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A Study of Electrical machine Insulation System parameters

on Thermal aging condition
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ABSTRACT

This project presents a study of electrical machine insulation system parameters
on therma! ageing condition using moterette. The thermal ageing insulation system is
carried out with process of the IEC 34-18-1[3] standard. The process is combined with
thermal ageing, mechanical stress, moisture stress and voltage testing with different
frequency. The deterioration of insulation system is observed by changing of cument,
phase angle and wave form. After that evaluated parameters and analyzed for
equivalent circuit of insulation system parameters are employed in plotting of curve
between parameters and thermal ageing condition. The results of this study reveal the
trend of parameters which varied under thermal ageing condition at different frequency

and determine the equivalent circuit of electrical machine insulation system.
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ALn 50 Hz

Tum to turn up HEUNINIIBTY

No LIIAU(V) NIzuA (LA) Hu(pae) Impedance(MQ) Resist.ance(MQ) Reaclance(MQ)
1 118.120 76.600 79.200 1.542 0289 1515
2 119.900 73.400 78.444 1.634 0327 1.600
3 118.400 71.050 79.344 1.666 0.308 1,638
4 119.350 76.100 80.064 1.568 0.271 1.545
5 118.150 72.080 79.128 1.653 0.312 1624
6 120.400 76.450 78.408 1.575 0.316 1.543
7 119.500 79.800 78.768 1.497 0.292 1.469
8 119.300 75.130 80.928 1.588 0.250 1.568
9 119.800 76.210 81.648 1,572 0.228 1.555
10 121.400 75.800 82.008 1,602 0.223 1.586

Al 50 Hz
Tum to turn down fEWATIIIETY

No. UIIUV) NIEUE (MA) yu(es) | Impedance(M)) | Resistance(M{)) | Reactance(v(d)
1 122.450 69.400 81.144 1.764 0.272 1.743
2 120.470 68.900 81.144 1.748 0.269 1.728
3 119.600 71.100 79.344 1.682 0.311 1.653
4 122 600 72.100 79.704 1.700 0.304 1673
5 119.040 68.450 79.488 1.739 0.317 1.710
6 120.700 63.250 79.488 1.908 0.348 1.876
7 119.200 71200 79.488 1674 0.305 1.646
8 120.690 69.450 81.684 1.738 0.251 1.720
9 122.600 72700 79.848 1.686 0.297 1.660
10 120.800 67.500 80.568 1.790 0.293 1.765

fmuﬁ 580 Hz
Coil to coil Apummiseny

No. LIIAUV) NIEUR (LAY yu(namm) Impedance(M{)) | Resistance(M{)) | Reactance(M{(2)
1 380.434 8927 87.300 42 616 2.007 42.568
2 381.665 9.807 85.400 38.918 2.444 38.841
3 379.090 9.060 87.300 41.842 19M 41.796
4 379.804 9.759 87.300 38.918 1.833 38875
5 379.880 917 86.400 38.306 2.405 38.230
6 379.485 8.433 87.480 45,000 1.979 44956
7 380.835 9617 87.300 39.600 1.865 39556
8 380.995 9.799 87.300 38.881 1.832 38.838
9 380.565 9.742 87.660 39.064 1.595 39.032
10 380.202 9.429 86.940 40.323 2.452 40265
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mmﬁ 50 Hz
o Cail to Ground riBWNITFIANY
No. WIIRUV) nIzua (HA) (DAY lmpedance(MQ) Resistance(MQ) Reactance(MQ)
1 380.462 14.524 87.300 26.195 1.234 26.166
2 380.284 13.630 86.400 27.901 1.752 27.845
3 379.673 13.433 87.300 28.264 1.331 28.233
4 379.441 16.879 83.700 22.480 2.487 22344
5 380.527 14.590 84.600 26.081 2.454 25.966
6 379.430 16.123 85.500 23.533 1.845 23.461
7 381.459 16.540 81.900 23.063 3.250 22.833
8 379.989 14572 82.80() 26.077 3.268 25871
9 380.734 15.000 84.600 25.382 2.389 25.270
10 380.245 12.589 85.500 30.212 2370 30.119
n‘nuﬁ 100 Hz
Turn to turn up fauMIiaany
Nao. UITIR(Y) nius (HA) Au(eaem) Impedance(MQ) Resistance(MQ) Reactance(MQ)
1 120.670 148.872 84.240 0.811 0.081% 0.806
2 120.560 140.572 86.400 0.858 0.054 -0.858
3 120.394 142,124 86.400 0.847 '0.053 0.845
4 120.402 146.000 87.552 0.825 0.035 0.824
5 120.420 138.304 83952 0871 0.092 0.866
6 120.734 145538 86,112 0.830 0.056 0.828
7 120.199 148.741 85.536 0.808 0.063 0.806
8 120.255 136.845 83.736 0.879 0.006 0.874
S 120.225 145.000 84.096 0.829 0.085 0.825
10 120121 140.200 85.248 0.857 0.074 0.854
ANURI00 Hz
Tum to tum down TiounTHIINNY
No., LITINU(V) nizuE (MA) yu(eadn) Impedance(MQ) Resistance(MQ) Reactance(MQ)
i 120.264 132.878 84.960 0.905 0.080 0.802
< 120.316 141.979 84.240 0.847 0.085 0.843
3 120.391 145.736 84.240 0.826 0.083 0.822
4 120.564 140.633 83.952 0.857 0.090 0.853
5 120.439 134.343 86.112 0.897 0.061 0.894
6 120.775 126.676 83.232 0.953 0.112 0.947
7 120.163 136.833 83.160 04878 0.105 0.872
8 120.204 134265 83.736 0.895 0.088 0.890
9 120.245 146.573 83.016 0.820 0.100 0.814
10 120.338 133.295 85.248 0.903 0.075 0.900

65



ANt 100 Hz

Coil 1o coif fawMTiIeY

66

No. unﬁuw) nazue (HA) () Impedance(MQ) Resistance(MQ) ReacLance(MQ)
1 380259 20244 84240 18.784 1.885 18.689
2 380.359 20.389 84.960 18.656 1639 18,583
a 380.529 19,692 83.232 19.324 2277 16.190
4 380.156 20.144 83232 18.872 2224 18.744
5 380.705 19,599 83.952 19.425 2,047 19.317
6 380.679 19.303 86.112 19.724 1337 19,676
7 380,934 20.448 83.232 18.629 2495 18.500
8 380.748 20.462 84.528 18.608 1,774 18.523
9 380.896 20.125 84.456 18.926 1828 18.838
10 380,849 19.606 84,024 19,425 2022 19.320

Al 100 Hz
Coil o ground TiawMIHiIETY

No. WIIGUV) NIEUA (LAY yu(eam) | Impedance(M{)) | Resistanco(t()) | Reactance(m(d}
1 380.909 36.484 84.240 10.441 1048 10.388
2 380.666 38.990 85.680 9763 0.735 9.73%
3 380,561 33.432 84672 11.383 1.057 11.334
4 380.143 35.356 85392 10.456 0.840 10.422
5 380.543 33.752 83232 11.275 1.329 11.196
6 380.659 35357 83.880 10765 1148 10.705
7 369.991 35.367 84.528 10.772 1.027 10.723
8 380.958 39262 83.160 9,703 1.156 5,634
9 360.435 38,004 84.096 9.987 1.027 9934
10 380,923 36.031 84240 10.572 1.061 10.519

ﬂ‘nuﬂ 500 Hz
Tum to tum up TAUMTTIOY

Na. WIITU(V) nazus (LA yu(nee) | Impedance(M() | Resistance(M{2) { Reactance(m{))
1 120.840 680.451 84.690 0178 0.016 0.477
2 120.650 659.060 85.680 0.183 0.014 0.183
3 120.885 668.795 83,8680 0.181 0018 0.180
4 120,571 672.668 84.690 0479 0,017 0478
5 120.118 641.882 85.230 0.187 0.016 0.186
6 120.793 678.996 85.860 0.178 0.013 0477
7 120.628 690.015 #5.860 0175 0.013 0474
8 120.909 628.274 86.130 0.192 0.013 0.192
9 120,894 699.350 | 86.220 04173 0.011 0472
10 120.559 619.268 86.220 0.195 0013 0194




A7708 500 Hz

Turn to turn down rawn1siiey

No. LTAUV) nazua (UA) yu(per) impedance(M{)) | Resistance(M{)) | Reactance(M{2)
1 120.702 617.657 84.690 0.195 0.018 0.195
2 120628 654.718 84 600 0.184 0.017 0.183
3 120.540 695,937 82.080 0173 0.024 0.172
4 120.156 654,468 85.320 0.184 0015 0.183
5 120,303 627.092 84.960 0192 0.017 0.191
6 120,490 615.395 84.600 0.196 0018 0.195
7 120.568 642.088 84.960 0.188 0.016 0.187
8 120.827 644.431 86.220 0.187 0.012 0.187
9 120831 658.003 84.420 0.184 0018 0.183
10 120.352 690.433 84.420 0.174 0017 0.173

ﬂ’nl.!ﬁ 500 Hz
Goil to coil fiounnavisny

No. WHAUY) nazua (HA) yu(ear) impedance(M{}) | Resistance(M()) | Reactance(M())
1 380.866 83.763 86.130 4547 0.307 4537
2 380.667 87.873 84.780 4332 0394 4314
3 380.419 91.908 86.490 4.139 0.253 4131
4 380.519 93.952 85.410 4.050 0.324 4,037
5 380.703 86436 84.960 4404 0.387 4387
6 380,547 82.826 84.960 4595 0.404 4577
7 380.870 96277 86,310 3956 0255 3948
8 380,065 96.913 85.440 3922 0.332 3.908
9 380.471 95,943 85320 3.966 0.324 3952
10 380.024 87.018 86220 4367 0288 4358

n'nuﬁ 500 Hz
Coil 1o ground Tieun iy

No. UHAUY) NTUA (LA) yu(pan) | impedance(M{)) | Resistance(M{)) | Reactance(M(})
1 380,774 156,977 85.860 2426 04175 2.419
2 380.655 176.043 83.880 2.162 0.231 2150
3 380.435 162.676 84.330 2,339 0.231 2327
4 380.937 172.950 85.770 2203 0.162 2197
5 380.796 152.012 85.860 2.505 0.181 2.499
6 380662 165.357 85.860 2.302 0.166 2296
7 380.551 163.917 86.040 2322 0.160 2316
8 380,274 184.837 86.220 2,057 0.136 2.053
9 380.716 183,038 86220 2,080 0.137 2,075
10 380.601 165.890 86.328 2204 0.147 2.280
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audl 1 kHz

Tum to tum up AEWNITTIENY

No UTINW(V) NIZUF (mA) yu(am) Impedance(kQ) Resistance(kQ) Reaclance(kQ)
1 121.036 1.376 85.536 87.949 6.845 87.683
2 120.962 1.334 86.256 90.669 5.921 90.476
3 120127 1.358 85.896 88.485 6.333 88.258
4 120,512 1.385 85.824 87.034 £.338 86.800
5 120.415 1.423 as.624 84.616 6.162 84.391
6 120.503 1.386 85.464 86.974 6.878 86.702
7 120.170 1.406 85.824 85.497 6.226 85270
8 120.136 1.398 85.824 85959 £.260 85.731
3 120.711 1.371 85.824 80.059 6.412 87.825
10 120.073 1.282 85.536 93,696 7.293 93.412
A 1 kHz
Turn to turn down faun1dieny
No. LIITU(V) NIzuE (mA) yu(psn) | impedance(k()) | Resistance(k{)) | Reactance(k())
1 120295 1249 83.376 96.314 11.110 95.671
2 120.163 1.341 85536 89600 6.974 89.329
3 120370 1.422 83.448 84672 9,662 84:119
4 120.775 1.350 85.454 89.450 7.074 89170
5 120,823 1.230 85.454 93,695 7.410 3.401
6 120.034 1217 85.824 98.655 7.184 98,393
7 120.265 1.308 83.664 91.925 10.145 91.364
8 120601 1.303 84.384 92.585 9.060 92.140
9 120610 1.427 85 464 84.529 6685 84.264
10 120,668 1.247 85.320 99.133 5.088 96.803 |
amad 4 kHz
Coil to coil TowmzIiaey
No. KIITUV) NIEUR (MA) yuesrm) | impedance(M{)) | Reswstance(M{)) | Reactance(MQ))
1 380.794 176.533 85.536 2.157 0.168 2451
2 380.370 183390 86.256 2074 0.135 2,070
3 380.781 177.899 85.320 2140 0.175 2133
4 380.650 191.264 86.256 1.990 0.130 1.986
5 380.129 172.416 85.464 2,205 0.174 2198
6 380.321 172.489 84.095 2205 0227 2193
7 380,997 189.727 84384 2.008 0.197 1998
8 380.783 192,851 85.464 1974 0.156 1.968
3 380.875 190.782 83.664 1.995 0.220 1.984
10 380.764 173.161 85.896 2.199 0.157 2193
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A7ud 1 kHz

69

Coil 1o ground IBUNTIII87Y]

No. WIITU(Y) nzed (HA) yu(ear) | impedance(M£]) | Resistance(Md) | Reactance(M())
1 380.931 317.820 86.256 1,199 0.078 119
2 380.931 368,462 86.112 1.034 0.070 1.031
3 380.664 314.423 86256 1211 0.079 1.208
4 380.650 344.341 85.968 1.105 0078 1103
5 380,989 304.361 84.384 1.252 0.122 1.246
6 380.848 338.835 85.464 1124 0.089 1120
7 380.660 326.863 85.464 1,165 0.092 1.161
8 380.874 374.784 85.454 1016 0.080 1.013
9 380.168 375.681 85.824 1012 0.074 1.009
10 380.877 a28.379 85.89% 1.160 0.083 1157

A3l 10 kHz
Turn to turn up AB¥MNIHETY
No. LIINUV) NIZUE (MA) yu(paemy) Impedance(kQ) Resistance(kﬂ) Reectance(kﬂ)
1 120.334 11.463 82.800 10.498 1316 10415
2 120,011 11.406 81.072 10.522 1633 10.394
3 120,666 11.899 82.008 10.141 1410 10.042
4 120,683 11.012 79.596 10.959 1.979 10.779
5 120.155 11.187 80.280 10.741 1613 10.586
6 120,646 11.704 82.224 10.308 1.395 10213
7 120.822 11.716 79.236 10.313 1926 10131
8 120.782 11.199 79.920 10.843 1.898 10.676
9 120.572 11.493 82.260 10.491 1413 10.395
10 120914 11.035 79.596 10,957 1879 10777
A7l 10 kHz
Turn to turn down riBun1TL387Yy

No. wIAUCY) NZUA (MA) yuesm) | Impedence(x()) | Resistance(k()) | Reactance(k(d)
1 120646 10607 81.000 11.374 1.779 11.234
2 120.745 11.392 82.080 10.599 1.460 10.458
a 120.491 11.900 82.728 10.125 1.282 10.044
4 120.586 11.5% 80.100 10.453 1797 10207
5 120.053 10.875 80,748 10.839 1.759 10.79%
6 120933 10.595 79344 11.414 2411 11217
7 120,036 11.014 80.172 10.898 1860 10.739
8 120.997 11.833 80.712 10225 1.650 10.091
9 120.103 11.973 £1.360 10.031 1,507 9917
10 120271 10.385 80.568 11.581 1.898 11.425




a7 10 kHz

Coil 1o coil fauNITLiETY

No. LLNGT“(V) NITLE {MA) HU{DI9) lmpedance(kQ) Resislance(kQ) Reactanc.e(kQ)
1 380,005 1.608 82.800 236322 29619 234.458
2 380,817 1.761 84.780 216.250 19675 215354
3 380.065 1771 82.836 214,605 26.763 212,929
4 380.025 1.740 85.068 218,405 18.777 217.597
5 380.264 1,563 84.168 243291 24721 242032

s 380.285 1.490 83.484 255225 28.963 253,576
7 380.987 1618 83844 235.468 25251 234.110
8 380,084 1678 83.484 226510 25.705 225,047
9 380.909 1657 84.168 229879 23.358 228 689
10 380268 1.483 84.240 256.418 25.735 255123
ATud 10 kHz
Coil to ground fipunaLiaey

No. UIIAUV) NIzLA (MA) yu(se) | Impedance(k()) | Resistance(k()) | Reactance(k()
1 380.739 2.757 £3.088 138.099 16619 137.085
2 380.208 3.262 82,872 116,557 14.463 115,656
3 380.169 2978 86.292 127,659 8256 127.392
4 380,168 3.007 84.204 126.427 12.767 125.781
5 380.711 2.801 83.520 135.920 15.339 135.051
6 380,848 2.889 83.376 131.827 15.207 130.947
7 380.408 2.748 85.952 138.431 14.585 137.660
8 380.413 3.141 83.520 121.142 13.668 120.338
9 380.064 3.106 84312 122,364 12128 121.762
10 380,675 2722 83160 139,851 16.656 138.856

A 20 kHz
Turn fo turn up HEUMAHBIY

No. UTIRK(V) NILUE (MA) yu(pIRm) impedance(k{}) | Resistancatk(2) | Reactarce(k()}
1 120.579 22,860 78.156 5275 1.083 5.162
2 120.619 21.790 74.018 5536 1.524 5322
3 120.006 22320 79.056 5378 1.021 5280
4 120.984 22580 76.896 5358 1215 5218
5 120.409 21.944 76.896 5487 1244 5,344
6 120.417 21.900 72.720 5485 1.629 5237
7 120.990 22,990 76.968 5263 11487 5.127
8 120.549 19.910 79.848 6.055 1.067 5.960
9 120,337 21287 72792 - 5653 1672 5.400
10 120378 20.600 79.200 5844 1.095 5.740
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mmﬁ 20 kHz

Turn to turn down n‘numm’amq

No. URAUV} NTzLF (mA) yu(asan) !mpedance(k.o)Tﬂesjsrance(kn) Reactance(k ()}
1 120,624 20.983 77.7% 5749 1215 5619
2 120278 21.950 77616 5.480 1475 5.352
3 120,651 22.990 79.056 5247 0.996 5152
4 120.320 22.330 76.896 5.388 1,222 5.248
5 120.307 21.506 76.896 5504 1.268 5.448
) 120.338 20125 75.160 5.980 1.531 5.780
7 120.769 21.630 79.848 5568 0.981 5.481
8 120.778 21.850 73.008 5528 1615 5.286
9 120316 23.146 79.848 5.198 0916 5117
10 120.566 20.278 75.528 5946 1.486 5.757

A7ud 20 kHz
Coil to coil ﬁaumniamq

No. u':as'fu(\/) NITUl (MA) Yu(ee) Impedanca(kﬂ) Resistanoa(kﬂ) Reactanoe(kﬂ)
1 380.364 3.022 78.336 125.865 25.446 123.266
2 380.052 3130 78,336 121.422 24548 118.915
3 380,410 3.151 79,056 120,727 22,920 118.531
4 380,085 3070 78.408 123.806 24,878 121,281
5 380.030 2.924 79.128 129.969 24514 127,636
6 380.198 2.890 79.128 127.157 23.984 124 874
7 380.845 2.934 79.128 129,804 24,483 127.474
8 380,369 3070 78.768 123.899 24.133 1215268
9 380.310 3020 78.408 125.930 25.305 123.362
10 360144 2.965 78408 128,209 25.763 126,594

Al 20 kHz
Coil fo ground ABUN1THETY

No. wHAU(V) NITUR (MA) yu(eem) | impedance(k(}) | Resistance(k()) | Reactance(k(d)
1 380.289 5.628 78.480 67.576 13.496 66.215
2 380.372 6.277 77.616 60.598 12.996 59,188
a 380.602 4.940 70.128 77.045 14.532 75.662
4 380.228 5.958 78.336 63.818 12.902 62.500
5 380.438 5677 78.768 67.014 13.053 65.730
6 380.684 5.790 72.288 65.749 20.003 62,632
7 380.254 5,530 78.768 68.762 13.394 67.445
8 380,127 £6.230 78.048 61.016 12.636 59.693
9 380.298 6.260 78.048 60.750 12.581 59.433
10 380.260 5.580 72.648 £8.147 20.324 65.046
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A
U0 50 Hz

o . ¥
Tum to turn up ARIMITITIDWATIN 1

No. WIIAUV) nIzuE (HA) yupa) | impedance(MQ)) | Resistance(M(d) | Reactance(m()
1 120.804 73.205 86.112 1.650 0.112 1.646
2 120,815 74.066 86,076 1.631 0.112 1.627
3 120819 78.065 84.600 1548 0.148 1.541
4 120,081 73.949 85.716 1624 0121 1619
5 120377 72.037 85.032 1674 0.145 1.665
6 120476 78.551 85.500 1.530 0.120 1.525
7 120,425 78515 85176 1534 0.129 1.528
8 120.669 78.450 84.852 1.538 0.138 1.532
9 120,477 77.027 85.212 1.564 0.131 1.559
10 120,340 69,819 86.148 1.724 0116 1.720

aadl 50 Hz
Turn to turn down m"onmiamqa'faﬁ 1

No. WIIH(V) nEze (HA) yu(esm) | Impedance(M(2) | Resistance(M(D) | Reactance(m(2)
1 120.781 63.260 87.156 1.909 0.095 1.907
2 120.156 © 68322 87192 1812 0,089 1.810
3 120.103 62.163 86.112 1.032 0.131 1,928
4 120.679 69.638 86.760 1733 0.098 1.730
5 120,059 64.099 85680 1.873 0.141 1.868
6 120220 62,339 84.780 1910 0474 1.902
7 120.206 66.452 86.184 1.809 0.120 1.805
8 120.547 66.164 87.300 1622 0.086 1.820
9 120,964 67.804 86256 1.784 0.116 1.780
10 120.406 65.085 86.076 1.850 0.127 1.845

At 50 Hz
Coil to coil Mﬁ'an’miqmu'ﬂfaﬁ 1

No. UIITU(V) nizua (HA) Yu(ar) impedance(M{)} | Resistance(M()) | Reactance(M())
1 376.783 8.852 86.724 42,565 2.432 42,495
2 376.565 8.835 87.084 42622 2.168 42 567
3 376.748 9.497 86.724 39.670 2267 39,605
4 375352 9.550 87.804 39,140 1,500 39.111
5 373,534 9537 86.724 38.167 2238 39.103
6 374.385 8.857 87.804 42270 1.620 42239
7 374.685 9328 87.804 40.168 1.539 40.138
8 374.240 9.025 86.400 41.467 2.604 41385
9 374 646 9.079 87.804 41.265 1.581 41235
10 375.736 8.861 87.69% 42403 1.705 42,369




. ﬂ'l'“\la. 50 Hz
Coil to ground Mqumﬂiwwﬂﬂfﬁ 1
No. wIFUY) nizuir (MA) sp(oam) | Impedence(MQd) | Resistance(M{2) lﬁclance(MQ)
1 374638 14.721 83.128 25.449 0.831 25.435
2 a71.791 14172 87.840 26.234 0.989 26.216
3 374,883 14.049 a7 552 26.684 1.140 26 659
4 374.517 14,679 86.544 25514 1.538 25.467
5 1
6 374.945 14.235 87.588 26.338 1.108 26314 1
7 |
8 374748 15.252 87.192 24570 1.204 24 541
9 372,033 15.418 87.408 24,130 1.094 24.105
10 372.026 14,538 87.606 25590 1.069 25.568
fud 100 Hz
Tum to tum up WEIMAseLATIA 1
No. wIIGUV) nizud (LAY HU(pIFM) Impedance(MQ) Resistenoe(MQ) Reactance(M.Q)
1 120994 153,080 86.796 0.790 0.644 0.789
2: 120.659 160.936 a7.048 0.750 0.039 0.749
3 120.003 154.427 86.868 0.777 0.042 0776
4 120.917 158.680 86.148 0.762 0.051 0.760
5 120.084 152.117 86.868 0.789 0.043 0.788
6 120.133 163.761 86.508 0.734 0.045 0.732
7 120.353 172237 86.868 0699 0.033 0.698
8 120222 153513 86.616 0.783 0.046 0.782
9 120.422 160.058 87.768 0.752 0.028 0.752
10 © . 120324 . 156.798 86.760 0.767 0.043 0.766
AwA 100 Hz
Tumn to turn down ﬂan'ﬁn’amqﬁﬂ 1
No. RTIRH(V) nTud (LIA) yu(esm) | impedance(M{)) | Resistance(M(d) | Reactance(qv(d)
1 120.941 10557 88236 1.146 0.035 1.145
2 120.586 111.74 87.552 1.079 0.046 1078 |
3 120.742 11363 87.228 1.063 0.051 1.061
4 120377 112318 86.508 1.072 0.065 1.070
5 120.622 107.796 87.228 1119 0.054 1.418
6 120.045 105.065 87.948 1143 0.041 1142
7 120.236 118 87.228 1077 0.052 1.076
8 120,535 111.539 87.588 1.081 0.045 1.080
9 120,03 111.845 87.408 1.073 0.049 1072
10 120.603 103.285 88.452 1.168 0032 1167
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A2138 100 Hz

.

+ . &4
Cail to coil PRIMIISEIGARN 1

—— ]
No. WIHFUV) nazuR (A wu(asm) | lmpedance(M()) | Resistance(M{)) | Reactance(M{2)
1 312.416 16.567 86.976 22.479 1,186 22.448
2 375.228 16.724 B87.696 22.436 0.902 22 418
3 373.331 17.958 87.696 20.769 0836 20.772
4 371.709 18.481 87.696 20113 0.809 20.097
5 374.844 17616 88.416 21279 0.588 21.270
] 374.424 16.928 87.336 22.119 1.028 22.095
7 376.203 17.757 87.768 21.186 0.825 21.470
8 374.209 17.264 87.372 21676 0.994 21.653
9 375.014 17.784 88.452 21091 0.570 21.083
10 374.188 16.424 87.372 22.783 1.045 22.759
A0A 100 Hz J
Coil to ground vsé’amniamq;gﬁ 1
No. u.ﬂﬁu(V) nus (LAa) yu(osen) Impedance(MQ) Resistance(MQ) Reacbance(MQj
1 370.281 28.894 87304 12.815 0,491 12.806
2 373.896 31.047 87.084 12.043 0.613 12.027
3 375.151 20.461 87.516 12.734 0.552 12722
L} 374.767 29104 87.732 12.877 0.510 12.867
5
6 374302 29.159 87516 12.837 0.556 12.825
7
8 375.606 31.316 87.732 11.994 0.475 11.885
9 374,788 31.840 87.660 11.734 '0.479 11.724
10 374309 29.479 87.660 12.697 0518 12.687
73 500 Hz ]
Tum to tumn up -.«sTam:Liamqn?a'ﬁ 1
No. uﬂi'fu(\l) nzur (HA) Yu(pimy) impedance(MQ) Resistanoe(MQ) Reactance(MQ)
1 120.432 615,042 87.156 0.196 0.010 0.195
2 120.006 721,363 86.976 0.166 0.009 0.166
3 120912 734.259 87.012 0.165 0.009 0.164
4 120.655 628.446 86.652 0192 0.011 a.192
5 120104 604.540 87.372 0.199 0.009 0.198
6 120,570 782.183 87.012 C.154 0.008 0.154
7 120.147 788.683 86.940 0.152 0.008 0.152
8 120.357 616.075 87516 0.185 0.008 0.195
9 120.249 785,994 86.436 0.153 0.010 0.153
10 120.622 643,833 86.472 0.187 0.012 0.187 ]
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A 500 Hz

< \ £ d
Turn to turn down uam'mumqmm 1

No. WIITUY) NIzud (A} yu(eaey) | Impedance(M{)) | ResistancetM()) | Reactance(M(2)
1 120519 521.792 86.436 0.231 0.014 0.234
2 120127 552.446 86.400 0217 0.014 0.217
3 120.528 £611.753 86.472 0.197 0.012 0.197
4 120257 581.931 86.472 0.207 0.013 0.206
5 120013 532,562 B6.472 0225 0.014 0.225
B 120.212 522.083 86.472 0.230 0.014 0.230
7 120.138 551.971 86,400 0.218 0.014 0.217
8 120.354 594.961 86.796 0.202 0.011 0.202
<] 120277 593.749 86.796 0.203 .01 0.202
10 120.444 511.319 86.508 0.236 0.014 0.235

AR 500 Hz
Coil to coil “é'mmiamqni"aﬁ 1

No. uTAU(Y) NTzuE (MA) 1 yu(aan) | Impsdance(M()) | Resistance(M()) | Reactance(M(;
1 370.832 .- "77.011 86.940 4815 0.257 4.808
2 374.748 82.687 86.436 4.532 0.282 4.523
3 375.030 80.321 86.508 4.152 0.253 4,144
4 374.150 89.710 86.760 4474 0.236 4164
5 374.552 90.439 87.192 4,141 0.203 4437
6 373.989 78.595 86.724 4759 0272 4.751
7 373.888 85.037 87.084 4,397 0.224 4.391
8 374.699 87.415 87.084 4286 0.218 4.281
2] 374.742 89.884 86.724 4.169 0.238 4162
10 374.157 80.260 87.444 4.662 0.208 4657

AR 500 Hz
Coif to ground “é'anmimwﬂ%ﬁ 1

No. LSIAU(Y) nyzug (MA) EUGEL o)) impedanca(M{)) | Resistance(M{2) | Reactance(MQ)
1 375.514 133256 86,436 2818 0.175 2813
2 375.840 155,052 87.372 2424 0.111 2.421
3 375.580 139.951 86.652 2.683 0.157 2679
4 371.929 143.667 86.436 2589 0.161 2.584
5
6 375.566 137.736 86.652 2727 0.159 2.722
7
8 373.674 159,582 87.372 2.342 0.107 2.339
9 374.386 159940 86.580 2.341 0.140 2337
10 376.425 142209 86.436 2,647 0.165 2.642
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]
AN 1 kHz

Py . E
Tum to um up RRIMUTINOATIN 1

Ne. WTUY) NITUA (MA) yu(eam) | impadance(k()) | Resistance(k() | Reactance(k{d)
1 120,532 1278 88.020 94313 3.259 94.257
2 120,353 1.260 87.69 95.518 3.840 95,441
3 120,454 1416 87.768 85.066 3313 85.002
4 120.569 1.238 88.020 97.390 3.365 97,332
5 120734 1.207 88.020 100.026 3.456 99966
6 120,952 1.287 89.100 93.980 1.476 93.968
7 120.706 1251 88.020 96.488 3.334 96.430
8 120.412 1.205 88.380 99.927 2.825 99.887
9 120.324 1237 87.048 97.271 5.009 97.142
10 120.210 1272 88.128 94,505 3.087 94.454

A ufl 1 kHz
Tum to tum down m‘u’amnﬂmqﬂ%ﬁ 1

No. \.I.'Nﬁ'u(V) nizuf (mA) Uu(Bee) Impedance(kn) Resistance(kﬂ) Reactance(kﬂ)
1 120221 1214 87.840 99.045 3733 98975
2 120327 1.210 86.724 99.436 5.682 99.273
3 120.091 1.214 87.660 99.134 4,048 99.051
4 120328 1215 87.660 99.027 4043 $8.945
5 120.399 1217 86.580 98.964 5.904 98.787
6 120127 1214 87.660 98,960 4,040 98.877
7 120.226 1.220 87.660 98.562 4024 98 480
8 120328 1217 86.580 98.873 5.898 98.697
9 120.306 1.213 88.812 99.181 2,056 99.159
10 120.067 1.212 88.776 99,062 2117 99.059

Al 1 kHz
Coil to coil Mé’anmﬂmu‘ﬂﬁﬁ 1
No. UIIAU(Y) nizuE (MA) yu(eam) | Impedance(M()) | Resistanco(M{)) | Reactance(ML))

1 373.769 174.486 £8.164 2142 0.069 2141

2 374.295 172.413 87.804 2471 0.083 2.169

3 371.929 178177 68.308 2.087 0.062 2,087

4 374.057 180.055 88.524 2077 0.054 2077

5 374.489 180,620 88.164 2.073 0.066 2072

6 374.020 175533 88344 2131 0.062 2.430

7 373.904 176123 86.976 2123 0.112 2420

8 374,838 174.878 88.416 2443 0.059 2143

9 373.786 179,223 88.416 2,086 0.058 2.085

10 372877 178.489 88.524 2.089 0.054 2.088
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Aaud 1 kHz

Coil to ground -A.%';ni'.'.iamqm'?aﬁ 1

No. LIINUCV) nazud (HA) yu(pae) impedance(M{)) | Resistance(M{)) | Reactance(M(2)
1 372.476 318.711 87.300 1.169 0.055 1.167
2 376139 315918 88.416 1.191 0.033 1190
3 374.936 316.820 88,668 1.183 0.028 1.183
4 374.405 315.028 88.488 1.188 0.031 1.188

5
6 375.170 312.156 88452 1202 0.032 1.201
7
8 374.685 317.003 88.452 1182 0.032 1182
9 371.724 319.881 88.560 1.162 0.029 1.162
10 376.022 314289 88.560 1.196 0.030 1.496
AR 10 kHz
Tumn to tum up Hé’amniamqn?@ﬁ 1

No. LTIRU(V) MZUR (MA) U] Impedance(k(}) | Resistance(k()) | Reactance(k())
1 120.307 11.856 81684 10147 1.468 10.041
2 120242 12.708 79.884 9.462 1.662 9,315
3 120.162 12255 81,684 9.805 1.418 9.702
4 120.388 11.856 82.404 10,155 1.342 10.066
5 120.468 11.548 82404 10.431 1379 10.339
120.568 12.781 80.244 9.433 1.599 9.297
7 120.577 12.247 78.804 9.845 1912 9.658
8 120.384 11.92 82.764 10.089 1272 10.019
9 120.742 12.163 78.084 9.927 2.050 9.713
10 120.116 1208 82.044 9.943 1376 9.848

a1l 10 kHz
Tum to tum down ﬁemm‘qun?«ﬁ 1

No. UTIAUVY) NTLUR (MA) (@A) impedance(k()) | Resistance(k{)) | Reactance(k())
1 120.759 10.741 84.204 11243 1135 11.185
2 120.644 10.743 82.404 11.230 1,484 14.431
3 120,208 11.822 82,044 10.168 1.407 10.070
4 120,639 11.180 82.764 10.781 1.358 10.695
5 120.430 10.337 83.844 11.650 1,249 11.583
6 120,551 10.844 83484 11117 1.262 11.045
7 120.532 10.705 82.764 11.259 1.418 11.170
8 120.796 11222 83844 10.764 1.154 10.702
9 120.818 11648 83.124 10.372 1242 10298
10 120.236 11.914 83.484 10.092 1145 10.027
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A2700 10 kHz

& 4

Coil to coil WANTIUREIGRTN 1

No. LTIU(V) NITUE {MA} a(EIA) Impedance(kQ) Resislanoe(kQ) Reacl.anoe(kQ)
1 367.749 1.782 87.948 206.369 7.389 206.236
2 373.897 1.575 88.668 237.395 5518 237.331
3 375.695 1.776 87.336 211540 9.832 211.311
4 375.283 1.753 88.344 214.080 6.187 213.991
5 373388 1.715 86.184 217.719 14.490 217.236
6 374.908 1.525 87.624 245 842 10.182 245,631
7 373.395 1.741 84.024 214472 22.329 213.306
8 374.687 1.704 87.264 219.887 10.496 219,636
9 371.882 1.752 86.904 212.261 11.454 211.952
10 374830 1.565 87.264 239,572 11.436 239.209

A 10 kHz
Coil to ground na’amsmmqnfa'ﬁ 1

No. URAUNY) NTEUR (MA) yu(es) | tmpedance(k()) | Resistance(k()) | Reactance(x())
1 375,551 2.771 88.082 135.529 4512 135.454
2 375.587 2.736 87.336 137.276 6.380 137.128
3 376.510 2,706 88.452 139,139 3.759 139,088
4 a76.979 2,804 87,696 134.443 5.405 134,335
5
6 375375 2.691 88.620 139.493 4820 139,409
7
8 a77.402 2.891 87.660 130.544 5.330 130,435
8 377.081 2,892 87.336 130.840 6.081 130.699
10 374.701 2,655 87.804 141.130 5.408 141.027

Al 20 kHz
Tumn fo tum up hﬂ"un’miamqn‘fﬁ 1

No. UTIAUV) NTZLE (MA) yu@eam) | Impedance(k()) | Resistance(k()) | Reactance(k())
1 120.604 24874 84.204 4.849 0.490 4824
2 120216 28.054 B82.044 4285 0593 4244
3 120.733 25.536 83.124 4728 0.566 4694
4 120912 24.096 84564 5018 0475 4995
5 120183 24292 84.924 4847 0.438 4.928
6 120.566 25.017 81.684 4819 0.697 4769
7 120133 25.073 86.004 4791 0.334 4.780
8 120,685 24811 B4.564 4864 0.461 4842
g 120.237 25.027 79.524 4,804 0.874 4.724
10 120.829 24197 85.284 4.994 0.411 4977
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A7l 20 kHz

= ; [P
Tum to fum down MEINTILIIEIENIIN 1

No. LIIOU(V) NIWKF (MA) Hu(pIF) Impodance(kQ) Resistanoe(kQ) Reaclanoe(kQ)
1 120.753 21.896 86.364 5515 0.350 5.504
2 120.759 21.105 83.844 5722 0614 5.689
3 120.082 22953 86.364 5232 0.332 5.221
4 120.741 21.888 85.644 5516 0.419 5.500
5 120.138 20.226 86,364 5.940 0.377 5.928
6 120.872 21.879 80,244 5525 0.936 5445
7 120.816 20915 86.364 5.777 0.366 5.765
8 120.207 21.551 85.644 5578 0.424 5.562
2] 120.467 22975 86.004 5243 0.365 5231
10 120.543 23.542 80.964 5120 0.804 5057

ATl 20 kHz
Coil to coil “é'qmniamu_ﬂ%ﬁ 1

No. LRAUY) NITUR (MA) yu(per) | Impedance(k()) | Resistance(k()) | Reactance(k(})
1 370.603 3.458 86.868 107.173 5.858 107.013
é 373.754 3438 87.768 108.713 4234 108.630
3 374.787 3.489 87.162 107.420 5.262 107.291
4 374,484 3.460 88.200 108.232 3.400 108.179
5 374.042 3.655 86.652 102.337 5977 102.162
6 375631 3.659 88.092 102.659 3.418 102.603
7 372.945 3.664 84.276 101.788 10.152 101.279
8 374.528 3.574 87.372 104.752 4.805 104.682
9 373.927 3.486 B 86.688 107.265 6.197 107.086
10 376.231 3619 87.480 103.960 4.571 103.859

AR 20 kHz
Coil to ground Mﬁam:damqm&qﬁ 1

No. WHAU(V) TIITUR (MA) ya(B3Mm) Irnpedance(kQ) Resislance(kQ) Reaclance(kQ)
1 376.167 5622 86.220 66.910 4.411 66.764
2 arr 272 5.838 86.328 64.624 4138 64 491
3 374.030 5475 85472 68.316 4.204 68,187
4 372.886 5.470 85.436 68.169 4.238 68.037
5
6 376.771 5.384 86.400 69.980 4.394 69.842
7
8 376.813 5.896 86.400 63.910 4013 63.784
9 373612 5.998 88.596 62.289 1.526 62.271
10 375983 5.476 85616 68.660 4053 68 540
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n1uh 50 Hz

.« ., & A
Turn to furn up MRIMILTIDWATIN 2

80

No. LIITAOV) nIzus (HA) yu(ae) impedance(M{}) | Resistance(M{)) | Reactance(M{))
1 120,033 86.865 87.012 1.382 0.072 1.380
2 120.588 87.398 87.336 1.380 0.064 1378
3 120.698 85.139 86.940 1.418 0.076 1416
4 120.270 82.945 86.472 1,450 0.089 1.447
5 120.462 83.224 87,984 1.447 0.051 1.447
6 120.514 82.571 86.760 1.460 0.082 1.457
7 120.884 83.712 86.760 1.444 0.082 1.442
8 120,019 88,809 87.804 1.350 0.052 1,349
9 120.505 86.574 87.084 1,392 0.071 1.300
10 120.944 83211 a7.768 1.453 0057 1.452
m‘mﬁ 50Hz
Turm to turn down waamaIIEIYRTIR 2
No. UTIAu(Y) nazus (A) yu(pem) | Impedance(M(2) Resistance(M{)) | Reastance(M{)
1 120,503 £3.768 86.652 1.430 0.084 1.436
2 120.35 80.755 87.336 1.490 0.069 1.489
3. 120.131 84.548 87.336 1.421 0.066 1.418
4 120.549 86.56 88.056 1.393 0,047 1392
5 120,34 80.454 86.904 1.496 0.084 1.493
6 120.859 80.79 86.508 1.496 0.091 1.493
7 120.57 85.732 £8.164 1.406 0.045 1.406
8 120479 83.486 87.695 1.443 0.058 1.442
s 120,689 83.856 88.164 1.439 0.046 1.438
10 120.279 84.368 87.048 1.426 0,073 1424
ﬂ'ﬂ&lﬁ 50 Hz
Coil to cail Ms'z'amimmqn%ﬁ 2
No. UTHAUY) nRUN (HA) UU(DIAT) Impedance(MQ) Resistance(MQ) Reactance(MQ)
1 374.796 11.802 88.38 31757 0.898 31.744
2 378.533 11.739 88.38 32.246 0912 32233
3 375241 11.811 873 31.770 1.497 3735
4 379.83 11.717 87.66 a2.417 1.324 32390
5 376.946 12.087 88.02 31.186 1077 31167
6 376.427 11.418 8838 32.968 0.932 32955
7 377.76 11.892 87.66 31.501 1,286 31475
8 376.364 12.148 88.02 30.982 1.070 30.963
9 376.144 11.751 873 32010 1.508 31.974
10 377.146 11.864 88.38 31789 0.899 31.776




m‘umﬁ1 50 Hz

E - . "L
Coil to ground WAINMTRWDLATIN 2

No. WIITU(V) nizus (LAY LU(BIA) Impedance(MQ) ﬂesislance{MQ) Reactance(MQ)
1 377.458 17.074 87912 22,111 0.806 22.096
2 376.484 17.232 87.66 21.848 0.892 21.830
3
4 375.406 17.635 86.616 21.344 1.260 21.307
5
7] 372.206 17.864 88.128 20.836 0.681 20.824
7
8 376.374 16.499 87.408 22.812 1.032 22,789
9 375.944 17.344 87.912 21.676 0.790 21.661
10 377.244 15.865 87552 23778 10186 23.757

Al 100 Hz
Tum to tum up ué'qm‘mqum&qﬁ 2

No. UTIAU{V) IR (JJA) 3(pas) Impedance(M()) | Resistance(M{)) | Reactance(M())
1 120.183 178271 88.128 0674 0.022 0674
2 120.818 165.408 87.372 0.730 0.033 0.730
3 120.559% 158.6598 88.200 0.760 0.024 0.760
4 120.638 140.942 88.128 0.856 0.028 0.855
5 120.717 165.907 88.128 0.728 0.024 0727
4] 120.8932 185.457 88.092 0.652 0.022 0.652
7 120.281 179.261 88.740 0671 0.015 0.671
8 120.001 166.900 88.020 0.719 0.025 0.719
9 120.838 196.849 88.380 0614 0.017 0.614

10 120.307 173.683 88.3580 0.693 0.020 0.692

ATwii 100 Hz
Tum to tum down ﬂé’emtma’lqnfaﬁ 2

No. WIIFHLV) NIUR (HA) (e Impedance(M{) | Resistance(M{2) | Reactance(M{2)
1 120275 136.787 858.128 03879 0.029 0.879
2 120.515 159.571 88.092 0.755 0.025 0.755
3 120.457 161.321 88.128 0.747 0.024 0.746
4 120.501 150.488 87.408 0.801 0.036 0.800
5 120.764 147.846 88.092 0817 0.027 0.816
6 120,366 146.800 87.840 0,820 0.031 0.819
7 120.467 137.933 88.128 ¢.873 0.029 0.873
8 120.574 136.496 B7.300 0.883 0.042 0.882
9 120.100 144.569 88.020 0.831 0.029 0.830
10 120.800 144,113 88.020 0,838 0,029 0.8238
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fAud 100 Hz

. . Y . E 4
Coil to coil WRIMILHAYNTA 2

No. LIAUY) nizuw (HA) yu(eser) | impedance(M()) | Resistance(M{)) | Reactanca(M())
1 374.479 19.339 88.020 19.364 0.668 19.352
2 376.109 20.965 £8.020 17.892 0.618 17.881
3 374.775 20.449 88.092 18327 0610 18.317
4 377.595 19.146 88.092 19.722 0.657 19.711
5 376.871 22228 83.344 16.955 0.490 16.948
) 374,680 20.037 a7.228 18.699 0.904 18.678
7 375.312 23.121 87.948 16,233 0.581 16222
8 a71.776 23412 88.164 16.086 0.515 16.078
9 375.528 22,461 88.272 16.719 0.504 16.712
10 377.704 22960 88.020 16.450 0868 | 16.441

A 100 Hz
Coil to ground. #EINTAIIGR3IT 2

No. WIIRU(V) NIZUR (MA) yu(ea) | Impedance(M{2) | Resistance(M()) | Reactance(m(})
1 376.053 32125 88.992 11.706 0.206 11.704
2 376.414 36.528 - 87.912 10.305 0375 10.298
3
4 376.190 32.497 88.560 1576 0.291 11.572
5
6 375.623 33.483 88.524 11.218 0.289 11215
7
8 376.447 32555 86.020 11563 0.400 11.557
9 376.682 36.147 88,020 10.421 0.360 10415
10 375.805 31.303 87.876 12.005 0.445 11.907

ﬂ'ﬂl\lﬁ 500 Hz
Tum to tum up uﬁ’enm‘s‘amqnfqﬁ 2

No. LTERUV) nazug (LA) yu(esen) | Impedance(M()) | Resistanca(M{)) | Reactance(M(})
1 120.282 614.218 87.66 0.196 0.008 0.196
2 120.384 675.9 87.948 0.178 0.006 0.178
3 120.881 682.18 87.192 0477 0.009 0477
4 120,667 697.794 87.912 0173 0.006 0473
5 120.752 667.372 86.904 0.181 0.010 0.481
6 120.37 660,594 87.984 0ATT 0.006 0177
7 120.278 696.7 87.624 0173 0.007 0472
8 120.437 630.9 87.516 0.1 0.008 0.191
g 120.711 638.7 87.66 0.189 0.008 0.189
10 120472 616.892 88.02 0.195 0.007 0.195
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A 500 Hz

o , L d
Turn to turn down VRINILTIDTIYATIN 2

No. UIITH(V) NITUR (HA) yu(aam) | tmpedance(M()) | Resistance(M{)) | Resetance(M())
1 120.621 648.256 87.948 0.186 0.007 0.186
2 120269 714472 87.768 0168 0.007 0.168
3 120.898 757.104 86.832 0.160 0.009 0.150
4 120.593 667.856 87.912 0.181 0.007 0.180
5 120.208 645.868 37.984 0.186 0.007 0.186
6 120.578 691.757 87.624 0.174 0.007 0.174
7 120.595 £47.158 87.156 0.186 0.009 0.186
8 120.685 777207 87.984 0.155 0.005 0.155
9 120147 741.437 87.66 0.162 0.007 0.162
10 120.592 683.977 87.568 0.176 0.007 0.176

ﬂ'T!UIAW 500 Hz
Coil to coil “E\'amuiam[‘mﬁ 2

No. LTIRULY) nTud (HA) yu(eee) | Impedance(M{)) | Resistance(M{)) | Reactance(M())
1 374.343 94,684 87.804 3.954 0.151 3851
2 37724 105643 B87.768 3.572 0.139 3.569
3 | 374.758. 106.628 87372 . 3515 0.161 3511
4 376.046 96.715 87.732 3.888 0.154 3.885
5 ar4.879 102.764 8676 3648 0.206 3642
8 374.345 58,164 87.948 3813 0.137 3811
7 375.907 107.867 88.056 3.485 0.118 3483
8 376.644 102.23 87.12 3.684 0.185 3,680
9 377.625 114.787 88.092 3.250 0.110 3288
10 37461 97.908 88.056 3826 0.130 3824

m-mﬁ 500 Hz
Coil to ground wi\mmiamqﬂ%ﬁ 2

No. I.I.‘Nﬁ'u(V) NTUR (HA) (M) Impedance(MQ) Resislance(MQ) Reactance(MQ)
5 375.277 158 576 87.876 2.367 0.088 2,365
2 374274 164.26 86.724 2279 0.130 2275
3
4 373.757 168.654 87.372 2.216 0.102 2214
5
6 374.89 165572 86.976 2264 0.119 2.261
7
8 375.528 151.866 87.912 2473 0.090 2.471
9 374.226 153.439 87.084 2.439 0.124 243
10 374.459 157.596 87912 2376 0.087 2374




Aud 1 kHz

. | 2]
Tum to turn up uﬁomn‘nmqnnn 2

No. usIeU(Y) NILUA (MA) u(asm) | Impedance(k()) | Resistance(k(d) | Reactance(k(2)
1 120.27 1.947 88,452 91.321 2.467 91.288
2 120.508 1.2064 89.172 99.891 1.444 99.880
3 120.219 1397 88.74 86.055 1.892 . 86.034
4 120.885 1.272 87.984 94878 3338 94 819
5 120.582 1.284 87.084 93911 4777 83.790
6 120.841 1.231 87.228 98.165 4747 98.050
7 120.842 1.324 87.12 91.270 4,586 91.155
8 120912 1.29 87.768 93.730 3.650 93.659
9 120.965 1.2897 88.488 93.793 2.475 93.760
10 12047 1.2835 86.904 93.861 5.069 93.724

AE 1 kHz
Tum to turn down ﬁé’anﬂmmqﬂfaﬁ 2

No. LIAU(Y) NITUR (MA) yu{ede) | Impedance(k()) | Resistance(k()) | Reactance(x(})
1 120378 1.287 87.516 93.534 4.054 93.446
2 120.740 1288 87 660 83.020 3.798 92.942
3 120629 1.244 " 88.020 96.969 3.350 96.911
4 120.182 1.325 88.128 90.703 2963 90.655
5 120.704 1.241 87.264 97.263 4643 97.153
6 120.568 1.209 87.048 99.724 3.571 99.660
7 120.672 1.304 87.948 92.540 3.314 92.481
8 120.032 1258 87.876 95.415 3.536 95.349
9 120.860 1.306 87.624 92542 3837 92.463
10 120.060 1.284 87.840 93.505 3.524 83438

m‘mﬁ 1 kHz
Coit fo coil Hé’an‘m:‘ea'lqn?aﬁ 2
No. u.ﬂ?'fu(V) nRueE (JA) Hu(Bam) impedance(MQ) Resis!anoe(MQ) Reactanoe(MQ)

1 375913 195.298 87.696 1.925 0.077 1.923

2 376.411 214.096 87.264 1.758 0,084 1.756
3 376.105 193.846 87.696 1.940 0.078 1.939

4 375.850 199.741 88.020 1.882 0.085 1.881
5 373.774 264.975 87.876 1.411 0.082 1.410
6 375.514 193.549 87.264 1.940 0.093 1938
7 3717237 198.853 87.336 1.897 0088 1.805
8 375.419 218144 88.056 1721 0.058 1720

g 376.490 232,578 68,055 1618 0.055 1.618

10 374.579 198.525 87.552 1887 0.081 1.885
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AR 1 kHz ]
Coil to ground Mi:mns‘amqn-faﬁ' 2
No. WIIAU(V) nazua (HA) yu(ear) | Impedance(MC)) | Resistance(M)) | Reactance(MC)
1 375640 307.583 88.452 1.221 0.033 1.221
2 373.499 314705 86.976 1.187 0.063 1.185
3
4 375.751 313.918 86.652 1.197 0.070 1195
5
8 376.103 313.392 87.732 1.200 0.047 1.193
7
8 375.765 314.014 87.516 1.197 0.052 1196
9 373.769 312.713 87.660 1.195 0.049 1194
10 372.863 315111 88.200 1.183 0.037 1183
a7 10 kHz
Turn to turn up ﬁﬁ'an'mﬁmqmzaﬁ 2
No., WIUV) NTzud (MA) yu@EIm) | impedance(k()) | Resistance(k()) | Reactance(k(d)
1 120.429 12.886 84.060 9.346 0.967 9.206
2 120.335 13910 84.384 8.651 0.847 8609
3 120.058 14401 83.196 8.514 1.009 8.454
4 120.514 12.049 85.248 10.002 0.829 9.968
5 120.386 12.053 83.952 9.988 1.052 9.932
6 120.868 14,636 82,800 8258 1.035 8.193
7 120.491 13.582 86.328 8.871 0.568 8.853
8 120.280 13.838 83.448 8.692 0.992 8.635
9 120.822 13.703 83.088 8817 1.061 8.753
10 120.799 13.924 B3.592 B.676 0.968 8.621
ATl 10 kHz R
Turn to tum down uﬁ'an’miamqafaﬁ 2
No. URIFUV) nizus (mA) yu(esrr) | impedance(k()) | Resistance(x()) | Reactance(k())
1 120.760 11.408 §5.464 10.586 0.837 10.552
2 120 555 12.452 B4.420 9.682 0.841 9636
3 120914 12.240 84168 9.879 1.004 9.627
4 120.603 11.953 84.348 10.090 0.994 10.041
5 120175 11.192 84240 10.738 1.078 10.683
6 120.054 11.776 84.636 10.195 0.953 10.150
7 120.506 11.715 83.592 10.294 1.149 10230
8 120.713 11.883 85.716 10.158 0.750 10.130
9 120.310 12.340 84,924 9.750 0.863 9.711
10 120.110 10.543 83.340 11,392 1.321 11.316
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I

ful 10 kHz

Coil to coil “a"amniamqﬂ_%a_ﬁ 2
N WsIeuY) NITUR (mA) yu(am) | impedance(k()) | Resistance(kQ) | Reactance(k(2)

1 373.086 1619 | 85176 230.442 13.379 229626 i
2 373.954 1.899 85.500 196,832 15.451 196,325

3 372540 1.799 84.708 207.047 19.006 206,166

4 376.125 1.867 86.400 201.514 12.653 201.116

5 373.853 1672 86.472 223.59 13,759 223173

6 373.498 1623 85.896 230.128 16.470 229 538
7 374.928 1.713 85.500 218872 17173 218197

8 376.394 1.796 85.752 209.573 15.524 208998

s 373.041 1.764 84.816 211.474 19.108 210.609

10 376.416 1.596 86112 235.850 15.992 235.307

A 10 kHz
L
Coil to ground Ma’amniomzﬁeﬁ 2

No. WIITU(V) NVIZLR (MA) ey | tmpedance(x()y | Resistance(k()) | Reactance(k{2)
1 374.835 3277 85680 114,384 8616 114,059

2 . 375.385 3183 86328 117.834 7.553 117.662

3 .

4 375823 a.157 86.364 119.044 7.550 118.805

5

6 377.224 3425 86.292 120.742 7.807 120.459

7

8 376.665 3213 85212 117232 9785 116.822

g 376.594 3324 86.040 113205 7.824 113.025

10 376.151 3278 85896 114.750 8212 114.456

a2 20 kHz
Tum to tum up Ma'amm‘amsﬁaﬁ 2

No. WHALY) NTEUE (A} yuear) | Impedance(k(d) | Resistance(x{2) | Reactance(k{))
1 120219 24,819 85.716 4.544 0.362 4830

2 120.405 25.244 85.068 4.770 0.410 4.752

3 120.377 26.980 84.996 4.462 0.389 4445

4 120.459 23516 85.428 5122 0.408 5106

5 120.287 23.468 84.852 5126 0.460 5.105

6 120.763 27.538 85212 4385 0.366 4370
7 120.082 25.258 £6.004 4754 0.331 4743

8 120,592 25.937 85392 4653 0374 4638

g 120.469 25.855 85320 4659 0.380 4.644

10 120.950 - 25.951 84.960 4.661 0.409 4643

86



At 20 kHz

- , &
Turn to turn down AAINMRIDILRHTM 2

No. WIHAUY) NTUA (MA) ya(pae) | Impedance(k()) | Resistance(k()) | Resctance(k(])
1 120.442 22.394 85,176 5378 0.452 5.369
2 120472 23.546 84.744 5.116 0.468 5.095
3 120.885 23.558 83,520 5136 0.580 5103
4 120.567 23,557 83.808 5118 0.552 5.088
5 120.346 22.045 85.536 5.459 0.425 5443
6 120.840 23.551 85392 5.131 0.412 5.114
7 120.902 22.974 84.636 5263 0.492 5240
8 120302 23.062 83772 5.216 0.566 5.186
s 120.402 23.189 83.016 5.192 0.631 5.154
10 120.413 22.882 84.240 5262 0.528 5236

fud 20 kHz
Cail to coil m‘fon“m':'mmﬂ%ﬁ 2

No. WTIFUY) NIzud (mA) yu(psrn) | Impedance(k(2) | Resistance(k{)) | Reactance(k(2}
1 375.874 3335 86.184 112.706 7.501 112.456
2 3763 3.710 84.708 101.453 9357 101.024
3 375.203 3442 86.004 119.415 8122 118,125
4 378.031 3.707 84.384 101.978 9.980 101.468
5 375.513 3.718 86.256 100,999 6.505 100.783
6 375.481 3209 86.220 113817 7.503 113.569
7 375275 3.342 85.428 112.291 8.951 111.933
8 377310 3,630 85.752 103.942 7.699 103.657
9 376.020 3.744 84.744 100.433 9.200 100.010
10 377.042 3448 86.112 119.772 8.121 119.496

amufl 20 kHz
Coil to ground wismaisengadan 2

No. LTHAULV) nIzud (MA) yu(psm) | Impedance(k()) { Resistance(k(2) | Reactance(k())
1 I76.67 5275 85.968 71.407 5.021 71.230
2 317.013 5.339 85.500 70.615 5.540 70,397
3
4 375.432 5797 85.644 64.763 4919 64.576
5
6 376.895 5.699 83.902 56,134 7.026 85758
7
8 377.351 5312 84.780 71.039 6.463 70.745
9 375.494 5.499 85.968 68.284 4801 68.115
10 378.159 5.511 85.536 68.617 5341 68.409
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Aud 50 Hz i
Turn to tum up m’mmiamqn%ﬁ 3
No. WIUY) nizuR (HA) yu(osr) | Impedance(M{)) | Resistance(M()) | Reactance(M())
1 120,054 83.575 87.480 1.436 0.063 1435
2 120.063 82.923 87.660 1.458 0.060 1.457
3 120.295 82704 87840 1.455 0.055 1.453
4 120.477 87.041 87.660 1,384 0.067 1383
5 120.530 81599 87.660 1.477 0.060 1.476
6 120,541 86.355 87.660 1.39% 0.057 1.395
7 120.215 86.105 89.450 1.396 0.013 1.39%
8 120.089 86.697 88.560 1.385 0.035 1.385
9 120.285 B7.572 87 660 1374 0.056 1372
10 120.655 84.776 88.560 1.423 0.036 1.423
mwﬁ 50 Hz
Turn to tum down Ha"anmiemz‘m%dﬁ 3
No. WITUEV) nIzud (HA) yuesm) | Impedance(M{)) | Resistance(M()) | Reactance(M())
1 120.291 67.210 87.660 1.79% 0.073 1.788
2 120129 62.841 89.4650 1.912 0018, 1912
3 120215 £9.278 86.760 1735 0.008 1732
4 120.333 62 665 86 460 1.920 0.018 1.920
5 120.763 67.665 89.460 1.785 0.017 1.785
6 120.624 66.017 89,460 1.827 0017 1.827
7 120213 61.869 88.560 1943 0.049 1.942
8 120.124 64.789 88.560 1.854 0.047 1.853
9 120,047 69.515 89.460 1.727 0.016 1.727
10 120.488 64.956 89.460 1.855 0017 1.855
Al 50 Hz
Coil to coil wé’amn:‘m’lqnfﬁ 3
No. WTITU(V) nIzUR (A yu(eae) | Impedance(M()) | Resistance(M()) | Reactance(M(})
1 377.093 10.471 88.020 36.013 1244 35992
2 373.087 10.411 89.100 36.899 0.580 36.895
3 374.163 10.200 85.100 36.683 0.576 36.678
4 373.846 10.907 89.100 34275 0.538 34272
5 374.290 10.210 83.200 36.660 1.152 36.642
6 375192 10.929 88.200 34330 41.078 34313
7 375.440 10.141 89.100 37.022 0582 37017
8 374.641 10.437 88200 35895 1128 35878
9 375398 10.656 89.100 35229 0.553 36224
10 375392 10.442 88.100 35.950 0,565 35,946
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£t 50 Hz

o . } 2
Coil to ground  MAINTITIALATIN 3

No. LISV nIzud (UA) yu(psmy | impedance(M{2) | Resistance(M(}) | Reactance(M{2)
1 373.579 15.431 89.100 24210 0.380 24207
2 373,579 15 941 88.200 23.435 0.736 23.424
3
4
5
6 373650 15.535 89.100 24052 0.378 24048
7
8
9
10 375666 15671 87.300 23972 1.129 23.945

Aud 100 Hz
Turn to tum up NAINTILE mu‘nfaﬁ' 3

No. UTHABY) nIusd (HA) yu(asem) lmpedance(MQ) Resislance(MQ) Reac!anoe(MQ)
1 120.840 132,975 88128 0.909 0.080 0.909
2 120.084 151.896 89.208 0.791 0.011 0.790
3 120.059 154.157 . 89.208 " 0794 1 0.011 0.794
4 120.026 130.134 89.568 0922 0.007 0.922
5 120.055 132,993 89.208 0.903 0.012 0.903
6 120.036 134.481 89.568 0893 0.007 0.833
7 120.038 147.438 89.208 0.844 0.011 0.814
8 120,062 146.682 89.208 0819 0.011 0.818
g 120.105 144.512 89,568 0.831 0.006 0.831
10 120.023 147.607 89.568 0.813 0.006 0.813

Al 100 Hz
Tum to tumn down Mﬁ'on‘nn'amqﬂ'?eﬁ 3

No. UT9RU(Y) nTzuR (HA) yu(ps) | Impedance(M()) | Resistance(M()) | Rsactance(M())
1 120.109 128314 89.568 0836 0.007 0936
2 120.045 123,554 89.568 0.972 0.007 0972
3 120.043 138.778 88848 0.865 0017 0.865
4 120,060 123637 89.568 0.971 0.007 0.974
5 120.058 124.036 89.568 0.968 0.007 0.968
6 120.101 120.529 88848 0.9% 0.020 0.996
7 120.014 121.274 88,848 0.990 0.020 0.989
8 120,053 142.476 89.568 0.843 0.006 0.843
9 120,088 138.579 89.568 0.867 0.007 0.867
10 120.023 128,661 89.568 0933 0.007 0333
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At 100 Hz

) - ; T 4
Coil to coil ¥WAINTTTIBIYATIN 3

No. UIIRUY) nizur (MA) yu(psan) fmpedance(MQ) Resistance(MQ) Reactance(MQ)
1 374626 27.823 89.280 13.465 0.169 13.464
2 374.710 27.425 89.280 13.863 0172 13.662
3 374387 27.241 89.280 13.744 0.173 13.742
4 374324 27.552 89.280 13.566 0471 13585
5 374596 27.391 89.280 13576 0172 13.675
6 374.757 28519 89.280 13141 0.165 13.140
7 ar2.128 26.967 89.280 13.799 0.173 13798
8 373.769 27.811 89.280 13.440 0.169 13.439
9 374.660 27.671 89.280 13.589 0.171 13.568
10 374.593 27.806 89,640 13472 0.085 13.471

anaf 100 Hz
Coil to ground ﬂrT‘Jmm'amqmzuﬁ 3

No. LIITUCY) nIzua (A yu(esm) | Impedance(M(Y) | Resistance(M(2) | Reactance(M())
1 374.300 31.928 89.280 11.723 0.147 11.722
2 375.157 32.871 89.280 11.413 0.143 1;‘1 412
3
4
5
6 372.205 30.2€8 89.280 12.297 0.155 12.296
7
8
9
10 375.835 30.531 89.280 12.310 0.155 12.309

Amd 500 Hz
Tum to tum up v.é’anmiomt‘mfaﬁ 3

No. LTIV nTus (MA) ya(oee) | impedance(ML)} | Resistance(M()) | Reactance(t{)
1 120314 637.389 89.460 0.189 0.002 0.189
2 120.522 905,409 86.544 0433 0.008 0.433
3 120.365 681.657 86.904 0477 0.010 0175
4 120.2185 628.954 87.264 0.191 0.009 0.191
5 120318 640.824 87.624 0.188 0.008 0.188
6 120342 654.257 86.904 0.185 0010 0.185
7 120,391 705305 87.120 0171 0.009 0.170
8 120319 610.623 86.976 0197 0.010 0.197
9 120,424 839627 56.868 0.143 0.008 0.143
10 120180 612,679 86.760 0196 0.011 0.196
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A1l 500 Hz

- : pag
Tum to tum down wSanT5isayATIN 3

No. LTIAUY) nizuE (MA) ERVGEL )] Impedance(M{)) | Resistance(M()) | Reactanceu{))
1 120.331 593.563 88.344 0.203 0.006 0.203
2 120.286 605.900 87.884 0.199 0.007 0.198
3 120.284 628.835 87.624 019 0.008 0.191
4 120.265 608.565 88.344 0.197 0.006 0.197
5 120,218 5396.052 87.584 0.202 0.007 0.202
6 120.234 578.644 88.308 0.208 0.006 0.208
7 120.250 595189 86.976 0.202 0.011 0.202
8 120.374 661.281 87.300 0.182 0.008 0.182
9 120.398 625.260 89.244 0.193 0.003 0.183
10 120.188 596,074 89.244 0.202 0.003 0.202

AT 500 Hz
Coil to coil ﬂa"-:m‘m'm’rqmbaﬁ 3

No. WIINU(V) nItud (HA) (B e} Impedance(MQ) Resislance(MQ) Reactanoe(MQ)
1 373.163 94282 87.840 3.958 0.149 3.955
2 374179 §7.088 -87.300 3.854 0.182 3.850
3 374.230 96.718 89.100 3869 0.061 3.869
4 374811 110.400 88.200 3.395 0.107 3.393
5 373124 110.878 87.660 3.365 0137 3362
6 374.508 95101 87.300 3933 0.186 3.834
7 375274 94.869 88.200 3.956 0124 3.954
8 373.961 98.130 89.100 3.811 0.060 3.810
9 372.823 98.240 88.200 3.795 Q.19 3.793
10 374.492 94 894 88.200 3.946 0.124 3.944

fadl 500 Hz
Coil to ground HEamniamu.ﬂ'?eﬁ 3

No. UTIUY) nIzua (MA) yufnse) | impedance(M()) | Resistance(M{)) | Reactance(M())
1 374905 147,324 89.100 2545 0.040 2.544
2 374947 151.522 89.100 2475 0.039 2474
3
4
5
6 372.414 149,109 88,200 2.488 0.078 2.496
7
8
g
10 371.933 148.802 88.200 2.500 0.079 2.498
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Aud 1 kHz

- : A
Tum 1o tum up MRINTTILYATIN 3

No. UIINU(Y) NTLUE (MA) yu(zIm) Impedance(kQ) Resistanoe(kQ) Reacl.ance(k.Q)
1 120.137 1.254 89.352 95.803 1.083 95797
2 120174 1.426 88.560 84273 2118 84247
3 120.586 1.321 89424 91284 0.918 91.279
4 120.426 1.239 89.280 97.196 1.221 §7.188
5 120.470 1.258 89.208 95763 1.324 95.754
6 120.450 1.278 89.136 94,249 1.421 94.238
7 120.669 1.365 89136 88.402 1.333 88.392
8 120.209 1.221 89.208 98 451 1.361 98 442
2] 120274 1235 89.352 97.388 1.101 97.382
10 120.065 1.436 89.280 83611 1.051 83.604

AR 1 kHz
Turn to turm down mTan'miamqn'faﬁ 3

No. uNﬁ’u(V) NITLE (MmA) Hu(Da) Impedance(kQ) Resistance(kﬂ) Reactance(kQ)
1 120.248 1.213 88.200 99.133 3.114 99.084
2 120.444 1.220 89.424 98.733 0.983 98.728
3 - 120.444 1218 85.848 99.172 1.994 99.152-
4 120385 1.211 88.200 99.426 3.123 99,377
5 120.186 1213 89,136 99122 1.495 99,111
6 120.164 1219 88.560 98 584 2.477 98.553
7 120284 1.218 £28.128 98.755 3.226 08.703
8 120.507 1.217 89.208 99.012 1.369 99.002
9 120.088 1.216 88.128 98.781 3.227 98.728
10 120.134 1.217 869,208 88.720 1.365 98.710

A 1 kHz
Coil to coil wi‘mmﬁmﬂ%ﬁ 3
No, WIIAUVY) nzus (HA) e | Impedance(M()) | Resistanca(M()) | Reactance(M())

1 373.321 193.656 88.560 1.928 0.048 1.927

2 373.855 193.280 89.280 1.834 0.024 1.934

3 374.625 192.709 88.920 1.944 0.037 1.944

4 374473 204.630 88.560 1.830 0.046 1.829

5 374179 225,982 88.920 1.656 0.031 1.655

6 374264 184771 88.560 1.922 0.048 1.924

7 374.372 219.184 88.560 1.708 0.043 1. 707

8 374172 219.308 88.920 1.708 0.032 1.706

9 376.073 228.027 88.920 1.649 0.031 1.649

10 373146 215553 88.560 1731 0.044 1.731
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A48 1 kHz

. , L a
Coil to ground v&é’amnnmqmw 3

No. RIS nTua (MA) uu(edn) | Impedance{M()) | Resistance(M()) | Reactance(M{))
1 374.751 317.643 88.200 1.180 0.037 1.179
2 374.239 N 87.480 1.201 0.053 1.188
3
4
5
6 373.021 310.115 87.480 1.203 0.053 1.202
7
8
9
10 374872 312.458 87.120 1.200 0.060 1.198

TR 10 kHz
Tum to tum up mfamm‘emqmﬁ'ﬁ 3

No. uIIAUu(V) NITUR (MA) Ju(eImm) Irnpedance(kQ) Resistance(kn) Reactance(kQ)
1 120.474 11.913 85104 10113 0.863 10.076
2 120.522 12.344 85032 2.764 0.846 9727
3 120.219 12.225 85.608 9.334 0.753 9.805
4 120.476 11.91 85.624 10.115 0.737 10.088
5 120.303 11.950 85.752 10.067 0.746 10.040
6 120.222 12.182 85.752 9.869 0.7 9.842
7 120.120 12.703 85.896 9.456 0.677 9.432
8 120.959 11.876 85,6824 10.185 0.742 10.158
2] 120.389 12.258 86.256 9.821 0.641 9.800
10 120.896 11.103 86.112 10.889 0.738 10.864

AUl 10 kHz
Tum to turn down WRINTIL3 aqu'ﬁaﬁ 3

No. LIIAU(Y) NIZUR (MA) yu(earm) | impedance(k(}) | Resistance(k()) | Reactance(k(d)
1 120.360 11.907 85.968 10.108 0.711 10.083
2 120837 11.662 B85.824 10.370 0.755 10.343
3 120.274 12.986 85.680 9.262 0.698 9.236
4 120.699 11.810 85.752 10.220 0.757 10.192
5 120279 11.007 85.608 106528 0.837 10.895
6 120.595 10.691 85.320 11.280 0.920 11.242
7 120178 11417 85.896 10.526 0.753 10.499
8 120.188 11.959 85.680 10,050 0.757 10.021
] 120.799 12.305 85752 9817 0.727 9.790
10 120.156 11.487 850824 10.460 0.762 10432




aud 10 kHz

. f 'Y . £ 4
Coil to coil PRINTINEYATIN 3

No. LIITU(V) NEUE (MA) yu(es) | impedance(k{)) | Resistance(k{)) | Reactance(k(})
1 374236 1.498 86.400 249.824 15.687 249,331
2 374285 1.557 88.560 240.389 6.041 240313
3 378.407 1.576 88,560 240106 6.034 240.030
4 376.417 1773 88.560 212305 5335 212.238
5 373434 1.542 87.840 242 214 9,129 242.042
6 376.024 1.509 88.560 249,188 6.262 249.109
7 375644 1.647 87.120 228.060 11.459 227771
8 372.732 1.623 88.560 229656 5771 229584
9 374.057 1.697 86.400 220.423 13.840 219.988
10 375.451 1.534 86.472 244753 15.061 244,289

AT 10 kHz
Coil to ground Msu"enmion'»qafoﬁ 3

No. WHUV) NIzUE (MA) yu(esr) | Impedance(k{)) | Resistance(k()) | Reactance(k(})
1 374.959 2.548 87.120 147.158 7.34 146.972
2 375.527 2.575 89.280 145.836 1.833 145.824

-3
4
5
] 374.151 2.564 86.400 146.098 9.173 145807
7
-]
9
10 375.002 2.608 87.840 143.789 5419 143.687
A 20 kHz
Tum to tum up ﬂﬁ'«n'n'm'amqnfaﬁ 3

No. REE NITUR (MA) yu(ps) | Impedance(k()) | Resistance(k()) | Reactance(k{))
1 120.291 23740 £88.416 5.067 0.140 5.065
2 120.451 26.445 87.336 4.555 0212 4.550
3 120.440 23.957 87.912 5.027 0.183 5.024
4 120.513 23.938 88.128 5.034 0.164 5.032
5 120.880 24,089 88,056 5018 0170 5015
6 120.085 24 540 88.704 4693 0.111 4,892
7 120.411 24529 87.919 4.909 0.178 4.906
8 120.022 24,537 88.200 4.891 0.154 4.889
9 120.302 28889 88.344 4164 0.120 4463
10 120.881 24.674 88.128 4.899 0.160 4897
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Anuf 20 kHz

Turn to tum down wﬁ'umniqmu_ﬂfqﬁ' 3
No. UHFUY) ATLA (MA) 3(047) | Impedance(k(l) | Resistance(k() | Reactance(x(d) ‘
1 120.903 22127 88.056 5.464 0.185 5461 |
2 120.596 23.477 87264 5137 0.245 5.131
3 120.590 24131 87.912 4.997 0.182 4,994
4 120.565 24115 88.272 5.000 0.151 4,997
5 20.702 22,477 88.344 5.370 0.155 5.369
6 120.485 22.058 88.128 5.462 0178 5.459
7 120.825 23.349 87.264 5175 0.247 5.169
8 120.580 23.721 87.840 5.084 0.192 5.080
9 120.414 26.897 88.128 4.477 0.146 4.474
10 120.153 24,361 83.128 4932 0.161 4930
£712:0 20 kHz
Coil to coil mﬁmnﬁmqﬂ%ﬁ 3
No. UIITU(V) NITUA (MA) EENEL ) 1mpedanca(kQ) Resis(ance(kQ) Reaclance(kQ)
1 375.168 3.018 88.560 124.600 3131 124.561
< 372.925 3211 88.560 116.140, 2918 116,103
3 376.377 3.088 88.560 121.884 3063 121.845
4 374.728 3.350 86.400 111.858 7.024 111.638
5 374.006 3.551 87.840 105,324 3.970 105.249
8 375.056 3.573 87.840 104.969 3.956 104.885
7 374.878 3.382 §7.840 110.845 4178 110.766
8 374.963 3.613 87.120 103.782 5.214 103.651
9 379.592 3.245 88.560 116.978 2940 116.941
10 373.642 3451 87.840 108.271 4.081 108.194
ATWA 20 kHz
Cail 1o ground “sTamniemqngeﬁ 3
No. WHAUV) NTzLE (mA) (R | Impedance(k()) | Resistanca(k()) | Reactance(k())
1 375299 4.880 87.120 76.906 3.864 76.808
2 372.405 5.136 87.840 72509 2.733 72.457
3
4
5
6 374997 5151 87.840 72.801 2.744 72.748
7
8
; §
10 374.261 4.901 88.560 76.364 1919 76.340




awad 50 Hz

< , & d
Tum {o turn up ARIMTLIIDWATIN 4

96

No. LTITU(Y) nITUE (MA) yu(eee) impedance(M{)) | Resistance(M{)) | Reactance(M{))
1
2 120,697 87,804 88,290 1.375 0.041 1.374
3 120.460 89.766 88.290 1.342 0.040 1.341
4 120.442 80.697 88.290 1.493 0.045 1.492
5 120.046 87.854 88.290 1.366 0.041 1.366
6
7 120.909 85.302 88.290 1.417 0.042 1.417
8
9 120.502 86.301 87.390 1.386 0.064 1.395
10 120.370 83.469 88.290 1.442 0.043 1.441
A 50 Hz
Tumn to turn down vﬁamm'an’m‘ﬂ'faﬁ 4
No. u.Nﬂ"u(V) nITuR (HA) Yu(aaen) lmpedanca(MQ) Resistance(MQ) Reactanoe(MQ)
1 120.615 61.034 88.290 1.976 0.059 1.975
2 120.821 60.834 89190 1.886 0.028 1.986
3 120.155 61.501 88.290 1.854 " 0.058 1.953
4 120.033 65.249 88.290 1.840 0.055 1.839
5 120,118 61.256 89,190 1.961 0.028 1.961
6 120.028 61.410 88.290 1.955 0.058 1.954
7 120.884 61.451 87.930 1.967 0.071 1.966
-] 120.328 61.921 89.180 1.943 0.027 1.943
9 120.339 70.399 87.390 1.709 0.078 1.708
10 120.450 61.166 89190 1.969 0.028 1.969
ATl 50 Hz
Caif ta coil ﬂs'a’an'miamqﬂ?aﬁ 4
No. WIINU(V) NIUR (LA) (e Impedance(MQ) Resistance(MQ) Reactance(MQ)
1 375.257 11.881 87.300 31.585 1.480 31.550
2 373.774 11.840 87.750 31649 1.243 31.625
3
4 373.366 12.557 89.190 29.734 0.420 29.731
5 373.414 12.749 87.750 29.289 1.150 29.267
[ 375.319 12.536 89.100 29.939 0.470 29.936
7 372144 12.040 89.910 30.909 0.049 30.909
8 373.093 12,701 89.910 29.375 0.048 29375
2] 373.747 12.290 89.820 30.408 0.096 30.408
10 375.616 11454 89.370 32.794 0.361 32792




auh 50 Hz

Coil to ground wésmTisTgates 4 B
No. WTIRU(Y) nIzu (MA) yu(esm) | Impedance(ME)) | Resistance(M{}) i Reactance(M{))
1 375.754 20.726 87.480 18.130 0.797 18.112
2 373,936 22276 87.552 16.787 0717 e
3
4
|
5
6 374.544 20.128 B7.552 18508 0.795 18.591
7
8
9
10 376.169 22023 87 516 17.081 0.740 17.065
mmﬁ 100 Hz ]
Turn to tum up Mﬁ’dn’miamqn;ﬁ 4
No. WRIAUY) nizu (MA) | wu(eam) | impedance(M)) | Resistance(M()) | Reactance(m())
1
2 120.605 - 165.622 89352 0.728 0.008 " 0.728
3 120.983 162,05 89.260 0.747 0.009 0.747
4 120,602 159.408 88.920 0.757 0014 0.756
5 120.336 130.151 89352 0.925 0.010 0925
6
7 120.047 142.150 88.992 0.845 0.015 0844
8
9 120.011 147212 89.352 0.815 0.009 0.815
10 120,053 143.561 88,632 0.836 0.020 0.836
Al 100 Hz —l
Tum to turn down waIMAagATeR 4
No. UIITROV) nazuw (HA) yu(ase) | tmpedance(MS)) | Resistance(M{2) | Reactance(M())
1 120.783 115208 89.352 1.048 0.042 1.048
2 120,111 119.474 86.632 1.005 0024 1.005
3 120565 120.852 88.632 1.001 0.024 1.000
4 120283 118.597 86.992 1.014 0.018 1.014
5 120353 114611 89.352 1.050 0.012 1.049
6 120452 110.431 88,632 1.001 0026 1.080
7 120161 119.768 88.992 1.003 0.018 1.003
8 120.065 118,600 89.352 1012 0011 1.012
3 120.036 116,758 89,352 1.028 0.012 108 |
10 120172 109.088 89.352 1102 0.012 1102




A7m3d 100 Hr

- - > X T 4
Coil to coil MAIMTILIIBWATIN 4

No. u.*s-:ﬁ'u(V) nyzus (MA) Lu(earm) Impedence(MQ) Resistance(MQ) Reaclence(MQ)
1 3715192 15.216 88.920 24.658 0.465 24.653
2 374.453 16.998 89.640 22 028 0.138 22029
3
4 375.751 18.248 88.632 20.591 0.492 20.585
5 374 555 16.827 88.200 22 259 0.699 22248
6 370.881 15.654 88.920 23692 0.447 23688
7 375.132 16202 89.656 23153 0.058 23153
8 373.188 16.391 89.856 22768 0.057 22.768
9 376.196 16.572 89.064 22 691 0.371 22.688
10 374572 15.860 89.784 23617 0.089 23617

Al 100 Hz
Coil to ground mﬁmniemqn%ﬁ 4

No. UIAU(Y) ATSUA (MA) (B3} Impedanve(MQ) Resistance(MQ) Reacienve(MQ)
1 375.075 35.858 89.280 10.460 0.131 10.459
2 376.290 37.260 88.632 10.099 0.241 10.096
3
4
5
6 374.063 36.689 88.776 10.196 0.218 10483
7
8
9
10 377.076 37.155 89.316 10.149 0121 10.148

A7l 500 Hz
Tum to tum up usTmmi'qmqn'fqﬁ 4

No, UIIGUV) AITZUR (jA) yu(psr) | impedance(M()) | Resistance(M{)y | Reactance(M(2)
1
2 120.985 980.695 86.490 0.123 0.008 0123
3 120.017 846.267 87.390 0.142 0.006 0.142
4 120.460 775.625 88.290 0.155 0.005 0.155
5 120 867 655 496 88.290 0.183 0.005 0.183
6
7 120.409 666.765 89.190 0.175 0.002 0.175
8
9 120.492 735.723 88290 0.164 0.005 0.164
10 120.283 620 064 88.190 0.194 0.003 0.194
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-
ANt 500 Hz

P ; F A
Tumn to turn down WEINTTIDTLAIIN 4

Ne, LIIUV) NIEua (MA) yu(par) | Impedance(M()) | Resistance(M()) | Reactance(M)) ]
1 120.881 596,526 88.290 0.203 0.006 0.203
2 120.879 600.530 89.676 0.201 0.001 0.201
3 120.439 613.365 89.190 0.196 0.003 0.196
4 120.518 633.954 87.390 0.190 0.009 0.190
5 120.296 5B83.355 88.290 0.206 0.006 0.206
6 120111 538.723 89.190 0.200 0.003 0.200
7 120.170 599.012 89.190 0.201 0.003 0.201
8 120.315 595.513 B8B.280 0.202 0.006 0.202
9 120.358 618.310 89.190 0.195 0.003 0.195
10 120.359 599.088 89.190 0.201 0.003 0.201

ATl 500 Mz
Coil to cait ﬁﬁemniqmamgdﬁ 4

No. UTINUIV) nyzud (HA) Hu(Bam) Impedance(MQ) Resistanoe(M.Q) Reactance(M.Q)
1 374.178 127.052 89.550 2.945 0.023 2.945
2 373.714 126.106 88470 2.963 0.079 - 2.962
3
4 373.788 144.972 89.190 2.633 0.037 2633
5 374.145 128.785 89.910 2.905 0.005 2.905
6 372938 126.849 89.100 2.940 0.046 2.940
7 373.285 126.778 89.820 2.944 0.009 2.944
8 373.859 143877 89.820 2.598 0.008 2.598
9 373.930 128.957 89.820 2.900 0.009 2.900
10 373.623 126.081 89.910 2.963 0.005 2963

ATl 500 Hz
Cail to ground 'Aé'an'miomqsmfaﬁ 4

No. WIITU(V) nzua (HA) VG g) Impedance(M{2) | Resistance(M{)) | Reactance(M()
1 374846 147.690 87.984 2.538 0.089 2.536
2 376.051 168.249 88.200 2235 0.070 2234
3
4
5
6 375673 158.109 88.920 2.376 0.045 2376
7
8
9
10 375.129 158.998 89.388 2.359 0.025 2358
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Al 1 kHz
Turm to turn up mTamniv-mqmzaﬁ 4
No. WIAU(V) NIZUR (MA) yu(oern) | Impedance(k{d) | Resistance(k(2) | Reactance(k(2)
1 ‘
2 120473 1.618 89.352 79.363 0.898 79358
3 120.636 1.558 89.532 77.430 0.632 77.427
4 120,074 1,626 89.604 78.685 0.544 78.684
5 120.597 1.562 89.712 77.207 0.388 77.206
6
7 120,657 1628 88.712 74114 0.373 74113
8
9 120.930 1.541 89.604 78.475 0.542 78.473
10 120139 1515 89,5632 79.300 0.648 79.297
aad 1 kHz
Turn to turn down nﬁ'an'm.iamqnfaﬁ 4
No. UTIRL(V) NILUR (MA) FETLAL ) Impedance(k(}) | Resistance(k()) | Reactance(k())
1 120.374 1.212 89.712 99,332 0.499 99.331
2 120104 1.219 89.568 98.527 0.743 98.524
-3 120497 1216 89.712 99.109 0.458 99.108
4 120,166 1211 89.604 99.237 0.686 99.235
5 120.406 1212 89.600 99.312 0.693 99.310
6 120.140 1.209 £9.604 99.339 0.687 99,335
7 120,449 1.247 89.633 98.964 0634 98.962
8 120.444 1.217 89.604 99.009 0.684 99.006
g 120.871 1215 89,604 99.474 0.688 99.472 |
10 120.390 1.217 89.604 98.915 0.684 98.913 _l
A7aE 1 kHz
Coil to coil Mé’amniamqﬂ%ﬁ 4
No. I.L'Nﬁ'u(V) nus (JA) Yu(Bar) Impedance(MQ) Res'rstance(MQ) Reaclance(MQ)
1 374.388 211.079 89.640 1.774 0.011 1.774
2 375.806 221.421 89.640 1700 0.011 1.700
3
4 375,632 279.949 89.352 1.342 0.015 1342
5 375.431 231.241 89.424 1.624 0.016 1.623
) 374.788 219.145 89.424 1.710 0.017 1.710
7 375.183 230.782 89.856 1626 0.004 1.626
8 375.224 283.454 89 856 1.324 0.003 1.324
9 375 461 223.717 89.784 1678 0.006 1678
10 376.564 221.400 89.712 1.701 0.008 1.701




101

fmud 4 kHz

a , E
Coil to ground WRINTITIDEATIN 4

No. WTITU(V) nizud (MA) yu{aen) Impedance(M{2) | Resistance(M{2) | Reactance(M())
1 374.879 322.356 £9.496 1163 0.010 1.163
2 377076 321.768 09,388 1172 0.013 1172
3
4
5
6 376.164 323.448 89,496 1163 0.010 1.163
7
8
g
10 375.077 320.716 89,532 1.169 0.010 1.168

ATd 10 kHz
Tumn to turn up ua"m'mi#mqn‘?qﬁ 4
Na. uwﬁu(V) NIELE (mA) (DI Impedance(kQ) Resistance(kQ) Raactance(kQ)
1
2 120.402 14,662 89.352 8.212: 0.093 821
3 120.285 14,682 87.192 8.183 0401 8.183
4 120.399 14.350 88.632 8.3%0 0.200 8388
5 120,748 12,516 85.472 9.647 0.594 9,629
6
7 120,311 12.481 86.472 9.640 0.593 9.621
8
9 120015 13.708 89.352 8.755 0.099 8.755
10 120.927 14.922 88.632 B8.104 0.153 8102
AN 10 kHz
Turn to tumn down na"amm'emqﬂfaﬁ 4
No. WITU(V) NIZUR (MA) yu(aarm) | Impedance(k{)) | Resistance(k(2) | Reactance(x())
i 120.354 10.916 89.352 11.025 0.125 11.025
2 120214 11.643 88,632 10.225 0.246 10.322
3 120.033 12107 86.472 9914 0.610 9.89
4 120.580 12.185 86.472 9.896 0.609 9.877
5 120.132 11.062 89.352 10.860 0.123 10.858
8 120.256 10.623 87.676 11.320 0.420 11.313
7 120.739 11.325 87.192 10.661 0.522 10.648
8 120,686 11235 87.192 10.742 0.526 10.729
9 120.938 12038 87.912 10.046 0.366 10.039
10 120426 11.403 87.912 10.561 0.385 10.554




A2 10 kM2

9 , E 2
Coil o coil VRINATHEYATIN 4

No. UIIULV) NITLE (MA) yu(0dAn) impedance(kn) Resistance(kQ) Reactance(kﬂ)
1 374171 2472 88.200 151.364 4,754 151.289
2 376.419 2.686 88.920 140.141 2.641 140.116
3
4 376.157 2742 87.912 137.183 4.938 137.092
5 375.451 2.224 89.424 168.818 1.697 168.809
6 375,278 2417 89.928 155.266 0.195 155.266
7 377.262 2.288 87.696 164.887 6.629 164.754
8 374.356 2.803 86.976 133.5585 7.046 133.370
] 374.154 2.881 89.784 129.869 0.420 129.669
10 376.684 2.506 87.696 150.913 6.043 150.191

el 10 kHz
Coil to ground wa"«mﬁmmqnﬂﬁ 4

No. uﬁi‘fu(\.f) NITUA (MA) Ju(pam) lmpedance(kQ) Reeistance(kn) Reactance(kQ)
1 376.760 2.555 87.156 147 460 7.316 147.278
2 375.642 2.963 87.912 126.778 4619 126.693
; - :

4
5
6 374623 2672 87.840 140.203 5284 140.104
7
8
9
10 377.362 2.737 87.048 137.874 7.400 137.691
A 20 kHz
Tumn to fum up “ﬁ’an‘l‘:t‘iaﬂwﬂ%'ﬁ 4

No. LTIRUY) NTELA (MA) (B Impedance(k()) | Resistance(k{)) | Reactance(k())
1
2 120.220 23.908 88632 5.028 0.120 5.027
3 120.486 26.951 88.056 4.471 0.152 4.468
4 120.021 27.660 88.704 4.339 0.098 4.338
5 120.559 24.485 87.840 4.924 0.186 4.920
6
7 120.625 24,090 87.264 5.007 0.239 5.002
8
9 120.303 22800 87.264 5276 0.252 5.270
10 120.607 23684 88.704 5.092 0.115 5.091
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A 20 kHz

< : T3
Turn to turn down wRINTEENYATITR 4

103

No. LTSU) NIzud (mA) yu(ear) | Impedance(k()) | Resistance(x(]) | Reectance(x())
1 120.509 21272 87.264 5.665 0.270 5.659
2 120.559 22.717 87,912 5.307 0.193 5.303
3 120.345 23444 87.840 5.133 0.193 5130
4 120.167 23.605 88.056 5091 0173 5.088
5 120.736 22,902 88.128 5272 0.172 5.269 ]
6 120.339 21.755 28,704 5.632 0125 5.530
7 120224 22122 87.840 5.435 0.205 5.431
8 120.610 22.168 88.056 5441 0.185 5438
9 120.550 25.600 87.984 4.709 0.165 4.706
10 120.046 21.653 87.984 5.544 0.185 5.541
ATad 20 kHz
Coil 1o coil “é'cmsdmm_mzaﬁ 4
No. BIHRUV) NTRLE (MA) yu(ean) | impedance(k(2) | Resistance(k{)) | Reactance(x{2)
1 375.424 4923 87.192 76.259 3.736 76.168
2 375.402 5.359 87.192 70.051 3.432 69,967
3
4 375876 5.401 86472 69.594 4283 69,462
& 375.850 4.432 88.704 84804 1.918 84.782
6 374778 4819 89.424 7.7 0.782 77.767
7 375379 4.511 86976 83214 4.390 83.098
8 372971 5.491 86.976 67924 3.593 67.829
9 374.610 4718 87.624 79.400 3262 79.332
10 373.906 4.941 89.784 75.674 0.285 75674
AIA 20 kHz
Coil to ground ué’amniqmqnfqﬁ‘ 4
No. LIHAUY) NITUE (MA) 3u(paem) lmpedance(kn) Resistanoe(kQ) Reaclance(kQ)
1 375.152 5.028 87.408 74.613 3.374 74536
2 376.211 5789 87.156 64,987 3.224 64.907
3
4
5
6 377698 55852 87.336 68.029 3.162 67.956
7
8
9
10 375.554 5.370 87.120 €9.936 3.514 69.847
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anuf 50 Hz

. T
Tum fo tum up WRIMTLIEYATIT 5

No, WTINN(V) nizug (HA) Yu(pIm) Impedance(MQ) Resis!ance(MQ) Reactance(MQ)
;
2 120212 89.723 89.424 1.340 0.013 1.340
3 120.354 89.258 88.344 1.348 0.039 4.348
4 120.454 85.657 88.344 1.406 0.041 1.406
5 120.189 88.152 89.784 1.363 0.005 1.363 ]
6
7 120.430 £6.639 89.748 1.391 0.006 1.391
8
9 120.480 89.0G3 89.568 1.354 0.010 1.354
10 120.669 88.145 88.488 1.369 0.036 4.369
ATaf 50 Hz
Tum to um down ué’qm:mmqnfaﬁ 5
No. WTASTH(V) nizua (HA) (paen) impedance(M{)) | Resistance(M{)) | Reactance(mM(})
1 120.468 69.898 88344 1723 0.050 1723
2 120.852 53477 89.784 22860 0.009 22560
3 120.084 72,862 89.424 1.648 0.0t7 1.648
4 120.858 66.079 89.064 1.829 0.030 1.829
5 120.217 62.011 88.704 1.839 0.044 1.938
[} 120.239 59078 B88.596 2.035 0,050 2.035
7 120.710 64,792 89.568 1.863 0.014 1.863
8 120.503 64,528 39.640 1.867 0.012 1.867
9 120,158 73.876 89.568 1628 0.012 1.626
10 120.553 63917 88.524 1.886 0.048 1.885
f177WA 50 Hz
Coll to cail waINTIIIEIGATIA 5
No. LIIFUV) nIzuA (LA) yu(ase) | Impedance(M{)) | Resistance(M()) | Reactance(M{))
1 375.855 10.86 89.352 34.609 0.391 34,607
2 373484 10.842 89.28 34.448 0.433 34.445
3
4 37434 12,122 88.740 30.87¢ 0.679 30871
5 374.081 11.339 89.280 32.991 0415 32.988
6 373.8¢5 11257 88.920 33.214 0.626 33.208
7 375529 12.576 88.740 29.861 0.657 29854
8 374.205 12.32¢ 69.280 30.352 0.381 30.349
<]
10 373.801 10.795 89.640 34.627 0.218 34627




105

)
AU 50 Hz

< ; £ d
Coil to ground  MaINILTAYARIN S

No. WU nIzud (MA) Ju(asrn) Impedance(MQ) Resistance(MQ) Reac!ance(MQ)
1 374.139 20.689 89.280 18.084 0.227 18.083
2
3
4
5
6 375618 20,162 83.740 18,630 0.410 18.625
7
8
9
10

A7sfl 100 Hz
Tum to tum up WRINTTFIBYATIT 5

No. UIAUV) nIzuR (HA) yu(Eem) | Impedance(M()) | Resistance(M()) | Reactance(M())
1

2 120.008 122.309 89.640 0.981 0.006 0.981

-3 120812 122,534 89,604 0.986 0.007 0986
4 120,520 129.311 89 604 0.932 0.006 0.932
5 120,407 129.856 89,604 0.927 0.006 0.927
6
7 120.273 130.73 89.640 0.920 0.006 0.920
8
9 120.725 122.762 89.712 0.883 0.005 0.983
10 120.385 128,020 89.712 0.940 0.005 0.340

A 100 Hz
Tum to turn down né’amu‘:’amqn‘fﬁ 5

No. wHAUV) nazua (A yw(esm) | (mpedance(M{)) | Resistance(M()) | Reactance(M{))
1 120.737 117.001 89,676 1.032 0.006 1.032
2 120.576 123571 89.640 0.976 0.006 0.976
3 120848 130.659 89.604 0.925 0.006 0.925
4 120,094 125.909 89.604 0.954 0.007 0,954
5 120623 120,040 89.604 1.005 0.007 1.005
8 120,688 116.408 89.604 1.007 0.007 1.037
7 120.050 125.804 89.712 0.954 0.005 0.954
8 120228 125213 89.712 0.960 0.005 0.960
9 120.664 127,275 89,712 0.948 0.005 0.948
10 120,577 114.804 89.712 1.050 0.005 1.050
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Aufl 100 Hz

= ; z 2
Coil to coil MRINIIIDWYNIMN 5

Na. WIaU(V) nTzus (|A) yu(aae) impedance(M{)) | Resistance(M)) | Reactanca(M{))
1 375589 23716 89.532 15.837 0.129 15.836
2 373.930 20.019 89.568 18679 0.141 18.678
3
4 374.99 28200 89.712 13.298 0.067 13.297
5 373.161 26.789 89.712 13.930 0.070 13.929
6 376.441 20.377 89.712 18.474 0.093 18.474
7 373.8%4 26272 89352 14.232 0.161 14231
8 373.834 27.485 89.568 13601 0.103 13,604
9
10 374158 19.627 89.712 19.063 0.096 19,063

ardl 100 Hz
Coil to ground “ﬁamniamgﬂ{aﬁ 5

No. WTIRTU(Y) n1zu (HA) Wi(eam) | tmpedence(MC)) | Resistance(MC) | Reactance(M(d)
1 376.138 31.448 89.712 11.961 0.060 11.960
2
3
4
5
6 375131 39.558 89.712 9.483 0.048 9.483
7
8
9
10

ATl 500 Hz
Tum fo um up “ﬁ’:mniamqn%ﬁ 5

No. UTITU(Y) NIZUR (MA) yu(eam) | impedance(M()) | Resistance(M(}) | Reactance(M{d)
1
2 120.443 595.078 88272 0.202 0.006 0.202
3 120.504 619.921 88.272 0194 0.006 0.194
4 120.688 628.921 87.804 0.192 0.007 0.152
5 120,841 637.062 87.804 0.190 0.007 0189
6
7 120.522 642303 87.804 0.188 0.007 0.188
8
9 120.850 648.395 88.560 0.186 0.005 0.186
10 120,926 593 265 87.840 0.204 0.008 0.204




o
NG 500 Hz
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- . & d
Tum to turn down HRINTHIIDIYATIN 5

No. UTIAU(V) NIz (HA) | a(ean) impedance(M{)) | Resistance(M()) | Reactanca(M())
1 120.704 £93.266 89.352 0.203 0.002 0.203
2 120.774 609.293 87.912 0.198 0.007 0.188
3 120.547 696.493 88.164 0.173 0.006 0173
4 120.335 628.859 88.524 0.191 0.005 0.191
5 120777 590.880 88.884 0.204 0.004 0.204
6 120.982 573855 88.164 0.209 0.007 0.208
7 120.507 615814 88.524 0.196 0.005 0.196
8 120.438 613.028 88.524 0.196 0.005 0.196
g 120.739 632,961 88.920 0.1¢ 0.004 0.191
10 120.589 584 943 87.156 0.206 0.010 0.206

AR 500 Hz
Coil to coil Hé’dm:n’mﬁqn?«ﬁ 5

No. UTITH(V) nIzUE (MA) Yn(@I) | Impedance(M()) | Resistance(M{)) | Reactance(M())
1 375.013 92,761 88,452 4.042 0.109 4.040
2 374.023 95.183 87.408 3.930 0.178 3.925
3
4 374.326 110.717 88.020 3.381 0.147 3.379
5 374.580 111,057 87.840 3.373 0.127 3.370
6 373.434 95176 88.740 3.924 0.086 3.923
7 74374 117.216 87.840 3194 0.120 3.192
8 375.015 120.732 87.840 3.106 0.117 3.104
g
10 374.955 3274 88.740 4020 0.088 4.019

A 500 Hz
Coil to ground Hﬁ‘i'\m’ﬁﬁ'dﬂ'lq;‘?l 5

No. WiFWY) | nwua(MA) | yaeem) | Impedance(M()) | Resistanco(MC)) | Reactancs(M())
1 374.494 143.265 87.840 2614 0.099 2.612
2
3
4
5
6 374.818 158.097 87.840 231 0.089 2.369
7
8
9

-
[=]
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AUR 1 kHz
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Turn to turn up ﬁﬁ"\:mnim‘m.ﬂ‘?aﬁ 5

No. ULV} NITUE (MA) ya(ean) Impedance(k{)) | Resistance(k{)} | Reactance(k())
1
2 120.847 1.587 89.676 76.148 0.431 76.147
3 120.559 1.523 89.532 79.159 0.647 79.156
4 120.509 1554 89.748 77.548 0.341 77547
5 120837 1.568 89.748 77.064 0.339 77.064
]
7 120.924 1573 89.748 76.875 0338 76.874
8
2] 120.630 1.579 89.748 76.396 0.336 76.396
10 120.768 1.559 89.532 77.466 0.633 77.463

A 1 kHz
Turn fo turn down wa’qmns‘amqmﬂﬁ 5

No. WHAU(V) NITLA (MA) yu(eIm) | Impedance(k€)) | Resistance(k{)) | Reactance(k())
1 120.720 1214 89,496 99.448 0.875 99.444
2 120.577 1.321 89.640 81277 0574 91.275
3 120.503 1,384 B9.676 87.069 0.492 87.067
4 120.843 1259 89.604 95.983 0.663 95.981
5 120.883 1.218 89.568 99239 0.748 99.236
6 120.637 1214 89.784 99.363 0.375 §9.363
7 120.541 1.226 89.748 98.321 0.432 98.320
8 120.411 1.217 89.496 98.941 2.870 38,937
9 120.927 1.443 89,352 83.802 0.948 83.797
10 120.715 1213 89.640 99.551 0.625 99.549

awd 1 kHz
Cail to coil mTan"l'niw'lqa%aﬁ 5

No. UTRUV) nIUN (LIA) yupsm) | Impedance(M()) | Resistance(M()) | Reactance(M())
1 374.020 191.089 89.460 1.957 0.018 1.957
2 375.562 187.222 89.568 2.006 0.015 2.006
3

4 375.552 245,973 89.712 1.6521 0.008 1.521
5 371.788 255241 89.712 1.457 0.007 1.457
6 375.191 183.139 89.352 2,048 0.023 2,049
7 374,076 218.654 88.992 1.711 0.030 1711
8 373.682 223.600 89712 1.671 0.008 1671
g

10 372.854 212,070 89.712 1758 0.009 1.758
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s 1 kHz
Coil to ground ué'\m'miamqmtﬁ 5
No. u.nﬁ'u(V) nizur (HA) (09} lmpedanca(MQ) Resistance(MQ) Rsactance(MQ)
1 374596 329.511 89.712 1.137 0.006 1.137 T
2
3
4
5
& 376.103 320.548 89.712 1473 0.006 1173
7
8
g
10
A 10 kHz
Turn to turn up uﬁam-:ri#mu_n'?qﬁ 5
No. UTIAUV) NTTUR (MA) a(a4e) impedance(k()} | Resistance(k(}) | Reactance(k(})
1
2 120.805 11.503 89.352 10.502 0.118 10.501
3 120.711 11.743 89.028 10.279 70‘174 10.278
4 120.648 12,117 88.920 9957 0.188 9.955
5 120.589 12404 89.100 9.963 0.156 9.962
6
7 120.768 12.305 89.280 9.815 0.123 9.814
8
9 120.666 12.276 89.064 9.829 0.161 9.828
10 120.532 10.726 88.848 11.237 0226 11.235
auifi 10 kHz
Turn to kum down Mﬁ'an’miemqﬂ%@ﬁ 5
No. WIITUV) NIZUE (MA) yu(asr) Impedancetk()) | Reswstance(k(2) | Reactance(k(})
1 120.547 10,977 89.532 10.982 C.0%0 10.981
2 120.588 14.711 89.856 10.268 0.026 10.298
3 120.886 13.363 89.532 9.046 0.074 9.046
4 120.255 127111 89,352 9.416 0.106 9416
5 120.029 14.359 89.388 10.567 0.113 10.566
6 120.147 1.010 85352 10.913 0123 10912
7 120.745 11.865 89.244 10.177 0,134 10.176
a8 120113 11.804 89.388 10176 3.109 10.175
9 120.794 11.974 89.532 10.088 0.082 10.088
10 120.752 10.526 89.352 11.472 0.130 11.471




A7 ed 10 kHz

.« , F2]
Coil to coil MRINVINDILATIN 5

110

No. WIIRH(V) NISUR {mMA) YU(DIFN) impedance(kQ) Resistanoe(kﬂ) Reactance(kQ)
1 376.065 1726 89.532 218.009 1781 218.001
2 375270 1772 89.496 211.778 1.863 211.769
3
4 373.031 1.883 89.352 188.105 2,240 198.092
5 375.457 1.847 89.712 203.279 1.022 203.277
6 374239 1672 89.352 223,827 2531 223813
7 374.620 1.850 89.352 202.497 2290 202.484
8 376.018 1711 86.112 219.765 14,901 219.259
10 376.200 1.689 85.752 222,735 16.499 222423

m‘mﬁ 10 kHz
Coil to ground wsTomniemqnfeﬁ 5

No. UTIAU(Y) NITUN (MA) yeem) | Impedance(k{)) | Resistance(k(d) | Reactance(k(2)
1 371.576 2569 89.712 145.204 0.730 145202
2
.

4
5
6 374,819 2.787 89.352 134.488 1.521 134.480
7
8
S
10
A 20 kHz
Tum to tum up WEIMIF9EGATIT 5

No. w3V} NTUE (mA) yu(aem) | Impedance(k()) | Resistance(k(d) | Reactance(k(])
1
2 120.741 22.962 89.496 5258 0.046 5258
3 120.874 23.468 87.840 5.151 0.194 5.147
a 120.294 23988 83.848 5.015 0.101 5014
5 120140 24.095 83.776 4,986 0.107 4985
6
7 120.165 24.463 88848 4912 0.099 4911
8
8 120.712 23.012 88.704 5.246 0.119 5.244
10 120.701 21.633 88.892 5579 0.098 5579




A7l 20 kHz

. , 1 3
Turn to turn down MAINTTIIIBILATIN S

No. WIIHV) MazLi (MA) (s Impedance(k{d) | Resistance(k{)) | Reactancek{)
1 120213 24,700 88.992 5540 0.097 5.539
2 120.087 23.066 89.208 5206 0.072 5.206
3 120.359 23359 89.208 5153 0.071 5.152
4 120.285 23912 £9.352 5.030 0.057 5.030
5 120,299 22,621 89.201 5318 0.074 5318
6 120.747 22172 89.266 5.446 0.070 5.445
7 120.302 23533 £9.208 5112 0.074 5112
8 120.848 23.328 89.496 5180 0.046 5.180
9 120.448 24.382 88.776 4940 0.106 4939
10 120.834 21.825 88 848 5.536 0.111 5.535

A7uf 20 kHz
Cail to coil mTan'miqmqﬂ'fq'ﬁ 5

No. u'uﬁu(V) N3ItL& (MA) Uu(BA7) Impedance(kQ) Resislance(kQ) Reaclance(kQ)
1 372.799 3.404 89.388 109.518 1170 109.512
2 379.575 3.532 . 88.920 107.457 2,026 107.448
3
4 374.912 3727 89.640 100.594 0.632 100,592
5 373.361 3.859 88.992 96.751 1.702 96.736
6 373.439 3.304 89208 113.026 1.562 113.016
7 372,148 3.666 89.352 101.513 1.148 101.507
8 373.785 3.919 89.201 95.380 1.330 95.371
9
10 375.049 3324 89.194 112.831 1.588 112,819

m‘mﬁ 20 kHz
Coil to ground ns‘(amniamqnf«ﬁ 5

No. UIAU(Y) NTUR (mA) yueani) | Impedance(k()) | Resistance(k()) | Reactancek(d)
1 375619 5153 89.2728 72.893 0925 72.887
2
3
4
5
6 375.707 5.537 892656 67.854 0.870 67.848
7
8
g9

-
o

1
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]
Aun 50 Hz

.. , £ d
Tum to tum up VRMIIDINGH TN [¢]

No. LIAUV) TzUR (MA) yn(pan) | Impedance(M{)) | Resistance(M)) | Reactance(M(])
1
2
3 120.441 79.258 88.200 1.520 0.048 1.519
a 120.945 75.657 88.830 1.509 0.033 1.598
5 120331 76.152 88.920 1,580 0.030 1.580
6
7 120,082 76.639 89.010 1.567 0.027 1.567
a
g 120.100 78.003 88.650 1.540 0.036 1.539
10 120,652 76.145 88.920 1585 0.030 1.584

m’mﬁ 50 Hz
Tum to turn down m?amm‘emqn?aﬁ 6

No. uAU(V) naus (A) yu(am) | Impadanca(M()) | Resistanca(M{)) | Reactance(M{))
1
2 120.166 . 62.477 88.650 1.923 0.045 1923

3 120.411 71.862 88.740 1676 0.037 1675
4 120.942 65.079 88.992 1.858 0.033 1.858
5 120.900 63011 88.560 1.919 0.048 1918
6 120.720 68.078 88.560 1773 0.045 1773
7 120914 65.792 83.740 1.638 0040 1.837
8 120.650 67.528 88.740 1.787 0.039 1.786
9 120.345 67.876 89.280 1.773 0.022 1.773
10 120.796 69.917 83.560 1.728 0.043 1.727

a7l 50 Hz
Coil to ool WeIMAIYATIN 6

No. uFUV) U (HA) yu(psm) | Impedance(M()) | Resistance(MQ)) | Reactance(m(})
1 75.267 13.024 83920 28.815 0.543 28810
2 372733 13.871 89.280 26.871 0.338 26 869
3
4 373.589 12578 83740 29.702 0.653 29,695
5 376.301 13676 88.560 27515 0.691 27.507
6 374.240 11.660 88.560 12,096 0.807 32,086
7 a74.253 12.929 83.740 28.947 0.637 28.940
8 376,643 12.859 83380 29.290 0.428 29.279
9

10 374016 12.394 83.740 30177 0664 30.170




a2uf 50 Hz

j . . £
Coil to ground MAINTITHIBILATN 6

No. WIIRH(V) nItuA (HA) Lu(gaen) impedance(M{)) | Resistance(M{}) | Reactanco(M())
1 375514 18.875 88.740 19.895 0.437 19.890
2
3
4
5
6 372779 17.483 83380 21310 0.602 21.302
7
8
9
10

A7 100 Hz
Turn to turn up Hé’«in'lil.‘iquﬂ'fﬂﬁ 6

No. UTAUVY) nzuR (HA) yu(par) | impedance(M()) | Resistance(M()) | Reactance(M(d)
1
2
3 120.828 - 123.099 89.820 0.962 0.003 0.982
4 120,673 119.646 89.640 1.009 0.006 1.009
5 120.707 121.488 89.640 0.994 0.006 0994
6
7
8
9 120,743 122.711 89.784 0.984 0.004 0.984
10 120,637 123.150 89.676 0.980 0.006 0.880

i 100 Hz
Turn to turn down Hs‘u’an'miqumgaﬁ 6

No. RIIU(Y) nazus (A) yu(ear) | impedance(M{)) | Resistance(M{)) | Resctance(M())
1
2 120.337 120.271 89.784 1.001 0,004 1.001
3 120.718 119.086 89.712 1.014 0.005 1.014
4 120,659 123.765 89.856 0975 0.002 0975
5 120232 128,872 89,784 0933 0,004 0933
6 120,358 126.933 89.748 0.933 0.004 0.933
7 120.740 123.135 89.742 0.981 0.005 0.981
8 120.688 122.176 89 640 0.988 0.006 0,988
9 120.756 122.711 89 640 0.984 0,006 0.984
10 120,014 120223 £9.784 0.998 0.004 0.998

>
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ANd 100 Hz

P 3 2
Coil to coil MAIMANAYATIN E

No. LTIAU(V) NITKE (HA) Hu(aIm) !mpedance(MQ) Resistance(MQ) Reactance(MQ)
1 375.116 23.184 89.640 16.180 0.102 16.180
2 375.500 25.630 89.820 14,651 0.046 14 651
3
4 374.772 25852 89.820 14.497 0.046 14.497
5 374.360 23,829 89.820 15710 0.049 15.710
6 375.110 26.032 9.820 14,985 0.047 14.985
7 374942 23.965 89.640 15.645 0.098 16.644
8 375672 23.191 89.640 16.199 0.102 16.199
8
10 374.124 23.943 89.640 16.626 0.099 15.625

a7 fl 100 Hz
Coil to ground uamuiumqn%ﬁ 6

No. LIITR(Y) nIzuR (MA) yu(asnm) Impodance(M()) | Resistance(M(}) | Reactance(M(})
1 376.410 35329 89,820 10.654 0.033 10.654
2
3
4
5
6 375379 37.73H 89.748 9.833 0.044 9933
7
8
9
10

Wil 500 Hz
Turn to turn up usTm'nu'm‘lqnfqﬁ 6

No. RIUV) nizur (HA) yu(es) | Impsdance(M)) | Resistance(M()) | Reactance(M()
1
2
3 120.401 687.830 88.560 0.175 0.004 0175
4 120.952 617.636 88.416 0.156 0.005 0.196
5 120525 694 304 89.280 0174 0.002 0174
6
7
8
8 120.819 692,748 88.380 0174 0.005 0.174
10 120.875 655.997 88.380 0.184 0.005 0.184
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a1l 500 Kz

: F
Tum to tum down wAMTHEIYATIN 6

No. LITULV) nEuR (HA) xi(B9m1) Impedance(M()) | Resistance(M{)) | Reactance(M{})
1
2 120.548 652,829 89.370 0.185 0.002 0.185
3 120.310 682,619 £8.740 0.178 0.004 0.176
4 120.361 664.424 £8.380 0.181 0.005 0.181
5 120,084 676.235 88.560 0.178 0.004 0.478
6 120.665 688.408 89.460 0.175 0.002 0.175
7 120.085 £58.906 88.560 0.182 0.005 0.182
8 120.644 862.271 89.640 0.182 0.001 0.182
9 120.854 666.424 88360 0.181 0.005 0.181
10 120.614 654.943 88.380 0.184 0.005 0.184
ﬂ'THJﬁ 500 Hz
Coil to coil ns?-smm'emqn%ﬁ 6
No. WINTU(V) nIsue (HA) y(pA) Impedance(M{)) | Resistance(M()) | Reectance(M(})
1 373.939 98.139 89.280 3810 0.048 3810
2 376.444 98.447 88.380 3824 0.508 3822
=
4 375316 98.917 89.100 3.794 0.060 3.794
5 375.800 93.643 89.100 4013 0.083 4013
6 374322 92.561 88.360 4044 0.114 4042
7 375.260 95270 88.380 3.939 0.111 3937
8 375.699 98.850 89.550 3.799 0.030 3799
9
10 371.566 97 694 89.550 3803 0.030 3.803
aud 500 Hz
Coil to ground né’amns‘amqwﬁﬁ 6
No. LHAUY) nazuA (MA) y(psmn) | Impedance(M{)) | Resistance(M()) | Reactance(M{))
1 375617 157 552 89640 2384 0015 2,384
2
3
4
5
6 374.559 164.807 88.200 2.420 0.076 2418
7
. _
9

-
(=]
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m'mﬁ 1 kHz

Py . E d
Tum to turn up MEIMTVIDTYATIN 6

No. I nazuk (MA) yu(es) | Impedance(M{) | Resistance(M)) | Reactance(M{2)
1
)
3 120.165 1.697 89.820 70.810 0.222 70.810
4 120.017 1372 89.784 87.476 0.330 87.475
5 120.754 1,384 89.604 87.250 0.603 87.248
6
7
8
9 120.732 1.697 89.568 71.144 0.536 71.142
10 120.966 1235 89.784 97.948 0.369 97.947
Al 1 kHz
Tum to turn down uﬂ"\:msmmqa%ﬁ 6
No. LTIAUY) NIEuR (LA) yu(ew) | Impedance(M()) | Resistance(M()) | Reactance(M$2)
1
2 120259, 1.498 89.820 80.260 0.252 80279
3 120231 1544 |  B9f20 77870 0.245 77.869
4 120,508 1325 09,668 90.949 0.686 90.947
5 120.401 1.244 89,764 97,019 0.366 97.019
6 120272 1.309 89.748 91,881 0.404 91.880
7 120.765 1.304 89.748 92,611 0.407 92.610
8 120,869 1.658 89.676 72.900 0.412 72.898
3 120.467 1.506 89.784 79.901 0.302 79.991
10 120.121 1.484 89.640 80.944 0.509 80.942
AT 1 kHz
Coil to ooil WRIMTIIEGATIN 6
No. WIITUV) NITUR (HA) yu{pan) | Impadance(M()) | Resistance(M() | Reactance(M$2)
1 a74.721 222,089 89.820 1574 0.005 1674
2 374.022 222230 89568 1683 0.013 1.683
3
4 76229 246,973 89.716 15623 0.008 1.523
5 375.836 255.241 89.712 1.472 0.007 1472
6 a76.019 223224 89.730 1.684 0.008 1.684
7 374.335 278.654 89.730 1343 0.006 1343
8 a75.567 223.600 89.741 1.680 0.008 1680
9
10 373845 252,070 89.712 1.483 0.007 1.483




m’mﬁ 1 kHz

.~ . E
Coil to ground  #RINUTINWYAIIMN 6

No. WIIRUCV) NIZUR (MA) yu(sr) | Impedance(x{d) | Resistance(k()) | Reactance(k(2)
1 375619 5153 89.2728 72.893 0.925 72.867
2
3
4
5
6 375707 5537 £9.2656 67.854 0.870 67.848
7
8
]

10
aTd 10 kHz
Turn to tum up Mé’ammqmu‘nfqﬁ 6

No. UTIRUY) NIZUA (MA) RUTCELY Impedance(kQ) Resist: mu(kQ) React .oe(kQ)

» . .

2

3 120.512 11.429 89.496 10,544 0093 10.544
4 120.158 11.642 89.676 10.321 0.058 10.321
5 120.839 12.670 89.676 9.537 0.054 9,537
6

7

8

g 120.721 11.803 89.743 10.228 0.045 10.228
10 120,646 12,044 89.748 10017 0.044 10.017

nrwd 10 kHz
Turn to tum down ué‘an’miamqﬂ‘feﬁ 6

No. WTIRUV) NTZUA (MA) yu(oam) | Impedance(k()) | Resistance(k{)) | Reactance(k{})
1
2 120.396 11.031 89.712 10914 0,055 10.914
3 120.326 11.244 89,598 10.701 0.056 10.704
4 120,047 11477 89.798 10.741 0.038 10.740
5 120920 11.387 £9.568 10.619 0.060 10619
6 120.785 11.691 89.568 10.331 0.078 10.331
7 120128 11,111 89.741 10812 0.049 10.812
8 120.739 11.157 89.784 10.822 0.041 10.822
g 120,513 11291 89.784 10673 0.040 10673
10 120.710 11.033 89.784 10.941 0.041 10.841

117



118

- 1
f700 10 kiz
. . . ]
Coif to coll ¥RINTITLTIBIYATIN 6
Na. uNF'fu(V) nizug (HA) {U(9e) Impedance(MQ) Resislanoe(MQ) Reactance(MQ)
1 374295 2723 B9.784 137.457 0.518 137 456
2 375.746 2.904 89.820 129.389 0.406 129.388
—
3
4 373.485 2.869 89.712 130,180 0.654 130.178
& 375.000 2.415 89.820 156280 0.488 155279 |
8 375.516 2.953 89.820 127.164 0.399 127.164
7 372.616 2.570 89.640 144987 0.911 144.084
8 374.573 2.691 _j 89.640 139.195 0.875 139.182
10 376.535 2814 89.748 144,046 0.634 144,044
o
0710 10 kHz
" - . € 4
Coil to ground MRINTUIIENYNIIMN 6
No. UIIRUV) MIELR (MA) wu(eem) | tmpedancek(d) | Resistanca(k{)) | Reactance(k(2)
1 376.044 2359 89.640 159.408 1.002 159.405
5 :
3
4
L
5
6 378.292 2413 89.820 178.031 0.562 179.030
7
8
9
-
10
o
a0 20 kHz
o , E d
Tum to turn up WRINTNIINYATIN 6
No. UIITU(V) NIEUR (MA) yu(pam) | Impedance(kC)) | Resistance(k()) | Reactance(k(})
1
2
3 120.740 22,561 89.712 5352 0.027 5352
4 120.543 22,788 89.712 5290 0.027 5.290
§ 120.712 23944 89.424 5041 0.051 5.041
6
7
8
9 120.761 21.202 89.424 5.696 0.0567 5.695
10 120264 21.951 89.510 54719 0.047 5.479




ATWA 20 kHz

- ; [
Tum to tum down #EINIRIIDWATIN 6

-

No. I NTEUE (MA) yu(ee) | impedance(k()) | Resistance(k()) | Reactance(x()
1
2 120474 21.925 89.496 5485 0.048 5.495
3 120.835 2230 89 640 5418 0.034 5.418
4 120.101 22177 89.568 5416 0.041 5415
5 120.182 22.485 89,496 5.345 0.047 5345
6 120.632 23024 £9.568 5239 0.040 5239
7 120.666 22,062 89.856 5.469 0.014 5469
8 120.867 22119 89.712 5.464 0.027 5.454
9 120,667 22273 89.496 5418 0.048 5417
10 120.609 21932 89352 5.499 0.062 5499 |
a0l 20 kHz
Coll to coil vué'amnﬂmqwfqﬁ 6
No. UIFNL) NIEUA (mA) 32(23617) Impedance(kQ) Resistanoe(kQ) Rsaclanoa(kﬂ)
1 372.09 5.428 89.568 68.551 0517 68 549
2 374,795 4.284 89.640 87.487 0.550 B87.485
3 ' ,
4 374.409 4.665 89.856 80.259 0.202 60.258
5 374216 4506 89.352 81.422 0.921 81.417
6 374814 4616 89,568 81199 0.612 81,197
7 370.600 4972 89.640 74537 0.468 74,536
8 375335 4695 89352 79.944 0.904 79.938
9
10 375.000 5.191 89.568 72.240 0.545 72238
ﬂ':'mﬁ 20 kH2
Coil to ground Hianﬁn'm’\q%ﬁ 6
No. WIHOY) NTLLR (mA) yuipam) | Impedance(k{)) | Resistance(x{)) | Reactance(x())
1 374.412 5.000 89,640 74.882 0.470 74.881
2
3
4
5
6 374.064 4472 89.496 83.645 0.736 83643
7
8
9
10

119



i [ 71.5 50 Hz
T7~ - Turn u;‘rum up hggmﬁ.‘:daﬂﬁq;w.‘.{)-ﬁm o o T
No. LIIRUV) NTzuE (LA) uu(eaey | fmpedance(M(}) | Resistance(M{D} | Reactance(M(D)
1
2
3 120.307 95.969 85.320 1254 0.102 1.249
4 120.583 85.853 79.020 1.405 0.268 1.379
5 120.871 86.594 86.310 1.396 0.090 1.393
6 120.983 67.600 87.210 1.787 0.087 1.785
7
8 120.867 70.140 88.020 1723 0.060 1.722
9
10 120.796 62.684 88.920 1.927 0.036 1.927
A7 50Hz T
Tum to tumn down mem-:'mw‘ﬂ'faﬁ 7
No. WIINU(V) nizua {|A) 3u(R9e) Impedance(MQ) Resistance(MQ) l Reactancs(MQ)
1
2
3 '120.307 95969 | 85320 1.254 0.102 1,249
4 120.583 85.853 79.020 1.405 0268 1.379
5 120.871 86.594 88310 1.396 0.090 1.393
6 120.983 67.690 87.210 1.787 0,087 1.785
7
8 120.867 70.140 88.020 1.723 0.060 1722
9 1 |
10 120.796 —r 62.684 T 88.620 1.927 i 0.036 1.827
m‘luﬁ 50Hz
Coil to coil Hn'amniamqn:zaﬁ 7
No. UINU(V) NITUR {|JA) 3u(aam) Impedance(M(2) | Resistance(M(]) | Reactance(M()}
1 373,772 14.906 83.700 25.075 2.7582 24,924
2 375.595 11.326 81.000 33.162 5.188 32.754
3
4
5 371.485 12135 80.010 30.613 5311 r 30.149
] ;_ 374.556 18.037 | 78.120 E 19.675 4.050 19.254
7 B 374 .605 17.259 ; 75.420 , __21.705 i 5.464 21.006
8 | s 19.932 . 8980 | 18.954 ‘ 0.060 13.954
s - | |
10 E 374338 17.405 78.300 ! 21.507 : 4.361 21,061




A2 wd 50Hz

o T E L
Coil to ground  VEIMIUIILLATIN 7

121

No. WIIRUV) nIsul (HA) gu(am{) ; Impedanc‘:;MQ) © Resistanca(M{)) | Reactance(M()) |
1 sz | 17238 75510 21755 ’ 5.443 21.063 3
2 7 ‘
3 i |
4 -
5 o e
6 L
. __
8 | - ! R -
9 -
10 j |
mwﬁ 100Hz ‘
Turn fo turn up ﬁ&"am'n‘:'emqmz-:ﬁ 7
No. WTITU(V) nrzud (MA) yu(asen) [ Impedance(MY) | Resistance(M()) | Reactance(MQ)
1 |
2 ,
a3 120277 160.463 80.352 - 0.750 . 0426 0.739
4 120.369 188230 74.738 0.639 0.168 0.617
5 120.404 179.445 77.220 0.671 0.148 0.654
6 J |
8 | !
9 120.043 154,699 84.600 0.776 0.073 0.773 !
10 120.809 119.842 82.612 1.008 0.131 0.999 !
amf 100Hz |
Tun to tum down “ﬁ'annn'-amu.ﬂ%w“\ 7 i
No. WIHTI(V) mzus (HA) yu(pem) | impedance(ML)) | Resistance(M()) | Reactance(M{2)
1
2
3 120.017 118,253 76.176 1.015 0.243 0.986 j
4 120,830 171.363 83.376 0.706 0.081 0.701
5 120.321 121.149 81.288 0.993 0.150 0.982
6 120831 | 129618 B7.768 | 0832 0.036 0.932
7 ! ! !
8 120.706 | 134699 | sogas 0.896 ; 0.001 0.896
9 L ‘ N
10 120.182 122,510 i Bg7B4 0.881 0.004 0.981




A7ad 100Hz

122

ry ; E a
Coil to coil WRINMTWAGRTIN 7

No. LIIRUV) n3zuR (HA) 1 yu@en) | Impedance(M{)) - Resistance(M()) ' Reactance(ML))
1 375.251 - 25.268 | 76320 14,851 3512 14430 |
2 373.448 29248 81.216 12.769 1,850 12.619 !
; |
!
5 377.129 19,369 76.932 19.471 4.402 18.967 i
) 374.678 38.186 80.496 9.812 1620 9677 :
7 374.958 27.359 86.256 13.705 0.895 13676 '
8 375.882 37.863 86.256 9.927 0.648 9.906 ___4
g 3
10 374.952 33243 88.344 11.279 0.326 11.274 J
ATuA 100Hz
Cail to ground ué’amniamqnfﬁ 7
No. WIITUV) NIZUR (JA) yu(psm) | tmpecance(M{)) | Resistance(M()) | Reactance(M))
1 375.598 30.121 882 12.470 0.392 12.463
2
3
‘4
5
6
7
8
9
10
ﬂ'l"llld 500Hz
Turn to tum up na"m'miamqmzu"} 7
No. UTIRU) nzue (A) year) | Impedance(M{)) | Resistance(M()) | Reactance(M{})
1
2
3 120.128 755.858 79.740 0.159 0.028 0.456
4 120.625 679.671 80.820 0477 0.028 0.475
5 120.732 612178 85.660 0.197 0.014 0.197
6
8 :
9 120.724 663.000 79.920 0.182 0.032 0179 ‘
10 120.847 575.405 88.740 0.210 0.005 0.210 :




Nl 500Hz

) « ) E o
Tum to tum down MASNIHIIEYAIIN T

L mzea (HA)

No. ums‘fu{V) i Yu(BIAT) Impedance(MQjmé Resist.—t]nce;(-h;ﬂ) : Reaclance(M(iL
1 ; : 7 o
2 '

3 120.216 659.029 83.340 0.182 0.021 ‘ 0.181
4 120.369 715.916 j 79.920 0.168 0.029 0.166
5 120.780 775.361 75510 . 0.156 ; 0.039 0.151
6 120.682 627.352 88.110 E 0.192 i 0.006 ) 0.192
7 i ;

8 120.281 652.382 89550 | 0.184 0.001 0.184
; | ;

10 120.298 599.793 j‘ £89.010 0.201 ! 0.003 I 0.201

#7780 500Hz
Coil to coil “54n11n'§aantw'?aﬁ 7

No. WITH(V) Rzl (MA) yu(psm) | Impodance(M()) | Resistanco(M)) | Raactance(M{2)
1 373845 101.306 80.100 3.690 0.634 3.635
2 372.780 180.292 86.310 2.068 0133 2.063
R . -

4

5 373.538 160.607 86.310 2326 0.150 2321
6 374.661 178.026 79.020 2.105 0.401 2.066
7 374075 1682.295 79.920 2.456 0.430 2418
8 373.270 173.728 86.220 2149 0.142 2144
9

10 375.002 160.454 B87.120 2337 0.117 2334

Al 500Hz
Coil to ground ni’an'm'immﬂfaﬁ 7

No. UTIRUY) NIUA (MA) yu(eam) | impedance(MQ)) | Resistance(M()) | Reactance(M{})
1 371.625 178.197 84,510 2.085 0.200 2.076
2
3
4
5
6 ! |
7 é |
8 '

9 ;

-
[=]




amud 1 kHz

Py s T d
Tum to turn up WAIMTHBILATN 7

No. uduv) nIuR (mA) | wu(ase) | impedance(k()) = Resistance(k()) Reactance(k())
1 ‘ - ‘
2 .
3 120.005 1.442 84.816 83.221 7519 82881
4 120.444 1.797 82.980 67.025 8192 66,523
5 120.819 1.581 86472 76.419 4.703 76218 |
6 ; ’ !
7 -

8 | :

9 120.163 2.030 | 82512 59.194 7.714 58689

10 120.918 1139 o arsm 106.162 4.534 | 106065 |

Awh 1 kHz
Tum to turn down “ﬁ'an'mimm_ﬂfeﬁ 7

No. WTINU(V) NISUR (mMA) Hu(rIm) Impedance(kQ) Resistanoe(kﬂ) Reactance(kQ}
1
2
3. 120507 1.560 77.472 772248 16.756 75.409
4 120687 1.387 84816 87.013 " 7.862 86,657
5 120.561 1.450 79.776 80.913 14,362 79.629
8 120,059 1.234 88272 97.293 2934 07 248
7
8 120.765 1.295 88.920 93.255 1.758 93238
9
10 120.406 1.189 89.784 101267 0.382 101.266

il 1 kHz
Coil to coil wﬁom‘:rﬁem:‘m?&ﬁ 7

No. WIU(V) nszud (HA) yu(pam) | tmpodance(M(Y) | Resistance(M()) | Reactance(M{))
1 375.050 192.105 82.800 1952 0.245 1937
2 3712276 348.931 85608 1.067 0.082 1.064
3
4 !

5 274,972 315.814 76.896 1.187 0.269 : 1.156

6 373.772 358.694 81.864 1.042 0.147 ! 1032
7 374,006 280.640 81216 1.267 ‘ 0197 1272 _i

8 376.685 340.690 B5.464 | 1.106 ' 0.087 1.102

9 i !

10 374.268 312.150 86.976 : 1199 0.063 1.197 “




ANl 1 kHz

125

Coil to ground uﬁamniamqn%ﬁ 7 R o
No. BTIFUY) nEue (A) ¢ wa(aen) Impedance(ME)) - Resistance(M()) = Resclance(M()) .
1 374,257 330,200 I 13206 1.133 T Toae | 1os
2
3
4 ] e ———————
5 )
6 |
7 3 o
. i S
9 Z
10 '
ATwi 10 kHz i
Tum to tum up wé’amm‘amqnf\aﬁ 7 i
No. WTIRH(Y) NITUR (MA) yu(sar) | Impedance(k()) | Resistance(k(d) | Reactance(k(2)
1
2
3 120.608 13.505 19.840 8.931 8.401 3.031
4 120.590 13.789 14.920 8745 '8.451 2252
5 120.852 14.773 18.040 8.181 7.778 2,533
6
7
8
9 120.478 18.479 79.632 6.520 1173 6.413
10 120.648 10.958 83952 11.010 1.160 10.949
il 10 kHz
Turmn to tum down mé’en-miamqnfaﬁ 7
No. WIRU(Y) NTTUA (MA) ya(nam) | Impedance(k()) | Resistance(x(d) | Reactance(k{))
1
2
3 120,605 14.476 80.352 8331 1.396 8214
4 120.809 13387 B4.672 9.024 0838 8.985
5 120.173 13635 81.216 8814 1,346 8.710
6 120.059 11.944 83.952 10.052 1.059 9.99
7 ;
8 120.993 12,619 83160 | 9.588 1142 9.520 ‘
g !
10 120.354 11,564 86.184 10.408 0.693 10386 |




A8 10 KH2

126

[ ——

- ; E 2
Coit to coil WEINTHIIDILATIN 7

No. l LITU(V) E N3TUA (MA) (oA impedance(k(]) | Resistance(x()) | Resctanca(x()) ;
i 1 | a7s522 | 1.710 84960 | 219604 9202, 218754
2 [ are123 | 3.220 86976 | 117430 6195 | 117286 |

3 f i

4 ? i

5 372134 1.850 77.328 201.154 44.127 196254 |

6 373323 3.237 84.024 115.330 12,007 114.703
- 7 374,529 2,608 85.454 143,608 11.357 j 143158

8 374 889 3.088 86.472 121.402 T.ari T a2 ;

9 i i

10 376.730 2.908 87.048 129,550 6672 . s |
r Al 10 kHz

o Coil to ground Mé’an’miamqmzqﬁ 7 N

No. WIPUV) MISUE {mA) yu(pem) | impedance(k{)) | Resistance(k{l) Reac!ance(kﬂ)w
1 L 377861 2.864 86.328 131.935 8.450 131.664

2

: ' ]

4

5

6 !

: L

8

9

10

ATd 20 kHz
Tum to tum up '.w'(en'\'aiquﬂ%"\'xﬁ 7

No. HIITUV) NIELE (MA) (o) | impedance(k()) | Resistance(k(2) | Reaciance(k(2)

1

2

3 120,601 26351 76.176 4577 1094 4.444

4 120.937 26.802 76.104 4512 1.084 4380

5 120.474 28157 74,952 4279 1111 4132

6

! ' ]

8

9 120,199 34.849 78.120 3.449 0710 3375 \

10 120.009 21.568 79632 | 5.564 1.001 5.473 |




A7 20 khz

< o T o
Turn to tum down MRINTITIBIYATIN 7

‘ No. LTLAU(Y) NTILA (mA) yu(maem) | impedancek(}) Resistanca(k()) Reaclance(k(i)m.
h 1 o : B
| 2 : ;
i 3 120.454 27.697 74.592 4349 | 1155 4193
E 4 120696 26.029 75.312 4637 1476 s485
' 5 120.753 26.614 74016 4.537 1.249 : 4.352
6 120.426 23260 78.912 5475 | 0995 | 5078
L7 _
] 8 120.890 24.447 78.840 4.945 | 0957 4851
E 9 1 :
!* 10 120.899 22.768 79.704 5.310 \ 0.949 sp5
I n’nuﬁ 20 kHz
i Coil 1o coil wiamaiImgATen 7 B
No. useﬂ"u(V) NITUE (MA) YU(RA) Impedence(kQ) Resistance(kQ) Reac!.ance(k.Q)
1 371.407 3.358 87.048 110.604 5.696 110.457
2 360.218 6.011 86 256 59.926 3.913 59.799 ___i
|
3
4
5 377,830 3.646 81.000 103.629 16.211 102,353
6 366.258 6.168 83.304 59.380 6.924 58975 |
7 373249 5113 85.454 73.000 5.773 72771 '
8 366.040 5.928 87.912 61.748 2250 81.707
9
10 a76.158 5.721 85104 | 65750 5612 65510 |
m'mﬁ 20 kHz ]
Cail to ground “s'fan"lm'an'nu.ni”aﬁ 7
No. w3V NIZUR (MA) yu(sam) | Impedance(k()) | Resistance(k() | Resctance(x(d)
1 361.129 5.363 86.328 67.337 4313 67199
2
3
4
5
6
- a
6
9

-
o




P
AU 50 Hz

. E
Tum to tum up WEIMIIIAYATIA 8

128

]}; m"mvu(\/")- NILUR (HA) Ju(eImn) : lmpedance(MQ) ) Resislance(MQ) Reaclanoe(MQ)
1
2 i
3
B 4 120.829 87.965 85.320 1374 0112 71.359 L
5 120.621 98.768 78300 1.221 0.248 1198
. ‘
7 |
8 1
9 ' } )
10 120.6398 83.973 681.630 : 1.2684 0.187 [ 1.270 ‘
A7 B 50 Hz
L Tum to tum down vué'amniamw‘?@ﬁ 8
No. WIINU(V) niEuRr (MA) Hu(aaan) 1‘ Impedance(MQ) Resislanoe(MQ) Reactanoe(MQ)
1 E !
2
3 120,163 69.860 79.020 1,720 0.328 1.689
4
5
6 120.505 74,572 80.730 1616 0.260 1.595 i
7 |
|
8 120.552 74,889 86.130 1.610 0.109 1.606
9
10 |
AR 50 Hz
Coll to coil ﬂﬁ'an'miamqn'szdﬁ 8
No. WIITU(V) NIUR (JA) yu(ese) | Impedance(M()) | Resistance(M()) | Reactance(M{})
1 J74.633 10.947 85.050 34,222 2.953 34.095
2 373.016 11.456 75.150 32.561 8.345 31.473
3
4
5 369.349 12.073 81.450 30.593 4.548 30253
6 374.429 11.948 80.550 31.336 5.145 30.910
7 371674 11.030 85.050 ! 33.697 2.908 33,571
8 375.069 12.102 72.450 : 30.992 9.345 29.550
9
10 373.145 11.279 81.450 33.083 ! 4919 ' 32.715 :




129

h Pl
AN 50 Hz

" No. | useduy) NIZUF (HA) u(aarn) | Impedance(MC) | Resistance(M()) | Reactance(M(})
] 1 | 37559 13845 | 73350 27128 | 7173 25991
! 2 ! ‘! 1
3 T
| 3 |
¥ - ;
i 4 |
L — | E
s |
"
| ! i
' 6 i
— | ! —
i 7 f
i E
L8 i
‘ i
J 9 i —
| 10 [ :
-
At 100 Hz |
T T T 7 o N T d
Turh fo tumn up ARINTTIIAYATIN 8
No. uﬂi‘fu(V) nyzua {HA) yu(parmy) Impedance(MQ) Resislanoe(MQ) Reaclance(MQ)
1 .
L. 1
2 |
3
4 120,151 134873 87.696 0891 0036 0890
5 120.531 136.604 86.184 0.882 0.059 0.880
6
7
8
9
fﬂ 10 120.145 17.748 | 87624 1.020 | 0.042 1.019
-
fUD 100 Hz
Tum to turn down uﬁamﬂiamqmzaﬁ 8
No. LTIH(V) nzua (HA) yu(@im) | Impedance(M()) | Resistence(M(}) | Reectance(M{2)
1
2
3 120.560 176.229 87.696 0.684 0.028 0.684
4
|
5 i
6 120.145 128.953 86.9504 0932 0050 0.930 i
:
7 :
8 120.843 139.443 87.624 0.867 i 0036 0.866
9 | -
L 10 120.430 118.125 86.184 L 1020 0.068 1017




AN 100 Hz

- T T E
Coil to coil PHIMAUHDIATIMN 8

NIZUR (pA;

UTHAUVY) yu(pem) | Impadance(M{)) “ Resistance(M{)) = Reactance(M(])
; 1 373145 21.698 75960 | 17.497 i 4172 ' 16.684
H
) 2 T 374 411 2747 | 81000 16460 | 2575 16257
3
4
5 372.443 32.587 84.240 11.429 i 1.147 11.371
6 374.067 23.301 88.200 16.054 ! 0.504 16.046
j - 7 373.476 21.849 86.040 17.016 1.475 16.975
{ 8 375152 23.604 ] 83.160 15.894 1.893 15.780
S
10 ars5.074 22.442 82.440 16.713 2189 16.568 ;
- |
Awn 100 Hz |
Coil to ground WRaNTTANGATIT 8 1
No. u'NGTu(V) nIzus ({4A) yu(samy) fmpedance(MQ) Resislance(MQ) \ Reaclance(MQ)
1 372661 34.49 84.96 10.805 0.949 ; 10.763
e
2 ;
3
4
&
I
]
6 !
7
i |
8 :
9
10 !
A -
£77WD 500 Hz
= ——F 2
Tum to tum up WRHTILIIDTYAIN 8
No. WIIRRV) nzuF (UA) yu(esm) | Impodanco(M() | Resistance(MQ)) | Reactance(Mf))
1
2
3
4 120.694 664.716 88.020 0.182 0.006 0.181
5 120.943 770.733 86.130 0.157 ‘ 0.011 0.157
|
; | | |
7 ! .
‘ |
| i
8 ' |
9 i
10 120,222 634.589 88.830 0.189 0.004 0.189

0



A ND 500 Hz

% : E
Turn to tum down PHINTTOYATN 8

No. L undu) nizuR (MA) 1 yuEsm) | Impedance(M()) | Resistance(t{) Resctancs(M() l
1 a § :
| 2 ! [
3 10419 695.361 77220 0.173 0.038 0169
‘
; 4
—
| 6 120.922 644 237 87.030 0.188 0.010 0.187
7
_; 8 120523 646.551 87.930 0.186 0.007 0186
T ;
i 10 120.461 641.080 87.930 0.188 0.007 0.188 (
mmﬁ 500 Hrx i
Coil to coil ﬂi«nwuiemu‘ﬂ'ﬁﬁ 8 ‘
No. WIU(V) miEuR (HA) yu(eern) | Impedance(M()) | Resistance(M{}) | Reactance(M{))
1 375.709 127.184 79.110 2.954 0.558 2.901
2 375.037 112.864 85.050 3323 0.287 3311
A ,
4
5 352,698 127.364 76.050 2769 0.668 2.688
6 375289 140.050 78.750 2680 0.523 2,628 g
7 374,942 139.522 85.950 2,687 0190 2.681
8 374,658 114.999 78.750 3258 0636 3.195
g
10 375.040 121,349 85.050 3,091 0.267 3079 |
A 500 Hz
Coil to ground “é'qnw.iaann?aﬁ 8
No. UIINUV) nisus (LA) HU(BIA) Impedance(MQ) Resistance(MQ) Reaclance(MQ)
1 374914 162 662 85050 2.456 0242 2447
2
3
4
5 :
6 !
7 ’ |
8 ) :
9

Py
o




AUt 1 KMz

- - | Ed
Turn o turn up MRINTHIIDIWARN B

i .
E No. [ unduy) ‘{ NITUE (MA) yu(eaan) 1 impedance(k{) i Resistanoe(k.o) i Reactﬂnoe(k.o) ‘
r ; : 1 w
R ! } i J
F ! ¥ ! i
: 2 : ! * ;
L —_— ; . o —
’ 3 1 | i :
L .
! 4 120675 | 1.254 86,868 i 96232 5258 ‘ 96.088 :
5 120633 1.268 86.868 95136 5.198 J} 94.994
6 i ;
7 ;
T U
8 H
9 _
} 10 120.582 1.059 87.732 113.864 4.506 113.775 _Jl
[ i Al 1 kHz
l o i
Turn {0 turn down #aINTRIETYATIN 8
No. WIIAUV) NITUA (MA) Yu(eae) impedance(ko) Resislanoe(kQ) Reaclanoe(kQ)
1
2
3 120.718 1.345 87.048 '89.753 " 4622 89.634 5
. -
5 !
6 120.996 1.089 87.480 111.107 4885 111.000
7
8 120.618 1.271 86.328 54.900 6.078 84.705
9
10 120.734 1.069 89.208 112.941 1.561 112.930
n'nuf‘l 1 kHz
i . »~ . & &
Cail to coil wamTiviienymian 8
No. UTIFTUV) nizud (KA} yu(eam) |mpsdance(MQ) Rssistance(MQ) Reectance(MQ)
1 374502 199.494 84.024 1.877 0.185 1.867
2 376.385 331.261 87.624 1.136 0.047 1.135
3
4
5 373.802 198.164 82.584 1.886 0.243 1.871
8 375.202 325.952 86.184 1,154 ; 0.077 4.149
7 376.762 217.117 86.904 1.357 0.073 1.355 |
8 375.448 246974 85.464 1.520 ‘ 0,120 ! 1.515 :
. - S—
s | ;
| 10 | araree 302,611 B5.464 1238 | 0088 | 1234




T
A0 1 kHz

- v - Z
Coil to ground  MRIMTTIBIATIN 8

No. UT(Y) hazua (1A y(oarm) | Impedance(M()) | Resistance(M()) | Reactance(M())
1 376368 ! 233.696 75.960 1611 0.391 ‘ 1.562 !
; ) .

3 1 i
4 i
- .
6 |
- !
8
! 3
aad 10 kHz
Turn to tum up Mﬁ'qn'm.iqmqwfaﬁ 8
No. UITHY) NIZLA (mA) yu(nse) | impedence(k()) | Resistance(k()) | Reactance(x{})
1
2
3
4 120,419 12.068 14.920 9.978 9642 2.569
5 120.582 12.116 18.040 9,952 9.463 3.082
6
7
8
]
10 120,656 10.903 81,144 11.066 1.704 10.934
Al 10 kHz |
Tum to tum down Mﬁ’an’m’iamqa?@ﬁ 8
No. wFIRU(V) NITUE (MA) yu(eee) | Impedance(k§)) | Resistance(k{)) | Reactance(k{))
1
2
3 120.553 13.466 80.136 8.952 1.534 8.820
4
5
6 120.504 11.000 76.824 10.955 2.497 10,667 |
8 120.874 11.076 78264 10913 2220 10685 !
9
10 120,700 10.950 78.984 14.023 2106 10.820 *A

Lo



134

~ nud 10 kHz
[ Colt to coil WiamaLienonAisn 6 - i
. No. CUTIRUVY) ¢ NIEUE (MA) | (e Impedance(k{)) : Resistance(kQ) : Reactance(k()) |
i 1 | a1s0m8 o4 79.128 151118 1, 28.503 148,407
{2 375.560 | 2.589 81.000 ] 145080 | 22692 ;143274
E | = |
4 P R ! J_ B
; 5 | 373.388 ! 1.569 80280 | 237978 40179 234.562
L6 | 375.566 L 2.417 77.400 156.385 33.89 151,643
h7 | a75.059 | 2140 b g1.000 176.261 i 21817 173.103
! | 375685 | 2.474 78.840 151.853 [ 20391 148.982
E | | |
10 i 376.354 f 2.089 f 80.280 180,160 f 30417 i 177574 J
auhl 10 kHz
Coil to ground .w"m'miaa'lt_m%ﬁ 8
No. uuﬁ'ua) NITUA (MA) I yu(aem) Impadance(k(}) | Resi;lance(kQ) 17Reu.a|ct.ance(k.Q)
1 375518 2334 78.840 160.890 31.440 157.848
2
- .
4
5
6
7
8
3
10
A7 20 KHz
Tum to tum up WEIMTIEIYRTIA 8
No. UTITULY) MIZUd (MA) wu(asem) | impedance(x()) | Resistance(x()) | Reactanca(k(})
5
2
3 n
4 120990 23.297 74.592 5193 1.380 5007
5 | 10068 23345 83.304 5156 0.601 5.121
{ 6 |
r 7 ;
8 ; !
s I 1 ]
! 10 | 120122 21777 76.824 5.516 | 1.257 ( 5.371 ]




mmﬁ 20 kHz

. . -
Turn to turn down wﬁomuwmu‘mw 8

T 1 - i T 1 -
! No. ! NITUA (MA) Yu(aae) ‘ lmpedance(kQ) : Resistance(kQ) i Reactanoe(kQ) .
. | |
| — —
2 i i |
3 120.351 25.358 74.376 i 4,745 1.278 4571 J
4 1
= ; f
5 : ‘
: : —
6 120.797 22.001 74.664 5.491 1.452 5.295 !
i 7
; ] ]
1 8 | 120937 22.138 74664 | 5.463 1.445 5.268
9 | N
10 120.652 21.926 75.384 5.503 1.389 5.325
- -
AND 20 kHz
Coil to coil wﬁdmm‘amqﬂfaﬂ B -
No. M\‘lﬁ’ﬂ(V) TIIZUR (MA) Hu(aam) Impedﬂnce(kQ) Resisl.ance(kQ) ' Reaclance(kQ)
1 329.576 4.597 80.424 71.694 11.927 70.695
2 318.348 4357 81.720 73.066 10.522 72.304 i
3
4
5 323.092 3.981 83.160 81,159 9.666 80,584
I
; 8 322.554 4266 85320 75.610 6.169 75.358
7 326.819 3.127 83.160 104.515 12.447 103.771
8 323.576 4610 86.760 70.190 3.967 70.078
9
! —
10 321919 3.426 81.000 102.981 16.110 101.713
-
AU 20 kHz
Coil to ground uﬁ'an‘miamqn%ﬁ 8
No. uTIRULY) NIZUK (MA) yu(e4my) | impedancatk()) | Resistanca(k{)) | Reactznce(k{))
1 323.023 572 72.36 56473 17113 53.817
i
3
4
5
&
7 ;
] 9
i 10

5
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Aud 50 Hz

- . & -
tum-tum up V\éNn'l'SH\m"nL.iﬂHﬂ 9

No UHARY) nItur (MA) UU(pIAT) lrnpedance(MQ) Res«stance(MQ) l Reac1ance(MQ) i
1 T |
2 |
3 ]
4 |
5
6
7
8
9
10
armil 50 Hz
tum-turn down MRIMTEIEYATIA 9
No. WHAuY) NTZUR (HA) yu(esr) | Impedance((d) | Resistance(M(2) | Reactance(M{))
1
2 .
3 120,974 80.702 87.930 1.499 0.054 1,498
4
5
6 120.830 68,140 87.930 1.773 0.064 1.772
7
8
9
10 120.221 65.527 88.830 1.836 0.037 1.834
ﬂ’J'llJIJ\ 50 Hz
cail-coil Hs'a%mm‘.rmqmzaﬁ 9
No. WTIRWV) NTEUR (LAY yu(esm) | Impedance(M{)) | Resistance(M()) | Reactance(M())
1 372.286 11.425 88.830 32.585 0.665 32.578
2 375.201 17.133 82.530 21.899 2847 21.713
3
4
5 372.363 1.420 83430 262.227 30.003 260.505
6 372.022 16.529 87.930 22,507 0813 22.453
7 372.358 14720 89.730 25.296 0.119 25.296
8 ar1.670 17185 84330 21.628 2137 21522
9
10 370654 15.036 87.930 24651 0.850 24635
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Al 50 Hz ]
po - £ -
coil-ground MasnITiREYATIA 9
No. WHAU(V) nITuA (HA) yu(es) | Impedance(M)) | Resistance(M{)) | Reactance(M(Q)
1 373.522 16.548 83.430 22.572 2.583 22 424
0 2
3
0 4
5
6
7
8
Q
10
ﬂ'nuﬁ 100 Hz W
tum-tumn up mx"amniamqﬂ%ﬁ 9
No. u‘NG'fu(V) nizu (HA) PU(Ie) Impedance(MQ) Resistance(MQ) Raactance(MQ)
1
2
3
4
5
6
7
8
8 —
10
A 100 Hz |
wm-tum down ué’qm-uiamu‘ﬂ'faﬁ 9
No. USIAU(V) Tizu (jJA) 3u(es) | Impedance(MQ) | Resistanca(M{)) | Reactance(M(2)
1
2
3 120.303 158,403 89.064 0.759 0.012 0.759
4
5
6 120418 131.788 89.064 0.914 0.015 0.914
T
8
g
10 120672 128.568 89.064 0.939 0.015 0.938 7




ol 100 Mz

N a . E -
coil-coil MRIMILIIOYATIN <]

No. UTIRU(V) nIuE (A } yu(es) | Impedance(M(Y) | Resistance(M)} | Reactance(M(2)
1 375.002 20693 86.904 18.122 0.979 18.096
2 372,166 32242 88.344 11.543 0.334 1nsw |
3
4 N
5 372273 20.475 79.704 18.182 3.250 17.889
6 374576 31.714 88.344 11.811 0.341 11.806
7 371.451 27.530 82.584 13.493 1742 13.380
8 369,531 33.353 81.864 11.079 1.568 10.968
9
10 373251 29634 | 86184 12.595 0.638 12.567
A 100 Hz

ccil-ground uﬁamuiamqnﬁﬁ 9
No. LLN?TN(V) nizus (HA) yu(@aen) lmpedance(MQ) Resistence(MQ) Reactance(MQ)
1 374.369 31.109 83304 12.034 1.403 11.952
2
3 |
4
5
s J
7
8
9
10

m'ma 500 Mz

tum-tum up m'l'an'mi«:mqwfﬁ ]
No. UTIU(V) NTEUR (HA) yu(esr) | impodance(M)) | Resistance(M()) | Reactance(M(2)
1
2
3
4 —
5
8
7
8
3

-
o
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ATl 500 Mz
turn-turn down wﬁan'miqmqwfa‘ﬁ 8

No, WIRUV) NI (HA) Hu(am) Impedance(MQ) Resishance(MQ) [ Reactance(MQ)
1
2
3 120.685 815,678 87.930 0.195 0.007 0.196
4
5
8 120.326 678.243 88.830 0177 0.004 0.177
7
8
9
10 120.576 665071 87.930 0.181 0.007 1 0.181 ]

Al 500 Hz

coil-coil “ﬁ'qm-m'emqngaﬁ 9

No. LTIAUY) nazua (HA) yu(psm) | impedance(M£)) | Resistance(M£)) | Reactance(M(D)
1 371.273 99,6809 87.830 3.720 0.134 3.717
2 375132 164,440 87.930 2.281 0.082 2280
3
4
5 372.240 100.574 87.930 3.701 0.134 3.699
6 374.103 160.940 88.830 2.324 0047 2.324
7 372375 138.350 89.730 2.692 0.013 2.692
8 371.386 169,763 87.030 2.188 0.113 2185
9
10 370.448 148,503 87.930 2.495 0.090 2.493

ATl 500 Hz

coil-ground m'(-smw.imﬁqn%ﬁ 9

No. WIU(V) nTEUR (HA) yuoam) | impodance(M(2) | Resistance(M{2] | Reactance(M())
1 374477 152.753 86.130 2.452 0.165 2.446
2
3
4
5
6
7
8
9
10
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aud 1k Hz
furn-turn up v.a"amniamu_ﬂf-:ﬁ 9
No. maﬁu(V) MIZUA (MA) Hu(deN) Impedance(kﬂ) Resislance(kﬂ) Reaclance(kﬂ)
1
2
3
4
5
6
7
o 8
9
10
ATl tk Hz
turn-turn down V\s'\“\m'm'iamqn'feﬁ 8
No. UIITU(V) NTERE (MA} u(3m) Impedence(kQ) LR&cistanm(kQ) Reactanoe(kQ)
1
2
3 120.542 1,668 87.624 72.267 2.996 72.205
4
5
6 120.810 1,386 89.784 87.165 0.329 87.164
7
8
9
10 120.300 1.336 86.904 90.045 4.883 89.13
w1k Hz
cail-coil “ﬁ'amniamqﬂ?a'ﬁ 9
No. UTAN(Y) nREuE (A) wu(eswn) | impedance(M{)) | Resistance(M()) | Reactance(M()}
1 373.377 199.494 84.024 1872 0.195 1.861%
2 374299 331.261 87.624 1.130 0.047 1.129
3
4
5 369.269 198.164 82.584 1.863 0.241 1.848
6 375253 325.952 86.184 1.151 0.077 1.149
7 372263 277747 86.904 1.340 0.072 1.338
8 376.103 346.974 85.464 1.084 0.086 1.081
g9
10 375.107 302,811 85.464 1.239 0.098 1.235
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-
UL 1k Hz

< s P 2
coil-ground “RQHWTL’QDWQﬂ?J?T g9

No. UTTU(Y) nizua (JA) yu(esa) | Impedance(M() | Resistance(M()) | Reactance(m();
1 374.160 302.221 84.024 1.238 0.129 1.234

- |
3

4

5

6 B
7

8

9

10

ATl 10k Hz N
turn-tum up Mﬁanﬁ.nimwﬂfqﬁ ]

No. LTIAU(Y) N3ZUA (MA) Y(aIAn) Impedance(kQ) Resistance(kQ) Raactanoe(kﬂ)
1

2

3

4

5

6

7

8

9

10

araf 10k Hz
fum-tum down WadMSse AT 9

No. LIIRU) NTUR (MA) yu(asm) impodancek(2) | Resistancetk(Y} | Reactance(k())
1

2

3 120.281 15215 80.424 7.905 1.315 7.795

4

5

6 120..895 12.755 82.584 9.478 1.223 9.399

7

8

9

10 120.428 11.970 78.704 10.061 1.798 9.899




Aah 10k Hz m—_m—jj
coil-coil Hiamni‘:mqﬁ\:'fl 9
No. WIIER(V) NTEUR (MA) wu(pam} | tmpedance(k()) | Resistance(k()) | Reactance(k(})
1 374,080 1716 84.024 217995 23 696 216.811
2 373.078 2.946 84.024 126.639 13.185 125951
3 il
4 |
5 374,045 1.715 84.744 218.102 19.979 217.185
6 373.491 2893 86.184 128,102 8.592 128.815
7 374.608 2.468 85.464 151.786 12.004 151.311
8 374.940 3100 85.464 120.948 9.565 120.570
g
10 374.647 2,686 85.464 139.481 11,031 139.045
AR 10k Hz
r— coil-ground wﬁmmiumqn‘?ﬁ 3
No. LTIAUY) NI2U8 (MA) yu(pam) | impedance(k(}) | Resistance(k()) J Reactance(k {))
1 374.998 2,550 84,024 147.058 15.310 146.259
2 ]
3 ]
4
5
6
7
8
9 —
10 |
aTud 20k Hz
turm-turn up nﬁ'qn‘\‘uiamqn%ﬁ 9
No. LTIFUV) NIUR (MA) uufpem) | impedance(k()) | Resistanca(k{2) | Reactancetk())
1
2
3
4
5
6
7
8
; |
10 \
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Aruh 20k Hz

o ; E 4
tum-turn down MRINTIIIENYATIN O

T

( No. WIRUV) NITUE (MA) L ase) impadance(k{)) | Resistance(x(} | Reactance(k{d) |
k]
2
3 120.716 29.909 73.224 4,036 1.165 3.964
4
5 |
6 120193 | 24825 76.104 4842 1163 4.700
7 l
8 |
° |
L 10 120.285 L 23225 76.104 5179 1.244 5028
[ ATIME 20k Hz
coil-coit HsTamniemqrr%aﬁ 9
No. uTIfU(V) NIZLE (MA} sa(paer) ’Tmpedance(kﬂ) Resistance(k()) | Reactance(k{])
1 371.0582 3.384 84.024 109.649 11.416 109.053
2 360.178 5.628 84.024 63.998 6.663 63.650
S :
4
5 375.923 3.441 85.464 109.248 8.640 108.906
6 360.068 5.537 86.184 65.029 42328 64.885
7 364.762 4.761 84.240 76.615 7.689 76.228
8 358.110 5873 B85.464 60.976 4.822 60.785
9
10 362.655 5171 B84.744 70.432 6.425 69.833
ATWE 20k Hz
coil-ground Mﬁ'an'miamqnsag 9
No. uIInY) NILUN (MA) HU(BIM) Jmpedance(ko) Resislance(kQ) Reectanoe(kQ)
1 365.623 492 84.024 74314 7.737 73.910
2
3
4
N 5
6
7
8
9
10




144

a7l 50 Hz

9 R F
tum-tum up  REIMRIIEIYATIN 10

No, UIANV) nauaE (MA) ya(aerm) Impedance(M.Q) Resjstanw(MQ) Reactence(MQ)
1

2

3

4

5

6

7

8

g

10

ATwmA 50 Hz
tum-turn down wﬁamuiamr__m'foﬁ 10

No. UTIAU(V) n3zua (HA) 3(0397) lmpedance(MQ) Resistance(MQ) Reactance(MQ)
1

2

3

4

5

6 120.716 54.572 80.730 2212 0.356 2183
7

8

g

10

ATl S0 Hz
- coil-coil mﬁ'amttiamqﬂ'faﬁ 10

No. LIAUEY) nizua (HA) yu(esen) | impedance(M{)) | Resistance(M()) | Reactance(m()
1

2 373.361 11.456 75.150 32 .59 8.353 31.502
3

4

5 376.130 12,073 79650 31.155 5597 30.648
6 373,755 11.949 80.550 31.279 5.136 30.855
7

8 376.496 12.102 72450 31110 9.381 29.662
9

10 373.715 11.279 79.650 33.134 5.953 32595
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]
aun 50 Hz

. Ea
coilground wRIMTLiIENLATIA 10

No UHARY) nIzud (MA) LI CEL Impedance(MQ.) Resistance(MQ.) Reaclanoe(MQ)
1 372593 13.845 73.350 26912 7.741 25783

2

3

4

5

6

7

8

g |
10

ATl 100 Hz
turn-tum up mTamsLiamqn-?aﬁ 10

No, UIIAU(V) nizud (HA) Yu(a3Mm) impedance(MQ.) Resistance(MQ.) Reactance(MQ)
1

2
.3
T4

5

6

7

8

9

10

sl 100 Hz
tum-tum down ﬂﬂ"amﬂ‘iqu‘lqn*faﬁ 10

No. WIAU(Y) NIZUR (LA) yu@arr) | impedance{M)) | Resistance(M(}) | Reactance(M())
1

2

3

4

5

6 120.418 118.953 86.904 1.012 0.055 1.01

7

8

9
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aufl 100 Hz

i . . & 4
coil-cail ‘r'ﬂadﬂ'ﬁlidﬂ’lt‘lﬂ‘!\iﬂ 10

No. WIRU(Y) NIZUR (KA) yu(sm) | impedance(M{}) | Resistance(M(}) | Reactance(m{l)
1

2 366.496 22.747 81.000 16.112 2.520 15.913
4

5 375.676 22.587 84.240 16.632 1.669 16.548
6 375.659 23.301 88.200 16.122 0.506 16.114
7

8 370.406 23,604 84.960 15.693 1,379 15632
9

10 373.484 32.442 82.440 11,5613 1515 11.413

Al 100 Hz
coil-ground un"mmﬂmqwfoﬂ 10

No. LIIFH(V) nazus (HA) 39 | Impedance(M{}) | Resistance(M()) | Resctance(M{d)
1 372,409 3449 88.56 10.798 0271 10.784
2

3

4

5

8

7

8

9

10

Al 500 Hz
tum-tum up Mﬁ'amniqmgmfaﬁ 10

No. UIIAUV) nIEUA (HA} tEVGEL Y Impedance(M{2) | Resistance(M{)) | Reactance(M{))
1

2

3

4

5

6

7

8

9

vy
o




o
A0 500 Hz
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v , & d
turn-turn down MRINITTVHENLHTNN 10

No. waaduv) NIEUR (LA) yu(ear) | impedance(M()) | Resistance(M{)) | Reactance(M())
1

- N
3

4

5

6 120.516 644,237 87.030 0.187 0.010 0.187

7

8

9

10

Al 500 Hz
coil-coi | uﬁ'am:mmqﬂfaﬁ 10

No, UTIAUV) NEUR (MA) Lu(a3e) Impedance(MQ) Resistance(MQ) Reactence(MQ)
1

2 376.219 112.864 85.050 3.333 0.288 3.321

3

4

5 373414 127.364 76.050 2.932 0.707 2.845

6 373,878 141.050 78.750 2651 0.517 2.600

7

8 373180 134.999 78.750 2.764 0.539 2711

9

10 374629 151.349 85.050 2475 0.214 2.466

AWl 500 Hz
coil-ground nﬁ’um:mmqni"aﬁ 10

No. LTHRUV) nzul (HA) yu(ear} | impedance(M{)) | Resistance(M()) | Reactance(M(})
1 ar.zz23 132.662 85.050 2.798 0.241 2.788

2

3

4

5

6

7

8

9

-
(=]
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Al 1k Hz

- | & d
turn-turn up - MRIMITIIBIGNTIN 10

No UTIPN(V) NITUA (MA) (@) Impedsnce(kn) Resistance(kﬂ) Reaclance{kﬂ)
1
2
3
4
5
6
7
8
9
10
el 1k Hz
turn-turn down mﬁmnﬁmqﬂ"faﬁ 10
No. u.'Nﬁ'u(V) MIEUE {mA) yu(owm) Impedance(k.Q) Resislance(kﬂ) Reactance(kQ)
1
2
3
4
5
6 120.993 1.279 89.064 94.600 1.545 84,587
7
8
9
10 ]
mawd 1k Hz
coil-coil Ma"-mm's'amqmz.aﬁ 10
No. Llﬂ‘ﬁu(V) nizur (HA) y3(aarm) Impedance(MQ) Resisianoe(MQ) Reactance(MQ)
1
2 374874 325222 83.880 1.143 0.122 1137
3
4
8 376.684 314.845 87.480 1.196 0.053 1.195
6 371.408 327.205 86.040 1135 0.078 1.132
7
8 374.428 328.761 83.160 1.138 0.136 1.131
g
10 374173 322.384 86.040 1.164 0.080 1.158
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Auh 1k Hz

. & . A
coil-ground  MEINMUIIDYATIN 10

No LTIV} nizus (HA) un(aem) | impedance(M{)} | Resistance(M{)) | Reactance(M{))
1 374 575 263.696 75.960 1,420 0.345 1378
2

3

4

5

)

7

8

9

10

aud 10k Hz
turn-turn up m’amniamqn?ﬁ 10

No. LTSTUCY) NISUF (MA) un(asm) | Impedance(k()) | Resistance(k()) | Reactance(k{})
1

2

3

4

5

)

7

8

9

10

A 10k Hz
tum-turn down m"amniemqwfaﬁ 10

No. WIAN(V) NITUR (mA) yu(aaem) Impedance(ko.) Reaistanoe(kﬂ) Reactanoe(kQ)
1

2

3

4

5

6 120.547 11.000 76.824 10.959 2.498 10670
7

8

9

-
f=)




150

ATHd 10k Hz

. . Py . E 4
coil-coil “mmnnmr{mm 10

No. LIITU(V) NITUE (MA) Yu(a Ay impedance(kQ) Resislance(kQ) Reacmnce(kﬂ)
1

2 376.207 2.589 81.000 145310 22.734% 143.521
3

4

5 376.696 1.569 80.280 240.087 40.535 236.640
6 374.482 2.417 77.400 154.937 33.798 151.205
7

8 376.760 2474 78.840 152.288 29.475 149.408
9

10 375.795 2.089 80.280 179.892 30.372 177.310

gl 10k Hz
coil-ground ué’mwniamqa?@ﬁ 10

No. u'NGTu(V) NITUF (MA) yu(odmy) Impedance(k.Q) Resismnce(kQ) Reactence(kQ)
1 374.780 2334 78.840 160.578 31.080 157.542
2

3

4

5

6

7

8

9

10

ATl 20k Hz
tumn-turn up wé’qmns'amqﬂ*faﬁ 10

No. uwﬂ"u(V) nNIzui (mA) Hu(aam) Impedence(kQ) Resistanoe(kn) Reac!anoe(kﬂ)
1

2

3

4

5

6

7

8

9

-
(=]
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el 20k Hr

< . [ 3
turm-turn down MAINIUIIEIYRTIM 10

No. uNGTu(V) nitui (mA) yu(am) Impedance(kQ) Resistanoe(kn) Reactance(kQ)
1
2
3
4
5
6 120.678 24 001 74 654 5028 1.330 4849
7
8
2]
10
Al 20k Hz

coil-coil ua"emﬂiémqn%oﬁ 10
No. wadu(v) NIZUR (MA) yu(arn) | impedance(k)) | Resistance(k{)) | Reactancex{d)
1 ' : ‘
2 371.101 4357 81.720 85.174‘ 12.266 84286
3
4
5 355.700 4.981 83.160 71.411 8.505 70.903
6 373.348 4.266 85.320 87.517 7.141 87.225
7
8 328.440 4613 86.760 71.189 4.024 71.085
9
10 341.720 4,126 81.000 82.821 12.956 81.801

Al 20k Hz

coil-ground ua"m-r:mmqwfaﬁ 10
No. WTIAU(V) NTEUR (MA) (a9 | impedance(k()) | Resistance(k()) | Reactanca(k{))
1 348.992 5.72 79.56 61.013 11.056 60.003
2
3
4
5
6
7
8
g

a
[=]
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Introduction

{This introduction is not part of ILEE 5td 43-2000. 1EEE Recommended Practice for Testing Insulation Resistance of
Rotating Machinery.)

Insulation resistance measurement has been recommended and vsed for more than half a century to evaluate
the condition of clectrical insulation. Whereas individual insulation resistance measurements may be of
questionable value, the carefully maintained record of periodic measurements, accumulated over months and
years of service, is of unquestioned value as a measure of some aspects of the condition of the electrical
insulation. Originally, in 1930, this recommended practice was published by the AIEE as a guide to present
the various facets associated with the measurement and understanding of electrical insulation resistance. The
guide was revised in 1961 and again in 1974, During the 1970s. several changes were made to the types of
insulation used in electric rotating machines. The insulation resistance characteristics of these newer insula-
tion systems are different from the older systems, and therefore required this substantial revision to the stan-
dard for measuring insulation resistance. Other changes include the addition of further description of the
testing theory and the removal of suggestions regarding maintenance dry-out procedures for older windings
(previously Annex A). Recommendations for maintenance procedures are beyond the scope of this docu-
ment. With this publication as a recommended practice, the IEEE is presenting and recommending electrical
insulation resistance measurement as an important factor in monitoring the condition of electrical insulation
in rotating machinery.

This recommended practice describes the theory, procedure, and interpretation of the insulation resistance
test. It is intended for the following:

— Individuals or organizations who manufacture rotating machines
— Individuals or organizations who are responsible for the acceptance of new rotating machines
— Individuals or organizations who test and maintain rotating machines

— Individuals or organizations who operate rotating machines

This recommended practice is designed to help organizations and individuals
— Evaluate the condition of the electrical insulation used in rotating machines
— Determine if the electrical insulation of a rotating machine is suitable for return-to-service

— Determine if the electrical insulation of a rotating machine is suitable for high-potential testing

This recommended practice is intended to satisfy the following objectives:
a) Promote consistency for insulation test procedures and interpretations
b}  Provide useful information on proper application of the insulation resistance test

¢}  Provide useful inforimation on the technical theory of insulation resistance testing

The revision to this recommended practice was prepared by a working group of the Materials Subcommittee
of the Electric Machinery Committee of the IEEE Power Engineering Society. Working group personnel
were

Vicki Warren, Chair

William Bartley Alan M. Iverson Larry Rodland
Thomas Bishop Ken Jackson ) David Schump
Robert Draper Wayne Johnson Susan Soergel
Guanzhong Gao Chaman L. Kaul Greg C. Stone
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Madan Rana
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IEEE Recommended Practice for
Testing Insulation Resistance of
Rotating Machinery

1. Overview

1.1 Scope

This document describes a recommended procedure for measuring insulation resistance of armature and
field windings in rotating machines rated 1 hp, 750 W or greater. It applies to synchronous machines,
induction machines, dc machines, and synchronous condensers. [t does not apply to fractional-horsepower
machines.

The document also describes typical insulation resistance characteristics of rotating machine windings and
how these characteristics indicate winding condition. It recommends minimum acceptable values of insula-
tion resistance for ac and dc rotating machine windings.

Other IEEE standards that include information on insulation resistance measurement are listed in Clause 2.

1.2 Purpose

The purpose of this recommended practice is to

a)
b)
<)
d)

€)

Define insulation resistance and polarization index testing of the winding of a rotating machine.
Review the factors that affect or change insulation resistance characteristics.
Recommend uniform test conditions.

Recommend uniform methods for measuring insulation resistance with precautions 1o avoid
erroneous results.

Provide a basis for interpreting insulation resistance test results to estimate winding suitability for
service or for an overvoltage test. In particular, this standard describes typical insulation problems
detected by the insulation resistance test.

Present recommended minimum acceptable insulation resistance values and polarization indices for
various types of rotating machines.

Copyright © 2000 IEEE. All rights reserved. 1
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2. References

This recommended practice shall be used in conjunction with the following publications. When the follow-
ing standards are superseded by an approved revision, the revision shall apply.

ASTM D257-99 Standard Test Mcthods for DC Resistance or Canductance of Insulating Materials.!
ASTM D1711-99 Standard Terminology Relating to Electrical Insulation.

ASTM F855-97¢! Standard Specifications for Temporary Protective Grounds to Be Used on De-encrgized
Electric Power Lines and Equipment.

IEC 60085-1: 1984, Thermal evaluation and classification of electrical insulation.?

IEEE Std 56-1977 (Reaff 1991), IEEE Guide for Insulation Maintenance of Large Alternating-Current
Rotating Machinery (10 000 kVA and Larger)>+#

IEEE Std 62-1995. 1EEE Guide for Diagnostic Field Testing of Electric Power Apparatus—Part I: Oil Filled
Power Transformers, Regulators, and Reactors.

IEEE Std 67-1990 (Reaff 1995), IEEE Guide for Operation and Maintenance of Turbine Generators.

"IEEE Std 95-1977 (Reaff 1991), IEEE Recom meﬁded Practice for Insulation Testing of Large AC Rotating
Machinery With High Direct Voltage.”

1EEE Std 118-1978 (Reaff 1992), 1IEEE Standard Test Code for Resistance Measurements.

IEEE Std 432-1992 (Reaff 1998), IEEE Guide for Insulation Maintenance for Rotating Electric Machinery
(5 hp to less than 10 000 hp).

IEEE Std 433-1974 (Reaff 1991), IEEE Recommended Practice for Insulation Testing of Large AC Rotating
Machinery with High Voltage at Very Low Frequency.

IEEE Std 434-1973 (Reaff 1991), IEEE Guide for Functional Evaluation of Insulation Systems for Large
High-Voltage Machines.

IEEE Std 492-1999 IEEE Guide for Operation and Maintenance of Hydro-Generators.

IEEE Std 510-1983 (Reaff 1992), IEEE Recommended Practices for Safety in High-Voltage and High-
Power Testing.

TASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http:/www.astm.org/).

2IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA
3Presently under revision,

4IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://www.standards.ieee. org/).

Presently under revision.

2 Copyright © 2000 IEEE. All rights reserved.
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3. Definitions

For the purposes of this reccommended practice. the following terms and definitions apply. The IEEE Dictio-
nary of Electrical and Electronics Terms should be referenced for terms not defined in this clause.

3.1 absorption (polarization) current () A current resulting from molecular polanizing and electron
drift, which decavs with time of voltage application at a decreasing rate from a comparatively high initial
value to nearly zero, and depends on the tvpe and condition of the bonding material used in the insulation
svstem.

3.2 conduction current (I5): A current that is constant in time. that passes through the bulk insulation from
the grounded surface to the high-voltage conductor, and that depends on the type of bonding material used in
the insulation system.

3.3 clectroendosmosis effect: A phenomenon occasionally observed, more often on older windings, when.
in the presence of moisture. different insulation resistance values may be obtained when the polarity of the
tester lcads are reversed. Typically for older wet windings, the insulaiion resistance for reverse polarity.
where the ground lead is connected to the winding and the negative voltage lead to ground, is much higher
than for normatl polarity.

3.4 insulation resistance ({R)): The capability of the electrical insulation of a winding to resist direct cur-
rent. The quotient of applied direct voltage of negative polarity divided by current across machine insulation.
corrected to 40 °C, and taken at a specified time (#) from start of voltage application. The voltage application
time is usually 1 min (JR}) or 10 min (/R;g), however, other values can be used. Unit conventions: values of
1 through 10 are assumed to be in minutes, values of 15 and greater are assumed to be in seconds.

3.5 geometric capacitive current (/¢): A reversible current of comparatively high magnitude and short
duration, which decays exponentially with time of voitage application, and which depends on the internal
resistance of the measuring instrument and the geometric capacitance of the winding.

3.6 polarization index (P.J. ) Variation in the value of insulation resistance with time. The quotient of
the insulation resistance at time (¢,) divided by the insulation resistance at time (). If limes ¢, and t; are not
specified, they are assumed to be 10 min and | min, respectively. Unit conventions: values of 1 through 10
are assumed to be in minutes, values of 15 and greater are assumed to be in seconds (e.g., PJ.gg) 5 refers to
IR¢ps/ IR 5y)-

3.7 surface leakage current (77): A current that is constant with time, and which usually exists over the sur-
face of the end-turns of the stator winding or between exposed conductors and the rotor body in insulated
rotor windings. The magnitude of the surface leakage current is dependent upon temperature and the amount
of conductive material, i.e., moisture or contamination on the surface of the insulation.

4. Safety considerations

Insulation resistance testing involves the application of high direct voltages to machine windings. These
windings have capacitive and inductive properties that can lead to hazards that may not be readily apparent.
It is not possible to cover all safety aspects in this recommended practice and test personnel should consult
IEEE Std 510-1983:% ASTM F855-97e1; manufacturers’ instruction manuals; and union, company, and gov-
ernment regulations.

Stnformation on references can be found in Clause 2

Copyright ® 2000 IEEE. All rights reserved. 3
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Before any testing is conducted, the winding insulation must be discharged. It is not safe to begin testing
before the discharge current is zero and there is no discernible return voltage (less than approximately 20 V)
after the ground is removed. After completion of the test, the winding should be discharged through a suit-
able resistor, sized to limit the instantaneous current to I A. A minimum discharge time, which is equal to
four times the voltage application duration, is recommended. This time interval is based on the R (resistive),
L (inductive). C (geometric capacitive), and absorptive characteristics of the circuit during charging (time of
the application of the voltage) and discharging (elapsed time since the removal of the voltage source and
subsequent grounding of the winding under test}). It is important to remember that the testing is not complete
until the winding is discharged and there is no discernible voltage. It is recommended that subsequent ac
high-potential testing not be conducted until the winding is fully discharged.

During the test period, all appropriate safety measures for the voltages being used must be taken. For test
voltages 5000 V and above. the lead between the test set and the winding must be appropriately insulated
and spaced from ground; otherwise, surface leakage currents and corona loss may introduce errors in the test
data. For safely considerations, and to avoid mcasuring stray currents, the leads may be shielded.

Restriction of personnel access to the high voltages is mandatory. Use of personal protective equipment is
recommended, as is the use of hot sticks, insulated laddcrs, etc. If accessible, the phase ncutral and line ends
of each winding should be connected together during the test to minimizc the effect of high-voltage surge
reflcctions that may result from a winding failure.

The safety measures described are by no means exclusive. These are meant only to signify the nature of the
hazards involved. It is the responsibility of the users of the iest equipment to completely ascertain the

possible hazards involved in the testing, to protect personnel from harm, and to eliminate the risk of damage
to the equipment.

5. Insulation resistance—general theory
The insulation resistance of a rotating machine winding is a function of the type and condition of the insulat-
ing materials used, as well as their application technique. In general, the insulation resistance vanes propor-

tionately with the insulation thickness and inversely with the conductor surface area.

Interpretation of insulation resistance measurements of machine windings and the recommended minimum
values of polarization index and insulation resistance are described in Clause 11 and Clause 12, respectively.

5.1 Components of the measured direct current

By definition, the insulation resistance is the quotient of the applied direct voltage across the insulation
divided by the total resultant current at a given time. The total resultant current (/) is the sum of four differ-
ent currents; surface leakage (J;), geometric capacitance (/) conductance (I¢;), and absorption (/).

An equivalent circuit for the various currents in an insulation resistance test is shown in Figure 1.

The geometric capacitance current (/) usually does not affect the measurements, because it disappears by
the time the first reading is taken at I min.

4 Copyright © 2000 IEEE. All rights reserved.
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direct 1 — g T <
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a

Total (7))

Figure 1—Equivalent circuit showing the four currents monitored during an insulation
resistance test

The absorption current (/) or polarization current decays at a decreasing rate. The current vs. time rejation-
ship is a power function, shown in Equation (1). It may be plotied on a log-log graph as a straight line.

1, = Ki" ' . ()
where

Iy is absorption current,

K is a function of the particular insulation system and applied test voltage,

f is time of applied direct voltage,

n is a function of the particular insulation system.

The absorption current has two components. The first component is due to the polarization of the
impregnating materials because the organic molecules, such as epoxy, polyester, and asphalt, tend to change
orientation in the presence of a direct electric field. Since these molecules have to strain against the attractive
forces of other molecules, it usually takes several minutes after application of the electric field for the
molecules to become reoriented, and, thus, for the current-supplied polarizing energy to be reduced to
almost zero. A second component of the absorption current is due to the gradual drift of electrons and ions
through most organic materials. These electrons and ions drift until they become trapped at the mica
surfaces commonly found in rotating machine insulation systems. Usually, for clean and dry rotating
machine insulation, the insulation resistance between about 30 s and a few minutes is primarily determined
by the absorption current.

Since the absorption current is a property of the insulation material and the winding temperature, a specific
absorption current is neither good nor bad. In insulation systems manufactured since about 1970 (usually
thermosetting polyester or epoxy bonded), the value of the exponent n of the absorption current, /= Kt is
different from the older thermoplastic (asphalt or shellac bonded) materials. This does not imply that more
modermn insulation materials are better because the absorption current is lowcer and the resulting insulating
resistance is higher. For example, polyethylene has essentially no absorption current, yet because of its ther-
mal limitations, it woutd be completely unsuitable for application in most rotating machines.

The conduction current (/5} in well-bonded polyester and epoxy-mica insulation systems is essentially zero
unless the insulation has become saturated with moisture. Older insulation systems, such as asphaltic-mica
or shellac mica-folium may have a natural and higher conduction current due to the conductivity of the tapes
that back the mica.

Copyright © 2000 IEEE. All rights reserved. 5
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The surface leakage current (/) is constant over time. A high surface leakage current, i.e.. low insulation

resistance. is usuatly caused by moisture or some cther type of partly conductive contamination present in
the machine.

5.2 Characteristics of the measured direct current

Comparing the change 1n msulation resistance or total current with the duration of the test voltage applica-
tion may be useful in appraising the cleanliness and dryvness of a winding. If the windings arc contaminated
or wet, the total current (/) will be approximately constant with time, since f; and/or [; (see Figure 2) will
be much larger than the absorption current (/). If the windings are clean and dry, the total current (/) will
normally decrease with time (see Figure 3). since the total current is dominated by the absorption (i.e., polar-
ization) current (/4).

1 ]
1 1
100 4+ 1 '
1 1
] ]
] ]
L] )
I 1
— I ]
= 1T I
18] 1] 1
5 ; '
] 1
(&) 1 v
] J ]
> 1
= 1 1
= 10 ! Total (f) |
o h Leakage (I1) '
: '
1 ]
] t
EH [}
: Absorption (1,) |
1 ]
! Conductance (/5) :
Capacitance (I} ;
1 t i 1

0 1 5 10

Time of Voltage Application (minutes)

Figure 2—Types of currents for an asphaltic-mica insulation

5.3 Insulation resistance readings

The measurement of insulation resistance constitutes a direct-voltage test and must be restricted to a value
appropriate to the voltage rating of the winding and the basic insulation condition. This is particularly impor-
tant in the case of small, low-voltage machines, or wet windings. If the test voltage is too high, the applied
test voltage may over stress the insulation, leading to insulation failure.

Insulation resistance tests are usually conducted at constant direct voltages of 500-10 000 V having negative
polarity. Negative polarity is preferred to accommodate the phenomenon of electroendosmosis. Guidelines
for test voltages are presented in Table 1. Readings of insulation resistance are taken after the test direct volt-
age has been applied for | min.

6 Copyright © 2000 {EEE. All rights reserved.
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Figure 3—Types of currents for an epoxy-mica insulation
with a relatively low surface leakage current and no conductance current

Table 1—Guidelines for dc voltages to be applied during insulation resistance test

Winding rated Insulation resistance test
voltage (V)* direct voltage (V)
<1000 500
1000-2500 500-1000
2501-5000 1000-2500
500112 000 2500-5000
>12 000 5000-10 000

*Rated line-to-line voltage for three-phase ac machines,
line-to-ground voltage for single-phase machines, and
rated direct voltage for dc machines or field windings.

5.4 Polarization index readings

The measured insulation resistance will usually rapidly increase when the voltage is first applied, and then
gradually approach a relatively constant value as time elapses (see Figure 4). The readings of a dry winding
in good condition may continue to increase for hours with a continuousty applied constant test voltage. For
older types of insulation. a reasonably steady value is usually reached in 10-15 min. Modern types of film-
coated wire, as well as epoxy-mica or polyester-mica insulated stator windings, may approach a constant
value of insulation resistance in 4 min or less. If the winding is wet or dirty, a low steady value will usually

be reached I min or 2 min after the test voltage is applied.

The polarization index is normally defined as the ratio of the 10 min resistance value (/R;g) to the 1 min
resistance value (IR)). (See Annex A for the use of other values.) The polarization index is indicative of the
slope of the characteristic curve {see Figure 4) and can be used (o assess the insulation condition (see

Copyright © 2000 IEEE. All rights reserved.
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Clause 11 and Clause 12). To provide greater accuracy around the 1 min point and to allow the data to be
plotted on log paper. it is also common to take readings at other intervals such as 15 s, 30 s, 45 s, | min,
1.5 min, 2 min. 3 min, 4 min, .... and 10 min.

10 000

Clean & dry
epoxy-mica

1000 4

Clean & dry
asphaltic-mica

Relative Resistance

Contaminated
(leakage current

dominates)

5
Time of Voltage Application (minutes)

[y
<=

Figure 4—Typical insulation resistance measurements for three different machines

5.5 Discharge current

After the applied direct vollage is removed, a suitable discharge circuit should be provided (see Clause 4).
The discharge current manifests itself in lwo components:

a) A capacitive discharge current compenent, which decays nearly instantaneously, depending upon

the discharge resistance.

b)  The absorption discharge current, which will decay from a high initial value to nearly zero with the
same characteristics as the initial charging current but with the opposite pofarity. This decay may
take more than 30 min depending on the insulation type and machine size of the test specimen.

6. Factors affecting insutation resistance

6.1 Effect of surface condition
The surface leakage current (/;) is dependent upon foreign matter, such as oil and/or carbon dust on the

winding surfaces outside the slot. The surface leakage current may be significantly higher on large turbine
generator rotors and d¢ machines, which have relatively large exposed creepage surfaces. There may also be

8 Copyright © 2000 IEEE. All rights reserved.
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an increase in the surface leakage current on machines where a stress-control coating has been applied to the
endwindings.

Dust (or salts) on insulation surfaces. which arc ordinarily nonconductive when dry, may become partially
conductive when exposed to moisture or oil. and, thus. can iower the insulation resistance. If the insulation
resistance or polarization index is reduced because of contamination, i can usuallv be restored 1o an accept-
able value by cleaning and drying.

6.2 Effect of moisture

Regardless of the cleaniiness of the winding surface, if the winding temperature is at or below the dew point
of the ambient air, a film of moisture may form on the insulation surface, which can lower the insulation
resistance or polarization index. The effect is more pronounced if the surface is also contaminated, or if
cracks in the insulation are present. Note that the effects of moisture contamination on a healthy winding
should not preclude obtaining acceptable readings.

Some types of older winding insulation systems are hygroscopic (easily absorb water) and moisture may be
drawn into the body of the insulation from the humid ambient air. This is particularly true for the older
asphaltic-mica and shellac mica-folium insulating matenals. as well as for some insulating strips used
between uninsulated copper conductors in large turbine generator rotors. Absorbed moisture increascs the
conduction current (/) and significantly lowers the insulation resistance.

In-service machines are usually at a temperature above the dew point. When tests are to be conducted on a
machine that has been in service, the tests should be made before the machine winding temperature drops
below the dew point.

Machines that are out-of-service (without space heaters) are frequently tested when the winding temperature
is befow the dew point and may have significantly lower than expected insulation resistance and polarization
index readings due to moisture contamination (sec Clause 11}. It may be necessary to dry out these machines
to obtatn acceptable readings prior to returning these machines (o service or performing high-voltage testing.
For appropriate dry-out procedures, consult with the equipment manufacturer. The history of the machine,
visual inspections, and other test results may help in assessing the potential risk of returning to service a
machine with low insulation resistance and/or polarization index readings due to moisture contamination. It
is recommended that a machine with fow PI and IR readings not be subjected to further high-voltage

testing.

6.3 Effect of temperature
6.3.1 General theory

The insulation resistance value for a given system, at any given point in time, varies inversely, on an expo-
nential basis, with the winding temperature. There is a contrast between the temperature dependence of
resistivily in metals and non-metallic materials, especially in good insulators. In metals, where there are
numerous free clectrons. higher temperature introduces greater thermal agitation, which reduces the mean
free path of electron movement with a consequent reduction in clectron mobility and an increasc in resistiv-
ity. However, in insulators. an increase in temperature supplies thermal energy, which frees additional charge
carriers and reduces resistivity. This temperature variation affects all of the current components identified in
5.1 except for the gcometnic capacitive current. The insulation resistance value of a winding depends upon
the winding temperature and the time elapsed since the apphcation of the voltage. The thermal mass of the
machine being tested is generally so large that the temperature differential of the winding between the I min
and [0 min readings of the insulation resistance is negligible. except for measurements during a dryout at
rated current. In order 1o avoid the effects of temperature in trend analysis, subsequent tests should be con-
ducted when the winding is ncar the same temperature as the previous lest. However, if the winding temper-
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ature cannot be controfled from one test time to another, it is recommended that all insulation test values be
corrected to a common base temperature of 40 °C using Equation (2). Though the corrected value is an
approximation, this permits a more meaningful comparison of insulation reststance values obtained at differ-
ent temperatures.

The correction may be made by using Equation (2):
Re = KrRy (2)
where

Re is insulation resistance (in megohms) corrected to 40 °C,
Kr is insulation resistance temperature coefficient at temperature 7°C (from 6.3.2 or 6.3.3),
Ry is measured insulation resistance (in megohms) at temperature 7 °C.

For winding temperatures below the dew point, it is difficult to predict the effect of moisture condensation
on the surface, therefore an attempt to correct to 40 °C for trend analysis would introduce an unacceptable
error. In such cases, it is recommended that the history of the machine tested under similar conditions be the
predominant factor in determining suitability for return to service. However, since moisture contamination
normally lowers the insulation resistance and/or polarization index readings, it is possible to correct t0 40 °C
for comparison against the acceptance criteria (sce Clause 12).

There is no effective ineans for converting the insulation resistance measured under a specific humidity to
the insulation resistance that would occur at a different humidity.

6.3.2 Field measurements for determining Kr

The recommended method of obtaining data for an insulation resistance versus winding temperature curve is
by making measurements at several winding temperatures, all above the dew point. and plotling the results
on a semi-logarithmic scale. When a logarithmic scale is used for the insulation resistance and a linear scale
for the temperature. the test points should approximate a straight line that can be extrapolated to obtain the
corrected value at 40 °C.

6.3.3 Approximating Kt

If the temperature cffects on the insulation system under est is unknown, an approximate value for the tem-
perature coefficient K7 may be obtained by using Figure 5 for resistance halving for each +10 °C increment.
Note that this is only an approximation and should not be used to calculate insulation resistance at very large
temperature differentials from 40 °C or significant errors could result.

NQTE—Insulation resistance halving for a 10 °C increase in temperature is based on testing of some of the insulation
systems of the late 1950s and may not be strictly true for all insulation systems. More recent measurements have indi-
cated a correction factor for insulation resistance halving in the range 5-20 °C. A variation in the K¢ factor can lead to
significant errors in R, magnified by the diffcrential bebween the winding temperature and 40 °C.

K can also be approximated for insulation resistance halving for a 10 °C rise in winding temperature by

application of Equation (3).
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Figure 5—Approximate insulation resistance coefficient, Ky, for insulation halving
for 10 °C rise in temperature

For example, if the winding temperature at test time was 35 °C. and the insulation was such that the resis-
tance halved for every 10 °C. then the Ky for correction to 40 °C would be derived in the following way:

(0‘5‘)(40#).«'10 i - ) . 3)

1

Kr
or

Ky (0.5)(40—35)/10 _ (0'5)5”0 _ (O_S)I/z - 0707

6.3.4 Polarization index correction

When the polarization index is used with the insulation resistance to determine the insulation condition, it 1s
not necessary to make a temperature correction to the P.J. Since the machine temperature does not change
appreciably between the | min and 10 min readings, the effect of temperature on the polarization index is
usually small. However, when the initial winding temperature is high, a reduction in the temperature of the
insulation system during the test lime may result in a substantial increase in the insulation resistance
between the ! min and 10 min readings duc to the temperature effect {(see 6.3.1). The resuiting polarization
index may be uncharacteristically high, in which case a repeat measurement at or below 40 °C is recom-
mended as a check of the P.I. As stated in 6.2, if either the 1 min or 10 min measurements are taken when the
winding temperature is below the dew point, the effects of moisture contamination must be considered dur-

ing interpretation.

6.4 Etfect of test voltage magnitude

Guidelines for test voltages are presented in Table I (see 5.3). The value of insulation resistance may
decrease somewhat with an increase in applied voltage; however, for insulation in good condition and in a
thoroughly dry state. substantially the same insulation resistance will be obtained for any test voltage up ic
the peak value of the rated voltage.

A significant decrease in insulation resistance with an increase in applied voltage may be an indication of
insulation problems. These problems may be due to imperfections or fractures of the insulation. aggravated
by the presence of dirt or moisture: or the problems may be due 1o the effects of dirt or moisture alone or
result from other deterioration phenomena. The change in resistance is more pronounced at voltages consid-
erably above rated voltage (sec IEEE Std 95-1977).
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6.5 Effect of existing charge on winding resistance measurements

The insulation resistance measurements will be in error if residual charges exist in the insulation. Therefore,
prior to measuring the insulation resistance, windings must be completely discharged. Measure the dis-
charge current at the heginning of the test to assure that the winding is completely discharged. A residual
charge will show as a reverse deflection of the insulation resistance meter after connections are made but
before the voltage is applicd. Any reverse deflection should be negligible.

After cessation of application of high direct voltage, grounding of windings is important for safety as well as
for accuracy of subscquent tests. The grounding time should be a minimum of four times the charge time

(see 5.5).

7. Conditions for measuring insulation resistance

Record the ambient temperature, rclative humidity, dew point, winding temperature, length of time out-of-
service, test voltage, and connection arrangement at the time the test is performed. It is also important to
convert the measurement 1o a 40 °C basis for future comparisons. (For converting insulation resistance val-

ues to this temperature, sec 6.3).

It is not necessary that the machine be at standstil! when insulation resistance tests are being made. It is often
desirable to make insulation resistance measurements when the winding is subject to centrifugal forces sim-
ilar to those occurring in service. In eertain eases, it is practical to make periodic insulation resistance mea-
surements while machines arc rotating short circuited for drying. Whenever machines are not at standstill
during measurement of insulation resistance, precautions should be taken to avoid damage to equipment and

injury to personnel.

To obtain insulation resistance measurements for a directly water-cooled winding, the water should be
removed and the internal circuit thoroughly dried. In some cases where water-cooled windings are used, the
winding manufacturer may have provided a means of measuring the insulation resistance without need for
the coolant water 1o be drained. In general, if the water is not removed, then the conductivity of the water
should be greater than 0.25 ps/cm. More information sheuld be available in the winding manufacturer’s

manual.

8.Winding connections for insulation resistance tests

It is recommended, when feasible, that each phase be isolated and tested separately. Separate testing atlows
comparisons to be made between phases. When one phase is tested, the other two phases should be grounded
to the same ground as the stator core or rotor body.

When testing all phases simultaneously, only the insulation to ground is tested and no test is made of the
phase-to-phase insulation. The phase-to-phase insulation is tested only when one phase is energized and the

other phases are grounded.

The connection leads. brush rigging. cables. switches, capacitors. surge arresters, voltage transformers, and
other external equipment may greatly influence the insulation resistance reading. It is recommended that
measurements of the insulation resistance be made with all external equipment disconnected and grounded.
In all cases. a common ground should be used o avoid any undesirable effects on the test results due to stray

losses in the ground circuit.
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9. Methods of measuring insulation resistance

9.1 Direct measurement
Direct measurcment of insulation resistance may be made with the following instruments:

a)  Direct-indicating megohmmeter with self-contained hand or power-driven gencrator
b)  Direct-indicating megohmmeter with scif-contained battery
¢) Direct-indicating megohmmeter with sclf-contained rectifier. using a regulated line powered supply

d) Resistance bridge with self-contained galvanometer and batteries

9.2 Calculated measurement

Insulation resistance may be calculated from readings of a voltmeter and microammcter using an external

(well-regulated) direct-voltage supply.

NOTE—Recommended valuc of voltage regulation (ine) is less than or equal to 0.1%. Deviations from this may lead to
ambiguous results due to unpredictable losses from the charging currents associated with fluctuations in the applied volt-

age (sec Annex C).

The voltmeter-ammeter method is a simpte method for the determination’of the insulation resistance by
measurement of the voltage impressed across the insulation and the current through it. A source of constant
direct voltage is required, and the voltmeter must be selected to suit the maximum and minimum voltages
that may be used. The ammeter is usuatly a multirange microammeter selected to measure the full range of

currents that may be encountered at the voltages used.

The microammeter must be on the highest range or short cireuited during the first few seconds of charge so
that it will not be damaged by the capacitive charging current and the initial absorption current. When the
microammeter is at test voltage, precautions should be taken to ensurc the safety of the operator.

The resistance is calculated from Equation (4).
IR,y = Ey/ 1y 4)
where

IRy  is the insulation resistance in megohms,

En  is the volimeter reading in volts.

{yy  is the ammeter yeading in miceroamperes {¢) scconds after application of the test voltage.

10. Precautions

A finite amount of time is required to bring the voltage impressed on the insulation to the desired test value.
Full test voltage should be applied as rapidly as possible and held constant throughout the test.

Test instruments in which the test voltage is supplied by motor-operated generators. batleries. or rectifiers
are usually used for making tests of over I min duration. Itis essential that the voltage of any test source be
constant to prevent fluctuation in the charging current (see Annex (). Stabilization of the supplicd voltage

may be required.
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Where protective resistors are used in testinstruments. their effect on the magnitude of the voltage applied 1o
the insulation under test should be taken into account. The voltage drop in the resistors may be an apprecia-
ble percentage of the instrument voltage when measuring a low insulation resistance.

11. Interpretation of insulation resistance and polarization index test results

The insulation resistance and polarization index tests can be used for two purposes:

a)  The insulation resistunce test history of a given machine, measured at umform conditions so fur as
the controllable varables are concerned. is recognized as a useful way of trending some aspects of

the insulation condition over years.

b)  Estimation of the suitability of a machine for the application of appropriate overvoltage tests or for
operation may be based on a comparison of present and previous P1. and/or IR values.

11.1 Monitoring insulation condition

If the insulation resistance history of the machine is available, comparison of the present test result with pre-
vious tests will support concerns about the insutation condition. It is important, however, to compare tests
under similar.conditions. that is. winding temperature, voltage magnitude, voltage duration. and relative
humidity (sce Clause 6). For comparison of tests conducled at different winding temperatures, the results

should be corrected to the same temperature (see 6.3).

A sharp decline in the IR; or PI. from the previous rcading may indicate surface contamination, moisture, or
severe insulation damage. such as cracks. When a low P.f. occurs at an elevated temperature (above 60 °C), a
second measurernent below 40 °C, but above the dew point, is recommended as a check on the real insula-

tion condition {sce 6.3).

For tests conducted under similar conditions, a steady increase in the IRy, i.¢., a decrease in the absorption
current with age may indicate decomposition of the bonding materials, especially when the insulation mate-
rials are of the thermoplastic (asphaltic-mica or shellac mica-folium) type.

11.2 Suitability for operation or continued testing

When the insulation resistance history is not available, recommended minimum values of the P.I. or IR; may
be used o estimate the suitability of the winding for application of an overvoltage test or for operation (see
Clause 12). If the IR, or PI. is low because of dirt or excessive moisture, it may be improved to an accept-
able value by cleaning and drying. When drying insulation, the P.J. can be used to :ndicate when the drying
process may be terminated. i.e.. the PL results have cxceeded the recommended minimum. If the IR is low
due to severe insulation deterioration or damage, operation and overvoltage testing of the machine are not

recommended.

Machines rated 10 000 kVA and less should have cither a value of the polarization index or a value of the
insulation resistance (at 20°C) above the minimum recommended values (sec Clause 12) for operation or

further overvoltage tests.

Machines rated above 10 000 KVA should have both the polarization index and the insulation resistance
above the minimum recommended values (see Clause 12) for operation or further overvoltage testing.

If the IR, valuc (at 40 °Cj is greater than 5000 M2, the P/. may be ambiguous and can be disregarded (scc
12.2.2).

14 Copyright © 2000 |IEEE. All rights reserved
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For vamished cambric. shellac mica-folium, or asphaltic stator windings, a verv high PJ. tfor example.
greater than 8) may indicate that the insulation has been thermally aged, and may have a high risk of failure.
If physical inspection (1apping on the insulation, for instance) confirms that the insulation is dry and brittle,
it is best not to attempt cleaning or overvoltage testing the winding. Failure may occur at any time if the

machine is returncd to service.

It may be possible to operate machines with P1. and IR} values lower than the recommended minimum val-
ues: however, it is not rccommended by this standard. In all cases where the test vajues fall below the recom-
mended minimum values. investigations should be undertaken to determine the cause of such low readings.
History of the winding. visual inspections, and other test results should be used to determine advisability of

returning the unit to service.

11.3 Limitations of the insulation resistance test

Insulation resistance test dala is useful in evaluating the presence of some insulation problems such as con-
tamination, absorbed moisturc. or severe cracking; however, some limitations are as follows:

a)  Insulation resistance of a winding is not directly related to its dielectric strength. Unless the defect is
concentrated. it 1 impossible to specify the value of insulation resistance at which the insulation sys-

tem of a winding wiit fail.

b)  Windings having an extremely large end ‘arm surface area, large or slow-speed machines, or

—

machines with commuitators may have insulation resistance values that- are less than the -

recommended value. In these cases, historical trending of /R; is invaluable in evaluating insulation
condition.

c) A single insulation resistance measurement at one particular voltage does not indicate whether
foreign matter is concentrated or distributed throughout the winding.

d)  Direct-voltage mcasurements, such as the IR and P.I tests, may not detect internal insulation voids
caused by improper tmpregnation, thermal deterioration, or thermal cycling in form-wound stator

coils (see Annex B).

e) Because insulation resistance tests are conducted while a machine is at standstil, these tests will not
detect problems due to rotation, such as loose coils, or vibration leading to endwinding movement.

12. Recommended minimum value of polarization index and insulation
resistance

12.1 Minimum values

The recommended minimum P.f. and the recommended minimum value of JR; of an ac or dc rotating
machine winding are the lowest values at which a winding is recommended for an overvoltage test or for

operation.

In some cases, special insulating material or designs may provide lower values. Minimum values for these
designs should be based on comparison with the historic test values.

12.2 Polarization index

The recommended minimum values of P.J. for ac and dc rotating machines are listed in Table 2. Table 2 is
based on the thermal class of the insulating matenials and, with the exception of noninsulated field windings,
applies to all insulating materials regardless of application.
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Table 2— Recommended minimum values of polarization index for all machine
components? insulation classes per IEC 60085-01: 1984

Thermal class rating ! Minimum PIL.
— ] -
Class A | 15
Class B 2.0
Class F : 20
4‘ PR
Class H | 20

“The P.L test is not applicable to noninsulated field
windings (see 12.2.1).

NOTE—If the 1 min insulation resistance is above 5000 MQ, the calculated £/, may not be meaningful. In such cascs.
the PJ. may be disregarded as a mcasure of winding condition (sec 12.2.2).

12.2.1 Applicability of polarization index on field windings

The purpase of the insulation resistance and polarization index tesls is to dctermine whether or not an insula-
tion system is suitable for operation or overvollage testing. The windings of some induction machinery
rotors are often not insulated from the rotor bady: therefore, a polarization index cannot be performed on
these induction machinery rotor windings or field windings. If however, the rotor winding is insulated from
the rotor body, as in wound induction rotors and salient pole machines, a polarization index test is applica-
ble. The field windings of many very large turbine generators are made with exposed copper that is not
encapsulated in insulation. Though isolated from ground and other components via insulating strips, the
immense surface arca of the noninsulated copper does not exhibit an absorption current (1,), in comparison
to the leakage current (/, . when subjected to a direct voltage. The absence of the absorption current alters
the IR characteristic cur ¢ (sce Figure 4) such that there will be very little change in the IR value from the
! min to the 10 min reading. Therefore, the P.L, which describes the slope of the IR curve, is not applicable

to noninsulated field windings.

On the other hand. many other types of field windings do not have appreciable amounts of exposed conduc-
tors. These designs use conductors that are fully encapsulated in insulation and have a characteristic absorp-
tion current (I,4). For these machines, the PI. can be a worthwhilc test for asscssing the condition of the
insulation system. The recommended minimum, based on the thermal class rating of the field winding insu-

lation, should be used as a reference.
12.2.2 Applicability of polarization index when IR, is greater than 5000 MQ

When the insulation resistance reading obtained after the voltage has been applied for 1 min (/R,) is higher
than 5000 M, based on the magnitude of applied direct voltage, the total measured current (f7) can be in the
submicroampere range (sce Figure 1). At this level of required test instrument sensitivity, small changes in
the supply voltage. ambicnt humidity, test connections, and other non-related components can greatly affect
the total current measured during the 1-10 min interval required for a P1. Because of these phenomena,
when the IR, is higher than 3000 M. the PI. may or may not be an indication of the insulation condition
and is therefore not recommended as an assessment tcol.

12.3 Insulation resistance

The minimum insulatton resistance after 1 min, IRy ;. for overvoltage testing or operation of ac and dc
machine stator windines and rotor windings can be determined from Table 3.
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The actual winding insulation resistance to be used for comparison with /Ry . is the observed insulation
resistance, corrected (o 40 °C. obtained by applying a constant direct voltage to the entire winding for t min.

The mintmum insulation resistance of one phase of a three-phase armature winding tested with the otier two
phases grounded should he approximately twice that of the entire winding. If each phasc is tested separately
and guard circuits arc used on the two phases not under test, the observed minimum resistance should be

three times the entire winding.

Table 3—Recommended minimum insulation resistance values at 40 °C (all values in MQ)

Minimum insulation

. Test specimen
resistance

IR} gin = k17 1 For most windings made before about 1970, all field windings, and
- others not described below

TR jnin = 100 For most dc armature and ac windings built after about 1970 (form- |

wound coils)

IRy pin =% For most machines with random-wound stator coils and form-
wound coils rated below 1 kV

NOTES . : ' ..
F—IR| pin 15 the recommended minimum insulation resistance, in megohms, at 40 °C of'the entire
machine winding

2 k) is the rated machine terminal to terminal voltage, in rms kV
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Annex A

(informative)

Variants in polarization index

The polarization index (1'L+ is traditionally defined as the ratio of the 10 min insulation resistance (/R 5} to
the 1 min insulation resistince (JR)). tested at a relatively constant temperature. In older insulation materials,
such as asphaltic-mica. the absorption currents often take 10 min or more to decay to nearly zero (see
Figure 3). In more modem insulation systems for form-wound stators, and especially in random-wound
machines, the absorption current may decay to nearly zero in 2-3 min (sec Figure 4). Thus, for modern insu-
lation, some users calculate a variant of the conventional P1. The variants include, but are not limited to.
those shown in Eguation (A1) and Equation (A.2).

175

Pl =IR, /IRy, (A1)
where

Pl is the polarization index,

IR, is the insulation resistance reading after the application of voltage for 1 min.

IRy is. the insulation resistance reading afier the application of voltage for 30 s.

PI =IR/IR, (A.2)
where

Pi  isthe polarizaton index.
IR is the insulation resistance reading after the application of voltage for 5 min,

IR, isthe insulation resistance reading afier the application of voltage for I min.

w

The distinguishing features are the shorter times the direct voltage is applied and thus the shorter time that
the winding must be grounded (see 6.5). Since in modern windings the absorption cusrent is essentially zero
after a few minutes. by using shorter times for the P.L. ratio, the test time can be considerably shortened with-
out any loss of informatien about the degree of contamination or moisture absorption present. Another vari-
ation is to record the insulation resistance every minute and discontinue the test when a stable (three

consecutive readings) /R has been measured.

There are limitations tn applving these other ratios:
a)  There is no stundard for what time intervals the IR values are to be recorded. Different organizations
use different ratios.
b) There is no aerecd upon pass-fail criterta. as has been established for the traditional PL

¢) Users are cncouraped 1o collect data employing shorter lime ratios. to enable suitable pass-fail

criteria to be developed in the future,

18 Copyright © 2000 IEEE. All rights reserved
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Annex B
(informative)

Direct versus alternating voltage testing

Direct-voltage testing 1s normally done by applying a direct-voltage source between the test specimen con-
ductors and ground and using a dc ammeter to measure the total current. The ratio of the test voltage to the
test current witl reflect the 1ol resistance between the test specimen and ground. Resistance is determined

by Equation (B.1).

R =plL/A (B.1)
where
R is resistance.

is resistivity of the material,
is length of the path.

N~

is cross-scctional arca.

Because the resistivity values of the dirt. oil, and water that often eontaminate the endwinding areas of rotat-
ing machinery are quite lon, direct-voltage testing of a contaminated winding normally results in a high sur-
face leakage current and subsequent low resistance reading. This property makes direct-voltage testing a
viable method for determining the extent of contamination to an insulation system. In addition, if the insula-
tion system utifizes a cotton-backed tape with mica as the primary electrical insulation, a direct-voltage test
might reveal whether or not the cotton has absorbed moisture and has a lower resistivity. Note that most
windings manufactured after 1970 do not have these hygroscopic tapes, and a direct-voltage test will not
normally detect problems internal to the insulation system. such as thermal deterioration.

Since the primary clectrical insulation used in the design of form-wound stator windings is mica, and mica
has virtually infinite resistivity (thus a good insulator), only one layer of mica tape would prohibit any direct
current. Therefore. if' a void exists within the insulation due to improper impregnation, thermal deterioration,
or thermal eyeling. a direci-voltage test would be unable to detect it. If however, there exists a severe crack
through the entire insulation. it is possible that an electrical track would be established between the copper

conductors and ground. and would appear as a low resistance.

When a high alternating vollage is connected between the terminals of the test specimen and ground. the
capacitance of the test specimen dominates the current. Capacitance is determined by Equation (B.2).

C =¢eA/d (B.2)
where

C is capacitance.

£ is diclectric permittivity of the material.

A is cross-sectional arca,

d is the thickness ol the material.

Since the dielectric permitlivity of an insulation system s greatly affected by the presence of voids and/or
walter, an alternating-voltace test is more sensitive than direct-voltage tests with regard to detection of inter-
nal insulation problems associated with all types of insulation systems. Because of the diffcrent test capabil-
itics, both a de and an ac test should be conducted to more completely assess the condition of an insulation

system.
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Annex C

(informative)

Regulation in power supplies used for insulation resistance
measurement

The regulation of power supplies used in insulation resistance (IR) measuring equipment is important
because variations in the test voltage transtate into variations in the measurement. This can be seen bv con-
sidering the relationship in Equation (C.1):

dv(r)
l(r) = d (Cl)
where
iy is the current response.
dv(r) Is variation in voltage.
di
C is capacitance of the object under test.

This variation in the current due to voltage fluctuations is translated into a variation in the insulation resis-
tance (apparent resistance R ) according to Equation {(C.2):

Ve
R, = — (C.2
A Ide + i) )

where

Ide is the current ol interest due to the insulation resistance,
i(1) is the capacitive current,
Vde  is the applicd dircer voliage.

Combining these relationships gives the variation in the apparent resistance shown in Equation (C.3):

2.4
R, = Ve (C.3)
Idc + Cldv(t). dr]

The regulation can be stated as a percentage of the applied voltage and calculated from values found in gen-
eral practice. As most JR mceuasurements are not more than 2% accurate. this accuracy can be used for the

variation in the appirent resistance.

For example. in stater winding insulation systems constructed using modern materials, the lowest IR value
generally encountered is upproximatety 100 M£2, a test voltage often used is 5 kV, and Jarge machines have a
typical capacitance of approximately 0.25 wF. These numbers give an ifr) of 1 uA which, to maintain mea-
surement accuracy. nevessitales a dv/dr << 4 Vis. The regutation would therefore be 4 V/s in 5 kV. or 0.08%

reguiated.
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Most IR measurements are made at frequencies below | Hz, so these results apply to a low-lrequency regu-
lation of the supphy. i.c.. susceptibility to slowly varying Ructuations in the line voltage. It follows that the
50/60 Hz ripple in the supply may only have a minor impact when constdering supply regulation. since the
bandwidth of the measurement Timits the impact of fluctuations at these frequencies.

Copyright © 2000 [EEE Al rights reserved. 21
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