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Study on Wind-Induced Vibration Control of a Desulphurization
Tower Based on Tuned Mass Inerter System (TMIS) *
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Abstract The tall desulphurization tower belongs to the thin-wall steel structure with round section,
which has the characteristics of large flexibility, small damping and abrupt change of upper section. Un-
der wind load, the tower is prone to severe vibration in along-wind and across-wind directions. In order
to realize efficient and lightweight control of the wind-induced vibration of the tower, a tuned mass iner-
ter system (TMIS) is adopted in this study. Based on the derived frequency response function formula of
the desulfurization tower-TMIS coupling system, theoptimal design method of the TMIS for both along-
wind and across-wind induced vibration control of the toweris established. Finally, the vibration control
performance of TMIS on the tower is compared with that of traditional tuned mass damper (TMD) and
tuned mass damper inerter (TMDD. The results show that the TMIS optimized with the frequency do-
main response and H.. norm as targets has excellent control performance on vibration mitigation of the
tower in both along-wind and across-wind directions. Moreover, the TMIS demonstrates better light-

weight effect on vibration control in across-wind direction than that in along-wind direction, and its con-
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trol performance is superior over that of the TMD and TMDI.

Key words high-rise structure,

damper inerter,

51

il

IR SR B 2 A T Al i B A
J& T 1 37 3 A R A G A L X XU A 24 R A
JERE LA TS R AT Tl R B B A A B 1 B
TR R ) LA T R s R v 5 AR HE— A5
55 7 5 A8 L B4 R RE R AR A L B O 4 O 1
PRA L T A 5 o KGE N B K A T JR 2 A R )
AR S TR 002 () A5 B L O DR IE JBE i 3 22 4
FSEABAT L FEAR KU BUIR 20 5 45 4 42 42 5 9% 97 401403 %
M), 7 5 BN B3 T e i A i R A 5

6 I R L JE 2% (TMD) 1 Sk — Bl L 14 W% fig
VIR R )T T e A R R e )2 A S
PR 0T R AT X BT O — Ak 2 B X
R 7 B K A A0 R B b s g R R T
TMD Wifik3 & , 25 £ R W TMD 7] DL I 25 44 19
ORI BE i DA (SR b N W R R S A I
SR EEWME, FESY TR TETEMRRX
TMD ) 45 A6 15 R 3ol 4% 328 56 5 2500 07 240 A7 5 285 21
T M TMD RS 3 in 45 #4 16 %5 B2 L, &
2 PR AL A8 3h i 17 A DR IE D8R B4R L A5 58 TMD
AR B A KA i Bl I 5, BE3S I T 45 4 A2 ) 1
L, CHEEM T TR BAR B ZS (Inerter) B AT BT &t i
KA, 55 55 BHLJE 255 & 44 18 FH AT 52 B0 KE g 4%
RO B AR R RS AR 28 BELJE #% (TID) B 7E
B fith B 5 25 A0 R B 2 22 L 5 6 L IRt TID RE W%
B I 8% {1 8 72 )23 KT B R L 38 48 4 n L O T
SRV S T A PR R AR B2 2% (TMDD 1
G A I 5 A A DRV T 7 e A A, o BT T B ARG
A G BHLJE R IR SR R L 42 T TMIDI
SR A .

552 T B M ok B A R R AR E Y
TMDI H H , 8055 3% 17 26 25 09 1 B 245k ik R e A
T S AR 25 0 (R AR RE 3 5 1 [ B A DR 0% 25 e R 3%
PR 5 Thago %51 B & B4 8 8 25 i I R BELJE
# (TVMD) , Garrido S 48 H 1l i XL 1 T
FHJE#% (RIDTMD). 2= W g % BiF 58 T RIDTMD

wind-induced vibration control,

tuned mass damper, tuned mass

tuned mass inerter system

Xof i W R T ) XU SR Bl 4 o R L 45 SR SR T A
&S TMD HA B 8 1 201E R O 58 3025 4 1 42
s AR IR ke B T AR B T i R R R L R
SifL S I 258 25 40 41 B A 19 3 TR I K U AR R 4
(TMIS) , Horf B 25 2 G A0 36 O B 3% H2 1 15 45 0
PF 5 B Te i - LA K5 AT e 3 04 B T

YT TMIS #52 f AR P A5, AR SC DL AR
T 155 & B 3E M F T Xt 4. 51 A TMIS JF J KSR
shfE i, 4515 BB AT — TMIS 5 & 2 55 14 45 i
PREIFE TR 2 5 256 WL 3 T IR 1] A XL ) XL AT A
3 ) LA 235 ¥ A dsk e B AN H Y BOCR AEAE H AR s
BT AR M IR S B AL T ik IR R G X
. TMD, TMDI F1 TMIS X 5 85 1 s 5 508

1 BmE-—HERRS

1.1 BRmERRTEER

HLB I I S 85m, EAR R Q235 N4
¥, B R R E Ao BB Hoh g 2 B
B4 BN RE B RSE LR 1.

x1 BEmEESRNEZEEE

Table 1 Inner diameter and thickness for
each section of the tower
Segment 1 2 3 4 5
Inside

A 7.700 7.700/5.760 5.760 2.700 2.700
diameter/m

Thickness/m 0.020  0.020/0.016  0.016 0.016 0.016

Height/m  12.050 3.320 14.950  5.480  49.200
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Fig.1 FE model and of the first mode shape of the

desulfurization tower
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Fig.2 Desulfurization tower-damper system model
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Table 2 Optimal parameters of TMIS for along-wind
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Yrvs /%
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M Min Ein Uy Vin
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5% 0.0844  0.0175  0.9369  0.1025 60.8

10% 0.1489 0.0485 0.9004 0.2226 62.3
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