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Abstract

Recently, USA, EU and Japan have developed many micro-grid
emulators in labs and some are realistically established as outdoor test
beds. The Consortium for Electric Reliability Solutions (CERTS) in
USA has a leading position in the area of microgrids around the world.
Starting from simulation analysis though emulator study, CERTS begun
its test bed investigation in 2005. On basis of CERTS study, INER
took advantage of existing renewable resources as well as purchased
load banks to set up a microgird test bed in the 4E-1 area, which may be
used for the purposes of testing and demonstration. In the previous
results, Chung Yuan Christian University and INER consulting the
CERTS test items proposed possible test items and their corresponding
works. The test items have been evaluated. Based on the previous
research results and experience delivery for wind-turbine-generators, the
following works are addressed in this project for helping micro-grid test
bed establishment:

1. Modeling and simulation for the components in the 4E-1

area
2. Simulation and analysis of protection coordination in a stand

alone power system



3. Enhancement of power quality in a stand alone power
system
4. Composition of lesson planning related to the electric wind
power for personnel training
This is the final report. It covers the static models (harmonics,
frequency fluctuation, imbalance, power electronics and HCPV module).
It also includes the dynamic models (gas turbine, wind turbine and
motor starting). The dynamic simulation results consist of transient
analysis considering component outage, motor starting and voltage
fluctuation for Zone 1- Zone 3. The static analysis includes the
harmonic studies and imbalance in Zone 1- Zone 3. On the other hand,
the fault analysis and protection coordination are explored, too. The
tutorial materials are presented for the wind-turbine generation system

finally.

Key Words: Micro-grid, Test bed, Dynamic Simulation, Power Quality,

Protection Coordination
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380V
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% 33a & "o

T
QA

TR T F THD(%)

T EPREATI - & f *Busl  Bus2  Bus4  |BusS
kW A kW | THD(%) [THD(%) [THD(%) [THD(%)

1 1.688 |59 0 0 0 0

2 3.376 |58 0 0 0 0

3 5.064 |57 0.01 0.01 0.01 0.01
4 6.753 |56 0.01 0.01 0.01 0.01
5 8.441 |55 0.01 0.01 0.01 0.01
6 10.13 |54 0.01 0.01 0.01 0.01
7 11.82 |53 0.02 0.02 0.02 0.02
8 13.51 |52 0.02 0.02 0.02 0.02
9 15.19 |51 0.02 0.02 0.02 0.02
10 16.88 |50 0.02 0.02 0.02 0.02
11 18.57 49 0.03 0.03 0.03 0.03
12 20.26 48 0.03 0.03 0.03 0.03
13 2195 @47 0.03 0.03 0.03 0.03
14 23.63 |46 0.03 0.03 0.03 0.03
15 2532 45 0.03 0.04 0.04 10.04
16 27.01 |44 0.04 0.04 0.04 10.04
17 2877 {43 0.04 0.04 0.04 0.04
18 3039 @42 0.04 0.04 0.04 0.04
19 32.08 41 0.04 0.05 0.05 0.05
20 33.76 140 0.05 0.05 0.05 0.05
21 3545 39 0.05 0.05 0.05 0.05
22 37.14 |38 0.05 0.05 0.05 0.05
23 38.83 37 0.05 0.06 0.06 0.06
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4 33b & minpiEa 7 R4 E F THD(%)

T AR A T & f {4 Busl Bus2 Bus4 Bus5
KW A KW|THD(%) [THD(%) [THD(%) [THD(%)
24 40.52 36 0.05 0.06 0.06 0.06
25 42.2 35 0.06 0.06 0.06 0.06
26 43.89 (34 0.06 0.06 0.06 0.06
27 4558 33 0.06 0.07 0.07 0.07
28 4727 (32 0.06 0.07 0.07 0.07
29 4896 |31 0.07 0.07 0.07 0.07
30 50.64 |30 0.07 0.07 0.07 0.07
aE (-1 B,
0.08
0.07
e A
o E'EE [/ =——THD_Busl
?E- |:|:|:|4 [/ - m——THD_Bus2
% 0.03 /i THD_Bus4
— E'Ei T% ——THD_Bus5
o LS
001 0 5 1t 15 il 25 20
EFEFEE(KW)
B 3.23 & & H B THD 24§ i\-i‘g v 2_ABH

53




2. WG EEZGRRAALAT

Aol @3t Zone 1 38§ 3BT o A g TR LA B
ot & bk S Ao o FRRERZLARE | 5 R B LKW B 4 2
SkW » @ — 45 f 3 P SOkW % A i 0 1 52kW o - i f 490 %
TR R4S 60kW oo ] 3.24 & 7R F(GRAUE) f L R
§EEE AR -

d % 2.1 ¥ &vik & IEEE Std519-1992 &% » 3§ 4 X 380 T
A EFRFEL S%MUT o & 34 LNGEEPFL LR
THD(%) & # ¥ % BApickienT + L) § 4 7] 7kW p# > Bus 2 »
Bus 4~Bus 5 s it & B 4 B F 4718 5% ¢ 42:% IEEE Std 519-1992
R E 0 om R S éi\zi“' | kW FF > Bus 3 eig R4 B F 7R 47
W 5% FlH ¥ v Zone 1 ¥ G FEET > i 60kW 1§ ;“t‘ 1

=

+ 44218 8kW(H) 60kW 91 13%)P* » Zone 1 dgg i 7= % ¢ %17 24
¥ B o B13.25 5 THD “£2L80 f 93 4 2 485 o
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380V

l Bus2
©
| st || —man | L 0y X .
Bus 3 i =07 L2 cl
o b
e oo | 380V | s
400V — Bus 6
@ @ KT
grerers BN (OB SE
B 324 7 TF R E 2905 FHH SR
34 RmiiPRFATRLZ S THD(%)

THEP| AT - E ' Bus2  Bus3  Bus4  [BusS
kW A kw THD(%) [THD(%) [THD(%) [THD(%)
1 1.688 59 0.7 0.64 0.7 0.71
2 3.376 58 1.41 1.3 1.41 1.43
3 5.064 57 2.13 1.96 2.13 2.16
4 6.753 56 2.86 2.63 2.87 2.9
5 8.441 55 3.6 3.32 3.61 3.66
6 10.13 54 4.35 4.01 4.37 4.43
7 11.82 53 5.12 4.72 5.14 5.2
8 13.51 52 5.9 5.4 5.92 6
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UEEE AR

BT D T E AT G 452 F AW AW 3.27 4w

M
Bus 1 11.4kV
Bus 2 T 380V
EENREEA RS Bus 6
Bus 4 380V I:60:kW
L2 &
C1 Bus7 380V
i
ro- === L1
, \ L3 “
| EpeETE |Bus5 C2
| SBEED LK | ssiv T Busll| 3sev N
N L4 4 Bus 9 380V
Inverter Bus8 | 380V
DCBus 1 I 60kW I Inverter
400V
0488 Inverter
380V pBus 2 rectifier
— 1
Bus 12 w0y |
L5 A Bus10 | 49y
LR R O
IR (o JI—
Bus 14
L6 d 380V 03985
@ : {\Bﬁﬂ:ﬁ Bus 13 g0y | nverter ———————— ~
(s w7 R |
- ABEET kW |
YR AT Inverter | R 4ED D T0kW :
DCBus 3 Rectifier ‘\ _________ /
400v Bus 15
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drd 3595 o d 2@ LA ERAE G 048 AR 1 20
AT RE ERE DINTRE ERE - cApDHTRE - &
BRE S RRITIEF SFATRATES ~ fATRA TGS o P
L L EH TEBERT KA 352 A 3107 FRBARE 1

RN 22 30kW f P EMA P TG REE AAEMID T 0 Hf

RS E A Y LR A L TR
fARTRA TGS %0 Bus6 Bus7 hE A3 T2 5 % > 4
VYL
£ 35 mong 1z TEgER (P T)
048 {175 1] 048 {17 2
V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(atth (b
\Y 5] \Y% &/ \Y ) % % %
kW kW
20 10 6.58 0 6.58 | 240 | 6.58 | 120 0 0 0
21 9 6.58 0 6.58 | 240 | 6.58 | 120 0 0 0
22 3 6.58 0 6.58 | 240 | 6.58 | 120 0 0 0
23 7 6.58 0 6.58 | 240 | 6.58 | 120 0 0 0
24 6 6.58 0 6.58 | 240 | 6.58 | 120 0 0 0
25 5 6.58 0 6.58 | 240 | 6.58 | 120 0 0 0
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% 3.6 %‘-‘}ﬁi#& 272_% _1@5—_3’2(1;3?-3 ?,)

048 Fffl #i% 1] 048 Fffl #Y 2
V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a fh (b H
\Y &) \Y &/ \Y &) % % %
kW kW
20 10 219 -30 219 | 210 | 219 90 0 0 0
21 9 219 -30 219 | 210 | 219 90 0 0 0
22 8 219 -30 219 | 210 | 219 90 0 0 0
23 7 219 -30 219 | 210 | 219 90 0 0 0
24 6 219 -30 219 | 210 | 219 90 0 0 0
25 5 219 -30 219 | 210 | 219 90 0 0 0
% 3.7 TP 62 THEF (I T
048 FIFV 1| 048 pI1Ek 2
V(@) |V(a)ang| V(b) |V(bang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a (b #)
\Y ) \% i \ ) % % %
kW kW
20 10 219 [ -298 | 219 2102 219 [90.19| O [0.006| O
21 9 219 [ -298 | 219 |210.2| 219 [90.19| O [0.006| O
22 8 219 [ -298 | 219 |210.2| 219 [90.19| O [0.006| O
23 7 219 [ -298 | 219 2102 219 [90.19| O [0.006| O
24 6 219 {-29.81| 219 |210.2| 219 [90.19| O [0.005| O
25 5 219 {-29.81| 219 |210.2| 219 [90.19| O [0.005| O
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% 3.8 %-‘}TTL;}'&E 7 Z_ A .1@'5—:}2(1%'3-3 ;F:)

048 {175 1] 048 £17 2

V(@) |V(@ang| V() |V(b)ang| V(c) |V(c)ang| VUR | VUR, | VUR-
(a tth (b Hh

\Y el \Y% ] \ el % % %
kW kW
20 10 218 [-29.09| 218 (210.92| 218 |9091| O [0.006| O
21 9 218 [-29.09| 218 (210.92| 218 |9091| O [0.006| O
22 8 218 [-29.09| 218 (210.92| 218 |9091| O [0.006| O
23 7 218 [-29.09| 218 (210.92| 218 |9091| O [0.006| O
24 6 218 [-29.09| 218 (210.92| 218 |90.91| O [0.006| O
25 5 218 [-29.09| 218 (210.92| 218 |90.91| O [0.006| O

#0039 ®ong 11 223 THEF(F S 7))
048 {175 1] 048 {17 2

V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a tfh (b

\Y Gl \% ) \Y el % % %
kW kW
20 10 217 [-29.05| 217 |210.95| 217 |90.95| O 0 0
21 9 217 [-29.05| 217 (21095 217 |90.95| O 0 0
22 8 217 [-29.05| 217 (210.95| 217 |90.95| O 0 0
23 7 217 [-29.05| 217 |210.95| 217 |90.95| O 0 0
24 6 217 [-29.05| 217 (21095 217 |90.95| O 0 0
25 5 217 [-29.05| 217 |210.95| 217 |90.95| O 0 0

61




048 Fffl #i% 1] 048 Fffl #Y 2
V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a fh (b H
\Y &) \Y &/ \Y &) % % %
kW kW
20 10 222 (2813 222 1211.87| 222 [91.87| 0O 0 0
21 9 222 (-28.13| 222 1211.87| 222 {9187 0O 0 0
22 8 222 (-28.13| 222 1211.87| 222 [91.87| 0O 0 0
23 7 222 (-28.13| 222 1211.87| 222 [91.87| 0O 0 0
24 6 222 (-28.13| 222 1211.87| 222 [91.87| 0O 0 0
25 5 222 (-28.13| 222 1211.87| 222 [91.87| 0O 0 0
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. - L5 4 Bus10 | 3g0v
R c3 ®
Bus 14
L6 J 380V 03968
. ceens V0 o T 1 e—
@ : jKI%JHM‘)l Bus 13 380V Inverter |5é-7fx& A E s \I
| KRR E © SkW |
Al L A R Inverter | A AAEEE D 45kW |
D PR \f a0 40kW
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Flo o BB A AN THEIRE > T A H 57 FHRER
& k4F3E 4ok 2.2 #45F o 1 IEEE Std 141-1976 3 %> 4 VUR>2%>
AL 5 Az L4 & 5 12 IEC 34-1,1983 Rotating Electrical Machine 3 %
BA LR s B R T 2 VUR>1% 0 AR G ARME AL L] o

%\' 3‘11 .‘T— Z:t\' 3.15 ;‘% ;‘_E. gﬁ—'};ﬁ#’f} ,‘I%g:?_év\*q_ °

(1) = ®% X =35 (VUR)

¥ 048 f  1(atp)~ f A 2(bAp)A B 5 25kW ~ SkW » 3 T g
Bed e ™ o A yiph(# 32 Bus2~Bus6~Bus7~Bus 11 2 Bus 12)
FIVUR<2% » 329 & - =" E -

(2) 2B TR T HF(VUR,)

048 g 3 1(a4p) ~ £ 3 2(b 4p)~ W 5 22kW ~ 8kW » © 4p § &
ﬁ‘fﬁ,% R BT HEER AR E o F i\? 1 o2 & w)iE 3] 23kW ~ 7kW
P 2 (@ 45 Bus2~Bus 6~Bus 7~Bus 11 2 Bus 12)5VUR, 42
W8 1% 4| B o
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311 TR 22 % THFRGERE)

048 Fffl%ﬂi 11048 Fffl@? 2

V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a fh (b H

\Y &) \Y &/ \Y &) % % %
kW kW
20 10 221 | -1.62 | 223 |238.99| 219 |118.53] 0.9 | 0.78 ]0.38
21 9 221 | -1.68 | 224 [239.05| 219 |118.53| 1.2 | 0.95 [0.51
22 8 221 | -1.75 | 224 1239.11| 219 (118.53| 1.2 | 1.01 ]0.49
23 7 220 | -1.81 | 224 |239.17| 219 |118.53|1.36| 1.04 [0.61
24 6 220 | -1.87 | 224 1239.23| 219 |118.53|1.36| 1.1 [0.62
25 5 220 | -1.93 | 225 |239.29| 219 |118.53|1.66| 1.27 [0.75

% 3.12 [t = (R i 1}?‘3‘,‘ (3’{‘\ % )
048 FIFV 1| 048 pI1Ek 2

V(@) |V(a)ang| V(b) |V(bang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a (b #)

\Y ) \% i \ ) % % %
kW kW
20 10 221 | -1.79 | 224 |238.82| 219 |118.36/1.20| 0.89 |0.53
21 9 221 | -1.86 | 224 |238.88| 219 |118.36|1.20| 0.95 | 0.5
22 8 221 | -1.92 | 224 1238.94| 219 |[118.36|1.20| 1.01 |0.49
23 7 221 | -1.98 | 224 | 239 | 219 |118.36/1.20| 1.07 [0.48
24 6 221 | -2.04 | 225 1239.06| 219 [118.36|1.50| 1.23 |0.61
25 5 220 | 211 225 1239.12] 219 [118.36|1.66| 1.28 [0.75
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%313 Bim T2 A T gER(INE)

048 F17 1] 048 F170 2

V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a tEh (b H)

\Y ) \% H \ ) % % %
kW kW
20 10 225 | -1.32 | 227 |239.28| 223 |118.84|0.89 | 0.77 ]0.37
21 9 225 | -1.38 | 227 |239.34| 223 |118.84|0.89 | 0.83 |0.35
22 8 225 | -1.44 | 228 |239.40| 223 |118.84|1.18 | 0.99 |0.47
23 7 224 | -1.51 | 228 [239.46| 223 |118.84|1.33| 1.03 [0.59
24 6 224 | -1.57 | 228 |239.52| 223 |118.84|1.33| 1.09 [0.60
25 5 224 | -1.63 | 228 |239.58| 223 |118.84|1.33| 1.14 [0.62

# 3.14 "ong 11 222 T (3R g)
048 FIFV 1| 048 g1k 2

V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a fth (b H

\Y ! \Y &k \Y ”{t} % % %
kW kW
20 10 224 | -1.28 | 226 |239.32| 222 |118.88/0.89 | 0.77 |0.37
21 9 224 | -1.34 | 227 1239.38| 222 [118.88|1.19] 0.94 |0.49
22 8 224 | -1.41 | 227 1239.44| 222 (118.88|1.19| 1.00 |0.47
23 7 223 | -1.47 | 227 1239.50| 222 |118.88|1.34| 1.03 [0.60
24 6 223 | -1.53 | 227 |239.56| 222 |118.88|1.34| 1.09 [0.60
25 5 223 | -1.59 | 228 1239.61| 222 |[118.88|1.63| 1.26 [0.73
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% 315 on 1227 TR E)

048 Fffl #i% 1] 048 Fffl #Y 2
V(@) |V(a)ang| V(b) |V(b)ang| V(c) [V(c)ang| VUR | VUR, |VUR-
(a fh (b H
\Y &) \Y &/ \Y &) % % %
kW kW
20 10 227 | -0.52 | 229 |240.07| 225 |119.67/0.88 | 0.76 |0.35
21 9 227 | -0.58 | 230 |240.13| 225 |119.66|1.17| 0.93 |0.47
22 8 227 | -0.64 | 230 |240.19| 225 |119.66|1.17| 0.98 [0.46
23 7 226 | -0.70 | 230 |240.24| 225 |119.66|1.32| 1.02 |0.57
24 6 226 | -0.76 | 230 |240.30| 225 |119.66|1.32| 1.07 [0.58
25 5 226 | -0.82 | 230 |240.36| 225 |119.66/1.32| 1.13 | 0.6
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Cl | C2 | C3 (048 F T8y 1048 Fil%ﬁ 2 V(a) V(b) V(c)
V(a) V(b) V(c) VUR VURO VUR-
@MH|bFH|c HH|  (@tfh (b angle angle angle
\Y \Y \Y % %
kVarkVar[kVar| kW kW 5] ! ! %
=20 [ -20 | -20 25 5 223|-1.53|225|239.08(221(117.85/0.90 | 0.81 |0.80
-15 | -151|-15 25 5 222|-1.80(226|239.42(221(117.89/1.35| 1.07 | 1.06
-10 [ -10 | -10 25 5 221|-1.76|226|239.46(220(117.93| 1.65| 1.15 |1.18
S5 -5 25 5 2211-1.76|226|239.46|220(117.93|1.65| 1.15 |1.18
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91 -51-15 20 10 2221-1.43|223|239.25|221|117.8310.45| 0.76 |0.76
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70




Z o E&BAYE RERA R
(=) #&hA 47

N R SR = LR

- E—ﬁ,’ﬁ{(;"’““]@#ﬁfﬁ?/f‘ ’ -&L"%\' 3.18 -

%318 % T H BT A

HET IR E

5 % % (380V base)

RIS | Hipdge | A ApEE | B opEEEE | 2 ApER
Pl B (kA) (kA) (kA) (kA)
Fl 172.8 114.6 160.2 132.3
F2 17.97 14.86 17.55 17.17
F3 9.44 9.32 10.69 10.76
F4 8.32 8.28 8.55 9.55
F5 3.74 2.77 3.51 3.19
F6 3.41 3.12 3.44 3.6
% 3.19 S B3 B R T on it B % % (380V base)
R | pp R | S PR | S pEBRY | 2 R
el gk (kA) (kA) (kA) (kA)
F1 0 0.09 0.09 0.09
F2 0.095 0.081 0.094 0.094
F3 0.095 0.081 0.095 0.094
F4 0.094 0.081 0.094 0.094
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