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Active Magnetic Bearings (AMB) are mechatronic systems where there is no contact between
bearing and rotor, and this permits operation with no lubrication and no mechanical wear. / Single Axis Magnetic Bearmg Scheme \
Turbomolecular vacuum pumps, flywheel energy storage systems and other high speed
rotating machinery are the most significant industrial applications. The number of industrial
AMB applications is growing steadily.
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Why Model Predictive Control (MPC) on AMB systems?
 |nput and output constraints

« Stringent control requirements.
 Multivariable system.
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The main idea of Model predictive control: 4 J'
Obtain the control actions by solving, at each sampling time, a finite-horizon optimal N-1
control problem. min Z [(Xp, ug) + Ve (Xp) min z [(Xpe, Xe, U, Ug) + Vy (X, %)
subj. to: subj. to:
Xo= R(t) Xo=X(D)
X1 = F(Xp, uy) X1 = F (X, d(8), )
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« Linear MPC requieres solving a Quadratic Programming (QP) problem. .
Experimental results
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The main limitation of MPC in fast dynamic systems is the computational effort . Vanipaiated mout - 2 venipused o] | 2| \ |
required to solve an optimization problem online. Still a lot of research is going on to ?_f' | e a—— e A | ; 2
address real-time requirements... S 0 }ly,i»’*'\‘fﬁﬂ'l‘u'*"*’a‘ﬂ‘
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* Explicit MPC. Solve parametrically the QP problem offline, resulting in an explicit T T o e T %0 o1 o0z o8 o4 %0 005 01 o015 02 025
solution that is function of the measured state and control parameter. The control action is Time [s] Time [s] fime s
then implemented online in the form of a lookup table. . Cont.ml.ler sampling frequency: 1 kHz. «  With OF-MPC, Offset-free tracking is
Prediction horizon N = 12. achieved based on disturbance
1X T 01 l'f 1X ; 1 the number of constraints. guarantee output zero tracking. e |nacurate models lead to more
u(x) = Fox + g, ‘f Hyx = K; When 7 grows: t00 much deteriorated responses and poor
> i rformance.
E H.ox <K memory required, too much pe |
\ nX  Gn lf nt = fin time to locate state x(t) . Many degrees of freedon for tunlng.
* Implicit MPC. Fast online QP solvers. Some code generation tools: m
" Embedded )  FORCES pro
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q QP — IVrdus » Compare different linear MPC approaches for multi axis AMB systems.
. Problem ) » CVXGEN * Implement an explicit MPC controller based on more accurate nonlinear models.
*  PAO-MPC * Test different solvers and ¢ code generation tools on smaller and cheaper boards (i.e.,

speed, robustness, code simplicity).

Research objective: Verify the feasibility of embedded, online MPC on AMB systems. Develop auto-tuning techniques for fast commissioning.
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Predictive Control {MPC) which has gained a lot of attention
Abstract—This paper presents an offset-free model predictive on magnetic suspension systems r the last years (see [3]-
control scheme for a single axis magnetic bearing. Offset-free [8]). ®

tracking is obtained based om the estimation of external Mode lp d ctive control is f orm o f ntr lmwh hthe
disturbance forces. A tailored solver for online computation is
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