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— The system: mass-spring[-damper]
— The problem: vibration at low frequencies
— An idea: zero stiffness with magnets

— A theoretical implementation




The system

M ass

connexion

support



s = = H TN L




X| A\gwméation

Y‘ stiffness
DJ\ X Reduction
é’r—f d

Frequency







Magnetic springs
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An idea—Zero stiffness
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Force vs. gap
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Control system

— Linear control doesn’t work

— Linearised system is decoupled
— Simple “backstepping” is used

— e el REET JORES alie @ElaElica
— Repelling spring used for comparison

— Simulations use the real dynamics...
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Block diagram
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Ugly maths
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(2a,2b,2c) and (2A, 25, 2C) are the magnet dimensions
(«, 5, ) is the distance between their centres




First result: displacements
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Second result: forces
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Third result: transmissibilities
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Revisiting control effort

RMS control (N)

Gain Zero k Regular
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LOow @2 2.14
Med 320 6.25
High 017 8.20




.......................

— Springs have transmissibility
problems at low frequencies

— Magnets can be used for a zero
stiffness support

— But the system is unstable

— Non-linear control shows
promising simula#i




