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Abstract

In this paper, an active vibration control system of the seat is developed, which can reduce the
transmission of vibration to the seat by suppressing the low-frequency harmonic vibration on
the infrastructure underneath the seat, thus improving the comfort of the seat. The system inte-
grates sensors with active actuators to form an intelligent vibration absorber with integrated
sensing action. The adaptive feedback filter LMS algorithm is used as the control strategy to im-
prove the adaptability and stability of the system in different application environments. How-
ever, the higher-order harmonic vibration may deteriorate due to the non-linearity in the
structure and the control system. To alleviate the phenomenon, a pre-processing method of ref-
erence signal is proposed, which synthesizes the new reference signal by converting the refer-
ence signal into rectangular wave and extracting high-order harmonic components, so as to
suppress the high-order harmonic vibration and solve the amplification phenomenon of the
high-order harmonic in the active vibration reduction of the seat. A verification platform for
seat vibration reduction test is built in the laboratory, which uses rectangular steel plate as the
foundation structure and simulated vibration source as the primary excitation. The test results
show that the higher-order harmonics of the foundation structure and the seat is significantly
reduced when the fundamental frequency vibration is well controlled.
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Figure 1. Schematic of vibration transfer (a) Passive vibration-absorbing seat; (b) Active
vibration-absorbing seat
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Figure 2. Block diagram of FXLMS algorithm for single-channel adaptive feed
forward control
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Figure 3. Block diagram of LMS algorithm for dual channel adaptive feedback control
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Figure 4. A schematic of pre-processing on reference signal
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Figure 5. Principle of generating square wave
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Figure 6. Schematic diagram of test plan for seat active vibration reduction system
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Figure 7. Active seat vibration reduction system
prototype
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Table 1. Main performance indicators of electromagnetic inertial actuators
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Figure 8. Identification results of secondary-path: (a) Origin secondary-path identification results: (b) Coupling second-
ary-path identification results
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Figure 9. Active vibration control results using FXLMS (thick solid line: before control, fine dashed line: after control) (a)

Point 1; (b) Point 2
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Table 2. Activevibration controlresults
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40 68.2 441 241 76.3 47.1 29.2
60 535 72.3 -18.8 52.6 717 -19.1
80 54.6 49.9 47 52.0 476 4.4
100 69.9 73.7 -3.8 66.4 74.8 -8.4
120 52.2 47.8 4.4 52.4 441 8.3
140 36 455 -95 445 42.6 1.9
160 429 320 10.9 38.7 35.6 3.1
180 328 43.9 -11.1 375 421 -4.6
200 497 44.9 4.8 45.9 50.3 -4.4
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Figure 10. Active vibration control results based on pre-processing of error signal (thick solid line: before control, fine
dashed line: after control) (a) Control effect of point 1; (b) Control effect of point 2
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Table 3. Active vibration control results based on pre-processing of error signal
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20 106.5 75.1 314 108.1 76.2 31.9
40 68.2 44.4 23.8 76.3 46.2 30.1
60 535 43.2 10.3 52.6 38.6 14.0
80 54.6 45.3 9.3 52.0 47.2 4.8
100 69.9 54.8 15.1 66.4 57.8 8.6
120 52.2 50.0 2.2 52.4 43.4 9.0
140 36 47.0 -11.0 44.5 44.5 0.0
160 42.9 32.3 10.6 38.7 355 3.2
180 32.8 45.0 -12.2 375 40.9 -34
200 49.7 46.7 3.0 459 49.0 -3.1
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