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Abstract. A reference governor approach is proposed to control a multi degree of freedom metamaterial subject to
constraints. The metamaterial consists of an arbitrary number of bistable “segments” which are attached to each other in
a serial manner to generate a “distributed” bistable structure. It is shown that each bistable segment may be controlled
using its own reference governor in addition to a nominal controller. Effects from attached segments are modelled as
disturbances which must be rejected by the control scheme.

Introduction

Morphing structures have become a popular area of research as they show promise for use in aircraft [1] and
morphing vehicles [2]. Employing bistable structures in morphing technology is advantageous as they are
capable of adopting two stable shapes which do not require energy to be maintained. This work proposes a
reference governor control scheme for the constrained control of a metamaterial concept which consists of
multiple bistable elements [3]. With single bistable structures commonly being modelled using the Duffing-
Holmes oscillator [4, 5], the equation of motion for the nth bistable element in the metamaterial is given by:

mnẍn = Fn − cn(ẋn − ẋn−1)+kn(xn − xn−1)− kpn(xn − xn−1)
3 + cn+1(ẋn+1 − ẋn) (1)

− kn+1(xn+1 − xn) + kpn+1(xn+1 − xn)
3

where xn is the displacement of the nth structure, Fn is the force from the controlling actuator, mn is the
mass, cn is the friction coefficient from the mechanical model, kn is the destabilizing linear spring stiffness,
kpn is the restorative nonlinear spring stiffness. The proposed work will offer two contributions: a method
for controlling the shape change of the metamaterial where the effects of neighboring bistable structures are
modelled as disturbances and a demonstration of the efficacy of a reference governor scheme which can address
polynomial constraints and disturbances.

Results and discussion

Figure 1 illustrates the efficacy of the reference governor approach to three connected elements of the meta-
material where the constraining bounds are pictured with red dashed lines. Successful shape change of three
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Figure 1: Nominal system response (left) and response with reference governor (right).
series-connected metamaterial elements each initially at a relative displacement of −10 mm and ending at a rel-
ative displacement of 10 mm is achieved while satisfying constraints on the control effort which are polynomial
in nature.
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