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Flywheel Energy Storage Units
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Abstract: In view of the insufficient inertia and damping in islanded microgrids, flywheel energy storage units
have been introduced, followed by the construction of a load frequency control model for an isolated microgrids with
flywheel energy storage units, with a focus on the impact of communication delay on islanded microgrid systems.
The applicable Lyaunov Krasovskii functional (LKF) has been adopted for the definition of the derivative integral
term through the generalized free weight integral inequality, thus obtaining a delay related stability criterion. When
considering the impact of electric vehicle battery state on system gains, the system is treated as a parameter uncertain
time-delay system. Based on different parameter settings, simulation experiments are conducted, with the results
verifying the effectiveness and superiority of the method proposed in this paper.
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Fig. 3 Influence of different flywheel energy storage unit

gains on system response

WELE 3 A1, 7E =10 s BHIIAAR, =0.10 p.u. i
T, AR B SRR AP AR 2 Kepgy<O (AT AR
YECERftRe T R i, R RARRERE AT 2R
GRMINAR) , I Kepsy=0 (RIS A REEAERE
HOG ) HHPUWRKE BEEPIRAS, Y Kepsy>0( PTAAE &
KRB R G T)% ) HIH Kpsy=0 PR ] BE K
KIS AEREER IO R A HUIPRET,  [HI ) R G AR
PEIRFEJE, RECHERESAITIICR G R A BUA LF A
B, AT, TRERGEREERIC R X R G AN

ShE BRI A E B 1) MDSM. 4 238 R



556 4 i, %

TH LSRG TREC BB SR T AL fol i 190 S fr 3 2 ] 43

GEELSLAE, 4R 1AL 4 Fon i s ELE

—1=5.98; - - 1=8.50;

- - -1=8.60,

—0.05F | [/

-0.10F

-0.15

0 30 100 150 200 250 300

4 AEEFEE T REINENRER
Fig. 4 System frequency response under
different steady time delays

Hi 1€l 4 AT 1, Y 5.98 s B (Hg SCHR [20]
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ULHISCHR [20] EFE 1 i MDSM A BRI 24
Bf ¥ T 22 8.50 s ), AR 22 th e ATp 2 Wi sy, R
F+2 8.60 s BFE AT T, XU REELSLH A B AN
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#4) , BIFEX—XEN, XuiPlhE e 115
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GEALAEI AR I RGE TG DTS 45 R a3k 5~6 s .
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Table 3 System MDSM obtained by literature[20]

theorem1 (1=0) s
Kl
K,
0.2 0.4 0.6 0.8 1
0.2 13.60 7.06 4.74 3.53 2.79
0.4 12.55 6.57 4.55 3.51 2.83
0.6 11.37 5.98 4.17 3.25 2.67
0.8 10.06 5.34 3.74 2.92 2.42
1.0 8.66 4.62 3.26 2.55 2.12

R4 ERXFEHE 1 KBRG MDSM (u=0)
Table 4 System MDSM obtained by theorem 1 (u=0) s

K
Ky
0.2 0.4 0.6 0.8 1
0.2 16.08 7.93 5.21 3.85 3.03
0.4 16.81 8.29 5.45 4.03 3.17
0.6 17.32 8.55 5.62 4.16 3.27
0.8 17.57 8.67 5.71 4.22 3.32

1.0 17.51 8.64 5.68 4.20 3.30

FS5 ANXERE 1 REZRS MDSM (u=0.5)
Table 5 System MDSM obtained by theorem 1 (¢=0.5)

S

K,
Ky
0.2 0.4 0.6 0.8 1

0.2 15.37 7.61 4.99 3.69 2.90
0.4 16.03 7.93 5.22 3.85 3.03
0.6 16.39 8.10 5.33 3.94 3.10
0.8 16.39 8.10 5.32 3.93 3.09
1.0 15.87 7.82 5.13 3.77 2.95

F 6 Hk[20] EE | KBRS MDSM(u=0.5)
Table 6 System MDSM obtained by literature[20]

theorem1 (1=0.5) S
K,

K 0.2 0.4 0.6 0.8 1
0.2 12.16 6.39 436 325 2.57
0.4 10.58 5.62 3.95 3.08 252
0.6 8.84 477 339 2.67 222
0.8 6.95 3.82 274 2.18 1.82
1.0 482 2.69 1.95 1.56 1.30

% SOC Xf W SR 3G 4 Y2 i, LSRR
T HLARZS A 100% 23HFEHL M) F iy, AT HUAR SR
AT A ER T2 P L, 2 R~ w24
AT EATHT

011 RE AR R KR RS 90%, B
SOC,.=0.9, & SOC,,=0.6, [FM¥EE @
AL 551 R SOC,,=0.8, SOC,,,=0.7, {5 247
LSl 4 A S PR HUCIR S SOC=0.75, BB A K
(23) AJLI153) g()=0.062 5.

2012 RE BN R KR AR 80%, R
S0C,.=0.8, & SOC,,=0.6, [FM¥E &
{407 HL 550 51 R SOC,,,=0.75, SOC,,,=0.65, 1% 4
R SR B SRy RS SOC=0.7, #EHR AL
(23) AT LAFSF] g(n)=0.11, FEA[RIA PLEEZE N i@
B 2 152 MDSM L3 7. % 8.

R7T ARXEHE2KEAMERSZES 1 B9 MDSM (u=0)
Table 7 MDSM for case 1 of uncertain systems obtained by

theorem 2 in this article ( = 0) s
K
K,
0.2 0.4 0.6 0.8 1

0.2 13.66 6.74 4.41 3.25 2.54
0.3 14.00 6.90 4.53 3.33 2.61
0.4 14.30 7.05 4.63 341 2.67
0.5 14.55 7.18 4.71 3.47 2.72
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Table 8 MDSM for case 2 of uncertain systems obtained by

theorem 2 in this article ( x= 0) s
K,
Ky
0.2 0.4 0.6 0.8 1
0.2 10.93 5.39 3.53 2.59 2.02
0.3 11.21 5.53 3.62 2.66 2.07
0.4 11.46 5.65 3.70 2.72 2.12
0.5 11.67 5.76 3.77 2.77 2.16
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