Principles of Mechatronic Systems
g 7% S pimw e
DC & AC s ygigo
By: Reza Tikani

Mechanical Engineering Department
Isfahan University of Technology

Sgy Sl yilos

g (sl Kloe

DC (sla, 5590 ¥/
AC ila 590 ¥/
S slayg350 v
09,5 s ygge ¥
Seilagsd 5 (Selypan sloSlac ¥/

Qg S yos

S (slgrtle g s Y/

e g ka5l
S ygiga
Sasdlygilyis
(sl pdy s 6553 JaosS wald (S 28Ul slgle 4)
S ol £ ki 51 o
DC ppdne o2
AC gliza gy

—

DC Motors

® The most common actuator in mobile
robotics

m simple, cheap, and easy to use.
m come in a great variety of sizes, to
accommodate different robots and tasks.
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When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the
DC motor
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DC Power
Supply

Microelectronic
Drive Circuit
(Stator Switching)

Brushless DC Motors
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Brushless DC Motors
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Stator (Field Circuit)
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Rotor (Armature Circuit)

Shunt Wound Motor
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Influence of the Winding Configuration on the Steady-State Characteristics of a DC Motor

DC Motor Type Field Coil Resistance Speed Controllability Starting Torque
Shunt-wound High Good Average
Series-wound Low Poor High
Compound-wound Parallel high, series low Average Average
o,
Speed @, B x o,
Slope

T, T 7 T
[Yr—
Compound Wound Motor

Shunt Wound Motor Series Wound Motor
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Influence of the Winding Configuration on the Steady-State Characteristics of a DC Motor

DC Motor Type Field Coil Resistance Speed Controllability Starting Torque

Shunt-wound High Good Average
Series-wound Low Poor High
Compound-wound Parallel high, series low Average Average

Comparison of dc Motor Winding Types

Winding Type No-Load Speed @, Starting Torque T,
Shunt-wound R, ke
K R.R,
Series-wound oo L
(R,+R.)?

Compound-wound
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Applications

* Heavy duty - rolling mills, presses, elevators, cranes, material handlers
« Continuous speed — conveyors, mixers, extruders, pulping machines

¢ Household and industrial - refrigerators, pumps, compressors, fans
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Rotating Magnetic Field

Phase 1
vy =acosw,t
\ N &M . /

2z
v, = acos mpffT

. Y 3
V; =dacos (012 == / 5
-

=l
Phase 3 Phase 2

@, is the frequency of each phase of the ac signal (i.e., the line frequency)
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where
@, = frequency of the ac signal in each phase (i.e., line frequency)
n =number of pairs of winding sets used per phase (i.e., number of pole pairs per
phase)

Note that when n = 1, there are two coils (+ve and —ve) for each phase (i.e., there are two
poles per phase). Similarly, when 1 = 2, there are four coils for each phase. Hence, n denotes
the number of “pole pairs” per phase in a stator.
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The fractional slip § for an induction motor is given by

Even when there is no external load, the synchronous operating condition (i.e., 5§ = 0) is not
achieved at steady state because of the presence of frictional torque, which opposes the
rotor motion.
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In the stable region of the characteristic curve, the induction motor is quite
insensitive to torque changes; For this reason, an induction motor is relatively
insensitive to load variations and can be regarded as a constant speed

machine.

If the rotor speed is increased beyond the synchronous speed (i.e., S < 0), the

motor becomes a generator.
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