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Summary of Thesis

VIBRATION CONTROL OF LARGE-SPAN ARCHITECTURAL STRUCTURES
USING SPATIALLY DISTRIBUTED MTMDs

Susumu Yoshinaka

Because large-span architectural structures, especially curved large-span roof structures, have
superior load transmitting performance, it has been generally recognized that they are lighter and
therefore safer in even strong earthquakes than general beam structures. However, results of
investigations following recent strong earthquake disasters have shown that people often could not
use these structures for emergency shelters because of slight damage to the structures themselves as
well as dropping of ceilings and suspended objects. It has also been observed that environmental
vibration damage occurs in other types of large-span architectural structures such as large-span
floors. These structures will become increasingly widespread in the future because of social
demand for sustainable architectures and complexity of architectural usage.

1 therefore propose a new vibration control design method applying TMD (Tuned Mass Damper)
to many architectural and civil structures. I select TMD for vibration control devices because they
have been widely applied to large-span light-weight structures and are considered to be superior in
application to complex-shaped large-span roof structures because they can be installed with only one
support point. They are also considered to be superior for retrofitting of existing structures.

Large-span architectural structures, especially large-span roof structures, have different vibration
properties than general building structures. In this study, I focused on the following two properties:

+ Various vibration modes involving rather high-order vibration modes
- Closely spaced natural frequencies of those vibration modes

In the design method proposed in this paper, shown in Figure 1, we control various vibration
modes with closely spaced natural frequencies by small spatially distributed MTMDs (Multiple
TMDs). Because the spatially distributed MTMDs are small, it is considered possible to apply
them inside structural members or joints.

The basic MTMD theory for controlling one vibration mode was proposed by Professor Fujino of
the University of Tokyo. Conventional single TMDs consist of one mass tuned to a natural
frequency of the controlling mode. The MTMD method, on the other hand, consists of a number of
small MTMDs with different natural frequencies distributed over the optimal bandwidth around the
natural frequency of the controlling mode.

This paper focuses on the structure’s robustness against change of its natural frequency, which is



an important property of the MTMD method. Then, to achieve more effective control than the
single TMD method, I aimed to control various vibration modes together. Moreover, by applying
MTMDs in a spatially dispersed arrangement, I expected to control the overall structure in a
well-balanced manner.

In summary, this paper proposes a new design method with a spatially dispersed arrangement of
MTMDs and a set-up procedure for design parameters to effectively control various vibration modes

for large-span architectural structures.
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Figure 2. Single TMD and MTMD method

This thesis consists of the following ten chapters.

Chapter 1: “Introduction” .
This chapter first outlines the thesis. Large-span architectural structures, which are target
structures in this study, are divided into (1) large-span roof structures and (2) other types of

large-span architectural structures.

Chapter 2: “Background and purpose of this study”

As a background to this study, this chapter describes (1) existing examples of vibration damage,
(2) vibration properties of large-span structures, (3) examples of actual structures utilizing vibration
control devices and existing studies . I thus show that it is necessary to develop a new vibration

control method for large-span structures.

vi



The purpose of this paper is summarized below.

I propose a new vibration control method using TMD, which is considered to be compatible with
vibration properties of large-span architectural structures that have various vibration modes with
closely spaced natural frequencies. I then verify the effect of the proposed method by numerical

analyses and tests.

Chapter 3: “ Summary of existing TMD design method to control one mode” .

This chapter summarizes the existing TMD design method for controlling one vibration mode. I
apply the MTMD method proposed for controlling one mode to control plural modes, so I describe
the design method in detail. I summarize the theory of the procedure for setting up the optimal
bandwidth and its robustness against the tuning ratio.

To verify the applicability of the MTMD method to actual large-span structures, analytical
investigations are carried out using a 40m-span arch model to control one mode by a concentrated

arrangement of MTMDs.

Chapter 4: “Proposal of spatially distributed MTMD method” .
This chapter describes the basic theory of the spatial arrangement of MTMDs and the procedure
for setting up design parameters of the proposed spatially distributed MTMDs method.

Chapter 5: “Verification of applicability of spatially distributed MTMD method to large-span
structures” .

This chapter describes analytical investigations carried out to verify the applicability of the
spatially distributed MTMD in controlling plural modes of large-span structures with closely spaced
natural frequencies. Two rectangular plate models with different aspect ratios were used. In the
analyses, the procedure for setting up the design parameters was based on the existing MTMD
method proposed for controlling one mode.

The following characteristic properties of the spatially distributed MTMD were obtained, and they
are compared with those obtained from the generally used single TMD method:

(1) In the spatial domain, the amplitudes of the overall structures are even.

(2) In the frequency domain, the responses inside the MTMD bandwidth are even.

The effect of vibration control of the spatially distributed MTMD was superior to that achieved by
the single TMD of the same total weight. This verified the applicability of the spatially distributed
MTMD method to large-span structures.

Moreover, to calculate the equivalent mass of the spatially distributed MTMD, an average

equivalent mass method is newly proposed.

Vil



Chapter 6: “Parameter design method for spatially distributed MTMDs under random
excitation” .

Analytical investigations were carried out using a basic nine-mass system under white noise
excitation with a spatial arrangement of MTMDs, and a procedure for setting up design parameters
was used.

The obtained results verify the effect of the proposed arrangement of MTMDs described in
chapter 4.

Moreover, the parameter design method for controlling plural modes was theoretically established
and the standard for the applicable limit of the spatially distributed MTMD method was established
in the frequency domain.

From the analytical results of this chapter, the basic method for designing the spatially distributed

MTMDs was established.

Chapter 7: “Analytical investigations on vibration control effect of spatially distributed
MTMD method to large span structures” .

This chapter describes analytical investigations carried out to verify the vibration control effect of
the spatially distributed MTMD under earthquake forces. I used both a single-layer lattice shell and a
dome-shaped spatial structure, which are considered to be typical large-span roof structures.

In addition, the design method for spatially distributed MTMDs is shown for a structural model
with widely spaced natural frequencies and for a structural model with rather different effective mass
ratios of controlling modes.

The analytical results verify that spatially distributed MTMDs with total mass ratios of only about

two percent can effectively control both the overall structural responses and the maximum responses.

Chapter 8: “Shaking table tests using an arch model” .

This chapter describes shaking table tests with a small-scale arch model carried out to examine the
fundamental and real behavior of the spatially distributed MTMD method.

Firstly, tests using harmonic excitation were executed to confirm the frequency response
characteristics of the spatially distributed MTMD, and the test results are compared with analytical
results.

Then, I confirmed the control performance of the spatially distributed MTMD under random
excitation.

Finally, I confirmed the robustness of the spatially distributed MTMD against a structure’s
frequency changes, which is important in real applications of the proposed method in controlling

several vibration modes at the same time.
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Chapter 9: “Summary of parameter design method for spatially distributed MTMDs” .

This chapter summarizes the basic parameter design method for spatially distributed MTMDs
based on the results described in the previous chapters.

In particular, I carefully summarized the selection of the controlling modes, the division into

several controlling groups and the detailed design method for spatially distributed MTMD.

Chapter 10: “Conclusions” .

This chapter summarizes the conclusions of this paper as follows:

(1) I have proposed a spatially distributed MTMD method as a new vibration control method using
TMD, which is considered to be compatible with the vibration properties of large-span
structures with closely spaced natural frequencies.

(2) 1 verified the vibration control effect of the spatially distributed MTMD method applied to
large-span structures by numerical analyses and tests.

(3) 1 established a basic design method for the spatial arrangement of MTMDs and the procedure
for setting up design parameters in order to apply the proposed method to real large-span

structures, and described its theory.
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, 3. 2. 3THRARZIDICHIRIRDKREETTDRREMELH D,

—77, MTMD {EDHIEDFRIZ 3. 3EH TR X )i, FUEERFOEEMED MTMD
OB R ONNROBE S 2 EARE L, BEITIEREEICE 2R {bd 2RIKRM 2 &RE % R
ZLTW5D, T TR NT A—F—1%, K 4.1.1 177 MIMD L&MW %2 &0 -2F%
ETMCEBWT, MTMD HHEEM LR BT D REZ EBICRESND, TOH, B
BIRET— F2HET 58 E—RHT— FHlEOBELRUBXFTRTA—F—%
BRETHLEDNARETHDLLEEZ NS,

LEX D, BEHNRTA—F—DBREE VO BEEANL L, BEORENIET— FOHEIZ MTMD
HEERAWAZEDREDTHDHEEZLND,

WA, KRANSCEEES A OIREIT— FOERMENR Y LW BaAnLEX D, 2.
2EITHATE L DI, KANVBREEE, FICKERBEDRIET— NIt L E0LZER
BHEE LB L TRRIEHETH D, S OICARETITERORE T — FOflEZ2 545
ELTWARD, BROREE— FTHIEIERZ LiIT52 22825, HREOCHRIZHE

63



BAAD MTMD #8£P LTRET D Z LITHHIRDIENBLS RN EEX LR D, &5HICkAS
VREMETAMESBVETABEND, BEOA TR, HENOLEKE ST
ABE AR L7V,

TITH 412 1R T L5, BHERBEORSEE(ED MTMD % {8« Of5EmIc
O HIEE— FORIRIZIHIS LT, ZERIC/EBLE 2 5808 MTMD #4884 %,

BEYM(ER) «—TMDUTIR) | BETMD
4 / MTMDI\
] & (MTMD2 MTMD;%
s ~, (4EADMTMD% AL\3158)

\ MTMD3
BRUEEER MTMD4/

-

X 4.1.1 #% TMD & MTMD kD5 A — & —ZRFIZET 5 bl

A
HEA T~ MTMD DHE¥A

X412 45#H MTMD (9D MTMD % vV 554)
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FiEbEZ LN,

LRAZ, 2. 3. 3THRAN, EENEAHOERICE b= HR F—A0hk
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BERARES D 13, M412 IR LEbO LR UBMEERE ORI 145m OHBHKRFF
HEETHY (FH411B8R), 2E0MEERIIH 2000 TH5H, MTMD DEHEE%
SHEERRED 20%E L, $300 @FboEEHO D b0 18ICH 5 30 FHRIZ MTMD
PEOALLRETSH L, HEEH1&EFRHEY DO MIMD B&ITH 13t THDH, £OL %,
SEX M CRUET AL ERETAE, M1 DORKEIBMELRD, HEAHORKEH 1.2m
THoHD, EORI%E 1.2m TRIET D LRET S L&, EOMEDOKEZ X134 38cm X38cm
& Ip5,

AR F— AESHONENRK Slem TH Y, MTMD HEENT 572 DICHLERAR—R %
ExbL, BFREMBD2VH, MIMD 2RETHEEHEMOBHREL Y bBPOREDIC
RIETHREDOTRETHIE, EROBEDICK L TERMOH S HEL Bbh s,

2
BEHE411 R F—2HEEFEAEES L S

AR THIBAN R & T 5 KA BERS I OBED LB L T, KFICEEEZER
SNOBREMRZ VD, HEFEREORS LROBRICRET 2L, fliREELR
B35 LIV BELEDEE~DEERPL2VWE I CEETHIZLIXIEETHH LR
bhd,

KEILAET, MTMD OEE L N7 A — 7 —REICHTHERNLREX 2T LD,
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4. 2 MTMD &S

—i%B972 TMD REHETH D% TMD 1F, 3. 2B TR~ X 5L, E—DR#E— K
BIEBFIZ BV TE— FOIZ 1 B0 TMD #RET 57, EHEOREE— FHlEHFHIIWT
LA HIEHE— FORIZ 1 #3250 TMD 2R E L, &Rit/37 A—F —bHREET— N TEH
WRET D (K42.18H),

—77, MTMD {EDFRFH/ ST A —# —iFRIEi TR ~7= L 912, MTMD—#BE&EMHRET VT
RIUEEZFOL£TO MTMD 2 EEW &R <ERT D, 72405 MTMD OJSEN K E <
RAWREERREAEL LTHRETHD, BHROREEBET—F2F LOTHIET S & & DZEMED
BY, MIMD LHEBEMREROEET— FCTHRJOGERT LI L ZBEE L TRIHTHLE
NHb, I TEEOHEHE— FOEEEZEREDOEERICEIT 2 B KIRIEAIZRES
HTEET D,

X LIEEDORFED 1 mTHEARL, £FEA"T U ARHIET D722, MIMD DR
BIZLVBEMORBET— FRRELETEZLDRVEDIZ, BEMORKREEREL
TABROBE L T5, AR THRELE & 1T, REHEK TIEe<, ZERERICEITS
BEETHDIZLEZHmAL TR,

BETDH MIMD OEBEOHMESK 4.2.2 (R T, AEBEOZLHIZONTIE, F5
BEOMITHIEL 6. 3EHTIOIZFELIFANS,

HEE— FOEDERLEBPKREIRRDIBEICBITEE—FORT—U 7 OHlIZHOW
T, 7. 2HiOFTBIBEO S TR~ 5,

TMD

(2) BE—F—F

TMDI TMD2

-RE—K

X 42.1 #B% TMD OEE
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(a) BE—TE—FHI{H
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DIRIED EREHHERIK

(b) $EEE— il

422 ASEE MTMD OB E
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4. 3 BHRTA—H—

3. 3HEITHRA/- L 51T, MTMD EDOHIRZIEIE MTMD X 7E /N> Mg & BURDTE, #
ZCEBEEDOIIZE P TIE, 3. 3HEHITHLRBREE DI, 1 HBEZRHIEHO = DO MTMD 2%
AN FEELT, M43.1 17T L5, BEVIADIREIEIC R L TEY L - #liRMfE %
> MTMD ORHENEBT DR L R D RN FIBB. BEZ SN T WD, T DORHEN
v FiEE, T£E—RNIBITDH MTIMD OKKE— FRIENZE L) ZE2BEL LTED
bhi=bDThD,

3. 3EITRAZ L DIT, {Ex D MTIMD DORIFL K OWEIE, MTMD RiE/ S Rign
RETHIEEE 5,

MTMD#&E X Fig (Be X wg)

4
‘ F.OOMTMDE A HiRE
Wy ---- Dy @ Py ---- Wy
—o\/’) _ O O—> iRE) i
MTMD @ g
HlH B AE MR EN

43.1 H—IREF— NHEFHI BT 2 RE NN g

BEIRBE— FHIEHOBE (22T, iREjREHIENSE—-FETS) 1, K432
R R DN, HIH BAEIRE S ERE & 22D 28, Fi/e MTMD N\ FIBREEPRE
TELERHD, TIT6. AETR, BEOHRE 2 TRESNB—E— FHEO~
DOFKIE N @& S Lo — REIE O 0y FEREELZ HICRET S,

MTMDRE/ NV PR (B X wj,)

;- @,

0
O- O—; O—> R&) i

P

CL)S~
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-RE— NEA MR JoIRE— FEF MR
432 BEIEST— FHIEIZEBIT 5 MTMD /3> RIgRE
—%, #lHE— FOBRAREEEBAIETITIEVIEAIL, SR MTMD 3RES Kig
MIEFIZILEL 720, 3. 3ETHRRZL I, FLDO—2>0 MIMD O A0 %, MTMD &

LTCOMMERKLbND, £2T6. 5T, BEFEOBEAGEOHEZ A MTMD REAN
VNI E BHIEE— NIZBIT 28/ Nig & OBMEN S EET 5,
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ZORTERE S LT, KRETIE, E—IREIE— FHER OB BEISE 2RI 5 MTMD O
E/ L N & IS BRI FE ORfRIZE H LT, MTMD Ol BAFREEK 2 HlEd R TH
B ORET— FOBEARBMEOPRICHRE L, HI#HE— FOEAREED MTMD D3
¥ RIERICIRE 5 X 912 MTMD RE/ N> N2 5 L, BEORET— FHIEEFICB T D
RE/N FIBOKRE & L ABRBISEOBR &R D,

4. 4 XKEDELD

ARETIE, KANXVEEEEL S E LEBEARESROTE L -8B OIRENT— KO
WaketiE e L THEA MTMD 2 #H7-ICBE L,
BELFEFEORYMEICOWVTIE, KREUBR TR MBITHRFHCRBEERICEL - T

FREE L T <,
78, IRELIET, BEL-49HEE MTMD & BEEDORFHETH 518% TMD DOHIEZIE

DB NTIE, BLAHEREFOLWVIOIRHOTTITIZ L LT 5,
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55 PEE MIMD OKA/NVEERE~ADEAMOEDR

AIECTIRELEFIEODREMRT 272018, FHAIRZIENY 28L, RIS LT
AT NDORILD 2 OOERFIRERFIHRET NV E LTGERL, THRE21To 7,
KETIE, BREISEIZRIT S5 MTMD ORGE/ NV g & IR ER R RIEORFRICER L
T, MTMD Ol BIZiRENK A 1% R TH HEEIRE T — FOBEAIREEK O P RICHRE
L, #liEE— FORBARHEA MTMD O/ RIERIZILE 5 X 512 MTMD RE/S > Nig
AL, 7o, BE L MTMD LD FEE@E TMD OZh R % i3 5 F%2 TMD

& MTMD O &FHHEEIIF L & Lz,

TMD OEEIOBRFEIZAND ERBZOEEIZHAEROGAITISMER " & &
FIIZAWD D, EEOE—F2ELHOTHIET 256121, T FEERERIEMEESY
EYRETHIERVMNEWVWIBRERSH D20, 5. 1HE5. 2B THWSERBROE
BI2THELAEOCHE (LT, 2FEMEEELE~D) 2AVDIZLICT5, SHEE
ERWILGE L ERBEE R Y RVWIZGEE OEVICOWVWTIE, 5. 3EITREITT .

5. 1 IEABFR

5. 1. 1 BHETL

FTHEOKE EH80mX8.0mT/EIN200cmDEKFHa L 7 V— b RATTERBTETLE L
2o A7 U — NOMEIIFC240%RE L, HEEEIZ240Wm)TE X 72, EHEEEERIT
30,70 TH D, HERFHITEDEMIFFE L,

BHTMDRBIE
&526)) SRR
A AN /|
G \r €31
Y
N
LT RT ATl
Al FE RO
\ “amkps
g 2
fo’e} N
BF N
1] - MTMDRE i &
AL AR (BEH4)
o O =
CL5 B3s 7 a455
\ /
< A >
8.0m \/
BIRARL Y RDT
RAIRIEHAIE

K511 SERET NV
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5. 1. 2 FHROERPHE— FEHFIRE— FORIR

FAREAEDOIRBFHE 2 IR T 5 7= O IRIEE & AR 21T > 1=, MITORBEE SN 6
KRE—FETOEARBEEZR 5.1.1 12, T—FERAE 5.12 15571, RpioBEMitRss
NI IEFAR O B A IRBI B OB &7~ 3, BIMARISHR °— 2B ZICUTF05.1-1), (5.1-2)
ALV RDE, 2kEBKREVEKE 6 KE— FIZEHRIESE LVEHRE— FTh
%o

2 E
my Tl 2 5.1-1)
pmn qmn 3(1 _ VZ )p (
m® n’
%M=H(ET+EJ t.1-2)

T, P [ A HREh L, Qmn - ﬁﬁ{ﬁ%;ﬁﬁ’ ab : ERRODK,
m ;30 b A\ZATREHRER, n 230 a \CFATREREL, 20 ROBE X, o B7 VUi,
o IROBMEHEY Y OBE, E: Y /FK

TH D,
#51.1 6KRE— FETOEARE (B : Hz)
F— Fk$K ¥ Awfigtr i i
1 2.77 2.81
2, 3 6.91 7.03
4 10.9 11.3
5 6 13.8 14.1

[¥]5.1.2 RENVE—F
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HIRE— FORIRICE LT, B TMD # 5 BEE S 2088 MIMD &, £—F
DIFIZ 18D TMD % iR ET 5@ % TMD OFIIRZNEDOE WA LV AMICT 5720, AT
IEOEMNEL, HARESKRDE—NELTA4KRESRE— FEFIEMRE—FE LT

7EB, BEDOKMTIEANOREWVEER T L ASCH B & T 10H2) B2 DOIREI %
BEOoLOMEZTWAEWIRE ) 835, Zo0k)2HERIC X 2REIRD 2 BREDOH
ELTHETDHIELARETH D,
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5. 1. 3 &% TMD & 98 MTMD DE&E

TS, 1. 2 THRAZBRBEAEMRTOMRICE S, @FHTMD & MTMD D3
W DOWNWTRR 3B, #,TMD&MTMD%H%1,\f_/\%k”'JMTMDw#IHE’;ﬁ%%rtl:v&@“éf:abn:
TMDDOEFHEEL1.2() (& EE &I T2EEN3 %) #iame L,

(1) #@% TMD

HHETMDIZ 4R E SRE— FOIFIZ 1S ORE L7, RREMEIXXS11ROKS.1.212
TRTALEEBLEATH D, et/ ST A —F —3 Y ISR EN RSN T TO /@&
ATHDH(5.1-3), 5.1-4)RNE HWTRE LT, iREt/ 37 A—F — % RS5.1.21277, 2{HDOTMD
DREIFALL R OBRIT 4R & 5 RE— FORBRFEHEZLENIS L TREBNIZERE LT,

1

Yo "ot (5.1-3)
_ |3
gopl - 8(1+,U) (51_4)

ZIT, Yo BRI, &, HEEMELTHY, it TMD OEELTH 5,

#5.1.2 BEETMDDEREH /T A —F—

NG A= — =
T™MD 1 EDE & 0.600(t) (E&H :1.95%)
[A] 7 kL 0.980
BEREL 0.0857

(2) 4r#E MTMD

SFREMTIMD DR EMEIXEFEFIT THEONIZ4RE SRE— FORIEOERA LY
BEKEMRDERE L, ZIT, TAENDE— FIZFROFERIRETELS L=, €5.1.3
WWERELEDORZTRT, REMEBIZHKS1LIEVKS 13T TCLE~C4EDAE 4 8T &
L7c, ClLRE~CARIZBITD4RE SR EBEBREDEE— FORIBOLZKS.131RT, *
T A—F—DWREX, 3. 2. 2 TRXEHERXIESTZ, 4 BOMTMDDRIFL D
WREIE, HIE B ERSHES 4K E 5RE— FOBFREBEOF R (123Hz) THD &L,
4%k L 5KET— FOBEBIRBEISIMIMDD /N RIBRIZINE 5 X 51C > Riga g L7,
FEZ DN FigIE102~13.9H2) TH Y, il FIED2.05TH D, 4 {EOMTIMDDK
FHNT A= F =R R5NAITFT, RPORFLIT, 1232H)IZxT 5 2%KT, 4HD
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MTMD® J& # ¥ilih iz 81T A2 0m #K5.1.412777, 4 BOMTMDIZES. 131077 L 51,
MTMDI1ZC1AIZFRE L, MTMD2%C24, MTMD3 & MTMD4%#C3 8 & C4xLIZ i@ L=,
2B, FROLHIICHEMABERICEBEWTIIEAEMRIT 2 £l ICBEGMEH HE

MTMD DR B R H /T A —F —2RETHIENHKD BB, 5.

AR D,

Cl1 S(MTMD1)
€513 4®&Es5RE— FOERSDEER
#5.1.3 MTMD REHEBIZBITA2%&ET— FORELL
4|kE—F 5WE— K BEhabEwk
0.927 0.650 1.58
#5.1.4 MTMDDREH/(F A —F—
NG A—H— fiE
MTMD 1 {6 8 & 0.3(t) (B :0.977%)
MTMD1 0.830
["17M L MTMD?2 0.930
MTMD3 1.03
MTMD4 1.13
M E A 0.0565
o BcX2.0 -
S BemESFE)
10.2 11.5 12.7 13.9 .
—O O O O—> JE#i #4 (Hz)

MTMDI MTMD2 MTMD3 MTMD4

b )

4RE—N  HlEER  SKRE—F
10.9Hz 12.3Hz 13.8Hz

(5.1.4 J&#E¥ ETOMTMD D434
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5. 1. 4 RRCEER

WHTMD & S EAIMTMD O HIHRZN R & Ll 3 5 7o OISR BUS B T 21T > 7=, A
IEESI2IE R T EIIWCARESKE—FOETOMEDOAMESE L, WRIZH L THEFHIC
P=98KNDWEL 5 2 1o, BUIRT LD 2MAhFEEREPOLETIE, T4 kE—
RMMAEIT5KRE— NI EMES, FROBRERIIFRE— FIZxtL, 3.0%& L7z,
[X5.1.5(2 4 IRE— ROJFITINA Lz & & D 4 kT — FEAIRBETEIZRIT 5@ ETMDD
REMEALR (K5.1.288) OMEFROEKEISESRER~T, K5.1.61I5KE—FKD
MW L & & OB HETMD OB EB2A (K5.1.288) CTOREHISE MR E =T,

26, OMTMDIZMTMD D /3 RIERNTIEZNRMNE K B8R hMELEWVA, @
RIBOMUTIIISENKEL RBME@RMPBHH Z ENHD, K5.1.60D5KE— RIMHT
15.0(Hz) DEETE—27 BRLNE D, ZIUIFREAETIEZR, MIMDOHE & L R &%
B L CRIEEFERIT 21T /- & 2B ON-10kE— F (AHREK152Hz) BFE S
bDTHD,

UT TR 5@ TMD & B MTMD DHHRZI R DIV T, FiRD 4k E 5KE
— FOBEAIRE A2 RN L-BHE, @FTMDOREREHKTHY, MEONEL T
BLBWEEZ O THD, MIMDITHIEHRIREKE —DOREE VI LD L, HDHAN
v RIETIGEE#MZ D E W) FETH Y, @ETMDD L D R e Bl st FBE TR,

WHETIMDZ % E L 7= AU COFKIEZD R Z T 572012, 4RE— FMARRZEIT S
4 RE— FEAIREZE10.9Hz) TOAI~A4RIZBIT DINEDO LK K517 RS, @
TMDIZTMD % R & L 7 AL TORIBIZR S R BTV B, ZNRLUSAD A TOIRBD S
FYENRKENT ENHNB,

—%, HSBEAMTIMDD FI3E&FEMICRIRENIZONTEY, SBEBEOMENR K
NTW5, ZOEHTMDDORBENMET TR, REFEOEREZHIE L2 W FEICiioik
BEEOHDRIIBD TREVWEBbND, T THEBETMDZHFE L7ZALEIIB W TY
MTMD D F BEhERE VDL, BHETMD TS KRE— FEHIHT H7-DICRE L-BAN 4
ROENZH Y, EEE2.0%5 DENE LHEVDIZE LT, MTMD®D 5 ITE &H4.0%5) /il
FHOEFE—FIZHLTARESH DD THD EEPID,

4 WE— FEFREL TOEHE TMD & 5 BEIMTMD O $r 18 J5 7 J8 1§ 2055 O il 4 fi &
K5.1.81Z7F, ZIZT, IREDRESEZRT A —VFIHEBEICLTWS, SEAMTMDD
WEFIZIIT DHIRIEOE S HHERTE 5,

5KE— FINABED 5 KE— FEAREEK13.8H2)IZ 8B DB1~B3 A DISE LD ik
2H51.97 Y, ZOHELEAFETMDIITMDZ R E L/-B2E TORBIZR < MZI Hh T
503, MTMDIZLER U TIRIBD /N Y F R KEV,

BRERDOT R NLF— L LTHIEDRZ BT 572012, 4RE SROBEHFREEKICKIT
2 AOMBELRISEEME 2 R LIZEORMOEZKS5.1.10107 3, 4K E 5KE—
R & BIZHBEMIMDD R B BT &L B350 D,

75



1.2

1.0

0.8

0.6

04

SE ARG EZZE AL (mm)

0.2

0.0

1.0

0.8

SREARSEEL (mm)
e
S

A

)
o
()

©
(=]

\

|
— TMD#EL

| TMDEEL

— BETMD |
—MTMD
l

\ MTMD/\R1E

~1

\

8.0 9.0 10.0 11.0 12.0 13.0 14.0
JELEER (Hz)
X5.1.5 AlLSIZHIT 3 BEHEEISE AR (4 KE— FMNAH)
i | ] |
5&@%#&@%‘&—»{ — TMD£EL
i — EHETMD
Ai —MTMD ||
|
i
. I I '\ TMDEEL
MTMD/ > Fiig /1 .
< | >
- | E#TMD 5
MTMD
e x i T
I
10.0 11.0 12.0 13.0 140 15.0 16.0
FER #(Hz)

X5.1.6 B2AIIRITDEMEILEHBE (5KRE— NINAH)

OEETMD

BMTMD

NI

A\

-

A

N

A

w

A4 Big

K5.1.7 4KE— FEICBITANEEMOLE (4 KEe— FEAREEK)

76



(2)1@ % TMD (b)7r 8% MTMD

B5.1.8 SREHFMISELEMOFmEHH (4 KE— FEHELK)

OEHTMD

(5.1.9 S®E— FEICEIT DISEEMOLE: (5 KT — FESER)

30.0

DEETMD
— ZMTMD

N
o
o

)
o
o

WIED2FH (mm2)
|
!

00
4R . S

(5.1.10 2ERUSEEMLO 2 RMOLE (4K, 5KE— FEFESK)

77



5. 1. 5 MTMD ZERMEE LH/EF/ 5 A -2 —DERMREZDIRE

T 2 T MTMD ZERIRLE R OFREH ST A =S — 2 RET Db DO—FEE LT, #nfL
P ARTEIO & 5 I HIRERIE (FEM) 12 X 5 BT IR & 77D 10, FEMRIC 5V Tl
HICRET DHIEERET D,

EROBEERGE— NI ToTtRans -2,

mm . n
sin —Zy (5.1-5)

BIHII = Sln

a

DT, ab iXEBARONE, m 0 b \CEITAEBRE, n i3 a \CETRERETH B,
REFLDBEIE a=b=8.0m ThH Y, m=21=2 DL ERAKET—F, m=3n=1 & m=1,=3
DL ENSKE 6 WE— FICHYST 5,

4R ESRE— FORIBOEIMEDERE LEHIING.1-600TREND, T Tw, & wyidHl
RE— NOELFTITTHD,

B

z=w|B,,|+w,|B, | (5.1-6)

BARIRESTIE, UTFOG1-NXERBICHRE TS,
%0, %9 (5.17)
Ox oy

w,=1.0w,=1.0 D& &, BRKEEARERDDELUTOL4RERD,

(x,y) =(0.1952,0.2995),(0.1954,0.7015),(0.8054,0.2995), 5.18)
(0.805a,0.7015)
ARETI/IVORKIERAMEZR S.1-1 12T XD, HEMTICEZVELNL C1~C4 [T
IFE—HKL, ZZCRELEFEOZYMENSER SN, RFALICE L THERMAZ EIC
RETDHZ &z sn, HinfEE EEOEEYOEGREEIIETRELR Z LA THRIN
DI, ERFHIBW TNV NIBIZH HBREORBMEHDREFHITRETH D L Bbh
Do

4R E 5 RUSDIRRDIRENE — FIZOWT, w=1.0,w,=1.0 D& X (ZIRBOMEIEZ ER

AR EER SIS K 516 I T, RPYOFE1FIOEEET—RFE, F1ITHE25|~5F
AHFETHOE—RFZEREDLELLONKRDZEF— NOBEEOERESLE TH S,
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#5.15 FROEFREET— FOREOEMNECERE HE

. mmx . n
B = sin 2% gin 7%
a
m=2,n=1 m=1,n=2 m=2,n=2
. 2mx i . 2 . 2mx . 2
B, =sin== sin 2 B, = sin 2 sin <2 B; 5 = sin 2 sin =2
‘ a b ’ a b ‘ a

6L

m=1,n=1

. X
B, =sinZsin2
’ a

KRN : z=1.760 R AIENE : 2=1.760 & KRG : z=1.562
RARIESNLE B AIRIEALE A ARE RALE
x=0.2984a,0.702a x=0.500a x=0.290a,0.710a

y=0.500b y=0.298b,0.702b y=0.290b,0.710b




08

#5.1.6 FEHROBHFIRET— FOIRBOEIMEDELRES HYE

. mm . n
B = sin 2% gin 12
a
m=1,n=1 m=1,n=2 m=2,n=2
. X , MR . 2 . 2 , 2
B, =sin Zsin 2 B3 =sin 2 sin =2 B; = sin 2= sin =2
' a - a a

1.6(

m=2,n=1

. A%,
B, = sin = sin 2.
' a

& KRG : z=1.760

& AIRIE RALE -
x=0.298a,0.702a
y=0.500b

B AHRNE : 2=1.760

& KIRIEAALE
x=0.3042,0.696a
y=0.304b,0.696b

KRR : z=1.562

& KRB RALE -
x=0.250a,0.750a
y=0.298b,0.702b




5. 2 RAMFEIR

AT, MEOTTANLT AT MEOHZIE Lic 8.0mX2.0m DR IR % if
FET N E LTRIR L, BRRMP, £F— FORICHRIZH L TIEHM™IZ 9.8kN D0
ETOMERM 2 E, TOMOMITRFZESFIROBELLTR L THh S, KT,
FHZ MTMD OEFHEENFR URMHO T THEEO MTMD OBEENH%2 /85 A—F—& L
T fRHTHORRET 21T o 72,

5. 2. 1 #% TMD & 583 MTMD D&t

M TMD & 438! MTMD T TMD & FHE ftid 0.308(t) (& : 4.01%) THa@ & L7,
(1) fiRE—F

RN & RIERICARIE B A EARNT 21TV, SRR L VIERDE—RFTH A 521 IR T 2K
E3RDE—FEFMRE— FELTBIR L, 521123 KE— FE TOIBARMTRE R L
(5.1-1), (5.1-2) REMAWIZERAIC L 5 EA R EZ R,

URBOXRETT, K521 IR TMAREEZENETN2KRE— RO EIZI3KE— KM
J1 LS,

P(9.8kN) il TMD

X521 2kE—FE3IKE—FFER

#£521 3KE—FETOEGREE (AL : Hz)

E— FRE SAEfRAT B i i
1 23.5 23.9
2 27.1 28.1
3 33.4 35.2
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(2) % TMD
WA TMD ORRBAMEIXRK S2.1 1R T X112, 2%kE 3KRE—FOIED Al 5 & B2 AIZ
1l oS8 2 EERE L1z, #3387 A—F — Tl & Rk, (5.1-3)& (5147,
HEORBEBLNTREH/ AT A—F—%F 522107 T, 2{#D TMD ORFMLER ORBELL
it 2% & 3E— FOEAFIREIRICH L TR EhBERICRE LT,
#5.22 BHETMDORE /T A—F—

NI A—H— {[E}
TMD 1 {8 O 'H & 0.154(t) (E&LL :2.00%)
(AL 0.980
T8 TE 3 0.0857

(3) Z3# MTMD

MTMD O EMEIT, K 5221FT 2KE 3RE— FOEREGLEFRROBARR Cl~
C4 DAFF A GPFTICERE L7, BAAOMEBIHMEMAT LV EONAMELIZERICTH D,
MTMD O#I{H B iEiREMIT 2 k& 3KkE— FOBEFIREKOPH (30.2Hz) & L7z, AHB
Tt MTMD /3> RIBEPIZ 2k & 3RO EF RN E 2 & 5 ITh@ A~ Mgz 1.7 fFiC
yhk L, %% MTMD /3> Fig# 25.8~33.5(Hz)& L7z, & 5.2.3 IZ MTMD D&Y7
A—H—FRt, [€5.2312 4 E0 MTMD O E#$E EToaMERd, 480 MIMD iX
MTMDI1 #[X 5.2.2 ® C1 £, MTMD2 % C2 f&, MTMD3 & MTMD4 % C3 s & C4 RUCERE
L,

AEIOEFNMCEITHE— FOERADEBRIIBRAICBIT 2RBOKRE SHBRRD
7z, MTMD OB B A LR LT b EMi LTz, BT —RideTar—RE L,
r—2A11X MTMD OEBENRELTRL, ¥—A 2I3EES % MIMD REROERELE
FEOKE SiIcflXE, F—RIIBBIEOKRE SO 2FICHBIEYE, F—RX41TEHI
BIHOENRKEL 2D EIIC0.030)BE S/, £ —ATMIMD DEFHERIZIFLC L L,
4 f@lo> MTMD @ B A IREV R OB EEIIF L & Lz, K 524127 — A LB 5 MTMD

DHEZTT, MTMD

Cl1 F(MTMD1

C2 S (MTMD2)
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#523 MTMDDERE /3T A —H#—

IRG A B — i
MTMD 1 EOE & 0.0770(t) (E &Lt : 1.00%)

MTMDI 0.853

Rk | MTMD2 0.938

MTMD3 1.02

MTMD4 1.11

TR EH 0.0480

L BeX1.7 >

N .
25.8 | 28.4 30.9 | 335

O —( O—> JE 45 (Hz)

_O U/ \
MTMD1 MTMD2 MTMD3 MTMD4

2RE—F HEBE  3KEFR
27.1Hz 30.3Hz 33.4Hz

523 AW ETO MTMD D453 10

£ 524 BEMTA/—ZIZBTDH MTIMD BEoA (HAL 1)

J—A1 g—2A2 J—2A3 T—24
MTMDI1 0.0770 0.0940 0.109 0.139
MTMD?2 0.0770 0.0600 0.045 0.015
MTMD3 0.0770 0.0600 0.045 0.015
MTMD4 0.0770 0.0940 0.109 0.139
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5. 2. 2 REIREUICERRT

F4° MIMD & — A 1 & TMD O B EUSE RN R OB 21T 9, B 524 IZ2KE
— RIAEED 2 tkE— KIE (52,1 O Al SR A2 #) OSE S RENMICET 5 ARG
sl A T, ®52.510 3KE— FKIMAKOM (K521 0 Bl ARV B3 R) OISEHIR
AR, 2, 3WRE HIC 28.5H)HET A2 & B3 RORENKE, ZIUIE 52.6 1Z
9 RE TMD %338 L2 RED 3 ke — N (EA RS 28.5H) ML SNz /2O TH D,
MTMD (33> RIBRIZEBW T DD 220 3T v ADBIIISEIZ 22> T D,

05 ‘

TMDEEL

[

03 p— T @E%BTMD |
(A1)

on | |

— BETMD(AT /)
—MTMDZ—R1(ATR) ||

‘ — TMD£EL

~ MTMD/S>Rig —

(25.8~33.5Hz)

NEAREEEZEL (mm)

MTMD (A1)

0
15.0 20.0 25.0 300 35.0 40.0
BB #(H2)
(a)Al R
0.5 T
— EETMD(A2R)
TMDE — MTMDZ—R1(A258)
04 \ H
' — TMDEEL
03 f—— — MTMD(AZ250) .| + MTMD/ XU F18 —

HEARSEEL (mm)

A

(25.8~33.5Hz)

——\\k

15.0 200 25.0

30.0

[& i 4k (Hz)

(b)A2 5

35.0 40.0

524 Al A& A2 ATOREEUSEHBROLE (2 KE— NI

84



EARIGEEM (mm)

SNEARGEZES (mm)

0.5

T i
il — EETMD(B1 )
! —MTMDY—X1(B18)
04 : — TMDEEL N
MTMD/\>R1g :
(25.8~33.5H2) i
0.3 |rr—mmmm e e ),
FEETMD : D(B1fs)
i
02 I (B1£) :
: f ’
q
0
20.0 25.0 30.0 35.0 40.0 45.0
BRE (Hz)
(a)B1 5%
0.5 1 T T
TMD#EL : — BETMD(B3®R)
. ! —MTMD%—21 (B3 &)
0.4 MTMD/ > K ! — TMD#EL |
(25.8~33.5Hz) / | R
[
03 ——#@®TMD A i
B3k i
(B3 / / ! MTMD (B3£3)
|
0.2 | I r—
/} /b/__
0.1 7 T\ 5 N\ ,
. /\_4
|
0 1
20.0 25.0 30.0 35.0 40.0 450
B E(Hz)

(b)B3 /&

5.2.5 Bl =& B3 S CTORKEHICEMABROLLE: (3KE— FNAH)
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X527 £ 5282 2K E 3ROEARENEIZ RIS B E0E J5 16 B AL O M 454 o
T, KNI L9120 MTMD X2k E 3R HFOE— K CHEE TMD L YiEED/NZ
Y ERNE,

(a)i#F TMD (b)MTMD
52.7 SREFRIGEEMOFE S (2 RE— FEFIREEK : 27.1H2)

(a)if 7 TMD . ()MTMD
52.8 SAEFMISEENMOFESM (3RE— NEFIREIEK : 33.4H2)
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X 5292 2K & 3KROBERREIICKT 2 2HROHMEHEIGED 2 o ik E R,
MTMD 4 — 2 1 A DRERBRT, 7 —R 3L 2 KE— FIZRBT 2RI A E VA,
3WE— FiL@HE TMD OFRENEV, MTMD y—A 3 TiX 2%k L 3RO HIZH L
THENREVI EBSND, ZO7d MTMD OEEAHZRETDHZ LIk v, BHEEMHE
WG =R S T X A REME D H 5,

3.0
2.61 ®EETMD
2.5 BMTMD—A 1
BMTMD—2A2
2.0 EMTMD/—2A3

OMTMD—2X4

1.5

1.0

0.5

450,37 0.5 + -

2HRMNEARGED2FH (mm2)

00

2R E—FRE b

X529 2HiROHEHRIGED 2 Ff

B 5.2.10 I3 T 1 IRE— FIZIZEBFELRWED, 2KRE SKROHIIRAICER L7
MTMD iZ3Y FIRORBDOATLIRE— FORIEbAIRETCH L EBEZBNE, £ZT
MTMD DOEBZZE XTIy FIBOA B E L CEMBUSEMIT21To 72, HIiREIE0T
1k & 3ROBEFREBOTH (284Hz) & L, Fili/ s> Figo 2.7 & Lz, WEH%O
MTMD D3 Figi 22.1~33.6(Hz) TH D, HESMIT 2 E 3K E LIZ@ER TMD L 0%
RERED o7/~ MTMD 7r—A 3 48 L7-, [ 5.2.11 {Z MTMD O J& ¥ £ D oA %57,
1&kE—FIE (K5210 0D K8) WMALLEED 1 KRE— FEOSEFMENMIZET S
A E R ER 5212 07T, 1RO 2KROFICH D DS EIOMDFETIE
2RE— FiZBEESALRWVD, 1HRESKOEEDE— FICH L THIEDENH D = &A8
Hinb, BEDOHEPICER TMD OIGE MBS T, 20.6(Hz) T DIEENRKE N,
P(9.8kN)

5210 1®E— FERK
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SRE 75 A IS E E L (mm)

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

BeX2.7

s
<
22.1 | 259 29.8 33.6
VY (M

—O \_/ \_/
MTMD! MTMD2 MTMD3 MTMD4

'Y )

IWRE—R 2%kE—F HHEZE 3RKRE—K
23.5Hz 27.1Hz 28.4Hz 33.4Hz

5.2.11 JA#dh ETo MTMD D434

-O—> J&| I 4 (Hz)

T [

| RE—F — —MTMD —23 (/A FIgHEX)
(23.5Hz) ) — TMD#&L m
/\ — BHTMD
! ]
!
«— 3RE—F

|

| MTMD/3 K1 (22.1~33.6H
\ | :

(334Hz) |

z)

\" (SURIEHK) /

\
\

o~

/ :\ MTMD’T—;{S /i\

//-_\

No==—1

15.0

5.2.12

20.0 25.0 30.0
BB % (H2)

35.0 40.0

D SR D EWBISE IR (1 KRE— Fm)
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5. 3 HEHOEEICHTIEE

IRETIC LA, ZEHAERO TMD ORGHFIZLE L 722 2 RO R EICITHAE
HEEAVHONEY —RITH S, T2 TRETHEMIMD OHEI, ERBFOAR L
LCeFEEEETAVWGE L EMEEL WIS EOHERETT ),

5. 3. 1 HWMEEORETEE

BEFEDOHK5—1) , 5—5) WESEXEMEEOHREFEZUTIZE LD D,
NHBHHEERIZBWT, SR ETSHiRE— FOBEENZ MAABLUTOG3-DRTHRE
ndLT 5,

{x,-}r - {xl X, - xj xN} (5.3_1)

BHE OB o x,(m/sec), 0Xz, oeees ,oxy TRIND, o HPEHEIATIEERROIIE CEAR
R CIE#T 7D Thd, BEDEEY m L45¢, ZOREROER) T R/LX—|ILL
ToXTREND,

a

T, :%(mlple2 +mzp2x22 + 4 mNprNZ) (5.3-2)

F— FENTETIIN BRHEZRZEBROEVNNEO 1 BREROET Y L E X 5D TRERIC
1HHERTETIER2EZD, BRjIWERBL, jRT1HHERICERTHIZIINBH
ERIIBITHjHRELFALEHZ LTVWDEEXT, EBTXLX—%(53-3)ATKRT,
1
E=5MQUmY (5.3-3)
M,% iRE— RO A (TMD RENLE) (CRBITOEMERL ERT D, =Ty &L BTITH
MEEIILUTOXTRDAZ ENHKES,

T -

fxl/xj‘ m, x/x;
x,/x; m, 0 x,/x;
' : (5.3-4)
M. =
" 1 m; 1
0
xy /x| | my || Xy /X,

5. 3. 2 MIMDICRII2%MHEENHE L FHEMBEEDRE

2 EEE I SMERZHAVZSAORKES. 1E8ERLCETAVERNTITI, @
FDEWT, BE TMD OEEH 4 HUMTMD OAFHE R 4 DFFENREDL D Z L2 X
BHDTH5D, BF TMD OHEAIZG.1-1),5.12)XKE AV TEERETRO-RFHL L HEL
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A2 S3IIRT, EMERES AW SAITEERNRE L 25710, RN EL< 2,
BWEITFIC K& b,

#53.1 % TMD (2R} BRI L BRLOHLER
HEOTER £—F HE KEFERL | REREEL
EREEER| 4,5 0.0195 0.981 0.0848
EMEE 4K 0.0779 0.927 0.165
5K 0.107 0.904 0.190

T, BELFFEOL I CEEDOE— FERBFICHET 25813 T FMEICRRD%
MEEZ EHIBETELNDOTHS I, K 513 DEREGOERRN L5342V
THELTHEBICIIZIO X 5 2E— FIIHFE LRV, BWEIIIIEKRS 2V, €2
THEHEOET— FETEHICHE TS E WO RELEFIEORKISILBIRY, LITDG.3-5)
KO L) RMERREELRET S T, FPHEMERELBD), KPP MORAFITE
— FOREETFT,

M, = (@M, +aM)/(a,+as) (5.3-5)

I Ta RV as i TELMFITTHY, UTOMHT Tl am~as=10 & L7,

MTMD DIEEI, SFERI 1 o DFEEDE NS MTMD /87 A —F —REILEZ S
E513(3.3-2)RUSFT LD MTMD OEEREIK wo &, (3.3-6)ND&iE /N Fif Be TH
5, RSI2WEKLRCHELELRT, HIEBERBRK 0,135, 18 LR L 123(Hz)
LUt RICGRTEIICAKRYE 5 KRUTFHEMEAREZAVIEEOEVIIORNE, £
FHEEE R AV BAITE RN S 25720, FLO MTMD OBEFRBIEIIRE <,
/N FIgik< 7125,

@y FiEEEIC Lz MTMD 232 FIBOFREFEHE5. 1HiERKIC4KE SROE
HFEBEMNEBICEEND IO L, ULOF#H1S, SMEREAVHEITREEN
L RIED 1.5 {51, SFBEERLY AV ZHAITRE v FIEO 2.0 FICRE L, &AH
ICIRTE ST 4 O MTMD ORI &R EHE K 5.3.3 1077, BRDREFML (MTMD4)
BFEESROERICEHDLLTIZTER U TH DA, R/AORFE (MTMD1) IEAHEERE
DEAITEMEROBE LV KEV, BEEHIEEBEEEDH/MEV, R533I1TR
T L IAREOEF VL3 BMOEMERDOENNIVRVD, FMEARDOERGTEEATD
Z LI XY, MTMD REN B OREIC T 25— FOFLEFIZL > TMIMD OEE
ERETEHAREEDLH D,
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# 532 L0 MIMD OEAFIRIK w, X ORE/ N NI B, O L

HEDHH FIRBREE (1) HEL w (rad/sec) B,
2EEEEE 30.7 0.00977 76.0 (12.1Hz) 0.152
El 4R 8.98 0.0334 72.7 (11.6Hz) 0.281
Hi& 51K 13.4 0.0224 74.2 (11.8Hz) 0.230
) 11.2 0.0268 73.6 (11.7Hz) 0.251

# 533 % MTIMD DR & RO K
INT A — MTMD | & EEE FMEE

5 — 4K 5 K T

MTMD1 0.832 0.741 0.793 0.771

[RIFA L MTMD?2 0.931 0.873 0.903 0.891

MTMD3 1.03 1.01 1.01 1.01

MTMD4 1.13 1.14 1.12 1.13
TR ELK Be i) 0.0558 0.0774 0.0634 0.0693

5. 3. 3 FERHICZROLER

MTMD DOZERREIE(LI RV EOE— FERIZIZERILEEX LN DID, ZIZT
31 A OB BEUSE R T T D, kTS ai1E5. 18 LR UEE TMD 23R & L7
AWREBKE—RFOBEDOMEE L7 (K512 A1 SKROB2 8), REFTOEE, MIMD ©
BAIE 5 KRE— FMAKRICEERESHIRDBRICRIETEEI ISV ENGhoT, &
FUT 5 RE— FlD MTMD4 ORIFALLZIZIER U THDH-DEEBEX MDD, EDTZHLUT
TIZ4ARE— FMADOHEICE L THET D, K53.11C Al RORESREMICEYT SE
WHEISEWBRETT, BEOOEMERTRE LI2@E TMD OIGE HRT, K 5151
RTEAREEEE THRE L@ TMD OBEIZHE LT, ISERMHDORE WILAR G
M D/hESWEBEICEL L TV D,

MTMD TE%MEEZ AW SEIIEFEEEEL HWHEICHE LT MTMD O/
FigAEL 220 (RUCITEHEMER D/ FIEOHTRT), 232 NgR TIRIEO M A3/
X<, Ny RIEDOSMA (BEEDEWED) TIREMEL 2 2 mAH 53, @F TMD 1ZE
IS HBROTE B EICKE R ELIZR 572V, MTMD OflEZNEIE MTMD D/3 2 Kig &
DBRETEZARETHHID, HIRSHEZ SV FENIZEIT 2IGZMBRO T OIRIE 2
T A THET D, MIMD OR/NEFREBEY 0, BREFRBEE 0, HRE LI
BIFDREE X(w) b TDE, UTFDGE3-6)RTREND,

A= f X(0) dw (5.3-6)

Ny RBIZSHEAOEMEBR TRERENRWVWEYD, 2 TR EHEME &
L EMRBEEREOBED 2EHEAAWVS, K532 I FHEMER TRE LIZ/AVWIY NG
(9.50~13.9Hz) & 2k B THE LIm ik 3y RiE (10.3~13.9Hz) TO#EHE /T,
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R ISR B CER A LIl TMD D54 HoRT, MIMD OBEIT, AV 73 RiIR T
ARHEE R CRE L-GA LS MEROBARRBRETH Y, T/ Y NIE TR
EEROBSOMENRETFTE VA, WFNOHE bIlE TMD XD BRIE,

PLEXY, BE L FEIAEEEYE R L SMEEOHE TNEMBOBRK LS FIEN
DIEIE 2 RERICBVTRXREVNER bR 2T, JHUIHIE BIEREKEZ A A > b
B9 BiEE TMD L R72 Y, MIMD 1ibh 5y NIETHIET 2 E25THY, BEL
7 FEOBEASTHET— R U Ty FIZERFEDREST 2720, BREMICRESNL
BT A — I KX REBOHRELRNZDTHD EBbnd, FHEMERT, &
S L IEIE 2 REME bICAKE SROEMERDEHRETH Y, BEOT— FEH]
T ABAEOEIERDOREELE LTHRATHDL EEXLND,

FoT, ABTPOKELT T, 8% MIMD (28 2 E#IRE € — FHEOLDH O
LCMEROBEEICITEHEMEAREEL AV,

1.2 ' :
| i — TMD#L
TMD#EL, ; —— MTMD(2 IS HB)
\ : —— MTMD(4RE—FEHHE) ||
10 @ ——MTMD(BRE—F%lHE)
; ——MTMD(F % il 5 &)
MTMD (2{AIEEH &) i --- BETMD(EHBEE)
- N i ] ]
E 08 ! MTMD/ S Fig (19 %l 5 &)
e ; 9.50~13.9Hz
206 1 /! ~7 ' \ ! ]
e N MTMD (F¥IZME =) MTMD/AURIE (2 RIEEER)
E w ; 10.3~13.9Hz
©os Lo /i p \ ) A |
0e o o s e
i
i
0.0 '
8.0 9.0 100 110 120 130 140
BRE (H2)

531 Al AICRT B AMEISEOLE (4 kRE— FNA)

ReARERE

06 QARE—FEBEE
O5RE—FEHEE ]

o 0.50 S THEEEE

: OEEOTMD(EHE8)

0.40

2 FEEIE(mm2-Hz)
o

0.2 |
_Ig
|
0.1 _
o0 i - LN RS
EULSURIE VSRR
(PHBEE B TRE) (SHHEEBETHD)

532 Al SUCET AEE 2 REMOLE (4KE— FIIA)
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5. 4 XKEDFEEDH

ARETIE, ATETRE L4580 MTMD O#HRZI R 2B T 57-D12, EFEERE E
HIHRD 2 ODET N 2R E LT, BEBISERITZ1To2, EFEERICKIT SIE
BE— FOREOERADLEERIT, MRKAICBITIIREEORE SNREL B9, MTMD
DYE BN 2 BT LT MBHTAIRRET S 3hE L 7=,

5. 1815, 2HUCBIT2REHERND, BELE-FEOEBATLHLLESI1ID
£9ih B, ZRMEMTIRIED/ ST Y X 4VNE VO, MIMD &4 HBICREY 5 = L i
XY, MTMD R B4 TE— RROELI/NE L, @H TMD s LT MTMD % &%
DE—FERBBENTHE ZLILD LD THE,

EHICHIBRROE S1E, BHEOE— FEROEREDEN S MTMD ORE 4 HRE LT
728, fE— R & EBEFRIZ TMD BLE 2R ES 28 H TMD OFIEICHE L T, TMD
DEAFEEMFL L5 &ETFTO TMD ORNERE S 2> TWB I Tdh 5,

£ 5.4.1 4B MTMD D451

T B FiE R
Z= M SEBEITMD | HEMEE TORIED /ST Y X/ E 0N
A MTMD MTMD /3> g TRAZE O ML A3 7g vy

KETORFFERNS, KANNUVEEREICRIT2ERIEE T — Nl O 70 04 5w
MTMD D% & #ERMEE MR LT,

72, 5. 3HTIE, FMEENFRDEBICKIETHELZHEID L7200, EHFKFR
TN BRI EEBICE T 21T o T2, TORKR, BEL-FEITEE TMD L LT
FIREBFROEEREVDFIRDFICRITTREIT/ NI N2 L, RUMIMD O%MERBOHRTE
EE LTRE LSS MEEORAEEZ R LT,

KX P ORELURETIE, AETRE L EHSMEEL VTS,
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