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ABOUT ELECTRIC MACI.IINESGENERAL KNOWING

1.1 Electric Machines Generally

Extensi'.re physical knowledge of magnetism, current
l,'r,rlrg, stationary and moving conductors in the mag-
naiic ;ield is necessary in order to understand electric ma-
chines.

Generators and motors are combined under the term
i-otating electric machines". Electric machlnes make use

oi thr: rnagnetic effect. Generators convert supplied
,"r"rrchanrcal energy into electrical energy, motors on the
oiher hand convert supplied electrical energy into ne-
ciianical r:nergy.

liectric machines are classified according to their func-
i cn. e. g DC machines, syncirronous maclrines, induc-
1:rr nri.tchines etc. The operating mode of the machine js
.e,rcr:-;rbli:, the expression ,,electric machines' is therefore
a qen,:r'ic term. Whether it is a motor or a generator is

cieierrilined when it is used.

l,alisiornrers are ,,stationary" electric machines and con-

',er-r irigh voltages or currents into lower voltages or cur-
r:lts anci vice versa.

1.2 StarT dard Designs

Fig. 1.2. 1 Exarnples of designs

Tne dcsiins of electric nrachines are standarcl. A letter
fcllowed Lrv a number, e g B 3 is used as an abbrevia-
tit-rrt. 

'fhis 
r,x?lnrplc rJescribes a ntotoI ivith a shaft end and

a basc fa:lening (sce Fig. 1.2.1). The abbreviatiorr pro-
vides infor rnation on the bearing, fastening, setling up

and shaft. The design guarantees identical dimensions
even when manufactured by difierent companies.

Detailed information about the design is available from
the latest tables or the DIN and IEC regulations respec-
tively.

1.3 The Structure

The stationary part of a rotating electrical machine is
known as the stator and the rotating part as the rotor.

ln the structure of an electric machine, a distinction is
made between parts which conduct the electrical current
or the magnetic flow and construction parts.

1.4 Cooling and Ventilation

When operating rotating electric machines, losses occlir
rr,,hich cause heating. This so calleci heat loss must be
limited or emitted to the environnrent until a thermal bal-
ance is achieved. Too much heat may destroy ilre insula-
tion of the windings and rnake the nrachine useless.

Eiectric machines usually have seli-cooling, rvlrereb5, a
ventilating fan connected to the rotor feeds the cooling air
past the pads of the machine to be cooled. The housing
surface of the nrachine also emits heat to the envrron,
ment. The more effective the self-cooling, the smaller a
motor may be constructed with the same po\.yer.

ln addition to the self-cooling, nrachines with external
cooling exist. The cooling air is genei'ated here by a r,en-
tilator lvith its own drive or a coolant is fecl throLrgh parls
of the nrachine.
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1,5 lnsulating Material Classes

The windings of standard electric machines are made of
enamelled wires. However, often a machine needs to be
operated at higher ambient temperatures. Therefore there
are different in:ulating material classes with maximum
permissible perr,anent temperatures (see Table 1.5.1).

1.7 The Direction of Rotation

The direction of rotation of the rotor of an electric machine
i1 

alwaVs determined by looking at the end of the shaft onthe drive side. rn right hand rotation the rotor rotates
clockwise, in left hand rotation the rotor rotates anti_clock_
wise (see Fig. 1.7.1). Every motor has an A and a B side.

1.6 i'/!otors and Their Operating
Seiiaviour

The operaiing behaviour of a motor is cletermined by its
torc;;re/speed benaviour. The no_load speecJ, depending
on ihe typr- of the nrotor, is higher thar.r at rated load. The
change iri s1:eeci lrated slip) is specified in % of the rateci
speed.

1-he operatrng trehaviour of electric nrachines is dividecJ
inic foLrr cp.)illts.

" SVrrclr' .rrrotrs behaviotrr
l-l:e cr.rrrqe !n speecl is zero (synchronous nrotor), i. e.
the spr:cJ docs not drop uncler loacl.

o Shr.rnt i:eh,:rl,iotrr
'lhrr 

6f1sn6;,1 in speed is < 10 % (shunt-rvounci DC
motoi, sinrllrr-phase and three_phase inducrion nrotor,
shunlwound three-phase motor).

o Corrrpouncl behaviour
Tht> cir.,rngc_. in spoed is 10..25 % (three_phase slip_
rinr') ntotor rvith fixed slip step, plain con.tpouncJ DC
mclli-).

e Series behaviorrr
The t;irancle in speelcl is > 25 % (series_wound DC
motot arrd sinlll.,phase series_lvound ntotor).

lnsulating material class Maximum permissible
permanent temperature

Y 90 "c

E
I 120 "C

F

H 180 'c

Table 1.5 I

A side I side

right-h an d rotatio n left_hand rotation
Fig 1.7.1 Determining the direction of rotation

A side:
o drive shaft

. with two different shaft ends:
large shaft cliameter

o with two identical shaft ends:
e. g. opposite the sliprings or the commutator

B side:
o ventilator:

(in special machines the ventilator may also be on the
A side)

c snrall shaft diameter

o slipring side or commutator side (veniilator)

----tt-\ 
.'''A

\,t-1='i
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1. S The Rating Plate as User lnformation

All the important parameters for an electric machine are
specifled on the rating plate. These data are necessary
for assessment and selection of the machine.

Fig, 1.10.1 shows a rating plate with all possible specifi-
cations. The boxes are numbered from 1 ... 23. Their
order is not fixed. All the boxes are explained in the table
1.10.1.

No. 5

B A

cos q 12

Fig. 1.10.1 Rating plate

t,

Box no. Parameters

name of the manufacturer

2 type designation

J type of current

4 function

5 manufacture number

o switching bype of the stator winding

7 rated voltage

B rated current

9 rated power

10 unit Watt [W or kW]

11 operation mode

12 rated power factor

13 direction of rotation

14 rated speed

15 rated frequency

'16 specification for excitatton

17 strilching type of the rotor r,vinding

1B rateC value for the exciting voltage

19 rated value for the exciting currenl

20 insuiating material class

21 types of protection

l1 weiEht irr t (only for large machines)

23 adCilional notes

Table 1.10.1 Possib!e specifications an the rating plate

tr -L--q-l
22 t
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1.9 Connection Designations

Connection designations are standardized and consist of
capital letters and digits. The digits indicate start (1) and
end (2) of a winding. The taps are identified by the digits
3or4.

The tables 1.11.1 and 1.11.2 list the connection designa-
tions for DC and AC machines used in the manual:

DC machines

armatLre I Al-^,
I

commutating pole wtnding 81-e2

Compensa'riOn wirrding c4 _ ca

sercs excit.iiion D1.D2

shur;r excilation tt ct

exterrr;rl cxcitation r I - tt

Table 1.1i.2

1JA Efficiency and Losses

The efficiency 11 is the ratio of the emitted to the supplied
power.

Poutr= p.
'tn

Losses occur during operation of every motor so that the
emitted active power Poul is always smaller than the sup-
plied active power Pin.

ln rotating motors, friction losses occur in the bearings,
heat losses in the windings and magnetic losses due to
eddy currents in stator and rotor which are also known as
iron losses.

The emitted mechanical power is determined with the aid
of the torque and the speed:

Pout= 2 x M'n

M torque in [Nm]
n speed in [s-1]

The supplied power of a ,,three-phase current motor,, is
determined as follows;

Pi,=^E' U /.cos<o

U electric voltage in fVl
/ current in [A]
cos g power factor

P;n must be measured in the same passage as por1. Only
then the ,,correct" value can be determined for the effi-
ciency, The efficiency has its maximum value in rated
operation.

111

AC machines

sirtor (star cii'cuit) u1 - u2. v1 -V2 Wl - W2

sl.rlor (deila r;ircuii)

Sl.ir pO,nt N

rolor win.jing K, L, Nl

I .1,'i:liv, r'arth PE
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