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Equivalent Grid Impedance Estimation Method Using
Negative Sequence Current Injection in Three-Phase Grid-connected Inverter

Chan-Sol Park', Seung-Ho Song”, and Ji-Hoon Im”

Abstract

A new algorithm is proposed for the estimation of equivalent grid impedance at the point of common
coupling of a grid-tie inverter output. The estimated impedance parameter can be used for the improvement of
the performance and the stability of the distributed generation system. The estimation error is inevitable in the
conventional estimation method because of the axis rotation due to PLL. In the conventional estimation error,
the d-q voltage and current are used for the calculation of the impedance with active and reactive current
injections. Conversely, in the proposed algorithm, the negative sequence current is injected, and then the
negative sequence voltage is measured for the impedance estimation. As the positive and negative sequence
current controller is independent and the PLL is based on the positive sequence component only, the estimation
of the equivalent impedance can be achieved with high accuracy. Simulation and experimental results are

compared to validate the proposed algorithm.

Key words: Grid impedance estimation, Equivalent grid impedance, Negative sequence current injection,

Grid-connected inverter, Unbalanced voltage
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Fig. 4. Rotation of d-q frame according to PCC voltage
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Fig. 3. PCC voltage variation by positive sequence q-axis

current injection.
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(a) Before negative sequence g-axis current injection
(b) After negative sequence g-axis current injection

Fig. 6. Vector diagram of PCC voltage.

o))

2
)

o
ﬂo

i)

(18)
PCC #1749

.

AR AE A A A=

0

At

PCC Aste] #E oty 74 Alof7]= A

PCC 7Fe] MEEolt) elulEjo] A

M~
o oK
=
—~—
o Ilo
! T
= of
o
= A
o He
o
EoECS
o O
oW of
i ﬁﬂm
5=
W o
o o
ﬁo
A
o
o T
=N
To o
Mo ET
N- =
My =
T &
ERIE
5n o
=) Mo
_—AT
3
o o}@
=i
o) aH
T %o
B %o
o o
e
Lo
o QO
Gl
™
"o
< o
B N

q¢tel 7|7} A

SEEIERE

=

=

=
T

N e
ﬁﬁgﬂ
T TR

UT 8o ey

vzel
o K
o T
" B ooy
L.M ko)
X 70 iy
nj A aﬂ B0
K = of T
B
1_,rA oR _HMﬂ
ol NF of
EE i T O
~ il
NE e

_

o B
TAE T
N o B
i NIl

el ™
oR i1 ﬂ71_,| ™~

o <
o T W N
T o T N
o] g - =
el
o0 o o)
T e
™ Ko % mo
zel
= o 20

T OA N
2 5 I
Ouw nAro —_
e . N
X 1dr| 7
wf BVL 0o
,AO 10 0
3 B

™o
~ — o
=
=0 E ~r o
W N N, &

<7y
W™ o oF
ﬂﬂﬂﬂ
= o i
ﬁﬂ%&
N ‘W.,ﬁ o )
et O
=W oT No

il

el
s

i] (UF set)oﬂ E%’E}-Uj 2

=

=) o

o B!
—_

I

of W A= Ao} F7
= o §A

SFSAL.
=
o

file)

beg Ao
al

Aws
A2

an

+ AI/PCC n

= AVPCC_p

AV pec



530 The Transactions of the Korean Institute of Power Electronics, Vol. 20, No. 6, December 2015

‘,?
1""1' _ref Loeriod
' 2 |
1
" et
I
AT
At
Srart of End of
estimation estimation
W UF
T —
UF s
Start of End of ;
estimation estintation

Fig. 7. Reference of negative sequence current injection with
consideration of unbalance factor.
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TABLE 1
PARAMETERS FOR SIMULATION AND EXPERIMENTS
Name Value Name Value
Vdc 3 SO[V] Z]oad ZO[Q]
Vgrid .
220[V] Zysia1 0.45+1.5[Q]
(line-to-line)
Grid Voltage .
; +
Frequency 60[Hz] | Zgiqx |0.74+j0.38[Q]
Rated Power | 3[kW] Zri | 0.54+1.42[Q]
Switching )
+
Frequency 4[kHz] Zep | 1.27+1.66[Q]
Al 2[mA] et 400[msec]
At 125[usec]| tperiod 2[sec]
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Fig. 9. Experimental setup of grid-connected inverter system
with variable grid impedance.
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Fig. 12. Experimental waveforms of negative sequence PCC
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injection with consideration of power quality according to
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SIMULATION AND EXPERIMENTAL RESULTS OF
ESTIMATION ERROR USING THE PROPOSED METHOD

Nam Actual | Simulation | Experimental
¢ Value | Result/Error | Result/Error
0.54[Q] 0.55[Q]
0.54[Q
swi | Rer 2] 0.5[%] 1.0[%]
ON
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(Zew)| X 1.42[Q
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