References

[1] R. Brutsch, M. Tari, K. Frohlich, T. Weiers, and R. Vogelsang,“Insulation failure
mechanisms of power generators”, IEEE Electr.Insul. Magazine, Vol. 24, No. 4, pp.
17-25, 2008.

[2] CIGRE Study Committee SC11, EG11.02, “Hydro-generator Failures— Results of
the Survey,” 2003.

[3] Greg C. Stone et al.,”Rotating Machine Insulation Systems”, in Electrical
Insulation for rotating machines Design, Evaluation, Aging, Testing & Repair, New
Jersy, John Wily and Sons Inc., 2004, Ch.1, pp 9-31

[4] Greg C. Stone et al.,”Historical Development of Insulation Materials and
Systems”, in Electrical Insulation for rotating machines Design, Evaluation, Aging,
Testing & Repair, New Jersy, John Wily and Sons Inc., 2004, Ch.3, pp 74-92

[5] L.M.Rux, “The physical phenomena associated with stator winding insulation
condition as detected by the ramped direct high voltage method”, Ph.D. dissertation,
Dept.of Elect.Eng. ,Mississipi University, Mississipi state, Mississipi, 2004.

[6] A. Nakayama, K Haga and S. Inoue., “Development of Global VVacuum Pressure

Impregnation Insulation system for Turbine Generators”, Proc. 2000 World
Geothermal

[7] G.( AQﬁe )10, Algust’ 4).Success of Réwinds of GVPI stators. [Online
Forum] %jaﬁabi N TAAMAY . oeHaratdrteehnitatforimlora i forum/
viewthreadip? Thread, d34D& fgroug=1#

[8] G. C. Stone et al., “Recent problems experienced with motor and generator
windings”,in  Institute of Electrical and Electronic Engineers Petroleum and
Chemical Industry Technical Conf. ,Anaheim, California,USA, 2009

[9] Stefanos Diamantis.(2010,September 4). Success of Rewinds of GVPI stators.
[Online Forum] Available at, http://www.generatortechnicalforum.org/portal/forum/
viewthread.php?thread_id=40&fgroup=1#post_86

[10] Clyde V Maughan. (2010, September 4). Success of Rewinds of GVPI stators.
[On line Forum]. Available at http://www.generatortechnicalforum.org/portal/forum/
viewthread.php?thread id=40&fgroup=1#post_86

[11] Padma Kumar. (2010, June 22).Damage in GVPI stator. [Online Forum]
Available at http://www.generatortechnicalforum.org/portal/forum/viewthread.php?
thread _id=478&fgroup=1

[12] I.Rendroyoko, S. P. Handojo, D.S.Irawan , “Partial rewinding of 5 MW vacuum
pressure impregnation (VPI) Generator winding”, Association of the Electricity
Supply Industry of the East Asia and the West Pasific Conf. of the Electric Supply
Industry Area Il: Power Generation & Distributed Energy-9, Taipei, Taiwan,2010

52



[13] D.G. Morrison, “Experience with Modern Air-Cooled Generator Stator
Windings”, in Electric Power Research Institute Conf. on Electric Generator
Predictive Maintenance and Refurbishment”, Tampa, 2003.

[14] B. Moore, D.Bucklew and P.Chantu, “Rewind of a Global VPI Repair”, in
Conf. on On line Monitoting of Electrical Assets 2014, Austin, Texas, 2014

[15]C. Maughan, Resin Injection of Global VPI Generators. [On line forum ] 2010,
Available at
http://www.generatortechnicalforum.org/portal/forum/viewthread.php?thread_id=48

&fgroup=1

[16] Rotating Electrical Machines, Part-1 Rating and Performance, IEC Standard
60034-1, 1999.

[17] IEEE Recommended Practice for Insulation Testing of AC Electric Machinery
(2300 V and Above) with High Direct Voltage, IEEE Standard 95, 2002

[18] Lori Rux, Bill McDermid, “Assesing the condition of Hydro-generator stator
widing insulation using the Ramped High Direct Voltage test Method”, Institute of
Electrical and Electronic  Engineers  Electrical Insulation  Magazine,
2001,Vol.17,No.08

[19]M.AR.M., Fergando et al,, “Cendition. Assessment; of Stator Insulation during
Drying, Wettine and Electrical Ageing”, Institute of "Electrical and Electronic
Engineers fansactions ‘on Diefectrics andEleetioal 1nsiddtion, 2013, Vol. 20, No.
6 %

53



Appendix-A

University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www . lib.mrt.ac.lk

54



Table A.1: Current Vs Voltage measurement data for VVPI stator of Old Laxapana

VKV) [ IA) | | VKV) | I((BA) | | VKY) | IEA) || VKY) | I(pA)
002| 06 2.56 3.8 5.09 4.6 7.65 5.4
0095 | 2.2 2.62 3.6 5.16 4.6 7.71 5.4
012] 22 2.685 3.8 5.21 4.6 7.76 5.4
0.205| 24 2.73 3.6 5.285 4.6 7.82 5.4
024| 24 2.815 3.8 5.345 4.6 7.87 5.2
0315| 24 2.84 3.8 5.395 4.6 7.97 5.4
039| 26 2.925 3.8 5.455 4.8 8.02 5.4
046| 26 2.99 3.8 5.525 4.8 8.09 5.4
05| 26 3.05 4 5.6 4.8 8.125 5.4
057| 26 3.1 3.8 5.635 4.8 8.2 5.4
0645 26 3.16 3.8 5.71 4.8 8.25 5.6
0695 | 2.8 3.21 3.8 5.785 4.8 8.335 5.4
0.765| 28 3.28 4 5.83 4.8 8.395 5.6
0815| 2.8 3.355 4 5.905 5 8.47 5.6
0.865| 2.8 3.415 4 5.94 4.8 8.505 5.6
0.95 3 3.475 4 6.015 4.8 8.58 5.4
1 3 3.54 4.2 6.075 4.8 8.63 5.6
1.06 3 3.61 4 6.14 4.8 8.7 5.6
1.135 3 3.645 4.2 6.225 5 8.76 5.6
1.18 3 2.72 4 6.27 5 88 5.6
1.255 | 3.2 3.78 4.2 6,335 5 8.885 5.6
1.315 | g8 | 3,845 4.2 6.38 5 8.945 5.6
1.365 | .32 31865 4.7 6455 : 9,02 5.8
144 | 32 3199 ) B515 5 9.065 5.6
1475 3.2 4.025 4.2 6.575 5 9.115 5.6
156 | 3.2 4.1 4.2 6.65 5 9.2 5.8
162 | 34 4.16 4.4 6.71 5 9.25 5.8
168 | 34 4.22 4.2 6.75 5.2 9.31 5.8
173| 34 4.28 4.4 6.835 5 9.395 5.8
1.805| 3.4 4.345 4.4 6.895 5 9.445 5.8
1875| 3.6 4.39 4.4 6.955 5 9.495 5.8
1.94| 34 4.465 4.4 7.015 5 9.58 6
2| 36 4.54 4.4 7.065 5.2 9.64 5.8
205| 3.4 4.6 4.4 7.125 5.2 9.7 5.8
211] 36 4.65 4.4 7.2 5.2 9.75 6
2.185| 36 4.71 4.6 7.275 5.2 9.8 6
223] 36 4.77 4.6 7.32 5.2 9.86 5.8
2305 36 4.845 4.4 7.395 5.2 9.935 6
238] 36 4.895 4.4 7.455 52| | 10.005 6
2425| 36 4.965 4.6 7,515 5.2 10.07 6
2475| 36 5.015 4.6 7.565 5.4 10.14 6
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Table A.1: Current Vs. Voltage measurement data for VPI stator of Old Laxapana

V(KV) | I(pA) V(KV) | I(uA)
10.19 6 12.755 6.8
10.25 6 12.79 6.8
10.31 6 12.875 6.8

10.385 6.2 12.915 7

10.445 6.2 12.985 6.8

10.495 6.2 13.06 7
10.57 6 13.11 6.8
10.63 6 13.18 7
10.69 6.2 13.255 7
10.75 6.2 13.315 7

10.8 6.2 13.39 7
10.9 6.4 13.435 7

10.935 6.2 13.475 7

10.995 6.2 13.56 7.2

11.055 6.2 13.62 7.2
11.12 6.2 13.68 7.2
11.19 6.4 13.745 7.2

11.265 6.4 13.79 7

11.315 6.4 12.865 7.2

11375 | .64 13.925 7

11.435 | b 13975 1.2
1151 [\ 565 14.05 71
11,57 | &5 11k 7
11.62 6.4 14.17 7.4
11.68 6.6 14.245 7.2
11.74 6.6 14.305 7.4

11.8 6.6 14.365 7.4

11.865 6.6 14.425 7.4

11.925 6.6 14.485 7.4

11.995 6.6 14.56 7.4

12.045 6.6 14.62 7.4
12.12 6.6 14.66 7.4
12.18 6.8 14.73 7.4

12.255 6.8 14.815 7.6

12.315 6.6 14.855 7.4

12.375 6.6 14.915 7.4
12.45 6.8 14.99 7.6
12.51 6.6 15.035 7.6

12.535 6.6

12.605 6.8
12.68 6.8
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Table A.2: Current Vs. Voltage measurement for Old Laxapana GVPI

stator
VKY) TIA) | [VEY) TIRAY | [VKRY) TIRA) | [ VEKY) | IA)
001]| 01 261| 2.4 521| 26 7785| 2.9
0085| 1.8 267| 2.3 526 | 2.7 7.885 3
0.145| 1.9 273| 2.4 531| 26 791| 29
0.195 2| [ 2795| 24| [ 5395| 27 7.97 3
0.255 2 284| 25| | 5455| 2.7 8.04| 29
0.29 2| | 2925| 24| | 5525| 26 8.115| 2.9
0.375 2| | 2965 25 559 | 2.7 8.19 3
0435| 22 305| 25| | 5635| 27 8.215| 2.9
052| 21 311| 25| | 5725| 27 8.3 3
0585| 21| | 3195| 24 577| 2.7 8.345 3
063| 2.1 322| 25 583| 28 8.42| 209
072 21 332| 25| | 5905| 28 8.47| 29
0765| 21| | 3355| 26/ | 5955| 2.7 854 209
083| 22| | 3415| 25 6.03| 2.8 8.65 3
09| 22| | 3475| 25| | 6.075| 27 8.65 3
0975| 22 356 | 2.6 6.14| 27 8.725| 2.9
101 21 361| 25 621| 28 8.775 3
111 21| | 3685| 25| | 6295 28 8.86 3
11451 221 37551 251 [ 63351 27 8.02 3
1205 .23 383 | . 25| 6.395| 27 8.995 | 3.1
1265 | .20 BRI, Bl OB ARET - 2’8 9'08 3
133 [\is 3GEG & 863 JISSET 9.13 3
1375 | 22 41ib. 1B 66| 28 9.175 3
1475 23 406 | 2.7 6.64| 28 9265 29
151 23 411] 25 67| 28 9.335| 3.1
161 23 421 2.6 681| 28 9.375 3
166| 23 427 26| | 6845 28 9.435| 3.1
1705| 23 433| 24| | 6905| 28 9.47 3
178 | 2.4 437| 26| | 6955| 28 9555 | 3.1
1865| 23 444 26| | 7015 29 9.63 3
19| 23| | 4515| 26| | 7.115| 28 9.60| 31
1965| 24| | 4565 2.6 715| 28 9.775| 3.1
2025| 24| | 4625| 26 721 28 9.825 3
2005| 23| | 4695| 27| | 7285] 29 9.875| 3.1
216| 2.4 477 26| | 7345 28 9.945| 31
223| 24 483 27 743 28| | 10.005 3
2305| 24| | 4905| 26 747 29 1007| 31
2355 | 2.3 493| 25 754 28] [10155| 31
2415| 23 5| 25| | 7625] 29 10.19| 31
2465| 23| | 5075| 27 765| 29 1025| 31
2535 | 2.4 515| 2.6 775| 28] [10325] 31
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Table A.2: Current Vs. Voltage measurement for Old Laxapana GVPI stator

VKY) [ 1A | [ V(kV) T I(pA)

10.38 3.1 12.975 3.2

10.45 3.1 13.06 3.3
10.51 3.1 13.095 3.3
10.57 3.1 13.22 3.4
10.66 3.2 13.265 3.4
10.73 3.2 13.29 3.3

10.77 3.1 13.365 3.4

10.84 3.2 13.425 3.3

10.89 3.1 13.475 3.3

10.93 3.2 13.56 3.3
11.02 3.1 13.62 3.4
11.08 3.2 13.67 3.4

11.16 3.2 13.745 3.4

11.21 3.2 13.805 3.4

11.3 3.2 13.865 3.3

1134 31 1394 33

114 32 1396 | 33
1146 | 32 1407 34
11521 32 14005 33
1158 | 3.3 14.18.. 34
1163 | 7a.2 Y4237 34

11.73 | \i7 193ga1ic 34

11.74 | &332 14355 84

11.82 3.3 14.45 3.5
11.89 3.2 14.475 3.4
11.95 3.2 14.55 3.5

12.04 3.3 14.585 3.4

12.1 3.3 14.685 3.4

12.13 3.2 14.73 3.5
12.22 3.2
12.29 3.2
12.33 3.3
12.39 3.2
12.49 3.3
12.52 3.3
12.59 3.3
12.67 3.3
12.73 3.2
12.77 3.3
12.85 3.3
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Table A.3: Current Vs. voltage measurement data for Wimalasurendra stator

V(kV) | I(uA) V(V) | I(uA) V(kV) | I(uA) V(V) | 1A
0.045 1.1 2.49 6.6 4.965 7.9 7.42 8.9
0.095 4 2.56 6.6 5.025 7.9 7.47 8.9
0.145 4.2 2.635 6.7 5.075 7.9 7.54 9

0.23 4.4 2.685 6.6 5.125 8 7.6 9
0.265 45 2.73 6.7 5.21 8 7.69 9.1
0.325 4.7 2.795 6.7 5.27 8 7.725 9.1

0.4 4.7 2.88 6.8 5.345 8.1 7.8 9.1
0.475 4.8 2.94 6.8 5.405 8 7.87 9.1

0.52 4.9 3.015 6.8 5.455 8.1 7.92 9.1
0.595 5 3.085 6.9 5.525 8.1 7.98 9.1
0.655 5 3.135 6.9 5.575 8.2 8.055 9.2

0.72 5.1 3.185 7 5.65 8.2 8.115 9.2
0.765 5.2 3.245 7 5.725 8.3 8.19 9.2

0.84 5.3 3.32 7 5.785 8.3 8.25 9.3

0.9 5.3 3.39 7.1 5.845 8.2 8.31 9.3
0.975 5.4 3.44 7.1 5.905 8.3 8.36 9.3
1.025 5.4 3.515 7.2 5.98 8.3 8.445 9.4
1.095 5.5 3.575 7.3 6.03 8.3 8.495 9.4
1.155 5.6 3.625 7.2 6.1 8.4 8.58 9.4

122 | 587 3685 ob 8115 8.4 8.615 9.4

1.28 [ 1€ 86 3145 il 5205 84 8.675 9.4

1.34 | =58 31845 3 6.285 8.5 8.75 9.5

1.4 5.8 3.89 7.3 6.335 8.4 8.8 9.5
1.485 5.9 3.94 7.4 6.42 8.5 8.885 9.5

1.56 5.9 3.99 7.4 6.48 8.6 8.945 9.6
1.595 6 4.06 7.4 6.54 8.5 9.02 9.6

1.66 6 4.125 7.4 6.615 8.6 9.065 9.6
1.745 6 4.195 7.5 6.65 8.6 9.13 9.6

1.79 6 4.27 7.5 6.725 8.6 9.175 9.7
1.855 6.2 4.33 7.5 6.795 8.7 9.265 9.7

1.94 6.2 4.38 7.6 6.87 8.7 9.325 9.7

2 6.2 4.44 7.6 6.92 8.7 9.375 9.8
2.035 6.2 4.515 7.7 6.98 8.8 9.42 9.8

2.12 6.3 4.585 7.6 7.055 8.8 9.52 9.8
2.185 6.3 4.635 7.7 7.09 8.7 9.59 9.8
2.245 6.4 4.71 7.8 7.175 8.8 9.63 9.8

2.29 6.4 4.77 7.8 7.235 8.9 9.7 9.9
2.365 6.5 4.83 7.8 7.31 8.9 9.75 9.9
2.425 6.5 4.895 7.9 7.345 9 9.825 9.9
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Table A.3: Current Vs. voltage measurement data for Wimalasurendra stator

V(KV) I(uA) V(KV) I(LA)
9.885 10 12.34 11
9.96 10 12.4 11
10.005 10 12.475 11.1
10.08 10 12.545 11.1
10.14 10 12.57 11.1
10.205 10 12.67 11.2
10.265 10.1 12.73 11.2
10.335 10.1 12.79 11.3
10.385 10.2 12.85 11.3
10.46 10.2 12.915 11.3
10,51 10.2 12.975 11.4
10.555 10.2 13.02 11.3
10.64 10.3 13.095 11.4
10.69 10.3 13.155 11.4
10.75 10.4 13.22 11.4
10.825 10.4 13.29 11.4
10.885 10.4 13.35 115
10.945 10.4 13.415 115
11.02 105 13.485 11.6
11.084, 2013 13.595 118
11(88%F) Mbs 131585 116
112058, 196 18,645 11.6
11.275 10.6 13.705 11.6
11.34 10.6 13.805 11.7
11.41 10.6 13.84 11.7
11.46 10.7 13.915 11.8
11535 10.7 13.985 11.8
11.58 10.7 14.025 11.8
11.655 10.8 14.095 11.8
11.705 10.7 14.145 11.9
11.755 10.8 14.23 11.9
11.84 10.8 14.305 11.9
11.9 10.8 14.34 12
11.95 10.8 14.4 12
12.02 10.9 14.475 12
12.095 10.9 14.55 12.1
12.145 10.9 14.62 12.2
12.205 11 14.67 12.3
12.28 11
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Table A.4 :Real part of permittivity measurements along frequency
sweep

Real part of permittivity

Frequency OLPS VPl | OLPSGVPI | WPS VPI stator
stator (F/m) stator (F/m) (F/m)
0.0010 1.240016
0.0010 1.166985 1.239435
0.0022 1.134582 1.200160
0.0046 1.109073 1.166861
0.0100 1.087937 1.137618
0.0215 1.073242 1.113138
0.0464 1.176998 1.061175 1.093893
0.1000 1.142832 1.051189 1.078045
0.2154 1.114181 1.042573 1.064208
0.4642 1.090800 1.035455 1.051818
1.0000 1.071500 1.028869 1.040908
2.1546 1.056239 1.023147 1.031454
46417 1.044404 1.018009 1.023300
10,0000 1,035227 1.013514 1,016354
26:8000 1.028591 1.009868 1.011182
AD0000 1022793 14006771 17006912
7626000 }.018685 1.004570 1.004078
110.0000 1.015310 1.003001 1.002160
222.2200 1.009698 1.000991 1.000000
446.6800 1.001354 0.999930
500.0000 1.000000 1.000000
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Table A.5 :Imaginary part of permittivity measurements along frequency

sweep

Imaginary part of permittivity

Frequency OLPS VPl stator | OLPS GVPI stator | WPS VPI
(F/m) (F/m) stator (F/m)
0.0010 0.186740
0.0010 0.091105 | 0.185528
0.0022 0.067967 |  0.120325
0.0046 0.051681 |  0.086502
0.0100 0.039334 | 0.066761
0.0215 0.031462 |  0.054016
0.0464 0.095483 0.025486 |  0.045612
0.1000 0.074075 0.021116 |  0.035660
0.2154 0.058517 0.017635 |  0.029808
0.4642 0.046975 0.015065 |  0.025410
1.0000 0.037580 0.013010 | 0.021797
2.1546 0.029872 0.011503 | 0.018714
46417 0.023738 0.010107 | 0.015888
108000 0.019342 0008838, 0.013317
2000000 0:016893 0.007811  0.011252
40,8000 0.016139 0.006957 1 0.009486
709000 0.016944 0.006397 | 0.008322
110.0000 0.018889 0.006053 | 0.007604
222.2200 0.024947 0.006064 | 0.007282
446.6800 0.035943 0.006923
500.0000 0.038453 0.007149
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Table A.6 :Dissipation factor measurements along
frequency sweep

Dissipation Factor

Frequency | OLPS VP! [ OLPS GVPI | WPS VPl
stator stator stator
0.0010 0.1505946
0.0010 0.078068 | 0.1496875
0.0022 0.059905 | 0.1002574
0.0046 0.046599 | 0.0741323
0.0100 0.036154 | 0.0586851
0.0215 0.029315 | 0.0485258
0.0464 | 0.081125| 0.024016 | 0.0416974
0.1000 | 0.064817 | 0.020087 | 0.0330787
0.2154 | 0.052520 | 0.016915 | 0.0280093
0.4642 | 0.043065| 0.014549 | 0.0241581
1.0000 | 0.035073| 0.012644 | 0.0209408
21546 | 0.028281| 0.011242 | 0.0181429
464171 00227201 0009928 | 0.0155266
10.0000 | ,0,018684 | 0008720 | 0.0131026
208088 | . 0.0164723 ) ~0.007735 | 0.0111279
408806/ 0015780 0'006018 [~ 100094268
700600 | V0'016639 MITgig06868 | 0.0082881
110.0000 | 0.018604 | 0.006035 | 0.0075874
2222200 | 0.024707| 0.006058 | 0.0072816
446.6800 | 0.035895 |  0.006923
500.0000 | 0.038453 |  0.007149
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1. Parameter estimation for OLPS GVPI Stator using MATLAB

General model:  F (x) = 16.67*(x/b+0.110+ (d*0.110*x"(1-n))/(1-n))

Coefficients (with 95% confidence bounds):
b= 9864 (7633, 1.209e+04)
d= 0.006457 (0.003917, 0.008997)
n=  0.7312(0.292, 1.17)

4\ Curve Fitting Tool - it

File Fit Viev Tools Desktop Window Help
e IR YA ]

[(OLPS GVPI Modeled cuve %] 7

o1& )
ax

@ a0

Fitname: |OLPS GVPI Modeled curve Custom Equation >
Xdata: |t

(] Auto fit
y = f(x )

Ydata: i

=1116.67%(x/b+0.110+(d*0.110*x" (1-n))/ (1-n))
Zdata:  (none)

CRER R

Weights: | (none)

Fit Options..

Results

Fit computation did not converge: 35
Fitting stopped because the number of iterations or function evaluatior

3
Fit found when optmization terminated:

General model:
f(x) = 16.67%(x/b+0. 110 +(d™D. 110" (1)) /(1-n))
Coefficents (with 85% confidence bounds): 2
b= 9864 (7633, 1.209e+404) = -
d=0.006457 (0.003917, 0.008997) 15
ne 07312 (0.292 1.17)

OLPS GVPI Modeled curve
Pred bnds (OLPS GVPI Modeled curve) |
Goodness of fit:

.8677 0.5
Adjusted R-square: 0.8665 :
RMSE: 0.1594

4 =
800 900

Table of Fits

| Fitname «

®
& OLPS GVPIMod. i vsfy

Validation SSE Validation RMSE

| |

o R AT 5 £ Modeled curve- OLPS GVPI Stator
s 7 z P H — — ~Pred bnds (Modeled curve- OLPS GVPI Stator)
& E : : T 7

38 e tarmsrayams e S RN e S e S R R ]

1= : i : -
05 . .

] T T foosspesnne s frrssmmsnssnnenens [ [T froonense s frroermsee s R froseremasnnsnines i

o 100 200 300 400 500 600 700 800 900
t

Figure B.2: Modeled curve within 95% prediction boundaries
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2. Parameter estimation for OLPS VPI stator using MATLAB
General model: F (x) = 16.67*(x/b+0.0914+(d*0.0914*x"(1-n))/(1-n))
Coefficients (with 95% confidence bounds):

b= 4352 (4221, 4484)

d= 0.07112 (0.07024, 0.07201)

n=  0.7408 (0.7256, 0.7559)

1\ Curve Fitting Tool - chit Lo
File Fit View Tools Desktop Window Help

~o@ NS00 EE%
OLPS VPl Modeled curve x| )

Fitname: | OLPS VPI Modeled curve

*ax

s ul=] ()]

Custom Equation 7] Auto fit

Xdats: [t y =[x )
¥ data: i =(116.67*(x/b+0.0914+(d*0.0914*x" (1-n))/ (1-n))

Zdatz | (none)

e

Weights: | (none)

Results

General model: T T T T T T r
f(x) = 16.67*(x/b+0.0914+(d"0.0914™x~(1-))/(1-n)) 7L

Coeffcents (with 95% confidence bounds):
b= 4352 (4221, 4484)
d= 0.07112 (0.07024,0.07201) 6
n= 0.7408 (0.7256, 0.7559)

vs.
i = OLPS VPI Modeled curve

R-square: 0,9947 Pred bnds (OLPS VPI Modeled curve) |

4
Adjusted R-square: 0.9947 3
RMSE: 0.1019
2
1

L L
800 900

‘ - : 1 ®

#Coe idt Validation SSE Validation RMSE
1 o - - B |

I IMATIEABowWerkspace- Curve fitting tool

* ivs.t
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Figure B.4: Modeled curve within 95% prediction bounds
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3. Parameter estimation for WPS VPI Stator using MATLAB
General model:
f(x) = 16.67*(x/b+0.158+(d*.158*x"(1-n))/(1-n))
Coefficients (with 95% confidence bounds):
b= 2580 (2524, 2636)
d= 0.07529 (0.07456, 0.07602)

n= 0.7954 (0.7844,0.8063)

d\ Curve Fitting Tool - cfit

e=3fos
File Fit View Tools Desktop Window Help v ax
- IR VAR ) A BOB0O
Fitname: |WPS VPI Modeled curve Custom Equation - 7] Auto fit
Xdasta:  t y =f(x )
Y data: il

=[116.67+ (x/b+0.158+ (a*.158%x" (1-n) ) / (1-n))
Zdata: | (none)

ol )i ] e

Weights: | (none) Fit Options... |

Results

£(x) = 16.67%(x/b+0. 158-+{d*. 158" A1) (1) 12+
Coefficents (with 95% confidence bounds):
= 2580 (2524, 2636) 10/
d= 0.07529 (0.07456, 0.07602)
n= 07954 (0.7844, 0.8063)

Goodness of fit: 2

SSE: 18.65 =

R-square: 0,9957 6 - e ilvs.tl {
Adysted R-5 o g led curve
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Figure B.6: Modeled curve within 95% prediction boundaries
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