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Linear Motor Damper for Vibration Control of Flexible Structure
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A linear motor damper based on the linear motor principle is developed to suppress structural

vibration. This paper deals with the design, analysis, and manufacture of the linear motor damper. It
is designed to be able to move the auxiliary mass of 1500kg, up to #250 mm stroke. The control

algorithm was designed based on LQG control logic with acceleration feedback. Through performance

tests, it was confirmed that the developed hybrid mass damper has reliable feasibility as a control

device for structural control.

In addition, the linear motor damper is more economical than both

hydraulic and electric motor driving mass damper with respect to simple structure and low

maintenance cost. A series of performance tests of the linear motor damper system were carried out

on the full-scale steel frame structure in UNISON Corporation. Through the performance tests, it was

confirmed that acceleration levels are reduced down 10dB for first mode of structure
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Table 1 Specifications of fabricated LMD

Items Experiment
Voltage constant (kg) 120 [Vsec/m]
Coil DC resistance (Rc) 3.16 Q]
Coil inductance (L) 1.04 [H]
Moving mass {ma) 1500 [kgl
Stiffness (kq) 14,200 [N/m1/0.49 [Hz]
Damping ratio 0.15

ol

= 2STESSE=FE/A 159 A 43, 20054/ 493

r



4 g

fol

APyl HAYE o]&ad oS A Zo] YEh
M, C=[100],D=[0] FHo|t}
y= Cx + Du (5)

22 Mol +xEE9 24

Fig.2© 2315 F2ES 94 JAIEFPLE A
e BBFEEE vehie A4 ot 0melx
& Gmolth whete] 7h2 MZE 747t 6m A
Yotk ABTLES AW YF2Y RU2 2y
d9 o5 WANS e A3 go) BAY & ok

o[)l

Mz (t) + Cz(t) + Kz (t) = fF,(t) (6)

A7 AEYEE o ANY EEHD o AW
of WE 72 AU WslE deriE, Fi()E 9
B e,

)
~

t) = (2 5 2 2 5" (

o 44 2k gz 1o ofn

42 2= ZUL AST 4 Gk F Aol Wy
259 A5 F49 BLAo) YFI o) 1 A
9 by GRE e 72Ee A% BED

lo & o

Fig.2 Structure for vibration control
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Table 2 Specifications of fabricated LMD

Items Specification
Voltage/Current 180 [V1/23[A]
Moving mass 1500 (kg
Magrnetic flux density 1.1[T]
Electric current density 4 [A/mm°]
Conductor area 5.31 [mm’]
Spring length 1[m]
Air gap 50 [mm]
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Table 3 Modal parameter of structure

Parameters Frequency Damping H( w)MAX
(@) ratio ( &) ( m/s™/N)

Ground 0.5 0.0198 3.635e-6
2 Floor 0.5047 0.0198 9.344e-5
3 Floor 0.50482 0.0198 1.751e-4
4 Floor 0.50443 0.0198 2.598e-4
5 Floor 0.50487 0.0198 3.209¢-4
Top 0.50499 0.0198 3.209e-4
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