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ABSTRACT

To improve the internal sound quality of an electric vehicle, the noises (tire and road noises), vi-
bration, and discomfort should be reduced effectively. Compared to the conventional damping materi-
als, the locally resonant metamaterial is advantageous in terms of reducing the vibration in the low
frequency band and reducing the weight through a stop band, where vibration is not transmitted.
However, the locally resonant metamaterial installed in a finite structure fails to form an ideal stop
band. Additionally, there is a problem of occurrence vibration mode at an arbitrary frequency.
Accordingly, there is a need for an active vibration control method capable of learning and actively
reducing the vibration modes occurring at arbitrary frequencies within the stop band in real-time. In
this study, a real-time state-space identification-based active vibration control method was proposed to
reduce the vibration modes occurring at arbitrary frequencies within the stationary band of local reso-
nance metamaterials. The active vibration control method proposed in this study, combined with the
existing passive vibration reduction method, can be utilized to effectively reduce the vibration for
random disturbance of a fluctuating system.
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Table 1 Parameters of the RLS filter

Parameter Value
0“(0) [1’.,.,1,0,...’0]T
P(0) 108 x diag [1,-1]
A 0.995
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(a) Free-supported finite plate with LRM, accelerometer
and actuators

(b) LRM unit cell

Fig.2 Benchmarking model of a finite LRM plate
with AVC system

Table 2 Parameters of the benchmarking model in

Fig. 2
Parameter Value
l, [mm] 800
Plate w;, [mm] 200
hy, [mm] 1
[, [mm] 400
LRM w,, [mm] 200
x,, [mm] 200
. x, [mm] 770
Geometical Acseomet| o] |30
., [mm] 120
dy [mm] 25
dy [mm] 3
LRM unit hy [mm] 15
cell h, [mm] 15
l, [mm] 7.5
w, [mm] 2.5
Type Aluminum
Elastic modulus [GPa] 71.89
Plate Poison’s ratio 0.284
Density [kg/m”! 2669
Material Structural loss factor | 0.0002
property Type PLA plastic
Elastic modulus [GPa] 4.16
LRM Poison’s ratio 0.403
Density [kg/m’] 1400
Structural loss factor 0.02
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Table 3 Parameters of the Kalman filter for a single
vibration mode

Parameter Value
p (0) 10° x diag. [1, 1]
4.495 < 10 6.704 < 107
Q 6.704 <107 1x10*
R 1

System

—PI Demodulation |—>| M |—|_>
Kalman Filter
» | M |—I

| Modulation |<—| M |<—| LQG Controller

(b) State-feedback control process

Fig.4 Outline of the AVC system for a finite LRM
plate

Table 4 Parameters of the LQG regulator for a single
vibration mode

Parameter Value
p (0) diag. [1, 1]
Q diag. [1, 6007]
R 0.001
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Table5 Demodulated natural frequencies for the
original and estimated transfer functions and
estimated roots

Mode No. Frequency [Hz]
184
283
417
522
73
130
186
283
423
79
168
186
284
423

Original

Estimated
(transfer
function)

Estimated
(root)

N h (W= [WIN = W[ [—
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Table 6 Real-time estimated state-space model of the finite LRM plate based on partial fraction decomposition

Parameter Value Parameter Value
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Fig.9 Time response of vibration acceleration during
AVC when a random disturbance is applied to
the finite LRM plate

Table 7 Comparison of vibration acceleration levels in
1000 Hz ~ 1600 Hz before and after control

Case Vibration acceleration level [dB]
Before control 75.5
After control 68.8
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Fig. 10 Frequency response of vibration acceleration
during AVC when a random disturbance is
applied to the finite LRM plate
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