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Module 3: Electromechanical Energy Conversion



Electromechanical Energy Conversion
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Energy & Co-Energy Coupling in Field

Consider a state of the system Non-linea‘r magnetic system
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Electromechanical Energy Conversion

Graphical interpretation

Assume move from Xa to Xb
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State X, State Xy Change in W,
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Change in Energy at Constant Current
Change in Mechanical Energy éWm =AW, —AW; = ABCD—(OBC —OAD)
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Remember Co-Energy:
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Change in Energy at Constant Flux g = (dda

Change in Mechanical Energy at constant flux AWm =A e —AWf =®
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Change in mechanical work under constant flux @ fAX :@

Developed electromagnetic Force
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Linear vs. Rotating Devices

Linear Devices

Mechanical Energy/Work
Wi = | fax

Electromagnetic Force fm

oW
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For magnetically linear systems:
Energy and Co-Energy are the same

Rotating Devices

Mechanical Energy/WorI°<

Wi = [ Trnd@




Example  fheget et od labc

Linear Devices
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Typical Industrial Push-Pull Solenoids

FORCE AND STROKE CURVES
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Typical Push-Pull Solenoids

Naturally, the solenoid coll pulls-in the plunger
To get a push action, a thrust pin is added
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DC vs AC Solenoids: ‘}%{
» DC solenoids may use solid cgé
» AC solenoids may use laminated core
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Module 4: DC Machines
L Lb 2



Objectives & important concepts

* Basic construction & types of DC machines

* Principle of induced voltage and electromagnetic torque

* Speed, torque, motoring / generating principle

* Equivalent circuits, tests & determination of parameters

* Classification of dc machines & torque-speed characteristics
* Starting issues

* Basic types of DC motor drives, DC to DC choppers, four quadrants of
operations

e AC to DC controlled rectifiers
* Dynamic modeling of DC motors

* Must read Chapter 4
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DC Machines

Range of Sizes

« Miniature dc motors — mW range

« Fractional HP (1HP = 746W)
 Medium Size —1 ... 500 HP

« Large DC Machines — 500 HP and up

Applications

« Very popular and easy to use in various applications
« Tools, robotics, toys, medical, automotive & other industries

General Properties

« Good torque-speed performance
. shesis a ' sign
Limits the application
« Limits the lifetime

Maintenance

Small Motors
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Motor Speed and Torque

Transmitting power through the mechanical shaft

Source: Electrical Motor
(Prime Mover) (7p)
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Electromagnetic torque Te
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Commonly used units of speed
¥ o) [rad /sec]

m=— [rev/sec]
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Most commonly used

o [rev/min |

PW = P

T, Load: Mechanical system

i

Useful mechanical T
torque on the shaft "M

Mechanical Motion "
Use motor sign convention O}N%S ﬁ]ﬁ?%
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DC Machine Motoring and Generating

[t

Mechanical load
torque is applied in
the direction opposite
to rotation

Prime mover
torque is applied in
the direction of
rotation

Power Flow .
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Electromechanical Fundamentals
e Current-carrying conductor in magnetic field

=> mechanical force — me@v:f;?_

* Conductor moves in magnetic field
=> voltage induced, emf — -(:de{o_,{fayyc Low
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Fundamentals: Force 7 - ¢ (i « x) i

“ Aforce is exerted on a current-carrying conductor that is placed in a magnetic field:

Lorentz Force:
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Fundamentals: Force & Torque

Consider a conductor frame (single-coill)
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Fundamentals: Induced Voltage EA % - /B %

Consider a conductor frame (single-coil)

a-axis/
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Let us rotate the f ith speed W
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Conductor Frame (1-turn coil) —swe = Sl ke o gop

A S

+» Consider a conductor frame (single-coil) placed between magnetic poles:
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Rotating conductor

Slip rings

Stationary brushes
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Conductor Frame (1-turn coil) 2
¢ Consider a conductor frame (single-coil) placed between magnetic poles: -

Is continuous torque produced? No 24



Commutation of Elementary DC Machine Tk




Looking ahead...

e Continue Module 4



