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Abstract

The main objective of this project is to study the fault detection and
dynamic setting of protective relay for distributed area. To achieve this
goal, the grid-connected standard for distributed generator, fault analysis
technology and feeder protection specifications are researched in this
project. Moreover, the microgrid system of the institute of Nuclear
Energy Research (INER), including PV system, storage system and
loads, is adopted to established the simulation models. When the voltage
and frequency of the power grid exceed the grid connection
specifications, the voltage and current characteristics of the distributed
generators under different operation modes are discussed in this study
based on the established models. In addition, the analysis of the dynamic
protection coordination design of the feeder, the divergent line and the
microgrid will be studied in this project to provide the fault signal
analysis technology, fault environment establishment test and model

verification.

Keywords : Fault detection, distributed generator, microgrid.
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WL A A fE 5 ) L S #ic(wavelet function) ¥ = AR S #ic(scaling

function)=hie & o

(a) scaling function (b) wavelet function

B7.1 Meyer-]- & & 35
[ R i A R A RS B EE D A4 & i # (Discrete
Wavelet Transform, DWT) ~ 12 % i@ 4 -] /& #& 4% (Continuous Wavelet

Transform, CWT) » & < i % cnd 38 5 § jo | cnddg] A i o
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BT A
Tl ke 2 B AN AT > F M RIE D BLA () € L2(R)

ARG ] S Bre(t)fr kR S Be ()i £ [15] ¢

k

FO = aleE -+ > &2 @t~ k)
k j=1

= ) ¢ (k)2 /2@ ot —k) + d: (k)27 729277t — k)
2.0 2.2, ®

k Jj=Jo

co ¢ % & fx#k(scaling coefficient)

d; : -] 7 #c(wavelet coefficient) » j=1-2~3 ...

AT AR SRk R T UL S F Wik Bioial
Tk F oo - AT o Pk S i A AT B O SUELT SRR
TG R 0 - ARVARG B Wk 5 ¢ R SHP] A
@ﬂww%ﬁ»ﬂ%ﬁ@ﬁﬁg,?méﬁﬁﬁ%o

- @ 0 ATl A g ¥ E 1 % /] 4 (orthogonal wavelet)
AR B B g Pesd o] 3 3 (Fast wavelet transform > FWT) <
e B
% 247 B & ¥7(Multi-resolution analysis) :

FRBREFFAE DRAGSFLPERLIBES  BlArRR
IR A S SRR RRE S 6 WA 0 H - af2

¥R T % K RRIDE R BAT T AR T R ek o )
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F R o] R A TR LB R U BLA R S
L7 R AT R A BavA Rl @ A RS aA Bl A iE g g £ ATe S
Fhe B o
g%gﬁvcjéﬁﬁxgwfu%’:]—n,’uﬂk**%% Faftom A M
BEAEL diN A BAE B SRR S ITRY f“ﬁ%l * B 0 P
4o (4477 [15] :
g =¢-1Dd4
g =¢2DdDd, (4)
¢ =¢-3Ddj3Ddj—, Ddj4

@ : AT A F P () -

R S R N O S A K Rl S e A e
BE O EFRICP R R K e b o B A B € AR RARH
foo AR KNP E R F AP K BIT.25 3(@)Y 0 B
R fRABEL N B AT A oo

BOUBAC) AR B R A FRMELEE > B B MO A
WAL A2 o a T - FER Y T A R R 6L

R E R A Z - o dop R B R A A TR o
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[H(w)|

ey

‘ |
= Cy ’:
n (&5 i
Cr3 d.l-l i
|
n/8 n
BI7.2 % (347 R A 72 B R4
d@F € rpeid ol ke oMallatd B 0 F - TR

195248 R I8 SRk 18 B IE (7 '8 P4 (downsampling) > & £33 95

R@ER R B

Cy &—

2

—= d;;

' e 2 Ao B 7.3 o

= PR Al
g(k) 2| —edy,
g(k)
h(k) 2 l Crq
h(k)

B7.3 = Ig & da] it
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APt o] i ¢ Mallatiw & 0% > H vfe 2 N 4o [16] ¢

61 (k) = Z h(m — 2k)c;(m) (5)
da (k) = ) g(m — 2k)c;(m) (6)

hi il gt B(Low-pass filter) » 5 = & e izl

“9
{ .

ek B (High-pass filter) » & -] it Sn#icentadic o
D T i‘]’/ﬁ@,/}ifﬁvm’*%‘af”‘;l’(r'}mwﬁi"D/E” ‘\‘(7)
¥ 2 1 A1 (Normalize) »

d;(t)

,
/z:kldj(rnz ")

Normalize :

Parseval ¥ 32 :

1295 Parseval 32 > Sz T > fr ¥t d EEENTS e
N £ =~ mﬁx ;__FE msb & 3:— %"ﬂ *};F':ﬁa ﬁj;; ‘E_ ° 1":*_] /ﬁ»ﬁgﬁ-’ ¢ s TFH E‘E
UTﬁﬁ@ﬂﬁ%ﬂ%ﬁé%%%ﬁ&T]%4&mﬁg%ﬂ

[15] :

[ir@rac=3 5, + >y gl ©)
& & j—1

B AP T U R T R PIIEAT LAEE T i o

= 7

s B AL e o et TE 5 HIETABLA B h R 1 RIZIAR A DR o @ b 5
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(9) i AR RIRH TS Fn R A2 ERREBTREF

AR A PR AL E 0 B TR O BT end T o

Ej = Z|dj(t)|2 (9)
k
ke P E - SOl R g e A - TR T
MBI EEE A DREF TS A B E LT E RIFEY (T T
TRELA] R Gl BRI R e T2 e RS
4 B2 R FF T o
7.2 @Rk
A2 g R RIET RHBERE DT BT S o LFHE
PR B R FR L FARRER > BEERET R
BEER o
ERIPERER I o U
dom 2 4TI o A P BT ARG HRREE > Tl
FrE g~ AR R RALAT SRR DT RAF 2 1
OTEHERLS B e G B e T e A R WRIE ok s AT RO

HAc®) 74 477 > FHE LR QL FEBHPORE R > T R

'
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_.—
Power o O/C Load
Supply ° SCR
Voltage/ SCR
Current Driver
Signal
MCU

B 7.4 iz A HERE

I

FAE I ARBE L BT BFERRFTAH 0§

=5

H\

o R E AR R ]k S iR R e A
SRR Y AR SRR R R
L

RN e RN LA R RN FIRES X

bUES
N

BRI A T RESE T AR LR KA XK
RRERDAET B EFERAPCCHTRET TEFHRE ¥ R
RELR - &P FEAPRITFIIRPT S EFFA o4

KRl & AR K BT BRIPR AN 2 F AR DR R A

f’l ) ﬁ&“iﬁi@kl‘ﬁ’{iﬁﬂ" l@;_ﬁ&ﬁ, _;Lm rrJ"’ }‘\ j\j’g‘_f ";{“:I‘J- o
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271 T4 ARG M S

ARy it ARt o
* v TR
RBRP) | RPFF)
Casel N
0.75 pu 0.95 pu
Case2 o g
1.2 pu 1.05 pu
Case3 B fbr s A7 AL 2~5pu 12 %3t 1 pu
Cased P& N7
5=x:0.2pu 5 =x:0.05 pu
Caseb B
7 =x:0.14 pu 7 =x:0.05 pu
Caseb TP 10 Hz 0.07 pu LI
S EICORE TS LS oS SR IR R B S

TR A RN EEE L 2 ¢ BRI A 2 BE 0wt
FERBAp - FlR S RED o
P {024 RFELCFAFIR > 9 HFLFLEMER
Wb REEMT R AR ETH R BRA 7L ¥ 05T 4
SR AL 0 KAL)
T AR F A d AR5 L H AR A e e T

/\
T
B PR EEOFE S RN ok T2 Y MG RZER LT
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% o) TR g i

AT A REIF® L A A7

Fl* B A EEH I ROT I RV EREELA > T RAL
A e B v 28 o 12 0~1000 shd & 4= F1(10 bits ADC range :
0~1023) 2 # W HE3M 5 » A< L enB R4 L & % ¥ 256 2L(256
points per period) » ¥ A EIN T Y E R T PR ¥ R RER K
Beeh® o B XER 3B U4k e 2~ £ 64 BLie (7Y o &
FATHEE- 1 FALEL Bl E AT E - & 0 & Moving Window s> ¥ o
dNHEEB2 THERT U LAY AT BTRIER M R

$ -

AT A IR

PR A KRR A A Benp e 5B F o]k (Daubechies
Wavelet) @ 9 Tdbd | % &< & % chik & | 4 > dbd A2 * »+ 3 4
WELAFTHET ¢ 0 HAAeB 75 w0 SR A RRY A
Bagdlen ] gt > A B R Do) gk LY R AR

AT RIS
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0B

DEBF- Sealing éuefﬂcient TSRS ORI RN S E
Wavelet Coefficient
08 i | i i |
1 2 3 4 3] 5] g
B 75 %0 & p(dbd)kA;
% 7.3db4d % #Hc £
h(1) h(2) h(3) h(4)
Scaling function
0.629 | 0.5055 | 0.4461 | -0.0198
h(5) h(6) h(7) h(8)
Coefficient
-0.1323 | 0.0218 | 0.0233 | -0.0075
g(1) g(2) g(3) g(4)
Wavlet function
-0.0075 | -0.0233 | 0.0218 | 0.1323
g(5) g(6) g(7) g(8)
Coefficient
-0.0198 | -0.4461 | 0.5055 | -0.1629
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gk 2 e 0

signal e—— gk 2| /o d,

h(k) H 2| |—¢

hk) H 2| e ¢,

B 7.6 = P52 o] ok
T Z PR 2l AW 7.6 5 A FF K DRk i
A2 NP EFD RAeELY B B2 RAEE N A o A {6 d Parseval
TIL AT LA B B 0 T Rp it (7 D) e 5Lt 21 (Normalize) -

i HA2R it 7 o

BRIEHA L
AR ORI BB RGA SRR TN TS R RR
AP A IR F 3 n (400 2 0 R % g S ATl R o

HoiE > G edT (s eow B i

P~ E +E (29)
max(d2)

Max = (30)
2lIE, |17
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min(d2)

Min= —— 31
SN TA (31)

e En o RSOl AR G R R p SE BEY ¢h

bt FE SERB P X305 H b G4k & pl4xd2i7 10 Max¥® Minii-
THAGELR RAA P AT RO HEET > REN IR

BT A R PR e XY L iR L &

AR T A R ‘mmﬁﬁjé—ﬁfﬁ o

FREEE

%%@ MATLAB R2013a #ic#8® p @i 4 58 4 B> &
3 AR TR R URIE A A R 4 A F R
RAPE BT B L o2 TG ST B T

LA

i‘ﬁ\/i‘ E]I ﬁi)’i/F »‘é‘ , btié??ﬁd zm;‘}%‘ﬁ:x 2y ﬁ, * o

= »
o
N
=AY
I
-

BrERABNE R 25U S iy 0 £ 2168 1 -

TLOBRZ 5 T A %ﬁzlk\ﬁfﬁd s ﬁ_jz £ 5 BE S 3 B~ 1650 E NER A 20 4R

B

2 Mamdani & 3 % ks dad 0 H & SideT B -
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p3)

Test
Mew: (3) [mamdani)
27 rules
Min (3] output (47
Energy (51

B 7.7 A% 2 Bk s

L ’2 P

PHEAHRIEGZEL R G P BEE > &Aoo sy

OR:FE F : max
[ER PP PR

R ERE hfi s kRl f ELA IR - L X

i

%’K 'I"a f; :':%"K mﬁﬂ;)g%\,;,ﬁ;; ) v}:’T

W

Pl BB AR A

(ﬁd\

Bitad BRFFEOELAM RPRREY ¢ F kR o

SEOTE ‘i E @%%]J O K

A
ETINS
&
=
(i
|
5
>
&
A=
=
pad
| XN

2

b e R B 48 g S g 1 trimf 5 4

Range
[0 20000]
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No. Name Type Params

MF1 Zero trimf | [-1000 0.001 0.1]

MF2 Decimal trimf [00.11]

MF3 Digit trimf [0.1 30 200]

MF4 Hundred trimf [100 500 2000]

MF5 Thousand smf [1499 2999]
(@ MF1 ~ MF2 (b) MF3

1

09

08

0.7

0.6

0.4

0.4

0.3

0.2

0.1

] I I I I I L I L
0 1000 2000 3000 4000 5000 6000 7000 8OO0 SO00 10000

(c) MF4 ~ MF5

B 7.8 E,5F B 38 F7;(2) MF1 ~ MF2(b) MF3(c) MF4 ~ MF5

275 pf s

Range
2
[02]
No. Name Type Params

77



MF1 Low trimf [-0.8 0 0.8]
MF2 Band trimf [0.411.6]
MF3 High trimf [1.2 2 2.8]

LEEN Elalnd High

Degree of rmermbership

1 1 1
02 04 0B

W 7.9 pif B 5 #M )

% 7.6 Mr’.nﬁﬁ?}% 0 FoEk T

Range
Min

[-10.2]
No. Name Type Params
MF1 Big trimf [-1.48 -1 -0.6]
MF2 Mid trimf [-0.8 -0.4 0]
MF3 Small trimf [-0.3 0.2 0.68]
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Degree of membership

T
tid

1 1 1
-0.6 0.4 0.2

hin

B 7.10 Mr’.nﬁf?f{}, = Hc Bl

2 7.7 Maxf o dic

2 2

Range
Max

[-0.2 1]
No. Name Type Params
MF1 Small trimf [-0.68 -0.2 0.3]
MF2 Mid trimf [00.40.8]
MF3 Big trimf [0.6 11.48]

Degree of membership

T
tlid

Blg

1
02 u]

1 1 1
0z 0.4 06
a

1
0.8

¥ 7.11 Max i & Bl
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N
[
"
\4
=

)ﬂa

WA I SR L 2T (01) kR 4 fER B £ ON>
OFF 4 w5 i g2 4 & > @ POFF 22 PON 5 /3t ¢ FF sfos t i -
L FE /B v sk > TP, % Probable -

% 7.8 Output §F Jf & Bk 2

Range
Output
[01]
No. Name Type Params
MF1 OFF trimf [-0.25 0 0.25]
MF2 POFF trimf [00.250.5]
MF3 PON trimf [0.50.75 1]
MF3 ON trimf [0.75 1 1.25]
WL OII-'F IF'FF I I F'ONI OIN
08+
% 06F
E
% 0.4}
) 02+
0
-0 .|2 DI D.I2 D.If-l D.IE D.IB 1I 1 .|2

output?

Bl 7.12 Output > < F1 7
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Hols LR

22O AR R 27 iAo

7.9 Hop AR 7] £

IF THEN
No. p Amax(d2) | Amin(d2) AE, Output
1 High Mid Mid Thousand PON
2 High Mid Mid Hundred ON
3 High Mid Mid Digit ON
4 High Mid Mid Decimal ON
5 High Big Small Thousand OFF
6 High Big Small Hundred PON
7 High Big Small Digit ON
8 High Big Small Decimal ON
9 High Small Big Thousand OFF
10 High Small Big Hundred PON
11 High Small Big Digit ON
12 High Small Big Decimal ON
13 Band Big Small Thousand OFF
14 Band Big Small Hundred PON
15 Band Big Small Digit ON
16 Band Big Small Decimal ON
17 Band Big Small Zero ON
18 Band Small Big Thousand OFF
19 Band Small Big Hundred PON
20 Band Small Big Digit ON
21 Band Small Big Decimal ON
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22 Band Small Big Zero ON
23 Low Mid Mid Thousand OFF
24 Low Mid Mid Hundred OFF
25 Low Mid Mid Digit OFF
26 Low Mid Mid Decimal POFF
27 Low Mid Mid Zero ON
Y2 enA A5 i 1t R A3%x3x3 x5 =135k R[] #E/T‘”J
DA o7 gm EIRIE S Ty § BclE B2 et M UTELE A F 3
foe T ABIETRE VR IRTR PR T EEEAD 53
RN AR VAL = DR
# 7.10 HoR R PP
IF THEN
p Amax(d2) | Amin(d2) AE, Output
Normal Low Mid Mid Zero ON
Noise High Mid Mid Thousand OFF
Harmonic | Low Mid Mid Digit OFF
_ (Small, Big) Thousand OFF
Sag High _ -
(Big, Small) Digit ON
_ (Small, Big) Thousand OFF
Swell High _ .
(Big, Small) Digit ON
_ _ (Small, Big) Thousand OFF
Spike High _ .
(Big, Small) Digit ON
o _ (Small, Big) Thousand OFF
Oscillation | High _ —
(Big, Small) Digit ON
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H 70 L g4l Noise i 2 o 5 g HAp¥ A= AR

22 7 3 Max s Min > Max ~ Min 4 3 21 (Mid, Mid)p B i

@ Sag ~ Swell ~ Spike ~ Oscillation % #7 i #i ~ eif i & % 7 #7

B 0 AP T R R - o - B A

Fax T Rk o
BN SRR

A ERR | BEEH SRR BB EIVRT R T
B2 @R E o 2 g R R E B TS S ek R R
BHE S EnERRETHR

—~

@?]"%i LA CERE R o g A dgkp 5 10 B o

\“‘i
X
=

& O~1dc® onip] BiRapsd SRt o HF 0™ B
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Target
0/1
(ON/OFF)

Max

Min

W 7.13 ¥ 2 @R SRR

i * g % B % 5 Levenberg-Marquardt i & i > 3% 4 iR

 MSE > ik » TR B A6 89 = 12 R HLEE ¥ o fe i o

ol o] @R SR

RO Y o W RN RATHD e g2 S w R AR
A ERECR AR R FRE Y BT RS R R
PLL > RIS R4 0 Bl i 2304 @ % e ] enif o e
BN R AR AR o R S Bl ) AR R

VIH A PGB L pBE R S 2 D Ek {43 g P bt

o
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i |
|
|
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|
|
| Target
P | o1
(ON/OFF)

1
I
|
|
|
|
|
|
|
I
I
I
I
I
I
I
I
I

m<%
Mm<%

e A

n
n

ot EU
P 3 =

B 7.14 Hoks in) @ iR AR T B 2

WL F SRR AR - BRI S &R SRR S 2o
AAT PN SRS AR RN SRR E oA A T
é%ﬁ+%%ﬁ%ﬁm%%’%Qﬁﬁmﬁﬁém’uﬂéﬁiw
PR AET AT A B T IR > B3 snenid PR RIELY h i

PGS E NPT UFRE B FFEEFHEE £ ki
A FUBFEFFES LD NTFR 0 R # R Aa sy i REF T
IR PRI LE 0 P F A AT - R g R i 2 B
SR B o B R R e A E S EATEE I D R R A SRR
T f§FEE o

SR TSR BRI = e P R
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£ garla 4

NS FE(FCB~FTU) > A ¢ 5 (CB ~ FUSE ~ FI)£2 # & % (ACB)

2ZHRBFEFRARTFYL
PO SRR R P P AR (B 3R Rleha 4 FLEREs
2 (GCB) ~ i % = = 1% %7k B(ACB) ~ # fi B B (SS) 12 2 £ A

g BB M (MC)E &% 5B M (NFB)# o3 » boR18.147 7 o

GCB
114 A
500KVAB N2
n
........ ACB #...cooceeu.
B00AF
uT BFB1.) S00AT F3
" : 50kA
: SS: NFB7/ Z>UAlL
: : 800AF 30kA

380V/380V
150KVA

400AF
i
NFB3 ) 250AT NFB6 3%%\3
380V, kA Fl
400AF
250AT
NFB4 ) d
380V/208V A
150K VA ~z
600AF
30kW 30kW NFB5 ) 500AT
30kA
Load Load 208V
F2

B 8.1 P A #THCT e ki3 7 1

AL HRREG AT RN F L HAPRY KR 2P ER KR

P Pz B AL 2 iR enSSSACB 2 NFB #_F 33 o d 3%
BT R AN TRE EOEBT R KD TR BT
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FIpt g MR e 1T T H IR

g BRERERA L R d & £

SEBEA > T T AR T A § T RITIR TR

m ¢

_;L/ ™\ » 2 & A=
FOE A B R

% %78 B (FCB ~ FTU) P % % %2

F1-F3 % 2

P[5 P ETES

LA BB o FCR b INE A iR o PG RS

A
b 4k
I Wl

s
/‘r'ﬂ-ul

BB (SS)R| € B0 1% » fieT i » 78 A - 4

AR A A 0 U T2 E 8.1 ¢

B iF2 SIT o
# 8.1F1 3 4 iR érpe B (T pF [ (Sec)
Hipfy i | Z &M}
GCB 20.29 13.38
ACB 0.061 0.061
NFB1 0.031 0.0264
SS 0.29 0.29
NFB2 0.031 0.0264
NFB3 0.021 0.021
. 8.2 F2 3 4 &I ¥rie Bé (T (Sec)
Hip#y &l | =&
GCB F e F B
ACB 0.081 0.061




NFB1 40.1 50
SS 0.29 0.29
NFB2 40.1 50
NFB3 0.033 4.58
NFB4 0.033 4.58
NFB5 0.027 0.036

% 8.3 F3 # 4 R %ri B# (T pF F (sec)

HAipRH &h | = p&h

GCB F B 3 B
ACB 0.081 0.061
NFB1 43.1 40.1

SS 0.29 0.29
NFB2 43.1 40.1
NFB3 0.031 0.031
NFB6 5.01 4.73
NFB7 0.031 0.031

dREFIL ERTINEED ARER S A R &REY
42 APt R ER T PR G S B M § & 1~15cycle B
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IRl 0 B A B RM A B 1T Bl ACB 7 ¢ 3t 4~5 cycle p #
fFod 0P P T ) @ % o SS & (TR (T A P 3 $TES B e st)

1Ay Pl T A N ERE S NFB g SS A HiT o F
Fli=3 g4 Hipik i T MR aha 3 5B M2 ACB ¥ A%
T PR o WL R E- X e GCB > GCB 7 s v pr
5 2029 ) > A FIAT R R Rl nAEE FE o SS ot ¢ 25 ACB i d

£ > 4 4 SS Heiik ezt gy o
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Marlab\Simulink 2%z #c @ 4 % SuAp B 3 400% B o gt ob > 2 ik L 383
AEGCRIR R PEEHNT o g3 TRBMEE AL R
BT REFTREFELAIT ) FPERES T F HREEY
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1. Cheng-l1 Chen, Chien-Kai Lan, Yeong-Chin Chen, Chung-Hsien
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