
C O N T E N T S

LIST OF SYM B O LS.........................................................................................................6
1 M E C H A N IC A L PROPERTIES O F ELECTRIC D R IVES............................ 7
I . I D efin ition  o f e lectric  d rive ............................................................................................................... 7

1.2 M o tion  e qu a tio n ................................................................................................................................. 8

1.3 Mechanical characteristics o f load ................................................................................................10

1.4 Mechanical characteristics o f m o to rs ..........................................................................................12

1.5 Relationship o f  m o to r mechanical characteristics and loa d ...................................................14

2 LOSSES, TH ER M A L PROPERTIES A N D  D IM E N S IO N IN G  OF
ELECTRIC M O T O R S ...................................................................................................  17
2 .1 Losses and efficiency o f  e lectric  m o to rs .....................................................................................17

2.2 Dimensioning and therm al p roperties  o f  e lec tric  m o to rs ....................................................  18

2.3 M ethods o f therm al equivalence.................................................................................................. 20

3 EXTER N ALLY E X C ITE D  ELECTRIC DRIVES W IT H  DC M O TO R S
24

3.1 Use, princip le and construction  o f  D C  machines....................................................................24

3.2 Properties o f externa lly excited D C  m o to rs ...........................................................................27

3.3 Starting o f externally excited drives w ith  D C  m o to rs ...........................................................30

3.3.1 Starting by inserting ballast resistance in r o to r .................................................................. 30

3.3.2 Starting w ith  reduced ro to r  vo ltage .................................................................................... 3 I

3.4 Braking o f externa lly excited D C  m o to rs ................................................................................. 3 1

3.4.1 Regenerative b rak ing ................................................................................................................ 3 1

3.4.2 Resistance b rak ing .......................................................................................................................32

3.4.3 C o u n te r-cu rre n t b rak ing .......................................................................................................... 32

3.5 Reversal o f externa lly excited D C  m o to rs ............................................................................... 33

3.6 C on tro lling  drives w ith  externa lly excited D C  m o to rs ........................................................ 33

3.6.1 C on tro lling  by inserting ballast resistance........................................................................... 33

3.6.2 C on tro lling  by ro to r  voltage change......................................................................................33

3.6.3 C on tro lling  by magnetic flux  change......................................................................................34

4 ELECTRIC DRIVES W IT H  DC A N D  AC C O M M U T A T O R  SERIES
M O T O R S ..........................................................................................................................36
4 .1 Use and properties  o f D C  series m o to rs .................................................................................. 36

4.2 Starting drives w ith  D C  series m o to rs .......................................................................................37

4.2.1 Starting by inserting ballast resistance...................................................................................38

4.2.2 Starting w ith  reduced vo ltage..................................................................................................38

4.3 Braking o f  D C  series m o to rs .........................................................................................................38

4.3.1 Regenerative b rak ing ..................................................................................................................38

4.3.2 Resistance braking.......................................................................................................................39

4.3.3 C ou n te r-cu rre n t b rak ing .......................................................................................................... 39

4.4 Reversing speed o f D C  series m o to rs ....................................................................................... 40

4.5 C on tro lling  drives w ith  D C  series m o to rs ............................................................................... 40



4 .5 .1 C on tro lling  by inserting ballast resistance......................................................................... 40

4.5.2 C o n tro llin g  speed by supply voltage change..................................................................... 40

4.5.3 C o n tro llin g  speed by fie ld w eakening..................................................................................4 1

4.6 Advantages o f D C  series m o to rs  fo r  tra c tio n ........................................................................ 42

4.7 Drives w ith  single-phase com m uta to r series m o to rs ............................................................43

5 DRIVES W IT H  A S Y N C H R O N O U S  M O T O R S ........................................ 46
5 .1 Rotating magnetic f ie ld ........................................................................... 46

5.2 Use, construction  and princip le o f function  o f  asynchronous m o to rs .............................48

5.3 P roperties o f asynchronous m o to rs  in steady s ta te ............................................................. 52

5 .3 .1 A lte rna tive  diagram o f an asynchronous m o to r...............................................................52

5.3.2 Pow er balance and mechanical p roperties  o f asynchronous m o to rs ...........................53

5.4 Starting o f asynchronous m o to rs ................................................................................................ 56

5 .4 .1 Starting o f asynchronous m o to rs  by d irec t connection to  n e tw o rk .......................... 56

5.4.2 Starting w ith  reduced vo ltage ................................................................................................ 57

5.4.3 Starting w ith  variable supply frequency...............................................................................58

5.5 Braking o f drives w ith  asynchronous m o to rs ..........................................................................58

5.5.1 Generating b raking................................................................................................................... 58

5.5.2 C o u n te r-cu rre n t b ra k in g ........................................................................................................58

5.5.3 D ire c t cu rre n t braking............................................................................................................ 58

5.6 Reversing and con tro lling  o f drives w ith  asynchronous m o to rs ....................................... 59

5 .6 .1 C o n tro llin g  by supply voltage change..................................................................................59

5.6.2 C o n tro llin g  by supply frequency change.............................................................................60

6 DRIVES W IT H  S Y N C H R O N O U S  M O T O R S ............................................ 64
6 .1 Classification and use o f synchronous machines.................................................................... 64

6.2 The princip le  o f function ing and basic p roperties  o f  synchronous m achines................ 64

6.3 C onstruc tion  o f synchronous machines w ith  perm anent m agnets...................................68

6.4 C om paring synchronous m o to rs  w ith  o th e r drive  u n its .....................................................70

6.5 Starting, braking and con tro lling  synchronous m oto rs  w ith  perm anent m agnets 7 1

7 IN T R O D U C T IO N  T O  C O NVERTER T E C H N O L O G Y ......................... 73
7 .1 Pow er sem iconductor conve rte rs .............................................................................................. 73

7.2 O ve rv iew  o f p o w e r sem iconductor com ponen ts ................................................................. 74

7.2.1 P ow er d iodes.............................................................................................................................74

7.2.2 Pow er th y r is to rs .......................................................................................................................75

7.2.3 Pow er unipo lar tran s is to rs .................................................................................................... 76

7.2.4 G T O .............................................................................................................................................77

7.2.5 IG C T ............................................................................................................................................ 78

7.2.6 IG B T.............................................................................................................................................78

7.2.7 Losses and cooling o f  pow er sem iconductor com ponen ts ........................................... 78

7.3 C hoppers ........................................................................................................................................... 81

7.4 Three-phase in v e rte rs ...................................................................................................................86

7.5 Pulse-w idth m odula tion o f  inve rte rs ......................................................................................... 88

7.6 Ind irect frequency co n ve rte rs ..................................................................................................... 90

7.7 C om patib le  re c tifie rs ..................................................................................................................... 91



8 C O M M EN TS O N  SO LVIN G  ELECTRICAL C IR C U IT S ........................ 93
8 .1 Basic e lectrical quantities................................................................................................................93

8.2 C ircu its  w ith  harmonics o f cu rre n t and vo ltage ....................................................................... 94

8.3 Magnetic quantities........................................................................................................................... 96

8.4 Basic relationships between magnetic and e lectrica l quan titie s ............................................. 97

8.5 Electrical p o w e r................................................................................................................................ 98


