41

(Fault position method)

(Voltage sags coordination chart)
v

(Rectangular)

(Primary protection)
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1 (120°)

4.2

(Fault position method)

(Source) (Transformer)
(Transmission line and distribution fing) o

42.1 (Source) y

Bus 1

Z
Bus 1 :

4.1



4.2.2 (Transformer)

1
(Secondary)
/ 42
Bus 1 Bus 2
Bus 1 Bus 2
-2
k D +
Ref.
42
4.2.3 (Transmission Line and Distribution Line)
(1) 43
Bus 1 Distribution fault
Bus 1 o Bus 2
Distribution fault — e
4 » —
L. NL N NE NS
N AN Ax N PN

(0< A<y

4.3



(Uniform)

2
1
100 A=001 A=1 4
(Symmetrical fault) (Single line to ground fault)
(Line to line fault) (Double line to ground fault)
400
100 10 100
01
2
100
8 100 ' 8
12.5 12.5 25
37.5 100

32
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41

42

43
44

4.5

33

(Fault position method)

(Single line diagram)

(Z bus matrix)
(Fault position method)

(Total time to clearing fault)

1-4

44
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Input data
Delete k |

441

41

put data

w, Bus type

47

36



442

47

(MVA)

&. Bus data i 40 X

Name 1JS5

Voltage (kvijj

()
( BASE)

00 MVA
(Positive resistance, R1)

(Zero resistance, R0) -

reactance, X0)

(Positive reactance, X1)

48

(Zero

100%

37
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&, Source data

38

X

Connect at l

Power system base (MVA) I 100 Symmetrical

Voltage (kV) | 15 SLG

Positive resistance (pu) ’ i

DLG

Positive reactance (pu) I

Zero resistance (pu) I 0K

111

Zero reactance (pu) I

Fault rate [fr/year) l

Time to clear fault [ms) l

4.8

()

(Positive resistance, R1)
(Zero resistance, R0)
(Positive reactance, X1)

reactance, X0)

(Connection type) 3
5.1 - (Delta - Wye ground)
5.2 - (Wye ground - Delta)
5.3 - (Wye ground - Wye ground)

(

)

(MVA)

(Zero

100%



4.9

Primary | ~ Secondary | A p Type of fault m

ld

Voltage(kV) | Voltage (kV)I
Apparent power [MVA)I
Positive resistance (pu) |
Positive reactance (pu) [~
Zero resistance (pu) r
Zero reactance (pu) |
Fault rate (friyear) |

Time to clear fault (ms) \

[Connection type

4.9

444

1 Line

4.10

SymmeUicall

DLG \

0K

100
0
0
0

4.10

X]

39



1 (km )

2. 100 (friyear-100km)
3. (Ground protection)
4, (Phase protection)
b,
6. 100%
(kv)
411

W, Line data

Connect from | Bus"? 10 |~ Select line code d
Ground protection ul
Voltage (kV) | 2 .
Phase protection q
Line length (km) | Type of fault (%) — -1
Fault rate (frlyear-100km) | 0 Symmetricall 100
Positive resistance (Ohms/km) | 03185 SLG |- 0,
Positive reactance (Ohms/km) | 0.39123 L-L p 0|
Zero resistance (Ohms/km) J 167246 DLG p
Zero reactance (Ohms/km) ] 1.61804 oK
Positive admitance line charging (micro-S/km) | 0
0

Zero admitance line charing (micro-S/km) [

411



4

445
6
3 3 4.12
uMachiy 2
4.12

L ()

(MVA)
2. (Positive resistance, R1)

(Zero resistance, R0)

3. (Positive reactance, X1) (Zero

reactance, X0)

(kv)

4.13



&. Rotating machine data i 8 x|

Connect from l Bus 3

Action as , rencrator

Apparent power [MVA) l 100

Voltage (kV) I 22

Positive resistance [pu][

Paositive reactance (pu) l

Zero resistance (pu) l

Zero reactance (pu) l

OK

1413

4.4.6 7,

Capacitor Load

Capacitor

L () (MVA)

2. (Power factor)

(MVAR) kv)
4.14 4.15
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Conned at Bus ?
Voltage (kV) 2
Apparent power (MVA)

Power factor

Cancle Delete 1 Add |

4.14

w, Capacitor data = " "}

Connect at l——l"”—
' Voltage [kV]r—_P.T
Reaclive power [MVAR) ,_—

Cancle Delets Add |
4.15
4.4.7 ' ,
fDatdbase Report Database
M Line  Protection H
Protection
§3

4.1 4.17



s Line database m
Name code L22120SACS

Positive resistance(ohm7km) 0.2746
Positive reactance(ohm/km) | 0.2599
Zero resistance(ohm/km) | 0.4228
Zero reactance(ohm/km) | 1.7894

Positive admitance line charging (micto-S/km)

Zero admitance line charging (micro-S/km)

Search by code
End

Delete
Update
Add

Search

M 4 Current record is 14759 v ML

4.16

(Name code)
(Positive resistance, R1)

(Zero resistance, R0) (  /km)

(Positive reactance, XI)

reactance, X0) (Ohms/km)
D (Positive admittance line charging, B1)

' (Zero admittance line charging, BO)
(micro-S/km)

50-1000

44

(Zero

(ms)



Protection database WE

Name code | F_140K

2
TimeX Cunent (A) T il e\ Current (A)

50 ms 5125 550 ms 1350
100 ms 3287 600 ms 1300
150 ms 2560 650 ms 1258
200 ms 2200 700 ms 1216
250 ms 1940 750 ms 1183
300 ms 1775 00 ms 1155
350 ms 1660 g50 s 1128
400 ms 1560 909 ms 1100
450 ms 1471 950 ms 1083
500 ms 1400 1000 ms 1065
M ¢ Currentrecord is 5/6 bl

Search by code
End
Delete
Update Search
Add

4.17

4.5

45.1

Set as fault location

Set as interesting position Set as fault location

45



(0hm)

46

Analysis Anlysis Database K<
Fault calculation K
Report
'B_ep;c-yr.t" Help Fault
Zbus
| Fa | :
Sags
4.18
R%porl of tault calculation mmm *
fz'du current
Sequence ]y P—
Fault location | Dus 3 Mag(p.u)  Anglefdg) Mag(p.u)  Angle(dg)
A 0.00 I 0 3315 47 33
Fault resistance[ohm/s) [~ ) ® A
AW 41; 0 3315 132 bi
Base current (kA) 1 2E243 (1) ‘ B
1 Symmetrical ) 0 0BO 000 ! ¢ 0.9315 72.81
r During fault voltage on each bus
Perunit  Busl r Bus2 1 Bus3 1 Bus4 1 Bus5 1 Bus6 1 Bus7 | Bus8 Bur
V{0) 0.0000  0.0000 ~ 0.0000  0.0000  0.0000  0.000 00000 0.0000 01
Ang(dg) 0.00 89.59 72.08 72.08 72.08 72.08 72-08 72.08 7
VD) 0.8995  0.7439  0.0000 00000 ~ 0.0000 0.0000 0.000 0.0000 01
Ang(dg) -4 99 -18.98 0.00 30.41 30 41 30.41 30.41 30.41 3
V121 0.0000  0.0000  0.0000  0.0000 0.0000  0.000  0.000 0.0000 01
Ang(dg) 8437 8437 4739  47.39 4739 4739 4739 4739 4
Via) 0.8995  0.7439  0.0000 o.ooric  0.0000  0.0000  0.000 0.000 01
Ang(dg) -4.99 -18.98 0.00 30.41 30.41 30.41 30.41 30.41 3
Vibl 0.8995  0.7439  0.0000  0.0000  0.000 0.000  0.D000  0.0000 01
Ang(dg) 235.01  223.02 0.00 -89.59 -89.59 -89 59 -89.59 -89.59 -8
Vic) 0.8995  0.7439  0.0000  0.0000  0.0000  0.000  0.0000 00000 01
Ang(dg) 115.01 103.02 0.00 150.41 150.41 150.41 150.41 150.41 15
<11 tJ
Per unit j Actual Close |
4.18

{During fault voltage)
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452

Set as fault location

Set as interesting position Set as interesting position
Analysis Analysis Database R
— Voltage sags
VOItage SagS @ Fault calculation \ '
Report
| Report  Help Sags
P (2
| Seos | 419
HijReport ot voltage sags calculation 8 mm, X]
Voltage Sags at interesting hus | Voltage sags assessment tables ) Distribution ot voltage sags
| Interseting bus | 4 |symmetrical 3 Coloreve f voliage s
Fault resistance{ohnis) 0" Show colgt ot bus 210302 []>S0-702 v >802
Fautat Vi An do) 1 Iff O-KA i A
s olo%ml %2932 5457)3900' gl %0'540%%‘29@)% A“%%% 5457) A“%%
BUS 3 00001 26643 9916 90 1916 79916 40 !
Bis4 00000 26718 5899 -2 5899 167.80 58929 4780
Bish 00000 26366 3045 523 30/45 1/ 301y A
Buis6 Q21 11408 24504 Q372 24514 1768  245/4 0.8 | i
Bs/ 003% T8% 2%0 ®% 2067 IAB 2%0 HIBuV
Bs8  0%4 11139 2208 6229 228 17771 2208 50l
Bis9 01190 1097/ 27153 63% 273 114 2713  Sold %
Bis10 00000 26366 30/%4 6523 304 14 QA AL
Bis1l 00000 26366 230123 -h22 30723 1478 3023 S
BisT? 0080/ 8803 28498 -02.8 28R 17762 28498 5767
Bis13 00000 26364 28269 o429 2809 1A/ 2809 Hil
Bis4 0000 -08& 27008 638l 1619 27008 5019
BisTh 0046 10026 25/% 633% 25/% 16 25/% XM
Bis16 003 8719 27419 632 2409 168 2/419 .78
Bis1/ 00802 8869 26358 6L73 26H8 1827 2638 282
Bs18  Q0%0 8916 2601 615 2600 18A 20000 X1
Rus 19 8.1093 %% %%% 0080 256&%1 iégg %5691 §§§§
PO B B B0 A BR D By
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Voltage sags at interesting bus

Show color of bus

1 1 1 ' ' L} '
[ Report of voltage sags calculation

Voltage tags at interesting but |~ Vottage Sas assessert tatdes Cistrioution of votage sas

o e e — | 1 (Colot leve] ot Voltage Sags—----------
| Intending bus I 8uf * ISy  "cal I 1 0-102 H>30-50% 71 >70-90*
Fault revistance(ohm’s) 0  Sowoo othus 1 10308 >30-70% 1 >90*
Fault aI VfO]-Og.(Jnl Ang;d%l V(&) (Bl&) Angédgi 1V((90%001Ang§d% 1 V(0 0%001 Ang&dg}

7157 00000 3068 0 000

4.20
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0-10%
10 - 30%
30 - 50%
50 - 70%
70 - 90%
90%

Voltage sags assessment tables

(Voltage sags density table)

421

[Ef} Report of voltage sags calculation

(Cumulative frequency table)

Voltage sags at interesting bus Voltage sags assessment tables’ Distribution of voltage sags
Data for assessment
Voltage sags densily table : WL
Time of voltage sags (ms) A Interseting bus I gl
Volage (%) | 0200 | 200400 | 400600 | 600800 | >=800 || : [70
>80.90 1981 00000 00078 07023~ oooso|| |oult resistance(ohm/s) |
|
>70-80 1.9930 0.0000 21048 0.0021 0.0634) | Fautt points in each line 100
>60-70 0.8038 1.7808 0.7285 0.0852 0.0514f | .
>50-60 01096 15454 0.3568 00256 0.0000f [ Type of sags magnitude
> 4050 0.0930 06315 0.1089 0.0000 0.0000§ | @ Minimun in 3 phase
>30-40 0.2236 0.1528 0.0064 00000 0.0000 - ] B ienn
>20:30 0.2261 0.0462 0.0000 0.0000 0.0000f |
>10-20 0.1610 0.0103 0.0000 0.0000 0.0000 " Average from 3 phase
>0-10 0.3159 0.0000 0.0000 0.0000 0.0000§ | -~ :
Cumulative frequency table
Time of voltage sags (ms)
Volage (%) 0 | 200 | 400 6§00 800
90 14.3220 84219 4.2549 08416 0.1258] . Load tolerance
80 16382 77082 3532 02338  01208] O Rectangular @ SEMIF-47
70 7.4689 5.5299 13629 01623 0.0514f ¢ Non-Rectangular ¢ ITIC
50 40132 28840 04377 00256 0.0000) | Voltage (pu) Time (ms)
50 19758 0.9561 0.1153 0.0000 0.0000 t Region-]l 1 00[ Ol |
40 1.1424 02157 0.0064 0.0000 0.0000 ] 100 D
Y 07595 00565 00000 00000 00000 LR_:Q'T?,E,,, . ! o
20 04872 0.0103 0.0000 0.0000 0.0000 e
10 0.3159 0.0000 0.0000 0.0000 0.0000] Load fail [lime:lytll 7.5824

4.21
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Assessment ,
Data for assessment
L (Ohm)
2
3. 3
3 (Minimum in 3 phase)
(Isolate 3 phase)
3 (Average from 3 phase)
Load telorance
L
2. (telorance)
3. (telorance)
2 (Region)
SEMI F47 ITIC

(Voltage sags coordination chart) Coordination
! 1 ' 1 o
(Microsoft Excel)
(Excel file) 4.22

chart
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% bt heid
4.22
Distribution of voltage sags
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i x|
Voltage sags assessment tables T Distribution of voltage sags 9
)
100]
70
60 |-
50 |
40 /&
o )
i
2
10 |3
2
kY = A R i
00 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 (ms)
Type of faul E B st | vt | DLG
4.23

453

Report Help  Report
' Fault
(Segs

(Bus impedance matrix)

(Bus impedance matrix)

Zhus

pfe

4.24
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L.

@l
~E
Qi
b |
o

i

Z0(Age)

le)

OMegnituge) 21

; Z1(Megnitude)

4.24

(Angle)

Magnitude)

(

(Degree)
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