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Funnel control [lichmann et al., 2002]

Time ¢ [s]
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= Tracking with prescribed transient accuracy by design of ¢ (-), i.e.

Vit=0: le(D)] = lyret (t) — y(t)| < (¢)
= Controller 1
0= 5w —Tem]
=:k(t)
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Admissible system class

Structural knowledge sufficient:
= relative degree one (or known relative degree [lichmann et al., 2007])
= BIBO stable zero dynamics (or minimum phase for linear systems)
= known sign of the high-frequency gain

£ () = o G0l ()= ()=
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= spec(A4) € Co
= sign(yp) known
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FC with internal model [llchmann and Ryan, 2006]

Yref

“augmented system”

€ 1 VU | internal model

e.g. Fr(s)

u

linear system
e.g. Fs(s)

Pl controller: Fr(s) = kp + £ = kesthr
system: Fg(s) = -5
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13 M. k k
augmented system”: Fr(s)Fg(s) = “2StEL
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Pl-funnel control for electrical drives

[llchmann and Schuster, 2009]

implementation (xPC target)

Yref
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7 =kv
u=kpv+axy

W+ Ny,

mr

laboratory setup

]

= Scenario 1: yyer(-) = 10 [rad/s]
= Scenario 2: yyef(+) = 100 [rad/s]
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Measurement results for y,.(-) = 10: —— PI-FC
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time ¢ s]
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Measurement results for y,.¢(-) = 100: —— PI-FC

2
< 200 | - =~ Uet() I
.= — Yref() £¥()
£ 100
g 0 I | I I | i I B
50 [ T T T T T T T T T =
o
= or
<
M 4
N 1 I i 1 I ()
— T T T T T T
2 i
= J
2 i
=
Z i
~e | I I 1 L 1 |
T T T T T T T T T
e e
2 0 fp--m-e-- e i i 1
< ()
—20 F —tdy H
I | | I I I I I T
2 4 6 8 10 12 14 16 18 20

time ¢ [s]

13/12/2013 “PI-funnel control with Anti-windup”, Christoph Hackl 8/15



Technische Universitat Miinchen T‘L’m

Pl-funnel control with saturation

implementation (xPC target)

Yref e 1
p—Tel©

v

Ty =krv
u=kpv +

0’}

xr

W+ Ny,
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= Tracking with prescribed transient accuracy endangered, i.e.
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Funnel control with saturation [Hopfe et al., 2010]

implementation (xPC target) mry, laboratory setup
satg , (+)
Yref @ 1 u w
B=lel© %

W+ Ny,

> Ufeas = Ufeas(Yref, Y, SYStEM, ... ) = Vt > 0: ¥(t) —|e(t)]| = ¢

Ua
. A A
e e <min {3, 000) - [eO)]. g )
B Ugens CONServative (for setup ugeas ~ 63 [Nm])

13/12/2013 “PI-funnel control with Anti-windup”, Christoph Hackl 10/15



Technische Universitat Miinchen T‘L’m

P1 controller with Anti-windup (“conditional integration”)

System theoretical interpretation:

Lemma
Vou(-) e C(Rso;R) = Vt=>0: |z;(t)] < max{ta, z7(0)} =: zax J

= Anti-windup: z; () acts as bounded “input disturbance”
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Pl-funnel control with saturation

implementation (xPC target) mry, laboratory setup
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Results for y,e¢(-) = 100: —— PI-FC,

Plew-FC
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Conclusions and future work

To take home:
= Pl-funnel control: windup possible

= use of anti-windup (“conditional integration”)

o windup eliminated
o improved control performance (no “saw tooth response”)
o integral control action acts as “bounded input disturbance”

= PI**-funnel control admissible for systems with saturation

Open questions:
= extension feasible?

o ... PI-funnel control for systems with relative degree two?
o ... funnel control with internal model?

= ... different anti-windup strategies beneficial?
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