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Sathit Khahan 2013: Determination of the Maximum Capacity of Distributed
Generation Installed in 22-kV Distribution System without Effects to Protection
Coordination. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor:

Mr. Komsan Hongesombut, Ph.D. 103 pages.

This thesis is presents a method to determine the maximum installed capacity of
distributed generators installed in 22-kV distribution system of Provincial Electricity Authority
(PEA) that does not affect the existing protection coordination. In this study, the DIgSILENT
program is used for constructing the simulated power system. The setting values of all the
protection devices in the study system are referred to the standard specification manual of
protection devices of the PEA. The installed capacity of the distributed generator is gradually
increased with step size of 1 MVA until reaching the maximum value that is specified by the
PEA. Then, the results of the increasing installed capacity of distributed generators can be
observed on how this factor affects the protection coordination. The four study cases are
performed and compared for different installations of distributed generators. The obtaining
results are analyzed and concluded for each study case. Finally, the suggestions and solutions to
solve the problem are proposed so as to support the connection planning of distributed

generators to 22-kV distribution system of the PEA in near future.
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= du A S 1w = S v A 4 "9 [
Senis Inamaesminy 0.1-0.2 s uaz 3 Tnaawas nuad lidesnd1 0.01 s

422 MIMOUAIUNTIIA (Ground  Setting) NILUTFUAUINNUAIUNTIIA
(Pick-Up Current Setting) 1M1 100 A AaianyazveIni W ldwiia 4C-165 Avlinuienal

[ du A 4 =3 v A 4 [ 1

sENN9Taen3 Inamaes 0.1-0.2 s waz 3 Inaamesnuihd lulesndn 0.01 s

(2

a 4 a o [ a 4 {
43 fhd @envuaveard Iz auny Traaauvunauedfidny 1dauaa

=le

6K, 10K, 15K, 25K, 40K, 65K, 100K ttag 140K
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5. Tisunsu Digsilent Power Factory
I AQqQ Ya 4 Y o o A 9
DIgSILENT PowerFactory tHuTdsunsuildinsizvscuu ladhias faunsoad
° v A 9 ) v a N v a
suutiaesagglnimnieiloutoyadie Text file d1w150n5 12 lansluszvunda s3UU

[

[ Y
A9 52 VUMY HAZNIARAEIHNTTN FIANUA TV T sunsuliaail

- Load Flow and Fault Analysis of complete AC/DC network representation , meshed
& mixed 1-,2-and 3-phase AC and /or DC networks

- Low Voltage Network Analysis

- Distribution Network Optimization

- IEC Cable Sizing

- Dynamic Simulation

- EMT Simulation

- Eigenvalue Analysis

- System Identification

- Protection Analysis

- Harmonic Analysis

- Reliability

- Production Planing

- Voltage Stability Analysis

- Contingency analysis

- Power Electronic Device Modeling

- DPL User Script

- A/D Interfacing

- DOLE Interface for SCADA/GIS

- PSS/E & PSS/U Compatibility

- Multi-User Database
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2.3 zuuﬂﬁﬁ’ﬁms Microsoft Windows 7 Professional
3. Tal5un53 Microsoft Office 2010
4. Tidsunsy Digsilent Power Factory 14.0.523
5. J1lsunsy Power Plot
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T@ﬂmiﬁiwﬁzuumamuuumaamﬂu 3 igﬂﬂllﬂllﬂ

1. 52UVADITTUVAINY 115 kV
2. szuusiaesanil Inih

3. 5TUUNABITEUUIHUIY 22 kV

PA -2(EGAT) PAB
Line1_115 kV From EGAT
EGAT 0.5 km 2x400 SD

PHA

33 km 2x400 SD

" Line2 115 KV From EGAT |
0.5 km 2x400 SD

NYB

38 km 2x400 SD

BSG

50 km 2x400 SD

MNA 9 HUVIADITZUUFINY 115 kV

Tas  EGAT As  ms Wihdhendauvadszmelneg
PA-2 fo  a;il lWfhisdugs 2
PAB fo  a;il lWfhilsugs 2
PHA Ao  aodl Iihwuwensany
BSG ae  aodl lvihihueade
NYB fe  aodl lnfhwunaswen 2
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BUS 115 kV
i i
TP 1 TP 2
N
50 MVA 115/22 kV |2 i"'}' 50 MVA 115/22 kV
! .". ! __.-'
Dyn1 & 5 Dyn1
Bus section
BUS 22 kV Bus 1 » | " BUS 22 kV Bus 2
: 1 "B - ] 1 [
] -
Outgoing Feeder 1-5 Outgoing Feeder 6-10
4 o 9
MNA 10 szUvTReat 1nih
Main Feeder (Outgoing 1) 185 SAC Recloser | .
Relay Fuse Fuse - oa
b b
BUS1: 22 kV VSPP g 3 BUS2: 22 kV VSPP
- -
B B
Transformer 1 Sy 5 g Transformer 2
12.5 MVA 22111 kV L, - 12.5 MVA 22111 kV
| - L
Dyn11 § Load 5 MW Load 5 MW ) Dy
CL. \Ll lu JJ‘L (Ll Lu (Ll (Li \Lﬂ. ”Ln j“l. CL:. Ll)u (O} (L. Ll LA tL. C[)‘J. \Li

DG 1x10 MVA

MNA 11 52VUINA0ITZVUIINUY 22 kV

DG 1x10 MVA
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External Grid

14 daydnual External Grid mwi 12 (n) unuurassie Iiisunnms lwihdenan

] 1 a 14 A
Llﬁﬂﬂﬁﬁlﬂﬁll‘ﬂﬂ wazansmesuaaslunng 12 )

External Grid

[

[

(M)
DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/4/2013
Grid:Grid Syst.Stage:Grid Ennex: !
EGAT External Grid /1
Max. Values
Short-Circuit Power Sk''max 3749.4741 MVA
Short-Circuit Current Ik''max 18.8240 kA
R/X Ratio (max.) 0.0473
Impedance Ratio
Z22/721 max. 1.0041
X0/X1 max. 1.2297
RO/X0 max. 0.1102
Min. Values
Short-Circuit Power Sk''min 3473.4050 MVA
Short-Circuit Current Ik''min 17.4380 kA
R/X Ratio (min.) 0.0473
Impedance Ratio
Z2/Z1 min. 1.0041
X0/¥1 min. 1.2297
RO/X0 min. 0.1102
(V)

M 12 nuusiaeazdeyad1msy External Grid
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nuudaeensieutladlWiiiias (Power Transformer)
Tuszuusiaeslulilsunsu Digsilent Hdnydnusiseaasluani 13 (n) TlFanu aed
9 1
YA laun
1. U119 50 MVA 115/22 kV Dynl Imm51ieasaanini 13 (v)
2. YUIA 12.5 MVA 22/11 kV Dynl1 A3 iimesaanni 13 (a)

1
)

Power transformer

Q)
DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/5/2013

Grid:Grid Syst.Stage:Gria Annex: /1
TPl 2-Winding Transformer 1 /1
State Estimation

Estimate Tap Position No
Technology Three Phase Transformer
Rated Power 50.0000 MVA
Nominal Freguency 50.0000 H=z
Rated Voltage

HV-£ide 115.0000 KV

LV-gide 22.0000 KV
Positive Sequence Impedance

Short-Circuit Voltage uk 8.0000 %

Copper Losses 0.0000 KW
Vector Group

HV-£ide D

LV-£gide TN

FPhase Shift 1 *30deg
Zero Segu. Impedance, Short-Circuit Voltage

Absolute uk0 8.0000 %

Resistive Part ukr0 0.0000 %

(V)

o w 9 '

! o a 4
ﬂ"lWﬁ 13 L!ﬂﬂﬁ]'lﬁ’E]\‘]Wfl}@llﬂﬁﬂulw%}‘l'lﬂ'lﬁﬂlLﬁ$GU’E]3Jﬁﬂ'IW'I§'IiJW]@i

U
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DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/5/2013

Grid:Grid Syst.Stage:Grid Annex: ;1
2-Winding Transformerl 2-Winding Transformer /1
State Estimation

Estimate Tap Position No
Technology Three Phase Transformer
Rated Power 12.5000 MVA
Nominal Fregquency 50.0000 H=z
Rated Voltage

HV-Eide 22.0000 kV

LV-8ide 11.0000 KV
Positive Segquence Impedance

Short-Circuit Voltage uk 8.0000 %

Copper Losses 0.0000 kW
Vector Group

HV-gide D

LV-Side TN

Phase Shift 11 *30deg
Zero Sequ. Impedance, Short-Circult Veoltage

Absolute uk0 8.0000 %

Resistive Part ukr0 0.0000 %

MNN 13 (919)

(f)
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nuuTaeIvoulainsua (Current Transformer)
1w 1 9 ~ 9 a a o’tdyd 1 [ [ 9 1
avasidiuvesndoudasnszuanldluineriinusiiliog 2 dasrdaau 1dun
dag1au 1800: 11 uszuusaseszvanie i uaz dasraiu 600:1 1¥luszuusians
o [] é Y 1w 1 [ d' o 1Y Y
szuUTe FamstleumsasiaiuneluTlsunsunanasaning 14 (0) dmsuniionas

NIZUE 1800:1 LAZNINN 14 (v) ﬁWW%UﬂﬁﬂL!ﬂﬁ\iﬂiZ!Lﬁ 600:1

DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/5/2013

Grid:Grid Syst.Stage:Grid Mnnex: /1
Current Transformer Current Transformer 1 /1
Type ‘\tor_wespa\SingleBusBar_ Library4CT1800/1
Out of Service No
Cubicle
Location

Orientation 1]
Primary

Tap 1800.0000 &
Secondary

Tap 1.0000 A

Connection Y
No. Phases 3
Phass 1 a
Phase 2 b
Detailed Model No
Actual Burden

Impedance 1.0000 Ohm

Power Factor 1.0000
Sec. Winding Resistance 0.1000 Ohm
Saturation Model Piecewise Linear
Excitation Parameter

Ex. Current/rated Current 0.0100 p.u.

Saturated Admittance 10.0000 p.u.

Saturation Voltage 100.0000 W

Exponent 8.0000
Characteristic Name
Foreign Key
Data source MAN

(M)

a 9 ' a J 9 o
MNN 14 T@Hﬁﬂ1W15H&ﬁﬂiWNﬂuﬂﬁﬁﬂﬁ%uﬁ1u5gﬂﬂﬂWﬁ@Q



DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/4/2013
Grid:Grid Syst.Stage:CGrid Innex: /1
CTOutgoingl Current Transformer 1 /1
Type ‘tor vespa\SingleBusBar Library\CT&00/1
Out of Service No
Cubicle
Location
Crientation 0
Primary
Tap 600.0000 A
Secondary
Tap 1.0000 A
Connection ¥
No. Phases 3
Phase 1 a
Phase 2 b
Detailed Model No
Actual Burden
Impedance 1.0000 Ohm
Power Factor 1.0000
Sec. Winding Resistance 0.1000 Ohm
Saturation Model Piecewise Linear
Excitation Parameter
Ex. Current/rated Current 0.0100 p.u.
Saturated Admittance 10.0000 p.u.
Saturation Voltage 100.0000 W
Exponent B.0000

Characteristic Name
Foreign Key
Data source

NN 14 (99)

(V)

28



o 4 a
HUVIADITIATNT LAY (Overcurrent Relay)

a Jd a  Aq o go 1 o Y o Y
ﬂaﬂﬂﬁ%uﬁUTHﬂiﬁiuiZUUﬂWQGQuﬂ1ﬁuﬂﬂ1ﬂ1§ﬂ1ﬂTHﬁ1Mmﬂﬂ1ﬁuﬂmﬂﬂﬂ1ﬁqu1

[ a Y o = o’d‘ﬂ} o o [ ~
ﬁ%ugﬂﬂ1ﬂﬂ$19ﬂ1ﬂ13ﬂ13TH%635&ﬁ1ﬂi%iuﬂTﬁﬂWWuﬂiuiZUUﬂWQﬂQﬂQﬂTWﬂ15
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DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/5/2013
OutgoingRelayl Relay Type PEME Overcurrent Generic Model
Location Cubicle : 1VB-01 Branch Line F1
Busbar BUOS22 1 / BEG
CTOutgoingl Ratio 600A/1R
No. FPhases : 3 Phase 1 ta Phase 2 b
Connection : ¥
CTOutgoingl Ratio 800A/10
No. Phases : 3 Phase 1 ta Phase 2 b
Connection : ¥
Measure
Nominal Current | iy ) 1.00 A
51 { IEC: I=t BNSTI: 51 ) Cut of Service No
Tripping Direction : None
Current Setting ( 0.01 - 100.0 p.u. ) 0.700 p.u.
Time Dial (0.05 - 1.0 ) 0.200
Characteristic C2 - IEC Class B (VI)
50 { IEC: I=>» BNSTI: 50 ) Out of Service Yes
Tripping Direction : None
Pickup Current ( 0.01 - 100.0 p.u. ) 11.000 p.u.
Time Setting [ 0.01 - 1000.0 s ) 0.050 s
51N [ IEC: Ist ANSTI: 51 ) Out of Service No
Tripping Directicn : None
Current Setting ( 0.01 - 100.0 p.u. ) 0.300 p.u.
Time Dial ( 0.05 - 1.0 ) 0.500
Characteristic C2 - IEC Class B (VI)
SO0N [ IEC: I-»> RANSI: 50 } Out of Service Yes
Tripping Directicn : None
Pickup Current ( 0.01 - 100.0 p.u. ) 12.050 p.u.
Time Setting [ 0.01 - 1000.0 s ) 0.030 s
Cutput Logic Out of Service No
Breaker Cubicle Branch
BUOSZ2z2 1 Y BEG 1VB-01 Line F1
Closing logic Out of Service No
Breaker Cubicle Branch
BUOS2z2 1 Y BEG 1VB-01 Line F1

Y ' o L o
:ﬂTWﬁ 15 ﬂ']ﬂ'lﬁcvn\i']u"ll@\idilaElcluigﬂﬂﬁl']af]\‘]
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DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/5/2013
Relay Model Relay Type Form 4C
Location Cubicle Cub_2 Branch Main feeders(2)
Busbar Terminal (1)

Current Transformer Ratio 1A/1R
No. Phases : 3 Phase 1 : a Phase 2 : b
Connecticon : ¥

Measurement
Nominal Current ( 1.0 n 1.00 &
Nominal Veltage {( 110.0 v ) 1i0.00 V

Ground HC ( IEC: IE>> ANSI: S50M ) Ccut of Service Yes
Tripping Directicon : None
Pickup Current ( 1.0 - 30.0 P.1 ) 5.000 p.u.

Ground HC Lockout ( IEC: I>> BANSI: 50 ) Out of Service Yes
Tripping Direction None
Pickup Current ( 1.0 - 30.0 p.u 1 1.000 p.u.

Ground TCC1 { IEC: I=t ANSI: 51 ) Cut of Service No
Tripping Direction None
Current Setting ( 1.0 p.u ) 1.000 p.u.
Characteristic Form 4 - 102

Ground TCC2 ( IEC: I=t BANSI: 51 ) Ccut of Service No
Tripping Directicon None
Current Setting ( 1.0 pP.u ) 1.000 p.u.
Characteristic Form 4 - 165

Phase HC { IEC: I>> BANEI: 50 } Out of Service Yes
Tripping Direction None
Pickup Current ( 1.0 - 30.0 pP.-u ) 3.000 p.u.

Phase HC Lockout ( IEC: I>= ANSI: 50 ) Out of Service Yes
Tripping Direction None
Pickup Current ( 1.0 - 30.0 p.u ) 1.000 p.u.

Phase TCC1 ( IEC: I=t BANSI: 51 ) Ccut of Service No
Tripping Directicon None
Current Setting ( 1.0 P.1 ) 1.000 p.u.
Characteristic Form 4 - 101

FPhase TCCZ2 { IEC: I=t ANSI: 51 } Out of Service HNo
Tripping Direction None
Current Setting ( 1.0 pP.-u ) 1.000 p.u.
Characteristic Form 4 - 116

Sensitive Ground ( IEC: IE>> RANSI: 50N ) Out of Service Yes
Tripping Direction : None
Pickup Current ( 0.1 - 1.0 p.u ) 0.100 p.u.
Time Setting (2.0 - 120.0 =] 2.000 s

Ground threshold ( IEC: I=> ANSI: 50 ) Cut of Service No
Tripping Direction : None
Pickup Current ( 2.0 - 1600.0 sec.h ) 100.000 sec.h
Time Setting { 0.0 =] ) 0.000 s

Phase threshold ( IEC: I==> ANSI: 50 ) Ccut of Service No
Tripping Directicon : None
Pickup Current ( 25.0 - 2400.0 sec.h ) 340.000 sec.h
Time Setting { 0.0 s 0.000 s

MWN 16 AINIMNNUYDIS Inadiros luTzUUTa0d
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upuiaesiad

Thdfivaildnusil 6K, 10K, 15K, 25K, 40K, 65K, 100K a2 140K
Tuau3sei 19a 65K dosnnifuvinailngiigaiiilFanly aa. Fusiia Type K
Rated Voltage 25 kV, Rated Current 65 A , Rated Frequency 60 Hz UAIAINMTITNUTZHIN
N32UARUIIE(I-t Characteristic)faA13197 1 wazlinsanany (-t Characteristic) T2 U

1809990 NN 17

! o ' v Py a 4
e 1 NAMIMNUTEHINATTUTNULIDI-t Characterlstlc)sll’f)W\l?Jﬁ 65K

X(in A) Min. Melt (in s) X (in A) Total Clear (in s)
1 132.414 594.579 143.155 609.021
2 136.037 152.147 148.403 159.628
3 141.448 44117 154.151 42.685
4 144.739 32.004 156.637 32.847
5 148.998 21.908 162.541 21.197
6 166.323 8.060 180.717 8.925
7 189.035 4.250 203.350 4.683
8 294.987 1.222 305.800 1.374
9 811.538 0.136 1021.400 0.137

10 2995.690 0.010 15770.900 0.016




1000

[s]

4 DS ILENT|

100

01

0.01
22.00 kv 100 1000 10000
Lateral feeders(1)\Cub_3\Fuse

[pri.A]

100000

d' o - a <
MNN 17 n3mlganye (-t Characteristic) Y9IWIT 65K
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upvusiaesaedsin 19 lulysunsy Digsilent Jdaya

° A= A
1. LUJU%1a@Qm@Qﬁ1ﬂnJa@ﬂmQ1u@1ﬂ1ﬁLlﬁﬂﬁiuﬂqullg(m)

° Y g 13 Ao A
2. u,‘u1J%mmmmﬁmﬂmuﬁ@wu‘lm@wﬂﬂ (SAC) weras lunIng 18 (M)

T__I_

Jd o A =
nyalaauaalunIng 18 (D) oz y

Line
Q)
DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/6/2013

Grid:Grid Syst.Stage:Grid Innex: /1
Line 115 kV from FAB Line /1
Rated Voltage 115.0000 KV
Rated Current 1.0000 kKA
Nominal Fregquency 50.0000 H=
Cable / OHL Overhead Line
System Type RC
Phases 3
No. of Neutrals 0
Parameters per Length 1,2-Sequence

Resistance R’ 0.0429 Ohm/km

Reactance X' 0.2677 Ohm/km
Parameters per Length Zero Segquence

Resistance RO 0.2135 Ohm/km

Feactance X0' 1.3129 Ohm/km

(V)

1 o [ = 1 a I'4 1
ﬂTWﬁls MUUﬂWﬁﬂdﬁ1ﬂﬁ01W%1Mﬁ$i1ﬂﬁ$mﬂﬂﬂ1W1inﬂﬁ@5m@ﬁﬁ1ﬂﬁﬁ

Tl luszuusans
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o A oA 9| <
puuiaeuniestuia ihaua@n
[ [ 4 4 o A [ § A 4 o A
I¥daanuainsosnuta il a3 amd 19 (n) unuunaseniessuiia lihva

< 1 a 14 A
mn !.!,a3?]11/\!151%&{5]@5&!?(@\111!5]1‘1/‘!1/] 19 (v)

Synchronous Machine

(M

DIgSILENT Project:
PowerFactory
14.0.523 Date: 2/6/2013

Grid:Grid Syst.Stage:Grid Annex: /1
DGE1 Synchronous Machine 1 /1
Nominal Apparent Power 1.0000 MVA
Nominal Voltage 11.0000 KV
Power Factor 0.8500
Connection N
Synchronous Reactances

=xd 2.0000 p.u.

xq 2.0000 p.u.
Reactive Power Limits

Minimum Value -1.0000 p.u.

Maximum Value 1.0000 p.u.
Zero Sequence Data

Reactance =0 0.1000 p.u.

Resistance rl 0.0000 p.u.
Neg. Segquence Data

Reactance x2 0.2000 p.u.

Resistance r2 0.0000 p.u.
Subtransient Reactance

saturated value xd''sat 0.2000 p.u
Stator Resistance

rstr 0.0010 p.u.
Steady-State Shc. Current

Ik instead of Reactances No
For single fed short-circuit

Reciprocal of short-circuit ratio (xdsat) 1.2000 p.u.

Machine Type IECS03/IECE0S09 Salient Pole Series 1
Inertia

Acceleration Time Const. (rated to Pgn) 10.0000 s

Mechanical Damping 0.0000 p.u.
Stator Resistance/Leakage Reactances

x1 0.1000 p.u.

xrl 0.0000 p.u.
Rotor Type Round Rotor
Transient Time Constants

Ta' l1.0000 s

Tqg' l1.0000 s
Subtransient Time Constants

Ta'"' 0.0500 =

Tg'' 0.0500 =
Transient Reactances

xa' 0.3000 p.u.

xq' 0.3000 p.u.
Subtransient Reactances

xd'’ 0.2000 p.u.

xg''’ 0.2000 p.u.
Main Flux Saturation No Saturation
rs(f)
Subtransient Reactances

1! 0.2000 p.u.

1''(f)
Consider Transient Parameter No

(V)

A o A o A Y <] = v a 4
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NNFNNANUAANTDILUD 3 1Wa MIATINAOUANNDIIA(Time Margin) 92 AITUANTU

U
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=he

=) d v A J a A o A A A a 4
1. 5188 nu 3 Inadiras(slow curve) W015819 N3ZAANIITNINNGAN 5 TAaaiwos
o d‘
AININN 22
= 4 v A 4 a A v A A
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0 0.411 0.016 - 0.046 0.099 1385.144 1385.144 1385.144 1.004 0.951
1 0.414 0.016 - 0.040 0.093 1377.875 1377.875 1482.851 1.005 0.960
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Recloser (s) Fuse (s) 4 y 2
(MVA)  Relay (s) Relay (A) Recloser (A) Fuse (A) NNga (pu)  HoanNga (pu)
Fast Slow MM TC
0 0.411 0.016 - 0.046 0.099 1385.141 1385.141 1385.141 1.004 0.951
1 0.424 0.016 - 0.044 0.097 1357.020 1413.203 1413.203 1.005 0.953
2 0.435 0.016 - 0.043 0.096 1331.885 1438.335 1438.335 1.005 0.954
3 0.446 0.016 - 0.041 0.094 1309.981 1461.248 1461.248 1.005 0.955
4 0.457 0.016 - 0.040 0.093 1288.139 1482.090 1482.090 1.005 0.955
5 0.467 0.016 2 0.039 0.092 1269.100 1501.106 1501.106 1.005 0.956
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Recloser (s) Fuse (s) 4 y 2
(MVA)  Relay (s) Relay (A) Recloser (A) Fuse (A) NNga (pu)  HoanNga (pu)
Fast Slow MM TC
0 0.252 - - 0.022 0.071 1992.413 e 1992.413 1.004 0.951
1 0.256 - - 0.021 0.070 1968.217 - 2049.704 1.005 0.953
2 0.260 - - 0.020 0.068 1946.295 - 2101.851 1.005 0.954
3 0.264 - - 0.019  0.067 1926.063 - 2150.112 1.005 0.955
4 0.267 - - 0.019 0.066 1907.430 - 2194.627 1.005 0.955
5 0.270 - 7 0.018 0.065 1890.219 - 2235.773 1.005 0.956
6 0.273 - - 0.017 0.064 1874.278 - 2273.885 1.006 0.957
7 0.276 - - 0.017 0.063 1859.474 2 2309.264 1.007 0.958
8 0.278 - - 0.016 0.062 1845.692 = 2342.175 1.008 0.958
9 0.281 - - 0.016 0.062 1832.833 - 2372.855 1.009 0.959
10 0.283 - - 0.016 0.061 1820.807 : 2401.512 1.010 0.959
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Recloser (s) Fuse (s) 4 y 2
(MVA)  Relay (s) Relay (A) Recloser (A) Fuse (A) NNga (pu)  HoanNga (pu)
Fast Slow MM TC
0 0.252 - - 0.022 0.071 1992.413 3 1992.413 1.004 0.951
1 0.254 - - 0.021 0.069 1982.287 120.162 2085.728 1.005 0.960
2 0.256 - - 0.019 0.066 1973.200 222422 2168.962 1.005 0.969
3 0.257 - - 0.018 0.065 1964.951 311.475 2243.816 1.005 0.976
4 0.258 0.088 = 0.017 0.063 1957.507 389.191 2310.656 1.006 0.983
5 0.259 0.051 7 0.016 0.062 1950.786 457.490 2370.390 1.012 0.987
6 0.260 0.035 - 0.015 0.061 1944.704 517.906 2423.898 1.020 0.990
7 0.261 0.029 - 0.015 0.060 1939.189 571.675 2471.976 1.029 0.992
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