- ) - ¥ U
f,,q;'fr"fL x E 1,{‘;:1‘5‘L,:
— M o

BIRZEIT UNIVERSITY

Mechatronics System Design

Chapter 7: Case Studies.

Instructor: Dr. Ahmad Al-Balasie

First Semester - 2021/2022



https://students-hub.com

Controller Realization

* In this chapter, we establish an orderly sequence for the design of feedback control
systems that will be followed as we progress through the rest of the book. Figure 1
shows the described process as well as the chapters in which the steps are discussed

Step | Step 2 Step 3 Step 4 Step 5 Step 6
Use the :
If multipl
Determine schematic bl Eu "121: de ﬁnaly?;:.l :
2 pysical prava Tanstorm | | toobwing | | Pockseduce || design and s
system and functional the physical block diagram, : see A
e ™ —> : B . —» diagramtoa [ requirements
specifications block system 1nto signal-flow inale block p
from the diagram. a schematic. diagram, SINS0 HIOCK 0F and.
requirements. or state-space closed-loop specifications
representation. system. are met.
w o J \ J “ — _.J - __Y________)
Analog: Chapter 1 Chapters 2, 3 Chapter 5 Chapters 4, 6-12
Digital: Chapter 13 Chapter 13 Chapter 13

FIGURE 1.11 The control system design process
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Antenna Azimuth: An Introduction to Position Control
Systems

Antenna

Potentiometer

Desired

. - 2 = : "'
azimuth angle ' Il I\ |1ur:;}ur.
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Figure 1: Simplified Antenna Azimuth Position Control System
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Antenna Azimuth: An Introduction to Position Control
Systems
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Figure 2: Detailed Antenna Azimuth Position Control System
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Antenna Azimuth: An Introduction to Position Control
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Figure 3: Schematic Antenna Azimuth Position Control
System
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Antenna Azimuth: An Introduction to Position Control
Systems
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Figure 4: Functional Block Diagram
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Antenna Azimuth: An Introduction to Position Control
Systems

TABLE 2.6 Subsystems of the antenna azimuth position control system

Subsystem Input Output

Input potentiometer Angular rotation from user, 6;(¢)  Voltage to preamp, v;(t)

Preamp Voltage from potentiometers, Voltage to power amp, v, (f)

Ve(t) = vi(t) — vo(t) +

Power amp Voltage from preamp, v,(t) Voltage to motor. ¢,(¢)

Motor Voltage from power amp, e,(¢) Angular rotation to load,
Bo(t)

Output potentiometer Angular rotation from load, 6y(f) Voltage to preamp, vy(f)
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Input Potentiometer; Output Potentiometer

V,(5) vols V.65 vols

-1.5915 0.1592
-4.5 -1.4324 1 0.3183
-4 -1.2732 1.5 0.4775
-3.5 -1.1141 2 0.6366
-3 -0.9549 2.5 0.7958
-2.5 -0.7958 3 0.9549
S -0.6366 3.5 1.1141
-1.5 -0.4775 4 1.2732
-1 -0.3183 4.5 1.4324
-0.5 -0.1592 5 1.5915
0 0

By using cftool in Matlab the transfer function can be found

Vi(s) _ 10 _
9,'(3) - 107 B

e
4
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o b [l B S 2 o B BOBO
| untitled fit1 x| 4 |
Polynomial v| Auto fit
Fit name: |untitled fit1 |
Degree: |1 v| Fit
X data: |x V|
Robust: |O‘Ff V| Stop
Y data: |y v|

[ Center and scale

2o (oone -

Weights: |(none) v|
Results
I I
Linear model Poly1: 151 -/:
f(x) = px + p2 : ‘ V"fm:d it
Coefficients (with 95% confidence bounds): un
pl= 03183 (03183 0.3183) 1 —
p2 = -6.057e-18 (-1.028e-16, 9.067e-17)
Goodness of fit: e N
SSE: 8.521e-31
R-square: 1 > Q0r —
Adjusted R-square: 1
RMSE: 2.118e-16
-0.5 — =
=) | —
15+ _
| | | | | | | | | | |
-5 -4 -3 -2 -1 0 1 2 %) 4 5
X
Table of Fits (G
Fit name = Data Fit type SSE R-square DFE Adj R-sq RMSE # Coeff Validation Data Validation SSE Validation RMSE
4 yntitled fit 1 VRS |poly1 8.5207e-31 1 19 1 2.1177e-16 2
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Design Requirements and Dynamic Parameters

1 Use Bang-Bang profile move from [0 — 2m] in 30 seconds

2 Settling time 0.5 seconds

3 %0S 10%

4 €5 (00)=0 For step input

5 Ny =20 Driver gear

6 N, =100 Driven gear

7 J,=0.5 kg.m? The total inertia of the satellite around the rotating axis
8 D;=2 N.m.s/rad The damping into the satellite
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On the satellite side:
Wmax _sat gy OQC‘

®
1

\Q B I %
— angular anguiar :
Htotal = 0.5 Lg * Wmax T 0.5 * tg * Wmax speed position for 40
satellite ?
ta — td ) P
; el >a4 | "'
Ototal = tg * Wmgy - - ")
) Time
277: amax sat .
- 15
angular

wmax _sat 0-4189 acceleration 0

Xmax sat — ) = 1t = 0.0279 7‘Cl,d/S2 [rad/s?]

max sat f======-=
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On the motor side WDmax _motor [, <%
L/N\%
T/ P\ %
WhHss  ®Wmax_motor N2 100 angular ¥ angular ’é(.
= = - = = — = speed position for \ "0
Wpss Wmax _sat Ny 20 satellite G
= =5x%0.41 H
Wmax _motor g Wmax _sat 5% 0.4189 > 1a >le td >
= 2.0945 rad/s > >
g Time ‘
_ AHss _ @max _motor _ N, _ 100 _c @max motor |
ALss Xmax _sat N 1 20 -
angular
Omax_motor = Tg @max _sat = 5*0.0279 "’°‘}f§§§§§']°” .
= 0.1395 rad/s? '
"@max _motor e
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Motor N,

L 1
A¥ N1\

Im=Ja+J||; Dn=Dg+Dp|—

a L N2 1 m a L N2
1) 8,41) —
* XM =] @max motor T\(llao Im )_._I
AN Dm E':

e T —0, Dy =] % Qrax motor FIGURE 2.36 Typical equivalent

mechanical loading on a motor
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* Acceleration phase: (maximum point)

Tm_acc _ wmax _motor * Dm = ]m * amax—motor

. JL Dy,
¢ Tm_acc — (]a + r_z Xmax—motor™t Da T r_2 Wmax—motor
g g

* Toace = (Ja +52)0.1395+(D, + =) 2.0945
T ace = (0.1395 J, + 0.00279)+(2.0945 D,, + 0.16756)

T ace = (0.1395 J, + 2.0945 D, + 0.17035)
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* Deceleration phase: (maximum point)

Tm_dec T wmax _motor * Dm = ]m * amax—motor

* Tm_dec (a g)( Fmax— motor)"'(D T+ 72 )( Wimax— motor)

g

¢ Tygec = (Ja+5) (—0.1395)+(Dy + =) (—2.0945)
¢ Ty gec = (—0.1395 ], — 0.00279)+(—2.0945 D, — 0.16756)

T dec = (—0.1395 J, — 2.0945 D, — 0.17035)

I ————————————=mm——————
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Part Number* C23-L45 C23-L50 C23-L55
Winding Code** 10 20 | 30 | a0 50 10 20 | 3 | ao 50 1w | 20 | 3@ | a0 50
L = Length nches 4.5 5 545
millimeters 1143 127.0 138.4
Peak Tongue aF-in 3100 3100 310.0 310.0 310.0 350.0 3600 3800 3800 3500 4300 430.0 4300 4300 4300
MM 2189 2 189 2189 2 189 2189 2542 2542 2542 2 542 2542 3.03T7 3.03T 3.037 3.03T7 3.03T7
Continuous Stall W OZ-in 340 340 340 340 340 420 420 420 42 0 420 5D.0 50.0 500 50.0 S50.0
Mm 0.240D 0240 0.240D 0240 0_240 0.29T 0297 0297 0.29T 0.29T 0.353 0.353 0.353 0.353 0.353
Rated Termanal Voltage wolts DC 12 -24 12 -48 12 60 12 -80 12 - 80 12 -24 12 - 80 12 - 6D 18 - 6D 24 - 60 12 -24 12 - 60 12 -8D 18 - 6D 24 - 80D
Terminal Voltage wolts DC 12 24 36 48 &0 12 24 35 48 &0 12 24 38 48 &0
Rated Speed RPM 1950 2600 2600 2100 1555 1600 2150 215D 1800 1283 1350 1800 1700 1300 BAT
rad/sec 204 272 272 220 1683 168 225 225 188 134 141 128 178 136 93
Rated Torgue ar-in 253 265 258 233 23 271 301 3z 31.5 343 35 4 393 405 409 415
MNm 0.18 0.19 018 0.18 0.16 0.19 021 023 022 024 0.28 028 0.29 029 0.31
Rated Current Ampes 5.8 3.75 2.4 1.4 0.95 51 3.5 2.4 1.5 1.05 56 3.75 2.5 1.8 1.1
Rated Power Watts 35.5 51.0 496 36.2 2685 321 479 50.9 420 3126 36 4 523 509 393 2B 6
Harseporaef 0.05 0or oor 0.05 0.04 0D.04 0.08 0.07 0.08 0.04 0.05 o007 0.0T 0.05 0.04
Tl:il'q.lﬂ sﬂ'lﬂ‘.ﬂw c:z-h"agp 606 975 1‘.? 235 35 T.32 1.7 18 283 43 4 BATH 14 04 216 34 521
Nmamp | 00428 | oosss | 01052 | 01ese | 02542 | 00517 | ooe2e | 01271 | 01ess | o30es | ooez0 | o0oeer | o1s2s | o240 0.3679
Back EMF volts ' KRPM 45 7.2 11 1725 2685 541 8 85 13.3 209 32 .49 10.38 18 25 14 38 5
vottsiradisec | 00430 | oosss | 01050 | 01847 | 02531 | 0os17 | ooe2e | 01270 | 01998 | 03056 | coe20 | 00991 | 01528 | 02401 0.3678
Terminal Resistance ohms 054 140 327 B.13 19.0 0.63 1.60 3.20 7.00 1650 0.56 143 339 840 19.10
Terminal Inductance mH 0.72 175 426 10.24 2420 | 077 1.96 4.66 11.44 27.00 0.97 238 5.50 13.73 1228
Motor Constant ar-infwat®12 a2z B2 a2 B2 B2 9.3 9.2 101 10.7 10.7 1.7 1.7 1.7 1.7 11.7
Nmiwatt 0.058 0.058 0.058 0.058 ooss | ooss | 0085 0.071 0.078 007s | ooss | oocas | o.os3 0.083 0.083
Rotor Inertia ozin-sec | 00052 | 00052 | 00052 | 00052 | 0o0s2 | 00065 | 00065 | 00065 | 00085 | 00085 | 0oo7s | ooors | ooora | oocors || ooo7s
g-am’ 367 2 367.2 367.2 2672 w72 | 4500 | 4590 459.0 459.0 4590 | ssos ss08 | ssos 5508 5508
Friction Torque o2-in 5 5 5 5 5 5 5 5 5 5 6 6 6 & 6
Nm 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Thermal Resistance “Chwatt 4.7 47 4.7 4.7 4.7 4.3 43 43 4.3 4.3 39 39 39 3.9 3.9
Damping Factor orinmRPM | 02 0.2 02 02 0.2 02 0.2 02 0.2 0.2 03 0.3 03 0.3 03
Nms/rad 0.001 0.001 0.001 0.001 0001 | 0001 0.001 0.001 0.001 0.001 0.002 0002 | oooz | o002 0602
Weight oz 45 46 48 48 48 56 56 56 56 56 65 65 65 65 65
o 1304 1304 1304 1304 1304 1588 1588 1588 1588 1588 1843 1843 1843 1843 1843
Electrical Time Constant | milisecond | 13309 | 12500 | 13028 | 12595 | 12670 | 12300 | 12250 | 14563 | 16343 | 16364 | 1.7321 | 16643 | 16224 | 16345 | 16388
mn [Viech. Time Constant miisecond | 10.80095 | 10.85778 | 10.86223 | 1091902 | 1090021 [10.75785 | 10.75015 |0.006742 | 8054255 | 8085451 |8025833 | 8013327 | 8010641 |8025570 || 8020641 || M
-19.95119 | -20. -15.8076 |-15.8095 -11.83492) |11 182076 |
e
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The selected motor is DC motor which has a model C23-L55 winding code 50

* Ty ace = (0.1395%0.000055 + 2.0945 % 0.002 + 0.17035) = 0.1745N.m.
T, =031>T,
* Wmax motor = 2.094 rad/s
Wrated = 93 > Wmax_motor
e P . = 0.1745 % 2.0945 = 0.3655watt

Prateqa = 28.6 > Pyy;

Thus the selected motor is suitable
For the deceleration phase, similar results will be computed

I ————————————=mm——————
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JARMS Torque:

amax _moftor

angular
acceleration 0

f PR =‘\/ (7:";-?1)2'“ +(Tn"_TL)z‘f2 [rad/s?]

ly

“mnax Motor F======= -

Trys

Tm_acm————_—-_—m_ R ———

Torque

[N.-m]
(0.1745)? « 15 + (—0.1745)2 x 15

Tm_dec -------- -+
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Antenna Azimuth: An Introduction to Position Control
Systems

Fixed
R,ﬂ' Lﬂ field

£(8) FEY
—| G(5)

¢ b1 Arf“a“_"? vy(1)
circunt

101) ~

- A (1)

(a) (b)
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Antenna Azimuth: An Introduction to Position Control

Systems
d6()
dt

vp(t) = Kb (2.144)

We call vy(¢) the back electromotive force (back emf);, K, is a constant of
proportionality called the back emf constant; and dé,,(t)/dt = w,(t) is the angular
velocity of the motor. Taking the Laplace transform, we get

Vi(s) = KpsOm(s) (2.145)
The relationship between the armature current, i,(¢), the applied armature

voltage, e,(t), and the back emf, v5(¢), is found by writing a loop equation around the
Laplace transformed armature circuit :

Rl a(s) + LosIy(s) 4+ Vu(s) = E,(s) (2.146)

The torque developed by the motor is proportional to the armature current; thus,

Tn(s) = Kila(s) (2.147)



https://students-hub.com

Antenna Azimuth: An Introduction to Position Control
Systems

where T, is the torque developed by the motor, and K is a constant of proportion-
ality, called the motor torque constant, which depends on the motor and magnetic
field characteristics. In a consistent set of units, the value of K is equal to the value of
K. Rearranging Eq. (2.147) yields

Ia(s] = l m(-f") (2,148) Tmm Qm'[” —
K [ 1 \ -

_p{) Ty :
To find the transfer function of the motor, we first substitute Egs. (2.145) and L4 J &
(2.148) into (2.146), yielding Dy L

FIGURE 2.36 Typical equivalent

(Ra + ‘[ES)T’"(S) + KpsBy(s) = Eals) (2.149) mechanical loading on a motor
1

Now we must find 7,,(s) in terms of 6,,(s) if we are to separate the input and
output variables and obtain the transfer function, 6,,(s)/E.(s)-

Figure 2.36 shows a typical equivalent mechanical loading on a motor.
Jm is the equivalent inertia at the armature and includes both the armature
inertia and, as we will see later, the load inertia reflected to the armature.
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Antenna Azimuth: An Introduction to Position Control
Systems

D,, is the equivalent viscous damping at the armature and includes both the
armature viscous damping and, as we will see later, the load viscous damping
reflected to the armature. From Figure 2.36,

Tm(s) = (JuS? + DnS)Om(s) (2.150)
Substituting Eq. (2.150) into Eq. (2.149) yields

(Ry + La8)(ImS? + D s)Om(s)

K, + KpsOn(s) = E,(s) (2.151)

If we assume that the armature inductance, L,, is small compared to the armature
resistance, R,, which is usual for a dc motor, Eq. (2.151) becomes

!
After simplification, the desired transfer function, 6,,(s)/E.(s), is found to be
6m(s) _  Ki/(Ram) y
E.(s) s [s i 1 (D + K;gKb)] (2.153)
m a
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Antenna Azimuth: An Introduction to Position Control
Systems

the reader may be concerned about how to evaluate the constants,

Let us first discuss the mechanical constants, /,, and D,,. Consider
Figure 2.37, which shows a motor with inertia J, and damping D, at the
armature driving a load consisting of inertia J; and damping D. D §
Assuming that all inertia and damping values shown are known, J; “re N, —M—_l— [
and D, can be reflected back to the armature as some equivalent inertia D, E
and damping to be added to J, and D,, respectively. Thus, the equiv-  pigyRe 2,37 DC motor driving a rotational
alent inertia, J,,, and equivalent damping, D,,, at the armature are mechanical load

Motor N,

Ni\? Ni\?
Jo=J,+11 (}\T;) . D =Dﬂ+DL(-N-i—) (2.155)"
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Antenna Azimuth: An Introduction to Position Control
Systems

R, =19.1 ohm (resistance ) L, = 0.03228 mH (inductance)
K, = 0.3676 volts.s/rad (Back EMF) K,,, = 0.083 Nm/watt (motor constant)
J, =0.00005508 kg. m? D, =0.002 N.m.s/rad

— 0-5) _ 0.5) _ 2
Jm = (Ja +22)=(0.00005508 + 3=) =0.02005508kg. m

2
D,, = (0.00Z + £> = (0.082N.m.s/rad

Kyl Kyl  Kp

Ky = - -
VP VPR VR

wnere Kr— VR Ky =0.3627

e I is the current (Sl unit, ampere)
« R is the resistance (Sl unit, ohm)
» K is the motor torque constant (Sl unit, newton—-metre per ampere, N-m/A), see below

I ————————————=mm——————
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Antenna Azimuth: An Introduction to Position Control
Systems

Om(s) _ K:/(RaJm)
Ea(s) s[s + i-(D,,, + K;:fb)]
O (s) 0.3627/(19.1 * 0.02005508) . 0.9469
E,(s) 1 0.3627 * 0.3676)] s+ 4.437s
: s [5 + 0.02005508(0'082 + 191

I ————————————=mm——————
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Plant

Input or
transducer Error Process
or
Baes(s) Potentiometer + A:f;’f’,g.”g potnes hld:;gr, '
—_— 1 ————® = Controller [S— amplifiers | . n d' =
; - (K) gears
Sensor
(output transducer)
Potentiometer gact ( S )
1 e
T

worst case

Preamplifier
The transfer functions of the amplifiers are given in the problem statement. Two

phenomena are neglected. First, we assume that saturation is never reached.
Second, the dynamics of the preamplifier are neglecred, since its speed of response

is typically much greater than that of the power amplifier.

preamplifier,

Vo(s) _ o _
T/Z_(s_) =K =754 (2.203)
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Settling time
%085

Cys(%)=0

0.5 seconds
10%

For step input

Real Model

Baes(s) Potentiometer . | Controller 0.9469
—i 1 :::g P PD(s) = K=7.54 > 2—
step lnput ; bt | 5 + 4.43 ?S
Sensor
{output iransducer)
Putenliimuet Eact ( 5)
P
(by using block reduction )
Baes(s) | Controller 754 0.9469
—HQ——={ rops) - = 5 -
step input  — 5+ 44375
Baee(s)
Simplified Model Controller
Baes(s) 2.273
=~ Kp+Kds 2
step input  —& s+ 4.437s
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4\ Control System Designer - Root Locus Editor for LoopTransfer_C — X

CONTROL SYSTEM ROOT LOCUS EDITOR VIEW

Ood = W @ o o 2 ©
. imodel  Tuning  New

DESIGNS RESULTS = PREFERENCES
Data Browser @ j Root Locus Editor for LoopTransfer C
¥ Controllers and Fixed Blocks | Root Locus Editor for LoopTransfer_C
F o~ 15
] \
G 10
u L
¥ Designs 5

dat

<

R IR << =< e:csasecsaseasassasensasassasaasasonscsod =

@

E

5

¥ Responses
LoopTransfer_C o -10 +
|0Transfer_r2y //
|OTransfer_r2u v 15 | | |
AoT=onstas o -16 -14 -12 -10 -8 -6 -4 -2 0
v Preview | Real Axis

| 10Transfer_r2y: step |

* By using sisotool Step Response

From:r To:y

» Specify the design | | _
requirements |
* Design Controller : | |

Tima fearnndel
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ROL SYSTEM ROOT LOCUS EDITOR VIEW

RIxXoxzz aad

MODIFY POLES & ZEROS

| Root Locus Editor for LoopTransfer_C

Data Browser

ol

Root Locus Editor for LoopTransfer_C

- con rollare and Civad Dlaclec
E 4\ Compensator Editor - O it
- Compensator
G (1 + 0.0655)
u e v|= 75916 x————
1
¥ Des
PolefZero Parameter

Dynamics Edit Selected Dynamics

Type Location Damping  Freguency

Real Zero  |-15.5 1 155

Select a single row to edit values .
g Real Axis
Step Response
From:r To: y
4.9 1 T T
Right-click to add or delete poles/zeros

Amplitude
o
(=3}

Kp=75.916
Kd=75.916*0.065=4/9345 ..

o
'S
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Z,(s)

Vs

I(s)

Vils)

Zy(s)

~—1y(s)

L,(s)

V ()

Vols)  Za(s)

VI(S) -

Zy(s)

V(8]

Realization of Power Circuit

Vols)

7o = 7-54 sy R, =7.54 R,

Let R1 =100 ohm

SO R2 =754 ohm
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£a\5)

AW
"—fz(b‘)
A0 - -
“EIAMN A v | Yels) _ Za(s) Realization of PD Controller
o) L) — Vils)  Zi(s)
R>
R
c WY
~—Iy(s)
K ) B R Nl\ﬁm
A 1) _ A\ i - Vi) Vo(s) 1
ﬁ/ e 1,(s) . I Vo) = ch(s-l-m) =75916 + 4.9345s

- ap RC= 75916

Let C= 100 Micro Farad
R2=7591 60 ohm

R
= R—2 =4.9345
1

R41=153847.40 ohm
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W - -

If all resistors are equal in value, then the output voltage can be derived by using superposition principle.

Subtractor:

Fioc 4
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Realization by using Arduino Kit:

Arduino Uno 1s a microcontroller board based on the
ATmega328P shown 1n Fig. 2. It has 14 digital input/output pins
(of which 6 can be used as PWM outputs), 6 analog inputs, a 16
MHz quartz crystal, a USB connection, a power jack, an [CSP
header and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer with
a USB cable or power it with a AC-to-DC adapter or battery to
get started. In this project | the Arduino microcontroller is very
well-suited to drive the PWM signal for DC motor for the
improvement of the output response for the DC motor position
control system.

D!GIYAL

OG) UNO:....

- ARDUINO
L

Figure 2: Arduino Uno Microcontroller
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Realization by using Arduino Kit:

B. L298N Dual H-Bridge Controller e —
The L298N H-bridge IC shows in Fig. 3 that can allow to Out 1: Motor A lead out

Out 2: Motor A lead out

control the speed and direction of two DC motors. This module  [Ou3: Motor B lcad out

. Out4: M B lead
can be used with motors that have a voltage of between 5 and |[Gpcrong

35V DC with a peak current up to 2A. The module has two SV: 5V input .
ENA: Enables PWM signal for Motor A

screw terminal blocks for the motor A and B, and another screw INI: __ Enable Motor A

o . IN2: Enable M A

terminal block for the Ground pin, the VCC for motor and a 5V 5ot s

pin which can either be an input or output. Pin assignments for IN4: __Enable Motor B
ENB: Enables PWM signal for Motor B

L298N dual H-Bridge Module i1s shown in table 1. The digital
pin assign from HIGH to LOW or LOW to HIGH 1s used INland
IN2 on the L298N board to control the direction. And the
controller output PWM signal i1s send to ENA or ENB to control
the position. The forward and reverse speed or position
controlling for the motor has done by using PWM signal.

>
Moto
e

- R 't
4 2 4 \ :
TN ENZ TR T - '
IN3 -4
v e ] LR ] &S Motor B
: Vi L Direction Centrol
=Y

Then using the analogWrite() function and send the PWM signal Uce ob 0 TR
to the Enable pin of the L298N board, which actually drives the Gl )
motor.

Figure 3: L298N dual H-Bridge Controller Module
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Realization by using Arduino Kit:

24 Vinput ‘

)
GND

[ =
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Realization by using Arduino Kit:

AUX.POWER
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The Enable A and Enable B pins are used for enabling and controlling the speed of the motor. If
a jumper is present on this pin, the motor will be enabled and work at maximum speed, and if
we remove the jumper we can connect a PWM input to this pin and in that way control the
speed of the motor. If we connect this pin to a Ground the motor will be disabled.
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Realization by using Arduino Kit:

Settlingtime 0.5 seconds
%05 10%

ss(®)=0  Forstepinput %0S = { = 0.59

4 4

Wn = 70 = T50m0 = 13.6 rad/s

* Now select the required sampling time:

ws = 10 * w, = 136 rad/s

Tg = 2% — 2% — 0.046 second
136

Wg

I ————————————=mm——————
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Realization by using Arduino Kit:

* Now find the discrete PD controller based on Trapezoidal method:
PD(s) =K, + K4 *s

K, =75.916 K; =4.9345 7, = 0.046 second
Now to discretize the controller remember the following equations:
® s = (Forward difference or Euler’s method)
z—1 _
5~ (Backward difference)
2T
2z—1 , 5 : S
® s~ 7741 (Trapezoidal method, or Tustin’s approximation
U(z) 2(z—-1) 2 (z—1)
PD(z) = =K, + K = 75.916 + 4.9345
(2) E(z) PTG " 0.046 (z + 1)

(z—1)
(z+1)

I ————————————=mm——————

= 75.916 + 214.54
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Realization by using Arduino Kit:

U(z) 75 016 (z+1) + 21454 (z—1) 290.452z— 138.62
E(z) 77 T (z+1) T(z+1D) z+1

U(z)z+ U(z) = 29045z E(z) — 138.62 E(2)
u(k+1) =29045e(k + 1) — 138.62 e(k) — u(k)
or this equation can be used

u(k) = 290.45 e(k) — 138.62 e(k — 1) —u(k — 1)

I ————————————=mm——————
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Realization by using Arduino Kit:

chrrupl Subroutine S@
Power On
Run
Delay 3 us

Program Initialization I Wait for the End of ADC Conversion

Macro Definition

Interrupt Vector Address Declarations Get set point and
Initialize Local Variables

Configure CPU and System Clock
Clear Module Error Flags

Initialize RAM v —
Setup Digital 1/O Port / Read actual position /
Setup Interrupt Registers ¥

Start PWM
Set ADC as Continuous Conversion Mode
Enable Masked Interrupts —|

direction of DC motor

Calculate error
(e= Set- Actual)

v
Calculate PD
control signal

v
Apply PWM

duty cycle

v

Drive the motor

Set the Time Delay Step

Feedback

Interrupt Enable?

Interrupt Subroutine v

Wait for the ADC conversion Display set pogn}
Calculating the error value e(k) and actual position
Digital Posicast Algorithm

Update the Duty Cycle
Save calculated values for next iteration
Wait for the next interrupt .
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