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Active Power Controller Design Method of Grid—Forming Converter
Based on Small—Signal Stability Analysis
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Seoul National University

ABSTRACT Converter Iil P(}‘C‘ Grid
| — 1
H AT AAEE AYAR 7k A o] E7h kel whe), s L,
PAFANE Fxo] Jhsd 1= £ AWEsE FEy V200
oAtk olelgh AHE L] Al Al AAE M= AT
Aol7]  seElS HAAeH= Aol Fesith olo] 2 Ca 1 aBle 2 sl A oA A as SotEe

wrdAe 2SR EAS T 9= W AHEY
A7l AA S A-ksh ARk @S Control

\ . _ oWl Z, =Ry +jX, & ZE FIHXoIvh AHE EY Mt
Hardware—in —the—Loop Al&#o]dE F3l A5 1z T %= 2 I ARE <3 Ad

E & AE Ak v e AdAE § = HYskd AnEA
F99E £ 9L e g,
1.ME EV(Rcoss + Xsing) — Ry V2
P= T X7 (1)
f
H T A A Ve B wet Algel dAAE= oWl X =X+X, 02, X, & AT Q9dx L, o e
A9z 7mE 2ol Frkel V1E9 w7l wE R rolnt, 9} FAs wgoR fa A9y Aoyl E 4
At Stk oldd FAlle 712 w7 ddde A Vel PdAE Aot 29 #a Age Alojdth 9=
oz FAHY AFY FES AAAZIL 9lod, oo ¥w AWEHY f& WY Ao EEEE vgy ¢k
Phase—Locked Loop (PLL) & AF3}= Grid—Following (GFL)
AEY Aol qrgAel Wojxxm Ak whde] Grid— fonerter
Forming (GFM) AMEl: AWESE Agelo2 Alojsh 7] K3 — .
7] 9 BAS mostEE PLL ¢lo] AEel E713} i |v_
7Fsditr. ool wel Short Circuit Ratio(SCR)©] %2 I_L_T_IJ_L_Ll Porwer Vs
PIFAAE QPgHel o] sheatrm FEua gl e
GFM W E< <MgAN Ag AAE A=
A-g Aeol7] sEpvlE Mol Fasith 53] 1HE S NS
8 AYS dFHoT A3y YA Ao 9} —{Caleulation
29 49 e wARYS neje mHYe] Wasth
ole wel B =AM Az RE"HE FI f& [
e Ao] AAFe) MRS PA sk, A A7) J8 2. 12|= =Y 7sEel &3 Moy 255
st e E AAdstes W ES Alcksth I8l olE
;i;}oj GFM }amé}g #E @; xﬂoiﬂ %lz 18 2014 PLC = & A Aojzle] d@neol.

AHEH = Droop WHI P oA 2o w ol HAWE F¥ A P PCC E7 2 po

PYEE FAAACE A BN Aofy] sepvige)  LATF AMHS AT gIsel gAY #E A
WMalo] WE QAT Wa AeAS sorstdm, aerer A7 SIS FHE] ZAE7] fsEl, 2 =welMe
HHH S Control Hardware—in—the—Loop Al & do]A AME ] Ak A7 Aojsts A A A7l
(C-HiLe) & o Aahalch inner loop®] A A°1/1% wA A EFAANA Ptk
2. 12l EY 7HES §& ® Hoj7| My 22 BE DA AIIY 242 ZEI

AWEY fi A8 Egtel Wsksh by B7) )
SA7 &b dAHow waEE v o F o A
wsech web AMee] FA9E JFom S v
WS a6S) i A B vk Wa ape) AN

i 1o

O:

21 J8lS XY 7Helel RE H2 A I
AEI AR EE Y AWEE Bhed 2o nud
% 5 gtk

B

- 214 -



Poles of Hy, | (5) according to R

x x 2 x X X X X X

Poles of H

“0.0019 . PLD'

Ry increas

389

- RHP 277 B OO ERRMRNNN

-100
-200

Ry increase
300

(s) according to D,

Poles o:‘H},u[s) according to DP atH=1s
28% 400

HORRHHRHN ,. 28%

Dp increase 300

200 25%

Dp increase

RHP *® X x %X x X X
X X X X X X

¥y xx

-100

Imaginacy [rad/s

Dp increase

-200 19%

-300

400 -

Real [rad/s Re

T8 3. mjole Hal mE 7& MY
2~

?La F Stk §=6,+A8 °F Fi
AL &3 o] yepd &= g} @
AP ays?+ a;s + a,
Jps(s) = =
(sL+ R)? + (wsL)?

A6

ap = w—(EOVocoséo -3
S

R
a, = w_ (EOVOC0560 - Voz) (3)
S
a, = wsLEyVycosdy — REyV,sind,

L2 I dudxst AF dIYdEAE EF
e o), R HY AT Reolvh Ey, Voo
Zj]ﬂ];] xﬂ%h)r 7;]]5 ;ﬂoLA RMS E;d—x%o]ﬂ
AEe AFgolint. 24 (2)9 AGdrE S
FadEg Ao AAHY HFEEX dIEgFE FE S
itk o]yl Power Loop Controller (PLC)+= Droop
AE F3ll FdAY 7 A AEE 2oy
Td3d 5 itk Wk Droop AAE AbgEteE A¢

2
Power Loop (PL) ¢ L%%L"/F‘C = s g

AP ?"Jps(S)
Dp
1T+ Jps(s)

Ze

pas

=)
-

L

rL e

Z)
Wg

¢

of

Hpip(s) = AP (4)

Dp+= Droop Alg=o]t}.

0

2.3 7& ®3 HoO{7|9 AU

AN B Bl HE Han o 24
Uebdth R b ZERE Hpp(s) O SAS0] A

4502 of§FTh oZ Ba AuMEe A% Aol

A AdEo] &713te] wel PLS damping®] 718k,
o]zlo] A|AEIS] PP Ee) 7|ATE & Qlvh. EsH
FHEY 587t 377 rad/s = 2w * 60 Hzoll 23 3k,
ol Fd =Y fFaz dg SHelA 60 Hzo
Synchronous Resonance(SR)7} A&, =359
A e wE SR ¥ ayrt gES A5 F °“ﬁr

400 : 16%

=1s B 29| Al p, B3}

¥ 3(b)E Rr=0.037p.u oA Dp S 2.15% oA
3.26% % WA Wl Hpp(s) Sl =4 W3kE vehdch
ojml HWE A HAYvE fFa Aol W o,
AT B2 Foents AwE Agde gd Fasrt
b= A% Dp=100% = Bttty pp 7t S7HEF5=
Hpip(s) o =4E°l #Aa ¢5o2 olFsiy, I1d
3@ vaEds W AAEelA negative
resistance’t  T7Fsh= A g2 mIdrE Qluh
el =Aol fubdow {olrk= AARel Dp =
2.23%0] D% Dp < 2.23%0]% 2435 b o] BAE T
Dp > 2.23%°1™ A28 HOWokﬂ‘r

#HEE Boste] PLCE Td3se 4
A o gk

e
ol o

- PLe] %2

1

AP ws(]S+D)S]P6(S)

APref

Hpp(s) = 5)

1
1+ mh’ﬁ (s)

Jz AP 57 wAle shgoln pi @A o
o olm wAgol jo ¥7] WA 44 SR 24"

W oAAE 59 B4 UAE wadsle 44 Feow
s #s B AR 38 HE AZoEt 19 300 &
H=1S°ﬂ/‘1 DP%Q’oﬂ uh 2 HPL](S)-OJ =3 mi}% e}

aek oful D =—Lojch 17 3(b) % WwaE W 2
& bl A el 1w Awdel fAs,
2GR A9 e WAL Dol Hhste] 445
gyel nAEL ¢ £ Uk ER eI

57k EABIIE AR, A5Et )

+ 5o Zhel=2 SRel digt § adst we &
e & F UTh
3. AlEd0| t
Abd 24T ME FAH BHEAE HASs 93
C—HiLs AlEdoldS Ays3Arh. Algdo]del AHg#
A2sgl shebulEs g} g
E 1 AlE8olMd =A
Rated Power 3 kW
DC-link Voltage 400 V
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Grid Inductance 0.0491 p.u.
Sampling Frequency 9 kHz
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