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isolators

F1 Hp=0. 1HAERRRZTHIE
Tab.1 The element values for different vibration isolation

systems when £ =0. 1

R k/ k/ c./

sl (Nem™)  (Nem™) b/kg (Nesem ) &/ (Nem ™)
CHk[25] 785882 — — 25017 —
CHk[26] - 579941 2981 73114 —
XHk[27] — 4124755 2981 41316  —1649902

A3 965502 359980 2981 32336  —386201

R2 AERIRSEBESTI0OsHERAm BB HTRE
Tab.2 The RMS values of the m, displacements of the

building controlled by different base isolators in 30 s

I El-Centro Northridge Kobe
b7 Yl A5 750
RMS{/m  RMS{H/m  RMS{H/m
AT 0.004048 0.003689 0.015955
CHik[25] 0.003879 0.003433 0.015024
CHik[26] 0.003894 0.003503 0.015697
wk[27] 0.003029 0.004658 0.009213
AL 0.002283 0.003066 0.006552

TR 3600 M1 3400 BRICLAAN , BRI Z AL
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B TE] /s
(a) El-Centroti f& T AL RG MR HR = A8 fr
(a) The displacement outputs of the base isolation layers of the
five systems under the El-Centro earthquake excitation

2 0.5F R ORDSECRDe, SCRRT X
g bbbk bbawst s ot "™
= 0 il

=

E—o.s- . . . . .

0 5 10 15 20 25 30
e /s

(b) El-Centrott & T Tl R S8 k& 2 hinss B ¥

(b) The acceleration outputs of the base isolation layers of the

five systems under the El-Centro earthquake excitation

K18 El-Centro M T TL A 5 G5 i 4k J2 £ B8 A 52 i 114
Fig.8 The displacement and acceleration outputs of the
base isolation layers of the five systems under the

El-Centro earthquake excitation

#& 3 El-Centroitt E T 30 s W &/l [RHRE m, i &z
Tab.3 The response of the base isolation layer m, in 30 s

under El-Centro earthquake

R ‘
REIRACR (RS 7 (H/m ’J”@(; ffﬁ/ (LA UEA /m
bR 0.00127 0.1274 0.003712
SCHk[25] 0.00127 0.1177 0.003695
SCHk[26] 0.00118 0.1263 0.003495
Hk[27] 0.00120 0.0972 0.003607
ViNg'§ 0.00081 0.0829 0.002774
4 & it
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FEMRIR R Ge v, A% B f A7 A o BF 90 25 IR N 7E B
i B RS HEA T U HR A1 , A T R FH AR 9 A AT S R s
P R GE AR T, IR RN I SRR AR R AR Y AF Y
PR IR

(1) #F 5% % 8L, 2= G 1) i A3 o 7 it 28 77 7 g A4
5 == N B ) A - == R S R v i
(B D,

(2) M5 T A 25 78 5 W Lh B o o L )19 0
T R GEI F A A T A E IR R T AR L R A
WK H R f G BHLJE EG 0 i BT 2k o CE B M
FEF2),

(3) # 4l Hurwitz fa g tEHIHE S T HESH
BB I R e ke 1 F8 o0 b B4R LR 1 5 4
E I B NI E BE R o e LA DG (2 B 3) .
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Optimization design of an isolation system with an inerter

and an element of negative stiffness

WANG Kai, WU Liting, LIU Fei
(Key Laboratory of Advanced Process Control for Light Industry (Ministry of Education),
School of Internet of Things Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: This article investigates the optimization problem of a novel base isolation system by introducing a passive network con-
sisting of one damper, one spring and one inerter and a grounded element with negative stiffness. The dynamic equations of the sys-
tem are established and the frequency response function in the dimensionless form is derived. Since it is found that the amplitude-
frequency response curves pass through four fixed-points, the extended fixed-point method is utilized to solve the parameter optimi-
zation problem. The explicit expressions of the optimal inertance-to-mass ratio, the optimal natural frequency ratio, and the opti-
mal corner frequency ratio of the system are derived by adjusting the four fixed points to the same height. The expression of the op-
timal damping ratio is calculated by letting the amplitudes of the three invariant frequencies among the four fixed points to the same
amplitudes as those of the four fixed-points. A necessary and sufficient condition for the system with optimal parameter values to be
stable is derived by utilizing the Hurwitz stability criterion. Compared with other three optimal isolation systems, the optimal isola-
tion system in this article can provide better H. performance and better output responses in the multi-storey building vibration sys-

tem.
Key words: base isolator; negative stiffness; inerter; extended fixed-point theory; parameter optimization
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