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Problem: Speed control of a two-mass system (2MS)

Ioag:'(mL) 05, wo 01, w drive (mar)

cs,dg

= reference tracking ws — wo rer (OF w1 — w1 ref)
= active damping of natural frequency

Cs(@l + @2)

0.6, 61 [rad/s] - fo ~ 9.7 [Hz]

wo =

= w; as feedback signal only
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Two-mass system model
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(Frw1)(1)
% xg(t) = Asws(t) + bs(u(t) + ua(t)) + Bs (mL(t) n (32@)@)) ’ (2MS)

y(t> = (1, 0, 0) :L.S(t)7 wS(O) = (w% ¢g'7w3) eR?
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Funnel control [llchmann et al., 2002]

Time ¢ [s]

Y ‘
M
Funnel
—(0)

= 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 S (simplified)

System

satisfying
(i) Yo := ¢"b # 0 and sign(yo) known;
(i) VseCwithR(s) >0: det [SI"CT‘ 4 g] £0;

(iii) operator ¥ is of class 7 (see Def. 1 in lichmann et al. [2002]) and
Mz == sup {[|(TE)(1)[| [t =0, £() € C([—h,0),R")} <o0;
(iv) ug() € L®([—h,0);R) and d(-) € L®([—h,0); R™).
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Funnel control for 2MS [lichmann and Schuster, 2009]

implementation in xPC target
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<—| @g = wWa + N2 Nim2

2MS €S| = c1>0Ac—2>0Ac—3>—c1Akp>0.

r gr
For active damping: Feedback of w; and wy necessary!
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2MS with disturbance observer (DO) [Hori et al., 1999]
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2MS with disturbance observer element of class S

Extended two-mass system with = (wy, ¢g, w2, T7) "

(Fr01)() )

d = u* u
g x(t) = Az(t) + b(u*(t) + ua(t)) + B (mL(t) + (Fawa)(t)

y(t) = cTa(t),  x(0)= (%", 0)" e R

@)

A b
whereA—[ s ZDO],b—<1S),B—[OB%] and ¢T = (1, 0, 0, 0).
¥ T Too ’

Proposition

For Tho > 0, kpo € R, k4 > 0 and ©; > 0, the extended two-mass system (2)
is element of system class S.

Proof by checking system properties (i)—(iv) of system class S.
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Implementation

implementation in xPC target

Yref =

2MS with ‘sensors’
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Disturbance observer design

kDO =0 A TDO =0.03 [S]
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Measurement results: —— PI+FC,
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Meas. results (zoom): —— PI+FC,

FC+DO
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Conclusions and future work

To take home:

= Funnel control with disturbance observer admissible for 2MS
(mathematical and experimental validation)

= Active damping of oscillations
= Tracking with prescribed transient accuracy (on motor side)
Open questions:
= ... impact of actuator saturation?
= ... prescribed accuracy also for load side?
= ... other (disturbance) observer designs admissible and beneficial?
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