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Development of regenerative load model for islanding operation
characteristic analysis of PV system
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Abstract

The photovoltaic generation system must have protection device and islanding detection devices to

connect with utility line of the electric power company. It is regulated in the technological requirement

guideline and the electric equipment technology standard that the country provides. The install propose
of islanding detection devise is to detect a blackout due to the accident occurrence of the earth fault and
the short-circuit in the utility line. If the photovoltaic generation system is not stopped immediately,
electricity comes to charge to the utility power line. It is a very risk. The islanding phenomenon break
out by regenerative load. The IEC standard has to standardize the regenerative load of the islanding test
method. An analysis model is necessary for it. The author made the model which could analyze a
islanding transitional phenomenon from a coalition differential equation based on an electric circuit

theory. The analysis result confirmed that agreed in comparison with the experiment result very well.
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Fig.1 Circuit of islanding tests.
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Fig.2 Conceptual diagram of photovoltaic system.
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Table 2 Voltage of 0.3seconds it blacks out.
722 EEHFIE 03 BiR0EL
[measure : Vrms]
Reactive power Active power P [W]

O [Var] -10% | 5% | 0% | +5% | +10%
Analysis | 222.9 | 2045 | 198.0 | 1957 | 1865
-10% Actual 2256 | 2046 | 1993 | 1942 | 1843
Error rate -1.19% | -0.04% | -0.65% | 0.77% 1.19%
Analysis | 2194 | 2040 | 1979 | 1974 | 1869
-5% Actual 2203 | 2022 | 1989 | 1960 | 1850
Error rate -0.40% 0.89% -0.50% | 0.71% 1.02%
Analysis | 219.0 | 201.1 198.0 | 1985 | 187.0
0% Actual 2239 [ 1996 | 2614 | 2019 | 1832
Error rate -2.18% | 0.75% -1.68% | -1.68% | 2.07%
Analysis | 219.0 | 2046 | 1987 | 1949 | 186.2
+5% Actual 217.6 | 206.1 199.6 | 1937 | 184.0
Error rate 0.64% 0.72% | -045% | 0.61% 1.19%
Analysis | 219.1 | 2072 | 1988 | 1919 | 1897
+10% Actual 2234 | 2072 | 1983 | 1927 | 1898
Error rate -1.92% 0% 0.25% { -041% | -0.05%
Upper row (Analysis of MATLAB)

Middle (Result of actual)
Lower (Error rate of analysis and actual.)

Table 3 Frequency of 0.3seconds after it blacks out.
#3 BECERIELL 03 M ORI

[measure : Hz]

Reactive power Active power P [W]

Q [Var] -10% | 5% | 0% | +5% | +10%
Analysis | 4785 | 4762 | 48.54 | 48.08 | 48.08
-10% Actual 47.53 | 4783 | 48.07 | 48.09 | 48.09
Error rate 0.67% -0.43% 0.97% | -0.02% | -0.02%
Analysis | 4926 | 49.02 | 49.50 | 49.50 | 4926
-5% Actual 4937 | 4933 | 4940 | 4947 | 4936
Error rate -0.22% | -0.62% 0.20% 0.06% -0.20%
Analysis | S0.51 50.51 50.76 | 50.76 | 50.51
0% Actual 4982 | 5057 | 50.62 | 50.61 50.49
Error rate 1.38% | -0.11% 0.27% 0.29% 0.03%
Analysis | 51.02 | 5076 | 50.76 | 51.02 | 51.02
+5% Actual 5022 | 50.89 | 50.88 | 51.14 | 51.06
Error rate 1.59% | -025% | -023% | -0.23% | -0.07%
Analysis | 5236 | 5236 | 5236 | 52.63 52.63
+10% Actual 52.79 | 5256 | 5240 | 52.76 | 52.88
Errorrate || -0.81% | -0.38% | -0.07% [ -0.24% | -0.47%
Upper row (Analysis of MATLAB)

Middle (Result of actual)
Lower {Error rate of analysis and actual.)

~o~ Frequency of inductance —&— Frequency of capacitance

Freguency [Hz]
o

Time [s]
Fig.4 Frequency of inductance current and capacitance current
load condition(P=-10%, 0=0%).
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Table 4 Coefficient of induction motor.

#£4 FEEHROEHK

Parameter Symbol Value
No-load voltage Vy 99.98 [V]
No-load current Iv 4.61[A]
No-load power Py’ 76.0 [W]
Mechanical loss Py 11.8[W]
Adscription voltage V. 33,78 [V]
Adscription current . I 6.74 [A]
Adscription power P, 168.0 [W]
Main winding resistance "y 0.835 [Q]
. Ry 3.02[Q]
No-load impedance X, 214710
N Ry 3.698 [Q]
Adscription impedance X, 3383 Q)
Main winding of leakage reactance X1 1.691 [Q]
Iron loss resistance R, 2.94[Q]
Excitation reactance X 37.87[Q]
Resistance of copve}'ted into the main ry 3.124[Q]
winding
Leakage reactanpe o_f cqnvened into the X 1.691[Q]
main winding

L, sBEUCCERE LHMEEHT 5.
*”%% BT BARER I3, Tabled DEH% Fig8
EMERROZAEF~RAL, RADIZE > TEAHA
g REH U, AL > TR LS. £,
FFER g i, iy BEWinld, EREN Ly ZHNT
ﬁﬁ@&%ﬂbtﬁw%ﬁ#@
HHFEROVEMEIT

REAE LUk

Journal of JSES

_46__

'

2(2-silp)

Fig.9 Circuit of regular-phase. Fig.10  Circuit of contra-phase.
B9 EFEAEIE < 10 AR ETEE

fh (=0) 2fCALRD B, Fiz, EFRMEL) R L UWEE
MBI, ERIRE %ﬁﬁbt (I GE (=0) &1
ALBEHTD.

(R +] m) (’ﬂ +jx2j
Z=(r +x)+

R +]xm (“+]xz j

R+]x

t\)l»—-

R+jx

m

" ((2 Sllp) sz ....... an

(2 sllp) 2 j
E
]M — E ........................................................................ (12)

44 FEBHRATOBERERTET IV

BERERIC BT 2 53R FEIE, Figll BET21D7TL
7o s ORI FRE BN TED.

Fig 11 (o= EABMMER OBIEH BT, K1) &2 5.

r osx, R, sx rooosx
I(s) 4+ =t =L = T () 2+ =S
ol )[2 > T3 ] A )(2 5 )
I./xa) EANEY
- Sz:_m IOI(O)( : j+ 2|lr1(0) ................... (13)

Fig11 (SR IEFIBERE & 72 A PARIBE O BHE AT
R AR ET A &, R Db,

R, sx ' sx'
]’ f m 2
01(5)( > > ] L.(s )[2 lip 5 )

an) X X
= +zm<0)[ —2~j+—

S+C()

SORRRNE, TEAR L FIBRIC Fig 12 \OoRTEIRD b EES
BREETHE, RS LD,

SX f

R
hoS4 T e +1,(s) Ao 55
2 2 2 2 2

Iy (S)[Ei




KEGICFETE S AT LD BARESTF T A AE BT £ 7 VORI 56

F=, T S(:/)b\(&i, Vo £ W& 50T, BB

:f;if_ IOZ(O)( + "’)+x—‘z,z(0) ----------------- (15) EEBROMITET MBI 5T~ S, Valfe LTE
§ro 2 L7z,
Fig. 12 (A5 Bk & 70 2 AR O EF F T
RWEGEICEET 5 &, RU6)E 2D, I,(5) . l 0
R 1,(s) R —sL 0 0
1, (s) =L + 2 I,(s) —2— 1% L 1
02( )( 2 2 j s )(2(2 slip) 2 O N I R 0
. . . I,,(s) |= 0 0 0 (’ﬂl +R, )+2S(x‘ +‘xm) N
’oz( )— z( ) 1,,(s) - R, +sx,
Lﬂ_(ﬁ;z'f}'\ 7‘5??”‘“ B, R HAec Lo TE Lo (9) 2
EHIC K D BIREEHERIY, HEBEEAT & HREA 60 0 0
AU BN HEfE S LT (IS 1 Tﬁ‘ FD7h, FHUEBIE 0 0 0 -
BT S A TMEB LT OMFNT T, 3.1 S BSR L7 £ 0 0 0
IRER DM€ 7L, FHEREE AT T AR3) 0 0 0
B 16 MBS, FHEEBIEN L IHER I X b ’“LTS‘ 0 0
% HMIERAEATE 7 013, ATYOITHIRBLE 72 5. 723, o5 s 0 0
u% ”Eﬁéﬂ)&&é@/&%{ I, L%/ﬂ%fﬂ&i& SIZTREFENTE 2slip 2 ( p ) )
. EBEON FITEE LI AN S fa fe b 72 B 2, 0 R +2S(x1 % R, =
0 R, +sx, n' sy
2 2(2 slipy 2
I () +1,,(s) o
s+’
E
X . . -
e (lm 0)+1,,(0) 2
I,IES) L a7
2. V w
2silp e > (i (0>+z,1<0>) =i (0)
2 200y (0) - ,1(0>
—=1,,.(0) V w
= 1(0 2 (02(0)+z,2(0))+ im (0)
Fig.11 Regular phase side s-function connection diagram. i (0) - (0)
11 AR s PRI o "
45 BFEEEM L RLC LIERBOBTER
I, (s)+1,(s) FENTET L O SPERE ML, 2.3 BNZEER L7 EHuE SR
EBRAER & RHTRE R & OHEIC £ 5. ELERUTLE 0.3 FO#
DELMEE Table 5 1R, SETRERE FBC, EREEE
S (0)+7,(0) BB, F U CIITEI ST AR E TRIDRY. L
. ; 2 GAESRIE, BRTERLE (P=-5%, 0=+5%) |23\ THRA-2.18%
Vi ;Jﬂ 1:(5) LKAV BREDBGEL 2o, TOAEIETHE, Figl3
> ) D& 5 A BT OO RS FAEB LT 5
5%, sx,’ T AU, BlEAMS IR ICEEIEAT C & PCS OF JT%M: L
2 2 FARRSNEETHD. O, HROBEAZ T
2. (0) %i,_z(O) BT, Figld@D X 5 1B b L, MRATRERIC -~k
o_j:_ < f;@a’;ﬂfffnﬂz Utz &7z, BERINC & 5 Mlyd, sases
3‘,5 5 ﬁﬁ,"él - =504, =+5%/, :/" -
Fig.12 Contra- phase side s-function connection diagram. ’ H‘jt’(i)é ”:\ﬁ/j (6 Z)/J: Q+5é) ims gTO‘;P
R12 AR s BAEIEE BRI, Fig @50 & 512 PCS BISHIHO H 2
Vol.36, No.l ~ 47 — ENCES I




A - I - - B

(o & AR A AB A R T, KRR & B R R <
R O AR

BICAEAT & FHEIC B S W T h RN Lic. BUERYS
1k 0.3 Fbi%DJE % Table 6 [T, SRUTRER & LEBRIZ,
EEREE R A PR, F LTS T 2R E TR
e, MR, BRRE (P=0%,0=-5%) 2k T
Fe-139% & 72 0 #0 0.7Hz FRIEDRE L e o T, T O
SAETIE, Figds Ok 5 ICAEBMAT OB RIS
PISEN LTS, T, ROERME IR ICA MRS C &
PCS & ORITCHRAE LEHERENFERTH L. TOD,
SR O B A T IR, Fig16 £ 5 WL LIRS
BirlbRkE <Y, BmENELL.

MBS BT B RIS B A 1TV, PCS OIEHR
ORI S0 L B REER A A5 BN & bR\ N CEBRIE & AT
HEER T BT A, LEAo T, HEEEAR O
EFNOEAEPHERTET.

5. ELHESHDOERE

KErorE, —MEERARSERE Y AT LOIMREIE
5 L OEEERAR A AV LN OB EEDIKIC VT,
WS FRRRE T 7T A LATHIE BT E T L (R
B L7, FRMTRE ST, ERREEER L L BT D I L &R
UiEATE T DM EE LT, fRITET Vi, RIET
HAEDIAT RO AT REORENTETHD. €
D%, BMTEESRS 2 ke S & S OAREITE A LIS
SRV, £, BEEIIEANORMEE BIE LT
FFTL AT, FARCL2BBLMITITERE Lz, &
MBS BT ORI, EREEADH LT, BRLKEE
ORAFINTTEETH A, T OREE, FHIC X 2RBRIFR O
s LU A FONIEATRETH D, AEIER L7
WrEF 0%, MATLAB 12 X - CHfF &h7ens, 1750EHR
AT 7 1 7 T L ~OERITEBIATAD. TDIZ
B, FLAMERE.

L1813, PCSIC X2 ARHES, PCS HIEIEIMAECHIR
SEASRR B O ER R C R BT e T Y
ORETR T, EAGERIH 0 A TR DM L2 5.

E i
ABFFEICINT, $ox OBYE ZTHVZMEREAE S R
WFFE L RERFIE B0/ MRS TG ER RGN O 2 LT

BEHR

1) BSTEER R T el TERRRIN O B R E),
ERY 20 4 10 A AEFUGE

2)  RSPELEERT R AX—IT . (B EHERICRD R
EEAHHTENE A T4 1, PalfEEs ERx
NR—FRE, FR16F10H L H

3)  HMEAAARERIME RHEREIHE 0 DR
Bl JEAC 9701-2006), A%k, 2006

4)  WREAE AR SRieRr, RIS et T

e

Z\N

N
N

4

=i
\

Journal of JSES - 48 —

Table 5 Voltage of 0.3seconds it blacks out.
#5 BEIEMMELL 03 FMROELE

[measure : Vims]

Reactive power Active power P [W]

[Var] 10% | 5% | 0% | 5% | +10%
Analysis | 2094 | 202.7 | 2003 | 1954 | 1939
-10% Actual 207.7 | 202.6 | 1999 | 1962 | 191.8
Error rate 0.81% 0.04% 0.20% | -0.40% 1.09%
Analysis | 2109 | 2039 | 2014 | 1969 | 1937
-5% Actual 2102 | 2034 | 2000 | 1976 | 1935
Error rate 0.33% 0.24% 0.70% | -0.35% | 0.10%
Analysis | 2089 | 207.9 | 1988 | 1939 | 1916
0% Actual 209.6 | 2057 | 198.7 | 1958 | 1900
Errorrate | -0.33% | 1.06% 0.05% | -097% | 0.84%
Analysis | 2042 | 2023 | 1998 | 1961 | 1881
+5% Actual 203.8 | 2055 | 198.0 | 1964 | 1889
Error rate 0.19% | -1.55% | 0.90% | -0.15% | -042%
Analysis | 213.6 | 201.5 | 2004 | 2003 | 1876
+10% | Actual 2120 | 202.0 | 2019 | 1977 | 1882
Error rate 0.75% | -0.24% | -0.74% 131% | -0.31%

Upper row (Analysis of MATLAB)
Middle (Result of actual)
Lower (Error rate of analysis and actual.)

Table 6 Frequency of 0.3seconds after it blacks out.
F#6 EVEMEIL 0.3 BEOENEK
[measure : Hz]
Reactive power O Active power P {W]

[Var] 10% | 5% § 0% | +5% | +10%
Analysis | 46.95 | 47.17 | 46.51 | 46.08 45.87
-10% Actual 4694 | 4678 | 4634 | 4631 46.11
Erorrate | 0.02% | 083% | 0.33% | -0.06% [ -0.52%
Analysis | 48.78 | 48.54 | 48.08 | 4807 47.62
-5% Actual 4876 | 48.74 | 48.76 | 4826 | 47.72
Erorrate | -0.57% | -041% | -139% | -0.39% [ -020%
Analysis | 50.51 | 49.50 [ 49.50 | 50.00 49.26
0% Actual 5041 | 49.75 4944 | 4998 | 49.36
Erorrate | 0.19% | -0.50% | 0.12% | 0.04% | -0.20%
Analysis | 51.81 51.54 50.76 | 51.02 51.28
+5% Actual 5149 | 5152 5086 | 5088 51.25
Erorrate | 0.62% | 005% | -0.19% | 027% | 0.05%
Analysis | 5348 | 53.19 5376 | 53.48 52.63
+10% Actual 54.17 | 53.31 53.63 | 53.61 52.70
Errorrate | -1.27% | -022% | 024% | -0.24% [ -0.13%

Upper row (Analysis of MATLAB)
Middle (Result of actual)
Lower (Error rate of analysis and actual.)
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Fig.13 Frequency of inductance current, capacitance current
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