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Strategy based on fuzzy control and self adaptive modification of SOC involved in secondary
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Abstract: Through the analysis of advantages and disadvantages of ACE signal and ARR signal based on battery energy
storage participating in AGC, an integrated control method is proposed and the timing and depth of switch are also
defined. That is when the system frequency being deteriorated, the| Af | is large, according to the fuzzy control theory,
smoothing the output depth of the energy storage battery is based on the SOC. When the system is in good condition and
the |Af| is small, to make full use of the remaining capacity of traditional generator in secondary frequency regulation,
the storage need doing self adaptive modification of SOC. With the definition of the evaluation indicators, it uses
Matlab/Simulink to participate in the secondary frequency regulation of energy grid and selects a typical continuous
disturbance in simulation. Compared with the traditional strategy, the results show that the proposed method has
advantages in terms of reducing the frequency deviation and steady frequency deviation. Compared to the ARR-based
control method, the capacity and power requirements of the energy storage battery are smaller; compared to the
ACE-based control method, the frequency modification effect is better and the utilization rate of the conventional
generator is higher. This control strategy can promote the secondary frequency regulation ability.
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Fig. 1 Diagram of control method based on ACE signal
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Fig. 2 Diagram of control method based on ARR signal
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Fig. 3 Integrated control mode of battery energy storage
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Fig. 8 Modified real-time output power
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Fig. 10 Diagram of energy storage output in self-recovery
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Table 3 Relevant parameters of the control strategy

E Kt E Hfit E Bl
SOCpin 0.1 SOCion, 0.2 50C, 04
SOCnax 0.9 SOChign 0.6 50C 0.8
Si/Hz 0.045 | ACEqq 1.05 ARR yeaq 1.05

4.2 FEBIEERS

WHT ARR 55 87 08 “ARR #5747,
FT ACE 15 5 67 Xk “ACE #2417, AT
P ZEA T AT,

TEEL 2014 FEREHIX 48 h M RESE AT HLEh T
ME 12 fi7R), {E “ARR #5467, “ACE #5467
A CRIOTE” PURTEAERERS U0 T BT Lel B,
FxF 4l FHEAT 430

2 0150 \ |
T 007sty oy Ty !
= W " M 'l Nl *.u
e 0 ».'I,LI o MmN b, P Y
ey AR ! L L /
& oorsp M ™ h._',w,'-’ *'_’a,m._.,i" L1
A 0150 . . . —

0 8 i6 24 2 40 43

18] /h

[E 12 48 h EE G THEN
Fig. 12 48-hour continuous load disturbance

AFFERT R, BRI 2 > Eogs i
fiEf" ACE FI-ARR 15 5 (ARR HU )~ f#REFIH KL
AL OL LR Ak RE F K] SOC CIRZR 739l i B
13— 16 P, ASCRIERR WAL 4 P

HiP 13—&] 16 A1 4 AT

1) fERERIE S L MG, JoTe R A iy
3o RGes KA i 22 PR T A B Rl ), A

X107

0 8 16 24 32
i

13 RFIRmE
Fig. 13 System frequency deviation

£ 0003 R .

Z 0005

= o010t

2 0 3 16 24 32 40 48
fifa] /h

B 14 5 ECLRiERERY ACE F1-ARR 155
Fig. 14 ACE and -ARR signal distributed to energy storage

& 000
= 1
= 005§\
'_'F:‘ w5
= ot
5 005
= .10
= 0 ] 16 24 32 40 a8
TE 1] /h
o w102
3 wopl
g ot AL
= 05t 'rﬂ,/ v \ix [/
2 M/
2 10 - . R
= 0 8 16 24 32 40 48
Fsffa] /h
15 fERE Rt FNE MALLERIE B

Fig. 15 Output of energy storage battery and conventional unit



-96 - @A &R B R

0.65F
060+
0554
0.50
0451
U.aLUU

SOC

8 6 24 32 40 B
B /h

16 fifHE Rt SOC K7

Fig. 16 SOC state of energy storage battery

& 4 RINBERIEIR

Table 4 Effectiveness index of frequency adjustment

BRIEELI Toffe A ACEEH ARR #54H
Afy/pou. -0.0131  -0.00968  —0.009 68 -0.010 2
Afimd/pou. 0.00372  0.002 61 0.002 9 0.002 84
Vel (pu1./5) 0.001 8 0.001 3 0.001 3 0.001 4
Vil(p-u./s) 8.58x107°  1.12x10°  6.57x10™° 1.61x107°
Ween/ MW 10.524 8.958 9213 8.634
Wess/ MW — 0.906 0.417 0.873
SOC 1ms — 0.024 3 0.018 5 0.0251
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