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'PREFACE 

This text book can be used for either a single semester length course or for a two-
. 

semester course sequence. The instructor ~hould feel free to choose the topics for 

the course. The selection would be guided by the objectives of the course and the 

curriculum. The flexible organization of the material allows sections and entire 

chapters to be skipped without loosing continuity. The instructor may also choose 

tl_le sequence of coverage - for example, some may prefer to discuss synchronous 

machines before induction machines. 

It is also possible to offer a short course in power electronics based on Chapter 10 . . 

on Power Semiconductor Converters and sections on motor speed control in 
. 

Chapters 4, 5, 6 and 7. 

The Second Edition incorporates nearly twice as many problems as the First 

Edition. When assigning problems, the inslfll:ctor may select some from this text 

book, while others can be freshly formulated or selected from another book. 

Students may be critical if all problems are assigned from the same text book. 

P.C. Sen 

September, 1996 

.. 

• 
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a) SPEED (RPM) TORQUE (N .M.) CURRENT (A) · PF EFFICIENCY 

5"'· 41 0 991.70 389.07 0.489 0.00 
40 1010.10 386.08 0.499 2.75 
80 1028.69 382.86 0.510 5.53 

120 1047.42 379.39 0.521 8.35 
160 1066.18 375.64 0.532 11.20 
200 1084.87 371.59 0.544 14.09 
240 1103.33 367.20 0.556 17.02 
280 1121.39 362.43 0.569 19.98 
300 1130.20 359.89 0.576 21.47 
320 1138.83 357.25 0.583 22.97 
340 1147.24 354.49 0.590 24.49 
360 1155.39 351.61 0.597 26.01 
380 1163.25 348.60 0.605 27.54 
400 1170.75 345.45 0.612 29.08 
420 1177.86 342.17 0.620 30.63 

• 440 1184.52 338.74 0.628 32.19 
460 1190.67 335.15 0.636 33.77 
480 1196.23 . 331.39 0.644 35.35 
500 1201.14 327.46 0.652 36.94 
520 1205.32 323.35 0.660 38.54 
540 1208.69 319.04 0.669 40.15 
560 1211.13 314.53 0.678 41.77 
580 1212.57 309.81 0.687 43.41 
600 1212.88. 304.87 0.696 . 45.05 
620 1211.95 299.68 0.705 ... 46.70 
640 1209.65 . 294.25 0.714 • 48.37 . 

660 1205.85 288.56 0.724 50.04 
680 1200.40 282.60 0.733 51.73 
700 1193.15 276.36 0.743 53.43 
720 1183.94 269.81 0.753 55.14 
740 1172.59 . 262.96 0.762 56.86 
760 1158.94. 255.79 0. 772 58.59 
780 1142.7~ 248.28. o. 782 60.33 
800 1123.97 240.43 0.791 62.09 
820 1102.27 232.22 0.801 63.85 
840 1077.52 223.64 0.810 65.63 
860 1049.53 214.69 0.819 67.42 
880 1018.10 205.36 0.828 69.22 
900 983.08 195.64 0.836 71.03 
920 944.3~ 185.53 0.844 72.86 
940 901. 65'·, 175.04 0.851 74.69 
960 854.98 164.16 0.858 76.54 
980 804.23 152.91 0.864 78.40 

1000 749.35 141.30 0.868 80.26 
1020 690.35 129.36 0.870 82.14 
1040 627.26 117.13 0.871 84.03 
1060 560.19 104.66 0.867 85.92 
1080 489.29 92.02 0.859 87.82 
1100 414.78 79.35 0.842 89.71 
1120 336.95 66.84 0.810 91.59 
1140 256.13 54.~6 0.748 93.42 
1160 172.72 44.13 0.627 95.12 
1180 87.18 36.08 0.389 96.27 . 
1200 5.26 32.99 7.453 3.37 

. 
c) 1025 674.95 126.33 0.871 82.62 
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~D 
(~) 

P(HW) It< A) 1.(A) PF 

P(HW) If(A) 1 . (A) PF 
2.5 50.0 436 . 1 0.236 LAG 

60.0 398.7 0.258 LAG 280.0 263.5 0.782 LEAD 70.0 367 .6. 0.280 LAG 
290.0 280.2 0.735 LEAD 80.0 339.2 0 .303 LAG 300. 0 298. 1 0 .691 LEAD 90 .0 312.5 0.329 LAG 310.0 317.0 0 .650 LEAD 100.0 286.8 0.359 LAG 320 . 0 336.8 0.612 LEAD 110.0 262.0 0.393 LAG 
330.0 357.1 0.577 LEAD 120.0 238.1 0.433 LAG 
340.0 378.1 0.5,.5 LEAD 130.0 214.9 0.479 LAG 
350.0 399.5 0.516 LEAD 140.0 192 .7 0.535 LAG 7 .5 140.0 460.9 0.671 LAG 150.0 171.6 0.600 LAG 150.0 425 .0 0.727 LAG 16Q.O 152.0 0.678 LAG 160.0 397.1 0 . 778 LAG 170 . 0 134.5 0. 766 LAG 170.0 374.4 0. 826 LAG 180.0 119.9 0 .859 LAG 180.0 355.7 0.869 LAG 190.0 109 .2 0 .943 LAG 190.0 340.3 0 . 908 LAG 200.0 103.6 0 . 994 LAG 200.0 328 . 2 0.942 LAG 210.0 104.0 0.990 LEAD 
210 . 0 319.1 0 .969 LAG 220.0 110 .2 0.935 LEAD 220.0 313.0 0 .987 LAG 230.0 121 .3 0 . 849 LEAD 230.0 309 . 8 0.998 LAG 240 .0 136. 1 0.757 LEAD 240.0 309.4 0.999 LEAD 250 .0 153.5 0 .671 LEAD 250.0 311.6 0 . 992 LEAD 260 . 0 172.7 0.596 LEAD 260.0 316 . 4 0. 977 LEAD 270.0 193.1 0.533 LEAD 270.0 323.4 0.956 LEAD 280 . 0 214.5 0 . 480 LEAD 
280.0 332.5 0.930 LEAD 290 •. 0 236.5 0.435 LEAD 
290 . 0 343. 5· 0.900 LEAD 300 . 0 259.0 0 .398 LEAD 300.0 356.1 0.868 LEAD 310.0 281 . 9 0.365 LEAD 310.0 370.2 0.835 LEAD . 320.0 305 .0 0 .338 LEAD 320. 0 385.6 0.802 LEAD 330.0 328 . 4 0.313 LEAD 330.0 402.0 0 . 769 LEAD 340.0 351.9 0.292 LEAD 340 . 0 419.4 0 . 737 LEAD 350. 0 375.6 0 . 274 LEAD · 
350.0 437.6 0.706 LEAD 5.0 100.0 412.8 0.499 LAG 10. 0 180 .0 530.6 0.777 LAG 110.0 377.7 0.545 LAG 190.0 495 . 2 0.832 LAG 120.0 348.0 0 . 592 LAG 200.0 470 .0 0.877 LAG 130.0 321.9 0 .640 LAG 
210.0 450.9 0.914 LAG 140.0 298.5 0.690 LAG 220.0 436 .4 0 .944 LAG 150 .0 277 .5 0.742 LAG . 230.0 425.8 0.968 LAG 160.0 258.9 0 . 796LAG 240.0 418.4 0 .985 LAG 170.0 242.7 0 . 849 LAG 250 . 0 414.0 0.996 LAG 180. 0 229.2 0.899 LAG 260 . 0 412.4 0 . 999 LAG 190.0 218 .6 0 .• 943 LAG 270.0 413.2 0.997 LEAD 

200.0 211.1 0.976 LAG 280.0 416.4 0 .990 LEAD 210.0 207.0 0.995 LAG 290.0 421.7 0. 977 LEAD 220.0 206.3 0 .999 LEAD · 
300.0 429.0 0 .961 LEAD 230.0 209.0 0 .986 LEAD 
310.0 438 .0 0 .941 LEAD 240.0 214.9 0.959 LEAD 320.0 448.6 0.919 LEAD 250.0 223.6 0.921 LEAD 330. 0 · 460.6 0.895 LEAD 260.0 234.9 0.877 LEAD 340.0 473.9 0.870 LEAD 270 .0 248.3 0.830 LEAD 350 .0 488 . 4 0.844 LEAD 
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7-16 (b) (iii) Cont;nued.. 

0 - J tf-7 • 7 7 : 7 7 ~ CJ 2.. '01 re>l4i ... 177.77-30 = /lf-7.77 1 "?2- 19/.f~S lo 

(C) T = k.o.. ¢J. z:..._ = Ksr I,: (-for- ..Q,~ Mt~nei..c, p~pe.r~) 
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/DS.I<f. X 60 = o. 3 'f. 8b 

lo../st =~12::;::::0==. q..,7 /li J Tst."" ~-3'+86><'1:.71 = 7. 73'1- N-~tt 
fs:~. + .2.S ':I. 

Zin 

18-16 
18.44 
18.73 
19.03 
19.34 
19.67 
20.00 
20.35 
20.71 
21.08 
21.47 
21.87 
22.28 
22.71 
23.15 
23.61 
24.08 
24.57 
25.07 
25.58 
26.11 
26.64 
27-19 
27.74 
28.30 
28.86 
29.42 
29.98 
30.52 
31 .• 05 
31 • 56 
32.03 
32.47 
32.87 
33-21 
33.50 
33-72 
33.87 
33.95 
33-94 

Iin · PF Pin 

6.33 
6.24 
6.14 
6.04 
5.95 
5.85 
5.75 
5.65 
5.55 
5.46 
5.36 
5.26 
5.16 
5.06 
4.97 
4.87 
4.78 
4.68 
4.59 
4.50 
4.40 
4.32 
4.23 
4.14 
4.06 
3.98 
3.91 
3.84 
3-77 
3.70 
3.64 
3-59 
3.54 
3.50 
3.46 
3.43 
3-41 
3.40 
3-39 
3-39 

0.806 
0.803 
0.799 
0.796 
0.792 
0.788 
0.784 
0.779 
0.774 
0.769 
0.763 
0.756 
0.7119 
0.742 
0.733 
0.725 
0.715 
0.704 
0.693 
0.681 
0.668 
0.653 
0.638 
0.621 
0.602 
0.583 
0. 561 . 
0.538 
0.514 
0.487 
0.459 
0.429 
0.397 
0.363 
0.328 
o. 291 
0.252 
0.213 
0.172 
0.131 

586.70 
575~68 
564.51 
553.20 
541.74 
530.14 
518.38 
506.47 
1194.42 
482.21 
469;86 
457.35 
444.70 
431.90 
418.95 
405.85 
392.60 
379.21 
~65.67 
351.98 
338. 1p 
324. 19 
310.07 
295.82 
281.44 
266.91 
252.25 
237.47 
222.55 
207.51 
-192.34 
177.05 
161 • 65 
146. 13 
1 30. 51 
11 4. 78 
98.94 
83.01 
66.99 
50.87 

T Pmech Pout Pg 

2. 281 382 • 25 
2.248 377.92 
2.215 373-38 
2.179 368.61 
2.143 363.62 
2. 1 06 358. 39 
2.068 352.93 
2.028 347.22 
1.987 341.27 
1.91l5 335.06 
1.902 328.60 
1.857 321.88 
1.811 31 .4.88 
1. 764 307.62 
1.716 300.07 
1. 6.66 292.24 
1 • 615 . 284. 13 
1.563 275.72 
1.509 267.01 
1.453 258.00 
1.397 21l8.68 
1. 339 239.05 
1 • 279 229. 1 0 
1.218 218.83 
1.156 208.22 
1.092 197.29 
1.027 186.02 
0. 960 17 4. 41 
0.892 162.45 
0.822 150.15 . . 
0. 750 137.49 
0.677 124.47 
0.603 111.09 
0.527 97.35 
0.449 83.24 
0.370 68.76 
0.289 53.91 
0. 207 38.68 
0. 123 23.07 
0.038 7.08 

347.25 498.46 
342.92 1190. 11 
338.38 481.57 
333.61 472.87 
328.62 463.98 
323.39 454.90 
317.93 ' 445.65 
312.22 436.20 
306.27 426.57 
300.06 416.75 
293.60 406.73 
286.88 396.51 
27 9 • 88 386 • 1 0 
272.62 375.49 
265.07 364.67 
257.24 353.66 
249.13 342.44 
240.72 331.01 
232.01 319.37 
223.00 307.53 
213.68 295.47 
204.05 283.20 
194.10 270.72 
183.83 258.03 
173.22 245.12 
162.29 231 .99 
151.02 218.65 
1 39. 41 205. 09 . 
127.45 . 191.32 
115.15 177.33 
102.49 163.12 
89.47 148.70 
76.09 134.06 
62. 35 11 9 • 20 
48.24 104.13 
33.76 . 88.85 
18.91 73.36 
3.68 57.65 

-11.93 41.74 
-27.92 25.62 

P2 Eff 

11 6. 21 59. 1 9 
112.18 59.57 
108.20 59.94 
104;26 60.31 
100.36 60.66 
96.51 61.00 
92.72 61.33 
88.98 61.65 
85.30 61.95 
81.68 62.23 
78.13 62.49 
74.64 62.73 
71 .'22 62.94 
67.87 63.12 
64.60 63.27 
61.41 63.38 
58.31 63.46 
55.29 63.48 
52.36 63.115 
49.53 63.36 
116.79 63.19 
114. 15 62.94 
41.62 62.60 
39.20 62. 1 l.j 
36.89 61.55 
31.!.70 60.80 
32.63 59.87 
30.68 58.71 
28.87 57.27 
27.18 55.49 
25.63 53.28 
211.23 50.53 
22.96 47.07 
21.85 42.67 
20.89 36.96 
20.09 29.1.!1 
19.45 19.11 
18.98 4.43 
18.67 -17.81 
18.54 . -54.89 
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