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How does a rotating machine spin?
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Ԧ𝐹 = 𝐼𝑑𝑙 × 𝐵

𝑀 = 𝐼𝐴𝐵𝑠𝑖𝑛 𝛼

The force generated on each side of the frame:

The torque generated on the frame:
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Creating a rotating magnetic field
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ω 𝑒 = 2π𝑓 𝑟𝑎𝑑/𝑠 𝑛 =
𝑓

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
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Parallel excited DC machineSeparatelly excited DC machine

Series excited DC machine 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
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Main equations of (separatelly excited and permanent magnet) DC machine:

• Induced voltage: 𝑈𝑖 = 𝑘Φωm

• Internal power: 𝑃𝑏 = 𝑈𝑖𝐼𝑎 = 𝑇ω𝑚

• Toreue equation: T =
𝑃𝑏

ω𝑚
=

𝑈𝑖𝐼𝑎

ω𝑚
= 𝑘ΦIa

• Terminal voltage equation: 𝑈 = 𝑈𝑖 + 𝐼𝑎𝑅

ω𝑚 =
𝑈

𝑘Φ
−

𝑇𝑅

𝑘Φ 2

Symbol Unit

Induced voltage 𝑈𝑖 𝑉

Terminal voltage 𝑈 𝑉

Armature current 𝐼𝑎 𝐴

Machine flux Φ 𝑊𝑏

Symbol Unit

Torque 𝑇,𝑀 𝑁𝑚

Mechanical 

rotational speed

ω𝑚, Ω 𝑟𝑎𝑑/𝑠

Machine constant 𝑘 -

Winding resistance R Ω
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Torque-speed characteristics
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Separatelly excited or PM DC machine Series excited DC machine

ω𝑚 =
𝑈

𝑘Φ
−

𝑇𝑅

𝑘Φ 2
ω𝑚 =

𝑈

𝑘𝑐 𝑇
−
𝑅

𝑘𝑐

Φ = cIa
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The four operating quadrant of DC machines
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I. Motor

II. Generator

III. Motor

IV. Generator
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Changing speed with stator resistance
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Separatelly excited or PM DC machineSeries excited DC machine

ω𝑚 =
𝑈

𝑘Φ
−

𝑇𝑅

𝑘Φ 2ω𝑚 =
𝑈

𝑘𝑐 𝑇
−
𝑅

𝑘𝑐

Φ = cIa
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Changing speed with flux
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Separatelly excited or PM DC machine Series excited DC machine

ω𝑚 =
𝑈

𝑘Φ
−

𝑇𝑅

𝑘Φ 2
ω𝑚 =

𝑈

𝑘𝑐 𝑇
−
𝑅

𝑘𝑐

Φ = cIa
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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
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𝑛0 = 60
𝑓

𝑁
𝑅𝑃𝑀

Synchronous rotating speed:

Slip of the machine:

𝑠 =
𝑛0 − 𝑛

𝑛0
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Changing the rotational speed of the machine
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𝑠 =
𝑛0 − 𝑛

𝑛0 𝑛 = 𝑛0 1 − 𝑠 =
𝑓

𝑝
1 − 𝑠

𝑛0 = 60
𝑓

𝑁

Changing terminal voltage Changing pole pairs Changing frequency
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Starting the induction machine
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Synchronous machine
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Excited rotor winding Permanent magnet Reluctance
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Szinkron gép üzemtana
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Changing the rotational speed:

𝑠 = 0

𝑛 =
𝑓

𝑁

• frequency

• polepair
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