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How does a rotating machine spin?

The force generated on each side of the frame:

—>

F=1IdlxB
The torque generated on the frame:

M = IABsin(a)
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Creating a rotating magnetic field

Qy

w , = 27f [rad/s] n =— [RPM]
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Electric machine types
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Structure of a DC machine
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DC machine excitation types

Separatelly excited DC machine

Series excited DC machine

Cr
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Parallel excited DC machine
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Series and parallel excited DC machine
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Controlling DC machines

Main control tasks:

» Changing the speed and rotating direction of the machine
» Torque control of the machine

« Starting the machine (soft starting)

« Braking the machine

Main equations of (separatelly excited and permanent magnet) DC machine:
* Induced voltage: U; = kdw,,
* Internal power: P, = U;l, = Tw,, U TR

j" = Zfl“ = k@I, — Pm T ke T (kd)?
« Terminal voltage equation: U = U; + IR

I T m I ol m

 Toreue equation: T =

Induced voltage Torque

Terminal voltage U |4 Mechanical Wy, rad/s
Armature current I, A rotational speed

Machine flux b Wh Machine constant k -

Winding resistance R Q
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Torque-speed characteristics

Separatelly excited or PM DC machine

0,1
4 U=all.
0 =all.
R=all.
2,
(M)
M
U TR
W, = —
mokd (kD)2

Series excited DC machine

0, 1
1 U=all.
R=all.
(M)
C)(M)
M
U R
Wy, = —
VkeJT ke

Széchenyi Istvan Egyetem

2025-04-24



The four operating quadrant of DC machines
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Changing speed with stator resistance

Series excited DC machine Separatelly excited or PM DC machine
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Changing speed with flux

Separatelly excited or PM DC machine Series excited DC machine
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Braking of DC machines
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Dynamic model of separatelly excited DC machines
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Induction machine
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Torque-speed characteristic of the machine

M,
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Synchronous rotating speed:

ng = 60% [RPM]

Slip of the machine:
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Changing the rotational speed of the machine
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Starting the induction machine

n AS M[
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Synchronous machine

Permanent magnet Reluctance

Excited rotor winding
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Szinkron géep uzemtana

P, : stabilis munkapont

M P, : labilis munkapont
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