Module 17

Lecture: Control Systems



Control Systems

You will learn in this module
= Introduction to control underdamped
* Inputs

» Control equations

*  Outputs

J tresponse

= DC motor control
* Tuning

= Controller Performance
« Stability
» Accuracy
« Time constant
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.’{fgl Introduction to Control Systems

Microcomputers are widely
employed in control systems:

=  Automotive
« Automatic breaking systems,
 Ignition systems
* Fuel systems

= Household appliances

» Industrial robots

= Medical devices
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Control System Strategy

= Plant is a system that is intended
to control

: : : — Sensor -
= Collect information concerning the MM

plant — data acquisition system (DAS)

Plant

= Compare with desired performance

= Generate outputs to bring plant closer
to desired performance
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g)| Control Theory
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.’{fgl Performance Metrics

= Accuracy = steady-state controller error

« Average difference between desired and actual

= Time constant = transient response

* How quickly the system responds to change

= Stability = Standard deviation of controller error

« System output changes smoothly — without oscillation or

unlimited excursions

Response to change in setpoint, or change in load

Underdamped
Speed

tresponse

Overdamped

—
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Motor Model

Duty cycle, X(t) mm—p — Speed y(t)

Linear model /
* Gain, m Slope, m

* Time constant, t

X
Duty cycle, X(S) =— = Speed Y(s)
y(t)
Y(s) m
H(S) = =
X(s) 1l+st t

T
y(t) = Sp+AS et

Motors are not linear
Friction affects everything
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.’{fgl Motivation for a Control System Motors are not linear
Friction affects everything
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0 100 200 300 400 500 600
Power in mW

Power = Voltage*Current*DutyCycle
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g€ PID Control

Plant

PID Controller Actuator
. U(n)

X*_+> ﬂ)K_l_ﬁ_'_KS (>) PWM >
, Y Es) | P s 97|u(s)| circuit
X'(n) State estimator Sensor

Period T X(t)
< achometer |«
Measurement X(s)
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PID Control

PID Controller Actuator Plant
+ E : U(n)
Xt —> E((n;> Kp+ﬁ+|<ds U((Q F?W'\('t >
o S S
X(s) 4 s)| circui

m
X(n) e @

State estimator Sensor

Period X(t)
< Tachometer |«
Measurement X(s)

K X(s) _ G(s)H(s)

GE)=K, +Ks =2 S5(s) 1+ G(S)H(S)

m
H (S) — U = duty cycle to motor

1+7s

Texas Instrumer
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.’{fgl Incremental Control of Motor Speed
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Periodic interrupt
]

Measured = StateEstimator();

Error = Desired-Measured
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.‘{fgl General Approach to PID

U(t) =K E(t)+.|‘K E(r)dr+K,

* Proportional U, = KE

* [ntegral U, = U, + KEAt
= Derivative Uy = Ky(E(n)-E(n-1))/At
= PID U=U,+ U +Uy

= Run ten times faster than motor
= Run slower or equal to sensor sampling rate
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Run controller every At
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Fixed-point math

= Whatis a fixed-point number
» value = integer*constant n = 314159/100000
« constant has units, dimensional analysis
= Why do we use fixed-point numbers
» Express non-integer values
» Faster than floating point
» Less expensive microcontroller
= How do we use fixed-point numbers

* Range is small and known

« Convert to integer math, divide last

U=0.123*¢ — U =(2015%)/16384
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.’{fgl Proportional Controller

U(t) = K, + K E(t)

= Error E = 250mm-Dg Dr
= Proportional U, =5000 - 8*E
= Proportional Ui = 5000 + 8*E

2000 < U, =7000
2000 < U, <7000
= Controller period At <1t/10
= Run slower or equal to sensor sampling rate

Run controller every At
5000 is expected output
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.'{fgl Integral Controller

U(t)=j[KiE(r)dr

Run controller every At

= Error E=X*X
» [Integral U=U+ KEAt
» Antiresetwindup 2 <U < 14998

= Controller period At <1t/10
= Run slower or equal to sensor sampling rate
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Summary

Strategy of Proportional Control

16

Get the direction correct
If responsiveness is too slow, increase gain
If over reacts, decrease gain

Strategy of Integral Control

Add a lot to U if e is positive large

Subtract a lot from U if e is negative large
Add a little to U if e is positive small
Subtract a little from U if e is negative small
Leave U constant if e is zero

Advice

Controller only as good as its sensor
Observe everything “What was it thinking?”
Change one parameter at a time

Choose stability over responsiveness
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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