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-7. LINEAR VERSUS NONLINEAR CONTROL SYSTEMS

This classification is made according to the methods of analysis and design. Strictly speaking, linear systems do not exist in practice because all physical systems are nonlinear to some extent. Ling
ar feedback control systems are idealized models fabricated by the analyst purely for the simplicity of analysis and design. When the magnitudes of signals in a control system are limited to ranges
in which system components exhibit linear characteristics (i.e., the principle of superposition applies), the system is essentially linear. But when the magnitudes of signals are extended beyond the
range of the linear operation, depending on the severity of the nonlinearity, the system should no longer be cansidered linear. For instance, amplifiers used in control systems often exhibit a satura-
tion effect when their input signals become large; the magnetic field of a motor usually has saturation properties. Other common nonlinear effects found in control systems are the backlash or dead|
play between coupled gear members, nonlinear spring characteristics, nonlinear friction force or torque between moving members, and so on. Quite often, nonlinear characteristics are intentionally
introduced in a control system to improve its performance of provide more effective control. For instance, to achieve minimum-time control, an on-off-type (bang-bang or relay) controller is used in
many missile or spacecraft control systems. Typically in these systems, jets are mounted on the sides of the vehicle to provide reaction torque for attitude control. These jeis are often controlled in
full-on or full-off fashion, so a fixed amount of air is applied from a given jet for a certain time period to control the attitude of the space vehicle.

There are no general methods for solving a wide class of nonlinear systems.

lechniques is available for design and analysis purposes. A majority of the material in this text is devoted to the analysis and design of linear
Ily difficult to treat mathematically, and there are no general methods available for solving a wide class of nenlinear systems. It is practical
el by neglecting the nonlinearities of the system. The designed controller is then applied to the nonlinear system model for evaluation o re-

For linear systems, a wealth of analytical and graphi
systems. Nonlinear systems, on the other hand, are
first design the controller based on the linear-syste

design by computer simulation. The Control Lab int in Chap. 8 may be used to model the characteristics of practical systems with realistic physical components.
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This classification is made according to the methods of analysis and design. Strictly speaking, linear systems do not
practice because all physical systems are nonlinear to some extent. Linear feedback control systems are idealized models
fabricated by the analyst purely for the simplicity of analysis and design. When the magnitudes of signals in a control system
are limited to ranges in which system components exhibit linear characteristics (i.e., the principle of superposition applies),
the system is essentially linear. But when the magnitudes of signals are extended beyond the range of the linear operation,
depending on the severity of the nonlinearity, the system should no longer be considered linear. For instance, amplifiers used
in control systems often exhibit a saturation effect when their input signals become large; the magnetic field of a motor
usually has saturation properties. Other common nonlinear effects found in control systems are the backlash or dead play
between coupled gear members, nonlinear spring characteristics, nonlinear friction force or torque between moving members,
and so on. Quite often, nonlinear characteristics are intentionally introduced in a control system to improve its performance or
ovide more effective control. For instance, to achieve minimum-time control, an on-off-type (bang-bang or relay) controller
sed in many missile or spacecraft control systems. Typically in these systems, jets are mounted on the sides of the vehicle
ovide reaction torque for attitude control. These jets are often controlled in a full-on or full-off fashion, so a fixed amount
\¢ applied from a given jet for a certain time period to control the attitude of the space vehicle

class of nonlinear systems.
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nd graphical techniques is available for design and analysis purposes. A majority of
alysis and design of linear systems. Nonlinear systems, on the other hand, are

jd there are no general methods available for solving a wide class of nonlinear
systems. It is practical to first design the controller based on the linear-system model by neglecting the nonlinearities of the
system. The designed controller is then applied to the nonlinear system model for evaluation or redesign by computer
simulation. The Control Lab introduced in Chap. 8 may be used to model the characteristics of practical systems with realistic
physical components
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