T=T Ay MEBORESEICET AHE

—  FEREEHRICoOVwT —

i

i E*
A —ke2

%

RATIC L > TR OB ELEZ RO BBICIT, MOHIOMBEELRETAILERH S,

AWMETH., RDEGOERLZEAEESN T sl k- TEMIRTDE A KD, T O5HK
STORMBL S CRRERERHT S, BEFIEL L CIREABELRR L, SioRb - S8R
ML MBEENORE- P 7 RAZERTEZLICE- T, EROEREETTLICOVTH
FHHEDOBOLERTEZITY, ZHICE-T, F—7 vy MEEORFEIER A2~ &

e, EU TR EDFHECOWTRNT 5,

1. FLEHIS

=7 NFy MEERZ, F—7NVZRAEFEALT
BEEMM S HMETH S, LidoT, KERM
Bt LER T~ EELHBETHY . BRI
L7 5 BTRIME OISR U 7= JEMR T AR AT A3 — it
B &igoT3,

ZIOX O RIS HERMEICH LT, XHET
HBETHORY—T ATy MBEOBRSE., T4
DLIERFIRDMETH S, T L THIC. ZEOME
HORBHBERICBWTRLETEAD, THE) &0

HHEEPLHOT L LTRIZEET S, 2ERb,

ARATIC X > THEEMOBBICE 2 LV ERICIREL X
DETHNRLE, MEILEFRARZEHL,ALTH
-

H1.1 r—7nxy HMEE

AFETI, &0 ERICEVEEEN B3 e
BOEERHE T 5 LIk > T, WY BIELR
ELRIT 2T S, UFiC, MEREOBELFT,
<ERISEHEEO7— ) = TEHR>

_)
BRI ke ek
S8
| <smmwpmgome> |
<+
<BEEFIRICBIT 57— ) =R >

L e

Y'— 2 O 5% sl R L L,
iﬁ?“‘)-‘f—ﬁ;tﬁﬁn "r

<>
<HREHOH >

N——— SR L=
BEREOFM | niisaman b

IR EMEL,

WEENENBTS,
4L

[ <msemeLcmmtEsr> |

1 RGRENIRY KRR
*OBGRENLRFTERERER #R IR




_I!!

2. BNERE
2:1 EHAEA

% B CR OB H hRENY, < FY 2 2EHVD
LEoWaFEXNTREENS,

[M]ii +[Cla+[KJu=0 (2.1)

[M]: B&~FU 7=

[C]: BiE~ Y 2R

[K]: Bt~ b0 2 A

u: ERRYTEM A B D ER A2 ko
uc HESY b

i EEEESRZ b

2 (2.1) OF—IFROWEEN, B _HITMEN,
BT L AWM N ERLTVS,

ZORE, BUNRERFMER I & CEENICHES LT
MEED T EIERISIEIC X » CHET B, BEH
SEICREROFENRDLAN, AR TCE=a—~—
7O pEERNS,

Sa—w—/ O ML, MEEEROBAROR
HBTHY ., TOERARET~Z M EAOB ERO L
HizREEN B,

LYY
: I Ao o e g A
U, = U, A +[5 “ﬁ)“uN' + i, AL
w0, 0, ¢ Bl 0B B

B, ERE, MEEEESRZ b
U, 0,0, R, BT S

ORSH, R, MEESS R

B, MEEELOEECHE L COEY2HEE525
A AMRORITCRI6ET S, Zopg=16& LT
Ba ORI FIEL, BIMEEE L TR TS,

o FNEE, X (2.2) LE#HREKXO 3 KoK
BT, BRI BT 2K (u,8,0,) »b,
MES OS], (2B BRI (u,,,.8,,,4,,) &3
BLTWS 20 b0 THD, = CTHEMBA S
AFCIEREENLETHY, ZOMPKETEL LG
BARBTSERE 25, —BROICIE, RERMOI6
UTFicthidEelnbhTyaa, BirEloRE
RN EARMATRE R S A BB L T, RBAYCD T
SHERDBD,

2:2 EETRYSZZ[M]

HE~ M) 2 2AOERIK, LME (7 -w2
W) (& VITH. LMIER, LSOk
THEPHERICBMATH5LOT, MELFEE LTILL
AubhTnad, FETHR, —F0r—7LHERO
P3O0 MMOAIZIRY 50 TV a,

2:3 Rt rYZZXK]

A L7zl 0, BT IERRIEIE £ B 8 L =it &
17978, MEMERIME~ U 7 A PR~
FY 7 ABEUHRMEIME~ Y 7 22K LEZ2ER
= U 2 AEAWS, ZOROEMRBIEY Y 2 2
B, BIAT v P CROLEEMICE T, BiFO1 27
v THCEYVEZ TV,

2:4 EEITFLUIZRI[C]

HMEOAD=ZAREHICEETHY . TREER
KBTI L RIEHETHD, E-T, bDHFIMHE
EEELMITT DLV FEMECELATVS, M
I~ h U 7 AO—FiL, CaugheyiZ L W ko L
IERENTWVS,

N-1 i
[C1=[M]- {3 a,((M]"'[K])} (2.3)

Jj=0

LE B S fie b WA 22 L, MEE~ N Y 2 AN
v b U ACHEITS L EELZTRLFAR, BLT
BitE~ b Y 2 22T 5 & RE LRI H R o —
METHE, TLTZOMICEIAVBRABLOLL
T, MEOMOBTREND L=V —BIEERENH
B, b— U — RIS RO — RIS BV Tkt
D2RE LB EICHS, BT, 203 HED
MEONE~ LY 7 20 EERXELET.

a) RGO R e

[C]=a,[K] ay=2-h- (2. 4)
h o MEER
b)) R b R 0
[C]=a,-[K] a,=2hlw (2.6)
c) L—U—HRIEgHE
[C]=ag| M]+4,[K]
ag =2, - 0y(Iy - @y = Iy - 0))f(@3 - o) (2.6)

a =20y @ =y @) (@3 - )



el 2 i E Lz E, HFAHAMBEERICL-T
FIERT2MEHIORE EBRREEND, LI L,
R4 o Rz 3RO Thdby LR L
fE, Me oSS X HNDMBEERIT—E Tk
B, X, BEORICLoTLEOHE BEICMN
BHY, HERRELS, MiHo=>08=EIx, ThE
NEKOBELRHERER TS,
a) BTk EL R R
héoDfEZR (2.4) 5258k,
a,DEFREEND, LoT, B OEENK
o T AaRMEERE, AickoTHEEL
Do
h=a,/2w (2.7)
L=t T, REAEL LB IO THE
ERBNEL B BMNH D,
b ) B R R e
PR HIR L FEARIC, X (2.5) (kD an
HE &, AR Tk S EERIT R
DEIICRD,
h=2-a,-@ (2.8)
EoT, RBEOMVESIEERESHMEER
BEZLH, MEHRIKE RS,
¢) L— Y —BIM
FH%IC (2.6) Mbay, W FHE Eh, &R
WA R T AR ERIRRO X b,

h:%(aolm+al-(:)) (2.9)
i, BRI & B R o e 2 2
BAELRD,

Lk, K (2.7) ~30 (2.9) oiRTER S IZHT
LHRMBEERMKEL DT THLMN, ZITHE LR
R B RVOR, ay, ayDEL K o T2 BV -
ML MBEERBHE S, EDaq, o 3EHFEOLH 2
HHBER L BEIEORRMIC L > T—FMICHRES
NAEVWHIHETHS, Thbh, SEMBEGERIZST
LRBEERLC, AXEELLTHEA EEZRDS
DERB S,

BB IR IR
B2 1

3. ¥—TNxy FERDHEE

3:1 XBRE

AEBIT W, r—Tk, A MHARLESD
W EL AT L [ Zf Yy —7F %k v blitE] ©
WMEEHENEL, TOSEELZENTA-DICTD
v, EAREBANEL, BT ERS X UCRBES T
HhdD, BETHEH, B sr—7vxy b, BREOH,
BLOYy—7Nxy FOKRD I r—AZHOWTIREHE
BEToTEY, KFETIRIONDY—F VF o b
WETORMERIZIOWTRVES,

F—FNFy PORMERE TR, ¥—7 L F v b32
RETHICE oo TP EMZEZXHZ LICL-T
BHEHIY, #ZEICET 3HMEFMEMERNTEL
Too BALOREICIE, —WP—— LELFHZ2 BV,
X, FEFHLELOBEICEY, Fr—F N3y PEAE
i, BliE Ay PRERAFMHRTAFRR bR~ %
RMEBRLETo 1,

3:2 HuEK&

ZITH, F—=7NFy PEFORICOWTHEAY
B, =7 Nty MI., “HICR L SHMREE- -
BRI EAEBR L TED . F—7 kD OB r—
TUIREOF EFARBL Mtk -> T 5, BLFIC, &
ALlr—7 Lo ERE =T,

£3.1 [r—7 ]
ES Bo|# 8| Wi H O
AL T

o 6. 3nm | 15, 8mn”| 0. 92kg/cm’m | 10, 500kg/mn’
6X19, ¢5 3

SR 3

¥) ELROKMITEMCLD
X, RHEROPBICR v FEE EIZ# o TWERA
FBEBF—7AE 2 EHSORERIT, HAICX
Dﬁﬁmggfaot,
LA L OB HE S OME A2 TRICT T,

= A b—¥—t—a
< LN
L5 L1~L6:  ZE{iflE &
PI~P2 il 2547 a5
E3.1




3:3 XEBEER [CASE: 1—1]

Z-DISP. (m}

EEBL, RA VN EHEE XL USRREM S EE 4.0
ATEEHHETFr—2fTo7, b8

[\n/\{\/\ﬂ AN Fal

(=3

\/VUUU VY

T, r—7ARAN, o
B 0 J7M) 1 500kg, X % J51 @ 250kg R0

DEBICOVT, BRI SIS P OLENLIS i I = f gR,

. TIME (sec)
EWEETRT,
Z-DISP. (m)

0.6

0.7

CASE No.

SR ZE AL

r—7 RN

A

1=1

P1

1-2

P2

=8

P3

®D  :500ke
Xz 250ke

4 2mm
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0 0.1 0.2 0.3 0.4 0.5
TIME (sec)

3.2 [FEBRF—2%]

H—AOTMEMREZ, UTo@Y TH 5,

0 0.1 0.2 0.3 0.4 0.5
TIME (sec)

2-DISP. (m)

MR AN : P 1

0.04
[casE: 1—1] 0.02

Y (YA &
-0.02

-0, 04

Q 0.1 0.2 0.3 0.4 0.5
TIME (sec)

2-DISP. (m)

0.04
MEIEMS P2 0.02

Vat
0 P

[cAsSE: 1 —2] s

-0.04

0 0.1 0.2 0.3 0.4 0.5
TIME (sec)

Z-DISP. (m)

0.04
0.02
0 oy

NS c P 3

-0.02

[CASE: 1 — 3] -0.04

0 0.1 0.2 0.3 0.4 0.5
TIME (sec)

E3.3

BE3. 2



[casE: 1 —21]
2-DISP. (m) ll
0.04}
0.02}
otniﬂﬂnf\ ANNA A AL LA,
UUU VA i
-0. 02}
-0. 04}
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
Z-DISP. (m)
0.04
0.02
JAanA J"\Vf\vf\ \ AAAAAAAAAA
-0.02 U V v U U U U
-0.04
¢ 01 02 03 04 05 06 0.7
TIME (sec)
—_ e
0.041
0.02f

0 V/'\Vf\ul'\ur\vn‘_’r\vf\vf\ A

-0.02f
-0. 04F
0 0.‘1 0.2 0:3 0.‘4 0:5 0.6 0.7
TIME (sec)
2-DISP. (m}
0.04
0.02
0 VAVAVAUAV Uf\VI\VAV AP
-0.02
-0.04
0 0:1 0:2 0:3 0:4 0:5 0..6 0.7
TIME (sec)
Z-DISP. (m)
0.04
0.02
0 fapp 5
-0.02
-0.04
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
Z-DISP. (m) I—L;I
0.04
0.02
0 P AAPaAA %,
-0.02
-0. 04
0 0.1 0.2 0:3 0?4 0.5 0:6 0.7
TIME (sec)
B43. 4

[CASE: 1 — 3]
2-DISP. (m)
0.04
0.02
o foAvay A
=0. 02|
-0. 04,
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
Z-DISP. (m)
0.04
0.02
O ‘_’AU[LA 0 D0
VAVATAVA A 7
-0. 02}
=0, 04}
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
2-DISP. (m)
0,04
0.02
o fm [\ [\ ﬂU[\Uf\Vf\Vf\VﬂUﬂVﬂUAUAVAUAVz\
wa U VY]
-0.04
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
Z-DISP. (m)
0.04
0.02
5 nmﬁﬂ%ﬁﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂf
VYTV VY
-0.04
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

LS
2-DISP. (m} -
0.04p
0.021

oNANANS AAN ANANAAAA
VAVAVEY] \IVUVVUUVVVVVV
-0.02
-0. 04
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

L6
2-DISP. (m) -
0.04f
0.0z}

o Aﬂ..ﬂ. ANANNANNDN A AN A A
VV VYV V VTV AP
-0.02f
=0. 04}
] 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
B43.5




wiz, =7 NENH, L o [caSE: 2—1]°

0 J5F - 250kg, W& ZJ71 ¢ 125kg ohld _ -
DA OEREERHE T, . { e T
. 0.02 A
CASE No. | SMIZHLE| 4—7AMh | - EiCR 0) {\U/\UAVAVJMV AA A
2-1 P1 ' -0 02‘ U
- My 250kg ; -0.04) :
— = WExT125kg | 42T o 01 o0z 0.3 04 06 0.6 0.7
2-38 P3 o “TIME (sec)
L mL3 [Hmr—x&] i, e
' 0.04

BEr—AOTMEAMKEIZ, DTO@EY TH 5, .08

§ ANNN DA A

R E R
-0.02

=

-0.04

1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

]
Z-DISP. (m)
a.04f
LIS C P L 0.02

0 foaoaca

[case: 2-1]"° . g

-0.04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

L4
Z-DISP. (m) .

0.04

0.021
0
-0.02

RIS P 2

[cAsE: 2— 2] ‘ .04 : . e o
0 01 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

Z-DISP., (m)

0.04

0.02

0 et

-0.02

3  OBERMIERIS : P 3 X

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

[CASE: 23] TIME (sec)
3. 6 Z-DISP. (m) . IE_I
0.04
(SR OB : 0.0z
- CASE1-1~3Tik, BHO IR0 HRLNLS, 0 ~
IR OERGE A, RTINS L ORI E v, e -0.02
bbb, PIHEIMKICLE > THREDRBKEL 2T =004 — ' o _

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

3.7

(T8




[CASE: 2—2]

Z-DISP. (m)
0. 04
0.02
o J\,AUD\[\:,Q\?
0.02
-0.04
0 0.1 02 03 04 05 06 0.7
TIME (sec)
Z-DISP. _(m) :

0.04

o.o: A f\ N f\\/f\vnvf\vf\vf\v/\v/\vf\vf\

-0.02
0. 04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

L3
Z-DISP. (m) -

0.04

0.02

A A B P
VUVVV‘U

=)

-0.02

-0. 04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

4
Z-DISP. (m)

0.04

0.0z

0 Fal AL o,
V\/"U’\/ =,

-0.02
-0.04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

Z-DISP. (m) "

0. 04

0.0z

9 AP TAAA

-0.02

-0.04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)

L&
Z-DISP. (m) -

0.04

0.02

4] TRV ~F

-0.02
-0.04
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
(3.8

[CASE: 2— 3]
Z-DISP. (m)
0.04
0.02
0
-0.02
-0.04 )
0 01 0z 03 04 05 o5 07
TIME (sec)
Z-DISP. (m) '
0.04
0.02
0 V/\VAVAVV VAUA
~0.02
-0.04
¢ 01’ 0.z 03 04 05 .06 .07
TIME (sec)
Z-DISP. (m)
0.04
0.02 {\
4 vaf\vf\UI\VA_E\ {}v[\vavf\vmvn
-0.02
0.04 .
0 o1 0z 03 04 05 06 07
TIME (sec)
Z-DISP. (m) IE
0.04

0.02 [\ {\

f\f\f\ ANA_A

"RV ViR B

-0.02 v \] U

-0. 04

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
2-DISP. (m)
0.04 |
0.02

MANANAAA A AA ~AnA
TATRVASATAVAY A A i

-0.02
-0.04
] 0.1 0.2 0.3 0.4 UT U.‘? 0.7
TIME (sec)
2-DISP. (m)
0.04}
0,02

/\[\f\/\[‘\/\r‘\f\f\i\/\f\/\

S VUV VYV VVUVYVVH
-0.02
=0.04 2 A X . X
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
TIME (sec)
E3.9




i

4. EBHEEOSH

4 :1 RERSH

AETIE, ERCHONAEENEET—F D55,
CASE @ 1-1~1-303 M EM Sl BT 57 —# 2 0%
LT, RS EIT, BT, 7— ) o
RS,

7 — U R, BRI O B & R R O B
HCEML, ¥t odolREERTH, RMoBEE
WMTHHEVWZD, 20, HEHOMEEKELELTEADL
gy %E, BEEoRssEEogkofnk LT
LhAanBTEWnWIEZFTHD, ZOEREGbEN
A ORELAIIEDRII LI - TRARY, Fhwi
EROREMEFRISERZLO LTS,

FEEREE TH LN IR, — A SR R
OHERBT—¥ Chh, ZOLIRBEICERENLD
7— ) xR, ARV =EREFITHR TS,

SPECTRUM  (m)
0. 005

0. 004
27,14z
0.003 | s
34.200z

0.002 /
0.001
(]

0 100 200 300

FREQUENCY (Hz)
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0.02 |
AN A An 5 iy
O I S Y
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STUDY OF VIBRATION CHARACTERISTICS OF A CABLE-NET STRUCTURE
- DAMPING CHARACTERISTICS -

Tsuyoshi ARITAKE*!
Kazuo ISHII*
SYNOPSIS

When Dynamic responses of structures are analyzed, some damping should be considered in
analyses. In the paper ,therefore, damping characteristics of a cable-net structure and a
suitable method of the dynamic analysis including damping are investigated.

Damping factors are calculated by amplitude ratios of predominant components that are
decided by analyzing waves of vibration experiments by Fourier analysis, and Damping
matrices are computed by these predominant frequencies and damping factors. And then,
dynamic responses of experiment models are analyzed by the non-linear analysis,
considering to some proportional dampings. They have following characteristics.

1) Type of proportion to Mass matrix
2) Type of proportion to Stiffness matrix
3) Type of proportion to both of them, generally called "Rayleigh damping”.

As results of these analyses, waves of analyses considering to Rayleigh damping was the
most suitable for waves of experiments of three types of proportional dampings.

In this way, one of possibilities that waves of experiments were approximately
calculated by dynamic analyses considering to some proportional damping was shown in the
paper. For the future, the damping model which will be more suitable for damping
characteristics of experiment waves will have needed to be investigated, analyzing waves

of experiments.

*1 Graduate Student of Master Course, Yokohama National University

*? professor, Dr.-Eng, Yokchama National University



