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The islanding detection 1s an important issue for
distributed generation systems (DGSs) or micro-grid.
The DGSs consist of photovoltaic, wind generator
systems and etc. The islanding issue in DGSs occurs
when utility power is disconnected, and the local
load is fed power from DGSs. The islanding detection
methods for DGSs are presented. The protection
principles for micro-grid are proposed.

This study presents a single-phase grid-connected
inverter system with islanding detection. The system
consists of DGSs, voltage sensor (VPCC) and current
sensor (linv) via point of common coupling (PCC), a
breaker as anti-islanding trip, analog-to-digital
(A/D) converters, a digital signal processor (DSP)



controller, parallel resistor-inductor-capacitor
(RLC) loads and a pulse width modulator (PWM) unit.
This study proposes an active anti-islanding
detection using an adjustable pulse current. The
pulse current injection (PCI) method is utilized to
find out the NDZ with fast detection time (< 2.8 ms).
Furthermore, the power line communication (PLC) as an
auxiliary islanding detection method to keep
1slanding detection system with accuracy.

Active anti-islanding detection, Passive anti-
1slanding detection, distributed generation systems,
micro-grid, non-detection zone, phase lock loop,
active frequency drift, phase jump, harmonic current
injection, pulse current injection, power line
communication, single-phase grid-connected inverter,
voltage sensor, current sensor, digital signal
processor
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Abstract

Depend on the development of renewable energy, the grid-connected power
generation systems have become a trend. For application of distributed power
generation systems, to ensure that safety of maintenance staff of power system, as
well as the reliability of the grid-connected technical requirements, the islanding is a

very critical issue.

This study proposes a hybrid islanding detection method which including active
method and remote method for distributed generation. The pulse current injection
(PCI) as active method is utilized to find out non-detection zone (NDZ). Using pulse
current injection to observer the voltage response of the system replaces Fast Fourier
Transform (FFT) or Discrete Fourier Transform (DFT). It is faster and more than the
other active islanding detection method (<2.8ms). Furthermore, the power line
communication (PLC) as remote method to keep islanding detection system stably

and accurate.

Passive methods include over / under voltage and over / under frequency; active
method: pulse current injection method; remote method: power line communication
method, as the hybrid islanding detection can be used with and without interference,
to propose a fast, effective and high reliability of islanding detection technology.
Finally, the performances of the proposed scheme follow IEEE-929 and IEEE-1547

standards are validated by simulation and experimental results.

Keywords — Islanding, distributed generation systems, micro-grid, pulse current

injection, power line communication.
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Wpl e fe ks g UE TR o Bk A &2 48R % (Non-Detection Zone,
NDZ) > 4p M 2 2H4FiRI % f 93K 342 2 € &34 § 37 o

SlK_-L Ss@ I
UL Vpcc

Y YY\—[

L ! Breaker
Distributed +
D sET @
pC Source | Cuc | - Vri
grid
al RLC Load
54@ Szm linv
slf Szf sz s# A\ VVPCC

PWM A/D
il 4

DSP Controller
TMS320C28335

Bl3-1 7 TEMINE Ap 2405 R E T TG WR] s



32 gipe i ER

&»’:—}%’,\—ygeagpé&#»,%‘\:z‘;q{%a—g,rﬂx—g? :fz‘r‘ﬁ)fiﬁi —d_r‘,,—ﬂw
TRAP R S PR TR B AH DT o AR ET o g ﬁ—%‘:’”’ﬁ#‘.w-@&’é
(Phase Lock Loop, PLL ) % 3 &_& 7f e9[24-25] -

— Lz AR T AP B2 0] S BLBAe R 3-2[25] 0 B I Zdp AR R
®ETR, SV, sV 408 (3.1) :

V cos(wt + 0)
Va 2
V,| = |V cos(wt + 6 — ?) (3.1)
Ve V cos(wt + 6 +2?n)

#2374 R E# 3 (Clark Transformation) 4 » # #=4 (A~B~C) &

B A oL 2RV ”%”‘?ﬁﬁﬂﬂ)@”1GW%@»Fﬁ

4k kg4 (Park Transformatlon) B Vge v Vae o B # L4223 o 2@
2 i 4oR] 330 @ A w 5 38(3.2)% 54(33) -

Va >
Vb > Clark
Transformation \V2dd

VC ,
Vs PI
Park
Transformation Controller > S Te

F132 = 4p RMiE * 2 4i4pin g2 41 A ]

33 = Ap i 2k BHR2 o 27 L



2 -1 -1
AR
Bl=0 7 FH||% (3.2)
Yo [1 1 1J Ve
3 3 3
] [cos(wt) —sin(a)t)] [Va] 23
Vae sin(wt) cos(wt) Vﬂ (3.3)
WV d & L VIE e L (error) > 417 i’lJ?f > #2412 (Pl Controller)
ARFL R ARERo HHEBALITTEI W FRER O

RA k@ HApprmpso R EARTRF G AT RET T Z A LA A
TR RS ST )RR e Bl R g~ ZHARIR Vg TS L
S kB Vo dth o A e Vpdh U R Sade 0 f1* o iRk D Vg b
Vo fhle Hieth Sk B @IV (7 ime) @ V) (27 ags)

B S QAFEIT - L P
{V(x:Vgrl’d
Vg =V, cosf —V;sin@

Z_t¢ 0 4@ 340 £ #Ea- Bﬁﬂv%/\}’ﬁv‘bﬁi*"’ﬁﬁﬂ—ﬁﬁ&m\@& #Frdd
fhr Qe HE VB2 E 4 V] F"'J’ AREA I B A FIE R FFEL
Bisdtr Az d E R HHRFALEFTEI P W bR 0o

(3.3)

®@

|

<o P —O—{ T
. 1

i e < v sT+1 | Park
g—> Vs=VqycosO0-Visinf . Vi — Va Transformation € Ve
Vq' sT+1 Vq 7y
Vs

B 3-4 Hip TR * 2 gApe BT R

3.3 §imidl

B ALY o F)D T ER R RR R A AL TR A g B R % (Pulse Width
Modulation, PWM ) & arﬁmr«;;u]ﬁiﬂ B o

R TR e | (Predlctlve Current Control ) » H 34| 3] 4@ 3-5 -
T EARE RAeT I BPR IR BAAT M 3 TR H
FRonisdEE e B M PWMAE S~ fadF g i (Current Ripple) # 2
AR I BERL R RN EE . [26] FERIT iﬁuﬁ#diﬂ_\“v?ﬁl i mE s xl=2N1e
Beter g Btk (A% 5 ig 2 i) T Rdpd] o AR # 5 6] B 2
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- " N " . L -_—
g BRinks i AFEIEL Al SR b d R n (#¢ L%i»rrﬁi%]ﬂ’.

RATREE M At 2 FEAEHERF) 2880 At FRTRETER e TS
AR IR > 1 ?@54;}9‘,3&?{113» ig%v. ,f: R ’ﬁg‘l.ﬂ’._ﬂ PWM H ’DK'F[EJF T

ERM G173 TR E R (DCBUS) B R R L AR TE —

TRRIR R A F T PR P ’1‘”’%%] MR B L FAanEL o W EH
A2 s 2 2893 o PR 8T 00 —Jp.mé\%‘t ﬂiﬂ#w@;mﬁ_ﬁflﬁvﬁ o

: € Back EMF
feedforward ! of utility voltage
; ) * . _
|dq* Aldq l’*‘ Vinv . va l |
50— FO—{ewat -5 O—{
a At O PWM + INV O h >
1 feedback
Control Physical

Bl 3-5 FpRl T on il 2 13

34 7§ AEERIT L IR

it g Wipla T 0 244F R % (Non Detectable Zone, NDZ) » &4 o ¥ £ &2
fF REAF TP BN GRE § EE RITIRE R% o RLC P
f&_,&?&@ﬂﬁt()fﬁ 2RI R R M a2 —[27] -
R FIHQ %k 5 (35) 0 @ RLC 20 f 12 5 5w 7 5 (36)5% -

Q=128 (34)

Q=+ x Q) (3.5)
ﬂtl|P|F*}’T’ﬁ3&2¢""‘l i Q| R B e E 0 |Q5 TR Bij4n
@4ﬂ°mﬂ5—§$\ Ei iy a%’;lt/?]?ﬂ » = ¥ /ﬂ%ﬁ“7 LR éfbﬂ-f: AP e 4o
(37) 5+ &4 5 TGy =1 -

IP| =1Qc| = [Q.l (3.6)

£ % 7 IEEE1547 %%L?/ﬁiﬁﬁi‘ﬁr‘rfﬁ% 31 AR s T TR
(OV/UV) 2 i/ 4% (OF/UF) % 7 4 1 245 p| % 42 ) = & & 35 RLC § §43*
24T (38)7 ~ (3.9 ~ (3.10)54 2 (3.11) 3

1

f =g @7)
R=1 (3.8)
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V2

- 2mf QP (3.9)
QP
T 2mfv? (3.10)

Hoe fvd bsdgsk \Pfii%\ﬂia?l MR Qpd o & FlHk o

# 3-1IEEE-1547 2 TREBF T ¥/ T HE R FTLFR
3 # [ g
V< 50% 0.16 sec
50% <V < 88% 2.00 sec
TR 88% <V < 110% - ARk TR
110% <V <120% 1.00 sec
V =120% 0.16 sec
f >60.5Hz 0.16 sec
I 60.5Hz > f > 59.3 Hz - Ak TR
f <59.3Hz 0.16 sec

& |EEE-1547 © 46 & [ Fl#Qr =2.5» &% 11Qp = 11F 5 » 8k 20 7]
Wb s s T o NDZ e BT 0 b F W E P RLC A5 F 0 ke
Y T iR~ ik 4% NDZ é Fas § i R T R
"M\?’%,S* BEE ,w”\% 3»35@ R BT - S e
35 A # N BR-TRA TR~ RN

~r - B %fr_m;r_ #o NN E W pliE > Rl % ni ~ 2 (Pulse Current
Injection PCI) > # % 7 — sf Peid ~ @ 247 R % B AL 0 § (0R] o #RL R 7miL »
1 ;,:@@m,,, VP VEL S Sl ;EIJ KALTRE B RRE gl (Barp
PABLALE SARGE R AR 0k  NDZ b E f xRl R AT 0 i
SRR R AR AT RS 2 2R d B (THD) s 8 1T %
AN TR R AR
35.1 ki stfedis 5

B AL F R F IR B 3-6 0 0 I B A T 0 AR
B OF B DI Zn ~ 5 RLC E‘ %F“ Zioag ~ #7E: % T A Breaker ~ 7§k L
FoZgig® P B AT RIR Vgig» £ ¥ in kg %] Bk #aza*:mé liny ~ S5 % # f 3
2T 5 load » TG T aﬁrwmmw # lgia o = AA T 0 F Lk SR Zgig
Ve T BFW_EL#LZmad | {5 [15] > Fat o LLF RS R TR P 2y
DPEFLE Zoono @ TR BT FETHE 0 F)0 0 B T A AR Zg0g 0 MR € &
W - AR Zig sk f 0 IR A (3.12) 50

P-4

=3

o).

St

pihud
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zZ
Z grid
M = Zigaq |Ztoaat gndl + Ziny [1] (3.11)
isl 1

7 PE(3.12)5% 0 # 5 B 4 pE o g B A enI R FIF B AR Ziny
2 385 RLC f §* Zioag © & 55 RLC f 4% Zigag ¥ 14 45 3 = (3.13) 3¢

1

Z = 3.12
load E“(“’C_H) ( )

Iinv_> <_|grio|

— Broake;y NN ——
Zinv Zgrid
Inverter | Q
| Zload Vgrid

1 3-6 7 % 2 WA F ik E enre i)

1995(3.13)5% » 7 4§ &) & NDZ 2 RLC § 1 dacnds i SR Fl4oF 3-7 3 %
7 NDZ § § &7 H':"H;F"ﬂ chge FIp %1t > 12 60Hz = + ﬁﬁmsié% ’ "is‘.%*iﬁ'—»‘i“éi
EET R e ] AR T E o I 3 RO E e B (T fuen 2R
7 wF T oA ~ 2 (Harmonic Current Injection, HCI) » g# it € iz » 2 (HCI)
FlrarZ g Ak I i IZ R (DSP) 4 F st & 2 445
( Discrete Fourier Transform, DFT ) 2 §_p-i# & =~ ¥ & 47 (Fast Fourier Transform,
FFT) k@ e 8 F 53R 5 98 5 8 #[11,13] 1 | * DFT & FFT 3t & 4 DSP
M RJEEEY < P MR R o B RS A B g AR
A BEfRE iR AR MR B N R thr}t T A5 o PCLAT* "L 7 o
WRIE P RBF B 7 AERIE P BB AT - ] S

Mid-point of NDZ

Boundary of NDZ

Impedance

10’ 10' 10 10’ 10

Frequency (Hz)
Bl 3-7 % NDZ z RLC § §*feduends i 5%
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352 MR T L E
YR IR Rl
A RN e

4

AR riE (PCl)» j2iisif i@ ? NDZ hR 32 o
3 FOLE Pk Sk A Sk o F
20 B kA A Skt 0 B WEL G € F D] - T IERIE
FP“PU?“éﬂmmeWhFﬂ’EA—Wﬁ?mﬁwgmgﬁﬁf*@
FRe » PARR? BEFRFRPF R -ATP S e ¥ > FLTRE
FRNF o RIZI AL G @ 22 7 e -

FPp:(BA3) » & A kRN G FEPF Lo L ¥ R A ki * iR
R Ae(3.14) 5% o B 4o S u(t) s 38 (3.15) ik BIRGL T
£

Vema = pcc Lmv {0 = i)} (3.13)

* Liny . % . - %
Vema = Vpcc + T {(" —imy) Lpci X [u(t) — u(t pa) (3.14)

E“vémd%ﬁﬁaﬁﬂ!?@fwé‘ cc®
B~ Th7 kb fiid B \z$7?~ R R R TR ML S
ERLE S RN A 7 LS SCVPIE AP O 3. I M S L) ST E APl
u(t — tyer) % FRA R INPERTAR -

B 3-8 #7772 ® RLC § §* (R:50Q;L: 132.4 mH; C: 53puf) i * "%k
it r (g™ =0.5A; Aty=400Us) e BF 5 » 2 ¢ B 3-8@)% "%k Tt E T
RELER#HS I T2 BT R r‘]38(b)‘”(/ﬁtﬁ,m R RR G RAH
T ATz H TRE R o

TR SRR Ly b7 R TR
hht

s ! 0 T T T T T
8r 0
Voltage —~
< 25k Response 5(; Pulse Current
- c 05
S - o
) =
= =]
5 2r O 1f
© E
2 s 8 s
hid >
2 ®
L 2t
2 g
8 9 :
S o5k . . . : 2.5 :
S ; ; ;
Pulse Current Voltage
. 3l Response
35 . : 1 1 1 i
-0.5 L L L L v L L 0.2999 0.3 03001 03002 03008 0.3004  0.3005  0.3006
0,099 0.1 01001 01002  0.1003  0.1004  0.1005  0.1006 X
Time (s) Time (s)
@ = r"p ETRF (b) o TN RABTRE

W3-8 & * g T T B RLC f P2 TRE G
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TREPET ARG - BEERLC f R TR PR # R RLC §
OB AT (3.16)50 -

Vresp(tpci) 1 rtpci AVresp(tpci)
+Zp + Zfop Vresp(t)dt + Iloop + Cz% =0 (3.19)

—,t—! P Viep 5 R BRI oo 2 R TR > A R L e Co ARG R
R TREAF 2 REMEP AN Gs 2 2N (Laplace
Transform) s v A E ST 734(3.17) :

_ ipci —-az+ azz—wzz tyci
Voue (V) = 7 el er Ve

_ i (-ar—azmwz)tpe (3.16)

2Cz\ az2—wz2
1
;F_!t‘ aZ: "z a)Z:—_
2R,C, L,C,

%P TN (RAT)T M ERNDZ T hLC g TR ]
BTG RTEIARR 0 RN B ﬁfﬁ%wiﬁ@wm“
TR E RS LS R O SN AR R Rz a FIP

ﬁ%i’imﬁﬁsﬁfé;m,& B #rrld At A B e BpliE o JI LT R x B
i’:;‘ﬁﬁﬁiﬁﬁm AR g AL - RBE Y ) o2 ~ T RE
B+ o ﬁ}k,ﬂ:{< hingr s P A EET SR 0 2B 3-6 2(3.12) %
(R #ﬁ" i’:i%mf m %]4'1’94%%"%' A PR TIRAR L © SRS < ) (I LA
TZFRRBAED G LRE R o - WG EH RN 1 (3.17)50
e fis b SR B Lig & R RLC é FATRFRE T I (17T
S KL ST ‘\ﬂiffi“#m*mm@ﬁ kg d1 o B 3-9 -

Voltage Response (V)
o =3 & & S &
el @ w - w Y
(v) epnujdwy uaiingd asingd

&
&

&
©

Pulse Current Time (s)

Bl 3-9 f—»fﬁm{\/ﬁt Tk A TR ST RE B
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YA 37 LB 39 iR § RS e TRERE { AP A
FIAP R R R VERT RS (fuse) 2 & 700 (d) > EH DT RS
2B B (Qper T B R)E T #(3.18)5

da

Qpci = ipci ) (3.17)

fputse

Rm oo RITIES € & 4 FN gl 0 o MR AT R kSR RS R
Fo¥ -5  PERATNESNUEIRIAES P A TR AR TR g B
fg‘,f‘:,f‘fb@?lﬂiiﬁ. LA TP LA M2 P TR - F - T RAI N TR E
TR LR MR TR T AR R S RS 4 o B 3-10 & 7
AP BHATRLEH m BRAT R L 05 LFPm '@""‘\'iﬁtmiv'“?’ P Rk
EREOWMABERBAFOTRZ A B2 Eiafee ik (3195 H ¢ 338 % (3.20)
92 (32150 o N F P ARTRA R IR ]

f(wt) = Yoila, sin(nwt) + b, cos(nwt)] (3.18)
Z o{cos[nkA] — cos[n x (kA + 6)]} (3.19)
= Z o {—sin[nkA] + cos[n x (kA + 6)]} (3.20)

O 3-LL A TR R TR - TR AR TR 5 80 Rk 2%
M"”ﬁv%&:é Ao ZEEH €5 Ml &2 Ee T R0t (3.19)5°
mHP SN A (B22)58 2 (323)0 0 N3P AL AT A ]

=24 22 S TH(=1)* X {cos[nkA] — cos[n x (kA + &)1} (3.21)
= Z +{(—1)* x {—sin[nkA] + cos[n x (kA + 6)]}} (3.22)
2m pulses
« > 21
5
< A »

®l 3-10 ’-"i;‘ﬁ‘»??ﬁﬁ%}ﬂ—‘l—'i’tﬁﬂr&vi BT R R R
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2m pulses

Ioics

Bl 3-11 "%k Linddi - = T AT L F

ZREE2Eel XTS5 HEM=3 (LB DT 3%%%)‘400%
WA B R SBAELIAT LN > T A7 jgp%l . vk T
A2k B4cB 3120 d B ﬂ312§‘?‘l"&‘? i‘ﬁP%] ,_ ’\'fa""«%;‘)iajﬁg
VR L IR h RS FIR A A AL G B oA B T R B R
BAX S B AR R RFERARM ﬁiﬂ —_L_—rﬁ;,;q G T AR B R L
ﬂ3-13on’iﬂ3-13&~?7ﬁ%‘d— L R AE BT RN A B

RT3 RS R o T g S

T T T T T T T T T

g
W TR

Current (A)

0.05- -

! ! L | | | L
1st 2nd 3rd 4th 5th  6th  7th  8th  9th 10th 1ith 12th 13th 14th 15th
Harmonic

Bl 3-12 % 1+ & T % B AR it M AT A 47
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0.25- -

0.15~ - -

Current (A)

0,08 -

; ; ; ; ; i i i i i i ;
0 ist 2nd 3rd  4th 5th  6th  7th 8th 9th 10th 1lth 12th 13th 14th 15th
Harmonics

Bl 3-13 — b — TRk A )T R 2 A 4T

Il 6 pulsesicycle

I 10 pulses/cycle
0.25- - W WAl .. |[[J14pulsesicycle|]
o - & W
ot- 0 - " -1 B B B R
oos- - ®8 -9 -1t 0% - & K N K A
0 | | | | | | | |

1 |
1st 3rd 5th 7th 9th 11th 13th 15th 17th 19th 21th 23th 25th 27th 29th 31th
Harmonics

W3-14 7 kHFF2 Bk E it~ L8
/ﬁtﬁlfé ’ /gn~*¥$ =X E’f"m{\/ﬁ\?‘/m/j’_)\ ’Aﬁz 2z ;?;’EE‘K?J/;;K#'J R _rﬂtL fﬂj’% T%I%\j:":"“#b
EARF 2 MBA B E IR o dplel o & F

TR AR AR

Current (A)

Pl T ik (PCL) 2~ B4 T > 32 LBk

)N
Jo o PClvt et i 3 655838 § (R S feid o | > A~ &3 T8 6 BrRdap
PRk T o TR kA BRpF R 2.8ms (1/6,:% Six ) p RIS NDZ ™ s §

2%

gk BPClEAp e L sp ik R » 2 (HCI) > & —‘ﬁi BF et finde™ £ 3-2:
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% 3-2 A# ;N wipliz ¢ PCl g HCI v i

@k Riniz » 3 (HCI) gk init » & (PCI)
LR DFT & FFT TRE
o JR E B T + )
i )ik R filh F-

3.6 & 4 i AP
CAREE ST

T4 MG ; (Power Line Communication, PLC) & suefg 4 fd = 1950 &
WD IR DA SER F BRI XS Y - BRBRREE T
AT AP HETEG 2R AR ﬁ)‘ﬁ‘ﬁ_ EREEAIRE M A %5 %I R
SEL o Bl 3-15 % 7 - M RAET 4 ML UG AR E R o hn }&ﬁ%ﬂ Bd E
(Route) BRAF|TAREAAKE IR 2T A RS ReR AT
4T MR 2 R RS %@vﬂ;— s J b R H 4o B 4 T "% (Personal

Computer)\ 1+ £ (STB)-~ 2544 (Games) % ..

AL B RO e B R A AR O 0 W AU AN S pode i
MR e BRBR - EHR ST EREE PP EIAAMRE A Y
FI* T A MA@ AINE R o doB] 3-16 Aot oo %m#fwﬂﬂ?ﬂw%?ﬁ%?@ﬁ
FZFR 0 ELA R R FEAF ARG EE P D HRERKREFE2
WELY Ero MPEAFIN A E - BEFR G BPlEP L TV R e g E i
Ad B E - Y G E B NI E BR oA YT A RE KK AT HE
[4] » Flptsdegad st ic # FARER® o wEF E T 4 > pa - % HomePlug AV w7
AREAKEFT LA E EFE BN E A AT SRKEA T BT RN -

Intern
/ ternet
: 2
equipment
Route

Source Circuit

Room 1 Room 2 Room 3

PLC | IPLC I PLC |
|§| equipment |§| equipment |§| equipment
N— N—
STB ‘

Personal Games
Computer

B 3-15 - LR T 4 SUL R RAR R F




Power line carrier | . ~| < Etherne

Server

Controller

B 3-16 i * *tHcT 2 T 4 SUE I

d A RPRBAGHHMELT L B A AR B LA 2 N ELE FE AR
B o Bt T2 B 6 AR E DY T o BB e T s {17
PLC FApBER & > 7 @ st 5~ iy R 5L JAUREE . o]
3-17> % T & 5&d$’mrm$$iﬂwﬂy*%?%}a4DG$)@iﬂa%%
mEH? - SN T TR E FE P %] D & L B A
FRW o - lﬂé |ig#h 2 % BRI 38§ iF 8 (Anti-islanding) o

<] 9 s

W

=

.

Server

PLC PLC
Power line carrier PLC

Breaker
B 3-17 4 MEMEHE LGN F T LR ET 2B

37 MENME Wplped 2 HhiveEH

AFEF 2T T IIE BIR &I BRI BRlAeR 3-180 ¢ 7 T i

+1 (Current Control ) ~ ¥ Ap 4y 4p i 2474 (Phase Lock Loop, PLL) ~ 2 ;2 &

bR e 4o T o

= A,\ FBER R Vpee ko * ki ## 0k 4= (Stationary reference frame ) # 4% 1
odih % H 4p PLL £]: 0 & #8507 B #hiE (7 9 =( Synchronous reference frame )
& 17 3 qu Ve dih > 2 ¢ qu 2797 E " VeiktaPE @ Vg i Ml
Ja ot B (Low pass fllter, LPF) ##3 - 2/t & Viede’ §d BH I B A F

;\4 JJ’\
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(Proportional-lntegral Pl) A4 &% B L O A MEF £ B o 4c HHE
AL oo E (04 T@II D BRHD LLRIDE 00 RIRIH 5 35
|2 d] > ME AT R E 4 Vi # 2 § % st T B Vg BREVHFLSE
#”#Jé_# Tk LT RS FY cosh (5P A AR iy R R

£ ipei AR iR 3 L‘Tﬂ » et B 4gan (feed forward term) TR Ve 55 41 TR 6 4

Vi3t PWM H = o

@R A I g MR et e FE A OV/UV s OF/UF bz #4§7 » PCI % 4 i BB PLL
TR AR OBFIRATIA S 0@ PLC *K/’a\#‘r FrRAT L > T R
Bp e 7 g R s § Mg (Watchdog) #5241 PCI g #s 38 iF o

'Vdc '|inv

_ Current Control
Vet Pl PWM
Cos PCl |« PLC |« Remotesignal |
T 0 Ao Hybrid islanding detection
ottt \_/ ___________________________________ i
Vi —i»aB—»dqe de: LPF Vdedc' PI @err % E
i A qu :
| 0 !
! PLL Wt !

W 3-18 0 £ 3535 § W Rl HI S )

BRa PCLA» 2 Tk HF T BE S 70 R PR
IR ¥ R % AT on s Jp dFE THD; < 5% #) gt 'E‘ﬁ%]” R ER N
mwf;&snfﬂ‘;m;iﬁh"’ THD; 5 M > IFBEEH BT 2 :[@d-b,?? :

1. % ‘cb@l A o A #E (fundamental) 2 A% > &2 PClLZ X 2 "M AR B TR 7
% = A 4740(3.26) % (3.25)3% 0 B d g 2 3 =0 (H1 ~ H2 ~ H3...)4(3.26)
FORYRPTRL O RRERPFOTRL A A LBEDHEF mB%
g o LR A (THD)A-(3.27) 58 SRl s~ 3 4 T i THD < 5%¢hdk 1%
I%!:,o

= Z (=¥ x {cos[nkA] — cos[n x (kA + 86)]}} (3.23)

= 2 {(=1)* x {—sin[nkA] + cos[n x (kA + 6)]}} (3.24)

H, = ‘/anz + b,* (3.25)
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\/H22+H32+H42+~-~+Hn2

THD; = fundamental (3.26)

2. 417 (39)5 ~ (3.10)5* 2 (3.11) @ 4rp % ¥ it NDZ ch RLC f 115 » #2%
TR M TR A M EFG@LIN  E T’»ﬁiﬁ RLC & B F & -

3. Mo M AMSEFIE RIBEE TR LT ERP L FAE R R
R E Ti’«“iiﬁ?ﬁm"]‘ e

4. Tk BIER o FEIIARA RN > HF RE AR T RE BT 0 £
ﬁm%@@ﬁ4vﬂw‘ﬁi§JM°

R BB Z R PCl#E R PLC h= 2 4% - 58 Tap i 4% > B 3-19 4
L NIE iﬁ];‘ﬁﬁ.ﬁ#ﬁﬁaﬁgk » OV/UV ~ OF/UF % s 5@ F]7 +3f j‘s 5L
T AVHFERET 8RR G F T 7 o @ PCl & PLC fhfie B 2B

1 PClendi (77 dF jsuzbf g et ff () > @ PLCT R F » Flit A H &
BRET R A ERE T LA 0 4Bl 3-19(3) -

2. )5 PLC ot § 384 % Sud LV enita o m PCILAF S » "%l %7 ié &
MLA AR TEA R AL TV EH L PLC (RS A Fraa gl PCLig * pris s
f24eB] 3-19(b) - PLC 3% 2 P B 7 0000 & 3-1 5 A2 - G BpFR P 210
A agd RERE S LEFHAFPCI R EE ERMNEFE -

ENGL G BNt

Y A,
158 158
>  B/REE —  B/RBE |« =
3B/ RIBR 3B/ RIBR
A\ 4 A,
OEBFOEAE  — BHEENE > %NS
= MEEE MEEL &
A4
EhERE REFEINE 2
—REDHE? - —BEDHE
2 £
I 2 N
ETAER PETER L
(a) " = 5% 18 i) (D)4 4 &g 3 5 A2 i
B 3-19 = £ V3V g Rl AR

AFT T UPCl S AR F ARG BR 5 A FILE P ok Az b B 3-19(a)
TREE SR AR AR

22



£
41 f§ 4

LETE A TR 2R L NIRE
PSCAD/EMTDC it i7 fift » Hig 7 43¢
AR 2 B
(PCI) it ipl7% § W -

24
&

B %

Rlzo 303 2 30413 2 0 1% B il
FTHRRTOLAER AH LA

2R T (NDZ)HHR ™ @ % 4 e 38 2 9%k QR » i
/" ~"‘":‘;J’§g IT;L %/Qgt'&f'_[ %\' 4-1 :

F 41 N5 - T
TR (HA)
i " R 110 Ve ms
B R HE 60 Hz
Fon R ik
i WL (TR 10 kHz
i B AE 20 kHz
B 2R TR 10 mH
B on4# 300 Vg
B4l 2000 pF
ﬁ;—l Ay xé & 0.25 kW
#FiTf § 58 (NDZ)
(LA & 50 Q
TREER 132.6 mH
TEME T 53 pF

4.2 2 NDZ 27 § Rl H3%
24ER % (NDZ)» 47 F h Sor p o fie » i & 2 0 JR134 6 3B 4 ch R i o
ot 45F & NDZ 12 vh ine i 7 han P %é*ﬁ*JéT%\%$i
ﬂi\"ruﬁ"rﬁikﬁl“}é;\‘ (‘Q‘TV}%}\‘%’I/HE’?)EJQ NINGEHPF K T RAE
Bl 41 (Fd: LR TREHSESE ’ﬁi@‘iﬂlmﬁﬁﬁkgiﬂm

+
~

FEdu) B 4-17° £ 7 T 382 F N E?ﬁi%]»% o linr 22 188 2 3V g F > 0.8s >
fs Fl2ha s g i\“ﬁ”‘%‘éi’f%l @fvpcc A5 58 o i g A RLmBT & H

?IJ? - ‘é)[i l/é /E'J% ;\‘ (OV/UV) ‘é: /Elj 1y T}\@ = 3"\% ﬁ °

BOREASGYE T A T AR S FI T R B
TR RAE R AR o R A W M TR R §
Pqiﬁ%‘“(fNDZ th) FE A ALE YRR T o s R IR G E o T
Hedh A T B S 0.25KW S B D iR 7 R 4 w5 BB (OV)
T s TR (UV) w84 (OF) 2 g (UF) fmse 7 4d% > 2 4p M RLC
PR SRSPTTE A 420

—

S B % oest

SRS f—t 1l

<?“
:n N U

% X
5
u

23




200 T T T T T T T T

Voltage

0.76 0_ 7 0. 7E 0. 79 0.8 0.81 0.82 0.83 0.84 0.85

Time (s)
Bl 4-1 bzbatlh f §4p EPFR A B £ R BT R RN

% 4-2 ik OV/UV ~ OF/UF jkiwz_ f ' -4

AR TEEELFR) TRELFUL) REELETO
£ R% (NDZ) 50 Q 132.4 mH 53 uF
TR (OV) 60 Q 132.4 mH 53 uF
T & (UV) 40 Q 132.4 mH 53 uF
WEHE % (OF) 50Q 125 mH 53 uF
T4 (UF) 50 Q 132.4 mH 57 uF

& |EEE-1547 845 5 T R F 0884 « = V =114k % Ep > 7
F R 10Vams 35 B 2 TR B Vo # B 5 0 1369V = Vo = 1711V
ofl* 2 & 42 2 BRER (OV) [ {5k ek FEBRRE2
WA AW 4-2 4T 0 B 4237 BTk S (PTG 2R OER
%{ﬁfﬁﬁ%~%¢ﬁ*%?ﬁﬁfﬁm’wz¢ LEERI R 2 o B 4-2(b) %
AF BRI F LN R AL 2 TREN > FFRER Y TR
A TR s IR (RS L S TR T I RS
BT aqih VESZETRE 0B 4-2(c) 0 208 Fw o F|F T A Bien
Bk TREMCEZ X 208 f2 080 FIAZ NG ERE > T2 TR D
Aj 0 @ 0.805 fyPFAZE OV J ApF » 7 fkpt 287 LZ 4 AL ¢ 894 408 F 7

5

g E

2, < BA
,f\ v'%’b :hl °

<=

TR A EERR AR BRGNS TR R A 427
UVﬁﬁ?%&’*i%%@4BWﬁ*ﬁ43@@TPWJWﬁW7*mﬁQ
SRR R N A S S S A TR S R A S
FRBLP FAID)EAF NELOSHEF LN ER LA 2 TREN
$)% AR BT g T REE TRE 4o 43(C)0 £ 08 f) 5

24



A AQ

Over Frequency

Under Voltage

AP

Under Frequency

(@) § §44% (£ NDZ 2 OV # i *

Over Voltage

(]
(@]
© o o
=
o
>
2
-100 -4
islanding—>!
-ZDg. 75 0.76 D.‘T/ 0.}78 D.‘79 0.8 0.81 0.82 0.83 0.84 0.85
Time(s)
< 2% 2Ry N A ~h - & N Ea 2 . .
(b) #27§@@HF BT RE Tk (ER)
200 T T T T T T T
190 :
180
Yo
170
>
~ 160
% 150
<
= 140
o
> 130
120
TLO [ e B
100 { 1 1 { { L 1 1 {
0.76 0.77 0.78 0.79 0.8 0.81 0. 82 0.83 0. 84 0. 85
Time (s)

© FEARBz RSN (BR)

25

wanuny



A AQ

Over Frequency

AP

>
'

Under Voltage

1
|
1
1
I
1
1
: Over Voltage
I
I
1
1
|

____________ 1

Under Frequency

(@) § §44% (£ NDZ 2 UV # 7

Voltage
walny

islanding—|
I L

.75 0.76 0.77 0.78 0.79 0.8 0.81 0.82 0.83 0.84 0.85

(b) %2384 EHHFmBHATREDIRRD (TR)

200 ‘ ! i T ! T T !
el
180l . . . . . . .

PN s e mmmmmemmmnm e mhm—m e —E————————
160

~‘Normal Operation

150f - et

140F - 0

Voltage (V)

130

1201~
TAOP

0.76 0.77 0.78 0.79 0.8 0. 81 0.82 0.83 0.84 0.85

Time (s)
© Fia~hmltREg (TR)
Bl 4-3 G EEP T BRI R

F7 L LT o F LR EA < 08 fj2 00 FIAA AL EE o
0.804 #) FEAz 18 UV J 4P > 7 i pb 2| %7 % g 4 B AT

26



AF I G Rl TR R R R PR 0 B e N PR
BT ETAHG REE R g TR S R o A & RLC I 5%
i $\,E T o d W LC E g ERRRF BN EREGIRT 45 B
B (2~ fma ) FIr TR LS TEEIF (R)ag TRIGRE R
tRAPELCAFFEET b g+ w%*ﬂﬁz"“’@*wifrﬁf%h %o
RSB B (OF )~ T 48 (UF) fipliz ipl ke 8 3 S35 B o

i |[EEE-1547 A4~ SRR R 13593 Hz = f = 605 Hz B » At ®
Bz 7w A5 % :f:\ PR R BB L AEORTI o AR TR E ELIE
SpEE J FREEFEL BRAFORFR X RS F OGS L
el n@u,}«ag EY ,s,ffb;;:,lj’;u - .gf’rﬁrﬁ’w PIZ|RBET RIS HEBED PN

PUEPIFETROVELFFRE S I BFIH B LIFER T kRA 422
HEE (OF) f B s A% r?] 4-4 5 B 4-4()kE T B W % Aidk
(R - 1}_@;4@]4:,;};& EH T E AN F T 4 gﬁb-\gik,};;i_ﬁ&¢ e E o
L | é?l BRI EZPN o Bl 4-4b)E T F R E R 08 Fiis AN E EE

2 Mg 7l LC é?wé‘m?ﬂfﬁﬁﬁw EARONS XM B 0 Ft o
;4@:@;;{ RIERAT S e 2 VR H TR R 4oR) 4-4(c) 0 & 0.8

TEB O o TR E A X 0087?’/1%; CFA ARG ER
%sﬂlmri” @ 0.808 F) PrAziE OF B 4UpF> 7 fk b 285 % 5L g 4 B 3L -
X

w TR 75" °

)
B 14-
:11

—

—h

’

2
|
-L»L .l"—l

s

L

=
R

o 4 E
N\

A

@

IAQ
Over Frequency

__________________________

Under Voltage

__________________________

Under Frequency

(@) f §¥k (¥>> NDZ 2 OF § [ *!

27



Voltage
juaun)

i :
iqundinq—»;

I ' '
0.75 0.76 0.77 0.78 0.79 0.8 0.81 0.82 0.83 0.84 0.85

Time(s)
(b) #2np @A F in FayhTRE TR (EH)
62 ‘ ! ! ‘ ! ‘ ! !
61.5- 1
~
L af
2 Over Frequency
c 60.5( T PP PP PP P PRI TP P TPTPPRRPPIFP P
(5]
>
g 60
LL
595—Under Frequency 1
59 1 ; ; 1 ; 1 ; ; 1

0.76 0.77 0.78 0.79 0.8 0.81 0.82 0.83 0.84 0.85

Time (s)
() s hgpzdps i (BHF)
Bl 4-4 33§ B BRI R

THE S (UR) BRI b o TR 2 98 ) B HCRR i  4 4-2 ¢ UF enff % S
# %%w&rl?]45 S @145(:1)&,” P RS S TR T T LR

FAFT Rz g i\,ﬂ v ] B ?7 B 2EIRR % 2 o 1] 4-5(b)
LA FAE ﬁﬁsﬂ@%4w5 ﬁ ﬂé— oI R TR
A F e N TR HE K 1 4B 4-5(0) 0 A 0.8 frmgit®dar < 08 F2

4%

g A 4 RRE s P OWTA L Aﬁm;?ﬁ

o

|
6o FA AN LEE > F A FRB A, > @ 0809 §)pFAziE OF fr sapF > #
#

T

28



A AQ

Over Frequency

Under Voltage

__________________________

Under FrequencyT

(@) § 4 17> NDZ 2 UF 4 i *F

Voltage
ualiny

v
i
i
1
'

|s|and|ng—>

R i '
0.75 0.76 0.77 o. 7 0. T 0.8 0.81 0.82 0.83 0.84 0.85

Time(s)

(b) % 27§ SRR K if By N T RS TR (£ H)

59, 5 ' : : : : : : B

59

Frequency (Hz)

58. 5 . . . . . . . . . b

58 ( ( |
0.76 0.77 0.78 0.79 0.8 0.81 0. 82 0.83 0.84 0. 85

Time (s)
(©) F s kg2 i (TH)
Bl 4-5 7§ @ TR IR BOR

Bofs o 1% ALde 3 2 2 OVIUV ~ OF/UF R[22 NDZ § % > fl7 G P

Bl4-6 2 B 4-7- B 4-6 5 UV ehi]|5 >3 2 8B F B 45 08 i 495518
o a2 0.804 )P RITI MU B > 2 T d BTE R B o B 4-7 & 7 OF

29



G F 0 AT RE 5 08 fF A9 E R £ A 0.807 F)R¥ ) iRl E AT
z&ﬁ»i%béawwﬁgﬁHo

F* 4 H 58 > 02 OVIUV ~ OF/UF pJan & BE 2R 2 % 38 L Su 58 e dh i 5\
G HAEE D3 A 2HERIE (NDZ) o Bt FEASNH T 2 f ?\. 4
NDZ p - RIH F B2 Tinz *@,ﬁﬂ/gﬁpp;m4go Bl 0 0.8 £
BARGER 2 g B TR R AEF AL LR g iR
Pz ksl s 0 Bl o 7"?'1}52»17 - IE%(TU?:H:#F» g @ w2 (PCL) %
1275 NDZ K 4L » PCI 4 0 ~ foit % (BB - R &7 — H0m -

L

_F*

N

200 T T T T T T T
H

) @)
g 0 0 g
S R
B 4-6 HCBRIE TR
2PN E L 140
islanding—> <— Anti-islanding % ( é ;
200 0.76 0.[77 0.‘78 0.‘79 0.8 0.81 0.[82 0}83 0.‘54 0.85 Q’ 132_4 mH’ 53 MF)
Time (s)
) (@)
g . E
o g e s s e
> SR AT BRI RR AR B
. 2 g EHE (f 4150
Q, 125 mH, 53 pF)
|sland|ng—> <—Ant| |sland|ng
0.76 0. 77 0. 7E 0. 79Tlrr;)e5 (Sgﬂl 0. HZ 0. 53 0.84 0.85
= @
o =}
S 2

Bl 4-8 3% T3 NDZ ™ 2
FrEEmA T R
SV

isle‘mding‘—ﬁ

“o.75 0.76 0.77 0.78 0.79 0.8 0.81 0.82 0.83 0.84

Time(s)

30



A3NDZ # B A ®N Rl Tt r 2 238§ 1R

A A NDZ FiR™ o 4% 17 PCl R 38§ & o ~Hd2 PCl ik g
PR EFTER > DA NED DO BPRAZRAT I o B A ER S
W% 0=0"60"~120"- 180"~ 240"~ 300°F& > ;& » — } — T 2 #i gk T om0 iF
BRYEERIZTHMABRFER O MNE AFFHRAT AT A S B
oo Bl R - - T vl g ML FI A & RR AT R A 1 el
SF AR HC] o SREEEZ R TR R A PR S 0.26A0 MR R RN B A
5 400pse K TiFL 8P £ R (TR THD<5%) » H i %8 #k h THD
BE2ZEBELMHmoF IRATIZL S HERF ,m ALz A ES
(3. 17)*l B0 o H gk mﬁ 0.25A Z #% ¢ B & 400us ¥ 28 1 F kAR RINE iE
R B2 RE S +1.6225V ¢
Bl 4-9 figt T il 2 kSR 1E A § 0 f %3 & NDZ > f_ﬁﬁﬁﬁw PCI
WRIFN g 188 > R T ke 08s v R g P ¥ g8 @EAS » ¥ PCl &
At (0.8s) ik @on (PR ®on 0.25A % %k FAE 400us) e o i
v YrgrF 2 PCloc% o 29 Vpcc 2 F 24 BT R 'U"%luﬁ,m & liny ©
m B 4-9() T R 4#., LR R S N R R |
o I G g R T A o TR R SPGB o iR Y
k- B PCCApt fuch gy aﬁ R S *@;110\/7cos(wt)’ AR R 15 £
TREA &R B TR H 4-9(D) o d W 4-9(b) T o4 vt g 2 ) S
WEREFEEERGOA I oy 085 wiBE S R IEDE R FRT r}‘lﬁr,B K
B PR 0 PCL#E » %k TR 5 3 L PCC /& » F)pt d [{] 4-9(b) &
4 0.8145s i » %k T H T RIE L ABITIE o 0 0.85 2 {8 0 NG FE
EARI IV =N A s PR S VPIMELIE P2 s L) SIS BN LNy MR B - Sop ko I

Bo g B ERE i@ B4 Qpy = 100u( B & )F TR A -16V
mﬁf% Fpt d PCI xsh?J‘*%é’frb CEREE R L3 PR gl U R 723
e wBoRIE R Y PCl 3 223 E@H v 757 0.4ms mB?fF'“»m 0.4ms
PCI i » #% gt chps [ o

P-4

=

31



200

100

-100

PCC Voltage (V)

-200

Output Current (A)
T

<«— anti-islanding:
[ [
0.78 0.79 0.8 0. 81 0.82

Time (s)

(@) £ 0.85 4 2 75 § i # » 1% 0.4ms §1% PClged b 35 § 441

1 i T T T T T i Lamy 1
: ! Pulse current i I
0 r E— AN ; o
: : ” ” I
: : I o
6'1”' B | na N """'15
= i : I [ o
- ! : I I el
2F g b ANAARMYYYY YT e 2
|sland|ng—> | =
’ \ ! ! :
L Pulse current ‘ Anti-islanding ‘—>: ‘ ‘
-61. 796 0.7965" 0. 797 0. 7975 0. 798 0.7985 0.799 0.7995 0.8 0. 8005 0. 801
Time (s)

(b) fe2bai f 2 385 @ R RT » ¢ % PCl2 T RIEL B FR
Bl 4-9NDZ ¢ i\i} Yo A NG E 085 BRI AT

Bl 4-10 % %% %t 0.8145s s T i3 ¢ %75 3 L@@ A4 > @ ® PCl &
BRI MR RIRA A EET - %L R - B 4-10(@) T Bl A
PRAAERT S WA TR o R RTINS S B G BE§ R
T A o ¥ R 0 R A PG B o B R Y R - B PCC #g
WS TR AL TR L 110V2 cos(wt) 0 @ A s T RIEL B R
By 0 T AT 20 ] 4-10(b) o F W] 4-10(b) F ors g di s g &ﬁulﬁx%s\

32



WA oo 0.8145s W B AP T A mL DR o FIRER L Sl 4R
#el o PCI L » SRk 753 BPCC L > 712 d R 4-10(0) 7 v 0.8145s

A R R RFELARITIE o0 081455 2 8 R EHEF L @
2 F‘*i WL oM PR LR 0 L s PR LI 43T 0.8167s F] 0.8171s B F) K b
IWGERE M G F I SRR B B 5 Qe = 100u (R &) F
'. if&'%ﬁ‘f—é » %)-16V hF i o Fptd PCl W iplfig % Faoe 34 30§ FHk i
= T ﬁz—ﬁig?lt".%‘:ﬂ‘)éiiﬁ ) .?%iﬁiﬂ:".;i; B @ iBIE i * PCl S % 2 38§ @8 5 p 3
1% 2.8ms SR 0 gt 5 PCLIN g R B e o

ETIS

T

“g 200 t t t i T t
K ‘ ‘ ‘ ‘ ! ‘
~ 100
(3]}
(=2}
S o
(@] I
> :
-100
9 Lo ; ; ; L : ;
0.79 0.8 0. 81 i1 0.82 0.83 0.84
2\ 4 T 7 T E T ! T
s o2 W 4 % R EIEI R SRR ER .
= . i
5 \ '
o oWy A Ve ,
3 2 ” S s S TP PPN EEERRRE .
~ I
= :
O -4 I l I : l I I
0.79 0.8 0. 81 1 0.82 0.83 0. 84
t } ; L L L
rislanding —»
: : . 2.8 ms
. . i
-
: : : €«— anti-islanding
| L L [ [ [

0.79 0.8 0. 81 "' 0.82 0.83 0. 84

Time (s)
(a) % 0.8145s P4 4 34 & 8 » 7% 2.8ms {1 * PCl e 1335 § 41

1 T E } T T T Tt 1
‘ : :‘ |sland|ng 3 Pulse current= ] :
0N ; ; Al 0
: N ‘ :
. E | 3 | .
R HE ’ 1 | 118
° HE | ‘\ | | 3
= ! @
w : | | =
2+ i | 423
1 | =
] ] |
3 H v | | 43
: i_ ! |
P { ~ Pulse current i Anti-islanding —»
(-)1.18135 ;0.814 : 0. 8145 0.815 0. 8155 0.816 0. 8165 0.817 0,8:1475

Time (s)

(b) te2bin f & 38§ FHE KT > 8 % PCl2 T RELARIFA
B 4-10NDZ § $4 2. sk svgF 4 3N L 830 081455 7 PR L » "W 7 00

33



BE* PCl 2 28w radid 22 (THD) e§fe > A 4 2 A% R T
mﬁﬁﬁﬁ%%ﬂ44hﬁ%Qm%W«£im'J*” TREF R RAR LD
B (BB »%gh THD 27 2 i 4 2 - ﬂﬂﬁ&%wrﬁﬁﬁT%
PRk R > HRN B EERE ARG A THD <) o d B¢ 7 2 >
%G RTR S 200us (h THD v 4= H v %W%&nﬂHDmp@ﬂ’*auwkm
fe & Qpei ™ 3 2 FFREF 200us (AT iid* > HR I HI B KRR A DT L F

2 A4 3B AL o FP THD z’:’ﬂﬁ),@gwﬁq‘:g o ¥ - g o APFF 800us
¥k g = e THD %afgﬂﬁnfy o Flgt o Bl 4-11 #71 » Ap e et & Qpei M 3 0
RGP R RO R ORI R ¢ R AT THD ddf o & ol iR s )@

REBFOTRTAR FATH THD ] « RREPBFAT IR § # k5
R o om 1 ERERET TR THD 2 5E<5% > | 4]k stemiE 8 § 515 T 0
THD ch@ > g 2 FHBRC) - 2 EH 2 Jha 3 0 F oA %
m?mﬁﬁﬁﬁﬁﬁ%ﬁﬁgw%ﬁ+’§ﬁﬁ%%o

THD

16%
14%
12%

10%
8%
6%
4%
2%

0%

Bl4-11 &7 Pt Qpei (Eif) 2 TR AAE AT

MAE SR E T2 WL T A~ 2 (PCL) A 3 S HEPRES T
F3HPENDZ T 238G BRI SR AT 0 PCL#A f i iplik § 2o poid oh
WORE R (<2.8ms) o PR R L M FEH B g 2 0 B 5t INE WPE R AT T
% 4-3:

243 3B g R R R

iR R R (3 TEH)
d-q based Current Injection 2 3k Ep
Harmonic Current Injection 238
Auto Frequency Drift 0.5 ¥
PLL-based Detection 0.5 & ¥
Pulse Current Injection (PCI) <0.167 ¥ (6 %K/ i#£F)

34



¥I® REESE
51 @§ 4
F oML A2 BT I R E NG BRI T EERE LA 7

FRI®E ;“ 2 H A4 PLC 2173 g Blid e A7 5% TRV RE (Texas
Instruments, T1) 7 DSP §: & 320C28335 4| * # 48 CCStudiov3.3# % C :Z 3 42
SIS T ARG R 2 % Lattice snCPLD §& 5 LCMX0640C -
f1* Lattice Diamond v1.2 % VHDL 425% 1% & #j s PWM & £ ch8 =~ o § % it
F ok SR liche ™ £ 6-1

51 R EHT S AR T

7 RE (HA)

ip R 110 Vac,rms
TR AR 60 Hz
Fin® ik
j‘< Lo (THE K 10 kHz
& PR 20 kHz
R TR 10 mH
EApmY: - 300 Vg
B R 2000 pF
o 0.25 kw

e 3% (NDZ)

LR R R 400ps
LS S 0.25A
LV g Pulses;

cycle

5.2 PEBRRNRE TREIHRLES

TR 3N A d R/ TR (OV/UV )~ 4/ T 4 (OF/UF) & 4 &
Hpf Sfcdo™ £ 520 @ 1235 IEEE-1547 #fa 3 > 7 fﬁiﬁv s i

wpE

88% <V <110% ' @ #F J5 > 593Hz<f < 605Hz Fl R THAERT

B #B 5 136.9V <V

Vocepear < 1711V ﬁﬁ '—r‘#ff’@,a 593stfpcc < 60.5 Hz -

AP L % OVIUV ~ OF/UF 3 i¥ 2 £ PCl 8248 » F]pt 2 B 2@ * PCI ]
Btk o
% 5-2 F % OV/UV ~ OF/UF ki 2 f §* 4
A b TEELFR) TREE (L) TERE$(C)
ELR (OV) 60 Q ~132 mH ~53 uF
TR (UV) 40 Q ~132 mH ~53 uF
# 5 (OF) 50 Q ~60 mH ~53 uF
T F (UF) 50 Q ~180 mH ~57 uF

35




B 5-1 % 77 *"\5@-@5% *ﬁgmﬁf_@ﬁ.@ov %‘/Q" v Vpccg\’fr? ’IA’\;L'-\.L!L}E ’
iy %7 F R BIATI O LR e B SF RFAD TR NG EEP§ER
A ST B f e s o TR B T R E s (60Q
¥ 1929V)» B 5-1 7 Fligk BEM AT RE T 0 TRE 1 Ve &
H6 B TEHPN € AbACE RS 1711V SRR @ Herd 3 v v @*L’rﬁis?]
o BI5-2 &N E R FRITAETRUV R d 3T i dl i pF o

i ;‘&4 FEdgi -] o Tt F R D et BRE R (40Q % 128.6V) > }\F’ﬁmﬂ;},ﬁ;ﬁ»
Fiit > TR H 2 Ve 2.5 6 B3 T P g brbr 3R 136.9V > & {5 #-
Jr\%@‘@ | grd e e vuﬁ;f];hl °

BI5-2 4 @R FIFABEFOF R A% - B7 T EH -
KA e Vpoe B AR TR TR EHM S od s f 2 LIrC g4
MBI AR > B Y LC A2 BTN (B8) T 0 A T > FP T
ST OLRFE AR s f PR 527 OF hide™ > ML @@ A
4 ) 89Hz AR F I AoB] 5-30 2 T A - B RIFHP AR IT L«‘r%?] )
AR 54 A TN EEPE 0 TR RS UR MR § U840k 52 ¢ UF eh
gar ,m% E A 4 G 5L5HZ chi X T % » = T3 - B THH P RN

ye

A ainin
il
ARA N AR A A

WM%WMMMH\JV
lw vmw \ v \)H\(' ” I8 B 5-1 #° 5 B 4 8ROV w2
g A !‘slan!ing-» 7 # 5 F & (Vece: 50V/iv.;liny:5A/iv.;

J time base: 20ms/div. )

\J | W52 9§ BHES R UV R 2
‘!J Vo Fang 2%  (Vpee: 50V/iv,;lin:5A/iv.;
IsIandmg—» Anti-islanding—» time base: 20ms/div.)

36



B 5-3 3 § @3 2 B4 OF fim i 2
<«—Anti-islanding g 7 & (Vece: 50V/div,;
=Eeem  lin,:5A/div.; time base: 10ms/div.)

AN w
\ —
v \HVI\? 1V \/"‘
M iJ Bl5-4 3§ @2 24 UF e 2
<—Anti-is|anding 3N g3 % (Veec: 50V/div.; lin:5A/div.;

time base: 10mS/d|V)

53 AFRFRESHWYE URIFHES
MU R S Rk i~ 2 (PCL) s 2R R f Y (drk 5-3) BF o
ARG EE T R Y #rg D 1 PCIL R e ik g R 0=07-60°120° -
180° ~ 240° ~ 300° Fix AR T o H P Ve 27 f @A A 8 (PCC) & >
m Iinv%ﬁﬁiﬁﬁ?ﬁ%]ﬂéiﬁ o WY 0 Vpee T R E PR EFET A L5 Flo
FERA RN o ARG i WO A £ (THD) <3.9% + &7
#&%m<5%}1\
% 5-3 ZHFRIHINL BRIRRER

[ LREN 50 Q
TR ~130 mH
REELT ~53 uF

I o f2fE 3 o N Ve T @4 p wﬁig?]ﬂ:; Qe e > Eﬂﬁi%] S
L FlOt 4P T B e (PLL) 2 defibdz#] 5 0o Qe TmcnEF i P w R BRE
) P RERLERZIRE ?P%E’frr'ﬁ Wy RIEEL (error) o SiEE o
F# PR B R 400us 2 2 R GL T SR+ ) 0.25 At 4 5-3 2L R R é.f’”'“rﬁ &
TR S 216225V 0 B Timiir F BT R L i - b - T

37



4o 555 T X ezt - b — TR heB] 560 do%k TRIEL IS TIRE
oo Ao P AR ENINE ERERGE c BST AR IRART AN FZR
bR g et PG R 1S RN 6 B L TR A D b
BT 0167 x i H N Mp NN E FHE T PP Uk “""@T]"' o B 5-7 & & T 18
BIPFRF 1(a) 0=0°, ¥ 7% PER¥:0.4ms; (b) 0=60°, B 3% & PERF :0.5ms; (c) 6=120",
BInE PR D 15ms; (d) 0=180°, 355 PBERF 1 1.2ms s (e) 0=240 °, L g pF
B 10.6ms; (f)0=300°, 3§ PFRF  2.6ms o

LeCroy

L W%
N R I A T

Pulse Current Injection

1.00 ms)
100 kS 10 ¢

LeCroy

“Pulse Current Injection

1.00 ms)
100 kS 10 ¢




\—/»\Mi Vpcc =
W linv

islanding —»|

:<—Anti-is|anding

! (@) PCl & 0=0" % & B priy
= 0.4ms @ PIEFRFIFINE

o Iinv
1 1

1

1

T

(b) PCl . 0=60°% 5 & & pFr2 0.5ms
WP RN E

() PCl & 6=120" x5 & B pFis
1.5ms W pPEFERF IR E

1
i
islanding —| | o
L 1
1
1
1

(d) PCI & 0=180" & & 12
1.2ms 8 pIpEFE R 38§

39



c ! linv
e |

islanding —

(€ PClt 0=240° jité o
R 0.6ms WRIPFR NG

(f) PCI & 0=300" i sué B i
FHERtE 2.6ms iR pEF A

B 57 41* PCl f7 kit » & B T3 2048 0% f 6 plos § F (Ve
200V/div.; lin:5A/div.; time base: 5Sms/div.)

54 TAMEAANR, GRIVHSS
~F %4 * Visual Basic .NET 7 ¥ RS232 & 475% » £ PLC £ % & ¥ -
#%% TCP/IP # RS232 % ¥ »PLC /&id > £ | * RS232 ¥2 DSP320C28335 /& i >
-t DSP #mA2 S5 RIF4p i 20T - BRELRABIHELE - B
5-8 &4 mFBkipliE A @ PCl2 § 4 RNE WpE - FkipiRs DPS 4 2 @i
MEL 35 B ORI BT ARG FHE o TP T kA a%] o
IEEE-1547 * *&q‘%f\% AT HRTRALI OB YV ET L «uﬁiai]* v
AN PR PLC 2 4 5t &ﬁsc :
4eB 5-8 2% kot PLC 2 A A F 4T AFP T 2HER R L g*_\ Fog i ®
Ptk T PER T R %Lﬁ#w e PLC i3 b ] % pE4E S £ 0t 4 4R
PURE > dm g 2 P e SN R IR g 3F g o 2 7] PLC 22 v 0 Flt g
fe— 4Agde N e 2 (OVIUV ~OF/UF ) 4e b s 8 p] e #5874 & R (PCI) »
M PLC s Aekbfé— & B3NE BRI 4k » PVHAES ©

40



LeCroy

AAAAANAAA AV
va e

Iinv

c1 e e N PR L Y

Anti-islanding —,

&

B] 5-8 Ez&v & E 4 i Juf\;%, wpliz (Vecc: 200V/d|v I.m, 5A/div.; time base:
5ms/div.)

55 ¥ % &%
A2 R LG RS 7O AR ERE BT R OVITRE UV
s@xg:z,: OF/ T 45 & UF )~ 2 #»58 thipliz (P%k ®onii » 2 PCL)~ =g ipliz (7
i 2 PLC) , ‘“Eé%Bt’ﬁ_’:}%i‘fi%#g W BB BLEEIT 4ok 5-4 0 FH P L Y@
* }3 Q‘!'—»:Hi/ "‘ ml;‘,ﬁ‘jy L E 0 TP A v 2 R A N E Wpl g fﬁg},a?

E o "}3 ijxE'f BIINE F o

2 5-4 R EFIE BRLEY Lw 22 B R

Mg R 313 e
## (OVIUV ~ OF/UF) | # + 38 %5~ i & P TR E B AL
a# (PCI) WRIZEIER® B AEE | TR RMRA EIER
= (PLC) VA iR A R

41



SR - o1
¥ R
R
Tr AR A NI G WRE T ARGYE R AL R T ARSI g R

e (ER OV~ T B UV -~ iag OF » T UF) ~ A 30at fy iRl (PRik
?ﬁ&%PU)‘hﬁﬁméﬁﬂﬁﬁ(:JﬁiJML) T ORED T
SHECGYE T kAL A el B A R K o

A2 TR AVR SN BREE G T A SR 4R

Jit

SO ENIRE BORHEAER AT N N RE BRE AR E SNEEE

1 PR A 2R R E NDZ 0B 38 0 4 00 Pid o 2 F e & e g
ﬁﬁﬁi*iﬁﬂd#aﬁﬁ“J’A>WAaﬁ?u&%%w¢¢¢@%
oI AR 2 R R o WO R Bk en s feipl b EE (6

P“lses/cyde LT RBIEER <0.167 % Tk H)
AL W RHATY T AT R R H R PRER AN E T A B

\Fm/f_1§ y — B L—/_ 1}5}13?/%_15 v ‘y." ) %\ T LLfﬁL&X = - ;_T_;FUJ".\% Lﬁ’ <+ e ¢
iﬁiﬁﬂ"Jﬁﬁ%{ﬁViﬁﬁﬂwﬁﬁfl FoBpEFERT<50 #
T i oo
SR AN E Wple 27 OVIUV -~ OF/UF ~ PCI ~ PLC F S Cha NN
OV/UV ~ OF/UF 4 &# > " HE & 5 PCl & & _PLC $jkF > iz RBIEH I (T
P oA e ERAR R 5 A auER G K o
s >~ ¥ {4 & |IEEE-1547 2 |EEE-929 a*ﬁdpw C B ERE FERET ?”ﬁ Edzgly2
eI g EE o

6.2 AKEY

5 5
FoFd 2y s Ad N SRR RRE A T4 R

AFETHRNZAFBNRA T L N BT R R R N E R
RN
= Lo

TR

A 1&: CRENAE WRFA I A R AR 1*575 ~ R
rl i 4\21#)\ ETF P\%IL"—T«- ﬂi

TERETOA RN Rlag S ap 3 B
S35 A R INE BRI SN ek B4rH

PR E R R L B A BN E R SR
AT B RINE piv i ¥ B SN

AT AN E TR AR
bl - R 0§07 7@_
B8 AT SL NI :
EN G WRE hipl T
Tty o

SINE R ITAE A s AR A kA

Ao @ LA RN ART S JE Rz TS AT LT R
AR RN T i@i HEEt o

42



Il

f=q

IE R AT RIELARAFIUFLL R RES

A AR 3 ATERRY L, S A%}ng”% 5?) ° 7

Voic i 13% T F 4 83ms b AT RIFAEIREIRT o £ F g A E p
JORGER T BB R HETA R L D R R .

LA b 2R BN E R

AR S PR (R E EEA R A L A h iy
iﬁo@-ﬁégwaz B g WRE L AR E LIRS R
2oF AR~ F AR TG ARIE o ARG - B :
FRNAEE S E 2 BengEe iR £.F 3
TR H T AEINE R A R & NI 1R o

TR E 2 ST I BN
SR ER R H R S C AL E SRR AR A ES
S TEERT o Pl T4 RENT 5 A
WA E&{@? Mg A REAAEE s e Ed s AT EY R AT
- TE2 ¥ EEF Y IRk -

B
TARAATITS R A PP R EFABE RS DBFEE TS
FRERL ARl g RS TGS R oo AT R T4 AL

FUH AT IR R Rk R

TR AAIERFTA AREF B AT AF 2R
AR PR EET g e 2 HRE g I
TR LB o i @ RO UL BETR R T IRRUR G e

TL
ER 4
Yo @l

*k

i QS

43



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

SR

IEEE Standard for Interconnecting Distributed Resources with Electric Power
Systems, IEEE Standard 1547-2008, 2008.

IEEE Recommended Practice for Utility Interface of Photovoltaic (PV) Systems,
IEEE Standard 929-2000, 2000.

Hannu Jaakko Laaksonen, “Protection Principles for Future Microgrids”, IEEE
Trans. Power Electronics., Vol.25, no.12, pp. 2910-2918. Dec. 2011.

Pukar Mahat, Zhe Chen and Birgitte Bak-Jensen, “Review of Islanding Detection
Methods for Distributed Generation”, Electric Utility Deregulation and
Restructuring and Power Technologies Third International Conference, 2008, pp.
2743-2748.

Redfern, M.A., Usta, O. and Fielding, G., “Protection against loss of utility grid
supply for a dispersed storage and generation unit”, IEEE Trans. Power Delivery.,
Vol.8, no.3, pp.948-954. Jul. 1993.

Wilsun Xu, Guibin Zhang, Chun Li, Wencong Wang, Guangzhu Wang and Jacek
Kliber, “A Power Line Signaling Based Technique for Anti-Islanding Protection
of Distributed Generators—Part I: Scheme and Analysis”, IEEE Trans. Power
Delivery., Vol.27, no.3, pp.1758-1766. Jul. 2007.

Wencong Wang, Jacek Kliber, Guibin Zhang, Wilsun Xu, Blair Howell and Tony
Palladino, “A Power Line Signaling Based Scheme for Anti-Islanding Protection
of Distributed Generators—Part 1lI: Field Test Results”, IEEE Trans. Power
Delivery., Vol.27, no.3, pp.1767-1772. Jul. 2007.

Hagh, M.T., Ghadimi, N., Hashemi, F. and Zebardast, S.J., “New Islanding
Detection Algorithm for Wind”, Environment and Electrical Engineering
(EEEIC), 2011, pp.1-5.

Laverty, D.M., Morrow, D.J., Best, R.J. and Crossley, P.A., “Differential ROCOF
relay for Loss-of-Mains protection of Renewable Generation using phasor
measurement over Internet Protocol”, Integration of Wide-Scale Renewable
Resources Into the Power Delivery System, 2009, pp. 1-7.

[10]P. D. Hopewell, N. Jenkins, and A. D. Cross, “Loss of mains detection for small

generators,” IEE Proc. Electric Power Applications, Vol. 143, no. 3, pp. 225-230,
May 1996.

44



[111Sung-1l Jang and Kwang-Ho Kim, “An islanding detection method for distributed
generations using voltage unbalance and total harmonic distortion of current”,
IEEE Trans. Power Delivery., Vol.19, no.2, pp.745-752. Apr. 2004

[12]Jae-Hyung Kim, Jun-Gu Kim, Young-Hyok Ji, Yong-Chae Jung and Chung-Yuen
Won, “An Islanding Detection Method for a Grid-Connected System Based on the
Goertzel Algorithm”, IEEE Trans. Power Electronics., Vol. 26, no. 4, pp.
1049-1055. Apr. 2011.

[13]Mihai Ciobotaru, Remus Teodorescu and Frede Blaabjerg, “On-line grid
impedance estimation based on harmonic injection for grid-connected PV
inverter”, IEEE International Symposium on Industrial Electronics (ISIE), 2007,
pp. 2437-2442.

[14]Marco Liserre, Remus Teodorescu and Frede Blaabjerg, “Stability of Photovoltaic
and Wind Turbine Grid-Connected Inverters for a Large Set of Grid Impedance
Values”, IEEE Trans. Power Electronics., Vol.21, no.1, pp. 263-272. Jan. 2006.

[15]Gerald Francis, Rolando Burgos, Dushan Boroyevich, Fred Wang and Kamiar
Karimi, “An Algorithm and Implementation System for Measuring Impedance in
the D-Q Domain”, Energy Conversion Congress and Exposition (ECCE), 2011,
pp. 3221-3228.

[16]G.A.Smith, P.A.Onions and D.G. Infield, “Predicting islanding operation of grid
connected PV inverters”, IEE Proc. Electric Power Applications, Vol.147, no.1,
pp.1-6. Jan. 2000.

[17]Liu, F., Kang, Y., Zhang, Y., Duan, S. and Lin, X., “Improved SMS islanding
detection method for grid-connected converters”, IET. Renewable Power
Generation, Vol .4, no.1, pp. 36-42. Jan. 2010.

[18] Ahmad Yafaoui and Bin Wu and Samir Kouro, “Improved Active Frequency Drift
Anti-islanding Method with Lower Total Harmonic Distortion”, Annual
Conference on IEEE Industrial Electronics Society (IECON), 2010, pp.
3216-3221.

[19] Ahmad Yafaoui, BinWu and Samir Kouro, “Improved Active Frequency Drift
Anti-islanding Detection Method for Grid Connected Photovoltaic Systems”,
IEEE Trans. Power Electronics., Vol.27, no.5, pp. 2367-2375. May. 2012.

[201Guo-Kiang Hung, Chih-Chang Chang, and Chern-Lin Chen, “Automatic
Phase-Shift Method for Islanding Detection of Grid-Connected Photovoltaic
Inverter”, IEEE Trans. Power Delivery., Vol.19, no.2, pp.745-752. Apr. 2004.

45



[21]1Vivek Menon and M. Hashem Nehrir, “A Hybrid Islanding Detection Technique
Using Voltage Unbalance and Frequency Set Point”, IEEE Trans. Power Systems.,
Vol.22, no.1, pp.442-448. Feb. 2007.

[22]). Yin, L. Chang, and C. Diduch, “A new hybrid anti-islanding algorithm in grid
connected three-phase inverter system,” IEEE Power Electronics Specialists
Conference, 2006, pp. 1-7.

[23]1Yiding Jin, Qiang Song and Wenhua Liu, “Anti-islanding Protection for
Distributed Generation Systems Based on Reactive Power Drift”, Annual
Conference on IEEE Industrial Electronics Society (IECON), 2009. pp.
3970-3975.

[24]1Qi Zhang, Xiang-Dong Sun, Yan-Ru Zhong, Mikihiko Matsui and Bi-Ying Ren,
“Analysis and Design of a Digital Phase-Locked Loop for Single-Phase
Grid-Connected Power Conversion Systems”, IEEE Trans. Industrial Electronics.,
Vol. 58, no. 8, pp.3581-3592. Aug. 2011.

[25] Licia Neto Arruda, Sidelmo Magalhaes Silva and Braz J. Cardoso Filho, “PLL
Structures for Utility Connected Systems”, Industry Applications Conference,
2001. pp. 2655-2660.

[26]Bhattacharya, S., Frank, T.M., Divan, D.M. and Banerjee, B., “Active filter
system implementation”, IEEE Industry Applications Magazine, Vol. 4, no. 5,
pp.47-63. Sep/Oct. 1998.

[271Tomas Skocil, Oriol Gomis-Bellmunt, Daniel Montesinos-Miracle, Samuel
Galceran-Arellano and Joan Rull-Duran, “Passive and Active Methods of
Islanding for PV systems.”, Power Electronics and Applications. EPE '09. 13th
European Conference, 2009. pp. 1-10.

[28] Young-Doo Yoon, Seung-Ki Sul, Shinya Morimoto and Kozo Ide,
“High-Bandwidth ~ Sensorless Algorithm for AC Machines Based on
Square-Wave-Type Voltage Injection”, IEEE Trans. Industry Applications.,
Vol.47, no.3, pp. 1361-1370. May/Jun. 2011.

[29]1Chien-Liang Chen, Yubin Wang, Jih-Sheng (Jason) Lai, Yuang-Shung Lee and
Daniel Martin, “Design of Parallel Inverters for Smooth Mode Transfer Microgrid
Applications”, IEEE Trans. Power Electronics., VVol.25, no.1, pp. 6-15. Jun. 2010.

46



e

LleCroy W wave Serer- 24Xs 200 Mz Osclloscope 25687

Fie versesl Tmsbese Tifler Diopley Cumors Messre Mem Anesis Uiies Mo

PINTEK DP-25 & /& Fa#iR 46

FLUKE 80i-110s
AC/DC & iise

FLUKE 43B & 71 3% % o 47 4k

7 15

47



PLC % % & TCP-IP/RS232 % #

48



1008

1

dEE83 0338388

e L e B
EEsEsEEEZEECMARE (N

. |Joeecoc00000000000dd

CPLD LCMX0640C DSP320C28335 Kit

49



RAL gt pmd g SR T4

P #:2013/08/02

PE AR AN T KSR S NI R TR~ 2

R gAaTesstd  pdies: gd

7 F % 101-2221-E-216-029- FMiE:. 2423

R A RHR TR




10l FREHFETFHEFLT SR EL

PEASFA LGP E P E %5 f 101-2221-E-216-029-
PR A FSAFR N2 R LG HRPRA R A 2
£ i i (F it R
*EF U R |
4% p RReES gyt | BERF | g |7 PR FE
i (s (7 7% e gt | & % H oM 2
fegi) | 2K S = 2
*)
1~ 0 0 100%
FraEdlBaEs |0 0 100%
o R R
Bt 1 1 100% LRIFHEE
ET ¢
%3 0 0 100%
PSS - 0 0 100% .
1 1=
B p © JEE i #Hc 0 0 100%
= #ic 0 0 100% &
FAS i
i A EA 0 0 100% + =
R 2 2 100%
R R 0 0 100% L
=K
(*R#) [BLismg R 0 0 100%
2 {xzpsm 0 0 100%
Accepted by IET
HH= 1 1 100% Power
¥ Electronics
e FiT o e et
f oy aRd g |0 0 100%
Bt g 0 0 100%
%2 0 0 100% /4
41 voY it 0 0 100% "
.- =
B ot © EE K 0 0 100%
i+ #ic 0 0 100% i+
HpHs
114 0 0 100% + A
AL A 1 1 100%
FpaztH A4 L4 0 0 100%
A =
(hREA) ELeETR |0 0 100% ’
L iz 0 0 100%




TR AR R E NG BRI T IR A2 5 P A2 3 g TR
Hip ok Hojie
(R Bitdigz &
5 hoyE B s d S
WEE L EREE
AR R SRR
R Ll B S
Vi N
BRI F AR

}ljo)

4

’i X538 P

b
1%
%‘\
2
=
¥
I3
R
==
£

#R%EL S(7 FRredn)

/e

Re|grga epe A1 8

Vlgen

B ye s IR

R LI

3
1
4e
g |FiHE/ iy
i
p

OO O OO O o (o

PEASHAEZ 2 (BR) Ak




LR bl S i

FRETNFERGENARE XTI DR S L BN R
= (?P-Q iji]:’\'ater‘J\%“Vlﬂﬁ‘T,E’;"gggéﬁg\:x

£ Fhg-HFRE2 V) LT 4
Eagi gAY R AL FRAACFHBES - F- FEFR o

: F”*P NEAERFEAASAER S ESTH P EGFIRIT- FE
lwi%\ﬁﬂ
(A= p % (G#p » 12100 F 5 ')

[ ]f % 4 pz

%] e B @ %7
[]# & & 7]
G
2. P =k gl g LAY R AIE A
wr W #i agdz>f LUER?Y e
LA e EE® Y 37 EE
B D H i D/mu* __F
Hiw (12100 F 5 2)
3. 3 fﬁ?ﬁtﬁsbfj,% s FAEAIRT AL E 22,;5 35 0 FEREAY
B (RS itz L4817
500 F % '%)

3l-

AL BT AR E NG WK T I N2 S P T B2 3N R, T
& %3 4 &< > [ET Power Electronics #f 7|




