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f Upatt Upo™ Vbatt  Upatt (UDC ™ Ubart )
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olmf AYHAF &2 4 3.149 2ol A ")

A= Upatt (UDC_ Ubatt> (3.14)
fLvpe

AFHow QYeel g 4 3159 gol FEF AUtk

— Ubant (UDC ~ Vst
L= FAToy, (3.15)

FAEAWE S vz = WA e Y Y gte ekd A (G.6)d #o] a3l

Ubatt (Ug ™ Vbatt )

L= fAIvg

(3.16)

9o B/R2E F oA BF DCMO] dolubA] w4 wiE e HStelA] H
= AR FAE IHE AR7F 47 45%olste] ARElEE T AEE ] @
F-2E ZAWE e A9 0312mHeld, ¥ AWES] 5-0462mH old o=, o] ERtHd=

0.5mHE JYH gro= AAsH3ITh

3.3.1.2 AAIH AA

FE A ] AFAIE HAAE JIYH AAE Fd 7 JAYE @S ol &3ste] dy
2 HA43E =Zxe v 29 129 RAE ABHY A9 ARE dn)gl 29% &9
tA3E st ARWaS ARAEH BEAF ioc=ipe ©Ith ol AFH S AWAIE A

22 Avepes 2] 3.17)3F
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1 b b ipcty
Avepe= —CDC /0 tepodt= /0 lpe= —CDC (3.17)

o 714 29 28 4o w2 2 (3.18),3.19)¢F o] FeJHrt

t, =dn]T (3.18)
Upo™ Upart
t, — (3.19)

2 (3.19)E A@B.anol ddste HEF FA2EAWE EHASEUE AncEs dF JoH
ol 2] (3.20)7} #tl.

o iDC<UDC_ )

vpcf Cpe

21 (32005 Sl 0.1%7|RFe] At ES 7HAAl sk AWAIH ] 3 1167uFol Yo =,

(3.20)

ol WFHA]Z|= 2000uF S 2 FH 25 AAIE ghoez A5
AWE o 4 F2E AWE 22 B2S 21835t wgE S AdAE @e 7+
T Ak o= 4 3.2 Zrh

/U(] Ubatt

AVpayy = Ay = 8LC P (3.21)
batt

21321 F3 0.05%7 o] At ES ZHAISkE WiEE S AMAE RS 1350uF°]/de

2, o] WAI7IE 2000uF S HiE P S AVAIE e R dA s3I
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3.3.2 Ao F= 47

3.3.2.1 F2E AHE AJFZ HF

N
N

X
rob
B

o

1o A e o] dgeteE k7] fal duE e 23S Fd Al R

1o

WA S 2 (3.22), (3.23)3 o] =EESE AT} [16].
],u(t)zvs(t) (3.22)

y(t)= Cx(t)+ Dult) (3.23)

71 H2E AWES ZF o 24 4 (3.24), (3.25), (3.26), (3.27)F #t} [17].

1
0 0 0 -
Alt)=d(t)A,, + (1 —dt)A,, A, = [0 B W . (3.24)
Cc  CR
1
B(t)=d(t)B,,+(1—d(t)B,,,B,, =B, =| L (3.25)
0
Ct)=dt)C,, +(1—dt)C,p, G, = Copp =10 1] (3.26)
D(t)=0 (3.27)
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T, a5 RUYLER MY

M
we
=
B>
M
o
fu

1oy eAge A%

il
ol

_(‘)4

U= otk ol 4] (3.28), (3.29), (3.30), (3.3 #t} [17].

z(t)z X+a(t)= ‘I/LC+ :}LEZ;] (3.28)
ut)s U+ult)=V,+v,(t) (3.29)
y(t)= Y+ylt)=Vo+u,(t) (3.30)

d(t)= D+d(t) (3.31)

21 (3.22) ,3.23)°] A (3.28), (3.29), (3.30), (3.31)2 UiYsta, HFI}E AHEshH 2

(3.32),3.33)% ¥ & Ut

0=[DA,,+(1—D)A,;]X+[DB,, +(1—D)B,,|U, DC solution (3.32)

2= [DA,, +(1—D)A,, o+ (DB, +(1- D)B,, i+ (3.33)

(9]

of f

[(4,,—A

e
=

ZAWEe 2als Y HFALS A 3342 74

2(t) = Aa(t)+ Balt)+ Pd(t) => (sI— A)a(s) = Bals)+ Pd(s) (3.34)

Aol Aol e T8, e Gus ek 4 (3.35)9F 2t
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%Q(AH)
SATV) | 20HR 10HR 5HR 1HR
1.75V/Cell | 1.75V/Cell | 1.7V/Cell | 1.60V/Cell

KB&.5-6 6 4.19 3.83 2.79
KB7-6 b 7 6.51 5.95 4.34
KB10-6 b 10 9.30 8.50 6.20
KB12-6 6 12 11.16 10.20 7.44
KB1.3-12 12 1.3 1.13 1.03 0.75
KB2.3-12 12 2.3 2.4 1.96 1.43
KB2.9-12 12 2.9 2.70 2.45 1.82
KB3.2-12 12 32 2.98 2.72 1.98
KB4-12D 12 4 3.72 3.40 2.48
KB4.5-12 12 4.5 4,19 3.83 2.7
KB7-12 12 7 6.51 5.95 4.34
(b)
Mg ESMER
(%) (CA)
e T TREETETES b
sva| g
|
100% 1 0.2 4 suny -::; 8
bl
o
)
s 014 120
suuR
e 5 0 5 %
AlIZHH)
(c)

19 3.7 KB7-12 atlas 982 (@)wEa]d= (b)wel A (¢)SOC =+

Fig. 3.7 KB7-12 atlas battery (a)battery equipment (b)battery parameter (¢)SOC graph
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Fig. 3.9 Boost current controller open loop Bode plot(Vy=24V)
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Fig. 3.10 Boost voltage controller open loop Bode plot(V,=29V)
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Fig. 3.11 Boost voltage controller open loop Bode plot(Vy,=24V)
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3.2.2.2 ¥ AWEH AJFZ L7

9 AWE gl Aojgxe ¥ 3129 E5EZ YeRY H WEe Rdie 2
(3.22), (3.23)9] FH Ao ¥ TWEH FHLAE UYdste] FP5 o FAEANYH
o w7 = = Ag T FHF3 AF &

9]
Ha A= 2 (3.38), (3.39), (3.40), (3.41)3 T} [17].

1
0 JE—
AR =d(0)A,,+ (0= dE) A, Ay = Ay =| % (3.38)
© “Cr
L 0
B(t) = d(t)B,, +(1~d(t)B,yy . B, = | | Byy =) (3.39)
0
a1 = ()€, + (1= Cyy, Gy = Cppy =0 1] (3.40)
D(t)=0 (3.41)

HE A8 2] (3.33)0] ¥ AWE FH2 A (3.38), (3.39), (3.40), (3.41)S thys}ted

HoE AWES AR 22s ndee B8 AFsetd, 9 AW 4295 Gy

v,(s) V,+sCRV,
Gy=—=—— 0™ 5 (3.42)
d(s) R+sL+s°LCR
EE2% 09 30120 WE HF ddAlo] ¥ AWE HFZ AGsE A 343)7 Eo
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Fig. 3.12 Buck single loop block diagram
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Fig. 3.13 Buck current controller open loop Bode plot(Vy=29V)
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Fig. 3.14 Buck current controller open loop Bode plot(Vy,=24V)
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# 3.1 Alej7] AALa

Table. 3.1 Controller design factor

Operation controller condition

PI transfer function

Phase margin

Cutoff frequency

boost current loop(29V) 332.75 X % 60.0° 6.28krad/s
boost current loop(24V) 332.75 X w 56.2° 5.42krad/s
boost voltage loop(29V) 6.43 < Hosw 90.0° 13.90rad/s
boost voltage loop(24V) 6.43 < H()(Sﬂ 89.9° 14.50rad/s
buck loop(29V) 343.21 < w 60.0° 6.28krad/s
buck loop(24V) 343.21 X< 170000275 56.6° 5.45krad/s

S
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Fig. 4.1 Simulation configuration

_34_



E 4.1 Aol AFYF

Table. 4.1 Simulation parameters

Converter component Value
DC bus voltage 50V
Battery voltage 24 ~ 29V
Battery capacity 14Ah

Battery internal resistance 0.12
DC bus side capacitor 2000uF
Battery side capacitor 2000uF

Inductor 0.5mH
Control component Value
Rpc 209

Un 3.5 ~ 421A

Lecrer 3A
Vi 47.5V

Vbcbus™ 45V
Switching frequency 20kHz
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Grid-connected Grid-isolation ]
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Fig. 4.2 Simulation results of conventional method (Vy=29V). (a)
grid-connected mode to grid- isolation mode (b) grid-isolation mode to grid-

connected mode
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o

at

Table. 5.1 Implemented Hardware

Hardware model
Controller TI, LaunchPad 28379D
DC bus power supply ODA, OPS-8010(80V/10A)
Battery simulator Myway, pCUBE(500V/-35~35A/11.5kW)
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(]

Agslitt, olw LaunchPad 28379D9] 92 [18,19]2 =3It DSPe] AMEH Ful4
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Fig. 5.3 Experimetal result of open loop buck converter(Vs=50V, d=0.5, Ria=2082,

f=20kHz)
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Table. 5.2 Experimetal parameters

Converter component Value Control component Value
DC bus voltage 50V Rpc 2082

24~ 3.65~

Battery voltage Un

29V 4.4A

Battery capacity 14Ah Tecrer 3A
Battery internal resistance 0.1Q Vi 47.5V
DC bus side capacitor | 2000uF Vbcbus® 45V
Battery side capacitor 2000uF Switching frequency 20kHz
Inductor 0.5mH Sampling frequency 10kHz
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Fig. 5.4 Experimetal results of conventional method (a) grid-connected mode to

grid-isolation mode (b) grid-isolation mode to grid-connected mode
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Fig. 5.5 Experimetal results of proposed method(V,=29V) (a) grid-connected mode to

grid-isolation mode (b) grid-isolation mode to grid-connected mode
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Fig. 5.6 Experimetal results of proposed method(Vy,=24V) (a) grid-connected mode to

grid-isolation mode (b) grid-isolation mode to grid-connected mode
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Improved Conditional Integrator Anti-windup Method for Seamless
Transfer of Bidirectional DC-DC Conveter in Grid-connected

Battery Energy Storage System

Jun-Yong Eom

School of Electrical Engineering,
The Graduate School,
University of Ulsan

Supervised by Prof. Hong-Hee Lee

ABSTRACT

In DC microgrid system, power exchanges between the grid and the battery through a
bi-directional DC-DC converter(BDC) is essential. In general, the battery is charged when the
grid is connected, and the system is powered by the battery when the grid is disconnected. In
this mode transition, saturation of the voltage controller makes output response slow and causes
large transient error in DC link voltage. To solve this problem, a novel anti-windup is
proposed to further improve the performance of the anti-windup. Thanks to the proposed
method, the DC bus voltage is stabilized through wider range of battery voltage with faster
transition compared to the conventional methods. The proposed method is verified by an

experimental setup of 125W laboratory-scale DC microgrid system.
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