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Design of DC Battery Size & Controller for Household Single-Phase
ESS-PCS Considering Voltage Drop and DC Link Voltage Ripple

Yong-Jung Kim!, Jinsung Lee?, and Hyosung Kim T

Abstract

Generally, in a single-phase energy storage system (ESS) for households, AC ripple component with twice
the fundamental frequency exists inevitably in the DC link voltage of single-phase PCS. In the grid—connected
mode of a single-phase inverter, the AC ripple component in the DC link voltage causes low-order harmonics
on grid-side current that deteriorates power quality on an AC grid. In this work, a control system adopting a
feedforward controller is established to eliminate the AC ripple interference on the DC link side. Optimal battery
nominal voltage design method is also proposed by considering the voltage loss and AC ripple voltage on DC
link side in a single-phase ESS. Finally, the control system and battery nominal voltage design method are
verified through simulations and experiments.

Key words: ESS(Energey Storage System), PCS(Single Phase Power Conditioning System), DC link voltage
ripple, Battery size, Feedforward DC voltage control
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Fig. 1. Scheme of single phase line-interactive inveter with
transformer.
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Fig. 2. Block diagram of control method according to
feedforward controller.
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TABLE I
SPECIFICATION FOR SINGLE-PHASE GRID
CONNECTED INVERTER

Grid voltage Turn ratio
220V 30:220
( Vg) (V)
. DC link
Grid frequency .
(f) 60Hz capacitance 4080uF
g (Cy,)
Filter
Rate Power .
3kW inductance 280uH
(P mte)
(L f)
Maximum Filter
modulation index 0.9 capacitance 50uF
(M) (C))
Voltage efficienc
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(771/)
‘/im; = Ma X (Vbatt + Vr'ipple SanWt) (7)

i)

M, =M, sinwt °|B2, JEFc Aojs A4

AT 71E M5 A )3 #ol wAst AuE e &9
o A Qs Pol ARYAE WEY US AN F 5
At
Via
M, =M, x( bt . ) ®)
Vbatt + Vr'ipple sin2wt
Vvin'u = Ma/ X (Vbatt + Vr'ipple SiHQ’LUt)
= Ma X Vbatt (9)

3.1 HiEl2] HAME MA 7|E

AAzAS 9 AgEg, ARIAS
sEele] 22 A%e A 103 o] 11
e AsAge) Aue 4 BA 2
RN JE 2
EO

Vit T v sin2wt =

ripple

V,x1.1,,
1 X p ]sinwt (11)

Viarr + v, sin2wt

ripple

(10)= viZgozxn 2

iz AxE 4
o] rhe

V, <11,
0:—2t2+—[p]t+1 (t=cos H)
2Vr/ppl( anVN
/A2
cosﬂzw (—1< cosh <0) (12)
‘7 1. 1[ ul —~ B
o, A= =2 No AAN, M F
2Vr/ppl( anVN

A FE ok

o] Aleke ¥ 13 2o Aoty YEEYs Aoj2 AE
she A, et ARdas A weddgdse

Vbaff (VSIV+ Vf+ Vfrans)

Vbatt

Ny =

o, VSIV’VfaV < 2902, Y, Wgtrle] A%

trans

‘79 X l.l[p,u]
Vit = —=—"—"—"=159.58V (14)
Ma.TIVN
. N —— (15)
V”pple dw Cd(: Vbatt 1637V
@ WAl 7 shebElE gl Aeat 914
& Zeth
12
0 =cos ' w>=msl(0.386)x 113  (16)

@ Hdigt AR MM ] Heks Atk

1= ( L xLax [W]sm113 ~1.147) (17)
V;Jatt + ‘/prlf 5in226° M

4 (ne B WEe s e 5058vel A

Ae 4 (D9 20¢ WEI BuE ARgaS

e adste] o A AAsoF 32 & 5 Ak 2

Az A (159 A AEgtel 2% neleol 4



100

50

-50

1.2
08
0.4

-0.4
-0.8
-1.2

1.32 1.34 1.36

Time (s)

(a) Waveforms in primary side of transformer

1.38

i Iut :
20 " THD=4.53%
0.3
15
0.2
10 & ‘ :
. J‘ J\ |
0.1
5 0 100 200 300 400 500 600
|_) Froquency (Hz)
o|| —]
] ; ;
0 500 1500 2000

Fl%%%ency (Hz)
(b) FFT of primary side injecting current

Fig. 3. Simulated waveforms and FFT in condition of

designed nominal DC link voltage and SOC 100%.

(18)3% el
shA ok

V= AAT
(1De] AAxA

10

& %]
2] °

- =

1 ‘A/y x1.1
X
sin222°

el in111° ~0.99)

L (18)
M,nyN

+V,

batt ripple

z]or o

SOC 100% A=
i

9= 0.7~1.00pul
2 1909k o] AAd.

Vbatt

Vbattmin [pu]

_ 66 - 94087

07 = (19)

nominal —

ols} o], e
9 45das A9

R ERCNEE

= =] A~ e} I~
3 g9l S & 4

33 Al28olMd

= o e Rl e |

WES neld AR e Ae]= 2 Alof7] A 97

1.34
Time (s)

(a) Waveforms in primary side of transformer

1.32 1.36 1.38

i Iut i
20 o THD=3.62%
03
15 [
02
10 . } \ A
oo NG DS | I O : N
}-0.1
5 T Il 0 100 200 300 400 500 800
|_) Frequency (Hz)
o
0 500 1000 1500 2000

Frequency (Hz)

(b) FFT of primary side injecting current

Fig. 4. Simulated waveforms and FFT in condition of
designed nominal DC link voltage and SOC 0%

ag= FYAF Aotel Aol AFHALS 5%
FFE AA7] 93 J=xg= Aoy 3 viHg
TAAGEAE AFskrl s Aol 3 Ade
Fstact. 19 3% 29 4= ® 19 W ESSE
PCS9O| Atz AAKSH tigk PSIM Al &80l
AWE dEp) ol A% THDE 6%°lH, 7
A% 271 Llpul=A Aedde Hozow
A g3ttt

19 38 AR dF SOC 100% iaoﬂAM A

X]E’F/]

Wozz ﬁw

HD: 4.53%
E IEEE Standard 519- THD A&t

Aol o As & ’% ‘RAEP.



98 The Transactions of the Korean Institute of Power Electronics, Vol. 23, No. 2, April 2018

A ffj\

16V v - -~
by
14y

12

v

&V

v 1.5v
S

o
OHz 60Hz 120Hz 180Hz 240Hz 300Mz 360HZ £ 20Hz 480Kz 520Hz 600Hz 660Hz T40Hz TE0Hz

(a) Without feedforward controller

‘[\z\}.uad ﬁ

\/1 \/

14v

10V
av
v
av

P 15v

e el 03 03v 03v
OHz 60Hz 120Hz 180Kz 240Hz 300Hz 360Kz 420Hz 480Kz 540Hz 600Hz 660Hz T40Hz 780Hz

(b) With feedforward control ler

Fig. 5. Waveforms of DC link voltage and PCS output
voltage in condition of load rate=0%.
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TABLE 1
EXPERIMENTAL RESULT IN PROPOSED CONTROL
METHOD ADOPTING FEEDFORWARD CONTROLLER

THD

Load with
feedforward
1.28%
3.24%
2.38%
2.04%
1.96%
1.81%
2.06%

without
feedforward
1.28%
3.35%
2.12%
2.90%
3.41%
411%
4.83%
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