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Abstract

The aim of this diploma thesis is to study the way that the short circuit current
calculation procedure affects the developed voltages (step and touch) in wind farms
and therefore the provided safety. Initially, a theoretical approach is given in regard to
the way of event and calculation of fault current in electrical networken it
follows, a review of the predominant standardized fault current calculation methods
after which the internationaltandard IEC 60909 and thamerican Standard
ANSI/IEEE C 37010 are selected and described in detail. In the effort of a realistic
approach of the subject, an existing wind farm is being modeled and its operation is
being simulated under faeli conditions, with use of the software PSAF. Lastly, after
designing gound grids for the windurbines and the contrdluilding, simulationsof

wi nd fintercan@ested grounding systewsponse is carried quinder fauled
conditiors, whereas a parametric safety study is hold, with the aid of CYMGrd
software.

Key words

Fault current calculation, Rms symmetrical fault currenterconnected grounding
systemWindturbine grounding, t8p voltage;Touch voltaget @& 60909, ANSI/IEEE
C 37.010, IEEE Std 82000
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R,=1.0920hm/km X, =0.8 Ohm/ kyB  97.4n S/ k

5 o Us Uy o U k/ACSRS*®5MAT)I = 1.5%m

Uy Uesee @sUud R =0.2150hm /km X, =0.3340hm/ ki
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g o Us e XIPHZ r40mamB+ 25mnrAl, | = 4km

R =0.1610hm/km X, =0.10590hm/kyB =97.47 S/ k

R,=1.0920hm/km X, =0.8 Ohm/ kB, 97.47 S/ k
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IEC 60909

LG LLG wit
WTID | BusiD | I [KA] | I[kA] It max U,
WT1 B2 | 0,8333 | 0,4409 | 0,8333
WT2 B4 | 0,8272 | 0,4386 | 0,8272
WT3 B6 | 0,8083 | 0,4307 | 0,8083
WT4 B8 | 0,8041 | 0,429 | 0,8041
WT5 B10 | 0,8215| 0,436 | 0,8215 | > 1kV
WT6 B12 | 0,8123 | 0,4322 | 0,8123
WT7 B14 | 0,8039 | 0,4287 | 0,8039
WT8 B16 | 0,7955 | 0,4253 | 0,7955
WT9 B18 | 0,8239 | 0,4373 | 0,8239
WT1 B1 | 22,0887| 26,6253| 26,6253
WT2 B3 | 22,0743| 26,6154 26,6154
WT3 B5 | 22,0278| 26,5824 26,5824
WT4 B7 | 22,0171| 26,5749| 26,5749
WT5 B9 | 22,0611| 26,6058| 26,6058| < 1kV
WT6 B11 | 22,0278| 26,5899 26,5899
WT7 B13 | 22,0171| 26,5749| 26,5749
WT8 B15 | 21,9954 | 26,5596 | 26,5596
WT9 B17 | 22,0659 26,6094 | 26,6094

ANSI C 37.010

LG LLG wit
WTID | BusiD | I; [KA] | If [KA] It max U,
WT1 B2 | 0,7113 | 0,3734 | 0,7113
WT2 B4 | 0,7065 | 0,3714 | 0,7065
WT3 B6 | 0,6914 | 0,3653 | 0,6914
WT4 B8 | 0,6881 | 0,3639 | 0,6881
WT5 B10 | 0,7019 | 0,3694 | 0,7019 | > 1kV
WT6 B12 | 0,6947 | 0,3664 | 0,6947
WT7 B14 | 0,6879 | 0,3637 | 0,6879
WT8 B16 | 0,6812 | 0,361 | 0,6812
WT9 B18 | 0,7038 | 0,3705 | 0,7038
WT1 Bl | 21,9837| 26,5441| 26,5441
WT2 B3 | 21,9674| 26,5323 26,5323
WT3 B5 | 21,914 | 26,4936/ 26,4936
WT4 B7 | 21,0017| 26,4848 26,4848
WT5 B9 | 21,9521| 26,5212]| 26,5212| <1kV
WT6 B11 | 21,9263| 26,5026 | 26,5026
WT7 B13 | 21,9019| 26,4851 | 26,4851
WT8 B15 | 21,8766 26,4667 | 26,4667
WT9 B17 | 21,9574| 26,525 | 26,525
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ConventionalF ault Analysis

LG LLG wit
WT ID BuslD If [kA] If [kA] Ifmax Un
WT1 B2 0,7576 | 0,3977 | 0,7576
WT2 B4 0,7528 | 0,3958 | 0,7528
WT3 B6 0,7372 | 0,3896 | 0,7372
WT4 B8 0,7338 | 0,3882 | 0,7338

WTS B10 | 0,7484 | 0,394 | 0,7484 | > 1kV
WT6 B12 | 0,741 0,391 0,741
WT7 B14 | 0,7341 | 0,3882 | 0,7341
WT8 Bi6 | 0,727 | 0,3854 | 0,727
WT9 B18 | 0,7495 | 0,3946 | 0,7495

WT1 Bl | 23,4718| 28,3449/ 28,3449
WT2 B3 | 23,4633| 28,3429/ 28,3429
WT3 B5 | 23,4241| 28,3233]| 28,3233
WT4 B7 | 23,4131| 28,3165| 28,3165
WT5 B9 | 23,4613| 28,3487/ 28,3487 <1kV

WT6 B11 | 23,4475 28,3451 | 28,3451
WT7 B13 | 23,4296 | 28,3364 | 28,3364
WT8 B15 | 23,4068| 28,322 | 28,322
WT9 B17 | 23,4414 | 28,3218 | 28,3218
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\zo <70 \zl\ K7
(C) ()

WT ID | BusD [pu] ©) [pu] ) U,
WT1 B2 10,6056 | 11,42 0,709 68,83
WT2 B4 10,6601 | 11,46 0,72 68,06
WT3 B6 10,8321 | 11,58 0,7569 65,58
WT4 B8 10,8699 | 11,61 0,7656 65,02
WT5 B10 10,716 11,49 0,7299 67,44 > 1kV
WT6 B12 10,8016 | 11,56 0,7474 66,38 [ Z > zl]
WT7 B14 10,8797 11,61 0,7645 65,25
WT8 B16 10,9578 | 11,67 0,7826 64,13
WT9 B18 10,7016 | 11,96 0,7276 67,38
WT1 Bl 2,7485 86,19 4,8778 83,01
WT2 B3 2,7485 86,19 4,8818 82,93
WT3 B5 2,7485 86,19 4,899 82,35
WT4 B7 2,7485 86,19 4,8986 82,6
WT5 B9 2,7485 86,19 4,8858 82,86 < 1kVv
WT6 B11 2,7485 86,19 4,8923 82,74 [z0 < zl]
WT7 B13 2,7485 86,19 4,8985 82,62
WT8 B15 2,7485 86,19 4,905 82,49
WT9 B17 2,7485 86,19 4,8845 82,86
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SHORT CIRCUIT STUDY PARAMETERS
Study ST 1
Time Mon Jan 09 14h40ml?s 2012
Baze power l00.00 [MWA]
Fundamental f{regquency: 50.00 [h=z]
Study protocal IEC
Fault Current type: HAETHITH
Duty type Initial
Prefault woltages = Ba== woltages

Study name @ ST_1

DETAILED REFORT

BUS IDENT. INIT. [kV] ANGLE[deg]
————————— URRENT————————— POWER —— e VOLTAGE(P-G)———————
[pP.u.] [deg] [&] [MVA] [p.u.] [deg] [k¥]

[*]Faulted Bu=s —>»
Prefault kV 20.00 0.00
El2 ILL-4 1.5511 —-68.83 4478 155 0.0000 o.oo000
B2 LG—-& 0.2887 —-17 .42 833 29 0.0000 o.oo0o
B2 11LG-E 1.4072 —160.58 4062 141 0.0000 o.oo00

cooo
=
o

B2 I.LT.G-C___L.ZBQ.R__E.BB__?-@L —_— 0.o000 o.o00o0 on
B2 _ZQQJ_____uﬁ.E]__-hJ___ﬂ..ﬁ.ﬁ].l_(.n.u_-! R-E = 0.3872

B2 = — g Iikl = a

E2 C2g0 0 - = T0F85y 4 T 20l - (p.u)
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IEC / ANSI CFA / ANSI
LG LLG LG LLG
BusID | (%) | Pi(%) | oi(%) | (%)
B2 1715 | 1808 6,51 6,51
B4 1708 1809 6,55 6,57
B6 1691 | 17,9 6,62 6,65
B8 1686 | 1789 6,64 6,68
B10 1704 | 18,8 6,62 6,66
B12 16,8 | 1896 6,66 6,71
B14 1686 1787 6,72 6,74
B16 1678 17,81 6,72 6,76
B18 1706 | 18,8 6,49 6,50
APD(%) 17,0 18,0 6,6 6,6
Bl 0,48 0,31 6,77 6,78
B3 0,49 0,31 6,81 6,82
BS 0,2 0,34 6,89 6,91
B7 0,53 0,%4 6,90 6,2
B9 0,50 0,2 6,87 6,89
B11 0,46 0,33 6,94 6,95
B13 0,53 0,34 798 6,99
B15 0,54 0,35 7.99 7,00
B17 0,49 0,32 6,76 6,77
APD(%) 0,5 0,3 6,9 6,9
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Transformer

Earth Ring, alsol : | {'3m Square

bonded to tower,
d=5m SRERERERER
b M-hm-u R "THl '

2 m Vertical earth rods bonded to
foundation reinforcement bars
with an external earth ring
d=13m
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j3UecgoUsselUy;sU 1
(¢ =C/H§56%)
0363Ud 1
O (m) 2 4 8 12 16
R (q) 717,00 311,00 152,00 78,00 35,00
| (ql 9010,09 7816,28 7640,35 5881,06 3518,58
036 x0(d
U (m) 2 4 8 12 16
R (q) 123,60 80,00 64,00 47,00 37,00
| (ql 1553,20 2010,62 3216,99 3543,72 3719,65
j 3UegcgoUsselUy sl 2
( @ 212C | Hg=46%)
0363U0d 1
O (m) 2 4 8 12 16
R (q) 85,60 84,20 71,90 66,00 48,00
| (ql 1075,68 2116,18 3614,09 4976,28 4825,49
036 30d
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U (m) 2 4 8 12 16
R (q) 107,60 74,00 49,80 51,00 38,00
| (ql 1352,14 1859,82 2503,22 3845,31 3820,18
j3UegcsoUsselUy;sU 3
( ¢ 23°C | Hg=44%)
0363U0d 1
U (m) 2 4 8 12 16
R (q) 5500 71,40 67,10 47,00 45,00
;7 (aql 691,15 1794,48 3372,81| 3543,72| 4523,89
036 x20(d
U ( m) 2 4 8 12 16
R (q) 69,00 75,00 59,80 79,00 42,00
| (ql 867,08 1884,96 3005,88 5956,46 4222,30
j3UecgoUssel)sU 4
( @ 24°C | Hg=43%)
0363Ud 1
U m) 2 4 8 12 16
R (q) 422,00 251,00 88,30 41,00 34,70
| qll 530301 6308,32 4438,44 3091,33 3488,42
036 x0(d
U m) 2 4 8 12 16
R q) 332,00 277,00 64,00 49,00 24,00
J qll 4172,04 6961,77 3216,99 3694,51 2412,74
j 3UegcsoUsselUysU 5
('@ 26°C | Hg=40%)
0363U0d 1
U 2 4 8 12 16
R 383,06 191,9 96,7 64,8 48,9
| 4813,65 4822,78 4861,42| 4888,92| 4918,11
036 x20(d
U 2 4 8 12 16
R 381,4 192,1 96,6 64,7 48,9
} 4792,33 4826,96 4856,86| 4880,12| 4917,65
j3UecoUsselUy;sU 6
( ¢ 282C / Hg=36%)
60363U0d 1
U m) 2 4 8 12 16
R (q) 15098 17,70 24,70 22,40 24,70
J ql 200,81 444,85 1241,56 1688,92 2483,11
036 x0(d
U m) 2 4 8 12 16
R (q) 4800 48,40 60,90 4710 44,00
| ql 603,19 1216,42 3061,17 3551,26 4423,36
j3UecsoUssely sl 7
( ¢ 24°C | Hg=48%)
0363Ud 1
U (m) 2 4 8 12 16
R (q) 117,10 130,40 84,70 70,00 90,00
y (ql 147152 327731 4257,49 | 5277,88| 9047,79
036 0(d
U (m) 2 4 8 12 16
R (q) 42,00 44,00 56,00 48,20 42,80
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; (ql 527,79 | 110584 | 2814,87| 3634,19| 4302,73
j3UecsoUsselU) sU 8
(¢ 25°C / Hg=54%)
0363Ud 1
O (m) 2 4 8 12 16
R (q) 420,1 210,3 105,6 70,9 53,4
} (ql 5279,44 5284,92 5310,01| 5342,11| 5365,78
036 x0(d
U ( m) 2 4 8 12 16
R (q) 419,7 210,0 105,5 70,6 53,2
} (ql 527472 5278,62 5300,59| 5321,91 5346,3
j3UecgoUsselUy sl 9
( ¢ 292C / Hg=35%)
603630d 1
U (. m) 2 4 8 12 16
R (q) 575,69 288,95 144,58 96,46 72,37
} o (ql 7234,37 7262,09 7267,26| 7273,17| 7275,39
036 x0(d
O (m) 2 4 8 12 16
R (q) 573,71 287,72 144,33 96,40 72,32
;) (ql 7209,41 7231,19 7255,02| 7268,43| 7270,47
7Ua) s (Ug y2CdRdy35%)
0363Ud 1
0 (m) 2 4 8 12 16
R (q) 49,70 42,00 42,00 32,50 25,10
J (ql 586,85 1055,58 2111,15 2450,44 2523,33
036 30d
U0 (m) 2 4 8 12 16
R (q) 141,00 96,00 58,00 39,00 24,90
| (ql 177186 2412,74 2915,40 2940,53 2503,22
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Ou Ui U (r 2 4 8 12 16

) 8 1 3 (. q| 5281,65] 491345 542867 4712,39] 3619,12

) 8 ¢ 1 (q| 121391] 1988 | 3058,66] 4410,8| 4322,84

) 8 1 1 (q| 831,80| 115234 1910,09] 3166,73] 3619,12

) 8 < 1 (q| 402 | 830,64| 2151,37] 2620,09] 345324

)G ¢ 1 ( q| 480299 482487 4859,14 4884,52| 4917,88

' ( q| 1438,22] 1950,3 4724,96| 4738,78| 5463,86

| a J (q 999,66 2191,58| 3536,18| 4456,04| 6675,26

) 8 ¢ 1 (q| 5277,08] 5281,77] 53053| 5332,01] 5356,04

Ja 4 ( q| 7221,89] 7246,64) 7261,14 7270,8 7272,93

Il K| ) ( q| 1179,36] 1734,16] 2513,28| 2695,49] 5026,55
BasUaUd 8.2 zyiud Usee ulbrdigs gi@fs tbowdle dUslys o sl
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263Uy a RMS
ouUld AuYideg| h(m) 11( o) 12( @) error
(%)
7 d| poaUy ve| 16,89 5281,03 0,26 5,68
J /7 d| poaUly ve 2 908,29 7207,08 | 5,37
j 1G] poauUy ve 2 615,08 17177 14,00
j 1G] poauaUy ve 6,16 4737,51 2397,28 1,34
j [/ G|ze3ael0Uy} 7 100 4857,88 4857,88
j/Gjzes3aeltUy} 7 100 1891,47 1891,47
| /G oG Uy ve 2 730,55 24175,9 9,00
j/GjzesaeltUy} 7 100 5310,44 5310,44
j/ Glzes3aeg Uy ¥ 100 7254,68 7254,68
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78 CYMGrd - Soil Analysis - [Soil Modelich
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Soil analysis report Friday, February 10, 2012, 16:54:07

Station Name WTE

Project molaoi

Study WT
Parameters

Title WT6

Soil Model Uniform

Safety Model IEEE Std. 80-2000
Body Weight 50 kg

Surface Layer Thickness 0 meters
Surface Layer Resistivity 2500 ohm-m
Shock Duration 1secs
Output Results

Upper Layer Thickness 100 meters
Upper Layer Resistivity 1891.47 ohm-m
Lower Layer Resistivity 1891.47 ohm-m

1
169.48 volts
Maximum Permissit D\ Step 329 92 volts
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©= %9 Ev) | B | B | Emaw | 07 B | EmLv) | BV | Emem)
t t
500G 0.5 sec 1sec 500G 0.5 sec 1sec
] / G | 5326,72 | 1463,72 | 3792,01 1034,9 ] | 7258,16 | 1981,06 5132,3 1400,82
]/ 1058,07 387,55 748,17 274,04 ] [ 1432,05 524,54 1012,61 370,9
]/ 769,47 315,4 5441 223,02 ] | 1041,43 426,88 736,41 301,85
)/ G | 4827,14 | 1329,82 | 3413,31 940,33 ] /0 6533,29 | 1799,85 | 4619,73 | 1272,68
] / G | 4945,62 | 1359,44 | 3497,08 961,27 ] /0 6693,65 | 1839,94 | 4733,12 | 1301,03
J /G | 2025,81| 629,49 1432,46 445,12 ] [ 2741,83 851,98 1938,76 602,44
]/ 883,12 343,82 624,46 243,12 ] /0 1195,26 465,34 845,18 329,04
) / G | 5391,08 | 1470,81 | 3812,07 | 1040,02 | | / @ 7296,54 | 1990,66 | 5159,43 | 1407,61
)/ G | 7304,78 | 1949,23 | 5165,26 | 137831 ] /0 1656,79 580,72 1171,52 410,63
¥/ K| 1324,92 454,27 936,86 321,22 ¥/l K| 1793,22 614,83 1267,99 434,75
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Grid analysis report

Wednesday, February 29, 2012, 12:39:58

Station Name W2

Project molaci

Study WT
Parameters

Equivalent Parallel Z Spec. User Defined
Spiit Factor 0.106026 sz
Wominal Frequency 50 hz

Bus ID 2KV

LG Fautt Current 833.3 amps
Remote Contribution 100 %

Upper Layer Thickness 2 meters
Upper Layer Resistivity 502.29 ohm-m
Lower Layer Resistivity 7207.08 chm-m
Qutput Results

Decrement Factor

Ko9B2)U saUUayteUUU
£63a6(0(U09athU disl Yjayell 1

Parallel Z Z eq2 | 7.02337 ohms Ground Potential Rise 5234 55 volts

1.00048 Calculated Ground Resistance 59.2185 ohms
Equivalent Impedance
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Grid analysis report

Wednesday, February 29, 2012, 13:00:35

Station Name

Project
Study

Parameters

wrz

molaoi
]J'\rT

Equivalent Parallel Z Spec.

User Defined

KooB3)U s UUeayleUUU U fhoayostdd Usg
GdYeeU GUds JANSI (L, =7a.3Av3 U ¢U

ee3aglUlsoah

Split Factor 0.108026

Mominal Freguency S0hz

Bus ID 20KV

LG Fault Current 711.3 amps

Remote Contribution 100 %

Upper Layer Thickness 2 meters

Upper Layer Resistivity 508.29 ohm-m

Lower Layer Resistivity 7207.08 chm-m

Output Results

Parallel Z 7.02337 ohms Ground Potential Rise 448318 volts
Decrement Factor 1.00048 Calculated Ground Resistance 59.2186 ohms

Equivalent Impedance 6.27871 ohms
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Grid analysis report

Wednesday, February 29, 2012, 13.04:56

Output Results

Station Name Wr2

Project malaoi

Study WT
Parameters

Equivalent Parallel Z Spec. User Defined
Split Factor 0.106026
Nominal Freguency S0hz

Bus ID 20KV

LG Fautt Current 757.6 amps
Remote Contribution 100 %

Upper Layer Thickness 2 meters
Upper Layer Resistivity 508.29 ohm-m
Lower Layer Resistivity 7207.08 ohm-m

Parallel Z
Decrement Factor

Ko dB.4)
ee38GU0s8R

7.02337 ohms Ground Potential Rise
1.00045 Calculated Ground Resistance
Equivalent Impedance

4738.02 volis
39.2186 ohms
6.27871 ohms
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IEC ANSI CFA IEC/ CFA/
ANSI ANSI
| (ka) | 08333 | 07113 | 07576 | H %) 17.15 | 6,51
[0)
;A | 8833 | 754 | 803 ®E/ %) | 17151 6,51
GPR(V)| 5234,55 | 4468,18 | 4759,02 | qGPR/GPR(%)| 17,15 | 6,51
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z86380UGs0aR EFlGYaecU &Wdaddey
IEC ANSI CFA IEC/ | CFA/
ANSI | ANSI
| . (KA) 0,8333| 0,7113 | 0,7576 P (%) 17,15 | 6,51
ty(A) | 8833 75,4 80,31 | ®&%) | 17,15 6,51
GPR(V)| 5234,55| 4468,18 | 4759,02| gGPR(%)| 17,15 | 6,51
IEC ANSI CFA IEC/ANSI CFA/ANSI
L(m) SP(V) | EstefV) | EtoucHV) | SP(V) | EstefV) | EtoucHV) | SP(V) | EstedV) | EtoucHV) | qSP OEstep OEwouch | OBP OEstep 9Eouch
(%) (%) (%) (%) (%) (%)
0,00 |3447,51| 138,63 | 1787,04 | 2942,74| 118,33 | 1525,44 | 3134,32| 126,03 | 1624,70 | 17,15 17,16 6,51 6,51
1,00 |3586,14| 153,10 | 1648,41 | 3061,07| 130,69 | 1407,11 | 3260,35| 139,20 | 1498,67 | 17,15 17,15 6,51 6,51
2,00 |3739,24| 171,19 | 1495,31 | 3191,76| 146,12 | 1276,42 | 3399,55| 155,63 | 1359,47 | 17,15 17,16 6,51 6,51
3,00 |3910,43| 195,29 | 1324,12 | 3337,88| 166,70 | 1130,30 | 3555,18| 177,55 | 1203,84 | 17,15 17,15 6,51 6,51
4,00 |4105,72| 220,25 | 1128,83 | 3504,58| 187,99 963,60 | 3732,73| 200,24 | 1026,29 | 17,15| 17,16 6,51 6,52
5,00 |4325,97| 232,40 | 908,58 | 3692,57| 198,38 775,61 | 3932,97| 211,28 826,05 | 17,15\ 17,15 6,51 6,50
6,00 | 4558,37| 180,43 | 676,18 | 3890,95| 154,01 577,23 | 4144,25| 164,03 614,77 | 17,15 17,15 6,51 6,51
7,00 |4738,80] 117,41 | 495,75 | 4044,96| 100,22 | 423,22 | 4308,28| 106,75 | 450,74 |17,15] 17,15 6,51 6,52
8,00 |4856,21| 85,27 378,34 | 4145,18| 72,79 323,00 | 4415,03| 77,53 343,99 | 17,15 17,15 6,51 6,51
9,00 |4941,48| 75,14 293,07 | 4217,97| 64,15 250,21 | 4492,56| 68,33 266,46 | 17,15 17,13 6,51 6,52
10,00 | 5016,62| 75,50 217,93 | 4282,12| 64,44 186,06 | 4560,89| 68,65 198,13 | 17,15 17,16 17,13 6,51 6,53 6,49
11,00 | 5092,12| 69,56 142,43 | 4346,56| 59,37 121,62 | 4629,54| 63,25 129,48 | 17,15 17,16 17,11 6,51 6,54 6,47
12,00 | 5161,68| 54,84 72,87 4405,93| 46,80 62,25 4692,79| 49,86 66,23 17,15 17,18 17,06 6,51 6,54 6,40
13,00 | 5216,52| 11,22 18,03 4452, 73| 9,57 15,45 4742,65| 10,20 16,37 17,15 17,24 16,69 6,51 6,58 5,97
14,00 | 5227,74| 4,56 6,81 4462,30| 3,88 5,88 4752,85| 4,14 6,17 1715/ Ygao1 3/ Ygal 3 651l | Ugal 3)Ygal 3
15,00 | 5232,30| 2,25 2,25 4466,18 2,00 2,00 4756,99 2,03 2,03 17,15 [ ]/ G | 651 | A |
16,00 | 5234,55| 0,91 0,00 4468,18| 0,88 0,00 4759,02| 0,81 0,00 17,15| D=3,6m | D=3,6m | 6,51 | D=3,6m | D=3,6m
17,00 | 5233,64| 21,98 0,91 4467,30| 18,74 0,88 4758,21| 19,98 0,81 17,15 17,29 3,20 6,51 6,62 -7,64
18,00 | 5211,66| 25,34 22,89 4448,56| 21,63 19,62 4738,23| 23,04 20,79 17,15 17,15 16,66 6,51 6,52 5,98
19,00 | 5186,32| 22,04 48,23 4426,93| 18,81 41,25 4715,19| 20,05 43,83 17,15 17,17 16,92 6,51 6,59 6,26
20,00 | 5164,28| 15,48 70,27 4408,12| 13,21 60,06 4695,14| 14,07 63,88 17,15 17,18 17,00 6,51 6,51 6,37
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IEC ANSI CFA IEC/ANSI CFA/ANSI
L(m) | SP(V) | EsteqV) | Etouct(V) | SP(V) | EstedV) | Etoucr(V) | SP(V) | EsteV) | EtouchV) | GBP | OFstep IEoun | GBP | OFstep IErouch
(%) (%) (%) (%) (%) (%)
21,00 | 5148,80] 8,02 85,75 | 4394,91| 6,85 73,27 | 4681,07| 7,29 7795 |17,15| 17,08 6,51 | 6,42
22,00 | 5140,78] 4,29 93,77 | 4388,06] 3,66 80,12 | 4673,78] 3,90 8524 | 17,15 17,21 6,51 | 6,56
23,00 | 5136,49] 1,20 98,06 | 4384,40| 1,03 83,78 | 4669,88] 1,09 89,14 |17,15| 16,50 651 | 5,83
24,00 | 5137,69] 5,45 96,86 | 4385,43| 4,63 82,75 | 4670,97| 4,96 88,05 |17,15| 17,71 6,51 | 7,13
25,00 | 5132,24] 7,58 | 102,31 | 4380,80| 6,46 87,38 | 4666,01| 6,89 9301 |17,15] 17,34 6,51 | 6,66
26,00 | 5124,66] 4,13 | 109,89 | 4374,34| 3,52 93,84 | 4659,12| 3,75 99,90 |17,15] 17,33 651 | 6,53
27,00 | 5120,53] 1,36 | 114,02 | 4370,82| 1,17 97,36 | 465537| 1,24 | 103,65 |17,15| 16,24 651 | 5,98
28,00 | 5121,89] 6,57 | 112,66 | 4371,99| 5,61 96,19 | 4656,61| 598 | 102,41 | 17,15 17,11 6,51 | 6,60
29,00 | 5128,46] 13,05 | 106,09 | 4377,60| 11,14 | 90,58 | 4662,59| 11,84 | 96,43 |17,15| 17,15 651 | 6,28
30,00 | 514151 14,87 | 93,04 | 4388,74| 12,69 | 79,44 | 4674,43| 1352 | 8459 |17,15] 17,18 6,51 | 6,54
31,00 | 5126,64] 23,67 | 107,91 | 4376,05| 20,20 | 92,13 | 4660,91| 2151 | 9811 |17,15] 17,18 651 | 6,49
32,00 | 5102,97| 18,37 | 131,58 | 4355,85| 1568 | 112,33 | 4639,40| 16,70 | 119,62 | 17,15 17,16 6,51 | 6,51
33,00 | 5084,60] 14,82 | 149,95 | 4340,17| 12,65 | 128,01 | 4622,70| 13,48 | 136,32 |17,15| 17,15 651 | 6,56
34,00 | 5069,78] 11,28 | 164,77 | 4327,52| 9,62 | 140,66 | 4609,22| 10,25 | 149,80 |17,15| 17,26 651 | 6,55
35,00 | 5058,50] 10,48 | 176,05 | 4317,90| 8,96 | 150,28 | 4598,97| 9,54 | 160,05 |17,15| 16,96 6,51 | 6,47
36,00 | 5048,02] 9,02 | 186,53 | 4308,94| 7,70 | 159,24 | 4589,43| 8,20 | 169,59 | 17,15 17,14 6,51 | 6,49
37,00 | 5039,00] 5,57 | 19555 | 4301,24| 4,76 | 166,94 | 4581,23| 506 | 177,79 | 17,15 17,02 651 | 6,30
38,00 | 5033,43] 7,55 | 201,12 | 4296,48] 6,43 | 171,70 | 4576,17| 6,86 | 182,85 | 17,15| 17,42 651 | 6,69
39,00 | 5025,88] 4,82 | 208,67 | 4290,05| 4,12 | 178,13 | 4569,31| 4,39 | 189,71 |17,15| 16,99 6,51 | 6,55
40,00 | 5021,06] 2,34 | 213,49 | 4285,93| 2,00 | 182,25 | 4564,92| 2,14 | 194,10 | 17,15| 17,00 6,51 | 7,00
41,00 | 5018,72] 2,12 | 215,83 | 4283,93| 1,80 | 184,25 | 4562,78| 1,93 | 196,24 | 17,15 17,78 6,51 | 7,22
42,00 | 5016,60] 2,48 | 217,95 | 4282,13| 2,12 | 186,05 | 4560,85| 2,24 | 198,17 | 17,15 16,98 6,51 | 5,66
43,00 |5014,12] 1,46 | 220,43 | 4280,01| 1,26 | 188,17 | 4558,61| 1,33 | 200,41 | 17,15 15,87 6,51 | 5,56
44,00 |5012,66] 3,45 | 221,89 | 4278,75| 2,94 | 189,43 | 4557,28| 3,12 | 201,74 |17,15| 17,35 651 | 6,12
45,00 |5009,21] 5,98 | 22534 | 427581 5,10 | 192,37 | 4554,16| 5,43 | 204,86 | 17,15 17,25 651 | 6,47
46,00 | 5003,23| 114,17 | 231,32 | 4270,71| 97,46 | 197,47 | 4548,73| 103,81 | 210,29 |17,15| 17,15 651 | 6,52
47,00 | 4889,06| 242,98 | 34549 | 4173,25| 207,41 | 294,93 | 4444,92| 220,91 | 314,10 | 17,15 17,15 651 | 6,51
48,00 | 4646,08| 203,43 | 588,47 | 3965,84| 173,64 | 502,34 | 4224,01| 184,95 | 53501 | 17,15 17,16 651 | 6,51
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IEC ANSI CFA IEC/ANSI CFA/ANSI
L(m) | SP(V) | EsteqV) | Etouct(V) | SP(V) | EstedV) | Etoucr(V) | SP(V) | EsteV) | EtouchV) | GBP | OFstep OBP | Feep
(%) (%) (%) (%)
49,00 | 4442,65| 181,56 | 791,90 | 3792,20| 154,98 | 675,98 | 4039,06| 165,07 | 719,96 | 17,15| 17,15 6,51 | 6,51
50,00 | 4261,09] 165,25 | 973,46 | 3637,22| 141,05 | 830,96 | 3873,99| 150,24 | 88503 | 17,15 17,16 6,51 | 6,52
51,00 | 4095,84] 154,28 | 1138,71 | 3496,17| 131,69 | 972,01 | 3723,75| 140,26 | 1035,27 | 17,15 17,15 651 | 6,51
52,00 | 3941,56| 144,37 | 1292,99 | 3364,48| 123,23 | 1103,70 | 3583,49| 131,25 | 117553 | 17,15| 17,15 651 | 6,51
53,00 | 3797,10] 134,54 | 1437,36 | 3241,25| 114,85 | 1226,93 | 3452,24| 122,33 | 1306,78 | 17,15 17,14 651 | 6,51
54,00 | 3662,65 125,02 | 1571,90 | 3126,40| 106,71 | 1341,78 | 3329,91| 113,66 | 1429,11 | 17,15] 17,16 651 | 6,51
55,00 | 3537,63] 117,24 | 1696,92 | 3019,69| 100,07 | 1448,49 | 3216,25| 106,58 | 1542,77 | 17,15| 17,16 651 | 6,51
56,00 | 3420,39| 111,21 | 1814,16 | 2919,62| 94,94 | 154856 | 3109,67| 101,12 | 1649,35 | 17,15| 17,14 651 | 6,51
57,00 | 3309,18] 104,61 | 192537 | 2824,68| 89,29 | 1643,50 | 3008,55| 95,10 | 1750,47 | 17,15| 17,16 651 | 6,51
58,00 | 3204,57| 98,29 | 2029,98 | 2735,39| 83,90 | 1732,79 | 2913,45| 89,37 | 184557 | 17,15| 17,15 651 | 6,52
59,00 | 3106,28] 92,62 | 2128,27 | 2651,49| 79,06 | 1816,69 | 2824,08| 84,20 | 1934,94 | 17,15| 17,15 651 | 6,50
60,00 | 3013,66 2220,89 | 2572,43 1895,75 | 2739,88 2019,14 | 17,15 6,51
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