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Step Response
T

»» g=tf('s'): ’ System: Gl
Peak amplitude: 1.16

== G=1/s3/ (5+1) Overshoot (%): 16.3
At time (sec): 3.6

Transfer function: ///f’\\\\\\\

F—
System: Gel
Settling Time (sec): 8.08

»» Gol=feedback(G,1)

Amplitude

Transfer function:
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D(s)
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C(s)=kp(1+T—+Tds)
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_ kp(TdeS +Ts+1
T.s
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G(s)=——
s(s+1)
K, (T,T,s* +T;s+1)
Ts’(s+1)
ImgsG(s)C(s) 0

= G(s)C(s) =
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syms =
G=1/s8/(3+1):
Gel=G/ (G+1) ;

33plant transfer function
5%

C=Gcl/s: 55
5%
t]

rl
close loop transfer function
tep response in Laplace domain

Ct=ilaplace (C):

ste
step response in time domain
|

prettyisimplifvy(C

/
1 - expl| -

di=diff (Ct,2): 2th difference of
ezplot(d2, [0 107 plot 2th differenc
line ([0 107,[0 O7)
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dl=diffict) : 53first difference of Cit)
slope=subs(dl,1.209); %3slope of curve in t=sol
yO=subs (Ct,1.209); %% walus of curve in t=sol
S¥Yms ©

v=slope® (t-1.209) +v0; 33Tangent line at inflection point
ezplotiv, [0 1071 %3

hold on;

ezplot(Ct, [0 107 %%plot of step response

line ([0 10],[0O O]}

plot of tangent line

X 03787 //f

Y. 0
A

/




PAsd o dmls py e T 5L sl
L=.3787s

T =2.209-.3787 =1.8303
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G, (s) = 4.3498(1+ ————
1.2623
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Step Response

=» clear =

»» g=tf({'s'):

=> Go=4.3408% (14+1/1.2623/5) ;
== G=1/s/ (3+1);

>> Gel=feedback(Ge*G,1) 2k A A A A A
. /\/\V/\V/\V/\
Transfer function: v v V
4.35 5 + 3.44¢& “l

"3 + 572 + 4.35 5 + 3.44¢&
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s step(Gcl]
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=» sisotool (G, Go)
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k =127 2121839 _5 7997

L 3787
T. =2L=2(.3787) =.7574

T, =.5L=.1893
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G.(s) = 5.7997(L+ ——— +.1893 s)
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Step Response
T

System: untitled1
Peak amplitude: 1.63
Overshoot (%): 62.9
At time (sec): 1.27
System: untitled1
/\ Settling Time (sec): 13

= =

Amplitude

1
10

Time (sec)
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Root Locus Editor for Open Loop 1 (OL1)
T T T T

Imag Axis

Real Axis
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=» Go=5.7887% (1+1/.7574/=+.1893*%3) ;
=» sisotool (G, Go)
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E Control and Estimation Tools Manager
File  Edit Help
=" B
- Workspace Architecture | Compensator Editor | Graphical Tuning | Anslysis Plots | Automated Tuning
) #) SISO Design Task

& Design History
1] Design

Current Architecture:

E Simulink Control Design

55

-lfj The current design has been stored in the Design Histary falder as the node Design.

Show Architecture H Store Design ][ Help ]

SISO Design Task Node,

E Contrel and Estimation Tools Manager

[E=5( o8 (5]
File Edit  Help

. Workspace Architecture | Compensator Editor | Graphical Tuning | Analysis Plots| Automated Tuning
=] SIS0 Design Task .

Design method: | Optimization Based Tuning -
] Design Optimization Based Tuning

You can use optimization-based tuning to create an initial compensator design or to refine the current
compensator design:

Graphically specify design requirements for your system by paesitioning bounds on design or analysis plots
such as Bode, Michols, or Step Response. Then, use aptimization-based methods to automatically tune

compensator elements to satisfy the design requirements. Compensator elements that are tunable via
optimization-based tuning include gains, poles, and zeros.

Requires the Simulink Design Optimization product.

Optimize Compensators..

Show Architecture ]l Store Design |[ Help ]

SIS0 Design Task Node.
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File
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Edit  Help

E Centrol and Estimation Tools Manager

41 Warkspace
£1-45] SISO Design Task
g Design Histary
Design
%] Response Optimizatior

.(\'LPLJ)gVTAJ &

Overview | Compensators| Design requirements Opt\mization|

Select design requirements to satisfy

Opti.. Response plot Design requirement

Inttial value:

Step time:

A\ New Design Requirement
Design requirement type: .StEp response bounds |
Requirement for response! | Closed Loap - From rta y

Design requirement parameters

== Es

Rise time:

Settling time:

Final value:

% Owershoot:

Rise time:

Settling time:

% Overshoot:

oa9oon| % Rise:
% Settling:

160000 % Undershoot:

0.9000| % Rise: 0

1| % Setfling: 2

16| % Undershoot q ht click on 2 plot 10 add a new design requirement

[ Show Plots l [ Add new design requirement...

]

Cancel Helg

[ Start Optimization ” Help ]

Response Optimization
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Edit  Help

E Control and Estimatien Tools Manager
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[ Workspace
-4 SISO Design Task

Design Histary

" *'] Response Optimizatior

Overview| Compensators | Design requirementsl Optimizationl

Select compensator elements to optimize

[T] Opti...
[l

Compensator elements [ value [nitial gu...] Minimum| Masimum | Typical ...

C

7.6574
-2.6842
-2.5984

7.6574
-2.6842
-2.5984

-Inf
-Inf
-Inf
-Inf

Gain

Real Zero

Real Zera

Real Pale (Integrator)

Inf
Inf
Inf
Inf

7.6574
-2.6842
-2.5984

(] = =

F

Gain 1 1 -Inf

nf | 1

Use Value as Initial Guess

Start Optimization ” Help I

Response Optimization
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Step Responze

System: Closed Loop rioy
12 rtoy

e P2 ATplitLICE: 103 Systerm: Clozed Loop rioy
Cwershoot (%) 3.27 o pyg y

Attime (sec) 0422 seting Time (sec) 1.02

2

Time f=arh

12454
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B Control and Estimation Tools Manager [= &=
File Edit Help
SHd|9 ™
4\ Warkspace Overview | Compensators | Design requirements| Optimization
= 4] SISO Design Task -
. Optimization progress
= [ Design History

Design Teeration [ Eval-Coun] Cost fun,
© # Response Optimizati 0 ’

Constrai.. | Step size | Procedure Optimization aptions...
18

4277 X [ Displayoptions.. |
2 % )

3 33 3.49961e-...
4 40 0

Hessian ...

0.0003382 Hessian ...

Constructing optimization problem...
Optimization started O7-May-2008 22:19:27
Consuctng apumeston provem. Optimization finished 07-May-2009 22:19:34

Optimization finished 07-May-2000 22:18:34

Successful termination. Found a feasible or optimal solution within the

- Successful termination. Found a feasible or optimal solution within the
oot specified tolerances.
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Zero/pole/gain:
15.8177 (s+1.335) (s+0.

:wji@ww,;f:s)plant6@@@&),\1@ Ll sl Olaedl (gl

Step Response

System: untitled1

Peak amplitude: 1.03

Overshoot (%): 3.28 System: untitled1
Attime (sec): 0.4 Settling Time (sec): 1.02

Amplitude

1 1 1
0.6 0.8 1

Time (sec)

14545
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_ 15.8177(5+1.335)(s +.3625)
S

~9.3182 (14—~ 10,5891 s)
350775
— d

Gc

H_/

kp

T

1 1
1+k,T, 1+9.3182(.5891)

T, =3.5077 > =0.1541

c el o 0350 altes Lyl 5 0 355 J xS LS s e Y
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=x g=tf('s');
= G=1/3/i(3+1):
»» Zisotool(G)

Update .. S o 2 PIDTuning | >k 5y, L !  Automated tuning _s 3
Sgi o B PID ) is e ol 23S o SIS |,Compensator

W8 Control and Estimation Tools Manager

File Edit Help

SHd|2 ™

4\ Workspace Avrchitecture | Compensator Editor | Graphical Tuning | Analysis Plots| Automated Tuning

-4 SISO Design Task
# [ Design History Design method: |PID Tuning -

Compensator

C

Specifications
Autemated Tuning: PID Centroller (=] = ==

Searching ... N frequency:  [100

I 00

Performance mel tric: | Integral Absolute Error QAE) -

Update Compensator

Show Architecture | [ Store Design | [ Help |

SISO Design Task Node.




E Control and Estimation Teols Manager =& ==
File Edit Help
Ed|9 o~

A Workspace Architecture | Compensator Editor | Graphical Tuning | Analysis Plots | Automated Tuning
B--'B SISO Design Task
. Design Histary Design method: |PID Tuning -

Compensator

(L +0.295 + (L45)42)
c vz 29—
3

Specifications

Compensator R OF D

I:l + D.Egj + I:l. 45:] A 2:] _) PID with derivative filter 1/(1+5/N). N frequency: 100

C v | = 20112x

garithm: Singular frequency based tuning

Tenondnce metric: Integral Absolute Error (IAE)

Show Architecture ][ Store Design H Help ]
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System: Closed Looprioy
14 — Wrtoy
Peak amplitude: 1.15
Owershoot (%) 145
At time (sec) 3.597

Step Response

System: Closed Loop rto v
Io:rtoy
Settling Time (zec). 67.9

1 1
0 a0

Time (zec)
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Root Locus Editor for Open Loop 1 (OL1)

Imag Axis

1
9

Real Axis
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System: Closed Loop rte Step Response
VO rtoy T T
Peak amplitude: 1.16

Overshoot (%): 16.4

At time (sec): 0.259

System: Clozed Looprioy
Vo rtey
Settling Time (sec): 0.647

Time (sec)
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Root Locus Editor for Open Loop 1 (OL1

Real Axis
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System: Closed Loop r toy
1 rioy
1 Peak amplituce 1 16 .

OVE;FShUDT (%) 16 System: Closed Loop r oy
At time (zec): 0.257 1O rtoy

Settling Time (sec): 0.649

Step Responsze

Time (zec)

Step Rezponze

Time (=zec)

20 Jss




. Step Response
System: untitled1 : :

Peak amplitude: 1.16
Overshoot (%): 15.8
At time (sec): 0.28

System: untitled1
Settling Time (sec): 0.718

Amplitude

| |
0.6 0.8 1
Time (sec)

21 Jsi

== 2

Zero/pole/gain:
15.9795 (72 + 5.321=s + B.0083)
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15,9795 (s* +5.321 5 +8.008)

S

~3.0031(1+—
S~ 66455

C

+.1879 3)
Ty

P
T.

1 1

_ ~05643
1+k,T, 1+3.0031(.1879)

T, =.6645 >
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