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Exercise
Cio—a c) »<l>—>u H(s) d

1
Given H(s) =

withm =2 kg d =10 sin &) withf=1 Hz
assume C(s) =k ks
specification |e(t)|< 10mm

question 1. what is the required bandwidth?
2.1f C(s) = 0, how large is |e(t)]?
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Disturbance rejection

d
AQ_”, Y
Hs) ——
open loop: y=Hu=Hd
d
- - ° C(s) »i—u» H(s) Yy
closed loop:
- H
= Hu= Hd + H( - U d
y : a-y ¥ I+ch

y Hy éd ® y=0 (below bandwidth)

= »
1+CH CH

PATO Motion Control Tuning
10. Design for Performance

open loop: y, = Hd

H
losed | : = d
closed loop A 11CH
Yoo 1 _
y, 1+CH

benefit of feedback = sensitivity function

example

H=1, CH=10 d=01
Y, =0.1

y. = £0.1=0.009
1
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L5 o S k) —>
open loopy = kHu = kHCr
LiT_—ev c(s) > kH(s) Y
y = kHu= kHCr- kHCy U
closed loop: _ kCH ;
Y= 1+ kcH
below bandwidtkzH >>1
_ kCH kCH
y= r » —r »
1+ kCH kCH
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open loop: y, = kHCr
relative change:
Yo Yo — KHCr- HCr _ k-1
A HCr
closed loop: V. = kCH r
P JeT14keH
relative change:
o kCH (- CH r
Yo- Ye_1+kCH 1+CH _ k-1
A CH 1+kCH
_ 1+CH
Yoo Ye o k-1
Yo _1+kcH_ 1 _d4
Yoo Y, k-1 1+kCH
Yo

benefit of feedback = sensitivity function
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example

CH=10, k=11

Yoo Yo mk. 1= 01
Yo

y.-y._ k-1 _01

=——-=0.0083
A 1+kCH 12

Conclusion:

IOKifS<1,badifS>1
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Design for performance
S<<1
however

area where S<1 equals area where S>1

(Bode sensitivity integral,
holds for # poles > # zeros+1)

hence:

important disturbances occur

design controller such that S is low where most|
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Loop shaping procedure

1.

stabilize the plant:

add lead/lag with zero = bandwidth/3 and pole =
bandwidth*3, adjust gain to get stability; or add
a pure PD with break point at the bandwidth
add low-pass filter:

choose poles = bandwidth*6

. add notch if necessary, or apply any other kind

of first or second order filter and shape the loop
add integral action:
choose zero = bandwidth/5

. increase bandwidth:

increase gain and zero/poles of integral action,
lead/lag and other filters

during steps 2-5: check all relevant transfer
functions, and relate to disturbance spectrum
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mechanics 4th order system
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controller PD
-10 ; : T : 8 £ dga¢
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N
=1

open loop 4th order system
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Nyquist plot 4th order system
2 T T T T
S
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£
Re(Ho)
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closed- loop 4th order system
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sensitivity 4th order system
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proces sensitivity closed- loop vs mechanics(...
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controller PD, PID
-10 ; : T : 8 £ dga¢

amplitude [dB]

1
10
frequency [Hz]

'
N
o

1

phase [deg]

10'

frequency [Hz]

PATO Motion Control Tuning 18
10. Design for Performance




open loop 4th order system
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Nyquist plot 4th order system
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closed- loop 4th order system
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sensitivity 4th order system
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proces sensitivity closed- loop vs mechanics
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controller PD, PID, PID+notch
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Exercise

- start DIET and choose system 4, i.e. 2 mass system
with load feedback.

- design a stabilising controller with bandwidth ap®
Hz

- apply a sine (cosine) wave disturbance of amplitlde
and with frequency 2 Hz; set setpoint to none

- determine response of the system

- improve the controller to achieve the specification
error less then 1 within 0.5 sec.
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