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®Proposal of a Novel Method for Selecting a Power Factor

Yasuaki Yamada, Toshiya Nanahara, Kazuto Yukita
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(Aichi Institute of Technalogy) Discussion on the short-circuit ratio of an inverter
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Outline Background

®Background

®About the system model and p-v curve @_L r@ - r@
L -, -

®Proposal of a Novel Method for Selecting a Power Factor =

®Discussion on the short-circuit ratio of an inverter i
We will propose a novel method to determine a power factor for inverter-

eConclusions interface distributed generation.
In the proposed method, we try to stabilize the voltage at the inverter
terminal, based on power-voltage characteristics (P-V curves) of the power
system.
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System model including an inverter

Inverter voltage |, %Y t Looking-back impedance
=WV, Jexy T ey =R X)1Z]
. . . - ;
V=vel Z=R+jX Vo=V,
AL
Inverter power|
p=PISCC
g =0/S5CC s
short-circuit capacity Power factor of inverter
(SCC) (¢p : power factor angle)
SCC = K,M2) cos @, tan @ = q/p

Create a p-v cureve from the normalized” inverter active power and voltage

“R Kanda, T.Nanaharaetal
haching Infinite-Bus Syster’ EE) Trans FE,Vol.142, Wo 3, pp 425432 (2022) i fapanes)
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Derivation of p-v curve p-v curves with power factor control
The complex power relationship equation and Ohm's law ] —= %
Do 14 2 +1F — api(s? 1 x?) r'=r+xtang .~
i T Ve’ -V V = velt (ver¥) Z=R+[X V=V, vo i ‘l( Pl -4 ) P RIX
P+jo=Ve'r | I=—--—>= A ~ 2 ? r=—
R+ jX JH(R‘JX)’
—> 0 7 |
. 1.P+]Q 7 - _ 14 [ T -
From these two equations o () Normalzed variables T, — TS
(RP+XQ-V?) +(RO- XP) = (1P, )’ g, S
E TN 90T, 95%
) Bt laz lag;
In constant power factor control, Q = Ptan ¢ E 8 (\u_m) ,-":)]’ e
o , . R=RiXump 5o P
(RP-1) +(XP) =(VV,) X'= X Rimp 3 o4 P
Normalization will result in . R R =08
r=Er+xtang o 05 1 15

2prt+1x J[Zpr’ Jrl)z - d-pz(r"z +x'z)
2

X' =x-rtang
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Inverter active power (nomulized) p [-]
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Proposal of method for selecting a power factor of an inverter

J2p/“ 1+ J(Epr'u): —4pi(r 4 x?) r=rexang
.

B x=x—rtang = RIX
JL(RIXY
. Jl+tan’@ . 1
Maximum inverter voltage ™y _jtang L+ (RIX)

E High voltage solution Stability limit . Vo —1-RIX
g — RIX e 141
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—~ =" Low voltage solution
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Inverter active power (normalized) p
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Relationship between g/p and R/X for various v,,, Outline
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®Background

f —1-Rix
tang =
RiX )\-_;—1+1

=
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&
o

(tangp)
Reactive / Active Power Ratia ¢/p

&
=

&
=

&
=3

Resistance Reactance Rato .0

Once the higher limit for inverter voltage is specified, the power factor of an
inverter can be determined according to the R/X ratio as shown in figure.
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Derivation of equations representing a s-v curves

® Applies to p-v curve
"’vzp' 1+ J(2p +,” AP (rtex)

® rand x " of proposal power factor

—L Change to a function of inverter e Vo —1- REX
~_ 7 active power p CRIX ot 141
EEN R —

R ) | i

[T v,

v .
i |
p= ‘—(v N M )cowx
Vo

Since p = s cos ¢ using the inverter
"7 apparent power s

Y e B v
- _m_x,fuw -1
1

3 1
2= —— _
PV —1 X Vs COSQ

Discussion of inverter capacity to be interconnected using s-v curve
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Discussion on s-v curves with the proposed method

02
Inverter apparent power (normalized) s [-]

03 04 05 06 07
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Discussion on short-circuit ratio

~ 10 g i
= 9 b\ i
] E
e 8 v Fas
= v £
a7 Y I
N i
2 . T s
2 5 R scq R T
g 4 ~AR =y,
I e
s e e
) "
N ]Very weak grid.
1 L2 104 Loa 108 L1

Max mverter voltage (normalized) v, [-]

If the maximum inverter voltage v,,,, is, for example, supposed to be 1.05,
SCR, in the domain becomes approximately three.
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Conclusions

v'The paper proposed a method to determine a power factor
for an inverter in a power system with high penetration of

current-control type inverters.

v'The method determines the power factor by considering the
R/X ratio of the locking-back impedance of an interconnected

system as well as a maximum voltage in a p-v curve.
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