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Grid Connected Inverter of ESS for Seamless mode Transition

Chang-Pyo Hongl, Hag-Wone Kim", and Kwan-Yuhl Cho'

Abstract

In this paper, a voltage controller for the seamless transition of a grid—connected inverter for ESS is
proposed. The single-phase inverter is operated as a current controller when the grid is connected and as a
voltage controller in the stand-alone mode when the grid is disconnected. Generally, in the case of grid
recovery, the overcurrent may flow into the system because of the mismatch phase between the inverter output
and grid voltages. The proposed controller resolves the overcurrent problem through phase delay problems with
initial value feed-forward control of the integrator when the grid voltage is restored. The effects of the control
method are simulated through PSIM, and the usefulness of the control method is verified through experiments.

Key words: Single phase PWM inverter, Stand alone mode, Controller, Nonlinear load, Feedforward
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Fig. 1. Energy storage system circuit.
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Fig. 2. Block diagram of DC link voltage controller in
outer loop for grid connected mode.
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Fig. 3. Block diagram of output -capacitor voltage
controller in outer loop for stand-alone mode.
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Fig. 4. Block diagram of inductor current controller in
inner loop.
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TABLE 1
Condition of Grid connected Inverter’'s controller
Condition Value
Switching Frequency 15[kHz]
Filter Inductor, ESR 1[mH], 0.08[ (2]
Filter Capacitor 75uF]
DCLink Voltage 12[Hz]
Band Width | Output voltage 100[Hz]
Inner Loop 1[kHz]
Qutput voltage Grid voltage S()[\q ]_)r()p

Detection
M~ 1 A P

1 [——GridrConmected-

il RN Y O | &

Grid Current Load current

0.2 0.25 0.3 0.35 0.4 0.45 0.5

Fig. 5. Simulation waveforms of mode transfers from grid
connected mode to standalone mode using a previous
algorithm.

A Ao)719 sinf= PLL(Phase Locked Loop)&
olgdl & HAH¥Y Fg HA=e 1#3te PFC(Power
Factor Collection)s AA3l §& AA gt ASAA &
Ae 93 A7 3 Ay Aleirls 29 29 YERAS

@9 uE ed 2Ed 4% Ade AF Ao %
atod =9 AFHAE A (v A7t olHXth 1]
el e Fire 9 AIAE AL Ao, W F
2 oqlge AR AR ANGT. 9% Fxe B9
A Aol AL e 2

% ZkR'US %
zpf—(k;m R )(vcf—vcf) 2)

ol 71A, i:f% AHAE AT A, v:fS’Jr v, = EY
A AR 29 A, b, = vdAN7] o5, k&
SRA 7] o] 5 Uit

JYH Aie =9 @ AHAEH (+)F KCLs A
s A@)% 2ok

iLf :iload+i0f (3)

4@ 4@ BYstel A8E AF FHL T

ofelel A} 2.

[\
x>
=
<
VA
—_
—_
<
Q*
<
£
_
+
o~
)
S
m
—
&

2
~N
R
s *
rir
[40
Ein)
)
[
du
N,
o

rlr
-z
of
ol
[
du
Ll

>,
4

ol

S
n T2
Y

>~
>
oo
ol
o,
Q2
2
2
i)
4
X0,
ki
I
i
X,
o
vl
o
Iz
o
rif
)
4% o N Qe
ootz mt N x&

O

0,
lnf
)

—
e
5
o F

Asre) golrh. | AvE At )
A Aloi7)el olate] 24w,

<
3
=
<
S
_l_
<
&,
g

r'O
Ein)
o
2
oo

v, = MAAE e e
AFAA Fdoly dEHd
F3 AlojE 7] Wil FEAHOR

H Q1YY AF AAE AR

zo] AF A7= vE-2

Alej71e] A FH F35 9ol A
So] Fstdjo]7] W I3 Fubg
F(B060[HzD = 14
F Aozt 74saA dh 297 o
v -3 Aoj7|& AbE-sto]
22 glo] AlE & oA A @
A Ao] G4 olgle] A3 7}

O,

T e

=2
o

>
o i
1= iny

- 2 q

it
i)
o
o & oo rfr

™
é
5
N7
e Hz A
)
o T oy
By T O P ) Tl 1

ol

ol

X,

il

2

o

o

b

S oo
12 ox
to X,

- O_|>L re

g2 olo

o o

1O
=il
2

9,

° X
ol
o ox 2
% o N N

=
il
Jf > Ao
f
=

*

Vipy = (ka +

9Y AR AR d9H A, ks vlE A7) o
5, kg &3 A7) o5, we 3 FIEE HE
RSy

Aoj71e] o] MAL 7 Ao} it & it A
A BB olstel 0|5 S ATk FAAN Y Ak
58 57150 AT IFA HBRA g} e
s 7 da . 237 wiiel o5 #% A4
EF AR Ao)7] o] S4A% FUsA AR e

kpdc:wcdccdc7 kidc: wz?dccdc (7)
kp'ﬂ = wwof ) kl‘?,v: w?:t,'q” <8)

kpl = wuLf ’ kRL: wa, ‘esr (9)



B A Alzglell A AEEA uE o] vl BE H3 367

A

grid PLL
Block

sinf

Fig. 6. Block diagram of proposed dual loop controller.
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proposed algorithm.
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TABLE 1
CONDITION OF GRID CONNECTED INVERTER'S
CONTROLLER

Condition Value
Switching Frequency 15[kHz]

Filter Inductor, ESR 1[mH], 0.08[ (2]
Filter Capacitor 75[uF]
DCLink Voltage 12[Hz]
Band Width | Output voltage 100[Hz]
Inner Loop 1[kHz]
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circuit.
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