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1. Mérési feladatok

1.1. A PCI-1720 D/A kartya hasznalata — Motion control/Ex-
ercise 1 meniipont alatt talalhato laboratériumi mérési gya-
korlat

A feladat a kartya 3-as csatorndjanak 5 Volt értékre valo bedllitdsa. Tulajdonképpen ez
az 5 Volt teszi lehet6vé a szervohajtas miikodését. Sziikséges 1épések:

e Hasonlitsuk Ossze az Adventech specifikus valtozokat a keretrendszer programban
és a mintaprogramban. Talaljuk meg a megvaltozott valtozokat.

Allitsuk be a kértyat (vagjuk ki és illessziik be a 3. és 4. 1épést a mintaprogrambdl).

Modositsuk a megvaltozott valtozdkat.

Téavolitsuk el az érdektelen részeket printf(); és getch(); utasitdsokat, amelyek szoveg
kifrasara és karakter beolvasdsra szolgdlnak).

Allitsuk be a (kimeneti) fesziiltséget 5 Voltra a 3-as csatornén.

// A mérés datuma és idépontja: 2015. 03. 26. 17:08 CET
// IP Address (IPv4): 86.59.219.9

motorDA = 3;

new_voltage = 5.0;

dwErrCde = DRV_DeviceOpen (1DevNumDA, &lDriverHandleDA);

if (dwErrCde != SUCCESS)
{

ErrorHandler (dwErrCde) ;
exit (1) ;

}

tAOVoltageOut.chan = motorDA;

tAOVoltageOut.OutputValue = new_voltage;

dwErrCde = DRV_AOVoltageOut (1DriverHandleDA, &tAOVoltageOut);
if (dwErrCde != SUCCESS)

{

ErrorStop (&1DriverHandleDA, dwErrCde);
return;

}

1.2. Valés idejii 6ra hasznalata a PCI 1720 D/A kartyaval —
Motion control/Exercise 2 meniipont alatt taldlhaté labo-
ratoriumi mérési gyakorlat

1.2.1. Egy szinuszos fesziiltség-id§ fiiggvény megjelenitése a PCI 1720 A/D
kartya kimenetén

Meg kell hatdrozni az Osszefiiggést a mintavételi id6 és a szinusz hullim kozott (3 Vol-
tos amplitudéval 1 HZ-es frekvencian). A mintavételezés 0-t6l kezdédik és a Current-
Time valtozon keresztiil érhet6 el a programbol. Ezt a valtozét a time array[tickCount]



valtozdval lehet elérni, ami 100 nanoszekundumos egységii adatot ad vissza. Szilikséges
lépések:

) Attanulményozni a megadott keret programot;
e Beirni a hidnyzé koédokat;

— Deklaralni a paramétereket és valtozokat;

— Out=Amlitude * sin (Angular Frequency * time) (megjegyzés: ez nem egy C
kéd, és a time-ot a TimerHandler fiiggvénnyel kell beolvasni).

Szinuszos fesztltség—-idd fliggvény a PCI 1720 A/D kimenetén
5 T T T T T T T

Voltage [V]

0 1 2 3 4 5 6 7 8 9 10

1. abra. Egy szinuszos fesziiltség-idé fliggvény megjelenitése a PCI 1720 A/D kartya ki-
menetén

// A mérés datuma és id¢pontja: 2015. 03. 26. 17:19 CET
// IP Address (IPv4): 86.59.219.9

//Block 1. Enter your varible declarations here:

float sin_amp = 4.5;

float sin_freqg = 2.0%«PIx0.33;

//Block 2. Enter your code here:
new_voltage = sin_amp * sin(sin_freq x (time_array[tickCount] / 10000000.0));

1.3. A PCI 1784 szamlal6 haszndalata — Motion control/Exercise
3 meniipont alatt talalhaté laboratoriumi mérési gyakorlat

A feladat a szamlalo értékének beolvasasa a PCI 1784-es kartya 3-as csatornajarol. Sziikséges
1épések:



Kartya inicializalasa.

Szamlalé értékek visszadllitasa.

A szamlalé miuvelet elinditésa.

A szamlélé érték beolvasasa a miivelet elején.

A szamlélé értékének minden egyes orajelre valé beolvasasa.

PCI 1784 szamlal6 hasznalata
15 T T T
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2. dbra. A PCI 1784 szamlalé haszndalata

// A mérés datuma és id¢pontja: 2015. 03. 26. 17:31 CET
// IP Address (IPv4): 86.59.219.9
//Initialization:

wChannelCounter = 3;

//Step 1: Open device

dwErrCde = DRV._DeviceOpen (1DevNumCounter, &lDriverHandleCounter);
if (dwErrCde != SUCCESS)

{

ErrorHandler (dwErrCde) ;

exit (1);

}

// Step 2: Reset counter by DRV_CounterReset

dwErrCde = DRV_CounterReset (1DriverHandleCounter, wChannelCounter);
if (dwErrCde != SUCCESS)

{

ErrorHandler (dwErrCde) ;

exit (1);

}

// Step 3: Start counter operation by DRV_CounterEventStart



tCounterEventStart.counter = wChannelCounter;
dwErrCde = DRV_CounterEventStart (1DriverHandleCounter, &tCounterEventStart);
if (dwErrCde != SUCCESS)

{

ErrorHandler (dwErrCde) ;
exit (1);

}

// Step 4: Read counter value by DRV_CounterEventRead
tCounterEventRead.counter = wChannelCounter;

tCounterEventRead.overflow = &wOverflow;

tCounterEventRead.count = &dwReading;

dwErrCde = DRV_CounterEventRead (lDriverHandleCounter, &tCounterEventRead);
if (dwErrCde != SUCCESS)

{

ErrorStop (&1DriverHandleCounter, dwErrCde);
return;

}

//Loop:
dwErrCde = DRV_CounterEventRead (lDriverHandleCounter, &tCounterEventRead);
if (dwErrCde != SUCCESS)

{

ErrorStop (&lDriverHandleCounter, dwErrCde);
return;

}

1.4. Nyilt szabalyozé kor mérése — Motion control/Exercise 4
meniipont alatt talalhaté laboratériumi mérési gyakorlat

1.4.1. Konstans nyomaték kiadasa

Az els6 feladatban az elektromos nyomaték értéke:

e ResultData.Torque = 0.1;
e ResultData.Torque = 0.5;

e ResultData.Torque = 1.0;

Ezuton a kiilonboz6 motor-valtozok kiilonbozo nyomatékjel 1épés-valtozasaira kapott
1épés valaszai kaphatok meg. Az eredmény fajlok, amelyek a mérés végén letoltheték, Mat-
labban kiszamithatok. Erre a feladatra mar van egy program. A program futtatdsaval
az eredményeket megkapjuk tengelysebesség-ido, fesziiltség-ido és pozicié-idé diagramo-
kon. Ezeket a diagramokat .jpg formdtumban lehet elmenteni a tovabbi dokumentacid
érdekében.
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3. dbra. Konstans nyomaték kiadasa, ResultData.Torque = 0.1;
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4. dbra. Konstans nyomaték kiadasa, ResultData.Torque = 0.5;
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5. dbra. Konstans nyomaték kiadasa, ResultData.Torque = 1.0;

// A mérés datuma és idépontja: 2015.

// IP Address (IPv4): 86.59.185.137
//Task 1. Open loop:

//Measurement length in milliseconds:

//Torque: 0.2 Nm
//The state variable names:
//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)
//The code:
ResultData.Torque =
//ResultData.Torque =
//ResultData.Torque =

)
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03. 26. 17:48 CET

2000

1.4.2. Konstans nyomaték kiadasa és a fordulatszam sziirése

Az eloz6 feladathoz hasonléan a nyomaték legyen a kovetkezo:

e ResultData.Torque = 0.1;
e ResultData.Torque = 0.5;

e ResultData.Torque = 1.0;

Alkalmazza az leirt digitalis sztir6ket. Legyen a toréspont helye:

T. = 0.0032

T. =0.032



function [ Ad,Bd ] = IIR_filter_ord3( Ts, Tc )
$Ts = 0.001;
$Tc 1/ (2xpi*1/ (2%Ts) /10);
A = [0, 1, O;
0o, 0, 1;
—1/Tc¢"3, —3/Tc"2, —3/Tc]l;
B = [0;0;1/Tc"3];
[ Ad,Bd ] = c2d(A,B,Ts);

for i = 1:3
for § = 1:3
disp(['float ad',num2str(i),num2str(j),"' = ', num2str (Ad(i, J)),
end
end
for 1 = 1:3
disp(['float bd',num2str(i),"' = ', num2str(Bd(i)),"';'1);
end
end

function [ Ad,Bd ] = IIR_filter_ord3_Bessel( Ts, Tc )
$Ts = 0.001;
$Tc = 1/ (2xpi*1/(2xTs)/10);
A = [0, 1, O;
0, 0, 1;
—15/Tc"3, —15/Tc"2, —6/Tcl;
B = [0;0;15/Tc"3];
[ Ad,Bd ] = c2d(A,B,Ts);

for i = 1:3
for j = 1:3
disp(
end
end

for i = 1:3
disp(['float bd',num2str(i),' = ', num2str(Bd(i)),"';'1);
end

end

function [ Ad,Bd ] = IIR_filter_ord5_Bessel( Ts, Tc )
$Ts = 0.001;
$Tc = 1/ (2+pix1/(2%Ts)/10);
A= [0, 1, O, 0, O;
o, 0, 1, 0, O;
o, 0, 0, 1, O;
o, 0, 0, 0, 1;
—945/Tc"5, —945/Tc"4, —420/Tc”3, —105/Tc"2, —15/Tc];
B = [0;0;0;0;945/Tc"5];
[Ad,Bd] = c2d(A,B,Ts);

i1

["float ad',num2str (i),num2str(j),"' = ', num2str (Ad(i,J)),"';'1])



for i = 1:5
for j = 1:5
disp(['float ad',num2str(i),num2str(j),' = ', num2str (Ad(i,3)),"';"'])
end
end
for i = 1:5
disp(['float bd',num2str(i),' = ', num2str(Bd(i)),"';'1);
end
end
Torque = 0.1, Tc = 0.0032 Torque = 0.1, Tc = 0.0318
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6. abra. Konstans nyomaték kiadédsa és a fordulatszam sziirése, ResultData.Torque = 0.1;



Torque = 0.5, Tc =0.0032 Torque = 0.5, Tc =0.0318

167 Velocity 1 16§ Velocity
Order 3 — Order 3
14r ——— Order 3, Bessel | 14y —— Order 3, Bessel |
Order 5, Bessel — Order 5, Bessel
— 12} 1 — 12} 1
9 v
S S
S 10} S 10}
2 ol 2 ql
£ 8 £ 8
o S
(] 3 [45) |
2 6 3 6
4t 4
2 2t
0 : : : : 0 : : : :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Time [s] Time [s]

7. abra. Konstans nyomaték kiadasa és a fordulatszam szilirése, ResultData.Torque = 0.5;

Torque = 1.0, Tc = 0.0032 Torque = 1.0, Tc = 0.0318
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8. abra. Konstans nyomaték kiadédsa és a fordulatszam sztirése, ResultData.Torque = 1.0;



// A mérés datuma és id¢pontja: 2015. 03. 26. 20:00 CET
// IP Address (IPv4): 86.59.219.9

//Task 2 Digital Filter:

//Measurement length in milliseconds: 2000

//Torque: 0.1 Nm, 0.5 Nm, 1.0 Nm

//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

// IIR filter order 3, Tc=0.0032
//Declaration:

/+ velocity filter variables «/

static float z_.1=0.0, z_2=0.0, z_3=0.0;
static float ztmp-1=0.0, ztmp-2=0.0;

/* velocity filter parameters =/

/* Tsample=le—3 and Tc=0.0032 =/

float adll 0.99591;

float adl2 = 0.00095987;

float adl3 = 3.652e—07;

float ad21 = —11.3235;
float ad22 = 0.88778;
float ad23 = 0.00061567;
float ad3l = —19089.6748;
float ad32 = —193.6165;
float ad33 = 0.30752;
float bdl = 0.0040906;
float bd2 = 11.3235;
float bd3 = 19089.6748;

//Controller:

/* Velocity filter =*/

ztmp_l=adllx z_l+adl2x z_2+adl3% z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_l+ad22x z_2+ad23% z_3 + bd2x ResultData.Velocity;
z_3=ad3lx z_l1+ad32+ z_2+ad33% z_3 + bd3* ResultData.Velocity;
z_1 ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

ResultData.Torque = 0.1;

// ResultData.Torque = 0.5;

// ResultData.Torque =1.0;

// IIR filter order 3, Tc=0.0318
//Declaration:

/x velocity filter variables x/

static float z_.1=0.0, z_2=0.0, z_3=0.0;
static float ztmp-1=0.0, ztmp-2=0.0;

/x velocity filter parameters x*/

/* Tsample=le—3 and Tc=0.0318 =/

float adll = 0.99999;

float adl2 0.00099952;

float adl3 = 4.8454e—-07;

10



float ad2l = —0.015024;
float ad22 = 0.99856;
float ad23 = 0.00095385;
float ad3l = —29.5753;
float ad32 = —2.8393;
float ad33 = 0.90866;
float bdl = 5.0475e—06;
float bd2 0.015024;
float bd3 = 29.5753;

//Controller:

/* Velocity filter =/

ztmp_l=adllx z_l+adl2x z_2+adl3% z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_l+ad22x z_2+ad23% z_3 + bd2x ResultData.Velocity;
z_3=ad3lx z_1+ad32+ z_2+4+ad33% z_3 + bd3*x ResultData.Velocity;
z_1 ztmp-1;

z_2 = ztmp_-2;

ResultData.Velocity =z_1;

ResultData.Torque = 0.1;

// ResultData.Torque = 0.5;

// ResultData.Torque =1.0;

// IIR filter order 3 Bessel, Tc=0.0032
//Declaration:

/* velocity filter variables »*/

static float z.1=0.0, z_-2=0.0, z_3=0.0;
static float ztmp-1=0.0, ztmp-2=0.0;

/* velocity filter parameters =/

/* Tsample=le—3 and Tc=0.0032 =/

float adll 0.95193;

float adl2 = 0.00083371;

float adl3 = 2.6009e—07;

float ad2l = —120.9669;

float ad22 = 0.56688;

float ad23 = 0.00034345;

float ad31l = —159737.8997;
float ad32 = —629.4284;
float ad33 = —0.080513;
float bdl = 0.04807;

float bd2 = 120.9669;

float bd3 = 159737.8997;

//Controller:

/* Velocity filter =*/

ztmp_l=adllx z_l+adl2x z_2+adl3% z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_l+ad22x z_2+ad23% z_3 + bd2x ResultData.Velocity;
z_3=ad3lx z_1+ad32+ z_2+4+ad33% z_3 + bd3*x ResultData.Velocity;
z_ 1 = ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

ResultData.Torque = 0.1;

// ResultData.Torque = 0.5;

// ResultData.Torque =1.0;
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// IIR filter order 3 Bessel, Tc=0.0318
//Declaration:

/* velocity filter variables «*/

static float z_.1=0.0, z_2=0.0, z_3=0.0;
static float ztmp-1=0.0, ztmp-2=0.0;

/x velocity filter parameters x*/

/* Tsample=le—3 and Tc=0.0318 x/

float adll = 0.99993;

float adl2 = 0.00099763;
float adl3 = 4.6943e—07;
float ad2l = —0.21833;
float ad22 = 0.99298;
float ad23 = 0.00090914;
float ad3l = —422.8363;
float ad32 = —-13.6776;

float ad33 = 0.82161;
float bdl = 7.3942e—05;

float bd2 = 0.21833;
float bd3 = 422.8363;
//Controller:

/* Velocity filter =/

ztmp_l=adllx z_l+adl2x z_2+adl3% z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_l+ad22x z_2+ad23% z_3 + bd2x ResultData.Velocity;
z_3=ad3lx z_1+ad32+ z_2+ad33% z_3 + bd3* ResultData.Velocity;
z_.1 = ztmp_1;

z_2 = ztmp_-2;

ResultData.Velocity =z_1;

ResultData.Torque = 0.1;

// ResultData.Torque = 0.5;

// ResultData.Torque =1.0;

// IIR filter order 5 Bessel, Tc=0.0032

//Declaration:

/x velocity filter variables x/

static float z.1=0.0, z_-2=0.0, z_3=0.0, z_4=0.0, z_.5=0.0;
static float ztmp-1=0.0, ztmp_-2=0.0, ztmp-3=0.0, ztmp_-4=0.0;
/* velocity filter parameters =/

/* Tsample=le—3 and Tc=0.0032 =/

float adll = 0.98945;

float adl2 = 0.00096416;
float adl3 = 4.46e—07;
float adl4d = 1.1837e—10;
float adl5 = 1.5377e—14;
float ad2l = —44.5849;

float ad22 = 0.84738;
float ad23 = 0.00076312;
float ad24 = 2.8527e—07;
float ad25 = 4.5502e—11;
float ad31 = —131587.7641;
float ad32 = —463.4275;
float ad33 = 0.25481;
float ad34 = 0.00029161;
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float ad35 = 7.086e—08;

float ad4l = —204919351.0995;
float ad42 = —783824.2356;
float ad43 = —1386.2332;
float ad44 = —0.47942;

float ad45 = —4.2271e—05;

float adbl = 122243481346.0161;
float adb2 = 184259271.6258;

float ad53 = —233373.4536;
float ad54 = —948.0155;
float adb55 = —0.28016;

float bdl = 0.010549;

float bd2 = 44.5849;

float bd3 = 131587.7641;

float bd4 = 204919351.117;
float bd5 = —122243481318.8252;

//Controller:
/* Velocity filter =/

ztmp_1l= adll*z_.1 + adl2xz_2 + adl3xz_3 + adldxz_4
ztmp_2= ad2l*xz_.1 + ad22xz_2 + ad23xz_3 + ad24xz_4
ztmp_3= ad3lxz_1 + ad32+xz_2 + ad33xz_3 + ad34xz_4

ztmp_4= ad4lxz_1 + add42xz_2 + ad43xz_3 + adddxz_4

+ adl5*z_5
+ ad25%z.5
+ ad35%z_5
+ ad45%z_5

+
+
+
+

bdlxResultData
bd2xResultData
bd3*ResultData
bd4+ResultData

.Velocity;
.Velocity;
.Velocity;
.Velocity;

z_5= ad5lxz_1 + adb2+xz_2 + adb3%xz_3 + adbdxz_4 + ad55xz_5 + bd5+ ResultData.Velocity;

z_.1 = ztmp_1;

z_2 ztmp_2;

z_.3 = ztmp-3;

z_4 = ztmp_4;
ResultData.Velocity =z_1;
ResultData.Torque = 0.1;

// ResultData.Torque = 0.5;
// ResultData.Torque =1.0;

// IIR filter order 5 Bessel, Tc=0.0318
//Declaration:

/+ velocity filter variables */

static float z.1=0.0, z_2=0.0, z_3=0.0, z_4
static float ztmp-1=0.0, ztmp_-2=0.0, ztmp-3=
/* velocity filter parameters =/

/* Tsample=le—3 and Tc=0.0318 =/

float adll = 1;

float adl2 = 0.00099999;
float adl3 = 4.999%9e—-07;
float adl4d = 1.6585e—10;
float adl5 = 3.7886e—14;
float ad2l = —0.001096;

float ad22 = 0.9999¢;
float ad23 = 0.0009995;
float ad24 = 4.9597e—07;
float ad25 = 1.4799%9e—-10;
float ad31l = —4.2797;
float ad32 = —0.13732;
float ad33 = 0.99804;
float ad34 = 0.00098416;
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float ad35 = 4.2623e—07;

float ad4l = —12326.1315;
float ad42 = —396.6327;
float ad43 = —5.688;

float ad44 = 0.95387;
float ad45 = 0.00078331;

float ad51 = —22652315.0414;
float ad52 = —733371.7135;
float ad53 = —10597.341;
float ad54 = —86.8626;

float ad55 = 0.58474;
float bdl = 2.2355e—07;

float bd2 = 0.001096;
float bd3 = 4.2797;
float bd4 = 12326.1314;

float bdb = 22652315.0286;

//Controller:
/* Velocity filter =/

ztmp_1l= adll*z_1 + adl2+xz_2 + adl3xz_3 + adld4xz_4 + adlS5+xz_.5 + bdlxResultData.Velocity;
ztmp_2= ad2l*z_1 + ad22+xz_2 + ad23xz_3 + ad24%xz_4 + ad25+xz_.5 + bd2xResultData.Velocity;
ztmp_-3= ad3l*xz_1 + ad32+xz_2 + ad33xz_3 + ad34%xz_4 + ad35xz.5 + bd3xResultData.Velocity;

ztmp_4= ad4lxz_1 + add42+xz_2 + add43xz_3 + ad44xz_4 + add45+z_5 + bd4xResultData.Velocity;
z_5= ad5lxz_1 + adb2+xz_2 + adb3%xz_3 + adbdxz_4 + ad55xz_5 + bd5+ ResultData.Velocity;
z_.1 = ztmp_1;

z_2 ztmp_2;

z_.3 = ztmp-3;

z_4 = ztmp_4;

ResultData.Velocity =z_1;

ResultData.Torque = 0.1;

// ResultData.Torque = 0.5;

// ResultData.Torque =1.0;

1.4.3. A motor valasza szinuszos nyomatékra és a szervoero6sito offset kom-
penzacidja

A szervoer6sitének (mint minden miiveleti erdsitének) van egy offset fesziiltsége. Ez

akkor a legszembetlinébb, ha szinuszos fesziiltséget alkalmazunk. Ebben az esetben a

motortol azt varjuk, hogy szinuszos legyen a tengely szogsebessége és ebbdl addddan,

szinuszos poziciévaltozasa. Az offset fesziiltséget célszerii hardveresen kompenzalni, de
kompenzalhatjuk szoftveresen is.

e Viltoztassa a motor nyomatékat szinuszosan. A szinuszos nyomatékjel amplitudéja
legyen 0.6 mNm és a periddusideje legyen 0.1 s és 0.5 s. Vizsgalja meg a motor
fordulatszamat és pozicidjat.

e Valtoztassa meg a szinuszos nyomatékjel offszetjét tigy, hogy a pozicidjel kozépértéke
is nulla legyen.
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9. abra. A szervoer6sité offset kompenzacidja, Offset = 0.0
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10. abra. A szervoer6sito offset kompenzacidja, Offset = -0.22
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11. abra. A szervoerésito offset kompenzacidja, Offset = -0.25
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Position, Offset = -0.28 Reference sinus torque, Offset = -0.28
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12. abra. A szervoerésito offset kompenzacidja, Offset = -0.28
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// A mérés datuma és id¢pontja: 2015. 03. 26. 21:20 CET
// IP Address (IPv4): 86.59.219.9

//Task 3

// A mérés hossza milliszekundumban: 4000

// Az &llapotvdltozdk nevei:

// time (adott) — 1d¢

// position (adott)— pozicid

// velocity (adott) — sebesség

// torque (adott) — nyomaték

// sin_torque (valasztott) — sin_nyomaték
//Deklaration:

double param = 0.0;

double sinperiod = 1.0;
double sinamplitude = 2.0;
double offset = 0.0;

// double offset = —0.28;
// double offset = —0.25;
// double offset = —0.22;

// valtoztassuk az offset tartomanydt —0.3 és —0.2 kdzt

// Szabédlyozd kdd:

// Pillanatnyi id¢ millisekundumban
param = CurrentTime;

// Pillanatnyi id¢ mésodpercben
param /= 1000.0;

// Eredmény

param = param x* 2 * PI / sinperiod;

//

// Szabdlyozd kezdete

//

// Sinuszos fesziiltség

ResultData.Torque = sinamplitude * sin(param) + offset;
ResultData.StateVariable. 5 = sinamplitude * sin(param);
//

// Szabdlyozd vége

1.4.4. Digitalis sziiro

e Hajtsa végre az 5.13 mérési feladatot a 5.9.5 pontban leirt digitalis szlirck alkal-
mazasaval. Prébéljon ki erésebb (kisebb vagasi korfrekvenciaji) és gyengébb (na-
gyobb vagasi korfrekvenciaji) sziiréket.

e Vizsgalja meg a fordulatszam jel spektrumat kiillonbozo szlirék esetén. Legyen T, =
0.032 és T, = 0.0032.
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13. abra. Digitdlis sziir6, Period = 0.1
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14. abra. Digitdlis szlir6, Period = 0.4

20



// A mérés datuma és idépontja: 2015. 03.
// IP Address (IPv4): 86.59.219.9

// Task 4

// A mérés hossza milliszekundumban: 1000
// Az &llapotvdltozdk nevei:

// 1. time (adott)

// 2. position (adott)
// 3. velocity (adott)
// 4. torque (adott)
// 5. ref

// 6. filt

// 7. filtb

// Deklarédcidk:
double param = 0.0;
double sinperiod = 0.4;

// double sinperiod = 0.1;

double sinamplitude = 0.6;

double offset = —0.217;

/* sebesseg szuro valtozoi x/

static float z_.1=0.0, z_2=0.0, z_3=0.0;
static float ztmp-1=0.0, ztmp-2=0.0;

/+ Tsample=le—3 Tc=0.0032x/

float adll = 0.99591;
float adl2 = 0.00095987;
float adl3 = 3.652e—007;
float ad21 = —11.3235;
float ad22 = 0.88778;
float ad23 = 0.00061567;
float ad31l = —19089.6748;
float ad32 = —193.6165;

float ad33 = 0.30752;

float bdl = 0.0040906;

float bd2 11.3235;

float bd3 = 19089.6748;

/* Bessel sebesseg szuro valtozoil =/
static float z_1b=0.0, z_2b=0.0, z_3b=0.0;
static float ztmp_-1b=0.0, ztmp-2b=0.0;
/* Bessel Tsample=le—3 Tc=0.0032%*/
float adllb = 0.95193;

float adl2b = 0.00083371;

float adl3b = 2.6009e—007;

float ad2lb = —120.9668;

float ad22b = 0.56688;

float ad23b = 0.00034345;

float ad31lb = —159737.83;
float ad32b = —629.4281;
float ad33b = —0.080513;
float bdlb = 0.048071;
float bd2b = 120.9668;
float bd3b = 159737.83;

// Szabédlyozd kdod:
// Current time
param = CurrentTime;
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// Only miliseconds
param /= 1000.0;

// Result

param = param x* 2 * PI / sinperiod;

//

// Controller part begin

//

// Sinusoidal voltage

ResultData.Torque = sinamplitude x sin (param) + offset;
ResultData.StateVariable 5 = sinamplitude x sin(param);

/* Velocity filter =/

ztmp_-l=adllx z_l1+adl2x z_2+adl3* z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_1l+ad22x z_2+ad23% z_3 + bd2x ResultData.Velocity;
z_3=ad3lx z_l+ad32+ z_2+ad33% z_3 + bd3+x ResultData.Velocity;
z_.1 = ztmp_1;

z_2 = ztmp_-2;

ResultData.StateVariable_6=z_1;

/+ Bessel velocity filter «/

ztmp_lb=adllb* z_lb+adl2bx z_2b+adl3bx z_3b + bdlbx*
ResultData.Velocity;

ztmp_2b=ad2lbx z_lb+ad22bx z_2b+ad23bx z_3b + bd2b=*
ResultData.Velocity;

z_3b=ad31lbx z_lb+ad32bx z_2b+ad33b*x z_3b + bd3b=*
ResultData.Velocity;

z_1lb = ztmp_lb;

z_ 2b = ztmp_2b;

ResultData.StateVariable_ 7=z_1Db;

1.4.5. Tapadasi és csiiszasi surlodas

Ha relativan kis amplitidéval szinuszosan véltoztatjuk a motor referencia nyomatékat,
akkor a motor a nullaitmenet kornyékén beragad. Az offset fesziiltséget az el6z6 mérésben
meghatarozott értékkel szoftveresen kompenzaljuk.

e Valtoztassa a motor nyomatékat szinuszosan. A szinuszos nyomatékjel amplituddja
legyen 0.2 mNm és a peridédusideje legyen 0.5 s. Az offset legyen a 5.13. feladatban
meghatarozott érték (-0.21). Vizsgalja meg a motor fordulatszamat és pozicidjat.
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15. abra. Tapadasi és cstszasi surlédéas, nyomaték = 0.2 mNm, periédus = 1.0 s, Offset
=-0.21
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// A mérés datuma és idépontja: 2015. 03.
// IP Address (IPv4): 86.59.219.9

// Task 5

// A mérés hossza milliszekundumban: 4000
// Az &llapotvdltozdk nevei:

// 1. time (adott) — 1ido

// 2. position (adott)— pozicid

// 3. velocity (adott) — sebesség
// 4. torque (adott) — nyomaték

// 5. ref (védlasztott)

// 6. velocity_filtered (vdlasztott)
// 7. velocity_bessel (vdlasztott)

//Deklardcid:

double param = 0.0;

double sinperiod = 1.0;

double sinamplitude = 0.2;

double offset = —0.21;

/* variables for filter x/

static float z_.1=0.0, z_2=0.0, z_3=0.0;
static float ztmp_1=0.0, ztmp_2=0.0;

/* Tsample=le—3 Tc=0.0032x/

float adll = 0.99591;

float adl2 = 0.00095987;
float adl3 = 3.652e—007;
float ad21 = —11.3235;
float ad22 = 0.88778;
float ad23 = 0.00061567;
float ad31 = —19089.6748;
float ad32 = —193.6165;

float ad33 = 0.30752;

float bdl = 0.0040906;

float bd2 = 11.3235;

float bd3 = 19089.6748;

/* Variables for Bessel filter =/
static float z_1b=0.0, z_2b=0.0, z_3b=0.0;
static float ztmp_-1b=0.0, ztmp_2b=0.0;
/* Bessel Tsample=le—3 Tc=0.0032+*/
float adllb = 0.95193;

float adl2b = 0.00083371;

float adl3b = 2.6009e—007;

float ad2lb = —120.9668;

float ad22b 0.56688;

float ad23b 0.00034345;

float ad31lb = —159737.83;
float ad32b = —629.4281;
float ad33b = —0.080513;
float bdlb = 0.048071;
float bd2b = 120.9668;

float bd3b = 159737.83;

//Szabdlyozd kdéd:

// Current time
param = CurrentTime;
// Only milliseconds
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param /= 1000.0;

// Result

param = param % 2 * PI / sinperiod;

//

// Controller part begin

//

// Sinusoidal voltage

ResultData.Torque = sinamplitude x sin(param) + offset;
ResultData.StateVariable 5 = sinamplitude x sin(param);

/* Velocity filter =/

ztmp_-l=adllx z_l+adl2x z_2+adl3* z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_l+ad22* z_2+ad23* z_3 + bd2x ResultData.Velocity;
z_3=ad3lx z_l+ad32+ z_2+ad33% z_3 + bd3x ResultData.Velocity;
z_.1 = ztmp_1;

z_2 = ztmp_2;

ResultData.StateVariable_6=z_1;

/+ Bessel velocity filter «/

ztmp_-lb=adllbx z_lb+adl2bx z_2b+adl3b*x z_3b + bdlb=*
ResultData.Velocity;

ztmp_2b=ad2lbx z_lb+ad22bx z_2b+ad23bx z_3b + bd2b=*
ResultData.Velocity;

z_3b=ad31lbx z_lb+ad32bx z_2b+ad33b*x z_3b + bd3b=x
ResultData.Velocity;

z_1lb = ztmp_lb;

z_2b = ztmp_2b;

ResultData.StateVariable_ 7=z_1b;

// End of controller
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2. Melléklet
Abrak Matlab kédja

close all
clear all
current_dir = cd;

%% Exercise 2
cd('Exercise—2");

time_2 % t vector
volt_2 % control vector
Plot_exercise2 = figure;

plot ( (t./10000000.0), control, 'b', 'LineWidth', 1)

title('Szinuszos fesziltség—idd fliggvény a PCI 1720 A/D kimenetén', 'FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Voltage [V]', 'FontSize',12)

x1lim ([0 1071);

grid on

cd(current_dir) ;

print (Plot_exercise2, 'latex\fig\exercise—2', '—depsc')

%% Exercise 3
cd('Exercise—3");
P

$pos_-3 % position vector
time_3 % t vector

Fvel 3 % omega vector
volt_3 % control vector
Plot_exercise3_Volts = figure;

plot( (£./10000000.0), control, 'b', 'LineWidth', 1)
title('PCI 1784 szamlald hasznalata', 'FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Voltage [V]', 'FontSize',12)

x1im ([0 0.5]);

ylim([—1.5 1.5]);

grid on

cd(current_dir);
print (Plot_exercise3 Volts, 'latex\fig\exercise—3—volts', '—depsc')

o\

% Exercise 4, Taskl
cd ('Exercise—4\task—1\ResultData.Torque0.1");

time 01 % t vector
velocity-01 % velocity vector
position_01 % position vector

Plot_ex4 _taskl 01 = figure('Position', [50 250 1024 450]);
subplot (1,2,1)
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plot ( (time./1000), position, 'b', 'Linewidth', 1)
$title('Torque = 0.1', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)
ylabel ('Position [rad]', 'FontSize',12)
$x1im ([0 0.51);

Sylim([—1.5 1.51);

axis square

grid on

subplot (1,2,2)

plot ( (time./1000), velocity, 'b', 'Linewidth', 1)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

$x1im ([0 0.571);

Sylim([—=1.5 1.5]);

axis square

grid on

vel 01 = velocity;
t_01 = time./1000;

cd(current_dir);
print (Plot_ex4_task1l.01, 'latex\fig\ex4—taskl—01", '—depsc")

cd('Exercise—4\task—1\ResultData.Torque0.5");

time_05 % t vector
velocity-05 % velocity vector
position_05 % position vector

Plot_ex4 taskl 05 = figure('Position', [50 250 1024 4501]);
subplot (1,2,1)

plot ( (time./1000), position, 'b', 'LineWidth', 1)

xlabel ('Time [s]', 'FontSize',12)

ylabel ('Position [rad]', 'FontSize',12)

x1lim ([0 1.0]);

S$ylim([—1.5 1.51);

axis square

grid on

subplot (1,2,2)

plot ( (time./1000), velocity, 'b', 'Linewidth', 1)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1im ([0 1.0]);

Sylim([—1.5 1.5]);

axis square

grid on

vel 05 = velocity;
t_05 = time./1000;

cd(current_dir);
print (Plot_ex4_task1l.05, 'latex\fig\ex4—taskl—05", '—depsc')
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cd ('Exercise—4\task—1\ResultData.Torquel.0");

[)

time_1l % t vector
velocity-1 % velocity vector
position_1 % position vector

Plot_ex4 _taskl_ 1l = figure('Position', [50 250 1024 4501]);
subplot (1,2,1)

plot ( (time./1000), position, 'b', 'Linewidth', 1)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('"Position [rad]', 'FontSize',12)

$x1im ([0 0.571);

$ylim([—1.5 1.5]);

axis square

grid on

subplot (1,2,2)

plot ( (time./1000), velocity, 'b', 'LineWidth', 1)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

$x1im ([0 0.571);

Sylim([—1.5 1.57);

axis square

grid on

vel 10 = velocity;
£t_10 = time./1000;

cd(current_dir);
print (Plot_ex4_taskl_ 1, 'latex\fig\ex4—taskl—1'", '—depsc')

% Exercise 4, Task?2

Torque = 0.1

cd ('Exercise—4\task—2\Torque0.1.Tc0.0032");
time_bessel3

t0032_bessell3 = time./1000;

time besselb
t0032_bessel5
time_ord3
t0032_0ord3 = time./1000;
velocity_bessel3
v0032_bessel3 = velocity;
velocity_besselb
v0032_bessel5 = velocity;
velocity_ord3

v0032_0rd3 = velocity;

o° o

time./1000;

cd(current_dir);

cd ('Exercise—4\task—2\Torque0.1.Tc0.0318");
time bessel3

t0318_bessell3 = time./1000;

time_ besselb
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t0318_bessel5 = time./1000;
time_ord3

t0318_0ord3 = time./1000;
velocity bessel3

v0318_ bessel3 = velocity;
velocity_bessel5
v0318_besselb = velocity;
velocity_ord3

v0318_ord3 = velocity;

Plot_ex4_task2_01 = figure('Position', [50 250 1024 4501]);

subplot (1,2,1)

plot( t.01, vel 01, t0032_0rd3, v0032_ord3, t0032_bessel3, v0032_bessel3, t0032_besselb,
title('Torque = 0.1, Tc = 0.0032','FontSize',10)

legend ('Velocity', 'Order 3', 'Order 3, Bessel','Order 5, Bessel');
xlabel ('Time [s]','FontSize',12)

yvlabel ('Velocity [rad/s]', 'FontSize',12)

x1im ([0 2.5]);

ylim ([0 12.57);

axis square

grid on

subplot (1,2,2)

plot( t.01, wvel 01, t0318_ord3, v0318_ord3, t0318_bessel3, v0318_bessel3, t0318_besselb5,
title('Torque = 0.1, Tc = 0.0318','FontSize',10)

legend('Velocity', 'Order 3', 'Order 3, Bessel','Order 5, Bessel');

xlabel ('Time [s]', 'FontSize',12)

yvlabel ('Velocity [rad/s]', 'FontSize',12)

x1im ([0 2.5]);

ylim ([0 12.5]);

axis square

grid on

cd(current_dir) ;
print (Plot_ex4 _task2. 01, 'latex\fig\ex4—task2—01"', '—depsc')

%$Torque = 0.5
cd('Exercise—4\task—2\Torque0.5.Tc0.0032");
time_ bessel3

t0032_bessel3 = time./1000;
time besselb

t0032_bessel5 = time./1000;
time_ord3

£0032_0ord3 = time./1000;
velocity_bessel3
v0032_bessel3 = velocity;
velocity besselb
v0032_bessel5 = velocity;
velocity_ord3

v0032_ord3 = velocity;

cd(current_dir);

cd ('Exercise—4\task—2\Torque0.5.Tc0.0318");
time_ bessel3

t0318_bessell3 = time./1000;
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time_ besselb

t0318_bessel5 = time./1000;
time_ord3

£t0318_0ord3 = time./1000;
velocity bessel3
v0318_bessel3 = velocity;
velocity_besselb
v0318_bessel5 = velocity;
velocity_ord3

v0318_ord3 = velocity;

Plot_ex4_task2_05 = figure('Position', [50 250 1024 450]);

subplot (1,2,1)

plot ( t.05, vel 05, t0032_ord3, v0032_ord3, t0032_bessel3, v0032_bessel3, t0032_besselb,
title('Torque = 0.5, Tc = 0.0032', 'FontSize',10)
legend('Velocity', 'Order 3', 'Order 3, Bessel','Order 5, Bessel');
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 1.0]);

ylim ([0 17.0]);

axis square

grid on

subplot (1,2,2)

plot ( t.05, vel 05, t0318_ord3, v0318_ord3, t0318_bessel3, v0318_bessel3, t0318_besselb,
title('Torque = 0.5, Tc = 0.0318"','FontSize',10)

legend('Velocity', 'Order 3', 'Order 3, Bessel','Order 5, Bessel');

xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 1.0]);

ylim ([0 17.0]);

axis square

grid on

cd(current_dir);
print (Plot_ex4_task2_05, 'latex\fig\ex4—task2—05"', '—depsc')

$Torque = 1.0
cd('Exercise—4\task—2\Torquel.0.Tc0.0032");
time bessel3
t0032_bessel3
time besselb
t0032_bessel5 = time./1000;
time_ord3

t0032_0ord3 = time./1000;
velocity. bessel3
v0032_bessel3 = velocity;
velocity besselb
v0032_bessel5 = velocity;
velocity_ord3

v0032_0ord3 = velocity;

time./1000;

cd(current_dir) ;
cd('Exercise—4\task—2\Torquel.0.Tc0.0318");
time_bessel3
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t0318_bessel3 = time./1000;
time_ besselb
t0318_bessel5
time_ord3
t0318_0ord3 = time./1000;
velocity_bessel3
v0318_bessel3 = velocity;
velocity_besselb
v0318_bessel5 = velocity;
velocity_ord3

v0318_0ord3 = velocity;

time./1000;

Plot_ex4 _task2.1 = figure('Position', [50 250 1024 450]);

subplot (1,2,1)

plot( t.10, vel 10, t0032_ord3, v0032_ord3, t0032_bessel3, v0032_bessel3, t0032_bessel5,
title('Torque = 1.0, Tc = 0.0032", 'FontSize',10)
legend('Velocity', 'Order 3', 'Order 3, Bessel', 'Order 5, Bessel');
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]', 'FontSize',12)

x1lim ([0 1.0]);

ylim ([0 21.0]);

axis square

grid on

subplot (1,2,2)

plot( t.10, vel 10, t0318_ord3, v0318_ord3, t0318 bessel3, v0318_bessel3, t0318_bessel5,
title('Torque = 1.0, Tc = 0.0318','FontSize',10)

legend ('Velocity', 'Order 3', 'Order 3, Bessel', 'Order 5, Bessel');

xlabel ('Time [s]', '"FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 1.0]);

ylim ([0 21.0]);

axis square

grid on

cd(current_dir);
print (Plot_ex4 _task2_1, 'latex\fig\ex4—task2—10', '—depsc')

o\

% Exercise 4, Task3

$0ffset = 0.0
cd('Exercise—4\task—3\Sin.T1.0.0ffset_0.0");
position_off00

sin_torque_off00

time_off00

torque_off00

velocity_off00

Plot_ex4 task3_offset0 = figure('Position', [50 250 1024 500]);
subplot (2,2,1)

plot ( (time./1000), position, 'LineWidth', 0.5)
title('Position, Offset = 0.0','FontSize',10)

xlabel ('"Time [s]', 'FontSize',12)

ylabel ('"Position [rad]', 'FontSize',12)
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x1lim ([0 4.0]);
$ylim ([0 18.5]);
%$axis square
grid on

subplot (2,2,2)

plot ( (time./1000), sin_torque, 'LineWidth', 0.5)
title('Reference sinus torque, Offset = 0.0','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)

x1lim ([0 4.0]);

Sylim ([0 18.5]);

%axis square

grid on

subplot (2,2, 3)
plot ( (time./1000), torque, 'LineWidth', 0.5)

title('Torque, Offset = 0.0','FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)

x1lim ([0 4.0]);

Sylim ([0 18.5]);

%$axis square

grid on

subplot (2,2, 4)
plot ( (time./1000), velocity, 'LineWidth', 0.5)

title('Velocity, Offset = 0.0','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)
x1lim ([0 4.0]);

$ylim ([0 18.51);

%$axis square

grid on

cd(current_dir);
print (Plot_ex4 _task3_offset0, 'latex\fig\ex4d—task3—0', '—depsc')

$0ffset = —0.22
cd('Exercise—4\task—3\sin,T1.0,0ffset,—O.ZZ');
position_off022

sin_torque_off022

time_off022

torque_off022

velocity_off022

Plot_ex4 _task3_offset022 = figure('Position', [50 250 1024 5001]);
subplot (2,2,1)

plot ( (time./1000), position, 'LineWwidth', 0.5)

title('Position, Offset = —0.22', 'FontSize',10)

xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Position [rad]', 'FontSize',12)

x1lim ([0 4.0]);

Sylim ([0 18.5]);

%$axis square
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grid on

subplot (2,2,2)

plot ( (time./1000), sin_torque, 'LineWidth', 0.5)
title('Reference sinus torque, Offset = —0.22','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)

x1im ([0 4.0]);

$ylim ([0 18.5]);

%$axis square

grid on

subplot (2,2, 3)

plot ( (time./1000), torque, 'LineWidth', 0.5)
title('Torque, Offset = —0.22', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

yvlabel ('Torque [mNm]', 'FontSize',12)

x1im ([0 4.0]);

$ylim ([0 18.5]);

%$axis square

grid on

subplot (2,2,4)

plot ( (time./1000), velocity, 'LineWidth', 0.5)
title('Velocity, Offset = —0.22','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1im ([0 4.0]);

$ylim ([0 18.5]);

%$axis square

grid on

cd(current_dir);
print(Plot_ex4_task3_offset022,'latex\fig\ex4—task3—022','—depsc')

%$0ffset = —0.25
cd('Exercise—4\task—3\Sin.T1.0 Offset_—0.25");
position_off025

sin_torque_off025

time_off025

torque_off025

velocity off025

Plot_ex4_task3.0ffset025 = figure('Position', [50 250 1024 5001]);
subplot (2,2,1)

plot ( (time./1000), position, 'LineWidth', 0.5)

title('Position, Offset = —0.25', 'FontSize',10)

xlabel ('Time [s]', 'FontSize',12)

yvlabel ('Position [rad]', 'FontSize',12)

x1im ([0 4.0]);

Sylim ([0 18.51);

%$axis square

grid on

subplot (2,2, 2)

33



plot ( (time./1000), sin_torque, 'LineWidth', 0.5)

title('Reference sinus torque, Offset = —0.25', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)

x1lim ([0 4.0]);

Sylim ([0 18.5]);

%$axis square

grid on

subplot (2, 2, 3)
plot ( (time./1000), torque, 'LineWidth', 0.5)

title('Torque, Offset = —0.25', 'FontSize',10)
xlabel ('Time [s]', '"FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)

x1lim ([0 4.0]);

$ylim ([0 18.51);

%$axis square

grid on

subplot (2,2, 4)
plot ( (time./1000), velocity, 'LineWidth', 0.5)

title('Velocity, Offset = —0.25', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 4.0]);

$ylim ([0 18.5]);

%$axis square

grid on

cd(current_dir);
print (Plot_ex4 _task3_ offset025, 'latex\fig\ex4—task3—025", '—depsc')

$0ffset = —0.28
cd('Exercise—4\task—3\sin,Tl.0,0ffset,—0.28');
position_off028

sin_torque_off028

time_off028

torque_of£f028

velocity_off028

Plot_ex4 _task3_offset028 = figure('Position', [50 250 1024 5001]);
subplot (2,2,1)

plot ( (time./1000), position, 'LineWidth', 0.5)

title('Position, Offset = —0.28', 'FontSize',10)

xlabel ('Time [s]', 'FontSize',12)

ylabel ('Position [rad]', 'FontSize',12)

x1lim ([0 4.0]);

$ylim ([0 18.5]);

%$axis square

grid on

subplot (2,2, 2)

plot ( (time./1000), sin_torque, 'LineWidth', 0.5)
title('Reference sinus torque, Offset = —0.28', 'FontSize',10)
xlabel ('Time [s]', 'FontSize',12)
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yvlabel ('Torque [mNm]', 'FontSize',12)
x1im ([0 4.0]);

Sylim ([0 18.51);

%$axis square

grid on

subplot (2, 2, 3)

plot ( (time./1000), torque, 'LineWidth', 0.5)
title('Torque, Offset = —0.28', 'FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

yvlabel ('Torque [mNm]', 'FontSize',12)

x1im ([0 4.0]);

$ylim ([0 18.5]);

%$axis square

grid on

subplot (2,2,4)

plot ( (time./1000), velocity, 'LineWidth', 0.5)
title('Velocity, Offset = —0.28','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 4.0]);

S$ylim ([0 18.51);

%$axis square

grid on

cd(current_dir);
print (Plot_ex4_task3_offset028, 'latex\fig\ex4—task3—-028", '—depsc")

% Exercise 4, Taskd4

period = 0.1
cd('Exercise—4\task—4\FilterpperiodO.1');
filt p01

filtb p01l

time_pO1

torque_p01

velocity_pO1l

t = time./1000;

o° o

Plot_ex4_task4_01 = figure('Position', [50 250 1024 4501]);
subplot (1,2,1)

plot( t, torque, 'b', 'LineWidth', 1)

title('Torque, period = 0.1','FontSize',10)

xlabel ('Time [s]', 'FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)

x1lim ([0 0.3]);

Sylim([—1.5 1.5]1);

axis square

grid on

subplot (1,2,2)
plot( t, wvelocity, t, filt, t, filtb, 'LineWidth', 1)

35



legend ('Velocity', 'Order 3', 'Order 3, Bessel');
title('Velocity, period = 0.1','FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 0.3]);

Sylim([—1.5 1.51);

axis square

grid on

cd(current_dir);
print (Plot_ex4_task4.01l, 'latex\fig\ex4—task4—01"', '—depsc')

$period = 0.4

cd ('Exercise—4\task—4\Filter period0.4"');
filt_p04

filtb_p04

time_p04

torque_p04

velocity_p04

t = time./1000;

Plot_ex4 _task4_04 = figure('Position', [50 250 1024 450]);
subplot (1,2,1)

plot( t, torque, 'b', 'LineWidth', 1)

title('Torque, period = 0.4','FontSize',10)

xlabel ('Time [s]', 'FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)

x1im ([0 1.0]);

Sylim([—1.5 1.5]);

axis square

grid on

subplot (1,2,2)

plot( t, velocity, t, filt, t, filtb, 'LineWidth', 1)
legend ('Velocity', 'Order 3', 'Order 3, Bessel');
title('Velocity, period = 0.4','FontSize',10)

xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 1.0]);

Sylim([—1.5 1.5]);

axis square

grid on

cd(current_dir);
print (Plot_ex4 _task4.04, 'latex\fig\ex4—task4—04', '—depsc')

o\

% Exercise 4, Task5

cd ('Exercise—4\task—5\Csuszo_periodl.0");
position_p01l

velocity p0O1l

time_p01
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t = time./1000;

Plot_ex4_task5 = figure('Position', [50 250 1024 4501]);
subplot (1,2,1)

plot( t, position, 'b', 'Linewidth', 1)
title('Position', '"FontSize',10)

xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Position [rad]', 'FontSize',12)

x1lim ([0 2.5]);

Sylim([—1.5 1.571);

axis square

grid on

subplot (1,2,2)

plot ( t, velocity, 'b', 'Linewidth', 1)
%$legend('Velocity', 'Order 3', 'Order 3, Bessel');
title('Velocity', 'FontSize',10)

xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Velocity [rad/s]','FontSize',12)

x1lim ([0 2.5]);

Sylim([—1.5 1.571);

axis square

grid on

cd(current_dir);
print (Plot.ex4_task5, 'latex\fig\ex4—task5', '—depsc')
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