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ZnO arrester rated voltage :  Ur=21 kV(rms)
Test voltage Uc=17 kV(rms)
Item Measured leakage current
U(rms) U/Ur It Ic Ir
(kV) | (per unit) (HA) (HA) (HA)
1 1.05 0.05 5.92E-66 857.32 2.02E-05
2 2.10 0.10 4.17E-52 1,714.64 4.04E-05
3 3.15 0.15 5.25E-44 2,571.96 6.06E-05
4 4.20 0.20 2.93E-38 3,429.29 8.08E-05
5 5.25 0.25 8.41E-34 4,286.61 0.000101
6 6.30 0.30 3.69E-30 5,143.93 0.0001212
7 7.35 0.35 | 4.43E-27 6,001.25 0.0001414
8 840 |  0.40 2.06E-24 6,858.57 0.0001616
L 19 9.45 045 | 4.65E-22 7,715.89 0.0001818
10 10.50 0.50 5.92E-20 8,573.21 0.000202
11 11:59 0.55 4.75E-18 9,430.54 0.0002222
12 12.60 0.60 2.60E-16 | 10,287.86 0.0002424
13 13.65 0.65 1.03E-14 | 11,145.18 0.0002626
14 14.70 0.70 3.12E-13 | 12,002.50 0.0002828
15 1575 |  0.75 7.46E-12 | 12,859.82 0.000303
16 16.80 0.80 | 1.45E-10 | 13,717.14 0.0003232
BT 6,85 T, N0i8S 2.36E-09 | 14,574.46 0.0003434
18 18.90 | 0.90 3.27E-08 | 15,431.79 0.0003636
19 19.95 0.95 3.94E-07 | 16,289.11 0.0003838
20 21.00 1.00 4.17E-06 | 17,146.43 0.000404
21 22.05 .05 [y 3293E-D3 1| J1R.003°75 0.000424
22 23.10 1.10 0.000334 | 18,861.07 0.0004444
23 23.11 1.11 0.0004 | 18,942.72 | 0.00044777
24 23.12 1.12 0.0005 | 19,024.37 | 0.00045114
25 23.13 1.13 0.0006 | 19,106.02 | 0.00045451
26 23.14 1.14 0.0007 | 19,187.67 | 0.00045788
27 24.15 1.15°| 0.0025812 | 19,718.39 0.0004646
28 25.20 1.20 | 0.0182832 | 20,575.70 0.0004848

NIARUIIN

74



a
ATNN N.2

@ @ v @ ad a v @
HAAIANANHUSNN ATLUA-LTIAUVDINUANUTTIFUA ZnO UTAIANUAUNUT

J

o @ 1 4
"Uﬁlﬂﬂﬁzufﬁ'lllﬁﬁi')ll ﬂi%LLﬁﬁ’Jﬂ’J'\NGﬂ]}WHWWU uazmuﬂﬁzﬂwﬂszuamﬂu

]
v A

findauii 3 Aldanmsinaedt FrT Tuldsunsw MATLAB (317 3.10)
ZnO arrester rated voltage :  Ur=21 kV(rms)
Test voltage Uc=17 kV(rms)
Item Measured leakage current

U(rms) U/Ur It Ir Ir3
(kV) | (per unit) (nA) (HA) (HA)

1 14.70 0.70 | 282.8022376 6.24E-07 1.33E-07

2 15.75 ~0.75 | 303.0023974 1.49E-05 | 3.17124E-06 |

3 16.80 0.80 | 323.2025572 2.90E-04 | 6.17348E-05

4 17.85 0.85 | 343.402717 4.72E-03 | 0.001003811

5 18.90 0.90 | 363.6028769 6.55E-02 | 0.01391376

6 19.95 0.95 | 383.8030367 7.87E-01 0.16733248

7 21.00 1.00 4.04E+02 8.33E+00 1.7715936

8| 22.05 1.05 4.25E+02 7.86E+01 16.71488

91 23.10 1.10 | 668.0406079 | 668.077146 142.07648

10 24.15 1.15 5162.4519 | 5162.490099 1097.488

11 25.20 1.20 | 36564.9639 | 36565.00373 7775.1744

d’ [+ d‘ d' 1
MR 03 wanaaoulasnmssiaoslulsunsy MATLAB iemimsi)asuulasnives

&, 9 d'd? 1 U 1Y 9 d’
AszUATINNNMUMURTUReR wssnlTOu (314 3.12,3.14)

ZnO arrester rated voltage : Ur=21 kV(rms)
Test voltage Uc=17 kV(rms)
Measured resistive leakage current
U(rms) U/Uc Ir(Ur) Ir Ir/Ir(Ur)
kV) (per unit) (HA) (HA) (per unit)

8.40 0.40 | 8.332279 4.13E-18 4.95E-19

9.45 0.45 8.332279 9.30E-16 1.12E-16

10.50 0.50 8.332279 1.18E-13 1.42E-14
11.55 0.55 8.332279 9.49E-12 1.14E-12

12.60 0.60 8.332279 5.20E-10 6.24E-11

13.65 0.65 8.332279 | 2.06E-08 2.48E-09

14.70 0.70 8.332279 6.24E-07 7.49E-08

1575 0.75 8.332279 1.49E-05 1.79E-06

16.80 0.80 8.332279 0.00029 3.48E-05

17.85 0.85 8.332279 0.004721 5.67E-04

o 18.90 0.90 8.332279 | 0.065451 7.86E-03
19.95 0.95 | 8332279 | 0.787136 9.45E-02

. 21.00 1.00 8.332279 | 8.332279 1.00E+00
2205 1.05 | 8.332279 | 78.60886 | 9.43E+00

23.10 1.10 8.332279 | 668.0771 8.02E+01

- 24.15 1.15 8.332279 516249 | 6.20E+02

25.20 1.20 8.332279 36565.00 | 4.39E+03
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ZnO arrester rated voltage Ur=21 kV(rms)
Test voltage
Measured third harmonic resistive leakage current
U(rms) U/Uc Ir3(Ur) Ir3 Ir3/Ir3(Ur)
(kV) (per unit) (nA) (HA) (per unit)
8.40 0.40 L?]lé?ﬂm 0 0
9.45 0.45 13771594 0 0
10.50 0.50 1.771594 0 0
11.55 0.55 L7504 0 0
12.60 0.60 1.771594 0 0 |
13.65 0.65 1.771594 | 4.38995E-09 | 2.47797E-09
14.70 0.70 1 7Zl§9f1 1.32709E-07 | 7.49093E-08
15.75 0.75 1.7 15?4 3.17124E-06 1.79005E-06
16.80 0.80 17717594 6.17348E-05 | 3.48471E-05
17.85 0.85 77L77l§2{mm9901002§11 0.000566615
- 18.90 0.90 1771594 0.01391376 0.007853810
N 81895 0.95 “f77}§9ﬂ4_7916733248 0.094453084
777777 21.00 1.00 ﬂ771594_ - 17715936 1.000000000
22.05 1.05 E77J§?4 16.71488 | 9.434940384
) 23.10 1.10 }:Z?]§94v~¢ 142.07648 | 80.19699326
~24.15 1.15 L771§?ﬂ”_ ~1097.488 619.4919647
25.20 1.20 1.771594 7775.1744 | 4388.802488
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Sample no.1 Code : NEW-1

Date: 12/02/54 Amb. temp. 27°C

Start time: 13.45 Asm. pressure 1031 hPa

Fnished time  15.15 RH. 55 %

Arrester Rating Shunt R : 1.072E+03 Q Yiarerii ek
s C1:1.20E-09 F

Uc=17kV | Ur=21kV Surge Arrester C2:6.00E-07 F

. Scale factor 501 : 1
est Voltage Shunt Measured Volatge (V) Calculated CurrentitiA)
U/Ur (pu) kV (rms) U(rms) U(peak) It(rms) It(peak) Ir(peak)
0.40 8.40 0.263 0.365 2.45E-04 3.40E-04 6.10E-05
0.45 9.45 0.293 0.410 2.73E-04 3.82E-04 6.74E-05
0.50 10.50 0.321 0.454 2.99E-04 4.24E-04 7.37E-05
0.55 11.55 0.357 0.509 3.33E-04 4.75E-04 9.04E-05
0.60 12.60 0.390 0.554 3.64E-04 5.17E-04 9.47E-05
0.65 13.65 0.415 0.587 3.87E-04 5.48E-04 9.27E-05
0.70 14.70 0.449 0.631 4.19E-04 5.89E-04 9.90E-05
0.75 15,75 0.476 0.676 4.44E-04 6.31E-04 1.05E-04
0.80 16.80 0.509 0.720 4.75E-04 6.72E-04 1.10E-04
0.85 17.85 0.537 0.753 5.01E-04 7.02E-04 1.08E-04
0.90 18.90 0.568 0.797 5.30E-04 7.43E-04 1.14E-04
0.95 19.95 0.604 0.831 5.63E-04 7.75E-04 1.19E-04
1.00 21.00 0.642 0.886 5.99E-04 8.26E-04 1.27E-04
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Sample no.2 Code : NEW-2
Date: 12/02/54 Amb. temp. 28 °C
Start time: 16.25 Asm. pressure 1031 hPa
Fnished time  17.30 R.H. 58 %
] . Voltage divider
Arrester Rating Shunt R : 1.072E+03 Q Cl: 1.20E-09 F
Uc=17kV | Ur=21kV Surge Arrester C2:6.00E-07 F

Scale factor 501 :

1

Test Voltage Shunt Measured Volatge (V) Cillculated Current it lA)
U/Ur (pu) kV (rms) U(rms) U(peak) It(rms) It(peak) Ir(peak)
0.40 8.40 0.228 0.321 2.13E-04 2.99E-04 1.98E-05
0.45 9.45 0.258 0.360 2.41E-04 3.36E-04 2.11E-05
0.50 10.50 0.290 0.409 2.71E-04 3.82E-04 2.25E-05
0.55 11.55 0.309 0.438 2.88E-04 4.09E-04 2.38E-05
0.60 12.60 0.341 0.477 3.18E-04 4.45E-04 2.28E-05
0.65 13.65 0.365 0.516 3.40E-04 4.81E-04 2.34E-05
0.70 14.70 0.387 0.545 3.61E-04 5.08E-04 2.27E-05
0.75 15.75 0414 0.584 3.86E-04 5.45E-04 2.30E-05
0.80 16.80 0.436 0.623 4.07E-04 5.81E-04 2.54E-05
0.85 17.85 0.467 | 0.662 4.36E-04 6.18E-04 2.37E-05
0.90 18.90 0.499 0.701 4.65E-04 6.54E-04 2.40E-05
0.95 19.95 0.528 0.730 4.93E-04 6.81E-04 2.63E-05
1.00 21.00 0.565 0.769 5.27E-04 7.17E-04 2.56E-05
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Sample no.3 Code : OLD-1

Date: 13/02/54 Amb. temp. 2782C

Start time: 14.15 Asm. pressure 1031 hPa

Fnished time  15.05 RH. 54 %

Arrester Rating

Shunt R : 1.072E+03 Q

Uc=17kV

{ Ur=21kV

Test Voltage

Surge Arrester

Shunt Measured Volatge (V)

Voltage divider

C1:1.20E-09 F

C2:6.00E-07 F

Scale factor 501

ol

Calculated Current It (A)

U/Ur (pu) kV (rms) U(rms) U(peak) It(rms) It(peak) Ir(peak)
0.40 8.40 0.457 0.661 4.26E-04 6.17E-04 3.36E-04
0.45 9.45 0.492 0.697 4.59E-04 6.50E-04 3.36E-04
0.50 10.50 0.546 0.771 5.09E-04 7.19E-04 3.69E-04
0.55 11.55 0.598 0.844 5.58E-04 7.87E-04 4.03E-04
0.60 12.60 0.650 0.954 6.06E-04 8.90E-04 4.50E-04
0.65 | 13.65 0.707 1.028 6.60E-04 9.59E-04 4.99E-04
0.70 14.70 0.756 1.065 7.05E-04 9.93E-04 5.03E-04
0.75 15.75 0.806 1.138 7.52E-04 1.06E-03 5.37E-04
0.80 16.80 0.856 1.211 7.99E-04 1.13E-03 5.70E-04
0.85 17.85 0.908 1.285 8.47E-04 1.20E-03 6.04E-04
0.90 18.90 0.954 1.358 8.90E-04 1.27E-03 6.37E-04
0.95 19.95 1.010 1.395 9.42E-04 1.30E-03 6.37E-04
1.00 21.00 1.083 1.468 1.01E-03 1.37E-03 6.70E-04
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Sample no.4 Code : OLD-2
Date: 13/02/54 Amb. temp. 27°C
Start time: 16.05 Asm. pressure 1031 hPa
Fnished time  16.55 RH. 54 %

: : . Voltage divider
Arrester Rating Shunt R : 1.072E+03 Q Cl: 1.20E-09 F

Uc=17kV | Ur=21kV Surge Arrester C2:6.00E-07 F

Test Voltage

Shunt Measured Volatge (V)

Scale factor 501 : 1

Calculated Current It (A)

U/Ur (pu) KV (rms) U(rms) U(peak) It(rms) It(peak) Ir(peak)
0.40 8.40 0.378 0.568 3.53E-04 5.30E-04 2.50E-04
0.45 9.45 0.423 0.599 3.95E-04 5.59E-04 2.44E-04
0.50 10.50 0.469 0.662 4.38E-04 6.18E-04 2.68E-04
0.55 11.55 0.512 0.725 4.78E-04 6.76E-04 2.92E-04
0.60 |. 12.60 0.554 0.788 5.17E-04 7.35E-04 3.16E-04
0.65 13.65 0.598 0.852 5.58E-04 7.95E-04 3.39E-04
0.70 14.70 0.650 0.946 6.06E-04 8.82E-04 3.93E-04
0.75 15.75 0.689 0.978 6.43E-04 9.12E-04 3.87E-04
0.80 16.80 0.724 1.041 6.75E-04 9.71E-04 4.11E-04
0.85 17.85 0.763 1.072 7.12E-04 1.00E-03 4.05E-04
0.90 18.90 0.812 1.135 7.57E-04 1.06E-03 4.29E-04
0.95 19.95 0.859 1.198 8.01E-04 1.12E-03 4.53E-04
1.00 21.00 0.907 1.261 8.46E-04 1.18E-03 4.77E-04
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Test Voltage

Shunt Measured Volatge (V)

Sample no.5 Code : OLD-3
Date: 13/02/54 Amb. temp. 26 °C
Start time: 17.50 Asm. pressure 1031 hPa
Fnished time  19.15 R.H. 58 %
! . Voltage divider
Arrester Rating Shunt R : 1.072E+03 Q Cl:1.20E-09 F
Uc=17kV | Ur=21kV Surge Arrester C2:6.00E-07 F

Scale factor 501 : 1

Calculated Current It (A)

NNANUIN

U/Ur (pu) kV (rms) U(rms) U(peak) It(rms) It(peak) Ir(peak)
0.40 8.40 0.320 0.485 2.99E-04 4.52E-04 1.72E-04
0.45 9.45 0.352 0.554 3.28E-04 S.17E-04 1.95E-04
0.50 10.50 0.391 0.623 3.65E-04 5.81E-04 2.16E-04
0.55 11.55 0.410 0.673 3.82E-04 6.28E-04 2.31E-04
0.60 | 12.60 0.473 0.693 4.41E-04 6.46E-04 2.26E-04
0.65 13.65 0.506 0.762 4.72E-04 7.11E-04 2.56E-04
0.70 14.70 0.535 0.831 4.99E-04 7.75E-04 2.86E-04
0.75 15.75 0.566 0.831 5.28E-04 7.75E-04 2.61E-04
0.80 16.80 0.606 0.900 5.65E-04 8.40E-04 2.80E-04
0.85 17.85 0.648 | 0.970 6.04E-04 9.05E-04 3.10E-04
0.90 18.90 0.682 0.970 6.36E-04 9.05E-04 2.75E-04
0.95 19.95 0.720 1.039 6.72E-04 9.69E-04 3.04E-04
1.00 21.00 0.771 1.108 7.19E-04 1.03E-03 3.34E-04
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Sample no.1 Code : NEW-1

Date: 12/09/54 Voltage divider Amb. temp. 21 °C

Start time: 13.35 C1:1.20E-09 F Asm. pressure 1031 hPa

Fnished time  14.15 C2:6.00E-07 F R.H. 55 %

o b resteniatt Scale factor 501 : 1

Uc=17kV | Ur=21kV

Test Voltage Tested Resistive Leakage Current (A peak) Deviation
U/Ur (pu) kV (rms) Ir(ref) Ir(test) Ir3(test) (%)

0.40 8.40 6.102E-05 6.175E-05 1.300E-05 1.18
0.45 9.45 6.736E-05 6.650E-05 1.400E-05 -1.29
0.50 10.50 7.370E-05 7.600E-05 1.600E-05 3.03
0.55 11.55 9.036E-05 8.550E-05 1.800E-05 -5.69
0.60 | 12.60 9.470E-05 9.025E-05 1.900E-05 -4.93
0.65 13.65 9.271E-05 9.510E-05 2.000E-05 2.42
0.70 14.70 9.904E-05 9.975E-05 2.100E-05 0.71
0.75 15.75 1.054E-04 1.045E-04 2.200E-05 -0.84
0.80 16.80 1.097E-04 1.045E-04 2.200E-05 -4.99
0.85 17.85 1.077E-04 1.093E-04 2.300E-05 1.40
0.90 18.90 1.141E-04 1.140E-04 2.400E-05 -0.05
0.95 19.95 1.191E-04 1.235E-04 2.600E-05 3.59
1.00 21.00 1.267E-04 1.283E-04 2.700E-05 1.19
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Sample no.2 Code : NEW-2

Date: 12/09/54 Voltage divider Amb. temp. 31°C

Start time: 15.05 Cl1:1.20E-09 F Asm. pressure 1031 hPa

Fnished time  16.00 C2:6.00E-07 F R.H. 70 %

AtrestepRating Scale factor 501 : 1

Uc=17kV_| Ur=21kV

Test Voltage Tested Resistive Leakage Current (A peak) Deviation
U/Ur (pu) kV (rms) Ir(ref) Ir(test) Ir3(test) (%)

0.40 8.40 1.976E-05 1.995E-05 4.200E-06 0.97
0.45 9.45 2.109E-05 2.138E-05 4.500E-06 1.33
0.50 10.50 2.251E-05 2.185E-05 4.600E-06 -3.00
0.55 11.55 2.376E-05 2.280E-05 4.800E-06 -4.21
0.60 | 12.60 2.279E-05 2.375E-05 5.000E-06 4.02
0.65 13.65 2.343E-05 2.328E-05 4.900E-06 -0.66
0.70 14.70 2.268E-05 2.423E-05 5.100E-06 6.37
0.75 15.75 2.302E-05 2.446E-05 S.150E-06 591
0.80 16.80 2.535E-05 2.518E-05 5.300E-06 -0.70
0.85 17.85 2.369E-05 2.470E-05 5.200E-06 4.10
0.90 18.90 2.402E-05 2.518E-05 5.300E-06 4.59
0.95 19.95 2.627E-05 2.613E-05 5.500E-06 -0.57
1.00 21.00 2.561E-05 2.708E-05 5.700E-06 5.41
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Sample no.3 Code : OLD-1

Date: 12/09/54 Voltage divider Amb. temp. 30°C

Start time: 16.25 Cl:1.20E-09 F Asm. pressure 1031 hPa

Fnished time  17.10 C2:6.00E-07 F R.H. 70 %

ArresterRating Scale factor 501 : 1
Uc=17kV | Ur=21kV
Test Voltage Tested Resistive Leakage Current (A peak) Deviation
U/Ur (pu) kV (rms) Ir(ref) Ir(test) Ir3(test) (%)

0.40 8.40 | 3.365E-04 | 3.396E-04 | 7.150E-05 0.92
0.45 9.45 | 3.357E-04 | 3.534E-04 | 7.440E-05 5.00
0.50 10.50 | 3.692E-04 | 3.729E-04 | 7.850E-05 0.97
0.55 11.55 | 4.027E-04 | 4.066E-04 | 8.560E-05 0.95
0.60 | 12.60 | 4.50SE-04 | 4.323E-04 | 9.100E-05 -4.22
0.65 13.65 | 4.990E-04 | 4.726E-04 | 9.950E-05 -5.58
0.70 1470 | 5.033E-04 | 5.083E-04 1.070E-04 0.98
0.75 15.75 | 5.368E-04 | 5.420E-04 1.141E-04 0.96
0.80 16.80 | 5.703E-04 | 5.619E-04 1.183E-04 -1.48
0.85 17.85 | 6.038E-04 | 6.099E-04 1.284E-04 1.01
0.90 18.90 | 6.373E-04 | 6.199E-04 1.305E-04 -2.80
0.95 19.95 | 6.365E-04 | 6.569E-04 1.383E-04 3.11
1.00 21.00 | 6.700E-04 | 6.769E-04 1.425E-04 1.01
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Sample no.4 Code : OLD-2

Date: 12/09/54 Voltage divider Amb. temp. 28 °C

Start time: 17.35 Cl:1.20E-09 F Asm. pressure 1031 hPa

Fnished time__18.40 C2: 6.00E-07 F RH. 75 %

A drestePRating Scale factor 501 : 1

Uc=17kV | Ur=21kV
Test Voltage Tested Resistive Leakage Current (A peak) Deviation

U/Ur (pu) | KV (rms) |  Ir(ref) Ir(test) | Ir3(test) (%)
0.40 8.40 2.496E-04 2.522E-04 5.310E-05 1.03
0.45 9.45 | 2.441E-04 | 2.608E-04 | 5.490E-05 6.41
0.50 10.50 | 2.679E-04 | 2.708E-04 | 5.700E-05 1.05
0.55 11.55 | 2.918E-04 | 2.945E-04 | 6.200E-05 0.93
0.60 12.60 | 3.156E-04 | 3.159E-04 | 6.650E-05 0.08
0.65 13.65 | 3.395E-04 | 3.430E-04 | 7.220E-05 1.01
0.70 1470 | 3.927E-04 | 3.729E-04 | 7.850E-05 -5.33
0.75 15.75 3.872E-04 3.909E-04 8.230E-05 0.96
0.80 16.80 4.110E-04 4.123E-04 8.680E-05 0.31
0.85 17.85 4.055E-04 4.232E-04 8.910E-05 4.20
0.90 18.90 | 4.293E-04 | 4.384E-04 | 9.230E-05 2.08
0.95 19.95 | 4.532E-04 | 4.579E-04 | 9.640E-05 1.04
1.00 21.00 | 4.770E-04 | 4.817E-04 | 1.014E-04 0.96
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Sample no.5 Code : OLD-3

Date: 12/09/54 Voltage divider Amb. temp. 27 °C

Start time: 19.05 Cl1:1.20E-09 F Asm. pressure 1031 hPa

Fnished time  20.00 C2:6.00E-07 F RH. 80 %

AtresterRating Scale factor 501 : 1
Uc=17kV_| Ur=21kV
Test Voltage Tested Resistive Leakage Current (A peak) Deviation
U/Ur (pu) kV (rms) Ir(ref) Ir(test) Ir3(test) (a)

0.40 8.40 1.724E-04 1.743E-04 | 3.670E-05 1.10
0.45 9.45 1.950E-04 1.843E-04 | 3.880E-05 -5.82
0.50 10.50 | 2.157E-04 | 2.209E-04 | 4.650E-05 2.36
0.55 11.55 | 2.313E-04 | 2.166E-04 | 4.560E-05 -6.78
0.60 | 12.60 | 2.263E-04 | 2.361E-04 | 4.970E-05 4.14
0.65 13.65 | 2.559E-04 | 2.584E-04 | 5.440E-05 0.96
0.70 1470 | 2.856E-04 | 2.741E-04 | 5.770E-05 -4.19
0.75 15.75 | 2.606E-04 | 2.755E-04 | 5.800E-05 5.42
0.80 16.80 | 2.802E-04 | 2.831E-04 | 5.960E-05 1.03
0.85 17.85 | 3.098E-04 | 2.969E-04 | 6.250E-05 -4.36
0.90 18.90 | 2.748E-04 | 2.917E-04 | 6.140E-05 5.77
0.95 19.95 | 3.045E-04 | 3.263E-04 | 6.870E-05 6.70
1.00 21.00 | 3.341E-04 | 3.373E-04 | 7.100E-05 0.94
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4.1 Surge Arrester Block 141310353 MATLAB/SIMULINK

SimPowerSystems E Iﬂ
Surge Arrester

Implement metal-oxide surge arrester

Library

Elements

Description
il

The Surge Arrester block implements a highly nonlinear resistor used to protect power equipment against overvoltages. For applications
requiring high power dissipation, several columns of metal-oxide discs are connected in parallel inside the same porcelain housing. The
nonlinear V-1 characteristic of each column of the surge arrester is modeled by a combination of three exponential functions of the form

v 1 Ve
vE § ""(1_,:,)

The protection voltage obtained with a single column is specified at a reference current (usually 500 A or 1 kA). Default parameters k and @
given in the dialog box fit the average V-I characteristic provided by the main metal-oxide arrester manufacturers and they do not change with
the protection voltage. The required protection voltage is obtained by adding discs of zinc oxide in series in each column.

This V-l characteristic is graphically represented as follows (on a linear scale and on a logarithmic scale).

va
log\V/Vref)
al; :
: : 22
Vit |1,
H nlief
[l \ /o
al | log(Lref)
Alref 1
n = Nusitber of columas in parallel
Dialog Box and Parameters
=} Block Parameters: Surge Arrester
- Surge Anester (mask)
Implements a metal-oxide suige arrester
par&nele{s : ‘ o ;
Protection voltage Vief(V):
[500e+03 ]
Number of columns:

Relerence current per comn [rel[Al:

Segment 1 characteristics [ k1 alphal }

[[955 50] ]
Segment 2 characteristics [ k2 alpha2 }

[1025) |
Segment 3 gh‘uaclmistics [k3 alpha3 }

[lss15185] ]
MQC?WOMBN(S{ NDY;“ e V]
(R -~ Show addtional patameters -+

ok ][ cancel JIEES ] Apply

Protection voltage Vref
The protection voltage of the Surge Arrester block, in volts ™.

Number of columns
The number of metal-oxide disc columns. The minimum is one.

Reference current per column lref
The reference current of one column used to specify the protection voltage, in amperes A).
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Segment 1 characteristics
The k and a parameters of segment 1.

Segment 2 characteristics
The k and a parameters of segment 2.

Segment 3 characteristics
The k and a characteristics of segment 3.

Measurements
Select Branch voltage to measure the voltage across the Surge Arrester block terminals.

Select Branch current to measure the current flowing through the Surge Arrester block.
Select Branch voltage and current to measure the surge arester voltage and current.

Place a Multimeter block in your model to display the selected measurements during the simulation. In the Available
Measurements list box of the Multimeter block, the measurement is identified by a label followed by the block name.

e

Branch voltage

Branch current | Ib:

Limitations

The Surge Arrester block is modeled as a current source driven by the voltage appearing across its terminals. Therefore, it cannot be
connected in series with an inductor or another current source. As the Surge Arrester block is highly nonlinear, a stiff integrator algorithm
must be used to simulate the circuit. Ode23t with default parameters usually gives the best simulation speed. For continuous simulation, in
order to avoid an algebraic loop, the voltage applied to the nonlinear resistance is filtered by a first-order filter with a time constant of 0.01
microseconds. This very fast time constant does not significantly affect the result accuracy.

When you use the Surge Arrester block in a discrete system, you will get an algebraic loop. This algebraic loop, which is required in most
cases to get an accurate solution, tends to slow down the simulation. However, to speed up the simulation, in some circumstances, you can
disable the algebraic loop by checking Show additional parameters and then Break algebraic loop in discrete model. You should be
aware that disabling the algebraic loop introduces a one simulation step time delay in the model. This can cause numerical oscillations if the
sample time is too large.
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12 RLC lulisunsy MATLAB/SIMULINK

SimPowerSystems El E}

Series RLC Branch

Implement series RLC branch

Library
Elements
Description
oA }-o

The Series RLC Branch block implements a single resistor, inductor, or capacitor, or a series combination of these. To eliminate either the
resistance, inductance, or capacitance of the branch, the R, L, and C values must be set respectively to 0, 0, and infinity (ing). Only
existing elements are displayed in the block icon.

Negative values are allowed for resistance, inductance, and capacitance.

Dialog Box and Parameters

=] Block Parameters: Series RLC Branch

Series RLC Branch (mask)
Implements a series branch of RLC elements.
Use the ‘Branch type' parameter to add o temave elements from the branch.

Parameters

Branch type: [AHLC o I VI
Resistance (Ohms):

: e -

Inductance (H): —
[1 e3 }

Set the initial inductor current
Inductor initial current (A):

6 e
Capacitance (F):
[le J
Set the initial capacitor voltage
Capacitor initial voltage (V)
[0 ]
Measurements| None v]
(o [ cace [ Hep ][ aey |
Branch type
Select the elements you want to include in the branch. The R letter defines the resistor, the L letter defines the inductor, and the C
letter defines the inductor.
Resistance

The branch resistance, in shms (Q). The Resistance parameter is not visible if the resistor element is not specified in the Branch
type parameter.

Inductance L
The branch inductance, in henries (H). The Inductance parameter is not visible if the inductor element is not specified in the Branch

type parameter.

Set the initial inductor current
If selected, the initial inductor current is defined by the Inductor initial current parameter. If not selected, SimPowerSystems

calculates the initial inductor current in order to start the simulation steady-state.

The Set the initial inductor current parameter is not visible and have no effect on the block if the inductor element is not specified in
the Branch type parameter.

Inductor initial cuirent (A)
The initial inductor current used at the start of the simulation. The Inductor initial current parameter is not visible and have no effect

on the block if the inductor is not modeled and if the Set the initial inductor current parameter is not selected.
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Capacitance C
The branch capacitance, in farads (F). The Capacitance parameter is not visible if the capacitance element is not specified in the
Branch type parameter.

Set the initial capacitor voltage
If selected, the initial capacitor voltage is defined by the Capacitor initial voltage parameter. If not selected, SimPowerSystems
calculates the initial capacitor voltage in order to start the simulation in steady-state.

The Set the initial capacitor voltage parameter is not visible and have no effect on the block if the capacitor element is not
specified in the Branch type parameter.

Capacitor initial voltage (V)
The initial capacitor voltage used at the start of the simulation. The Capacitor initial voltage parameter is not visible and have no
effect on the block if the capacitor is not modeled and if the Set the Initial capacitor voltage parameter is not selected.

Measurements
Select Branch voltage to measure the voltage across the Series RLC Branch block terminals.

Select Branch current to measure the current flowing through the Series RLC Branch block.
Select Branch voltage and current to measure the voltage and the current of the Series RLC Branch block.

Place a Multimeter block in your model to display the selected measurements during the simulation. In the Available
Measurements list box of the Multimeter block, the measurement is identified by a label followed by the block name.

b v

Branch voltage | Ub:

| Branch current | Ib:
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13 Multifunction DAQ NI USB-6009

NATIONAL Tesrcl niey
INSTRUMENTS 1800-345 555

asean@ni.com

NI USB-6009
14-Bit, 48 kS/s Low-Cost Muitifunction DAQ

e 8analog nputs (14-xt, 48 kS's)

« 2 analog outputs (12-bit, 150 Sis): 12 digital l/O: 32-bit caunter

«  Bus-powered for high mobility; built-in ignat connectvity

« QEM version available

«  Compatible with LabVIEW. LabWindows/CV1, and Measurement Studio for
\isual Studio NET

. NI-DAQMx dnver software and NI LabVIEW SignalExpress LE interactive
data-logging software

Overview

The National Instruments USB-6009 provides basic data acquisition functionality for appticatons such as simple data logging, portable
measurements, and academic lab experiments. [t is affordable for student use and powerful enough for more sophisticated
measuremant apphications. For Mac OS X and Linux users. downioad the NI-DAQMx Base driver software and program the USB-6009
with LabVIEW or C.

To supplement simulation, measurement, and automation theory courses with practical experiments, Ni developed a USB-6009
Stugdent Kit that includes a copy of the LabVIEW Student Edition. These kils are exciusively for stugents, gving them a powerful,
low-cost. hands-on learning tool. Visit the NI academic products page at hitp://www.ni com/academic/measurements.htm for more
detalls.

For faster samphng, more accurale measurements, calibraton suppor, and higher channel count. consider the NI USB-621C and NI
USB-6211 high-performance USB data acquisivon devices.

Every NI USB data acquisition device :ncluces a copy of NI LabVIEW SignalExpress LE so you can Guickly acquire, anaiyze. and
present data without programming. in addivon to LabVIEW SignalExpress, USB data acquisition mocules are compatibie with the
foliowing versions (or later) of NI applicaton software — LabVIEW 7.x, LabWindows™/CVI 7 x, or Measurement Studio 7.x. USB data
acquisition modules are aiso compatble with Visual Studio NET, C/C++. and Visual Basic 6.

Specifications

Specifications Documents

« Specifications (3)
» Dala Sheet

Specifications Summary
General

Product Name USB-6009
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Product Family

Form Factor

Part Number

Operating System/Target

DAQ Product Family
Measurement Type

RoHS Compliant

Analog Input

Channels

Single-Ended Channels
Ditferential Channels

Resolution

Sample Rate

Throughput (All Channels)

Max Voitage

Maximum Voltage Range
Maxlmc;m Volitage Range Accuracy
Minimum Voltage Range

Minimum Voltage Range Accuracy
Number of Ranges

Simultaneous Sampling

On-Board Memory

Analog Output

Channels

Resolution

Max Voltage

Maximum Voltage Range
Maximum Voltage Range Accuracy
Minimum Voltage Range

Minimum Voltage Range Accuracy

Update Rate

Multifuncton Data Acquisiton

UsB

774026-01

Pocket PC . Windows . Linux . Mac OS

B Seres

Voltage

Yes

14 tuts

48 kS's

48 kS's

10V

S0V .10V

138 mV

AV 1Y

37.5mv

No

5128

12 bis

5V

oV, 5V

Tmv

[A'R-AY

7 mv

150 §fs
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Current Drive Single 5 mA

Current Drive All 10 mA
Digital ¥O

Bidirectional Channels 12
Input-Only Channels [
Output-Only Channals ¢
Number of Channels 0,12
Timing Software
Logic Levels TTL
Input Current Flow Sourcing , Sinking
Output Current Flow Sinkong , Sourcing
Programmable Input Filters No
Supports Programmable Power-Up States? No
Current Drive Single 85mA
Current Drive All 102 mA
Watchdog Timer No
Supports Handshaking /0? No
Supports Pattern /0?7 No
Maximum Input Range oV, 5V
Maximum Output Range oV, 5V
Counter/Timers

Counters 1
Buffered Operations No
Debouncing/Glitch Removal No

GPS Synchronization No
Maximum Range oV, 5V
Max Source Frequency 5 MHz
Minimum Input Puise Width 100 ns
Pulse Generation No
Resolution 32 buts

Timebase Stability 50 ppm
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3.4 Current Clamp

Current clamp for AC current

C100 series

Model G173 (probe for leakage currents)

Current 1A 10A 100A 1000 A
Output. 1VIA 100 mV/A 10mV/A 1mVI/A
M Description

The C173 clamp measures leakage or differential currents
from 1 mA upwards and can also be used with multimeters

equipped with a range in mV AC.

The C173 clamp measures earth-loop currents and
leakage currents. It alsa locates faults in circuits of single

and three-phase networks.

For unearthed three-phase systems, use the optional

Artificial Neutral.

M Electrical specifications

Current calibres:
0.001AAC...1.2AAC
0.01 AAC...12AAC
0.1AAC...120AAC
1AAC...1200AAC

Output signal:

1 VAC/AAC (1 Vfor 1 A)

100 mVAC/AAC (1 V for 10A)
10 mVAC/AAC (1 V for 100 A)
1 mVAC/AAC (1V for 1000 A)

Accuracy and phase shift"":

= 1 Acalibre
Primary current 0.001A..001A | 001A..0.1A 0.1A.L1A 1A..1.2A
% Acouracy i o k
ol o signal <3%+1mV $3%+1mV s07%+1mV s0.7%+1mV
Phase shift not specified not specified s10° $10°
® 10 Acalibre
Primary current 0.01A..01A 0.1A.1A 1A.10A 10A.124A
Accuracy in % , - . 3
of output signal $1%+02mV | s05%+02mV s05% <05 %
Phase shift not specified <5° s2° 2
m 100 A calibre
Primary current 01ALTA 1AL10A 10A...100A 100A...120 A
Accuracy in % . _ 2 o
of output signal $1%+02mV | s05%+02mV <03% <0.2%
Phase shift not specified s s1° s 1
= 1000 A calibre
Primary current 1A..10A 10A...100A 100A...1000A | 1000 A...1200A
% Accuracy o o 4 o
of output signal <1%+02mV <05%+0.2mV $02% s0.2%
Phase shift not specified s2 £1° s1°
Bandwidth: Maximum currents:
10Hz...3kHz 1000 A continuous for a frequency < 500Hz
Crest factor: (limitation proportional to the inverse of 1/2 of
u 1Acalibre: trequency beyond)
< 3 for 1 <3 Apeak (1 Arms) Load impedance:
= 10 A calibre: 210 MQ and < 47 pF
<3 for | € 30 A peak (10 Arms) "
® 100 A calibre: Output impedance:
Il . <,
<73 for 1 <300 A peak (100 Arms) m 1 Acalibre: 10kQ £ 10%
a 1000 A calibre: mw 10 Acalibre: 1kQ2£10%

< 3 for | € 1700 A peak {500 Arms)

Non-contractual document

@ 100 A calibre: 100 Q = 10 %
® 1000 A calibre: 100 Q £ 10 %

906111680 - Ed 3 - 09
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Operating voltage:
600 Vrms

Common mode voltage:
600 V category il and potlution degree 2

Influence of adjacent conductor:
<1 mA/Aat50Hz

Influence of conductor position in jaws:
<0.3 % of output signal for frequencies < 400 Hz
Influence of frequency

8 1 Acalbre:

< 2 % of output signal 30Hz...48 Hz and
65 Hz...1 kHz

< 10 % of output signal 1kHz...3kHz

= 10 A calibre:

< 2 % of output signal 10Hz...48 Hz and
65 Hz...3 kHz

m 100 Acalibre:

< 1.5 % of output signal 10Hz...48 Hz and
65 Hz...3kHz

» 1000 Acalibre:

< 1 % of output signal 10 Hz...48 Hz and
65 Hz...1kHz

Influence of crest factor:

< 0.5 % for crest factor fimited to 3
Influence of DC current superimposed

on rated current:
< 10 % at 1000 A for a DC currentof 10A

CHAUVIN®
Gl RN OUX
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Current clamp for AC current C100 series
Model C173 (probe for leakage currents)

W Mechanical specifications

Operating temperature:
-10°C...+50 °C
Storage temperature:
-40°C...+70°C

Influence of temperature:

< 0.15 % of output signal per 10 °K from
-10°C...+40°C

< 0.2 % of output signal per 10 °K from
+40°C...+50 °C

Relative humidity for operation:

0...85 % RH with a linear decrease above
35°C

Infiuence of relative humidity:

<0.1 % of output signal fram 10 % to 85 % RH

Operating altitude:

00 2,000 m

Max. jaw opening:

53 mm

Patented progressive opening system
Clamping capacity:

Cable: @ max 52 mm

Busbar: 1 busbar of 50 x 5 mm or 4 busbars
of 30 x 5 mm

Casing protection rating: M Safety specifications
P40 (IEC 529)
Drop test:

1 m (IEC 68-2-32)

Electrical safety:
Instrument with double insulation or
reinforced insulation between the primary,

Shock resistance: the secondary and the grippable part iocated
100 g (IEC 68-2-27) under the guard as per |EC 1010-1 &
Vibration resistance: IEC 1010-2-032

5/15 Hz 1.5 mm - 600 V category lll, poliution degree 2
15/25 Hz 1 mm - 300 V category IV, poliution degree 2
25/55 Hz 0.25 mm Electromagnetic compatibility (EMC):

(IEC 88-2-6) EN 50081-1; class B

Self-extinguishing capability: EN 50082-2:

ULe4 Vo - Electrostatic discharge: |EC 1000-4-2
Dimensions: - Radiated fietd: IEC 1000-4-3

216 x 111 x 45 mm - Fast transients: IEC 1000-4-4

Weight: - Magnetic field at 50/60Hz: IEC 1000-4-8
550 g

Colours:

Dark grey case with red jaws

Output:

1.5 m two-wire lead with double or reinforced
insulation terminated by 2 elbowed male
safety plugs (4 mm)

(1] Candibons of reterence: 23°C x 3°K, 20 % to 75 % RH, sine signal, fraguency of 48 Hz to 63 Hz, cistortion factor < 1 %. o DC compenents, external magnatic fieid < 40 A/m. no AC
magnetx field, conductor centred for measuremaent. load impedance: 2 10 M) and s 47 pF

(2) Out of reterence domain

To order Reference
AC current clamp model C173 with operating manual P01120309
Accessory: AN1 artificial neutral box (see capter 12) P01197201
Bag n°11 P01100120
Non-contractual dacument 4.09 212 CHAUVIN®
906111680 - Ed 3 - 09 w2l b ARNOUX
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3.5 Digital Storage Scope Tektronix model TDS 2002B

1)

£

Digital Storage Oscilloscopes
» TOS1000B Series * TDS20008 Series

» Front Panel Features

Digital Real-Time Technology — Quickly
det.g and characterize a wide range cf sgna:
types on four channes simulta~eously wit”
Tektronix' Lmigue dgital reai-time {DRT) sampling
technoiogy. This acquisiton technoiogy aliows
you to canture high-frequercy, non-repetitive

informatior, such as glithies and edge anomalies,

that eludes other osCiliCScoDes in 18 class.

USB Host Port -~ Converienty use your US3

“ tiash drive to store your personal oscilioscope

setups, screen shots, and waveform data for
later 2se. Also use the USB nost part to easily
update your instrument firmware.

Advanced Triggers — Quickyy capture your
event of interest witn advanced triggers including
puise width and line selectable video triggers.

X)) 4)

e Uiuy and Precise On-board Analysis - ~ast

Foureer Transform (FFT) and waveform ade, sub-
tract a~d multioly mat~ functons come stanca-d
on 3!l mcgels, FFT function d spiays f-eqguency
domai~ spectr.ms for fast harmeric distoriion
analysis or other frequency based anaysis.

5 , Simple Setup and Operation — S molity set.p
-~ with smart Atoset functon wich identifies e

type of waveform, adjusts controis o prod.ce a
usab'e dislay of the iInpt sigma!, and ailows you
1o select ~ow tre waveform should be presented
ifor exampig, single vers.s muitiple cycles).

+ Built-in context-sensitive heip further eases
the coeraton by providing indexed and finked
topics that aiiow you to seiectively learn about
the operaton of vatious osciiloscope featuras
and functiors. Heip i3 provided in tre same
languages as tre user interface.

4 Digital Storage Oscillloscopes » www.toktronix.com/tds2000b

6 i Simple User Interface ~ Tre most frequertly

Jsad functions are rougrt forth to the parel for
direct accessibi ty (for examole. single sequence
ounton, ori~t butten a~d default setup button)

Dedizated reference button &lows you o
quicky recsll your "goden” waveform for guick
compar sers.

A.torange fonction automatically scaies gacr
viaveform as yo. move your prode from test
ooint to test point

o 7 | Prabe Check Wizard - Quickly verity that

your probe 's caliorated and aperating properly.

AARNUIN



Digital Storage Oscilloscopes
» TDS1000B Series * TDS820008 Series

» Side and Rear Panel Features

-8 J USB Device Port Combined with 9 )USB Device Port Combined with PictBridge® : 11 | integrated Handle - Easily carry your ulira-

- OpenChoice® and NI SignalExpress® TE <" for Direct Print - Directly print your screen == Lghtweght (2.0 kg [4.4 ib]) portabie instrument
for Seamless PC Connectivity - Easy image to any PictBridge compatidle printer into the fieid a* to arother room on a different
commuTicae with ot~er instrurens, peripherals via tre USB device port. Eacr image can be fioor of your bui'ding.
or systems via USB or GPI3 (cotioal). The stamped wath date, tme and instrumert mcde Y - g
USB devce part ailows you full programmade ard serial numper (it supported by primer) 1 2 9 y Loop and
control for automated measurerments and "7 Lock - f necessary. SECUTE YOLT OSCII0SCoOne
remote disp'sy and archivirg 1 0‘] Compact 124.2 mm (4.8 in) Depth - Free 1~ piace. Secunty siots conmect to Kensington

-~ Up valuable space on your bench o deskiop lock or alow cadle to pass through

For seamiess integraton to vaur PC without
programming, CpenCraice °C communicatons
software and NI SigraSxpress TE interactve
meas.remert software enabe transferring of
waveform data, screen images and fromt parel
setups betweer the oscilloscope and the PG
Botn @law you o transfer your data into a stand-
alone desktop appiication, Microsaft Viord o
Microsott Excel. N! SignalExpress TE software
provides extended capabiiites, ncluding
advarced aralyss, 'emote oscilloscope
contro! and (ve wavetorm anaiysis

Digital Starage Oscilloscopes = www. tektranix.cam/tds2000b 5
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Digital Storage Oscilloscopes
» TDS1000B Series * TDS20008 Series

» TDS1000B and TDS2000B Series Digital Storage Oscilloscopes (continued) \
TOS10018 TDS10028 TDS10128  TDS20028 TDS20048  TDS2012B TDS20148  TDS20228 TDS20248

OC Vertical +3% on all models

Accuracy

Vertical Zoom Vertically expand or compress a live or stopped waveform

Maximum input 300V, CAT i; derated st 20 dB/decade above 100 kHz to 13V, AC at 3 MHz

Voltage

Pusition Range 2 mV to 200 myidiv +2 V; >200 mV 1o 5 Vidiv +50V

Bandwidth Limit 20 MHz for 2l models

Input Coupling AC, DC, GND on alf models

Input impedance 1 MQ in paraliel with 20pF

Time Base Snsto Snsto Snsto Snsto §nsto Snsto Spsto 25nsto 25nsto

Range i 50 sec/div iv_____50 secidiv sec/diy 50 sec/dgiv S0 secidiv 50 sec/dv 50 sec/div

Time Base 50 ppm

Accuracy

Horizontal Zoom Horizontally expand or compress a live or stopped waveform

VO Interfaces

USB Ports Induded on all models: 2 USB 2.0 Ports

USB host port on front penei supports USB flash drives
USB device port on back of instrument supports connection to PC and &/l PictBridge compatible printers
GPig Optional

Non-volatile

Storage

Reference Wave- {2) 2.5 K point reference waveforms

form Displsy

Waveform (2)2.5K point {2) 2.5 K point (2) 2.5 K point (2)2.5 K point (4) 25K point (2 2.5 K paint {8) 2.5 K point (2 2.5 K paint {4) 2.5 K point

Storage wio :

US8 Flash Drive

Waveform 96 or more reference waveforms per 8 148

Storage with
rive

Setups w/o USB 10 front panel setups

Flash Drive

Setups with USB 4000 or more front panet setups per 8 MB

Flash Drive

Screen Images 128 or more screen images per 8 MB {the number of images depends on file format selecied)

with US8 Flash .

DOrive

Save All with 12 or more Save All operations pec 8 MB

US8 Flash Orive A single Save All operation creates 3 to 9 files (setup, image, plus one file for each dispiayed waveform

Digital Storage Oscillascopses = www.takironix.com/tds2000b a
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Digital Storage Oscilloscopes
» TDS1000B Series * TDS20008 Series

Acquisition Modes

Peak Detect —

Hign frequency and random gitch captute. Cantures
gltcres as namow as 12 ns (fypica) Lsng scgusticn
hardware at &l time base setings fom 5 Ls‘div to
50 s/dw.

Sampie - Sampie data only

Average -

Waveform averaged, seiectadie: 4, 16,64, 128
Single Sequence -

Use the Sng'e Sequence button to capture a sivgle
trggered acquisiton sequence at a tme.

Roil Mode -

At acquisition time base settrgs of >100 ms/dv.

Trigger System
Trigger Modes - Auto, Normal, Singe Sequence.

Trigger Types

Edge (Rising/Falling) ~

Cormentiona! level-driven trigger. Positive or negative
slope on any channel. Cozpiing seiections: AC, OC.
Nowse Reject, HF Reject, L™ Reject.

Video -

Trigger on all lines or indmdus’ ines, bdd'even or al
fieids from composite wideo, or broadcast standards
(NTSC, PAL, SECAM).

Pulse Width (or Glitch) -

Trigger on a pulse widtn less tran, greater tnan,
eq.al to, or rot equal to, a selectable tme lim?
ra~gng from 33 ns to 10's.

Trigger Source

2-channel Models - Cr1, CHZ, &, 2/5, AC Lire
4-channel Models -

CA*, 0r2, CH3, CH4, Ext. Ex/S, AC Line.

Trigger View
Displays tngger signal while tipger view buttor
is depressed.

Trigger Signal Frequency
Readout
Prowdes a frequercy readout of te trgger source.

Cursors
Types ~ Amplit.de, Time.
Measurements - [A]T, “[A]T frzquercy). AV

» Autoset Menu

~

Single-butto, autematic setup of &l than-els ‘or vertcal, nonzontal and trigger SyStems, ¥t undo Autoset.

Signal Type Autoset Manu Choices
uare Wave Sing! cfe, Multi-cycle, Rising or Falling Edge
dge
Sine Wave Singée-cycle. Multi-cycle, FFT § m

Video (NTSC, PAL, SECAM)

Field: All, Odd or Even

Automatic Waveform
Measurements

Perod, Frequency, +Widtn, —Width, R.se Tme, Fall
Tme, Max, Min, Peak-to-Peak, Nea~, Doz RMS.

Waveform Math

Operators - Add, S_ttract, Muttipiy, 77T
FFT -

Windows, Hanming, Rat Top, Rectangular.
2043 sampie points.

Sources -

2-charrel Modess: CH1 to CH2, CH2 o CH1.
CH1+CH2, CHIxCH2.

4-charrel Mode's: 041 1o CH2, CH2 to CH1.
CH3 to CHA, CH4 o CH3, CH1+CH2, CH3+CH4,
CA1xCH2, CH3XCH4.

Autorange

Autcmatcally adjust verbcal ard/or honzomal oscil-
loscope setings when orobe s maved from pant
10 pant, o viren tre signa exhints large cranges

Display Characteristics

Dispiay ~

Color models: 4 \GA passve coior LCD wih coor on
biack backgro.nd wath adjustabe mutt-evel cortrast
Wonccrrome mogels: £ VGA backit passne LOC with
adustabe multi-deve corrast and nuverse viozo
se'ectable from front panel.

Interpolation - Sinix/x.

Display Types — Dots, vecto's.

Persistence - Off. 15, 25, S 5. imfnte

Format - YT and XY.

Environmeantal and Safety
Temperature -

COpeat~g: 0°C to ~50°C

Nen-pperapng: —40 C 10«71 °C.

8 Digital Storage Oscilloscopes » www.tektronix.com/tds2000b

Humidity ~

{Operatng a~d Nan-cperat~g: Up to 80% R at

o beiow +40 °C. Cperatng and Nor-poerating:
Up to 45% R up to +50 °C.

Altitude -

Operatng a~d Non-cperatng: Up 1o 3,000 m
Electromagnetic Compatibility ~

Meets Directve 8%336/ZEC, amenced by 93BB7EEC,
meets or excesd ENGS01° Cass A Radated and
Conducted Emssions; FCC 47 CFA, Part 15,
Suopart 8, Ciass A; Australan EMC Framewors,
demenstrated o Emission Stardarg ASNZS 2064.
Aussan GOST EMC regulatons.

Safety -

ULE10700-1:2003, CSA22.2 Ne. 61010-1:2003,
ENG1010-1:2001, [EC61010-1:2007.

Physical Characteristics
Instrument

Ung: All or Sefectable Ling Number e

Dimensions mm in.
‘Wigth 3263 12.85
Height 15890 622
Degtn 1242 489
Weight kg Ibs.
nstrurent oy 20 44
With accessaries 22 49
Instrument Shipping

Package Dimensions mm In.
Wigth 47€2 1878
Heignt 2667 1C5
Jegtn 288 ]
AM20008 Rackmount mm in,
Width 4826 19
Height 1778 7
Degn 108 425

NANUIN

109



4.6  Digital Multimeter Tektronix model DMM916

DMM916

Handheld Digital Multimeters
DMM916 * DMM914 * DMM912

This product is no longer carried in our catalog.

Characteristics

DMM9Y16 | DMMY14 DMM912
Display Range 40,000 and | 40,000 and | 40,000 and
(Selectable) 4,000 4,000 4,000
Display Update l/stodfs | 1/stod/s | l/stodls
Rate (Selectable)
Analog Bar Graph 20/s 20/s 20/s
Update Rate
DC Voltage Ranges | 400.00 mV, 4.0000'V, 40.000 V,
(Full Scale)*! 400.00 v, 1,000.0V
-- Best Accuracy*2 | 0.06% +1 [ 0.10% +1 | 0.20% + |
ct ct ct
AC Voltage Ranges, | 4.0000 V, 40.000 V, 400.00 V,
rms (Full Scale)*! 750.0 V
.- Best Accuracy*2 | 0.70% + 1 | 0.80% + 1 | 1.00% + 1
ct ct ct
-- Crest Factor 3 3 3

DC Current Ranges
(Full Scale)*!

4,000.0 A, 400.00 mA, 10.000 A

-- Best Accuracy*?

0.30%+1
ct

0.40% + 1
ct

0.50%+ 1
ct

AC Current Ranges
(Full Scale)*!

4,000.0 pA, 400.00 mA, 10.000 A

-- Best Accuracy*?2

0.90% + 8
cts

0.90% + 8
cts

1.20% + 8
cts

Resistance Ranges
(Full Scale)*!

megaoh

400.00 Ohm, 4.0000 kilohm, 40.000
kilohm, 400.00 kilohm, 4.0000
m, 40.000 megaohm

-- Best Accuracy*2

0.30% + 1
ct

0.40% + 1
ct

0.50% + 1
ct

ANAFNUIN
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DMM9Y16 | DMM9Y14 | DMM912

Low-voltage Ohm

4.000 kilohm, 40.00 kilohm, 400.0

Ranges (Full kilohm, 4.000 megaohm, 40.00

Scale)*! megaohm

- Best Accuracy*2 | 0.60% +1 | 0.80% + 1 | 1.00% + 1
ct ct ct

Capacitance Ranges

4.000 nF, 40.00 nF, 400.0 nF, 4.000

(Full Scale)*! uF, 40.00 uF, 400.0 uF, 4.000 mF,
40.00 mF
-- Best Accuracy*2 1.00% + 10{1.00% + 10{1.00% + 10
ct ct ct

Frequency Ranges

400.00 Hz, 4.0000 kHz, 40.000 kHz,

(Full Scale)*! 400.00 kHz, 2.0000 MHz
-- Best Accuracy*2 | 0.01% +1 | 0.01%+1 [ 0.01%+ |
ct ct ct

Temperature Range

-50°Cto | -50°Cto
+980°C +980°C

-- Best Accuracy

2°C 2°C

(K-type)

*1 Full scale ranges listed are available on all three models.

*2 Accuracies are listed in 4,000 ct mode, multiply counts by 10

in 40,000 count mode.

C

Product manufactured in ISO 9001 registered facilities

Ce

49A-10733-3p479, 06

/1997, 09/01/1999

ANARNUIN

111



Uszinnaei Iy

e wgadai : vunsAnEIIAINITINMAATTHNA

a1v13aanssu i vndnerdumaluladuns

P1FIANYY W.A. 2522 uazIAINTIUMAATUMIT AR
a ts a @

a1 3enssu Wi mingwasnssiunIIne e w.e.

v o o ] ' J °

2527 Yagudrsadwadiremaninnsd Yszi
a a a 4

aadydnanssu iy amglainssumans

[

yrImendmaluTadswuenasyys

o

NuIvenaule Ao Power System Management, Power

System Protection, High Voltage Engineering, Energy

Conservation, Renewable Energy

a

wiondni pAsANA :  VUMIANEIIAINTIUAAAT
Yadia adenssy il vinumInedomalulay
J1enatas WA, 2542 Irnssumansumtiuda
adrnssy il snaaniumaluladnszreund
iaammsaianszil WAL 2545 1aZIAINTINANTAS

yn1duge a1v1ifInssyaliudasany 310

a @ J o °
UNIINYIQUNBATATTAT W.H. 2546 “ﬂﬂi]'uuﬂ'liﬁ
o ' L4 o a a
ALY UIDIDTTY ﬂﬁ%ﬂ?ﬂ?ﬂ?%??ﬂ?ﬂiﬁuqﬂﬁW AU

)

a o a @ ) @
IFINTIUMTAANT MWT?%UWﬁfJW]ﬂIUIﬁﬂi’l“ﬁﬂfiﬂa'ﬁﬂJ‘Uﬁ

Nudenaula fie High Voltage Engineering,

Electromagnetic Field, Electrical Safety

szinAnzEINe 112








