2% 1) LCC-FHMMC
TR LU il P, 2R 49 06 D 3 Tt 8 e 2 B ) SR (D). 15
HLAR,2024,60(3) : 151-160.

ZHU Bo, XU Panteng, CUI Yuanzhuo, et al. AC fault ride-

through control strategy for LCC - FHMMC hybrid HVDC
system with passive network[J]. High Voltage Apparatus,
2024,60(3) :151-160.

[23] OGATA K. Modern control engineering (5th edition) [M].
Upper Saddle River: Prentice Hall ,2009.

[24]FRANKLIN G F,POWELL J D, EMAMI-NAEINI A. Feed-
back control of dynamic systems[M]. Upper Saddle River:
Prentice Hall,2005.

(25 | Z8/ MR RN B 5, 268, SR LU L 0L i A 1

7 BRI SRS WIS, o8 ) RGeS, 2025, 53
(8):81-95.
QIN Xiaohua, HOU Junjie, FAN Yanfang, et al. Research
on two -terminal adaptive current limiting control strategy
for flexible HVDC grids[J]. Power System Protection and
Control,2025,53(8) :81-95.

(26 ]t , BT Ay, 5 e i, 55 B 22 v - 2 P B 0

i R IR 5 1R SR 5 2 R B ). R E T,
2025,58(1):50-60.
ZHOU Xiao, YANG Yuexi, KOU Longze, et al. Strategy de-
sign and parameter optimization of high - frequency reso-
nance suppression for modular multilevel converter|]].
Electric Power,2025,58(1) :50-60.

(27 Iy, XU, 285, 4. MMC-HVDC 5 43 v 7] FURTT
FEHEE(). @ HHAR ,2021,47(10) : 3485-3496.

YANG Shiqi, LIU Kaipei, QIN Liang, et al. Research prog-
ress of high frequency oscillation in MMC-HVDC[]]. High
Voltage Engineering,2021,47(10) : 3485-3496.

(28 9 e, B2, 25, 4. LU ] B 0 i 25 40 1 et
LI P LRI, 2018, 12(7) 2 1-7.

GUO Long, HUANG Ying, LI Yan, et al. Analysis on the
principle and suppressing measures of DC loop resonance[]].
Southern Power System Technology,2018,12(7) :1-7.

(29 JWRARTT , INAHIEE 22 B , 5. 202 B A ol o A ik S
FARHLEL M-S IHI[)]. HT3#E1,2024,45(2) : 26-36.
CHEN Jikai, SUN Chongbo, LI Yang, et al. Analysis and
suppression of high - frequency resonance and propagation
mechanism in multiterminal flexible direct converter station
[J]. Electric Power Construction , 2024 ,45(2) :26-36.

[30]TEIXEIRA MATEUS, HOYO IGNACIO DE, WANDROW-
ELSTI FERNANDO, et al. Evaluation of thermal degrada-
tion in isotactic polypropylene films used in power capaci-
tors[J]. Journal of Thermal Analysis & Calorimetry, 2017,
130(2) :45-56.

[31]LI Shengtao, MIN Daomin, WANG Weiwang, et al. Linking
traps to dielectric breakdown through charge dynamics for
polymer nanocomposites[J]. IEEE Transactions on Dielec-
trics and Electrical Insulation,2016,23(5):2777-2785.

[32]MACHADO GUSTAVO DE OLIVEIRA,, COUTINHO G L,
SILVEIRA AUGUSTO WOHLGEMUTH FLEURY VELO-

« 79 -



2025 455 6 1]

L AR S o M

463

SO DA, et al. Impacts of harmonic voltage distortions on
the dynamic behavior and the PRPD patterns of partial dis-
charges in an air cavity inside a solid dielectric material[]].
Energies,2022,15(7) :2650-2660.

(33 15K, e, el BT A3 i e U e it vl

G AMEREL W T ()], i S R S I M
2025,46(3):61-68.
ZHANG Hongwei, YANG Xiaojing, JI Kai. Analysis on in-
fluence of transient overvoltage on insulation performance
of bipolar neutral line surge capacitor[J]. Power Capacitor &
Reactive Power Compensation, 2025, 46(3):61-68.

(34 JUFSRIR. FEAE ELUR AU R T30 S 45 P 25 e FH 2R PR A
Y G IR AN 7 FE[ D). Tt : KRR, 2020.

(35 | RASR  PNHEAR  XIREAR 46, A8 T de A G 4 P i 1Y)
ZINR R NARETELT]. 452544, 2020,53(10):96-102.
WU Dongle, SUN Shengran, LIU Qunhua, et al. Study on
multi-factor synergy effect of breakdown strength for insu-
lating paper{J]. Insulating Materials, 2020, 53 (10) : 96 -
102.

(36 )57 ik #5545, 22 B A2 4 v T i JBE I

X4z I AR R S I DFE (). L ) F A e 5 e b
4,2020,41(4) :12-17.
LAO Sijia, HE Ying, TANG Yong, et al. Study on the influ-
ence of temperature and film thickness on breakdown char-
acteristic of metallized films under AC-DC composite volt-
age[J]. Power Capacitor & Reactive Power Compensation,
2020,41(4):12-17.

(37 Bkt ™ &, B, A, 4 R AR F O I L A T
IAFREVEN]. SRR, 2018,44(6) : 1853-1860.
CHEN Wei, YAN Fei, WANG Zijian, et al. Thermal stabili-
ty performance of shunt capacitor unit for UHV project|[]].
High Voltage Engineering,2018,44(6) : 1853-1860.

(38 R KA, RV, I FRAR, 2. HL ) A A B TE A 5 1 5%

P RIIAREPEREDTFELI]. R HLAR , 2025,61(1) : 136-
144.
WU Yongli, GUO Jiang, FENG Chunlin, et al. Research on
thermal stability performance of power capacitor under
power frequency and harmonic condition|J]. High Voltage
Apparatus,2025,61(1) : 136-144.

(391D, B2, BUR , 45, B TR 8 AR TE M 20y
FERIFSEL)). 3 L, 2023,59(3) : 140-149.

ZHALI Shaolei, LUO Yi, DUAN Yi, et al. Study on transient

temperature - rise and cooling characteristic of DC voltage

divider{J]. High Voltage Apparatus,2023,59(3): 140-149.

(40 1WA, B SR8, ARSI, 55 4 B Ut 55 20A TR
#t,2006.

(41 728 PR I o Ak A A R BT 500 - DL/T 722—2014
[S]. 2014.

Guide to analysis and the diagnosis of gases dissolved in
transformer oil : DL/T 722—2014(S]. 2014.

(42 ]kt , BT B ], 5. 25 A R P X 3R PR s 2 Tl

e B ik 2o B[, o AR R 5 TR, 2019,
35(7):88-93.
ZHAO Hong, LYU Honglei, YANG Jiaming, et al. Effect of
crystalline characteristics on space charge and DC break-
down strength of polypropylene[J]. Polymer Materials Sci-
ence & Engineering,2019,35(7) :88-93.

(43 JHE I, XB 42, K B, A5 08 TR a2 e BHIR Rt
Fo B K HEFIBFELI]. 2L, 2020,57(7) :66-70.

PAN Zhicheng, DENG Jun,ZHANG Jinyin, et al. Study on
flame test of insulation material and fire resistance ability of
converter transformer[J]. Transformer,2020,57(7) : 66-70.

[44 1 iR & W MR SRR : DL/T 596—2021[S]. 2021.
Preventive test code for electric power equipment: DL/T
596—2021[8S]. 2021.

(45 A8, BHE A, 2], 45, kb 38 B TR m B0 3R %
P 7 IR TS ()] B AR, 2022, 46(8) : 3066-
3075.

DU Zhenyu, YANG Yuexi, JI Ke, et al. High frequency har-
monic resonance and suppression in zhangbei project|J].
Power System Technology,2022,46( 8):3066-3075.

[46 ]SONG Xi,ZHANG Hongwei, WANG Hailong, et al. Design
of load balancing routing in electric power ASON networ[C].
Institute of Electrical and Electronics Engineers,2021(6) :
1657-1661.

(47 ] AR, FAE , 0=, 55 LU rhoBUA 5 A8 46 2 G

B ELRE DR AR )] PE 2 T AR R 222441, 2023, 37(6):96-
105.
YE Yulin, YU Ting, LIU Chen, et al.Accurate direct power
control for dual active bridge converter in DC microgrid[J].
Journal of Xi” an Polytechnic University, 2023, 37 (6):96-
105.

{E&EE T
RAEAH(1976—), B, E&HA TN ZHAHIF L F @

HARAF S R RS AT AR I AL, E-mail:gs_zhanghw@

163.com,



