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In an environment where ultra-high-precision equipment is used, vibration inevitably occurs due to various factors. These
vibrations generate fatal effects, such as defect generation and reduced production yield, on ultra-high-precision production
equipment. Among the multiple methods for solving vibration problems, a Tuned Mass Damper (TMD) is a useful technique
that reduces vibration without changing the existing structure by attaching a passive dynamic system consisting of
additional mass, spring, and damper. However, it is difficult to realize fine-tuning of the system parameters for optimal
performance because the passive elements have structural limitations. An active TMD, which has a form wherein sensors,
actuators, and a control device are added to the passive TMD structure, was introduced. It has higher performance than
passive TMD because dynamic characteristics can be induced to stable and highly damped by a well-designed control
algorithm realized by software in the control device. In this study, an active TMD was developed utilizing passive TMD with
a voice coil actuator and attached to the center of both end fixed beam that assumed a single-degree-of-freedom structure.
A dual-loop control algorithm using a non-minimum phase system was designed for a high-damped response while
retaining stability. The modal test was performed for experimental evaluation and excellent performance of active TMD was

verified.
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1. M2
NOMENCLATURE

. HE=A T agd o] A SEuete di#2dl 5 e

m = Mass of Main Structure o Aroro] mial ol s
¢ = Damping Constant of Main Structure = A AAXRLIT Abgie] B, aulabe] ai5g} ftof] et
k = Stiffness of Main Structure T AS}, A=l FAE uid 545 skl lot. o]
= Mass of TMD Structure g ste] WhEA| T AZdlo] AL ] Sah 2 2 A4
¢ = Dsflmping Constant of TMD Structure 24| E3F =2 AUEl gio] tigk AR @7 ok
k, = Stiffness of TMD Structure E3) uhei) i%ﬂﬂol Au|7} FFEES Fab, YR Zel2
T; = Parameter of Inner Loop Controller 1 spAo e 2z AAF AES
S = Parameter of Inner Loop Controller 2 (Cleanroom) £33 rAJot7] 919 e
ky = Gain of Inner Loop Controller Qe ofuff WAsH= XFol sl el Al uAl X
ky» = Gain of Outer Loop Controller Fo] Hox oz Z|3tc). ESF AH| Ao AXH =2 53}
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Table 1 Optimal TMD parameters by Den Hartog’s method

Parameters Contents
Natural freq. of structure Ja

Mass rati o
rati =—
ass ratio i p

TMD fi i a= L

req. ratio T+u

TMD natural freq. 1. = of,

TMD optimal damping ratio

G = [—H—
opt 3
8(1+p)

Bode Plot of 1-DOF TMD accordlng to Damplng Ratio(pu=0.1)
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Fig. 2 Bode plot of passive TMD with respect to changing damping
ratio
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Fig. 3 Schematic diagram of structure with active TMD

Fig. 4 Block diagram of the active TMD structure
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X(s)
Target =0

Outer Loop
= Target =0

Inner Loop

Fig. 5 Block diagram of the dual loop control for active TMD
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Table 2 Parameters of main and TMD structures

Parameters Main Passive Active

structure ™™D ™D

Mass [kg] 7.098 1.663 1.663
Stiffhess [N/m] 86455.383 13295.753 8103.639

Damping ratio 0.001 0.216 0.001
Natural freq. [Hz] 17.565 14.231 11.110

Table 3 Damping ratio along gain tuning

50 8 93 622.1 0.5574
60 19 88 639.6 0.6003
70 22 82 741.4 0.6844
80 39 77 782.5 0.7340
90 46 72 830.4 0.7097
100 71 67 893.5 0.8584
110 115 63 927.4 0.8935
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Fig. 7 Root locus plot of outer loop controller
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Fig. 8 Comparison of simulation results between active and passive
TMD
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Fig. 10 Evaluation system of active TMD using modal test
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Fig. 11 Experimental result for evaluation of active TMD

Table 4 Result of modal test

Items Without Active ?:cll)fclzzz
TMD TMD .
efficiency
Peak freq. [Hz] 15.38 17.00
Peak magnitude N
[(m/s)N] 17.45 0.33 -98.1%
5% Settling time [s] 16.62 0.53 -96.8%
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