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1. Mérési feladatok

1.1. Moddszerek a PID szabalyoz6 paramétereinek megvalasztasahoz,

Ziegler- Nichols hangolas

A Ziegler-Nichols hangolas soran mért Au,

Tu paraméterek értéke:

Au=4.5
Tu = 0.058
Ap I TD
P 2.25 0 0
PI | 2.045 | 46.55 0
PID | 2.647 | 77.58 | 0.0163125

1. tablazat. Ziegler-Nichols hangol6 tablazat
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1. dbra. Ziegler-Nichols hangolas

// A mérés datuma és id¢pontja:
// IP Address (IPv4): 86.59.221.241

//Measurement length in milliseconds:

//The state variable names:

//1. time (given)
//2. position (given)
//3. wvelocity (given)
//4. torque (given)
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//5. ref
//6. error

//declarations:

double P = 4.5;

double ref_vel = 7;

double error_vel= 0;

/* sebesség szurd vdltozdk =*/

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

static float ztmp_1=0.0, ztmp_2=0.0;

/* sebesség szlrd paraméterei */

/* Tsample=le—3 and Tc=0.005 «/

float adll= 0.9989, adl2= 9.8248e—004, adl3= 4.0937e—007;
float ad2l= —3.2749, ad22= 0.9497, ad23= 7.3686e—004;
float ad3l= —5.8949e+003, ad32= —91.6978, ad33= 0.5076;
float bdl= 0.0011, bd2= 3.2749, bd3= 5.8949e+003;

//controller:

/* sebesség szurd */

ztmp_l=adllx z_l+adl2x z_2+adl3x z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_l+ad22x z_24+ad23% z_3 + bd2x ResultData.Velocity;
z_3=ad31lx z_1+ad32x z_2+ad33x z_3 + bd3x ResultData.Velocity;
z_ 1 = ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

//hibaszdmitds a sebesség szabdlyozdshoz

error_.vel=ref_vel— ResultData.Velocity;
ResultData.StateVariable 5 = ref_vel;

ResultData.StateVariable_6 = error_vel;

ResultData.Torque = Pxerror_vel;

if (ResultData.Torque > 5)

{

ResultData.Torque = 5;

}

if (ResultData.Torque < —5)

{

ResultData.Torque = —5;

}



1.2. P szabalyozd

Vizsgélja meg a P szabdlyozé miikodését 2 = 7 rad/s tengelysebesség mellett.
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2. dbra. P szabélyoz6 miikodése, {2 = 7 rad/s

// A mérés datuma és iddpontja: 2015. 05. 07. 21:46 CET
// IP Address (IPv4d): 86.59.221.241
//Measurement length in milliseconds: 1000
//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. ref

//6. error

//7. integral

//declarations:
double P_par = 2.25;
double I_par = 0.0
double ref vel = 7;

double error_vel;

static double error_vel_int=0.0;

double load = 2;

/* sebesség szurd vdltozdk =*/

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 és Tc=0.0027 */

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—007;
float ad2l= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;
float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;



//controller:
if (CurrentTime >= 0.4x1le3 && CurrentTime < 0.7%1e3)

{

load = 0.5;

}

/* Sebesség szurd */

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*x ResultData.Velocity;
z_1 ztmp-1;

z_2 = ztmp_-2;

ResultData.Velocity =z_1;

//Sebesség szabdlyozds hibaszamitdsa

error_vel=ref vel— ResultData.Velocity;

error_vel_int = error_vel_int + error_velx (CurrentTime —
0ldTime) /1000;

ResultData.StateVariable .5 = ref_vel;

ResultData.StateVariable_6 = error_vel;
ResultData.StateVariable. 7 = error_vel_int;

ResultData.Torque = P_parxerror_.vel + I_parxerror_vel_int — load;
if (ResultData.Torque > 5) { ResultData.Torque = 5; }

if (ResultData.Torque < —5) { ResultData.Torque = —5; }

1.3. P szabalyozé6 valtozd alapjellel

Az eléz6 feladat kibévitése, azzal a kiilonbséggel, hogy el6szor 2 = 4 rad/s t = 0 s-nal,
majd Q@ =7 rad/st = 0.2 s-ndl, Q@ = 3 rad/s t = 0.4 s-ndl, és végil Q) =7 rad/s t = 0.6
s-nal.
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3. abra. P szabdlyoz6 miikodése valtozé alapjellel



// A mérés datuma és id¢pontja: 2015. 05. 10. 19:01 CET
// IP Address (IPv4): 195.228.223.137

//Measurement length in milliseconds: 1000

//The state variable names:

//1. time (given)
//2. position (given)
//3. wvelocity (given)
//4. torque (given)
//5. ref

//6. error

//7. integral

//declarations:
double P_par =
double I_par =
double ref_vel =
double error_vel;
static double error_vel_int=0.0;

double load = 0;

/* sebesség szurd vadltozdi =*/

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 és Tc=0.0027 */

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—-007;
float ad21= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;
float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;

o N

//controller:
//Ugrdsok a referencia sebességben
if (CurrentTime > 0Oxle3 && CurrentTime < 0.2x1e3)

{

ref_vel = 4;

}

if (CurrentTime >= 0.2x1le3 && CurrentTime < 0.4x%1e3)
{

ref vel = 7;

}

if (CurrentTime >= 0.4x1le3 && CurrentTime < 0.6%1e3)
{

ref_vel = 3;

}

/* Velocity filter =/

ztmp_-l=adllx z_l+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.Velocity =z_1;

//sebesség szabdlyozds hibaszdmitdsa

error_.vel=ref vel— ResultData.Velocity;

error_vel_int = error_vel_int + error_velx (CurrentTime —
01dTime) /1000;

ResultData.StateVariable .5 = ref_vel;

ResultData.StateVariable_6 = error_vel;



ResultData.StateVariable.7 = error_vel_int;

ResultData.Torque = P_parxerror_vel + I_parxerror_.vel_int — load;
if (ResultData.Torque > 5) { ResultData.Torque = 5; }
if (ResultData.Torque < —5) { ResultData.Torque = —5; }

1.4. P szabalyozé terhelésradobassal

Vizsgalja meg a P szabdlyozo zavarérzéketlenségét.

A zavart ¢t = 0.5 s-ban adjuk a

rendszerre, mint negativ nyomatékot Tload = —0.5, amely kivonédik a szabalyozé altal
szamolt kimeneti fesziiltségbol.
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// A mérés datuma és id¢pontja:
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4. abra. P szabalyozo terhelésradobéssal

// IP Address (IPv4): 86.59.221.241

//Measurement length in milliseconds:

//The state variable names:

//1.
//2.
//3.
//4.
//5.
//6.

time (given)
position (given)
velocity (given)
torque (given)
ref

error

//declarations:

double P = 4.5;

double ref vel = 7;

double error_vel= 0;

/* sebesség szurd valtozdk 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;
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/* sebesség szlrd paraméterei */

/* Tsample=le—3 and Tc=0.005 */

float adll= 0.9989, adl2= 9.8248e—004, adl3= 4.0937e—007;
float ad2l= —3.2749, ad22= 0.9497, ad23= 7.3686e—004;
float ad3l= —5.8949e+003, ad32= —91.6978, ad33= 0.5076;
float bdl= 0.0011, bd2= 3.2749, bd3= 5.8949e+003;

//controller:

/* sebesség szurd */

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=ad31lx z_l+ad32+x z_2+ad33x z_3 + bd3x ResultData.Velocity;
z_.1 = ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

//hibaszdmitds a sebesség szabdlyozdshoz

error_vel=ref_vel— ResultData.Velocity;
ResultData.StateVariable .5 = ref_vel;

ResultData.StateVariable_6 = error_vel;

ResultData.Torque = Pxerror_vel;

if (ResultData.Torgque > 5)

{

ResultData.Torque = 5;

}

if (ResultData.Torque < —5)

{

ResultData.Torque = —5;

}



1.5. PI szabalyozo

Vizsgélja meg a PI szabalyozé miikodését €2 = 8 rad/s tengelysebesség mellett.
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5. abra. PI szabdlyozo, Q2 = 8 rad/s

// A mérés datuma és idépontija: 2015. 05.
// IP Address (IPv4d): 86.59.221.241
//Measurement length in milliseconds: 1000
//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. ref

//6. error

//7. integral

//declarations:

double P = 2.045;

double I = 46.55;

double ref_vel = 8;

double error_vel;

static double error_vel_int=0.0;
double load = 0;

/* sebesség szurd valtozdi =/

static float z_.1=0.0, z_2=0.0, z_3=0.0;
static float ztmp_-1=0.0, ztmp_2=0.0;
/* sebesség szlrd paraméterei */

/* Tsample=le—3 and Tc=0.007 */

07.

21:48 CET
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Time [s]

float adll= 0.9996, adl2= 9.9072e—-004, adl3= 4.3344e-007;
float ad2l= —1.2637, ad22= 0.9730, ad23= 8.0496e—-004;

float ad3l= —2.3468e+003, ad32= —50.5468,

ad33= 0.6280;

0.8




float bdl= 4.3671e—004, bd2= 1.2637, bd3= 2.3468e+003;

//controller:

/* Sebesség szurd */

ztmp_l=adll* z_l+adl2x z_2+adl3* z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_1+ad22x z_2+ad23%x z_3 + bd2+ ResultData.Velocity;
z_3=ad3lx z_l+ad32+x z_2+ad33x z_3 + bd3x ResultData.Velocity;
z_.1 = ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

//Sebesség szabdlyozd hibaszdmitdsa

error_vel=ref_vel— ResultData.Velocity;

error_vel_int = error_vel_int + error_velx (CurrentTime —
0ldTime) /1000.0;

ResultData.StateVariable 5 = ref_vel;

ResultData.StateVariable_6 = error_vel;
ResultData.StateVariable.7 = error_vel_int;
ResultData.StateVariable_8 = CurrentTime;
ResultData.Torque = Pxerror.vel + Ixerror_vel_int — load;

if (ResultData.Torque > 5)

{

ResultData.Torque = 5;

}

if (ResultData.Torque < —5)

{

ResultData.Torque = —5;

}



1.6. PI szabalyozé valtozé alapjellel

Legyen el6szor Q2 = 4 rad/s t = 0 s-ndl, majd Q = 7 rad/s t = 0.3 s-nél, és végiil 2 = 3

rad/s t = 0.6 s-nal.
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6. dbra. PI szabalyozo6 valtozo alapjellel

// A mérés datuma és id¢pontja: 2015. 05. 07. 22:03 CET
// IP Address (IPv4): 86.59.221.241
//Measurement length in milliseconds:
//The state variable names:

//1. time
//2. position
//3.
//4.
//5.
//6.

/77,

1200

(given)
(given)
velocity
torque
ref

(given)
(given)

error
integral

//declarations:
double P_par
double I_par
double ref _vel
double error_vel;

static double error_vel_int=0.0;

double load = 0;

/* sebesség szurd vdltozdk =*/

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 és Tc=0.0027 */

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—-007
float ad2l= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;

= 2;
50.0;
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float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;

//controller:
//Ugrds valtozdsok referencia sebességben
if (CurrentTime > 0Oxle3 && CurrentTime < 0.3x1le3)

{

ref_vel = 4;

}

if (CurrentTime >= 0.3x1le3 && CurrentTime < 0.6%1e3)

{

ref_vel = 7;

}

if (CurrentTime >= 0.6x1le3 && CurrentTime < 1.6%1e3)

{

ref_vel = 3;

}

/* Sebességszhrd =/

ztmp_l=adll* z_l+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_1+ad32+ z_2+ad33% z_3 + bd3x ResultData.Velocity;

z_.1 = ztmp_1;

z_2 = ztmp_-2;

ResultData.Velocity =z_1;

//Sebesség szabdlyozds hbaszamitdsa
error_vel=ref vel— ResultData.Velocity;

error_vel_int = error_vel_int + error_velx (CurrentTime —

0ldTime) /1000;
ResultData.StateVariable 5 = ref_vel;

ResultData.StateVariable_6 = error_vel;
ResultData.StateVariable_.7 = error_vel_int;
ResultData.Torque = P_parxerror_vel + I_parxerror_vel_int

if (ResultData.Torque > 5) { ResultData.Torque = 5; }

if (ResultData.Torque < —5) { ResultData.Torque = —5; }

11
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1.7. PI szabalyozo terhelésradobassal

Vizsgédlja meg a PI szabdlyozd zavarérzéketlenségét. A zavart t = 0.5 s-ban adjuk a
rendszerre, mint negativ nyomatékot Tload = —0.5, amely kivonédik a szabalyozo6 altal
szamolt kimeneti fesziiltségbdl.
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7. abra. PI szabdlyozo terhelésradobéassal

// A mérés datuma és id¢pontja: 2015. 05. 07. 22:21 CET
// IP Address (IPv4): 86.59.221.241
//Measurement length in milliseconds: 1600
//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. ref

//6. error

//7. integral

//declarations:

double P_par = 2.045;

double I_par = 46.55;

double ref_vel = 7;

double error_vel;

static double error_vel_int=0.0;

double load = 6.0;

/* sebesség szhrd valtozdi =/

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 és Tc=0.0027 =*/

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—007;

12



float ad2l= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;
float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;

//controller:

/* Sebesség szhird x/

ztmp_l=adll*x z_l+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=ad31l* z_l+ad32x z_2+ad33x z_3 + bd3x ResultData.Velocity;
z_1 ztmp_1;

z_ 2 = ztmp-2;

ResultData.Velocity =z_1;

if (CurrentTime > 0xle3 && CurrentTime < 0.3%1le3)

{

load = 2.0;

}

if (CurrentTime >= 0.3x1e3 && CurrentTime < 0.7x1e3)
{

load = 0.5;

}

if (CurrentTime >= 0.7x1le3 && CurrentTime < 1.6%1e3)
{

load = 2.0;

}

//Sebesség szabdlyozd hibaszamitdsa
error_vel=ref vel— ResultData.Velocity;

error_vel_int = error_vel_int + error_velx* (CurrentTime — 01ldTime) /1000.

ResultData.StateVariable 5 = ref_vel;

ResultData.StateVariable_6 = error_vel;
ResultData.StateVariable.7 = error_vel_int;

ResultData.Torque = P_parxerror_.vel + I_parxerror_vel_int — load;
if (ResultData.Torque > 5)

{

ResultData.Torque = 5;

}

if (ResultData.Torque < —5)

{

ResultData.Torque = —5;

}
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1.8. Anti windup PI szabalyozé6

A PI szabalyozé hibatolerancidja (marad6 hiba mentes PI szabédlyoz6) Szimulaljunk hibat,
amikor a motor megakad, vagy az elektromos egység meghibasodik és a nyomaték 0,
mikozben a PI szabalyozé miikodik. Az integrédl tag novekszik. A hiba utan az integrald
tag értékét le kell csokkenteni (a pozitiv hiba kozben integralé tag értéke nagyon megnove-
kedhet, amelyet egy negativ hibdval lehet csokkenteni).

15 : : : : 6
: : : a eset
4__1 b eset |
Cc eset
d eset
@ 10t c 2t
3 5
= S
2 g O A\/‘ L
E s 4
2 s5) gy
_4 L
0 : : : : -6 : : : :
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1
Time [s] Time [s]

8. dbra. PI szabalyozo6 hibatoleranciaja
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9. dbra. PI szabalyozo6 hibatoleranciaja, Integralas
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// A mérés datuma és id¢pontja: 2015. 05. 09. 23:23 CET
// IP Address (IPv4): 86.59.221.130
//Measurement length in milliseconds: 12000
//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. ref

//6. error

//7. integral

//declarations:

double P_par = 2;

double I_par = 50;

double ref_vel = 7;

double error_vel;

static double error_vel_int=0.0;

double load = 0;

/ %

// a esetben

double int_1lim = 100;

double Tf = —0.3%x1e3;

// b esetben

double int_lim = 100;

double Tf = 0.3%x1e3;

// c esetben

double int_l1lim = 0.9;

double Tf = 0.3x1e3;

// d esetben

double int_lim = 0.15;

double Tf = 0.3%x1e3;

*/

// kérem mésolja be az egyik par paramétert
double int_lim = 0.15;

double Tf = 0.3%x1e3;

/* sebesség szlrd valtozdi =/

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 és Tc=0.0027 */

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—007;
float ad2l= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;
float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;

//controller:

/% Sebesség szurd =/

ztmp_l=adll*x z_l+adl2x z_2+adl3* z_3 + bdlx ResultData.Velocity;
ztmp_2=ad2lx z_l1+ad22% z_2+ad23* z_3 + bd2x ResultData.Velocity;
z_3=ad3lx z_l+ad32x z_2+ad33% z_3 + bd3x ResultData.Velocity;
z_.1 = ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

//Sebesség szabdlyozd hibaszdmitdsa

error_vel=ref_ vel— ResultData.Velocity;
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error_vel_int = error_vel_int + error_velx (CurrentTime —
01dTime) /1000.0;

ResultData.StateVariable.5 = ref_vel;
ResultData.StateVariable_6 = error_vel;
ResultData.StateVariable. 7 = error_vel_int;

if (error_vel_int > int_lim)

{

error_vel_int = int_lim;
ResultData.Torque = P_parxerror_.vel + I_parxerror_vel_int — load;

if ( CurrentTime < Tf)

{

ResultData.Torque = 0.0;

}

if (ResultData.Torgque > 5)

{

ResultData.Torque = 5;

}

if (ResultData.Torque < —5)

{

ResultData.Torque = —5;

}

1.9. Idokésleltetett rendszer PI szabalyozasa

12
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10. abra. Idckésleltetett PI szabalyozo, Sebesség
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11. abra. Idokésleltetett PI szabalyoz6, Nyomaték
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12. abra. Idokésleltetett PI szabalyozo, Integralas

// A mérés datuma és id¢pontja: 2015. 05. 09. 23:30 CET
// IP Address (IPv4): 86.59.221.130

//Measurement length in milliseconds: 1000

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

//2. position (given)
//3. wvelocity (given)
//4. torque (given)
//5. ref

//6. error

//7. integral

//declarations:

double P_par = 0.85;

double I_par = 12.0;

double ref_vel = 7;

double error_vel;

static double error_vel_int=0.0;
double load = 0;

static float T_.1=0.0, T_2=0.0, T_3=0.0;
static float T_4=0.0, T_5=0.0, T_6=0.0;
static float T_.7=0.0, T_8=0.0, T_9=0.0;
/* 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;

/* Tsample=le—3 and Tc=0.0032 */

float adll 0.99591, adl2 = 0.00095987, adl3 = 3.652e—007;
float ad21l —11.3235, ad22 = 0.88778, ad23 = 0.00061567;
float ad31 = —19089.6748, ad32 = —193.6165, ad33 = 0.30752;
float bdl = 0.0040906, bd2 = 11.3235, 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_1+ad32+ z_2+ad33% z_3 + bd3*x ResultData.Velocity;
z_ 1 = ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

//Error calculation for velocity control
error_vel=ref vel— ResultData.Velocity;

error_vel_int = error_vel_int + error_velx (CurrentTime —
01dTime) /1000;

ResultData.StateVariable 5 = ref_vel;

ResultData.StateVariable_6 error_vel;
ResultData.StateVariable. 7 = error_vel_int;

ResultData.Torque = T_1;

T_1=T_2;

HHHAHAAaH434
|

O 0 J o0 WN
I

= P_parxerror_.vel + I _parxerror._.vel_int — load;

if (T.9 > 5) { T.9 = 5;

error_vel_int = error_vel_int — error_velx (CurrentTime —
01dTime) /1000; }
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if (T-9 < =5) { T_.9 = —5;
error_vel_int = error_vel_int — error_velx (CurrentTime —
OldTime)/lOOO;}

1.10. P és PI szabalyozé ugras fiiggvény pozicié referenciajel
valasza

Ehhez a teszthez a referencia tengely-poziciot 10 rad-ra allitjuk.

P=1,1=0 P=11=0
12 15 :
10f ] 10
= 8f o 5
8 3
S 6 > 0
= ‘S
S 3
a4t > -5
2 -10
0 ‘ : : : -15 ‘ : : ‘
0 1 2 3 4 5 0 1 2 3 4 5
Time [s] Time [s]

13. abra. P szabalyozo a referencia pozicié ugrasszerti valtozasara, P =1, 1 =0

P=05,1=0 P=05,1=0
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0 1 2 3 4 5 0 1 2 3 4 5
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14. abra. P szabalyozo a referencia pozicié ugrasszerii valtozasara, P = 0.5, [ =0
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P=05,1=0.3 P=0.5,1=0.3
15 T T 15 T
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.5 > 0
Z E
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0 : : : : -15 : : : -
0 1 2 3 4 5 0 1 2 3 4 5
Time [s] Time [s]

15. abra. P szabalyozd a referencia pozicio ugrasszert valtozasara, P = 0.5, [ = 0.3

// A mérés datuma és id¢pontja: 2015. 05. 09. 23:39 CET
// IP Address (IPv4): 86.59.221.130
//Measurement length in milliseconds: 5000
//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. ref

//6. error

//7. integral

//declarations:
double P_par =
double I_par =
double ref_pos
double error_pos;

static double error_pos_int=0.0;

double load = 0;

/* sebesség szurd valtozdi =/

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 és Tc=0.0027 =*/

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—-007;
float ad2l= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;
float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;

static double ini_.0 = 0;

static double ini_1 = —10;

14
14

10;

I o r

//controller:

20



if (ini-1 < 0)

{

ini_0 = ResultData.Position;

}

ini_ 1l = 5;

/* Velocity filter =/

ztmp_l=adllx

z_1l+adl2+ z_2+adl3x 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
ResultData
//Sebesség

ztmp-2;

.Velocity =z_1;
szabdlyozdé hibaszdmitdsa

error_pos=ref_pos— ResultData.Position + ini_0;
error_pos_int = error_pos_int + error_posx (CurrentTime —
01dTime) /1000.0;

ResultData
ResultData
ResultData
ResultData
ResultData

.StateVariable.5 = ref_pos;

.StateVariable 6 = error_pos;

.StateVariable 7 = error_pos_int;
.StateVariable_8 = ResultData.Position — ini_0;
.Torque = P_parxerror_pos + I_parxerror_pos._int

if (ResultData.Torque > 5)

{

ResultData

}

.Torque = 5;

if (ResultData.Torque < —5)

{

ResultData

}

.Torque = —5;

21
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1.11. Stick-slip jelenség

Viélassza meg a P és I paramétert tgy, hogy a motor ragadjon be a referencia pozicié
elott, és az integrator lenditse tul a hiban.

P=01,1=0.1
10 :
8
k=)
@©
=6
c
8
"U:" 4
o
a
2
0
0 5 10
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Time [s]

P=01,1=01
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Velocity [rad/s]

0 5 10
Time [s]

P=011=01

Integral

Time [s]

16. abra. Stick-slip jelenség, P = 0.1, [ = 0.1
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17. abra. Stick-slip jelenség, P = 0.15, I = 0.2

// A mérés datuma és id¢pontja: 2015.

// IP Address (IPv4): 86.59.221.130

//Measurement length in milliseconds:

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

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. ref

//6. error

//7. integral

//declarations:
double P_par =
double I_par

o o
=
~

~.

10000

23

05.

23:45 CET



double ref_pos = 5;

double error_pos;

static double error_pos_int=0.0;

double load = 0;

/* sebesség szhrd valtozdi =/

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 és Tc=0.0027 =*/

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—007;
float ad2l= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;
float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;
static double ini_0 = 0;

static double ini_1 = —10;

//controller:
if (ini_.1 < 0)

{

ini_0 = ResultData.Position;
ini_ 1l = 5;

/* Sebesség szhird x/

ztmp_-l=adllx z_l+adl2* 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_1l+ad32+ z_2+ad33% z_3 + bd3+x ResultData.Velocity;
z_1 ztmp_1;

z_ 2 = ztmp-2;

ResultData.Velocity =z_1;

//Sebesség szabdlyozd hibaszamitdsa

error_pos=ref_pos— CurrentPosition;

error_pos_int = error_pos_int + error_posx (CurrentTime —
01dTime) /1000.0;

ResultData.StateVariable.5 = ref_pos;

ResultData.StateVariable 6 = error_pos;
ResultData.StateVariable.7 = error_pos_int;
ResultData.Torque = P_parxerror_pos + I _parxerror_pos_int — load;

if (ResultData.Torgque > 5)

{

ResultData.Torque = 5;

}

if (ResultData.Torque < —5)

{

ResultData.Torque = —5;

}
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1.12. Pozicié szabalyozas bels6 sebesség szabalyozoval
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abra. Kaszkad szabdlyozas, Pozicid P,ys = 3, Pyer = 2.3, Iye = 50
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19. dbra. Kaszkad szabalyozas, Pp,s = 3, Py = 2.3, Ly = 50
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21. 4bra. Kaszkad szabdlyozas, P,,s = 1.5, Py = 2.3, I, = 50

// A mérés datuma és id¢pontja: 2015. 05. 10. 00:02 CET
// IP Address (IPv4): 86.59.221.130

//Measurement length in milliseconds: 5000

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

//2. position (given)
//3. wvelocity (given)
//4. torque (given)

//5. ref poz (vdlasztott)
//6. ref_vel (vdlasztott)
//7. err_pos (vdlasztott)
//8. err_vel (valasztott)
//9. int_vel (valasztott)
//10. poz (védlasztott)

//declarations:
double P_pos = 3;
double P_vel = 2.3;
double I_vel = 50;
double ref_pos = 10;
double ref_vel = 0;

double error_pos = 0;

double error_vel = 0;

static double error_vel_int = 0;
static double ini_0 = 0;

static double ini_1 = —10;

/* sebesség szabdlyozd valtozdi =/

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 Tsample=le—3 és Tc=0.0027 x/

float adll= 0.9936, adl2= 9.4621e—004, adl3= 3.4524e—-007;
float ad2l= — 17.5400, ad22= 0.8515, ad23= 5.6261e—004;
float ad3l= —2.8584e+004, ad32= —249.0676, ad33= 0.2264;
float bdl= 0.0064, bd2= 17.5400, bd3= 2.8584e+004;

//controller:
if (ini.1 < 0)

{

ini_0 = ResultData.Position;
ini_ 1l = 5;

/* Sebesség szhird x/

ztmp_l=adll* z_l+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.Velocity =z_1;

//Pozicid szabdlyozds hibaszédmitdsa

error_pos = ref_pos— ResultData.Position + ini_0;

// Sebesség szabdlyozds hibaszdmitédsa

ref_vel = error_posxP_pos;

error.vel = ref_vel — ResultData.Velocity;

error_vel_int = error_vel_int + error_velx (CurrentTime —
01dTime) /1000;

ResultData.StateVariable 5 = ref pos;

ResultData.StateVariable_6 ref_vel;

ResultData.StateVariable.7 error_pos;
ResultData.StateVariable_ 8 = error_vel;
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ResultData.StateVariable 9 = error_vel_int;
ResultData.StateVariable_ 10 = ResultData.Position — ini_0;
//Szabédlyozd

ResultData.Torque = P_velxerror_.vel + I_velxerror_vel_int;
if (ResultData.Torque > 5)

{

ResultData.Torque = 5;

}

if (ResultData.Torque < —5)

{

ResultData.Torque = —5;

}
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1.13. Cstiszé6mod szabalyozo

Tervezzen cstuszémadd szabalyozot a motor pozicidjahoz.
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22. dbra. A pozicié szabalyozd eredményei csiuszomddban
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Cslszémoéd szabalyozd
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23. abra. A pozici6 szabalyozd eredményei csiszomdédban, Hiba
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// A mérés datuma és idépontja: 2015. 05. 10. 00:15
// IP Address (IPv4): 86.59.221.130

//Measurement length in milliseconds: 12000

//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. sigma (vdlasztott)

//declarations:

float sigma;

float error;

float error_dot;

float ref=5.0;

float lambda=2;

static double ini_0 = 0;
static double ini_1 —10;

//controller:
if (ini_1 < 0)

{

ini_0 = ResultData.Position;
ini_ 1l = 5;

error=ref—ResultData.Positiont+ ini_0;
error.dot=— ResultData.Velocity;
sigma= error+ lambdaxerror_dot;
ResultData.StateVariable 5 = sigma;
if (sigma>0)

{ ResultData.Torque=0.1;

}

if (sigma<O)

{ ResultData.Torque =—0.1;

}

if (sigma=0)

{ ResultData.Torque=0;

}
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24. abra. Csiszémdd szabdlyozo sebesség szlir6vel (kotyogas)
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Cslszémod szabalyoz6, kotyogas
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25. dbra. Csuszomdéd szabdalyozé sebesség sziirével (kotyogés), Hiba
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26. abra. Csuszémdd szabdalyozé sebesség sziir6vel (nincs kotyogés)
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Cslisz6mo6d szabalyozo, nincs kotyogas
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Velocity error [rad/s]
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27. dbra. Csuszomod szabalyozé sebesség sziirével (nincs kotyogas), Hiba
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// A mérés datuma és id¢pontja: 2015. 05. 10. 00:28 CET
// IP Address (IPv4): 86.59.221.130

//Measurement length in milliseconds: 12000

//The state variable names:

//1. time (given)

//2. position (given)

//3. wvelocity (given)

//4. torque (given)

//5. sigma (vdlasztott)

//declarations:

float sigma;

float error;

float error_dot;

float ref=5.0;

float lambda=6;

/+ filter variablesx/

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

static float ztmp_1=0.0, ztmp_-2=0.0;

/+xomega_c=10 a modellezetlen dinamika nagy kotyogdst okoz =/
float Azdll= 1, Azdl2= 0.0010, Azdl3= 0.0000;

float Azd21= —0.0005, Azd22= 0.9999, Azd23= 0.0010;

float Azd31l= —0.9851, Azd32= —0.2960, Azd33= 0.9703;

float Bzdl= 0.0000, Bzd2= 0.0005, Bzd3= 0.9851;

/* omega_c=1/0.007 a modellezetlen dinamika nem okoz nagy kotyogdst
float Azdll= 0.9996, Azdl2= 9.9072e—004, Azdl3= 4.3344e—-007;
float Azd21= —1.2637, Azd22= 0.9730, Azd23= 8.0496e—004;
float Azd31l= —2.3468e+003, Azd32= —50.5468, Azd33= 0.6280;
float Bzdl= 4.3671e—004, Bzd2= 1.2637, Bzd3= 2.3468e+003;

*/

static double ini_0 = 0;

static double ini_1 = —10;

//controller:
if (ini_.1 < 0)

ini_0 = ResultData.Position;
ini. 1l = 5;

error=ref—ResultData.Position+ ini_0;

/* filter */

ztmp_1 = Azdllx z_1 +Azdl2+ z_2 +Azdl3x z_3 +
Bzdl+xResultData.Velocity ;

ztmp_2 = Azd21lx z_1 +Azd22x z_2 +Azd23% z_3 +
Bzd2+ResultData.Velocity ;

z_3 = Azd31lxz_1 +Azd32%z_2 +Azd33* z_3 + Bzd3xResultData.Velocity ;
z_.1 = ztmp_1;

z_2 = ztmp_2;

ResultData.Velocity =z_1;

error_dot=— z_1;

sigma=error+ lambdaxerror_dot;
ResultData.StateVariable 5 = sigma;

if (sigma>0)

{ ResultData.Torque=0.1;}

if (sigma<QO)
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{ ResultData.Torque =—0.

}
if (sigma=0)
{ ResultData.Torque=0;}

1;
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2. Melléklet
Abrak Matlab kédja

close all
clear all
current_dir = cd;

cd ('Exercise—5\Taskl—P—hangolas');

Time % t vector
Torque % torque vector
Velocity % velocity vector

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

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

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

x1im ([0 11);

Sylim([—1.5 1.5]);

axis square

grid on

subplot (1,2,2)

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

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

x1im ([0 11);

ylim([—=5.9 5.9]);

axis square

grid on

cd(current_dir);
print (Plot_Taskl, 'latex—meres2\fig\taskl', '—depsc')

%% Task2—P—ugras—valasz
cd('Exercise—S\TaskZ—P—ugras—valasz');
Time

[

% t vector
Torque % torque vector
Velocity % velocity vector

Plot_Task2 = figure('Position', [50 250 1024 450]);
subplot (1,2,1)

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

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

x1lim ([0 0.3]);

Sylim([—1.5 1.57);

axis square

grid on
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subplot (1,2,2)

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

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

x1lim ([0 0.3]);

ylim([—4.0 6.0]);

axis square

grid on

cd(current_dir);
print (Plot_Task2, 'latex-meres2\fig\task2', '—depsc')

%% Task3—P—valt—ref
cd('Exercise—5\Task3—P—valt—ref‘);

Time % t vector
Torque % torque vector
Velocity % velocity vector

Ref_signal ref vector

Plot_Task3 figure ('Position', [50 250 1024 4501);
subplot (1,2,1)

plot ( (time./1000), velocity, (time./1000), ref, 'LineWidth', 1)
legend('Velocity', "Ref signal');

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

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

x1im ([0 171);

$ylim ([0 101);

axis square

grid on

subplot (1,2,2)

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

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

x1im ([0 1]);

$ylim([—6.0 6.071);

axis square

grid on

cd(current_dir);

print (Plot_Task3, 'latex-meres2\fig\task3', '—depsc')

%% Task4—P—terheles—ugras
cd('ExercisefB\Task4fPfterhelesfugras');

Time % t vector

Torque % torque vector

Velocity % velocity vector

Plot_Task4 = figure('Position', [50 250 1024 450]);

subplot (1,2,1)
plot ( (time./1000), velocity, 'b', 'LineWidth', 1)
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xlabel
ylabel
$x1lim(
Sylim(

("Time [s]', 'FontSize',12)
('Velocity [rad/s]', 'FontSize',12)
[0 11);

[0 101);

axis square
grid on

subplot (1,2, 2)

plot (

xlabel
ylabel
gx1lim(

(time./1000), torque, 'b', 'LineWidth', 1)
("Time [s]', 'FontSize',12)

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

[0 11);

ylim([—4.0 6.0]);
axis square
grid on

cd(current_dir);
print (Plot_Task4, 'latex—meres2\fig\task4', '—depsc')

%% Taskb—PI—ugras—valasz

cd('Exercise—5\Task5—PI—ugras—valasz');

Time % t vector

Torque % torque vector

Velocity % velocity vector

Plot_Task5 = figure('Position', [50 250 1024 450]);

subplot (1,2,1)

plot (

xlabel
ylabel
$x1lim(
Sylim(

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

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

[0 11);

[0 10]);

axis square
grid on

subplot (1,2,2)

plot (

xlabel
ylabel
$x1im(

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

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

[0 11);

ylim([—4.0 6.0]);
axis square
grid on

cd(current_dir);
print (Plot_Task5, 'latex-meres2\fig\task5', '—depsc')

%% Task6—PI—valt—ref
cd('Exercise—5\Task6—PI—valt—ref');

Time
Torque

)

t vector

<
o
o

torque vector
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Velocity
Ref_signal

velocity vector
ref vector

Plot_Task6 = figure('Position', [50 250 1024 450]);

subplot (1,2,1)

plot ( (time./1000), velocity, (time./1000), ref, 'LineWidth', 1)
legend ('Velocity', 'Ref signal');

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

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

x1im ([0 11);

ylim ([0 10]);

axis square

grid on

subplot (1,2,2)

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

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

x1im ([0 171);

ylim([—6.0 6.0]);

axis square

grid on

cd(current_dir);
print (Plot_Task6, 'latex—meres2\fig\task6', '—depsc')

%% Task7—PI—terheles—ugras
cd ('Exercise—5\Task7—PI—terheles—ugras');

Time % t vector
Torque % torque vector
Velocity % velocity vector

Plot_Task7 = figure('Position', [50 250 1024 450]);
subplot (1,2,1)

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

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

x1im ([0 171);

$ylim ([0 101);

axis square

grid on

subplot (1,2,2)

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

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

x1im ([0 1]);

ylim([—4.0 6.0]);

axis square

grid on

cd(current_dir);
print (Plot_Task7, 'latex-meres2\fig\task7', '—depsc')
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%% Task8—PI—hibatoleracio
cd('Exercisef5\Task8fPI*hibatoleracio');

Time % t vector
Torque_a

torque_a = torque;
Torque_b

torque_b = torque;
Torque_c

torque_c = torque;
Torque_d

torque_d = torque;

Velocity.a
velocity.a = velocity;
Velocity.b
velocity b = velocity;
Velocity_c
velocity.c = velocity;
Velocity.-d
velocity.d = velocity;

Int_a
integral_a = integral;
Int_b
integral_b = integral;
Int_c
integral_c = integral;
Int_d
integral_.d = integral;

Plot_Task8 = figure('Position', [50 250 1024 450]);
subplot (1,2,1)

plot ( (time./1000), velocity.a, (time./1000),
legend('a eset','b eset','c eset','d eset');
xlabel ('Time [s]', 'FontSize',12)

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

x1im ([0 171);

ylim ([0 15]);

axis square

grid on

velocity. b,

subplot (1, 2,2)

plot ( (time./1000), torque_a, (time./1000),
legend('a eset','b eset','c eset','d eset');
xlabel ('Time [s]', 'FontSize',12)

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

x1im ([0 17);

ylim([—6.0 6.0]);

axis square

grid on

torque_b,
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Plot_Integral = figure;

plot ( (time./1000), integral_.a, (time./1000), integral._b, (time./1000),
legend('a eset','b eset','c eset','d eset');

$title ('PCI 1784 szamldld haszndlata', 'FontSize',10)

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

ylabel ('Integral', '"FontSize',12)

x1im ([0 1.0]);

$ylim([—1.5 1.5]);

axis square

grid on

cd(current_dir);
print (Plot_Task8, 'latex—meres2\fig\task8', '—depsc"')
print (Plot_Integral, 'latex—meres2\fig\task8 Integral', '—depsc')

%% Task9—PI-—kesleltetett
cd('Exercise—5\Task9—PI—kesleltetett');
Time

Torque

Velocity

Int

Plot Velocity = figure;

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

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

x1lim ([0 1.07);

$ylim([—1.5 1.5]);

axis square

grid on

Plot_Torque = figure;

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

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

x1lim ([0 1.0]);

ylim([—4.0 6.0]);

axis square

grid on

Plot_-Integral = figure;

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

ylabel ('Integral', '"FontSize',12)

x1lim ([0 1.0]);

$ylim([—1.5 1.5]);

axis square

grid on

cd(current_dir);

print (Plot Velocity, 'latex—meres2\fig\task9 velocity', '—depsc')
print (Plot_Torque, 'latex—meres2\fig\task9_torque', '—depsc')
print (Plot_Integral, 'latex—meres2\fig\task9_ integral', '—depsc')
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%% Taskl0—P—PI
cd('Exercise—5\Task10—P—PI");
Time % t vector
Pos_P1_1I0

Velocity P1_1I0

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

plot ( (time./1000), position, 'b', 'LineWidth',
title('P = 1, I = 0','FontSize',10)

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

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

x1lim ([0 5]);

Sylim ([0 10]);

axis square

grid on

subplot (1,2,2)

plot ( (time./1000), velocity, 'b', 'Linewidth',
title('P = 1, I = 0','FontSize',10)

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

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

x1lim ([0 5]);

Sylim([—4.0 6.01);

axis square

grid on

Pos_P05_I0
Velocity_ P05_I0

Plot.b = figure('Position', [50 250 1024 450]);
subplot (1,2,1)

plot ( (time./1000), position, 'b', 'Linewidth',
title('P = 0.5, I = 0','FontSize',10)

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

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

x1lim ([0 5]);

$ylim ([0 107);

axis square

grid on

subplot (1,2,2)

plot ( (time./1000), velocity, 'b', 'Linewidth',
title('P = 0.5, I = 0','FontSize',10)

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

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

x1im ([0 571);

Sylim([—4.0 6.01);

axis square

grid on
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Pos_P05.I03
Velocity P05.I03

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

plot ( (time./1000), position, 'b', 'LineWidth', 1)
title('P = 0.5, I = 0.3','FontSize',10)

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

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

x1im ([0 5]);

Sylim ([0 101]);

axis square

grid on

subplot (1,2,2)

plot ( (time./1000), velocity, 'b', 'Linewidth', 1)
title('P = 0.5, I = 0.3','FontSize',10)

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

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

x1lim ([0 5]);

Sylim([—4.0 6.01);

axis square

grid on

cd(current_dir);

print (Plot.a, 'latex—meres2\fig\taskl0.P1.I0"', '—depsc"')
print (Plot.b, 'latex—meres2\fig\taskl0.P05.I0', '—depsc")
print(Plot_c,'latex—meresZ\fig\tasklO,POS,IO3','—depsc')

%% Taskll—Stick—slip
cd('Exercise—5\Taskll—Stick—slip');
Time % t vector

Pos_ P01_.I01

Torque_P01_I01

Velocity-P01_I01

Int_PO01_I01

Plot.a = figure('Position', [0 0 1200 1024]);
subplot (2,2,1)

plot ( (time./1000), position, 'b', 'Linewidth', 1)
title('P = 0.1, T = 0.1", '"FontSize',10)

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

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

x1lim ([0 1071);

$ylim ([0 1017);

axis square

grid on

subplot (2,2,2)

plot ( (time./1000), velocity, 'b', 'Linewidth', 1)
title('P = 0.1, I = 0.1"','FontSize',10)

xlabel ('Time [s]', 'FontSize',12)
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ylabel ('Velocity [rad/s]','FontSize',12)
x1lim ([0 101);

$ylim([—4.0 6.071);

axis square

grid on

subplot (2, 2, 3)

plot ( (time./1000), torque, 'b', 'LineWidth', 1)
title('P = 0.1, I = 0.1','FontSize',10)

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

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

x1im ([0 1071);

$ylim([—4.0 6.01);

axis square

grid on

subplot (2,2,4)

plot ( (time./1000), integral, 'b', 'LineWidth', 1)
title('P = 0.1, I = 0.1','FontSize',10)

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

ylabel ('Integral', 'FontSize',12)

x1lim ([0 1071);

$ylim([—4.0 6.0]);

axis square

grid on

Pos_P015.1I02
Torque_P015.I02
Velocity_P015.I02
Int_ P015.I02

Plot.b = figure('Position', [0 0 1200 1024]);
subplot (2,2,1)

plot ( (time./1000), position, 'b', 'LineWidth', 1)
title('P = 0.15, I = 0.2','FontSize',10)

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

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

x1im ([0 1071);

Sylim ([0 107);

axis square

grid on

subplot (2,2,2)

plot ( (time./1000), velocity, 'b', 'LineWidth', 1)
title('P = 0.15, I = 0.2','FontSize',10)

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

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

x1lim ([0 1071);

$ylim([—4.0 6.071);

axis square

grid on

subplot (2, 2, 3)
plot ( (time./1000), torque, 'b', 'LineWidth', 1)
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title('P = 0.15, I = 0.2",'FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

ylabel ('Torque [mNm]', 'FontSize',12)
x1lim ([0 1071);

$ylim([—4.0 6.0]);

axis square

grid on

subplot (2,2, 4)

plot ( (time./1000), integral, 'b', 'Linewidth', 1)
title('P = 0.15, I = 0.2','FontSize',10)

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

ylabel ("Integral', '"FontSize',12)

x1im ([0 107);

Sylim([—4.0 6.07);

axis square

grid on

cd(current_dir);
print (Plot_a, 'latex—meres2\fig\taskl1l P01_I01"', '—depsc')
print (Plot.b, 'latex—meres2\fig\taskl1 P015.102"', '—depsc')

%% Taskl2—Poz—belsoseb—szab
cd('Exercisef5\Task127Poszelsosebfszab');
Time

Pos_Ppos3_Pvel23_Ivel50
Torque_Ppos3_Pvel23_Ivelb0
Velocity_Ppos3_Pvel23_Ivel50

Plot_positionA = figure;
plot ( (time./1000), position, 'b', 'LineWidth', 1)

title('P_{pos} = 3, P_{vel} = 2.3, I_{vel} = 50','FontSize', 10)

xlabel ('Time [s]', 'FontSize',12)
ylabel ('Position [rad]', 'FontSize',12)
x1lim ([0 5]);

Sylim([—1.5 1.571);

axis square

grid on

Plot_Taskl2A = figure('Position', [50 250 1024 450]);
subplot (1,2,1)

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

)
title('P_{pos} = 3, P_{vel} = 2.3, I_{vel} = 50','FontSize', 10)

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

ylabel ('Velocity [rad/s]','FontSize',12)
x1lim ([0 5]);

ylim([—10 15]);

axis square

grid on

subplot (1,2,2)
plot ( (time./1000), torque, 'b', 'LineWidth', 1)
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title('P_{pos} = 3, P_{vel} = 2.3, I_{vel} = 50','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

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

x1lim ([0 5]);

ylim([—6.0 6.0]);

axis square

grid on

Pos_Pposl5_Pvel23_Ivel50
Torque_Pposl5_Pvel23_Ivelb0
Velocity Pposl5 Pvel23_Ivel50

Plot_positionB = figure;

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

title('P_{pos} = 1.5, P_{vel} = 2.3, I_{vel} = 50','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

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

x1im ([0 57);

$ylim([—1.5 1.5]);

axis square

grid on

Plot_Taskl2B = figure('Position', [50 250 1024 450]);

subplot (1,2,1)

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

title('P_{pos} = 1.5, P_{vel} = 2.3, I_{vel} = 50','FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

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

x1im ([0 57);

ylim([—10 157);

axis square

grid on

subplot (1,2,2)

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

title('P_{pos} = 1.5, P_{vel} = 2.3, I_{vel} = 50','FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

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

x1im ([0 571);

ylim([—6.0 6.0]);

axis square

grid on

cd(current_dir) ;

print (Plot_positionA, 'latex—meres2\fig\taskl2 posA', '—depsc')
print (Plot_Taskl2A, 'latex—meres2\fig\taskl2 vtA', '—depsc')
print (Plot_positionB, 'latex—meres2\fig\taskl2 posB', '—depsc')
print (Plot_Taskl2B, 'latex—meres2\fig\taskl2 vtB', '—depsc')

%% Taskl3—Csuszomod
cd('Exercise—5\Task1l3—Csuszomod\Csuszomod—1") ;
Time

48



Pos
Velocity
Torque
Sigma

Plot_.a = figure('Position', [0 0 1200 1024]);
subplot (2,2,1)

plot ( (time./1000), position, 'b', 'LinewWidth', 1)
title('Csuszdémdd szabdlyozd', 'FontSize',10)

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

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

x1im ([0 1071);

Sylim ([0 101);

axis square

grid on

subplot (2,2,2)

plot ( (time./1000), wvelocity, 'b', 'LinewWidth', 1)
title('Csuszdémdd szabdlyozd', 'FontSize',10)

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

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

x1lim ([0 1071);

$ylim([—4.0 6.01);

axis square

grid on

subplot (2, 2, 3)

plot ( (time./1000), torque, 'b', 'LineWidth', 1)
title('Csuszdémdd szabalyozd', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

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

x1lim ([0 1071);

Sylim([—4.0 6.01);

axis square

grid on

subplot (2,2, 4)

plot ( (time./1000), sigma, 'b', 'LineWidth', 1)
title('Csuszdémdéd szabalyozd', 'FontSize',10)
xlabel ('Time [s]', '"FontSize',12)

ylabel ('Sigma', 'FontSize',12)

x1lim ([0 1071);

Sylim([—4.0 6.01);

axis square

grid on

Plot_ErrorA = figure;

plot ( 5—position, —velocity, 'b', 'LinewWidth', 1)
title('Csuszdémdd szabalyozd', 'FontSize',10)
xlabel ('Position error [rad]','FontSize',12);
ylabel ('Velocity error [rad/s]','FontSize',12);
x1lim ([0 5]);

$ylim([—4.0 6.0]);

axis square

grid on
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cd(current_dir);
print (Plot.a, 'latex—meres2\fig\taskl3_csuszl', '—depsc')
print (Plot ErrorA, 'latex—meres2\fig\taskl3 csuszl Error', '—depsc')

cd('Exercise—S\Task13—Csuszomod\Csuszomod—Z—kotyog');
Time

Pos

Velocity

Torque

Sigma

Plot _Kotyog = figure('Position', [0 O 1200 102417);
subplot (2,2,1)

plot ( (time./1000), position, 'b', 'Linewidth', 1)
title('Csuszdémdéd szabalyozd, kotyogds', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

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

x1lim ([0 1271);

Sylim ([0 10]);

axis square

grid on

subplot (2,2,2)

plot ( (time./1000), velocity, 'b', 'Linewidth', 1)
title('Csuszdémdéd szabalyozd, kotyogds', 'FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

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

x1lim ([0 121);

$ylim([—4.0 6.01);

axis square

grid on

subplot (2,2, 3)

plot ( (time./1000), torque, 'b', 'LineWidth', 1)
title('Csuszdémdd szabalyozd, kotyogds', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

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

x1im ([0 1271);

Sylim([—4.0 6.07);

axis square

grid on

subplot (2,2,4)

plot ( (time./1000), sigma, 'b', 'LineWidth', 1)
title('Csuszdémdéd szabdlyozd, kotyogas', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

ylabel ('"Sigma', 'FontSize',12)

x1im ([0 127);

$ylim([—4.0 6.0]);

axis square

grid on
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Plot_Koty_Error = figure;

plot ( 5—position, —velocity, 'b', 'LinewWidth', 1)
title('Csuszdémdd szabdlyozd, kotyogds', 'FontSize',10)
xlabel ('Position error [rad]', 'FontSize',12);

ylabel ('Velocity error [rad/s]','FontSize',b12);

x1lim ([0 5]);

$ylim([—4.0 6.071);

axis square

grid on

cd(current_dir);
print (Plot_Kotyog, 'latex—meres2\fig\taskl3_csusz2_ koty', '—depsc')
print(Plot_Koty_Error,'latex—meresZ\fig\task13,csu522,koty,Error','—depsc')

cd('Exercise—5\Taskl3—Csuszomod\Csuszomod—Z—nincs—kotyog');
Time

Pos

Velocity

Torque

Sigma

Plot NKotyog = figure('Position', [0 0 1200 10241]);

subplot (2,2,1)

plot ( (time./1000), position, 'b', 'LineWidth', 1)
title('Csuszdémdd szabdlyozd, nincs kotyogds', 'FontSize', 10)
xlabel ('Time [s]', 'FontSize',12)

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

x1im ([0 127);

Sylim ([0 101]);

axis square

grid on

subplot (2,2,2)

plot ( (time./1000), velocity, 'b', 'LineWidth', 1)
title('Csuszdémdd szabdlyozd, nincs kotyogds', 'FontSize',10)
xlabel ('Time [s]', 'FontSize',12)

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

x1lim ([0 127);

$ylim([—4.0 6.0]);

axis square

grid on

subplot (2, 2, 3)

plot ( (time./1000), torque, 'b', 'LineWidth', 1)
title('Csuszdémdd szabdlyozd, nincs kotyogds', 'FontSize', 10)
xlabel ('Time [s]', 'FontSize',12)

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

x1lim ([0 12]);

$ylim([—4.0 6.0]);

axis square

grid on

subplot (2,2,4)
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plot ( (time./1000), sigma, 'b', 'LineWidth', 1)
title('Csuszdémdd szabdlyozd, nincs kotyogéds', 'FontSize',10)
xlabel ('"Time [s]', 'FontSize',12)

ylabel ('Sigma', 'FontSize',12)

x1lim ([0 1271);

Sylim([—4.0 6.01);

axis square

grid on

Plot NKoty_Error = figure;

plot ( 5—position, —velocity, 'b', 'Linewidth', 1)
title('Csuszdémdd szabalyozd, nincs kotyogés', 'FontSize',10)
xlabel ('Position error [rad]', 'FontSize',12);

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

x1lim ([0 5]);

$ylim([—4.0 6.01);

axis square

grid on

cd(current_dir);

print (Plot NKotyog, 'latex—meres2\fig\taskl3 csusz2 Nkoty', '—depsc')
print (Plot_NKoty. Error, 'latex—meres2\fig\taskl3_csusz2 Nkoty Error', '—depsc')

52



