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DC motor Control Kit
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DC motor Control Kit

[IT Bombay



DC Motor control using
MATLAB/SIMULINK
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Outline

* Experiment No- 1
 Validation of motor model for speed control

* Experiment No-2
* Pl Control Gains for Motor speed control
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Experiment No-1
Validation of motor model for speed control
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Procedure

* Set ts=0.015
* Run the matlab simulink model
* To stop the motor press the reset button on the DC motor kit .
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FOPTD

* The First-order Plus Time Delay (FOPTD) model is given by
_AY(S) _KeTtdS
G(S) - AU(s) C Ts+1
gain K ,time constant t and dead time t
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Apply two-point method for system

* t.;, = Time required for the output to reach 63.2 % of the steady-
state value

* t,4 3 = Time required for the output to reach 28.3 % of the steady-
state value.

.« K = Dif ference in two steady states of output

Dif ference in two steady states of input
* T=1.5(ts;3 ) 1p5 3)

*ty=Tg3, T
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Sample values

*t.;,=0.45 sec

*t,53=0.33 sec

* Au(t) = 20 PWM units

* Ay(t) = 359 RPM

e Using the two-point method

K=17.95
T=0.18 sec
L= 0.12sec

W X/
IIT Bombay



Transfer function

Av(s) 17.95 ¢-0.12s

Gl8) =20 = 0.18s41
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Output response

* In the open loop, the plant is brought to equilibrium by applying a
step of 150 PWM units.

* The corresponding speed is around 2000 RPM

* After the motor speed settles, the PWM input is instantaneously
changed to 170.

* As a result, the speed increases to around 2400 RPM.
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Output vs Input
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Experiment No-2
Pl Control Gains for Motor speed control

Fl Control gains for motor speed control
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Ziegler-Nichols Rule for Tuning PID Controllers

1/RL
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Calculations

Compute the controller parameters as follows:

T.=3L
R=k/T
Sample values
K.=0.04102
T.=0.825 sec
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Procedure

 Double click on the controller block .
 Double click on PID Controller block.
* Enter the P and | values calculated using the Ziegler-Nichols Rule .
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PID Block
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PID block configuration

Block Parameters: PID Controller ﬂ
PID Controller

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as

anti-windup, external reset, and signal tracking. You can tune the PID gains automatically using the 'Tune..." button
(requires Simulink Control Design).

Controller: {PI V] Form: [Ideal
Time domain:

@ Continuous-time

() Discrete-time

m

Main | PID Advanced I Data Types | State Attributes
Controller parameters

Source: [intemal v] = Compensator formula

Proportional (P): 0.075208913649025
1
Integral (I): 0.36 P(1+I ]

Initial conditions

Source: [internal v ]

Integrator: 70

\,)‘ [ OK ][ Cancel ][ Help ] Apply
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Output

e Kc=0.075and Ti =0.36 sec.
» After the speed settles at 2000 RPM, a step of 400 RPM is applied.

* It is seen that the output follows the set point and the speed settles
at 2400 RPM.

* Next, a negative step of 400 RPM is applied.

* It is clearly observed that motor speed decreases and settles at 2000
RPM.
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Output response
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Neural Network Model And Neural

Network Controller for DC Motor
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1.How to use Neural Network tools

4\ Neural Network Start (nnstart)

~"n  Welcome to Neural Network Start

Learn how to solve problems with neural networks.

Getting Started Wizards | More lnformation]

Each of these wizards helps you solve a different kind of problem. The last panel of
each wizard generates a MATLAB script for solving the same or similar problems.
Example datasets are provided if you do not have data of your own.

Input-output and curve fitting. [ & Fitting app | (nftool)

Pattern recognition and classification. [ & Pattern Recognition app (nprtool)

Clustering. [ ﬁClusteting app ] (nctool)

Dynamic Time series. l & Time Series app ] (ntstool)




2.Network Fitting GUI

sl ndl & ,r R TR L Y
5 Welcome to the Neural Fitting app.

Solve an input-output fitting problem with a two-layer feed-forward neural network

Introduction

in fitting problems, you want a neural network to mep between = data sot
of numenc mputs and a set of numenc targets.

Examples of this type of problem include estimating house prices from
such input vanables as tax rate, pupil/teacher ratio in local schools and
cnme rate ; estimating engine emission levels based on
measuremnents of fuel consumption and speed ] fart ;or
pr«b(tmg 2 pcheﬂt s bodyfat level based on body meamments

The Neural Fitting app wall help you select data, create and traim 2 network,
and evaluate its performance using mean square erTor and regression

analysis.

‘ To continue. dick [Next].

| & Neural Network Star M Welcome

Neural Nctwork

=

A two-layer feed-forward network with sigmoid hidden neurons and linear
output neurons =« |, can fit multi-dimensional mapping problems
arbitrarily well, given consistent data and enough neurons in its hidden
layer.

The network will be trained with Levenberg-Marguardt backpropagation
algorithm , unless there is not encugh memory, in which case
scaled conjugate gradiem backpropagation - - will be used.,
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3.Data set selection

-\ Newral Fitting (nftoal) ] = ]
Select Data
\ Wihat inputs and targets define your fitting problem?
Get Data from Workspace STy
Input dats 1o pretent to the netwark. Mo mpuis celected.
B hputs: fmene) iw | L

Target data defining desired network cutput.
& Targets l=1 1] - =

Samples are: @ [] Mo colurns 7 [E] Matri rows

Mo targets selected

Want to try cut this tool with an example data ses?

Load Example Data Set

o Sefect Inputs and targets, them olick [Mext].

& Meural Mebwork Stact [ M Welcome | 48 Back - e . @ Cancel |




4.Network Architecture

-l-u MNetwork Architecture
i St the number of neuront in the fitting netwerk's hidden layer.
Hidden Layer Recomimendaton
Define a fiting newral network.  (fionet) Return to this panel and change the number of neurons if the nebwork does

_ ot p-crforrn el | aﬂ;\:rtrqnmg,
Musmber of Hidden Meurnens: 10

Restore Defaults

Meursl Hetenork

Hidden Layer Qutput Layer

* ch-"gu:-uth"ru"h i desined, then cliclk 'Nlr.r:t] o comntinue

| % Newral Network Start | MM Weicome | #Back | W Nex | @ Cance |

B. Click Next.




5.Train Network

Train Network
Team the netaork 32 4t the nputs snd terpets.

I ran Network ewaits
Oroces & traireng slgorthes .S.* ) MSE Ar
Leveoherg-Maquaedt | ¥ © Trsiing: —
' Valedaticre 5

Thin dgarthm typcelly regures man memary But et teme. Traning
szcmatically siope when genanskzston stope mmprowvng e indicated by ' Tatng 75
an noiease 1 the mesn sgusee error of the vebdetion semg e,

Tran wng Levererg-Marguardt, urnim) Pet P ot Evor Histogre

| & Tran zt Rucyre
Mot
W Trareng mudtple trmes sl generste diferent resabs dus va)  Mean Squered Eror s the sversge squared déferencs
to dffersrt ntiel condiior and pimg betwean outputs and targets. Lower vekies sre better. Zero
Means ne errar.
2] Reg R Valum the i b
outputs end targets. An A value of 1| mesm & closs
L ship, 0 = rmreies relutiorabin

° Teain netwark, then click MNext)

BT L e T pre— | @ Back | % hics | ) Conced




6.Training Results

Algarithms
Dste Drviveors:  Rendom  (dendorand)
Trawung: Leveanbearg-Marguardt (Lamnim

Ferformance: MNean Squared Error  (mse)
Calculetionss MEX

Progress

Epoch: 0 19 terationc 1000
Tumne: 8:a0-00

Performance .,
Gradient: 307¢-03 SS— | 1.00¢.07
Mu 000100 [ G000 | 1.00e-10
Validation Check=: o | (3 6

Peorformance 1 (plotporform)

Treining State ] plottrsinstate
Ervor Histogram ] ploterrhist)
Regression J plotregression)
L it J plaehit
Plot Intesvat |/ 1 apochc

v Validavion srop

. 2op Traning . ance




/.Deploy Solution

L\

Deploy Solution

" Generate deployable versons of your trained neural network.
Application Deployment
Prepare newral network for deployment with MATLAR Compiler and Bullder toole.

Generate a MATLAR function with matrx and cell array argument suppart:

Code Generation
Prepare newral network for deployment with MATLAR Cader toals

Generate a MATLAE function with matrx-only arguments (no cell array support):

Simuslink Deployment
Sirmuate neural network in Semwilink or deploy with Simulink Coder toals.

Generate a Sirmulink dagram:

Graphics

Generste a graphical diagram of the neural network:

o Deploy a neural network or click [Next]

@ Neurel Network Stet | | WM Weicome

genFunction) | o\ MATLAB Matax-Only Function

qersim) . Simulink Daagram

netwock/vew) ¢ Neural Network Dragram

@Bk | WNot | | O Conce




Comparison between DC Motor

Model and Neural Network Model
« Steady state output
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Neural Network Controller
Replacing PID

rpm1mat

From Fle

)Pmk

17 9667 N w
031828+

Function FRihg Neu@l Network 1

PID Contmler

Trangler Fen Transpott

T

tetay




Steady state and random

reference signal tracking
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Neural Network Controller with DC
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