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Research on Control Strategy of Multifunctional Voltage Sag Treatment Equipment
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Abstract: Aiming at the frequent voltage sag problem in power quality problems,a multifunctional voltage sag
treatment equipment was developed for user-side voltage sag treatment. Based on the modeling analysis of the
system, the control algorithm of the system under grid-connected and off-grid compensation states and the current
harmonic control algorithm were studied. By analyzing the characteristics of traditional voltage sag detection
algorithms, a hybrid voltage sag detection algorithm was proposed, which has the advantages of fast detection and
stable phase-locking. The fast turn-off method of the triac was designed based on the characteristics of triac and grid
voltage. Simulation and experimental results show that the device can achieve rapid detection of voltage sag within
0.2 ms, and it can realize fast and smooth switching of working modes. This can effectively reduce the impact of
voltage sags on sensitive loads. At the same time, the equipment also has the functions of reactive power
compensation and load-side harmonic filtering,and it has the advantages of high efficiency and high convenience.
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Fig.1  Structure diagram of multifunctional voltage

sag treatment equipment system
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Fig.2 Single-phase T-type three-level inverter topology
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Tab.1 ~ Switching state table of single-phase T-type

three-level inverter

T, T, T; T, U, i, n

1 1 0 0 +U, /2 0 1

0 1 1 0 0 +i, 0

0 0 1 1 -U,/2 0 -1
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Fig.3 Equivalent circuit diagram of three-phase

T-type three-level inverter system
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Fig.5 Control strategy block diagram under
grid-connected conditions
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Fig.6  Control strategy block diagram under compensation condition

A A B PO R BRIz AT RE Ty, e i ] 9 974
A TTAZ Y DN 1 A F R P AR 57 R AR s
A Kt JC Ty R AL A R, B ol 2 i
R TETy, LI AME T RE o

TERG L ia T b, h TR S
LB AU HEA LI R I 2 A AR R I, 32
Wi 28 S8 A RS AE 1B 4T , DML A 28 A 5
WU, A5 8 Y PLAAS i 45 TG 1 52 BN 18 I 73 i 10
o 22T, PR HOAS SCHE T % Bt LU 19 B3 (vector
proportional integral, VP1) ¥= il #% , W 5% T R G AE
a—B AR F T AR I R U A T AR, VPLAE ] 2%
SRR ANTEL T 7, HOT Il eR g5 B 5

73



wAEF 2023F £53K FH 104

O, S S T R G IR SR ) R AT A

k,s* + ks
G= Yy 20— (3)

Py I (ha)g)2
ZEEI:F‘ Zkih’krhé_}%u%jtt'fﬁu*ﬂi%yﬁiﬁ]ﬂﬁ%ﬁ;wg%%
5 FEL R AR 5 b oA T R R A AR B

kphsz-%—krhs
sS+Go,)

3
kvns +k,s
S,y

K7 P-VPLEE ] de 4 1A
Fig.7  Block diagram of P-VPI controller
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Fig.8 Block diagram of harmonic current control strategy
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Fig.9 Schematic diagram of derivative transformation method
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Fig.12  Flow chart of thyristor turn-off strategy
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working mode (when the grid voltage sags)
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Tab.2  Test data sheet for inductive reactive

power compensation function

BOE A (KV-A) DI/ (V- A) Bt 22/%
20 20.33 1.65
50 50.28 0.50
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Tab.3  Test data sheet for capacitive reactive
power compensation function

BOE A/ (KV-A) Gy DR/ (kV-A) i 2%/%
-20 -19.04 -4.80
=35 -34.82 -0.51
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Tab.4  Test data sheet for load side harmonic filtering

P EREL BMETHD/% IR IR THD/%

5 1.27 15.12
7 0.27 10.98
11 1.77 7.59
AHH
13 0.52 6.61
17 1.19 5.06
19 0.67 4.13
5 1.36 15.70
7 0.52 11.24
11 1.59 7.45
BAH
13 0.7 6.85
17 1.13 4.84
19 0.60 4.38
5 1.25 15.23
7 0.46 15.23
11 1.54 11.21
CHl
13 0.52 7.29
17 1.08 6.82
19 0.54 4.82
NAH 3 1.75 5.23

TYGLIRERIMN AR HNE T 5 R A R
[ 6 20 25 Y LA B9 L I i
TERUE i A BUE B Ok 1F L 4
BEE AR AR B 1 25 IR A I A B RE
0.87%. TERUE AT T P45 B A 2
0.42% , FERIL IR 25 30T S B0 5 240085 AR AR 2K

5 4“4

ASCHIER T — K2 D RE R BT PR IR PR 7
XX AR GEHEAT T BESE T R SR AT B T
A NOEGY L R EIRZIE S N RN £ 8T
PR s P2 T — Bl R R R RRR S A A %
SEVL RS A Rt s/ MG HE S 5 BEAS S UG
BIAH 5 2T i 945 L o PR R PRI S 1 0L
I 140 DR O T SRS, R 17 LA 1 98 O T
St B ) R 7 7 B AY JE R L FE T 50 kW
HL P 0 IR A R HIL , I3 SR SR i A
ANTR] B B A T R AE S8 B AR AR A PR
T U, A FL IR R BT AU 1) E A8 SRR B Ay 4
BERSE 1Y RE S, IRl 28 A5 30 B T Dbz
55 0 AN 0 0 B Dy B R A ¥ A A 1, BB
i 2 FH P O Bt R BAT I A

B E 3k

(1] HT . A BE s T 5 2 (M. JEat . v A g i sk
2010:132-138.
XTAO Xiangning. Analysis and control of power quality[M]. Bei-
jing: China Electric Power Press,2010:132-138.

[2] bk, Bes  ARIEDN 55 . AR 2R Se 4 T) v 190 Hp B
HEAFTEERAL] B RS A3k, 2019,43(8) : 15-24.
LI Jianlin, YUAN Xiaodong, YU Zhenggang, et al. Comments
on power quality enhancement research for power grid by ener-
gy storage system[J]. Automation of Electric Power Systems,
2019,43(8):15-24.

(3] ik, 7580, BaEN, 45 . flob MERZR L)), o E LT
o4l ,2014,34(1) : 57-70.
YANG Xinfa, SU Jian, LU Zhipeng, et al. Overview on micro-
erid technology[J]. Proceedings of the CSEE, 2014,34(1) : 57—
70.

(4] BRRLAE, sk EACEL . AR R Tt 25 A %€ B (VSV)
LR #L e 3), 2018, 48(5) :59-62.
CHEN Yingmin, ZHANG Shouxin, WANG Yonghong. Unified
equipment of variable frequency drive and static var generator
and its application[J]. Electric Drive,2018,48(5) :59-62.

(5] VERL A4, e, A5 A BT A ) AU 5 BB T 1 ) Bk
AR B, 2018,35(2) :2-9.
WANG Ying,ZHOU Yang, XIAO Xianyong, et al. Research sta-
tus and challenges of voltage sag issue[J]. Distribution & Utili-

7



vk 2023F FS53E F 104 AHUE,F: S AR B B RSB EEIH R A
zation,2018,35(2) :2-9. AL, B R 50, 2020,50(11) : 13-16.

[6] PIEEZE . BUARC H ) e H T g (] i S I8 A T PR B T[], H GONG Qiuying, MA Xinjin, LI Yan. Research on control strate-
KN, 2019,38(3) :4-7. gy of a cascade multi-level grid-connected inverter[J]. Electric
SUN Jianjun. The problem of voltage sag in modern distribution Drive,2020,50(11):13-16.
network and its operation resilience improvement[]J]. Electro- [14] RAEEE, B4, 254 2%, 55 . B e I fifh B 48 D 7 25 /91 1)
technical Application,2019,38(3):4-7. VI SR WESE (], T RE 2441, 2019, 14(2) :92-96.

(71 27, B LI, MRaa U5, 45 . i R TA LRt S R A% ik ZHU Zuobin, HUANG Shaoping, LI Zhenxing, et al. Research
[J]. HL T T4, 2019,53(7) : 1-5,10. on off grid/grid switching control strategy of micro-grid power
HU Anping, TAO Yibin, CHEN Jiayuan, et al. Review of vol- converter system[J]. Journal of Electrical Engineering, 2019, 14
tage sag mitigation measures and equipments[J]. Power Electro- (2):92-96.
nics,2019,53(7):1-5, 10. [15] a8, Bt R, 45 . T VSC-HVDC A L i

(8] WAL, JAT, JAkas, 55 . 5 B A O IRIF 9 Y i e o il 9 PL5 VPL I I 22 1 [J/OL). HL I8 2% 317« (2022-05-11)
RIS B AR S Y M, 2021, 42(5) [2022-06-21] https:// kns. cnki.net / kems / detail /12. 1420. tm.
245-250. 20220509.0857.002.html.

HU Weifeng,ZHOU Yu,ZHOU Hongyi, et al. Research on pow- WU Jiaqi, LUO Nianhua, ZHU Jinlei, et al. PI parallel VPI
er quality control method considering distributed photovoltaic scheme for harmonic suppression of VSC-HVDC system [J/OL].
grid connection|J]. Power Capacitor & Reactive Power Compen- Journal of Power Supply: (2022-05-11) [2022-06-21].
sation, 2021 42(5) :245-250. https : //kns. enki. net/kems/detail/12.1420. tm. 20220509.0857.

[91 RN, BRI, Bt . 35T I/ NI M 1 S 25 b 002.html.

(Eddaranni) .1,\-FHEE,2020,37<3 :45-51. [16] Z4E, FIAAE , Pk, 45 3 7 T H 1o sl 85 FhL TR A B 4 i Y
XU Jiongyuan, CHEN Debiao, ZHAO Jinbin. Design of dyna- B A v R ST [D]. R AR S RS B R, 2020(4)
mic voltage restorer based on minimum power compensation[]J]. 89-92.

Distribution & Utilization,2020,37(3) :45-51. JIANG Hua, BAI Jinhua, SHEN Xinglai, et al. Research on

[10] P55, 20K, Wil , 55 . 5 T = AR 2 D ig i 2 45 (19 i g drop detection method adapted to dynamic voltage recovery con-
HLRE P R IR LR lﬂ%[]] L AR, 2019,43(4) : 1211- trol of distribution network[J]. Electrical & Energy Management
1221. Technology,2020(4) : 89-92.

SUN Guangyu, LI Yongli, JIN Wei, et al. A comprehensive pow- [17] BGRMS € TR R, 0, 45 Z T XRUZ 6 £ SOGT K =41
er quality control strategy for microgrid based on three-phase B BAHPR B TH ] AL 3 ,2017,47(5) :58-62.

multi-function inverters[J]. Power System Technology, 2019, 43 CHEN Pengfei, XU Yaoliang, WANG Yue, et al. Design of
(4):1211-1221. three-phase digital phase-locked loop based on double-layer

[11] MOHSIN M H, ALSHAMAA N K, HAMMOOD Dalal A, et al. control and multi-SOGI[J]. Electric Drive,2017,47(5) : 58-62.
Sinusoidal inverter using pulse width amplitude modulation[J]. [18] ¥kUH, 77 . 2T ek B DSOGI-PLL [ H 9 H e [7) 25 £
I0P Conference Series: Materials Science and Engineering, SARGI]. H FE LT AR AR, 2016,36(9) :2350-2356.
2020,745 :012022. TU Juan, TANG Ningping. Synchronizing signal detection for

[12] FeMR, T8 . RT3 A L~ S Y8300 28 g ik ot 181 1) 558 s 1) grid voltage based on modified DSOGI-PLL[J]. Proceedings of

[13] JBRKHE, b, A5t . —Rh RG22 H P OF 190 5

FE). AT S RERCE IR 2021 (8) : 64-69.
XU Dong, WANG Ying. Research on pulse width modulation
strategy of high power two-level voltage source inverter[J]. Elec-
trical & Energy Management Technology ,2021(8) : 64—69.
AR A

78

the CSEE,2016,36(9) :2350-2356.

ek H 4. 2022-06-21
ek H 1 :2022-07-28





