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Fig. 2 Structural sketch of “MR rotary inertia damper”

Table 1.Properties of “MR rotary inertia damper” in design
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Fig. 4 Max. floor response acceleration (no applied current)
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Fig. 5 Max response displacement (no applied current)
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Fig. 6 Transfer function on EICentro input

Acc. Transfer Function Ratio| Acc. Transfer Function Ratiq

Acct [ifansfer Function Ratid

Mo P N WSO O N ®

I — EERE=ECas A
1 kgl o,
0

Disp. Transfer Function Rati:

Disp. Transfer Function Rat}

0. X
0.1 1 Period (sec.) 10 0.1 1 Period (sec) 10 0.1 1 Period (sec.) 10

(a)ElCentro (b)Hachinohe (c)JJMAKobe
Fig. 7 Transfer function ratio on mass ratio 0.30 to mass ratio 0.10
LTI, EPEEREE TR L ESNC L CRERBRIN: L RN, RIRHOISEEM 2T 5 2 & BHIRFT

WHNCEIE S B HIEREEE R T4 2 — %A+ 5 ik EpLEZLND.
7R BRI TS, Figure 7TIEZ 2O [E A E 5 3. 2 27U T« FHIHA

FOAHBEBOEAICBWT, Bk 0.101ICx3 55 ARETIE, BIEICISWNT, EEEEOZRIC L VIRIE
it 0.30 DIREMBDIL AR LIz b D TH S, JINEE, ZONBEFE DR Z MR T2 R BINEEM /NS TDH L

N E BT, BEEEEN 1 I/ S WEENE R NI TE D EE 2 b D IMAKobelZ>W T, &8I T 2
R&ELT 52 LT LD IRERRE XD A, (ER T4 TN K0 RSB R L OUSE BN E & 5
B 1 X0 REWEBSERLEZRELSTHZ LT KI5 ka4 T 5.
VISEDRHIET 2B TH D, b OEERESIE JMAKobe |23 &5 /v A EESNE, BV R
FERHBEC I D ALY R VRN X0 B S A E N RERIRBEOLEMZET D LV EHMER S0, &K
BROBMTHDLZ 0D, KPOEREHIAEREL INEEBEZ DL E, EREOKRBIRENAT, 2FH K
72 & 9 #2757 LT 5723, ElCentros L U8 Hachinohe EREENATIEND Z & TRAISEICEDHANS .
OEAEN 5 BOLAITERENERKELTHZLT, Figure 8 Figure 9 (ZARZEERTHW 72 ElCentro B L Y
EROEF E AL T O ERERREE AR E L 2o JIMAKobe DREZIFEHEEN I, ElCentro 3 X UY IMAKobe
TWa. 72, EAEE 5B O%E1E ElICentrod &1 0.2 AJIREDOUL0TI DORELIIEIE BN TE 2 =79, I
WLTICBIT 2 ENEERAE L KEL 2o TWE. k RIS R A2 RO TR TORLTEBY, W&EORIEN S
B ORISR R D &, AW 2 0D 6 IO fRHTIC & 0 EBRRE R A AT TEX T D 2 EBNHERT
TG EE MG S 5 RIS K OVE ) 2 BT (IMAKobe % %. Figure 8 Figure 9% f.% &, HEB)O A Sl &
OEAITEAW 0.3 BLLT) ONLEE A BN 5 k2 & WG RO IS T BB BEAH 0, AT HEE O
5. BRIEOZEIC L DIEEO#IEN R b BEICEN iR NN ek I ST N - NI S N VAT o
TW5?DIX Hachinohe TH v, INEEEERERSILICR W LTWDBEEZDLZLINTED.

The B AEE ORI/ SV, SF DIEHEEIC X 55 Figure 10i%, 73w ¥ 7 Hfilf#lCdb % FEif BN D55
HENNENEEZ HND DT IMAKobe TH S, — 77, IZDWT, HEBh O A ST E DN e K & 7 B B D> B 13
TEOENGERKE LD L, COMBERIZBWTHE KRR KINE BN ZFET D E TIZET HEH (LU,
0.4 00 8 WL O#iF CEMIKRBSI RN T & T KGR EE AT D> 5 DR 2] & D) Z R HRY

%. ZhEbY, IMAKobe TR W CTIRIEMEE &iC L v B i HEIGAR DRI E AN 2 fEiC iR Y, W2 O Bk & B &
e k& LTY, BERGIRICORIGENNEE ORIE B LOCHEH LIS ny FLIZbDTHS. Figure

43



R T RER A LR - o A T AEHEIIRRCEE 555 40~47 H (2013)

30 ©EICentrou10T3

Vel (cms) EICentro1940NS| Vel (cnVs) n ; JMAKobe1995NS Max/Disp. (cm) “ElCeniop10TS
40 h j\ i r A
oA 25 #ElCentrou30T3
0 ﬂf. \NM\ Wl v\/\ Fgpand 5 Wmﬂj\f\ V: J .WLV%MW + EICentrou30T5
40 Rl O~ AHachinohgu10T3
b4 20 o=
80 i i Time(s) Vo Time(s) AHachinohg10T5
2 ——> [ ¢ 2.80F) TSRS ;2,045 15 A/ o AHachinohqi30T3
20 DIW (cn]) u10T3 Disp. (cm) I u10T3 AHachinohgi30T5
\ ' A H 10 f 0JMAKobep10T3
0 /\« 1Al ®| oJMAKobeu10TS
: f\f\ AW — Al I .
+ obey
-10 l v V ——Exp : \:/ ——Expeniment 5 © JMAKobey30T5
-20 i ——Analysi Time© i ————nAnalysis Time (9 Ti+1e Lag (sec.}
-30 0
0 5 10 15 20 25 300 5 10 15 20 25 30 00 10 20 30 40 50 60

Fig. 8u10T3 time history response displacemefig. 9 u10T3 time history response displacemefrig. 10 Time lag from

and time history input velocity of EICentro

10 X v, ElCentro A ) D U30T3 p30T5 DIFA Z k< &,
RO RIGEEMNRE VT E, FREEANND
GDH#F'HEJ#%JV% <7 M (FHESFR¥ : 0.8D) 23 L CHR
N5 HREWICERT S &, MPORBRCRSVE &I 0.10
TIE IR R AT D OFEFZEDZERITRE VA, KF
ﬂﬁ%ﬁfﬁﬁ’é’f%tt 0.30 ClIZ DRI D7, HES)
IR —EE &> T D, Fiz, MEBRNIC
@“5 & BREEAIH S ORI, ElCentro D4
TiZ 2.0~3. 5 O#iPH, HachinoheD A Tt 0.3%
R (72721, pl0T3 T 2.6 L), IMAKobe TiE
1.0~2.0 BREOHPHL 2o TRV, MEHOWHEIC L
AR THD EEXDH LN TED.
b O % FEIZ, Figure 1UIRT XL 9 ZeilfE k%
R4 %, Figure 30 %4E 7 /LR Figure 1UTRT X 9
12, W Eo B #iRIZB\W\ T Vpresentd A8 %
ZAFTWB ET B, 2D Vpresent & At Ui A S EE
Vpast% bz U C, BIIED AT EE DAt B RGO AT EE K
VR X T AUSHIE S &2 ONIZ L, /b & AUl 1 % OFF
W29 %, BUEDATIERE Vpresents 2 %l = & 8L L 72
W5, OFEMFLRTDO A TIEE Vpast: O LR E T,
il 71> ON, OFFZ )V B 2 A HlfHAITH H. 2D L &,
t S IXHIE ) FE A D IRFRTE L ORBE R O EF EH (b5
WEZD 14 12) WD E, W ONDERNRE 2
LD, ZZT, Figure 12R9 & 91T, REREDO
EAEY TIC—8T 2020, TORENIHRHE L &
HICIRE IR L, FRoRME % FR8k L 7 BIC kB I =T
DWHEERIE RN AN SN EEHE 2D, ZOERK
A% Figure 3OXGE TN EN T AT ST HAIC
DUNT, FEIRMEFRIINRED Ry TR, Figure 110DAt
HENEN 02, TIAR, TR, T i/ L LG AoE
T 7T 4 T IR O R RIS B D — 5 % Table 3T~
ZIT, MDOREHEEL LT, 0.2 R AEDEN
R ZAE L CR Y, TIHREREDOEAgENEZE L,
T=3 D&% T/4=0.758>, T12=1.58, T=5HDHAX
T/4=1.25F), TR2=25F L7:%. Table 3LV, At OFRE
EIC K DIRRIGEME % LT 2 &, B RIS EINEE 1
10T3% PR &, At ZHEIEIR DG JEH & [F T L84 (At
=T) Mfeb/NEL 2250, M =TR & LIZH4 bihaFiE
JEIC/NEL 12D Z ENHERBTE S, RIS, RNIGEEAL
WHEBTDE, M=TR & LIEGERR /NS 5729
Z 2 TIEA ZREROBEARS T © 12 LREL, MR
EEREME 2 2 =% 27 7 T 1 THIE L 254 ofl
BRI CIRE T AT S .

and time history input velocity of JMAKobe

44

Vpresent=Vpast: ON

Vpresent<Vpast: OFF
\Y it
/\/\ N/\//\g/ prm

M

PN
Fig. 11 The proposal semi-active control method
100
Acc. (gal) Peak: 75 gal
50
, AAAAAAAAA
vvvv vvv
-50
AR Time(s)
-100
0 10 20 30 40 50 60 70 80

Fig. 12 The gradual increase and decrease sine wave with

natural period T

Table 3. Lists of max. response on gradual increase and

decrease sine wave input

T KIRISZ I (ga) e RIGHEZEN (em)
HEETN | Semi-active o Semi-active
™ o2s  T4a T2 T | o2 T4 T2 T
10TE 21F | 15¢  16¢ 101 93 | sC | 2€ 26 12 2
uioTE 91 84 90 o€ 64 5¢ 2C 2t 9 17
T 23 | 25 251 19 100 | sC | 2t 27 11 2
1305 134 | 199 206 175 170| 50 19 27 12 19
3.3 XT7Y T4 THIHEBDOLERE
Table 42, /S U7 HiltHRE (EVRERINEE, 1A O—E
BIREINEE) BELOEI T 77 0 THIEFRCIS T 2K
IS D—Ri A", $£7-, Figure 13|27 MEFIINEED

2y 7 HIEIRE, 1A O—EBHEVINRED /<y o 7 HiI#IR,
I 7T 1 THIERE (LT, 210 E410Al, T1A1, TSA)
LWV )) ENEFNIZET 2 BASEEO L E RS

Figure 13(a)t, Bt MEEIMKFICXI T2 1A —EBREIMN
Bt (1A0A) ZRLTWA. 1A, DE Y 0AILZ —1
VBRI X AWBENMIM SN gA, E&El 0.30 ©
JMAKobe)\jJH%E (XH @, @F) %, HRIGEE
PR E IR ENTWS. #iZ, HachinoheA JJig (1Y
AR, AF) ORRIGEENTL 0A (2T 70~80%
FERB S, 7 —n U BRI X D ENRBEh A
BOEEFEICENTWS. LA L2ARA S, HachinoheA /i
DE RIKIEEANEE 1F 2.1~2.6 REFLEEITHIE L, shmEH
WO RFTCH BB RS EH 2D TLEY,
HIEEZ 2 7B E R ES IS VWb B bh
5.

Figure 13 (b)E, BFEEFHINEECHT 2 I T 27T 47

max. velocity input



R T RER A LR - o A T AEHEIIRRCEE 555 40~47 H (2013)

Table 4.Lists of max. response
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Fig. 13Max. response raito in no applied current, constant 1A applied current and semi-active control
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Response Control by Using Rotary Inertia Mass Damper Filled with
Magneto-rheological Fluid on Real-time-hybrid Experiment

Tetsuya TOMIZAWA , Mai ITO?, Yuya AOYAMA®
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Keywords: Seismic isolation, Magneto-rheological fluid, Inertia mass, Semi-active control,

In this paper, through the real-time-hybrid experiment with the use of “MR rotary inertia damper” the
authors have been developed, the seismic response properties are discussed by changes in the parameters on
building structure. The setup parameters in this paper are three of the followings; natural period of building
structure, inertia mass ratio to building structure mass and variety of input earthquake motion. From the
knowledge obtained by the experiment, the authors propose the semi-active control method focused on input
velocity of earthquake. Then, in comparison between passive control and semi-active control, it have been
confirmed the effects of the displacement reduction in the all case of experiments performed in this paper.
Especially, in the case of IMAKobe earthquake, by the proposed semi-active control, it have been confirmed
both floor response acceleration and displacement were reduced.
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