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Figure 1.1. Electrical Circuit of a DC motor
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Figure 1.2. Block diagram representation of DC motor
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Figure 1.4. Cascade control of DC motor
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Figure 2.4. ANFIS editor GUI [9]
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Figure 2.5. Generated FIS Structure [9]
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Controller | Rise time | Owvershoot | Settling time | Steady-state ervor |

Kp Decrease Increase | Small Change Decrease

Ki Decrease | Increase Increase Eliminate
|

Kd Small Change | Decrease Decrease Small Change

Table 3.1. Characteristics of each control parameters [14].
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Controller K

P 0.5Ku

Pl 0.4Ku | 0.8Tu

0.6Ku |05Tu | 0.125Tu |

Table 3.2. Controller parameters using Ziegler-Nichols frequency method [15]
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Figure 3.4. GUI showing selection of IO membership functions
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Figure 3.5, Screen after testing the FIS is done,
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Figure 4.2. Simulation results of using speed and current PID controllers.
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Factor

Rise time

Owershoot when
speed = 200 rad/sec
Settling time

Steady state error

Table 4.1, PID controller analysis
el ool ools L F.Y SCS )0 ANFIS s0iaS™ oS 5l oolainl gulis

.amotsnotid \)ANFIS)J);;.;S nghuw)*\ 6..;[; ‘51),.5 slo,esLEFY oo

Factor Value

Rise time 0.4 sec

Overshoot when 203
speed = 200 rad/sec

Settling time 0.48 sec

Steady state error | ~1.5 rad/sec

Table 4.2, ANFIS controller analysis
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Figure 4.3, Results of using an ANFIS controller.
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Figure 4.4. Speed variations with PID and ANFIS controllers when torque load is 0.1

Factor PID | ANFIS

Rise time 0.65 sec | 0.45 sec

Owvershoot @ 203 202.5

b

Settling time lsec | 004538

Steady state error 0 ~1 rad/sec
[ l

Table 4.3. Analysis of PID and ANFIS controllers at T =0.1N-m.
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Figure 4.5. Speed variations with PID and ANFIS controllers when torque load is 0.2

Factor PID ANFIS

Rise time 1 sec 0.5 sec

Overshoot’ Undershoot | Overshoot at 2001 | Undershoot at 199

Settling time 1.5 sec 0.65 sec

Steady state error 0 ~ 0.5 rad/sec

Table 4.4. Analysis of PID and ANFIS controllers at Ty =0.2N-m.
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Figure 4.6. Speed variations with PID and ANFIS controllers when torque load is 0.3t

Factor | PID ANFIS

Rise time 2 sec 1 sec

Overshoot! Undershoot ' - Undershoot at 197

; Settling time i 2sec 1 sec

Steady state error 0 ~ 2 rad/sec

Table 4.5. Analysis of PID and ANFIS controllers at Ty=0.3N-m.
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Figure 4.10. Speed response of PID controllers with load disturbances.
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Figure 4.12. Speed response of ANFIS controllers with load disturbances
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Figure 5.3. Averaging block model in simulink
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Figure 5.10. Real-time results of using ANFIS controllers with load disturbances




Figure 5.11. Real-time results of using PID controllers with load disturbances
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. High performance super-scalar microprocessor.
. Five independent execution units and two register files.
. High instruction data through put.

. Facilities for enhanced system performance.

. Integrated power management [17].
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Y 4Y Jol{_‘;)\ LS‘)'? TMS320F240 , ciooslave _ DSP i 1) o ol 590 Qg} ST N

Sl odds Caned 40 TMS320F240 Slascios . 0lb
Is the integration of DSP core and micro controller.
Can execute 20 million instructions/second.
Contains all the peripherals needed to provide single chip stand alone DSP
controller,
Is designed specially for digital motor control.
Controls the motor without the use of any position sensor to give rotor’s
position and speed [16].

Dol ) mrs 4 DSII04 RED J oS )9 Slasis

. Master PPC represents the computing power of board.

. Slave DSP features IO units in addition to those in Master PPC.

. Memory comprised of DRAM and flash memaory.

., Timers provide a sample rate timer, a time base counter and 4 general-purpose

timers.
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Figure Bl. Architecture and functional units of DS 1104 [18].

L2 o plis |, R&D S S50y Slasin ) Jeo

Parameters Characteristics

[
|
|
|

|
|
|
Main Processor u MPCE240, PowerPC 603e core, ]I
250MHz

m 32 kB internal cache

m 1 sample rate timer, 32-bit downcounter
m 4 general purpose timers, 32 bit
® 64-bit time base for time measurement

Memory = 32 MB synchronous DEAM (SDEAM)
m 8 MB boot fl ash for applications

Interrupt Control Unit m Interrupts by timers, serial interface,
slave DSP, incremental encoders,
ADC, host PC and 4 external inputs
m PWM synchronous interrupt

Analog Input m 4 ADC inputs with one ADC unit, 16 bit,

multiplexed




- m£ 10 Vinput voltage range

| m 2 ps sampling time *)

| m > &0 dB signal-to-noise ratio
| m4 ADC channels, 12 bit

m = 10 Vinput voltage range

m 300 ns sampling time *)

® > 65 dB signal-to-noise ratio

Analog Output
!

m 8 channels, 16 bit, 10 ps max. settling
time
m = 10 V output voltage range

! Incremental Encoder Interface

m Two digital inputs, TTL or RS422

m 24-bit digital incremental encoders
m Max. 1.65 MHz input frequency, i.e.
fourfold pulse counts up to 6.6 MHz

: m 5V /0.5 A sensor supply voltage

Digital IO

Il

| m 20-bit digital 'O (bit-selectable
| direction)

| = 5 mA output current

i

Serial Interface

i .
| m Serial UART (R5232, R5485 or R8422)

Slave DSP Subsystem

m Texas Instruments’ DSP TMS320F240
m 4 kWord of dual-port BAM

m Three-phase PWM outputs pliis 4 single
PWM outputs

m Frequency measurement (F/D) and
generation {D/F), 4 channels each

m 14 bits of digital 'O (TTL)

 Physical Characteristics

mPowersupply 5V, 25 A/-12V, 0.2 A/
12V,03 A

m Operating temperature 0 to 55 °C (32 to
131 °F)

m Requuires one 33 MHz / 32-bit 5-V PCI
slot

m The I/O connector can be linked to two
30-pin, female Sub-D connectors

using the adapier cable supplied.

Table B1. Specifications of R&D Controller board [ 19]
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MODE

Figure B3, Execution and Animation Control toolbox [18].
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STEP 1

CREATING AND BUILDING DSP CODE
WITH THE SIMULINK MODEL FILE

| CREATE A NEW DIEECTORY
| = each experiment has to be placed in a
| separate directory, for example O \Newexp

I
START MATLAR-
SIMULINE
¥

SET PATH TO THE NEW DIRECTORY
C\Newexp

BUILD THE SIMULINE MODEL
Exp el

h

SET THE SIMULATION PARAMETERS
+ StopTime =S
=  Solver Type = Fixed-step
*  Method = odel{Euler)
#  Fixed Step size = . [required
sompling time !
Made = Single-Tasking

GENERATE DSF CODE
- izg CTRL+B or "Tools/RTWEBUild " menu |

!
h J
OBTAIN CODE FILES
Two of the files generated are important:
Exp.olf — DSF Code
Exp.tre — model variables

!

Figure B4. Flow chart for creating and building DSP Code




STEP 2

CREATING THE EXFERIMENT INTERFACE
WITH dSPACE - CONTROL DESK

T START
'ONTROL DES
Y
CREATE A NEW EXPERIMENT

= Set the Working Root to the directory |
created in STEPL: X/ Newexp |

]
CREATE A WEW LAYOUT
= Use the menn comunand FileMewLayvon?

¥
ADD CONTROLS AND SCOPES

= From the Tools Window deag and drop
correspotting graphical symbaols

r

QOPEMN VARIABLE FILE
| =use CTRL+T to open the file £¥P rie

r
ASSIGHN VARIABLES TO CONTROLS
- Dieag and drop the variablas required to
be monitored fromn the ToolWindow tab
located on the bottom of the seresn to ench
comtrol in the Layoet
|

¥
ADD ALL OPENED FILES |
- use the menu Fileiddd all opened files to |
link the wvariable *.tle file and the layout |
# Jay file with the experiment creatad.

r
LOAD THE QBJECT CODE i

= ¢lick the icon Load Apphicarion and select |

the *.obj file created in Simulink (exp.aly)

RN
EXPERIMENT

e

Figure B5. Flow chart for creating an experiment for interface between

dSPACE and control desk [18].
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Figure B6. Block diagram of Electric drives board [19].
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REAL-TIME RESULTS

Real-time results using ANFIS controllers at different speeds:

TR A

¥
|
b e R

e N M e

Figure D1. At reference speed = 199.5 rad/sec

When reference speed is given as 199.5 rad/sec, the output is 194.537 rad/sec.

¢ o i e

Figure D2. At reference speed = 300,48 rad/sec




When reference speed was set at 300,48 rad/sec, the output was 298 451 rad/sec

e

Figure D3, At reference speed = 108.17 rad/sec
When reference speed was set at 108.17 rad/sec and 396.63 rad/sec, the output was

111.164 rad/sec and 396.32 rad/sec respectively.

Figure D4. At reference speed = 390.58 rad/sec




Real-time results of using PID controllers at different speeds:

TRy Fawercaas |

1936

Figure D3. At reference speed = 199.51 rad/sec

When reference speed was set at 199.51 rad/sec and 103.36 rad/sec, the output was
195.74 rad/sec and 103,914 rad/sec respectively.

Z I

Figure D6. At reference speed = 103.36 rad/sec




Figure D7. At reference speed = 290.863 rad/sec
When reference speed was set at 290,865 rad/sec and 360,57 rad/sec, the output was

291.20 rad/sec and 358.86 rad/sec respectively.

Figure D8. At reference speed = 360.577 rad/sec

Figures D9 and D10 shows the responses for a step change to PID and ANFIS controllers

respectively.




_. Spuﬂqﬂlhmnm\}llui 5

r._ L'?"m r,?._r
Rk ‘iﬂ-‘f'ihu, a
"“'J-’ﬂ*a vl i

oo yatid

18

Figure D9. Response of PID at reference speed = 200 rad/sec
(step change from 0 to 200 rad/sec)
When a reference speed of 200 rad/sec was given with a step change from 0 to
200 rad/sec to a PID controller, the output is 202.99 rad/sec. It is observed that the steady
state error is ~3 rad/sec and there is a slight delay in the rise time. When the same input is
given to ANFIS controller, the output is 202.995 rad/sec. It is observed that the steady

state error is ~3 rad/sec while the rise time is good when compared to PID controllers.
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Figure D10. Response of ANFIS at reference speed = 200 rad/sec

(step change from 0 to 200 rad/sec)




