F) (% + 5

TONGIJI UNIVERSITY

MM T X

(T )

B &N BRRRIRE RGR

FENTEH: BEXEARFLES
(4% 5 : 51778490)
B 8] E BR A A HT B 1E E A F T
(%5 : 2016YFE0127600)

63 % TKETF

¥ £: 1530665

Br & It %: T AIEFK
F AT R &

T ¥ . IR

Z b M oH: BRASEATE

5 O OJE. EAE
—O—/)\FEAH



A thesis submitted to
Tongji University in conformity with the requirements for
the degree of Master of Engineering

Design and Experimental Study of Self-balanced
Eddy Current Inerter System

Supported by National Natural Science Foundation of China
(Grant No: 51778490)
Supported by Key Program for International S&T Cooperation

Projects of China (Grant No: 2016 YFE0127600)

Candidate: Zhang Xinyu

Student Number:1530665
College/Department: College of Civil Engineering
Discipline Category: Engineering

Major: Architecture and Civil Engineering
Supervisor: Xue Songtao

June, 2018



A B A IR IS E W R E X EREKEER

R

= 35K A




FA0L ST ARAE F A H

ANGEE TR RFER TR RAF. AR CRIUE
RN A TN 2R 2 MR SA R ER SR A A A ST BRI AR L1 R AR 5
R BURAF SRR ST BRI AT 7R, FFR FHRZEN L 4 B 334
BB B FERORAFIR G ARA BRI H AR PR A 247
WS4 SCEE B0 B B Y R 55 5 SA AT ALAEAT SOMRE 170 [ 5K A O
B WA SR SCI R ENPEAT LR AEAS AR A B I HTSE T
SR AT DATE 24 R A ST B2y Bl A H TR 3l

ES VA R (LY

F H H



Rl ARFEFMRICREBIE A

RNFBEAEY: FrREZMFEARL, RANESINRS T, #7
W TAE TS ISR BRSO O 5 A B oh, RIS
HIBE LR AN S AT AR N BIERT . AT RS WA AT KRR
TR IR 2E o XA SO S AT T8 AR DOk i HAl A A1,
By AEseH AR T AR B o A AR SO B A B HVE AR DA AR
INZCiE P

ES VA R LY






PN e A

HE

g R FERE . ML e S5 RA DR A5 IR FRIBOESE S
K ARSCHETE T — Pl B T PROE DU IN B 2647 77 R g8 B 7 i R i 1
ARG, HBEAZRPGETT . EEBORROR S ARRERCREE . FLE S TR, i
ANESS S BP0, AR BERR A IR SR s BT ELRTE F1 A
IKIEE

ASCE PR AT I T ZEOR AT BRI, XL A T R b
TR RGUEAT 7 BRI BRI E . ASCH EEWF AN BT

(1) BEIR 715 25 A5 R0 R I BELJE 253 (AR FEBDIR AN 5, B2 1 B i I 19
ARG Is ] BIPROEIRR R R SRS (Al ) R girh, Bt s A IR RCE 244 TiE
P B0E A B e A 2 R G it TR A 2 BT BT TR RE , R R BRI A R gt
GEE T an

(2) % B P 2 R IR 15 R Ge e sh 7 [ AN 205 17 B K52 kAT 1 oA
UEW] T 7 A0 B S OF 22 A R et RE S SR AT A bLE il SR 022 A e e s T At B JE 4%
P A LI U BOR RN, I LA ARSI L AR A B 3 [F) A HE 10 A A R s AR A
SHCESRME TR, 0 H PTG R A RGBT 1 4Rt it I
FEAE FHAS R L2 AP 2R AL 5 SR A T PR Se A

(3) BFXF BRI A R G SERE R B 1l BRI R, 24T 7Y
PSR 00 T 4 R 2R 0 )l 5 B R sl ik, S 1 BEXE AN A o0 i fag AL 55
RO BRAGEAY ;G I o) S 5 SRR A5 AL e T B S o NSV I R B AT LR,
Bk 1 iz BRI A R G BT TR RE RAF, UE RO sl I HaE i x
HOE PTG 2P B0 AR BEL 2 23 FEE AR 5 (Rt BEL e S G AT V5, s MR 1
HL I L BEL 2 2R KRB BRI T 3G K

(4) FF I s R e B R AT 7215, ST A ARt
BT, T AR VE B R AR 45 Rtk AT 7 S B0, I S B0 25
RHEAT T BUEA A B Ie 45 R, IR 1 AR LRI B A A DL 25 SR e L U7
WhE SRBR 2 5, I AR 2 M B A0 % Fh T EAT 1 BEARI, X 2% T
RS HOHEAT LR, 453 1 AR LO0N H i A AR 48 10 BAR Y BEAR R AN 25 e e
FITHI EARS G WEIE 1 ASF L2360 B s It B JE 2R BN R I TBOR RE 77 L Toa it BEL
JE R BB BRAAC B ST, UEW] T B P ETE R TR I R R ST EAT R RIAERE
HE 1A E 117 BE



SR L. AN BT SRIRS. MBRML Bk, 2
HORHI, KR






Tongji University Master of Science Abstract

ABSTRACT

Due to the fact that conventional metal energy dissipation, viscous dampers and
so on have some shortcomings such as oil spill, hard to install. maintain and change,
we investigated a kind of self-balanced eddy current inerter system which can be
applied to the field of tension-only system. This damping has many advantages such
as Non-contact, easy installation, good energy-saving effect, easy to adjust the
damping, durability, self-balanced and so on, which has great potential and
application value in the field of structure of energy dissipation and vibration control.

In this paper, through theoretical analysis, experimental research, parameter
identification and numerical simulation, the design and performance verification of
this kind of self-balanced eddy current inerter system is carried out. The main
contents and achievements of the paper are as follows:

(1) The research status and background of the inerter, the eddy current damper
are expounded and applying the eddy current inerter system into the tension-only
system for rapid seismic rehabilitation strategy by using positive and negative dental
screw is proposed. The concept design of the new eddy current damper and the
structural details needing attention are pointed out.

(2) The force in the direction of rotation and the axial direction of the
self-balanced eddy current inerter system was analyzed to prove that the design of the
positive and negative dental screw can double the amplification coefficient of
traditional eddy current damper, and letting inerter effect of conduct dial and magnet
dial work together. The model of the self-balanced eddy current inerter system was
designed, and two kind of physical prototypes were created according to the schemes
using different screw types.

(3) Experiment scheme and experiment equipment are designed to test this kind
of eddy current inerter system. One-degree-of-freedom free vibration test of scaled
frame under four different working conditions is conducted. By comparing the
experimental results and theoretical values of the total mass of the structure, it is
verified that the self-balancing performance of the eddy current inerter system is good,
and the inerter effect reduction is very small. The logarithmic damping method is used

to calculate the damping coefficient under various working conditions in order to
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determine qualitatively the eddy current damping coefficient increases with
decreasing air gap.

(4) Based on experimental results, the simplified physical model was modified,
and frictional damping was introduced to establish the nonlinear equation of motion.
And the modified physical model is used to identify the parameters of the test results.
By comparing the numerical modeling result based on the results of the parameter
identification and the experimental results, that modified physical model numerical
simulation results can fit well with experimental results is proved. The specific
parameters of each energy-consuming unit of eddy current inerter systems under
different working conditions are achieved. It is proved that the self-balanced eddy
current inerter system has good energy dissipation capability and self-balancing

capability.

Key Word: eddy current, inerter, self- balanced, tension-only system, damping

coefficient, free vibration test, parameter identification, numerical simulation
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