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Table 3 Designed Dimensional and Dimensionless Parameters of the Scaled-down 
Structure 

Notation 
Designed Value 

Notation
Designed Value 

EM-
TMD1 

EM-
TMD2 

EM-
TMD3 

EM-
TMD1 

EM-
TMD2 

EM-
TMD3 

Given Parameters 
݉௦ 
(kg) 

  120   
 ௦ߤ

 
0.02 

  

݉ 
(kg) 

  6000       

ܿ 
(N×s/m) 

  426.97   
 ߦ

  
0.02 

  

݇ 
(N/m) 

  
18990.0 

(3.53 sec) 
      

ܾ௦బ 
(kg) 

   ௦    0.0168ߚ   0.7  

Optimized Parameters 

൛݉௦ೖ
ᇱ ൟ 

(kg) 
39.6 46.1 34.3 

D
E

P
. 

൛ߤ௦ೖ
ᇱ ൟ 0.0066 0.0077 0.0057 

൛ܿ௦௦̃ೖ
ᇱ ൟ 

(N×s/m) 
4.50 5.14 4.17 

IN
D

E
P ൛ߦ௦௦̃ೖ

ᇱ ൟ 0.0324 0.0343 0.0323 

൛݇௦ೖ
ᇱ ൟ 

(N/m) 
 

(3.58 sec) 
121.8 

(3.87 sec) 
 

(3.33 sec)

 
 

൛ݎೖ
ᇱ ൟ 0.9857 0.9137 1.0592 

 
5.3 Vibration Control Performance of EM-MTMD 

     To investigate the performance, responses of designed EM-MTMD are simulated 
when subjected to five ground acceleration records. These five ground acceleration 
records are (1) Chi-Chi: The E–W component recorded at the campus of National 
Chung Hsing University (NCHU), Taiwan during the Chi-Chi earthquake of September 
21, 1999. (2) Kobe: The N-S component recorded at the Kobe Japanese 
Meteorological Agency (JMA) station during the Hyogo-ken Nanbu earthquake of 
January 17, 1995. (3) Hachinohe: The N-S component recorded at Hachinohe City 
during the Tokachi-Oki earthquake of May 16, 1968. (4) El Centro: The N-S component 
recorded at the Imperial Valley Irrigation District substation in El Centro, California, 
during the Imperial Valley, California earthquake of May 18, 1940. (5) a Gaussian white 
noise. 
     Since the allowable stroke of EM-MTMD units is 50 cm, the PGA of all ground 
acceleration records are scaled down so that the stroke response would match the limit. 
The scaled-down PGA value are shown in Table 4 and Table 5. 
     The acceleration and displacement response of the primary building when 
subjected to Chi-Chi Earthquake with and without EM-MTMD are presented in Fig. 6. 
The reductions of maximum and root-mean-square responses when subjected to other 
ground acceleration records are also organized in Table 4. It can be seen that the 



  

responses are significantly reduced by the EM-MTMD with an average RMS.  
reduction of -29%. Moreover, to investigate the potential harvestable power for the 
three electric load in the EM-MTMD units ܴௗభ~య, the instantons power responses are 
simulated according to Eq. (14). The instantons power responses of three electric load 
when subjected to Chi-Chi Earthquake and other ground acceleration records are 
presented in Fig. 6 and Table 5. The result shows considerable electric power can be 
harvested for a scaled-down experimental rig. 

 
Fig. 6 Relative Displacement and Absolute Acc. of the Primary Building When 

Subjected to Chi-Chi Earthquake 1999, PGA = 30 gal. 
 

 
Fig. 7 Power in the Electric Load of EM-MTMD Units When Subjected to Chi-Chi 

Earthquake 1999, PGA = 30 gal. 
  



  

Table 4 Relative Displacement of the Primary Building without and with EM-3TMD 
When Subjected to Ground Accelerations. 

Relative Disp. of the 
Primary Building ݔ 

(cm) 

RMS. MAX. 

w/o 
control 

with 
EM-3TMD

 
w/o 

control 
with 

EM-3TMD

Chi-Chi Earthquake 1999 
PGA = 30 gal 

3.4 2.1 6.7 6.0 

(-38%) (-10%) 

Kobe Earthquake 1995 
PGA = 260 gal 

3.6 3.0 9.8 9.5 

(-17%) (-3%) 

Hachinohe Earthquake 1968 
PGA = 60 gal 

4.1 3.0 8.8 7.8 

(-27%) (-11%) 

El Centro Earthquake 1940 
PAG = 130 gal 

4.9 3.6 13.4 12.7 

(-27%) (-5%) 

Gaussian White Noise 
RMS Acc. = 20 gal 

4.4 2.8 10.4 7.4 

(-36%)  (-29%) 

 
Table 5 Power in the Electric Load of EM-MTMD Units When Subjected to Ground 

Accelerations. 

Power  in the Electric Load 
of EM-MTMD 

(W) 

RMS. 

EM-TMD1 EM-TMD2 EM-TMD3 

Chi-Chi Earthquake 1999 
PGA = 30 gal 

0.6 0.7 0.2 

Kobe Earthquake 1995 
PGA = 260 gal 

0.6 1.0 0.4 

Hachinohe Earthquake 1968 
PGA = 60 gal 

0.5 0.2 1.0 

El Centro Earthquake 1940 
PAG = 130 gal 

0.7 0.5 1.0 

Gaussian White Noise 
RMS Acc. = 90 gal 

0.5 0.5 0.7 

 
6. CONCLUSIONS 

 
     This study aims to investigate the feasibility of a new type of MTMD system, 
called electromagnetic tuned mass damper (EM-MTMD). Additionally, the author 
proposes an optimization procedure for engineers to follow when applying EM-MTMD 
to civil structures. Traditional viscous damper possess two unwanted characteristic for 
a necessary part in MTMD (TMD) which are overheating and limited stroke. 
Overheating property of viscous damper may result unexpected nonlinear damping 
behavior and limiting stroke of viscous damper may restrict the possible maximum 



  

stoke of MTMD (TMD). By implementing rotary transducer and transmission system to 
the MTMD, a more refined energy dissipating device is proposed. This approach 
achieves a more flexible viscous damping for MTMD (TMD) and gives the possibility to 
harvest dissipated energy and transform it into usable electric energy while mitigate 
vibration simultaneously. 
EM-MTMD has a comparable vibration control performance to that of a traditional 
MTMD system. The excessive vibration of the primary building can be significantly 
reduced by the EM-MTMD if the designer follow the optimization method proposed in 
this study. 
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