Magnetic Levitation System

z

IE

Electromagnet
Infrared LED

/

Levitated Ball /.

' Phototransistor

!




Computer Real-Time
Complex Decision Making

Computation

\ 4

Actuation
Power Modulation
Energy Conversion

Software, Electronics a

Modern
Multidisciplinary
Engineering
System

Actuators Make
Things Happen

>

Physical System
Mechanical, Fluid, Thermal,
Chemical, Electrical,
Biomedical, Civil, Mixed

Instrumentation

Energy Conversion
Signal Processing

|

Plant / Process is the

Subject of Our Attention

Sensors Tell Us
What's Happening



Engineering System Investigation Process
START HERE

Comparison:
Predicted vs.
Measured

YES

Is The
Comparison
Adequate ?

Design
Changes

NO




() Core of Electromagnet )

N\

~ Air Gap

<X

EReturn DbjEGt Return; —
Path (> Path Core Windings



Electromagnet

£ (x,i)= c[ijz

X

Ball

mg



Electrical / Magnetic Circuit Analoqy
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Magnetic Levitation System Derivation
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Absolute Stability

 If a system in equilibrium is momentarily excited by
command and/or disturbance inputs and those inputs are
then removed, the system must return to equilibrium if it is
to be called absolutely stable.

« If action persists indefinitely after excitation is removed,
the system is judged absolutely unstable.

* The analytical study of stability becomes a study of the
stability of the solutions of the closed-loop system’s
differential equations.

* A complete and general stability theory is based on the
locations in the complex plane of the roots of the closed-
loop system characteristic equation, stable systems
having all of their roots in the LHP.




Characteristic Equation & STABLE '™

Stability:

For absolute stability, all roots of Muvﬂ
the characteristic equation must x/

have negative real parts, i.e., they %an

must lie in the left-half plane, as ”U%ﬂ
shown. Note the following: \». /
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unstable.
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stability. Time Functions Associated with

Points in the Complex Plane
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