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Unplanned off-grid switching strategy considering BES rate characteristic and dynamic PQ control

LIU Wei', LIU Xiaolong?, LIU Chenghua®, LI Xinran?, LU Yinghua®
(1. Xuchang College, Xuchang 461000, China; 2. College of Electrical and Information Engineering, Hunan University,
Changsha 410082, China; 3. Department of Computer Science, Tsinghua University, Beijing 100084, China)

Abstract: This paper studies how to effectively cut off the load and achieve coordinated control of the output of
master-slave BES in the process of unplanned off-grid switching. First, a step-by-step load shedding method considering
the constraints of BES ratio characteristics is proposed. This method uses the BES overload characteristics to support the
remaining uncut load after off-grid for a short time. This can overcome the defect of step-by-step load shedding. Then, at
a specific stage in the load shedding process, the slave BES output is dynamically adjusted based on the virtual
droop/inertia control principle to effectively reduce the regulation pressure of the main control unit. An unplanned off-grid
smooth switching control strategy considering the BES ratio characteristic constraint and dynamic PQ control is formed.
Finally, the model is built in Matlab and verified by simulation. The results show that the proposed strategy can not only
ensure that the voltage is always maintained at a high level during the switching process, but also significantly reduce the
voltage fluctuation. This is conducive to the smooth transition of the switching process.
This work is supported by the National Key Research and Development Program of China (No. 2017YFB0903400).
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Fig. 1 System control structure
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Fig. 2 Schematic diagram of basic load current, rated

current and overload current of converter
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Fig. 3 Schematic diagram of continuous overload

capacity constraint of BES
3 IWMBPQIEHIAE

H A R AT L T i EREA T R i I,
25 0 e AT DI AR A L S B R . AEfERER
FERBOUERTE, AT DU BB Ko (S
FEAIUE A PRI D) A I 7 o 7 PR3 O s (R 1
Dlo JEFUE, ASONAE R T AR R 2 a7
VARG REAT D 0, FH1E PQ DAL 33 PQ
el BRI ICH T . 55 1E 4 T,
WA RERI B2 PQ IS RAR A QI



X A, A

IS BEAT R 5 B PQ PR TRl 1 D) 6t e - 103 -

v/p.u. .

2 APQIEHi

i

L

T
|
|
|
|
|
|
|
|
|
|

1 . .
ty 4l 2] 2] t

4 NiEREEMERITEIAR
Fig. 4 Control mode of each stage of slave BES

h—H BB v >1, dv, /de>0, HEGmEE
i b TF, B I RS o HL S A8 A AR R TS
AR R AR5 Rk, | dv, /e /N R D LS
B 72 KB 5 9, nT 78 o3 R R #0LT TE 4% f
(ke U=y, )i/ T o Pl seng @)

it B v <1, dv,/de<0, HECHHHIH
R, S m N . A HUR AR BRI
L1 I R £ PN Y B D D R G WA
AN, v 78 53 RO SR i )
P sEns X (S)Frs .

to—t . t—ts BB HURIEFERDRE, K
SEEREREM AT, Pl i (O IR .

d

a te(l‘l,tz) “4)

e 4

PzPQ :R)PQ _k1|1_vt|_k2

dv,

al te(ty,t,) 5

PtPQ = R)PQ = Bf]Qn te (to ,fl) U (tz ,l3) U (t4,[5) (6)

B =B k1= |+,

1
(5,2 =D 8 )+(S, -85 <58 (7)

S = / PtPQZ +QPQ2 (8)
A PP PR A i A AT ) S R i )
AT DI T v N EATIN ZI A & &, 200
g KR N R LS 4 ) R . =72 R I E
1 to—ts BAMB, (D AEDAZEXLBRE PQ fif
Aed/NH 0, MIMAE VF Rl BERERS FRAIRH 77, kA
VF figge it 8ae s R4 LAES R
il PQ fiRem K, M PQ fitae it JikE it
e . KE@)H, 0" Fok PQERE LI 7,
R E N
4 HEiTXIE MR R EE
F4 DL a3 dr, A SCHE 25 LS At Re s R R

K5 PQ FEHIMIARTHRI B M T U smg, H:
B S s, OSBRI,

SPIE 1 KON IF TSR IR IN, R RSB
H PQ ¥l VI A VF #53l], MAkfe PQ #HilT)
HENAS PQ i, B RE S R S A, Al
HLR IR KO St K T E AP IR 2.

SR 20 AT Gy R T R R LR
ik, WAL, A, TIPS,

IR 3. FARSEYUN T OIRR s, R, PRAE
B DIBR i 2 R, AN H Ak e 2R
IR 4 fEDITTILRE R, RIS 4 PR
SRR NAERE Ty, B Bh G RE S/ K
STEOPHE L. Sk T, BEADE 2,
LIRS MREREH A ERUEME AL R, 450

=

fiti it "R oC 1 BPQIE I U4 g VF A il

sphes ST <8¢

fitifiE fL. G2 HPQEE I VI A B APQYE il

PR= PRk L=+ ke fdv, fdi]. ST <T@

FAR S GV i fif
A Y S, = (S5 =S + (8T =87
i=l

N
>

Y /1,<+]‘7\ N

BR=R@) || PP=2(6)

P=(s) '
HA=R@) || k=R ||

ZyRi=(7)

PM=1(6)
2y i=(7)

5 ZIEHEREMEREFE LR PQ =HIAYIE X
B EEYIR KRR RIZE

Fig. 5 Flow chart of unplanned off-grid smooth switching

strategy considering BES rate characteristic constraints

and dynamic PQ control
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