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Abstract. Wind-induced vibration has been a significant concern in high-rise buildings. 
Among different types of structural control methods, active control provides superior control 
performance at the expense of high energy demand, prohibiting the promotion of its 
applications. In recent decades, the electromagnetic actuator has attracted researchers' 
attention due to its ability to convert kinetic energy into electrical energy. This feature enables 
the energy conversion between the host structure and the actuator, suggesting the possibility 
for active control with zero or negative energy consumption. This study investigates the 
feasibility of employing an electromagnetic damper with LQG control for vibration 
suppression and energy harvesting purposes. A simulation for a full-scale 76-story benchmark 
building with the proposed device is conducted. The proposed electromagnetic device 
outperforms the optimized passive system. Average output power at the kilowatt level is 
achieved for energy harvesting performance. The results above confirm the viability of 
adopting electromagnetic devices in structures.  

Key words: Active Control, Energy Harvesting, Electromagnetic Damper, Tuned Mass 
Damper. 

1 INTRODUCTION 
In recent decades, wind-induced vibration has been a significant concern in high-rise 

buildings. The tuned mass damper (TMD) is a passive vibration control system that can 
effectively reduce the amplitude of vibrations. It is acknowledged that raising the mass ratio 
could enhance control performance for a single TMD. However, several restrictions on 
construction projects make the use of a single TMD with a high mass ratio impossible. 
Gutierrez Soto and Adeli [1] investigated the application of TMDs and found that TMDs 
heavier than 500 tons were rarely used for anything other than towers. Due to the limitations 
of traditional TMDs, adjustments were made to provide better vibration suppression 
performance [2]. Passive multi-TMDs [3, 4] were studied to attenuate the resonance further, 

262

X ECCOMAS Thematic Conference on Smart Structures and Materials
SMART 2023

D.A. Saravanos, A. Benjeddou, N. Chrysochoidis and T. Theodosiou (Eds)

Available online at www.eccomasproceedia.org 
Eccomas Proceedia SMART (2023) 262-268 

© 2023 The Authors. Published by Eccomas Proceedia. 
Peer-review under responsibility of the organizing committee of SMART 2023. 
doi: 10.7712/150123.9783.444201



DQG� VHPL�DFWLYH� FRQWURO� VWUDWHJLHV >5@� VXFK� DV� WXQDEOH� VWLIIQHVV� RU� GDPSLQJ� ZHUH� XVHG� WR�
LPSURYH� WKH�FRPSDWLELOLW\�RI�FRQWURO�GHYLFHV. $FWLYH�FRQWURO�RXWSHUIRUPV�SDVVLYH� DQG�VHPL�
DFWLYH�FRQWURO�PHWKRGV�DW�WKH�FRVW�RI�H[FHVVLYH�HQHUJ\�GHPDQG��ZKLFK�SUHYHQWV�LWV�ZLGHVSUHDG�
XVH.

(OHFWURPDJQHW�GDPSHUV��(0'���D�QHZ�W\SH�RI�GDPSHU�WKDW�FDQ�FRQYHUW�PHFKDQLFDO�HQHUJ\�
LQWR� HOHFWULFDO� HQHUJ\�� DUH� EHFRPLQJ� PRUH� SRSXODU� LQ� VWUXFWXUDO� FRQWURO >6@. 7KH� XVH� RI�
HOHFWURPDJQHWLF��(0� VKRFN�DEVRUEHUV�LQ�VWUXFWXUDO�FRQWURO�V\VWHPV�FRXOG�SRWHQWLDOO\�UHGXFH�
HQHUJ\� FRQVXPSWLRQ� DQG� LPSURYH� WKH� VXVWDLQDELOLW\� RI� WKH� EXLOW� HQYLURQPHQW. 6HOI�SRZHUHG�
DFWLYH�FRQWURO�GHYLFHV�ZHUH�LQYHVWLJDWHG�DQG�SURYHQ�WR�EH�IHDVLEOH�RQ�VPDOO�VFDOH�V\VWHPV�>7@��
PHGLXP�VFDOH� V\VWHPV� >8@�� DQG� ODUJH�VFDOH� V\VWHPV� OLNH� YHKLFOHV� >9@�� ZKHUHDV� WKH� YDVW�
PDMRULW\� RI� (0� UHJHQHUDWLRQ� GHYLFHV� FRQWLQXH� WR� XVH� D� SDVVLYH� FRQWURO� WHFKQLTXH.� 7KLV�
UHVHDUFK� DLPV WR� LQYHVWLJDWH WKH� YLDELOLW\� RI� XVLQJ� DQ� DFWLYH� WXQHG� PDVV� GDPSHU� �$70'��
V\VWHP�� ZKLFK� LQFRUSRUDWHV� DQ� (0'� ZLWK� DQ� +�EULGJH IRU� VLPXOWDQHRXV� YLEUDWLRQ� FRQWURO�
HQHUJ\�KDUYHVWLQJ. 7KH�SURSRVHG�$70'�LV�XVHG�WR�VLPXODWH�D�EHQFKPDUN�EXLOGLQJ�>10@.�7ZR�
RSWLPDO SDVVLYH�70'V��ZLWK�PDVV�UDWLRV�RI�0.67��DQG�2���DUH�DOVR�VLPXODWHG�IRU�UHIHUHQFH.

2 SYSTEM CONFIGURATION AND WORKING MECHANISM

2.1 Active tuned mass damper

Figure 1��&RQILJXUDWLRQ�RI�$70'

)RU�WKH�76�VWRU\�EHQFKPDUN�EXLOGLQJ��DQ�DFWLYH�WXQHG�PDVV�GDPSHU��$70'���DV�VKRZQ�LQ�
Figure 1��LV�WDNHQ�LQWR�FRQVLGHUDWLRQ. 7KH�$70'�V\VWHP�FRPSULVHV�WKUHH�PDMRU�FRPSRQHQWV.�
7KH�VHQVLQJ�V\VWHP�FROOHFWV�VWUXFWXUDO�UHVSRQVHV��ZKLOH�WKH�FRQWURO�V\VWHP��D�PLFURFRQWUROOHU�
XQLW��0&8��LQ�WKLV�SDSHU��LV�UHVSRQVLEOH�IRU�FRPSLOLQJ WKH�GHVLJQHG�FRQWURO�DOJRULWKP.�/DVWO\��
D 70'�ZLWK DQ (0�DFWXDWRU FRQQHFWHG�WR�DQ +�EULGJH�FLUFXLW�LV�HPSOR\HG�WR�SURYLGH DFWLYH�
FRQWURO�IRUFH.

7KLV�VWXG\�DGRSWV�$UGXLQR�8QR�IRU� WKH�FRQWUROOHU�XQLW.�7KH�LQLWLDO�VWHSV�LQYROYH�LQSXWWLQJ�
WKH� PHDVXUHG� LQIRUPDWLRQ� LQWR� WKH� 0&8.� ,Q� RUGHU� WR� DFKLHYH� WKH� GHVLUHG� FRQWURO� IRUFH��
FRPSXWDWLRQDO�SURFHVVHV�EDVHG�RQ�WKH�SUH�FRGHG�FRQWURO�DOJRULWKP��WKH�/4*�FRQWURO�DOJRULWKP�
LQ�WKLV�UHVHDUFK��LV�WR�EH�FDUULHG�RXW.�7KH�(0�DFWXDWRU�SHUIRUPV�D�WZR�ZD\�WUDQVIRUPDWLRQ�RI�
HOHFWULFDO� DQG� NLQHWLF� HQHUJ\.� )RU� WKH�(0� WUDQVGXFHU� DGRSWHG� LQ� WKLV� VWXG\�� WKH UHODWLRQVKLS�
EHWZHHQ�WKH�HOHFWULFDO�DQG�PHFKDQLFDO�SURSHUWLHV�FDQ�EH�H[SUHVVHG�DV

�1�
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ZKHUH� GHQRWHV�DQ�LQKHUHQW�SDUDPHWHU�RI�WKH�(0�WUDQVGXFHU�SURYLGHG�E\�WKH�PDQXIDFWXUHU.���
GHQRWHV� WKH� UHODWLYH�YHORFLW\�GLIIHUHQFH�EHWZHHQ� WZR�HQGV RI� WKH�(0�DFWXDWRU�� GHQRWHV�

WKH� FXUUHQW�� DQG� DQG� DUH� WKH� FRXQWHU�HOHFWURPDJQHWLF� IRUFH� �FRXQWHU�HPI�� DQG� WKH�
HOHFWURPDJQHWLF� FRQWURO� IRUFH�� UHVSHFWLYHO\. 7KH� (0�PRWRU� LV� FRQQHFWHG� ZLWK� DQ +�EULGJH�
FLUFXLW�WR�UHDOL]H�WKH�WDUJHW�FRQWURO�IRUFH.�/L�>11@ GLVFXVVHG�WKH�GHWDLOHG�ZRUNLQJ�PHFKDQLVP�RI�
WKH�+�EULGJH�V\VWHP.�7KLV�VWXG\�IROORZV�WKH GHVLJQ�SURSRVHG�SUHYLRXVO\� LQ�WKLV�FDVH��WKH�GXW\�
F\FOH�RI�WKH�+�EULGJH�FDQ�EH�FDOFXODWHG�E\�WKH�WDUJHW�FXUUHQW��DV�SUHVHQWHG�DV

�2�

ZKHUH LV� WKH�GXW\�F\FOH� UDQJLQJ� IURP�0� WR�1.� UHSUHVHQWV� WKH� 
21
 VWDWH�RI�SXOVH�ZLGWK�
PRGXODWLRQ��3:0��VLJQDOV.� UHSUHVHQWV�WKH�WRWDO�HOHFWULFDO�UHVLVWDQFH�RI�WKH�FLUFXLW� DQG�
UHSUHVHQWV� WKH�YROWDJH�RI� UHFKDUJHDEOH�EDWWHULHV. 7KH�SURSRVHG� V\VWHP�RSHUDWHV DOWHUQDWLYHO\�
EHWZHHQ�HQHUJ\�FRQVXPLQJ�DQG�HQHUJ\�KDUYHVWLQJ�PRGHV.�7KH�QHFHVVDU\�FRQGLWLRQ�IRU�HQHUJ\�
KDUYHVWLQJ�LV GHVFULEHG�DV�VKRZQ.

���

3 SIMULATIONS OF ATMD ON BENCHMARK BUILDING

3.1 Basic information
$�76�VWRU\�RIILFH�EXLOGLQJ�LQ�0HOERXUQH��$XVWUDOLD� ZDV�XVHG�IRU�VLPXODWLRQ�LQ�WKLV�VWXG\�

>10@.�7KH�EXLOGLQJ�ZDV�PDGH�RI�UHLQIRUFHG�FRQFUHWH�ZLWK D�WRWDO�PDVV�RI�15��000�PHWULF�WRQV.�
7KH� VWUXFWXUH� LV� ZLQG�VHQVLWLYH�� ZLWK� D� KHLJKW�WR�ZLGWK� UDWLR� RI� 7.�.� 7KH� ILUVW� WKUHH� QDWXUDO�
IUHTXHQFLHV�DUH�0.160�+]��0.765�+]��DQG�1.992�+]��UHVSHFWLYHO\.�8VLQJ�5D\OHLJK
V�PHWKRG��WKH�
VWUXFWXUH
V� LQKHUHQW� GDPSLQJ� UDWLR�ZDV� FDOFXODWHG� WR� EH� 1�.�:LQG� WXQQHO� H[SHULPHQWV�ZHUH�
FRQGXFWHG� WR� ILQG� WKH�TXDQWLW\�RI� IRUFH� WKH�ZLQG�ZDV�SXWWLQJ�RQ� WKH�EHQFKPDUN�EXLOGLQJ� LQ�
ERWK�GLUHFWLRQV.�7KH�PRGHO�WR�SURWRW\SH� VFDOH�ZDV� VHW� DW� 1�400�� DQG� WKH�ZLQG�YHORFLW\ VFDOH�
ZDV� VHW� DW� 1��.� $W� D� VFDOH� RI� 1�1���� WKH GDWD� ZDV� FROOHFWHG� IRU� 27� VHFRQGV.� 7KH� IROORZLQJ�
UHVXOWV� GR� QRW� FRQVLGHU DQ\� VWDWLF� GHIOHFWLRQ� WKDW� PD\� KDYH� RFFXUUHG� LQ� WKH� EHQFKPDUN�
EXLOGLQJ.�7KH�ZLQG�ORDGLQJ�ZDV�VFDOHG�WR�EH�20�PHWHUV�SHU�VHFRQG�DW�10�PHWHUV�LQ�KHLJKW�IRU�
DOO WKH�VLPXODWLRQ�UHVXOWV�SUHVHQWHG�EHORZ.

3.2 Results and discussions
7KUHH� VLPXODWLRQ FDVHV� DUH� SUHVHQWHG LQ� WKLV� VHFWLRQ�� LQFOXGLQJ� WZR RSWLPL]HG UHIHUHQFH�

70'V��ZHLJKLQJ 250 W�DQG�750 W��UHVSHFWLYHO\. $W�WKH�VDPH�WLPH� WKLV�VWXG\�IRFXVHV�RQ D�250 W�
$70'� LQVWDOOHG RQ� WKH� WRS� RI� WKH� EXLOGLQJ.� 7KH� SDUDPHWHUV� RI� FKRVHQ $70'� V\VWHP LV�
SUHVHQWHG�LQ�WKH�WDEOH�EHORZ.
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Table 1: Design parameters of ATMD 

Component Parameter Value 
ATMD Mass, md 250 t 

Damping ratio, ζd 0.0856 
Tunning ratio, fopt 0.9934 
Mass ratio (of 1st modal mass) 0.667% 
Mass ratio (of total mass) 0.185% 

EM actuator Motor constant, Kem 4000 N/A or V·s/m 
H-bridge Total resistance, Rt 35 Ω 

Voltage, Vbatt 21,600 V 
Others Parasitic damping coefficient, Cp 4.761 kN·s/m 

As shown in Figure 2, the simulation findings reveal that the suggested ATMD reduces 
the root-mean-square (RMS) top floor displacement by 46.31% compared to the uncontrolled 
case. The 750 t TMD reduces RMS top floor displacement by 43.69% compared to the 
ATMD, which can offer marginally better performance while significantly lowering the mass 
ratio. The optimized TMD, which is the same weight as the ATMD, further reduces vibration 
by an additional 9.33% for the ATMD. 

Figure 2: RMS displacement responses Figure 3: RMS acceleration responses 

The optimum 250 t TMD results in a 48.17% response reduction on the 76th floor when 
compared to the uncontrolled case for RMS acceleration responses, as shown in Figure 3. 
The proposed ATMD also permits a further reduction of another 6.10%. The 750 t 
TMD offers the best performance among all categories, which results in a reduction ratio of 
58.32% compared to the uncontrolled case, in contrast to the earlier displacement suppression 
results. It is observed that the ATMD affects the acceleration reduction ratio on the 75th floor. 
The RMS acceleration of the 75th floor is reduced by 47.87% and 57.97%, compared to 
optimal passive TMDs of 250 t and 750 t, while the value is increased to 69.06% by ATMD.  

It is evident that ATMD has the potential to achieve a control performance that far exceeds 
the norm. In general, when comparing RMS responses, ATMD provides vibration control 
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performance comparable to 750 t TMD while having the added benefit of a much smaller 
mass ratio. 

Figure 4: Cumulative output power during the simulation time of 900 s 

In terms of control force, the EM motor has an RMS value of 98.52 kN and a maximum 
weight of 407.96 kN. More than 97% of the excitation at 900s is compatible with positive 
energy flow. The amount of energy harvested at 20 m/s average wind speed is 22.138 kW, as 
presented in Figure 4 and Figure 5. In this case, a significant amount of positive energy 
output validates the feasibility of the proposed design. 

Figure 5: Power distribution 

There are still several methods available to further improve the performance. For example, 
limiting total circuit resistance allows the energy-harvesting condition to be met more easily, 
therefore increasing harvesting potential. Furthermore, using actuators with greater electro-
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PHFKDQLFDO�FDSDFLW\��RU�KLJKHU� ��ZRXOG�UHGXFH�WKH�FXUUHQW�LQWHQVLW\ DQG�WKH KHDW�ORVV�LQ�WKH�
FLUFXLW.�)LQDOO\��WKH�IULFWLRQDO�IRUFH�FRXOG�EH�UHGXFHG�WR�IXUWKHU�PRGHUDWH�SDUDVLWLF�GDPSLQJ.

4 CONCLUSIONS
7KLV�VWXG\�SURSRVHV�DQ� LQQRYDWLYH�$70'�IRU�FRQWUROOLQJ�D�76�VWRU\�EHQFKPDUN�EXLOGLQJ�

XQGHU�ZLQG�ORDGLQJV.�+�EULGJH�(0'�SHUIRUPV�WKH�HQHUJ\�KDUYHVWLQJ�IXQFWLRQ�E\�WUDFNLQJ�DQG�
SURYLGLQJ� D� XVHU�VSHFLILHG� WDUJHW� IRUFH.� 7KH� WDUJHW� IRUFH� LV� FDOFXODWHG� ZLWK� WKH� KHOS� RI� WKH�
0&8�DQG�GHWHUPLQHG�XVLQJ� WKH�/4*�FRQWURO� DOJRULWKP.�7KH�SHUIRUPDQFH�RI�ERWK�YLEUDWLRQ�
PLWLJDWLRQ� DQG� HQHUJ\� KDUYHVWLQJ� LV� LQYHVWLJDWHG.� ,W� LV� GHPRQVWUDWHG� WKDW� WKH� $70'�
RXWSHUIRUPV�WKH�FODVVLFDO�70'�ZLWK�RSWLPL]HG�SDUDPHWHUV.�,Q�FRPSDULVRQ�ZLWK WKH�RSWLPL]HG�
70'�RI�WKH�VDPH�ZHLJKW��$70'�ZLWK�D�PDVV�RI�250W�LQWURGXFHV�D�9.����UHGXFWLRQ�LQ�506�
GLVSODFHPHQW�RQ�WKH�76WK�IORRU�DQG�D�21.19��UHGXFWLRQ�LQ�506�DFFHOHUDWLRQ�RQ�WKH�75WK�IORRU.�
7KH�FRQWURO�SHUIRUPDQFH�SURYLGHG�E\�$70'�LV�FRPSDUDEOH�WR�RU�HYHQ�VOLJKWO\�EHWWHU�WKDQ�WKDW�
RI�DQ�RSWLPL]HG�70'�ZHLJKLQJ�750W.�$W�WKH�VDPH�WLPH��LW�UHGXFHV�WKH�PDVV�WR�RQH�WKLUG�WKDW�
RI�WKH�SDVVLYH�FRXQWHUSDUW.�7KRXJK�WKH�XVH�RI�DFWLYH�FRQWURO�GHYLFHV�LV�FXUUHQWO\�OLPLWHG�GXH�WR�
WKH� KLJK� HQHUJ\� GHPDQG�� WKH� $70'� FDQ� DEVRUE� HQHUJ\� IURP� VWUXFWXUDO� YLEUDWLRQ.� 7KH�
SURSRVHG� GHYLFH� FRXOG� DFFRPSOLVK� DQ HOHFWULFDO� RXWSXW� RI� 22.1�8N:� ZKLOH� PDLQWDLQLQJ� D�
FRQVLVWHQW� RXWSXW� SRZHU� IORZ� IRU�PRVW RI� WKH� WLPH.� 7KHVH� QXPHULFDO� UHVXOWV� SURYLGH� VWURQJ�
VXSSRUW�IRU�WKH�IHDVLELOLW\�RI�WKH�$70'�V\VWHP��LQGLFDWLQJ�D�SURPLVLQJ�IXWXUH�IRU�ODUJH�VFDOH�
DSSOLFDWLRQ.
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