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Spring Actuator with Low Stiffness at Low Speed but High Rigidity at High Speed and Its Application to
Vibration Isolation Control
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A new bellows type actuator under electromagnetic control is developed. The actuator consists of a bellows, a
permanent magnet and an electromagnet which are installed in the bellows. The actuator having low stiffness at low
speed but high stiffness at high speed is desirable for decreasing control energy. To have such characteristics, a mid
plate is installed in the bellows which creates an air chamber with small holes in the actuator. The air chamber behaves
like rigid damper at high frequency, and so high rigidity can be obtained at high speeds. A method of vibration
isolation control is presented using the actuator. In the control, only the disturbance of base is detected, and the
disturbance cancellation control is performed. Especially, the system requires no state variables of the vibrating body,
and the transmissibility is reduced to be significantly small in wide frequency ranges.
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Fig. 1a Present bellows type actuator.

Fig. 1b  Photograph of the present actuator.
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Fig.2 Model of the actuator.

ML L2 2T, a3 M UBSIEIREE S FF- Table 1 Dimensions of the bellows .
o, BERE| - RHETINAZ ET, 10mm FEED Outside diameter D[mm)] 68
i A .l R . Inside diameter d[mm] 50
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AT 7 F ax—HFFig 20K 572 “BHEET /LT Spring constant [N/m] 3700
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Table 2 Dimensions of the electromagnet.

Diameter of the core [mm)] 20
Height of the magnet [mm] 28
Wire diameter [mm] 0.75
Average diameter of the coil [mm] 325
Number of turns 464
Electrical resistance [Q] 1.9
Hole diameter [mm] 12

Table 3 Dimensions of the permanent magnet.

Diameter of the permanent magnet[mm] 40

Height of the permanent magnet[mm] 10
Magnetic flux density at the centerfmT] 280
Weight of permanent magnet[g] 94.5
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Fig. 3 Displacements versus voltages in the

electromagnets.
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Fig. 4 Step response at the top of the actuator
(Vo=-10V). Fig. 5 Frequency response of the vibrating body under
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Fig. 6 Experimental set up.
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