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Sliding Mode Hybrid Control Strategy of LL.C Resonant Converter
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Abstract: In order to solve the problem of narrow voltage gain range of LLC converter under frequency
conversion control, a hybrid control strategy based on sliding mode control was proposed, in which the advantages
of pulse frequency modulation and phase shift control were combined. Under the hybrid control strategy, the mode
of LLC resonant converter could be switched according to the gain. The working principle and characteristics of
LLC resonant converter were analyzed in detail, and the concrete realization scheme of hybrid control strategy based

on sliding mode control was given. The feasibility and superiority of the proposed control method were proved by

the simulation results.
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Fig.1 Topology of full-bridge LLC resonant converter
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Fig.2  Working waveforms of frequency conversion mode
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Fig.3 Working waveforms of phase shift mode
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Fig.5 The curve of the relationship between gain and frequency
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Fig.6 The curve of the relationship between gain and duty cycle

EEIE]6TU%EH BE& S LAY R, i

GG, 2 D=1, 3 5508 15 B & =
l:[zE’\JYJﬁ/J\,EEHéiﬁiﬁﬁﬁvﬂid\,%’mﬂﬂﬂ‘iﬁé
0. PIFE ARSI T, LLC A8 4 ds TAETERE
I

3 3{ J})ﬁ\—ﬁg 7}:3 aeie) 31}:- ﬁ’k']

31 EEERISEAIET

AT T 53 AT AT LA Y, LLC 7628 55 Fl A% A
R RFE R AR . TER AT, AR e a
S (S N P 1 s %ﬁ%%i%ﬁﬁﬂﬁi%
P wii B 3T Sfe [m] AR A A5 1 25 K T 1 8/ T 1
iﬁk 161K FH T 18 A5 AR i i, 4% i fﬁﬁ%m_:jt?

Rl AT AR S g ARAR /N 1 25, X AR AR KR

r“ LBE%EIJ TR 25T VIS OL R L R
PR .

SRy ff e bR ) A, AT LASE A AT T BT R Y ELR
H 38 25 M=N,U /(N,U,) (U, b5 %% k)
(RN RS AH AR AR A T )48

T2 VRS A - A AR A I Ok i
T,

TS T o3 e AR AR AR AR T Y 4

19

Faakit



WA AR 20224F H 524 H 3

REML, 4 LLC ¥ 9k T4 35 09 i B &4 ) o &

L, R,
KT EEEE AR SR S R
TAE AT 2R
S, k2 1]le,
MER N ®
ey by ARFEIU B R R e 0, IR ZEA
e e, 8 SLUNTF

e,=U,-U,
_ ey ©)
T

FIAFERN ALty wy, B o5 25 HEE IR K05 0
AR H R B G — WO A

AT

XD, HBABCT iR 25 s D, N i
AN ZS L s, PSR B B /N TR O 5
NIRRT AR
R 41 T A5E T Y R/INTE O L L 2Z [B) i U046, 4%
ARy, u, AT

S,.>0

1
W‘% S,<0 (1D
0 5,>0
”2"{1 S, <0 (12)

TESEBR R GEH B SR T 0] LU A5 e SRAIE T
R T ) m AT DR e ST [9] R %6, , 6, 44
ATy, u, RN

(18, >8

m_% S, <=8, (13
(0 S, >8,

”2_{1 S, < -8, (14)

TR ASRS RH D R T A A 4 o A 1 43 ) (5
7a Kl 7b 7R o

LLCIFR fi e s ] ﬁ*g}‘};”g

D=D,,Fu
(Dyin=Di)

(a) M BT AR P I P

LLCHHR e e ZHPWM
WK 5
- F~funtu

(Foin=Foad)

(b)) TR A 3042 A ALE ]
7 W IAE
Fig.7 Block diagram of sliding mode control

20

3.2 BEEHSEEES
RE SCVE AR AR 0 ] T R AR S R R 2
Vi RE B pRAL
%=%$
: (15)

V= ES?

XX TR S, A
dv, ds,
oS
v, ds,
oo

(16)

ds,
. dt
5, 38
e

W AT AT 8 H RS AE o

AT, 2 S >0 ), u,=1, BLE 545 b D=
D, Wk LR U R e, e, FRE, PRI IR S,
H A 5 R ka3, B dS,/di<0, 24 S,<0 B, u,=0,
di 25 W D=D,,, eI R U, 1Tt e, e, BT,
PR LG 3 T S, A AL 5t L T 3R, B S /de>0, 45
AR WAL AR ) i i 2 (17) | (R EAT AR
A AR i R AR o
33 EFISESEIET

S0 R TGN A S NG R N U 8 o N 8
JE I 85 Y o5 23 LU RIS B/ N 23 T, R R o 28
D, B, e/ A28 D, ATAR B T 3 L

Up o XMy 0 <UL (18)

KU, KA BE M, /2
RIS U, BUE

TWEEENE, X8Rkl M, 5T
FRE X (7) 3K H fe /o5 25 B BB, (E T I & 22 4%
Bk, R o B vk HOR X RS AR = A7 e M
B, PR R IZ R R A o 2 e O AS A  10) fe /S
d7 25 L, HAR g B [A], B8 AR B U A1 25 4
PER A A, B, (7)) A (8) sk s
75 LGRS ARLIS |, T 22 45 B B BUC PR BT 75 19
SNl

AR T iYW B Rk, E R RS
Fa A1 22 LA R T IF ] 9 [m] R K S, 3 5 )
iy 1 R B SO0 o AR O ECAS R S EOM S H
JFE B 5 e 22 1 e th Ze a1 8 s

<0
(17)
<0



BEML, 5 LLC 3k 3 809 IF AL G- 454 7 ok

wAES 20225 %524 %34

0.6
0.5
§,0.4
&
W& 0.3
50.2
0.1
00 20000 40000 60000 80000 100000
IO
(a)k,=50 000,0 254k X6} 4y H3 L Sk B4 5 1)
10
8
N
S 6
;4-\.‘
K
25
@ 4
2
00 20000 40000 60000 80000 100 000
Kk,
(b)6,=500,k A5k X Fa AR 15 25 1 5 1)
7
6
5
w 4
£
~ 3
2
1
% 20000 40000 60000 80000 100000

F Kk,
()0, =500, k, 728 Ak X6F ] 45 1 18] 14 5% 1)

B8 k.8 X HIPERE R
Fig.8 Impacts on control performance of k, 8,

&l 8a Ay k, I8 4% 50 000 7L, 8, 28 Ak X 22 il %
PERERYSZ M . T LUE i, Bl S, i3S K, HL &L
P AR 238 K, PR G P Rl i SR A B S0 KN
TEHLS, Y1H .

& 8b. &l 8¢ My &, 144 500 ANAE kAR Ak X} 4 161
abERER I . AT LLE Y OB R BRI i
ZEARTK, PR T 2k e X A I Ol o B ke, IS K,
iy R AR S IR 22 A /N (B R A AR 29
WHFE 2 BT PRI SR A T

AR S BB L SR AR TR
HIZEARL, BR T R, AN PR
34 TI-BHRESERRE

7L~ AT G 45 T (o S gk P b 7 A &4
B, 3 2 H W R T B OB R R B 28 M =N, U/

(N,U,) (U, h 525 0 ) 1 RN A AR
IR HEA T U4, PR I, DI04 s R R O 28 S F

I He S5 M, =14 X RS R N
TR B3 25 M =N,U../(N,U,) =1, I8 A 7E 5 A
ML AT S0 S B0, M B2 78 1R T 9%
Bl , O T BOH 25 R AR ATUR S MR =X 22 [ 41 %
Ho D), BEASFIF R G0 FE , 2 X 88 4 15 Bl
(PN AR

DR, Ay sl G A B U 40 i B A T o
N HL R S0 1 RS AR AR X 5 AR AR = A )
o, A SCHED S B P S LAHER, a0 R 2R

ARPEH NUW(N,U,) > 1
R NU(NU) <M, (19)

ISR St
A M, AR A3 00 B/
B

TR AT il 5 WS HE 1 an P 9 T 7 o

LLC
N
L iR
A EHI
U

P9 AT SR AE ]
Fig.9 Block diagram of hybrid control strategy
2, 58 B TR A4 TR S A A A

i&i+o
4 AL

SRy 58 UE A ST 18 5 T M B o ) 44 LLC
TRA TR RS T 170, FH PLECS #4 E AR 78 3t
A5 5, I S5 PLEE Gl T X b . FL B S 4K
< Hig A HLHE 250~500 V, Fi LR 250 Vil 2R
T 20 A, Fe KIS kW, IR MK f=153 kHz, 2%
JEASAE L N s N=11: 7, R U L=12 wH, R
HL 2% C.=90 nF, il i L& 1, =51.5 pH, fiz K2k
25 Q. WHREGEH S N . RIS, =
160 kHz, fe /M £, =90 kHz, Fe /N5 25 L D, =
0.3,k,=186 633, k=100 000,5,=8,=300, PIIE&TE
il 48 S HOh AR ] 2R 2K, =80, AR AR =X,
BUr 28K =2, B AR L R ALK, =0.4, B A1
AR RELK =4

Py B B AT < 006 g A BRI A R
JE 250 V, I L 48 25 04 1.57, LLC IS PR 28 i %
TARAEA SRR 5 0.01 s B AL R 28728 Sy d5e KBy
AHLH 500 V, IS HL FR 3 45 24 0.786, LLC YJ 4
AR5 0.012 s TEAR MM AL, T4 12.5 Q748K

21



WA AR 20224F H 524 H 3

REML, 4 LLC ¥ 9k T4 35 09 i B &4 ) o &

25 Q, MR A 36 T ek, SRy 55
LR IE N 10 FiF s
2401 / ? )

/I t/us(lIOOus/ﬁi‘ll)

2
V(0.5 V/KE) U/V(0.2 V/HE)

2
2120

80F

1 1 1 1
40k t/us(100 ps/k)
0 . L L L . L
0 2 4 6 8 10 12 14
t/ms

(a) S il it Pl TR T

240 o
£l
>
v
200r ¥
St
160f oL
/ t/1us(200 us/fk)
Z £
vy
S
80F S
1

t/us(10 ps/tg)

2 T 6 § 10 12 14
t/ms
(o) P il i i LT TP
BI10 MBS PLE RIS X L
Fig.10  Waveforms comparison between sliding

mode control and PI control

A P10 T LA Y, PTE A8 B B T e
BN, 1T ] IR 4 5 0.01 s B A L R
0 [ AR PLE il S5 iy T B b F e 34
AW B, SR JGRRRETE 250 V BT 50.012 s 13K
AR L BH Y 12.5 Q248 25 Q, PLE il 5 i A5
s il 0 ) F PR X AR AE 250 V BRI

W PLE il 5 ¥ B4 T A 0 L B i SRk
TN, 6 28 A% 1R

R PURH SBEE SRR

Tab.l  Comparison between PI control and sliding mode control

LNGEN N kR
PEATEE Bk AR auk s
[al/ws  1k/% % A% ARIEIV
biag i 0.039— 0.094—
kil 1.6 0.094 0-196 0.145 0.247
Pl 0.452— 0.039—
- 40.9 0,039 1.288 0.042 1.287

R 1T LLE W B AR/ 250 VRA R

500 VEYIE LT, TR i 04 8 15 B )4 A PT %

FE Uz —, HFEaS iR Wi/, XG0T
22

JE R AR RS AR PTAE R P VR T, T DA A o
HE %) Bl 25 ) O 1 R LU RS AH PT A 8 rl B 28 A
B LT, TR 1 R LA i 04 800k B s ek
T, B St U I AR AR ) 9 S0 2L PLE R Y
WK HRRS IR 2250/ . 25 BTk, W B4 il (1)
SN N B AT, Fa AR RN B R, SO H
PLEE IS RARAT IR AT & Tl 23K

11 R R T oAV, PR FL R R IR LA
B R 5 VDR R E . B, O FF U6
IR VTG, NIRRT LA S
FEAEAR R 0, 5K JE HL A H O FF LR N, SE88 T Z V'S,

200

100 7ZVS

iyps/ A

A T

0005 0.0 0.015 0.02 0.025 0.03 0.035
t/ms

B R B R
Fig.11 Waveforms of frequency conversion mode
K12 S B AR T JF G v, P L R R
i LA K R A VD, LR TR R A T
DIE ), TP RS2 0, SRR i A H 0 FF

I EJY EWRE IO A TR, A R T
i, ST ZVS,
>400_\ ] ]
Z 200
(I

sof L VS
100 I I I : I I I
<
T A1
8.005 0.01 0.0;5 0.02 0.025 ?).03 0.635 0.04
t/ms
K12 BARRA oY
Fig.12  Waveforms of phase shift mode
5 ##%
AR SCHEXT LLC VPR 722 46 5% 53 501 78 28 451 4% 1)
FNES AR 0 S SR AR M 23 A A il 1, B2
— P LT AR 1 LLC IR A 45 1w, RE RS 45

U Mo O A PR RS PR S I o D7
S5 R R AR G P i Sh A i AT R A IR 22



WL, 5 LLC 3R &

T B TR R

wAES 20225 %524 %34

BN,
T%Fi

3]

[4]

[6]

I%&%&Tuxﬁﬁﬁﬁﬁ%%ﬁ
SV R 75 1) Im) R

S 3Lk

Kang S, Kim H, Cho B. Adaptive voltage-controlled oscillator
for improved dynamic performance in LLC resonant converter[J].
IEEE Transactions on Industry Applications, 2016, 52 (2) :
1652-1659.

RRI, R, BE, A5 2 LLC IR IRZE e 434108
HrpEhlens)]. U, 2019, 49(3): 54-58,65.
Wu Tianwen, Li Zhizhong, Yang Hui, et al. Hybrid control

ik

strategy for full-bridge LLC resonant converter based on digital
soft-start[J]. Electric Drive, 2019, 49(3): 54-58,65.
FUURE, ELW, =% PWM S LLC IR AE He 88 1 2
PEBFEL). &3l 2017, 47(6) - 28-31.

Bao Erheng, Wang Hongtao, Gao Jun. Monotonicity research
of LLC resonant converter in PWM control mode[]]. Electric
Drive, 2017, 47(6): 28-31.

FE, BUNE, Ph . ST B-F8 IR & P2 1Y L-LLC 1 iR
X} DC-DC AR ZR[I]. HL T R4, 2017, 32(4) :12-24.
Lii Zheng, Yan Xiangwu, Sun Lei. A L-LLC resonant bidirec-
tional DC=DC converter based on hybrid control of variable fre-
quency and phase shift[]]. Transactions of China Electrotechni-
cal Society, 2017, 32(4): 12-24.

EUEE, BRI, B2, AF MR LLC-CIHR BOT G A
WASRART]. B T H AR 2A 4], 2019, 34(18): 3810-3820.
Wang Yifeng, Chen Bo, Li Wen, et al. A topology morphing
LLC-C resonant soft-switching DC-DC converter[J]. Transac-
tions of China Electrotechnical Society, 2019, 34(18): 3810-
3820.

EBEE, B, PRI, &5 AR R 2 IR POT C
TR ] B TR, 2018, 33(24) : 5838-5847.
Wang Yifeng, Yang Liang, Chen Bo, et al. A topology morph-
ing multi-element resonant soft-switching DC-DC converter[J].
Transactions of China Electrotechnical Society, 2018, 33
(24): 5838-5847.

TR, R, PR, A L R R LLC 1 HR 8 4 14 22 A
A I, B0 A Sl ki s, 2019, 39(7): 92-98.
Zhang Hang, Zhao Jinbin, Qu Keqing, et al. Fixed-frequency
hybrid control strategy of high-efficiency LLC resonant conver-
ter[J]. Electric Power Automation Equipment, 2019, 39 (7) :

(8]

(9]

[10]

[11]

[12]

[13]

(141

[15]

[16]

92-98.
Fei C, Li Q, Lee F C. Digital implementation of light-load effi-
ciency improvement for high-frequency LLC converters with
simplified optimal trajectory control[J]. IEEE Journal of Emerg-
ing and Selected Topics in Power Electronics, 2018, 6 (4) :
1850-1859.
T LLC I PR AS e 5 4R BT [D). BN - TR
2018.
Feng Jianyu. Design of the controller for LLC resonant conver-
ter|D]. Hangzhou: Zhejiang University, 2018.
Sosa J L, Castilla M, Miret J, et al. Sliding-mode input-output
linearization controller for the DC/DC ZVS CLL-T resonant con-
verter[J]. IEEE Transactions on Industrial Electronics, 2012,
59(3): 1554-1564.
Park H, Jung J. PWM and PFM hybrid control method for LLC
resonant converters in high switching frequency operation[J].
IEEE Transactions on Industrial Electronics, 2017, 64 (1) :
253-263.
ZEAG, BUBTIE . AtF LLC ISR 78 e i A 1 2 s il S ms ().
HL TR AR A4, 2013, 28(4): 72-79,94.
Li Ju, Ruan Xinbo. Hybrid control strategy of full bridge LLC
converters|[J]. Transactions of China Electrotechnical Society,
2013, 28(4): 72-79,94.
XD . W R L) DC/DC AR i i 42 W 8 [D]. BT - Wi
K, 2018.
Liu Yaguang. Research on the control of resonant bidirectional
DC/DC converter[D]. Hangzhou: Zhejiang University, 2018.

7. EE TR LLC I RS 25 19 42 T s AR B BT D] )
M :ﬁér‘aeiiﬂrjc*‘ﬁ, 2018.
Yan Hang. Design of the on-board charger based on half-bridge
LLC resonant converter[D]. Guangzhou: South China Universi-
ty of Technology, 2018.
223 . A LLC I PR 28 el (1 1R U1 1R SR (D, B ot < A
ST MR K, 2011
Li Ju. Hybrid control for full-bridge LLC converter[D]. Nanjing:
Nanjing University of Aeronautics and Astronautics, 2011.
Ma H, Liu Q, Guo J. A sliding-mode control scheme for LLC
resonant DC/DC  converter with fast transient response[C]//
TECON 2012-38th Annual Conference on IEEE Industrial Elec-
tronics Society, IEEE,2012: 162-167.

WA H 1 :2020-05-05
Bk H 1 :2020-09-10

23



	离网型同步风力发电机单位功率因数?新型控制策略
	张思清，罗振鹏，石多峰，王淑玉，张志艳
	New Control Strategy for Unit Power Factor Stand-alone Synchronous Wind Turbine
	ZHANG Siqing， LUO Zhenpeng， SHI Duofeng， WANG Shuyu， ZHANG Zhiyan

	PMSM转速和转子位置的滚动时域估计器设计
	卓陈祥1，杜锦才2
	Design of Moving Horizon Estimator for PMSM Speed and Rotor Position
	ZHUO Chenxiang1， DU Jincai2

	LLC谐振变换器的滑模混合控制方法
	殷帆，李先允，王书征，卢乙
	Sliding Mode Hybrid Control Strategy of LLC Resonant Converter
	YIN Fan，LI Xianyun，WANG Shuzheng，LU Yi

	开关减少的新型多电平变换器及其MPC设计
	郑凯1，陈力2，文承家1
	Design of a Novel Reduced Switches Multilevel Converter with MPC
	ZHENG Kai1， CHEN Li2， WEN Chengjia1

	低电流纹波双向CLLC变换器的研究
	李小文1，江良星2，王华云3，王长坤2，查海涛4
	Research on a Low Current Ripple of Bidirectional CLLC Converter
	LI Xiaowen1， JIANG Liangxing2， WANG Huayun3， WANG Changkun2， ZHA Haitao4

	基于固定频率二阶广义积分器的改进型ip-iq谐波?检测算法
	张爽1，刘海涛1，牛健1，赫嘉楠1，王云鹏2，李国胜3
	Improved ip-iq Harmonic Detection Algorithm Based on Frequency-fixed Second Order Generalized Integrator
	ZHANG Shuang1， LIU Haitao1， NIU Jian1， HE Jianan1， WANG Yunpeng2， LI Guosheng3

	计及不确定性的高比例清洁能源?在微电网中的消纳
	李晓鹏，蔡文斌，吕海霞
	A High Proportion of Clean Energy Consumption in the Microgrid Taking into
	Account Uncertainty
	LI Xiaopeng， CAI Wenbin， Lü Haixia

	基于可靠性的多级配网和分布式电源联合扩容规划 
	杨威，程晓磊，王鹏，王渊
	Joint Capacity Expansion Planning for Reliability-based Multi-stage Distribution Networks and
	 Distributed Power Suppliest
	YANG Wei， CHENG Xiaolei， WANG Peng， WANG Yuan

	基于LPP?ABC?SVM的光伏阵列?阴影遮挡分类方法研究
	张治1，2，王悦2，王林2
	Research on Shadow Occlusion Classification of Photovoltaic Array Based on LPP-ABC-SVM
	ZHANG Zhi1，2， WANG Yue2， WANG Lin2

	双向功率型直流充电桩互测方法及策略研究
	李秉宇1，常征2，武光华1，杜旭浩1，冯胜涛3，张进滨4
	Research on Mutual Measurement Method and Strategy of Bi-direction Power Type DC Charging Piles
	LI Bingyu1， CHANG Zheng2， WU Guanghua1， DU Xuhao1， FENG Shengtao3， ZHANG Jinbin4

	基于LCL型电压源换流器的柔性直流配电网故障机理分析
	郭倩雯，许中，周凯，栾乐，马智远
	Fault Mechanism Analysis of Flexible DC Distribution Network Based on LCL-
	type Voltage Source Converter
	GUO Qianwen， XU Zhong， ZHOU Kai， LUAN Le， MA Zhiyuan

	基于EtherCAT总线的拖动示教机器人控制系统开发
	陈宇鹏1，2，高伟强1，2，刘建群1，2，陈乐南1，2，卢一光1，2
	Development of Control System for Drag Teaching Robot Based on EtherCAT Bus
	CHEN Yupeng1，2， GAO Weiqiang1，2， LIU Jianqun1，2， CHEN Lenan1，2， LU Yiguang1，2

	组网式多通道数据采集系统设计
	于志强，陆桂军，于洪泽，韩松，白洪海
	Design of Networking Multi-channel Data Acquisition System
	YU Zhiqiang， LU Guijun， YU Hongze， HAN Song， BAI Honghai

	基于改进排列熵算法的电力系统设备状态智能
	识别研究
	王立永，纪斌，吴红林
	Research on Intelligent Recognition of Power System Equipment Status Based on Improved Permutation Entropy Algorithm
	WANG Liyong， JI Bin， WU Honglin

	基于关联规则的能源互联网输电线路安全分析
	张志友1，陈德富2
	Analysis Method of Transmission Line Security Based on Association Rules
	Zhang Zhiyou1， Chen Defu2

	基于知识图谱的台区线损异常分析
	高泽璞1，赵云2，张提提1，张莲梅1
	Analysis of Abnormal Line Loss in Transformer Area Based on Knowledge Graph
	GAO Zepu1， ZHAO Yun2， ZHANG Titi1， ZHANG Lianmei1

	风洞变频调速系统电磁兼容仿真研究
	李刚，盖文，韩杰
	Electromagnetic Compatibility Simulation Research of Variable Frequency Speed
	Control System for Wind Tunnel
	LI Gang，GAI Wen，HAN Jie

	一种碳化硅MOSFET桥式变换器
	新型门极驱动电路研究
	王归新1，方依勇1，张丽萍2
	Research on a Innovative Gate Driver of SiC MOSFET Devices in Bridge?leg Con?guration
	WANG Guixin1， FANG Yiyong1，ZHANG Liping2

	一种新型降压谐振开关电容变换器
	杨莉1，吴天强2，梁勇3，唐标1
	A New Step-down Resonant Switched Capacitor Converter 
	YANG Li1， WU Tianqiang2， LIANG Yong3， TANG Biao1

	基于新型模糊自适应惯量VSG的微网?频率波动抑制
	王晨丞，蒲丽娟，杜斌，万忠兵，张君胜，赵智辉
	Novel Fuzzy Adaptive Inertia Based Virtual Synchronous Generator for Microgrid?Frequency Fluctuation Attenuation
	WANG Chencheng， PU Lijuan， DU Bin， WAN Zhongbing， ZHANG Junsheng，ZHAO Zhihui

	MMC-HVDC孤岛供电系统直流故障穿越?协调控制策略
	沈宝兴1，林琳1，张惠雯2，江守其2
	Coordinated Control Strategy for DC Fault Ride-through of MMC-HVDC?Connecting Island Power System
	SHEN Baoxing1，LIN Lin1，ZHANG Huiwen2，JIANG Shouqi2

	基于非线性ESO的风电并网逆变器?改进自抗扰控制
	周雪松1，2，陈昱龙1，2，马幼捷1，2，崔阳阳1，2，孙小桐1，2，葛建鹏1，2
	Improved Active Disturbance Rejection Control of Wind Power Grid-
	connected Inverter Based on Nonlinear ESO
	ZHOU Xuesong1，2， CHEN Yulong1，2， MA Youjie1，2， CUI Yangyang1，2， SUN Xiaotong1，2， GE Jianpeng1，2

	基于知识图谱的智能变电站一次设备信息检索研究
	张子建，刘俊宇，梁煜，黄晓欧
	Research on Smart Substation Primary Equipment Information Retrieval Based on Knowledge Map
	ZHANG Zijian， LIUjunyu， LIANG Yu， HUANG Xiaoou




