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Adaptive sag control with improved power distribution accuracy and voltage deviation suppression
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Center of Large-scale Energy Storage Technology, Ministry of Education, Hohhot 010080, China)

Abstract: To realize droop parameter self-adaptation in islanded operation of DC microgrids according to the impedance
and local load distribution of each photovoltaic unit’s output line within the microgrid, a self-adaptive droop control
strategy based on the sparrow search algorithm (SSA) is proposed. To begin with, an objective function that incorporates
the droop parameters and converter output voltage reference is constituted in the form of function variable. The SSA is
then used to search and determine in real-time the local minima that also minimize both the power deviation and bus
voltage deviation during operation. In other words, the proposed strategy transforms what should otherwise be a trade-off
problem between droop parameter and voltage reference into a local extremum search problem using SSA. It thereby
fulfils the objective of droop parameter self-adaptation under variations in photovoltaic output line impedance, local load,
and solar irradiance. At the same time, the act of dynamically adjusting the converter’s output voltage reference values
also reduces the bus voltage deviation and resolves the inherent contradiction between power allocation accuracy and bus
voltage deviation. A simulation run using a system model created with PSCAD/EMTDC proves the validity and
effectiveness of the proposed control strategy.
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Fig. 1 Simplified structure of multiple PV unit

parallel operation microgrid
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Fig. 2 Comparison of PV unit equivalent model with local load
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Fig. 3 Flow chart of droop parameter search
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Wz E, JFHMEDZRNEER, BRE Rt H
0.728 kV EK¥E % 0.711 kV, #H T o FRELE H S
ZIEH .

KA BGE R SRS S5, N ESHURYE
BIRANGOLSCBL B, 5s Al & =02807.
k,=0.2106 . k, =0.085. Uy, =0.7837kV . Uy, =
0.7837kV . Uy, =0.7837kV 5 5s &, k =02754.
k,=0.20438 . k, =0.1020 . U, =0.7990kV .
Uy, =0.7990kV « Uy, =0.7983 . MK 7(a)il & 1,
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Fig. 7 Simulation results of adaptive droop control
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Table 2 Load power variation table
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Fig. 8 Simulation results of conventional droop control
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Table 3 SSA optimization result

Un/ Uno/ Uns/

s 1) /s k ks ks
kv kv kv

5 0.2873  0.2161 0.0001  0.7995  0.7993  0.7999
13 0.2829  0.2101 0.0001  0.7993  0.7989  0.7984
21 0.2861 0.2143  0.0500  0.7759  0.7759  0.7759
29 0.2700  0.2010  0.0600  0.7759  0.7759  0.7759
37 0.2707  0.2011 0.0700  0.7835  0.7834  0.7834
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Fig. 9 Simulation results of adaptive droop control
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Table 4 PV unit light intensity change table
PV, HDEHEEREE PV, RDGIRBREE PV RGR R/

s CWmHERRE WM EXR (kW/m®) X R
KINH /AW RRIIZ/KW o IESINY
5 0.8(160) 1(200) 0.8(80)
13 1(200) 0.7(140) 0.8(80)
21 0.7(140) 1(200) 0.7(70)
29 0.6(120) 0.7(140) 0.8(80)
37 1(200) 1(200) 1(100)
ISR FE R AR, SR TR R E

RAE AT IR B Q:2: D B 45 R 10 Fr
e HIE 2 W50, £ 5~21s Wi, BB GE
DiZ4 300 kW, Big FOGRETT PV, FI PV, #N $iE
it 120 kW BJZhE, PV, Rifgft 60 kW D)2, i
M 10(a) T PLBR R, (ERBIHIE], SuiRE It Py,
APV, NE R BN a2 4t 131~135 kW A1
i, MEREIC PV AR HE 149 27 kW T3,
[FBF, 7E =13 s B Zl, SGfRH0 PV, PV, KGR
SRR T AME, B PV, A G 10 kW 48
N 30kW, TN 10(d) T BUREL, RA PV, (4
IR P ORATHEZL, PV, APV, HifH oh=
(P, ~155kW Fl P, ~ 65 kW )JLFAZE, BREGH
RARF. fEr=21s %], BEIRBFEL AR HIEN
150 kW, 3 SR oD EIER A FOCR ARG, PV,
APV, Bt FONE B i &2t 60 kW D)
K, PV, #4830 kW T3 SR, SEfs B PV, F1PV,
FPRAE 59.42kW A1 5831kW (IR, PV, #24t
3116 kW I, r=29si %], HFE 2 MK 47
FU, O T R RE AN A M A7 B8 R AR AR A, H S PR
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Fig. 10 Simulation results of droop coefficient

optimized by rated power ratio

FHERT L, MOGRRR AR, 3 AR T
WSRATAR YA e TR LB 2:2:1 ZrECE B 73k
IR, AR R Z R A 1 H A 10(a)F11E 10(d)
HOE R UKL, MR R AR S, RO R
REA MR TTR KRINRZN, FEERKRIIE &
INFEARELIT PV, TEE SRR ELSR A 1 Th %, T
PV, PV, B T AL ZLR - H TR 2 4F, I THFA

A PV, SRR IS 43 ) e ke 2 ELIR REZR 7 2K
RTR, BRMRSEAEGH, REWHEE N
N TP 76111 M RV N B 1 N L R= B/ TR
LRAERINER, XA ] A LA

HE 1@ A, BT T ESE 5 RE T
HRARFE (1784, ThR A FL LBl BE YR 5 e i K Ih %
AT A . E 3 AR BTG IR DR B AR (b 1)
BEOLR, 3SR T LA R 45 4 80 ToL T sk Th 2R Ll
IBLA IR, SSA FMMSEEE R WK 5 Fin.
XTEEBE 10(a), 1F 5~13s 28], P H 130.06 kW [%

145 _
125} Bie—ba =Fs
_% 105F
5 st
5 65f ml’_—
45F
f’_.—_(—
25 , ‘
13 21 29 37 45

S
(a) AR TT R AL EIR G Th 2

IhER/KW
—_ N N W
[ =V =)
oo o~ - o
T T T T {

100
50
5 13 21 29 37 45
EEA
(b) AFAE T
50 —PL — P Py
= 40 S
= 30t
B a0f -
o 10 I
O 1 L L ¥
5 13 21 29 37 45
i} (/s
(¢) At H Ty
205
175 L —Po1 — Py —Po3
2 145F
= 1Sk
] 85F
ssf | o
25 . . . .
13 21 29 37 45
] 1) /s
(d) YR BTk Th
0.775
0.765 T
2 07s5)
=2 oomus——— v
2 07357
0.725T
07155 13 21 29 37 4
i} 1) /s
(e) HiLBFEHIE

" REFPLRRRDERLLFRATERBHESER
Fig. 11 Simulation results of droop coefficient optimized by

maximum power ratio of current operating conditions
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iK% 109.90 kW, P, FEALRFFAZ, P, H 26.76 kW
FRE 54.54kW; 1F 13~21s Z[a], PV, MKl
ik, T B H 13115 kW R F £ 142.85kW, B,
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iK% 52.94 kW, HT PV, & K& E—HE
BUE PR, ATLL P, H 33.45 kW H2E & 3529 kW,

&5 SSA fRHLER
Table 5 SSA optimization result

I ki ky k3 Uni/kV  Uno/kV Uns/kV
5 0.2540  0.00359 0.0002 0.8108 0.8040 0.8013
13 0.2490 0.3422 0.0001 0.7994  0.7907 0.7988
21 0.2457 0.3749 0.0100 0.7840 0.7794 0.7785
29 0.3390 0.3948 0.2992 0.7767  0.7787 0.7815
37 0.267 0.2930  0.0231 0.7820 0.7780 0.7734
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