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Describing Function
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Figure B.1. Rotating member with Coulomb friction

Because of Coulomb friction the effective accelerating or decelerating torque

7, is related to the appled torque 7, through the equation

T, = T, %F, (B.1)
where F, is defined as in Figure B.1. From Newton’s law of motion,

r, = F,+J8 for >0 (B.2)

r, =-F,+J0 for 0<0. (B.3)



T, = Msinwt . (B.5)

The corresponding steady-state wave forms are sketched in Figure B.2 and
B.3. The discontinuities of the 7, wave correspond to zeros of the § wave
because the frictional torque F, changes sign at those instants. H(t) passes

through zero at

wt=nma, n=0,1,2,, (B.6)
while
7, = F, at wi=qa.

It follows that
a = sin™I\ (B.7)
where

N=F, /M .



Figure B.2. Steady state wave forms with dead zones



Figure B.3. Steady state wave forms without dead zones



Case 1:With dead zones.a>f

As can be seen in Figure B.2, the following steady-state condition exists.

7+

[ (Msinwt-F, )d wt =0
(84

or

T+
[ (sin6-\)d §=0
o

Simplifying eq. (B.8),

= cos,é’ V1 -)\2
A

T 4«

(B.8)

(B.9)



Case 2:No dead zone.a<p

From Figure B.3,
T+6
[ (Msinwt -F, )d wt =0
g

or

[m+pB(sinb-X\)d 6=0
B

When eq. (B.10) is simplified,

B = cos7H(m\/2)

(B.10)

(B.11)



Case 1:With dead zones, A>X\, or a>f3

2m+ 3

+
_—,%f (sinwt —\)sin(wt )d (wt ) —|—l [ M (sinwt +X)sin(wt )d (wt ) (B.16)
(84

T T+o

=(M /[7)[m—(a—p)-sina(cosa+cosf)-cosf(sina+sinA)|

Similarly

b, = (M /7)(sina+sinfg)? (B.17)



Case 2:No dead zone, A<\, or a<pf

g T
a, = —TQFfM(sinwt +>\)sin(wt)d(wt)+-g- [ M (sinwt -X\)sin(wt )d (wt) (B.18)
—oy T 5

—M(1-2)2)

Similarly

by = 2MAV[(2/m)2-\2]  (B.19)



Then, the Describing Function, N, (M), is given by

1 )
Nyp (M) = ‘M"‘\/“ £ +b exp(j¢) (B.20)
where
b
¢ = tan‘l(-—l)

a,
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Limit Cycle Condition

Nonlinear
Block
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Controller Design

A=[ 0 Kp/N;0 -Kt*Kb/(R*Jm) ]
B=[0;Ka*Kt/(Jm*R)]

C=[1 O]

D=[0]

A6=[A [0 0;00];0001;1000];
B6=[B;0;0];
C6=[100000;000001];
D6=[0;0;0];
Q6=[0000;0000; 001000 0;0000];
R6=[1];
K6=Igr(A6,B6,06,R6)



Linear Block Nyquist Plot

A1=[0 Kp/N ;0 0]
B1=[0;1/(Jm)]
C1=[0 Kt*Kb/R 0 0]

A3=[A1 [0 0;00];0001;1 00 0];
B3=[B1;0;0]
C3=Ka*Kt*K6/R+C1

w=logspace(-1,3,500);
[re, im]=nyquist(A3,B3,C3,0,1,w);



Linear Block Nyquist Plot

load -ascii desf
plot(desf(:,1),desf(:,2),'--",re,im);
axis([-10 10 -10 10))
axis('square’)

xlabel('Real’);
ylabel('lmaginary');

grid

K6



Linear Block Nyquist Plot

Imaginary




Limit Cycle In Response
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Exercise 1
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Exercise 1

e Observe the limit cycle.

e Predict the frequency and amplitude of the
limit cycle from the intersection of Nyquist
plot and describing function curve. Compare
the predicted results with the experiments.

e Repeat the above experiment with the
different values of Q.(If you increase the
weights of x1 and x2, the influence of noise
will be increased due to the large gain of x2.
The weight of X3 must be nonzero.)
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Connect FTP before experiment
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¢ 166.104,225,49 - 510|HED|E
o) HIE BN 2O 3D SSTH
& @3 DB &

Welcome to the Windows CE Telnet Service on WindowsCE

Pocket CMD v 5.0
> _




Find project workspace file

-8 v clOl2cicH =2 v ERMHE v M 2O

Jr BAHE L
B C1e=c |, XBEDbg
B HIE =3 | Xa6Rel
= 22 #HA
__| Motar,cpp
- 2ieee| L Motor.rc
o 2M __| Motor,vcb
B o= || Motor. vcl
? ‘}::'—Ir | Motor,vco
- [H) Motor,vep
- ZEEH L Motorvew |
£, 23 023(C) £ motor_plot.m
ca EFLI23(0) __| newres.h

cy B OA3(E)

ca S OA23 (KD __ ReadMe,txt

| resource.h
€ UESY3 .| Stdafx.cpp
| Stdafx.h



Open Workspace from File menu

J ) New... Ctrl+N
= = Open,.. Ctrl+0
ﬂ Cloge

ﬂ Open Workspace,,,

waye Workspace
Close Workspace

Save Ctrl#5
save £s,,,
& Save All

Page Setup,.,
&9 Brint,.. Ctrl#P

Recent Files »
Recent Workspaces »

Exit

Jl File Edit View Insert Project Build Tools Window Help
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Open Workspace

B Microsoft eMbedded Visual C++
||Eile Edit View Insert Project Build Tools Window Help

[8@sad|sn8|=-c- [BES W A w
| | R ||[EEHTES
=l =l

2|
= ARD: [ Motor x| & ® ek -

) X86Dbg
Xa6Rel

o OIZ(N): [Motor, vew
OHY (T | Workspaces (.vcw:, dsw)




Press the execute button

B Motor - Microsoft eMbedded Visual C++ - [Motor.cpp]
||® Eile Edit View Insert Project Build Tools Window Help

|8 c@@ | a2 o [BER| S ]|
“[Glohalsl ;||(A|| global members || ¢ IntrThread A~
J]Motor ~|[pc2 ~|[Win32 (WCE x86) Release ~||pc2 Device
alx| {
(@ Workspace 'Motor': 1 project(s) N i
= Motor files 3
=<3 Source Files
[#] Motor.cpp
[#] Motor.rc Z/printf (“"Type Sampling Frequency and press ENTER: Wn");
[#) StdAfx.cpp //scanf("%d" ,&sf);
@[] Header Files sf=1000; .
(1 Resource Files printf(""Sampling Frequency = %d Hz W¥n",sf);
5] ReadMe.txt //timer_value=1006000/(sf=108);

(1 External Dependencies hintrThread=CreateThread(®,0, IntrThread,8,8,&IDThread);

if (hIntrThread==NULL)

{
printf(“[ERROR]:Failed to create IntrThreadiriin™);
return 0;

e
if (tCeSetThreadPriority(hIntrThread,200))
{

H

printf("CeSetThreadPriority - Failkn");

printf ("Would you like to save in a file? (y or n and press ENTER): Wn');
scanf("%s" ,&reply);

if (reply=="¥"' || reply=="y")

{

hFileSaveThread=CreateThread(0,08,FileSaveThread,0,0,&IDThread);

"= ClassView , Resourc... I E] FileView I_ |« |‘

:’:liThe eUC4Help System was updated successfully

|



Copy the command

B Motor - Microsoft eMbedded Visual C++ - [Motor.cppl
||® Eile Edit View Insert Project Build Tools Window Help

[ za@ s e oo [nEE | =[P
]] (Globals) ~|[(all global members ~|[ ¢ IntrThread -3~
J]Molor Z"pcz jIWin32 [WCE x86) Release ﬂlpcz Device
x| {
Workspace "Motor': 1 project(s) y breaks;
=-E Motor files y
=43 Source Files
~-¥] Motor.cpp
(] Motor.rc Z/printf (“Type Sampling Frequency and press ENTER: ¥#n™)
~[#] StdAfx.cpp //scanf("%d",&sf);
— Header Files 5F?1329-:-¢ 14 c YA U> MWt ~C)
_1Resource Files Manual Server - Action x|
[£] ReadMe.txt
1 External Dependencies ), &IDThread) ;
Please make sure the following files are on the device
' NDDWSEW‘ di
NDOWS¥ cemarc.exe
NDOWS W cetlstub.dl i

And launch CEMGRC.EXE with the following cmd line
ICEMGHE.EXE /T:TCPIPCDLL /Q /D:166.104.225.100:1094

(y or n and pi

o |

veThread, 9,0,

=] Class\!iew] Resourc... ]_[%]_ FileView r [« |

X[The eUC4Help System was updated successfully




Paste and Enter on the Hyperterminal

& 166.104.225.49 - 5l0lHEIO|2
LI(F) W&EE) B2V ZEB(C) Js(l ZSZH)
D &3 DB

Welcome to the Windows CE Telnet Serwvice on WindowsCE

PO et OWMDO o, L N
e INCL L2 L1 I ™ W v

#>| CEMGRC.EXE /T:TCPIPC.DLL /Q /D:166.104.225.48:1154

HZ 0:00:24  ANSIW TCP/AP




Then, press OK

& Motor - Microsoft eMbedded Visual C++ - [Motor.cppl

|| Eile Edit View Insert Project Build Tools Window Help

[elzue s we == [oEe|w =P
[(Globals) ~|[(all global members ~|[ ¢ IntrThread -3~ ]@ i e ®|
]Molor E"pcz jIWinElZ [WCE x86) Release ﬂlpcz Device E| | & @ |
x| {
Workspace "Motor': 1 project(s) y breaks;
=-E Motor files y
=43 Source Files
~-¥] Motor.cpp
(] Motor.rc //printf ("Type Sampling Frequency and press ENTER: Wn')
-[#] StdAfx.cpp //scanf("%d",&sF);
(1 Header Files sf=1000;
. neintClfM"Camnlina Cuennunncn — %d U-> W' ~C©
_1Resource Files Manual Server - Action x|
[£] ReadMe.txt
1 External Dependencies ), &IDThread) ;
Please make sure the following files are on the device
NDOWStcpipe.di
MBI = o o N
NDOWS W cetlstub.dll

And launch CEMGRC.EXE with the following cmd line
ICEMGHC.EXE /T:TCPIPCDLL /Q /D:166.104.225.100:1094

=
]3

X[The eUC4Help System was updated successfully

(y or n and pi

veThread, 9,0,

"= ClassView I Resourc... ]_[§=] FileView I- |4




& 166.104.225.49 - sl0jHE DI
OIZ(F) WEE) B2V EBC) Is(D =SEH)
D 3 DB

Welcome to the Windows CE Telnet Service on WindowsCE

Pocket CMD v 5.0

#> CEMGRC.EXE /T:TCPIPC.DLL /Q /D:166.104.225.48:1154
Turn ON the power supply of the motor control system
s the power ON? (v or n and press ENTER):

HZ 0:00:24  ANSIW TCP/IP




¢ 166.104.225.49 - slo|HE{O|S
OIMF) MIE) HIY) ZFHO Fs(D Z8SZH)
D& 3 DB &

Welcome to the Windows CE Telnet Service on WindowsCE

Pocket CMD v 5.0

#> CEMGRC.EXE /T:TCPIPC.DLL /@ /D:166.104.225.48:1154
Turn ON the power supply of the motor control system

ls the power ON? (v or n and press ENTER):

Y

Sampling Frequency = 1000 Hz

Interrupt Thread Initialize - Success

Would you like to save in a file? {y or n and press ENTER):

Y
Data Capture Started

Data Capture Finished

S 0:01:18  ANSIW  TCP/IP




Double click data file on remote

Fz Target - 166,104.225.49 - FileZilla

ODE) BEE) 2N B MHE S0I2E) S=22(H)
i-|[FEesesaky EXEA
| BAEM) | | AeR2w): | | e ) | | ze@: | |[(m==z@]H
28 227 Entering Passive Mode (166,104,225,49,4,6). A
D LST
2&h 125 Data connection aready open; transfer starting.
SEh 226 Closing data connection.
2 CIMEC 88 23| 843 b
23 AMIE: [C:W‘I\lonlinearLabWMotorW v |2IZE MIE: [l v
# () BallBeam3 A o/
#) Maglev
+ O NI
# | Program Files
® 1) RECYCLER
# () Rhapsody
(2 System Volume Information
= timer ¥
meg 37 I e HE >3 o 37| oI 8| HE >3 HEt o
|D.. O.I n
() Motor o 24 2015-05-20 2% .. [=) data 97910 mh 1988-01-01 2...
(= data 97,910 mH 2015-05-20 2%
% desf.mat 5900 MATLAB Data  2006-05-15 2% ...
“locus,m 843 MATLAB Code 2010-05-23 27 ..,
“Y motor_plot.m 210 MATLAB Code 2010-05-23 2F ...
<
4 IH 2 1 CIMEC. & 371: 104,863 HIOIE 1 0Hg, & 371: 97.910 HIO|E

MH/23 It sk | 2IRE mMe 37 2d.. S

ol m

/3 H2I: HIS?



Overwrite the file

Z Target - 166.104.225.49 - FileZilla

b |—/|'|P|-7" «|‘V|'3‘! AN EN
ﬁwEu O asmewx[ | mzwsw zee: | |[(m=2zo]Y

RETR data

125 Data connection already open; transfer starting.
226 Closing data connection.

O ®& 42,097,874 HINIEE 1 20 M

jdata CI22E A

 —
28 MOIE: |C:#NoninearL S —————
1 Motor

# () Program Fil] ({4 TH0| 010 EFHEELICK 2.
# () RECYCLER| E58 HH5HEAR,

# ) Rhapsody | &2 M
& System Vol| dsta O M TR0 L0171
o timer . 07,874 HIOIE O 3217 CHES S A1)
© timer2 =) 1sosoro1 0m 2oso0  OIAHTIZIALHHE0I B HAOS HOXIIQ)
i~ todav = O Az WHER)
o [H & mhe: O 0|2 H2II(N)
uj C:¥onlinearLab¥otorWdata O AHEIIS)
= Motor ~ 97,874 HIOIE
e El 20150520 2% 5:19:36 Oea 0l $3 A=)
Raesl.mat Ol 71 ZH2 M B(C)

#locus.m A
\ CHOF X
# motar_plot,m CICI22EHS H2@E)

4T ¥ 1 CIMEZ, £ 371 104,627 HIOIE

ANHI/Z2E I gHeF | g|ZE M 37
1 166,104,225,43
|| C#NonlinearLab¥Mot.. << /data 97.674

H&a &

M2 o (1) (T3 &0

Gomm {IZ:56KE  ee




MATLAB 7.11.0 (R2010b)

File Edit View Debug Desktop Window Help

S &m0 o &Y 2| @ CurentFolder:| C:#NonlinearLab#Motor v ®
© Shortcuts (2] How to Add (2] What's New
Current Folder “ 0 2 X Command Window M0 2 X| Worksps:
3 « Motor » v 0 & - @ Newto MATLAB? Watch this \§ = = =
7 B Editor - C:WNonlinearLabWMotor¥motor_plot.m
[ Name + :
Do en MATLAB desktop keyboard 'Elle Edit Text Go Cell Tools Debug Desktop Window ]-_Iﬁlp
) locus.m In addition, many keybof D H | ¥ MR 2 ¢ | 2D - Aesf | R-ARRBRE
H.ﬂdesf.mal across the desktop. BB -0 |+ =11 |x|&%|0,
= data
. 1 - lear
O Motor To customize keyboard sf » _ E”
restore previous defaulf 5 _ sf=1000;
4 — load data
Click here if you do nof 5 _ for j=1:8ssf
6 - x(i)=datali,1)/sf;
S > = y(i)=datali,2)+10/2048;
8- v2(i)=data(i,3)+10/2048;
9- lend
10
11 Zplot(x,y, - ,x,v2,":")
2= plot{x,y, -")
13 - axis([0 8 -0.5 1.5])
14
15
16 - grid on
motor_plot.m (MATLAE Script) v
plot(x.y, =".x.y2,""")
| script
 E—

I



MATLAB 7.11.0 (R2010b)
File Edit View Debug Desktop Window Help

S &m0 o & B | @ Current Folder:| C:#NonlinearLab#Motor
© Shortcuts (2] How to Add (2] What's New

Current Folder “ 0 2 X Command Window
) <« Motor » v O & - @ New to MATLAB? Watch this \daamase Decn e Cottie o S
- B Editor - C:¥#NonlinearLabWMotor¥#motor_
| Mame ~ ;
B motor_plotm MATLAB desktop kevboard _Ele F,dll Text Go Cell Tools ‘Deh_ug Desktop !
*) locus.m In addition, many keybo): =y \ tRR20o | o3 "“ =
EH desf,mat i : :
=) data ) Figure 1 EJ@@
§ ® () Motor File Edit View Insert Tools Desktop Window Help E
NEES K AXODEL-E(0E aD
10 : : : : ! E :
R R 11 E xR R
e S S
motor_plot.m (MATLAE Script) '
plot(x.y. =" x.y2,"1") | | | | | . |
05
0 1 2 3 4 5 (5] i 8




Magnetic Levitation



Magnetic Levitation System
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Dynamic Equation

-2

g |
mx:mg—k? m: ball mass
i —0.15U + | g. gravitational acceleration
= 0. ; |
v=p(x=X,) ¥ Sensor gain
X . ball position from the magnet
- mgX;
I Input current for magnet k = 0
2
V. Sensor output 5

u: voltage input for the current amplifier



State Equation
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Lyapunov Linearization

X, =0,X,=0,u=0

{A)’(l } - A{ AX,
AX, AX,
| of, of, |
A 0%, OX,
of, ©of,
| OX,  OX,

}+ BAU

X, =0,X,=0,u=0

0

%(0.15u T |§)2(%+ X)) 0

1




Lyapunov Linearization

h
L@
of,
L ou Jjx, =0,x,=0,u=0
_ 0 _ - -
=| 0.3yk (0.15u+1,) =1 0.3y¢9
Com (% /y+Xs)? |[% =0,%,=0,u=0 __ l, |
G(s) =~ 277 2 77:0.37/9
s? — l,
_ 1200 20

5% 852 D=4



Parameters

»=1000/3 V /m
g =9.8 m/sec’
|, =0.817 A

X, =23/1000 m
m = 21/1000 Kg



Lead Compensator
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Lead Compensator
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Lead Compensator
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Lead Compensator
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Input-Output Linearization

X

).(1i| |: fl(Xl X2 ) = ]/ ( . IO)2
X2 2(Xl,)(21u)| 7/9 (X1/7/+X )2
| m 0 _

~ 7k (0.15u + 1,)°
m (x/y+X,)’

X BRY

{&}_{W}

w =K, (ref —x)—-Kk,x,

(Vg —wmee 77+ X,)* 104) -1, )/0.15

W=79

u



Input-Output Linearization

Poles:-20+ J50
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Input-Output Linearization

Poles : -50,-50

1.5

T . b e, s SRR S e, T §

05k .......... .......... ........... ........... ........... .......... ......... i

0.5
0




e Lead compensator(il CHst HIHI|IE &

ot O
e MIJEX

Exercise 1

SES 2E0oAIL.

lead compensator0f| CHoH A,
Bode plot= 12| 1], step response’
simulation= /\'0” o4, phase margin

2t S0 HE AN Z2tAl=
LAl 2. E£ESF simulationdt A&
noll EAL.



Exercise 1

e Observe the step responses with lead
compensators.

e For the three lead compensators,
plot Bode plots and step response
simulations. Discuss how the phase
margins affects the transients of
responses. Also compare the step
response simulations with the
experiments.



Exercise 2

e Input-output linearization methodZE 0|&
ot MIIE =0UHA 24 TES 2306tH

A OIAI 2. Linear controller= closed -loop
poleO| Ct= it ?E*S state feedback

controller2 #&06IA|l 2.

Poles:-20+ j50
Poles : —50,-50



Exercise 2

e Implement the state feedback controller
using the input-output linearization
method. The closed-loop poles of the
linear state feedback controller are as
follows:

Poles: —-20+ j50
Poles : —50,-50
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IEEE Transactions on
Automatic Control, March 1992

Nonlinear Control Via Approximate Input-QOutput
Linearization: The Ball and Beam Example

John Hauser, Shankar Sastry, and Petar Kokotovic¢

Abstract—We study approximate input-output linearization of non-
linear systems which fail to have a well defined relative degree. For such
systems, we provide a method for constructing approximate systems that
are input-output linearizable. The analysis presented in this note is
motivated through its application to a common undergraduate control
laboratory experiment—the ball and beam system —where it is shown to

be more effective for trajectory tracking than the standard Jacobian
linearization.



Ball & Beam

Fig. 1. The ball and beam system.
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r=(Mr?+J+ Jb)é + 2Mri6 + MGr cos 6



State Equation

M
B= .
(;%Mj 7 =2Mrr + MGrcos8 + (Mr* + J + J,)u
EX I X2 | 0
X2 | _ | B(x,x} — Gsin x;) + 101,
X3 X4 0
R 0 | L1l
700 #(x)
Yy = X
——
h(x)

where x = (X, X5, X3, ;)7 = (r,7,6,0) and y = h(x) =r.



Input-Output Linearization

Y =Xy,

y:x2’

y = Bx,x7 — BG sin x,,

(3) - 2
Y= Bx,x; — BGx,cos x5 + 2Bx x, u.

-
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b(x) a{ x)

u=(-bx)+v/ax) ¥y =uv

eRelative degree is not well defined!



Input-State Linearization

e Integrability condition is not satisfied.

span{g,adfg,“',ad}‘zg} (2.5)

since [g, ad%g] = (2Bx, —2Bx, 0 0)" does not li¢ in (2.5). Here
ad}; g denotes the iterated Lie bracket [ f, - [f, g]--- 1. Thus,
it is not possible to fully linearize the ball and beam system.



Approximate Input-Output

Linearization: 1
Let £, = ¢,(x) = h(X).

él = X2

——

£2 - 62(x) £ =&,
. = —BGsin x; + Bx, x?2 :
2 _ 3 £, = &3 + ¥r(x)
. £3 = @3(x) v7(x) or é :E
¢, = —BGx, cos X, P
—_ — £4=b(x)+a(x)u
ta = 64(x) =: v(x, u).

£, = BGx} sin x; + (=BG cos x3)u

" "

b( x) a( x)

(3.2)



Approximate Input-Output

Linearization: 2
Let £| - (bl(x) = h(X)

£, = X2
~ .
£2 = d2(x) £, =&,
: . , :
£, = L—BG sin x5 + Bx,x‘,‘ £, = ¢,
£3 = ¢3(x) or &= &4+ ¥3(x, u)
: 5 -
£, = —BGx, cos X3 + Bxyxi + 2Bx,Xx,u £, = b(x) + a(x)u
. - IR —
By = da(x) ¥alx, 1) =: v(x,u).

£, = B*x,xi + B(1 — B)xjsin x; + (=BG cos x;3 + 2Bx,x,)u

—

—
S

b(x) a(x)

v =y (1) + a3(¥P(1) = ¢4(x)) + o (3,(2) = 85(x))

+ al(j’d(‘) - ¢2(x)) + ag(yq(t) - ¢1(x)) (3.1)
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Dynamic Equation

r r
Assume 0~0,0~0,sin0~0

LY., (1, ) : .
(m+—gjx+(—3j9—mx92 =mgsin &

I, )., 2 )
m+— |X=mgél, | . =—mR
(g Jemao =

X(s) _~ mg 9
| 2
(s) (m+rgjsz (1+£_2)|§2j82




Control System

Controller Motor Ball & Beam Ball Potentiometer

Y(s

R—»((S)+ | K(s) :Q > M(s) »  G(s) > K, Q
Kp <

Beam Potentiometer

M (s) M (0)

N/

1+K,M(s) 1+K,M(0)




Exercise

e Try with PD controller.

e Design and implement two different
lead compensator with K=1 and
phase margin=30—50 degrees.

e Compare experimental results with
simulations.
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D(s) = K(1+T,s)

20dB
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Output

IRl 71
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Ak M2 £ 4

- |D(JA'G’)|dB
D(s) = K —
als+1 20log,, - SRR
o |

max



Mab IS &

0= Z[ jjTTaHllj =tan (Tw)-tan" (aT o)
al -+

| —1| . | . Ormax = 1
0019 a)max_E Oglo?"' Ogloa_T ™ T

1
¢ =tan———tanJa

Ja

-« -« _1-sing,,,

™ 2 ™ 1t 1+sing



Ak M2 £ 4

20100, [KG (0, )H (j0p0,)] = ~0.5% 2010g,, —
04

ax

|D(jo)G(jo)H (jo)|,

1
T = h
Drnax \/E 0.5x20log,, (l/a)

0dB » o (rad / sec)

—180°




Ol Al 7=2

¢max =50° a=0.13

0.5x20l0g,, (1/ ) = 9dB

1 1

T = = =0.17
o ~Noa 16.74/0.13

D(s) = K Ts+1 100 0.17s+1

aTs+1 —  0.13(0.17s)+1



I Al 7=2
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Output

Ol Kl 7-2
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Time(sec)
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Convert to Digital Form

D(s):U(S) _K Ts+1
E(s) als+1
221y
D(Z):@:K Ts+1 _K T, z+1
E(2) aTs+1S:ng_j 2271 4
5 T, z+1

1
u(n) = o | K(T,+2T)e(n)+ K (T, - 2T )e(n—-1) +(2aT —T,)u(n-1) |
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