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WX IR OFGZ5Hh T 2B E, () ZLUTO LB EXRT H.

155+1(f)—Huv‘llmxH (s=12,---,g-1). (2.14)

e OO

ZIT, BREDEMADOEIFBOEIZOBNENEZMZ A8 4%E 2 5.
ZDOEENRIIRT MVXX, AIRTTT FVERICBIT HEREE, T772b b,

0 0
0 0

e, =0}, e,=/0}, ~--, e, =0 (2.15)
10 0] 1]

2% qEDINRT SAOFOEFEIFRHDINNRT ML ¢ TRTZENTED. A
QYD xZe, AT D L, FHHBIE E () 13527 FL w(f) OFiFRHO
WHROa2—7 Jy RINVALEELL LD, Thbb,
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E\(f)=|vy (1) (2.16)

RO TN TUZHOWTORMERER E (f) ZFRFICT 7y Mo, &5
Ra—DOFTONHRLIZE ZD, ENEND HA~EZ DRI OIRENEE~DF
BOREZIDVPWAMICRD, TNOZHAIZHKRT L ENTE D.

7%, U ETIRESEEZIRET 25A 10 OW T2 28, HHE 1 N7 FH 4 4
L CE Rz RIS 2 51k, BlxlE, MZEHOSBHTCHI b I bl
TWHERE— RENTO—2DOFIETH D IERT— Rk, T72bbh, #Eo
EHSONAR 2 Hil4H L T2 a2 RIRFIC B TR 3 5 HiElicxi LT, 250
IR DM ERES EEZRETDHEZICIOBZXFPEHATE S, ZO%HE
1%, ERERQISOBENEZRT X7 Fle & LLEOIRIFIECKIG LTz~
MCEE A, RSB E (f) (s=12,.,q-1) ZRDITL. f
ZIE, R ER2INAMHOKEE LT LWKE SONMRDEZNZ 556, =0
IR MV XIILLTF &7 5.

X = (2.17)

2.3 FHR-BERREEETILICK 2HEEER
2.3.1 EERAE

FEEROHEEY) ONINIRFABRIZ IS W THEE S0 2 J8 UG E BRIl 2 D HE
ERRAENTEND. Fo, FERIITEMRBEAE—FE2E2T52 L0305, =
TR IS OB S AT 2 72D Hfi L U7 13- B ST 7 v & VTR
RT HZHABRPIEICOWTHRET 5.
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BAESER O FIAA LT ITRT.

() BREEIRENOMEISNOMEET VERET D,

(2) EHEATYIM LHIPEATIIK 2B T 5.

(B) M & KI\HESTREAMEMAITZR 220, EARBELEFE- Nz
BT 5.

(4) M & K \HMERRITSIC 2L, JEREIGE B TY % AR 5

(5) JABEISERBATIN OF RIES I E B 2725

(6) ®HMPBIEL E, x (/). Ey x(f) PRtREZR LS.

uiwﬁﬁﬁﬁEﬂkﬂﬁ%@l%ﬂﬁ,ﬂﬂU)ﬁ%%ﬁ@%ﬁﬁ%bf
ED LI RBEWREFONZ LU FIZBWTHGHT 5.

232 BEETIL

XR-ERNORD ZOOBEET /L, HEET VA LBETT VB LB %
H. TNOOREBICERBREATIIZFE L, T IRFERIZE SV THIE &
NEbOEEL, ZHSICHET MR AR T 5.

HIEET /L AL, EAREE— FOHANSHEOBEMICE EN D56 24
ELTbDTH L. FEAREE— FOHiA, T742bb, Z2RAE L TREYZ
RERET D HEEZHWCTRHT ZENTE 2N ENETHD.

Z OEET T V% Figure 2.2 IRT. ZOMEET T UL, Ao B EEZ
AL, EHAOEESOBICHEME &m =1 (i=12..7) & BN =1
(j=12,....8) EBEINHI ST D TH S,
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m=1 m=1 m=1 me=1 ms=1 me=1 mo=1

k=l k=1 k=1 k=t k=1 k=1 k=1 kel

Figure 2.2 Structural model A

ZOWEET NVOEEITIIM - WIEITHIK , - KPERETTSC , 2 IRATE
2% . FERMERCRATAHC  OMEXHIVEITANK D 1% & T 5.

1 000 0 0 0
01 00 0 0 O
001 00 0 O
M,=/0 0 0 1 0 0 0 (2.18)
000 01 0 0
0000 0 1 0
00 00 0 0 1]
-2 1. 0 0 0 O O]
1 =21 0 0 0 0
0 1 -2 1 0 0 0
K,=f0 0 1 -2 1 0 0 (2.19)
0 0 0 1 -2 1 0
0 0 0 1 -2 1
0 0 0 0 1 -2
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<21 0 0 0 0 O]
1 =21 0 0 0 0
0 I -2 1 0 0 O
c,=001-{0 0 1 -2 1 0 0 (2.20)
0 0 0 1 -2 1 0
0 0 0 1 -2 1
0 0 O 0 1 -2

HEET 0 A OEAIREIK L [EAE— R & % Figure 2.3 [RT. 228, LFD
BEAE— FE2RTHITHBNTIE, BEREICHEFE LT WRICEF M OZEN %
B OB E Sz TRRT 5.

ZOMEET VL, IREVE— FOWRREZ2 AT 52 L 28 ET 2. T4
bbb, 2REFE— RIZBWTHEREDOR4BHi LD, 4 REAE— RIZBNT
R4, 2, ReNHIERD, 6 IREFE— NIZBWTHR 4 ML D,

ZOMEET NV ERAWT, BETLIAECESNT, BEE— RamhiEZ Lic
SV, E20E, B LI WRZHEIZEAHT Z LN TE 20 E0ZHHN5.
£, |ETDHHECESHT, RHT— FE2RIKE LTV, £720%, 8l
W2 L7 R R I A 2 E N TE 20 E 0 EHD.

mode 6 0.294Hz \
mode 5 0.265Hz .
mode 4 0.225Hz
mode 3 0.177Hz
mode 2 0.122Hz .

Figure 2.3 Natural frequencies and modes of structural model A
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OXN, HBEET VB ELTHOTOREAERSLOEEETSH. T720bb,
BEbE U 7-E B IR OIENEE LB EBISERB R A BIET 5BV I8V TiR
NoxERGTDZ ENRERHBEET L THD.

IOBEET A ERWT, BRI A HFIEICESNT,

Z OROREIE DS A £

— RZ5HEL, MAZRDTDHZENTEDINENETRND. £7-, BET S
IFEICHESN T, EHREEROEIC B I NIRRT — RE2iE 572008 L
7205, F720%, BT 57201000 LR e EBIRT A2 ENTEXENENZ AN

2.

&€ 7 /L B % Figure 2.4 |29, ZOEEET VI, AEHRIZ 4 HHEZ

AL, FmAEESNIZHEDTHS.

1

4

.

A

L]

m=4 m=8 m=10 ms=1
ki=10 k=3 ks=3 k4+=3

Figure 2.4  Structural model B

ZOMEET VOB EATIIM - WIPEATE K, « KAVERERATSIC, 2R TH

2 5. FEMEREATHIC y OMEITRIEITIN K , D 1% & T 5.

©c o o &~

S o ®» o
—

o = o o

- o o o

(2.21)
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~13 3 0
Ky = o0 (2.22)
0 3 -6 3 '
0 3 -3
~13 3 0
C, =001 307630 (2.23)
0 3 -6 3
0 3 -3

ZOET T VO EARE & EA T — R & % Figure 2.5 12T, 55 3 WREA
RENVEE 0.290Hz, o 4 IROBEHAIREIEIL 0.292Hz TH Y, WA IHEL TN 5D
CEMZIOBEET VORI TS D.

mode 4 0.292Hz

mode 3 0.290Hz

mode 2 0.144Hz

mode 1 0048Hz

point

Figure 2.5 Natural frequencies and modes of structural model B

HEET LA BXIY WHEET VB ENENOEAEIRE % Table 2.1 (127
7.
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Table 2.1. A comparison about natural frequencies of structural model A and those

of structural model B

Mode number Natural frequencies Hz
Structural model A Structural model B
1 0.062 0.048
2 0.122 0.144
3 0.177 0.290
4 0.225 0.292
5 0.265 -
6 0.294 -
7 0.312 -

2.3.3 BEETILORIICSEHE

FRLIER-E ARG T VO RIS E B R G 5 Tike L FIORT. UET
WRATEEATH] - WIVEATS] - REVEBCRATANCEE SV T, FEAICEXbNTZH
BB 2 B BUS B BEATAI H,,, (f) ZIRFUTEEDSNT, B S 12O

HET 5.
Hou ()=~ Crpy M e TTRr e K| 224

WEEET L &b ek OBEAIREIEN 04 Hz LN CTHDH Z &3 RS
TWDOT. JERBUSE B 2 55T 2 JEEEPIL, 0.0Hz 226, 04Hz &
5. Fiz, FEICHWVSEEEEEL 256 L L, FEREEMREIZLL EoE K

FPH A B CRR L7=1.563x 107z L35,

EET L A T, BIREOEMEOgE 4 &L, £THEOED S HA 1

MHR A ESZREOBEMRE LTHEET S, 37205, 281K 57,7
WS A BEATINH ,,, (f) DF O D5 A HET D5 E 0L, 4,
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ORI D JERE OB BAEATIN H () Z2ED . JEREUSEBEEATH H(f) DF—1TH
DEFR, Thob, EWEBUSEREE, h (), h,(f), h(f), BEL, h,(f)
% Figure 2.6 (27”7,

10 E
A
g -8y ieeeeses
S g
ot -
S e Wl Wl Nxfido
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= ;
:
105 0 02 03 04

Frequency Hz

Figure 2.6 Frequency response functions of structural model A

WEEFLOABEIL 7 THHDOT, ZHLDMEBISEREEIZ TN ENFE
— D 7 ODEAPHITB N E 29 5.

HiEET IV B TiE, 4 [HOEOT_RCESBEOEMSE LTHEETS. L
Tl o T, JEEEISEREEATY H(f)E LTH,,, () W5, H(f) DFE—AT
H ORI EISERE, b (f), ho(f), hs(f), BEW, h,(f)% Figure 2.7 IZ
e
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Figure 2.7 Frequency response functions of the structural model B

COMEET T4 BEBEETHY, 4 SOBAIRBEE AT HH, FIEISE

RIS oRIEIT, 3k E 4 ROBHREE DT L TWDH DT, BT E3 >l
ET5H.

2.4 EE
241 ER S S SEBTI OEEEOMTS

HIEET IV A IZHOWT, ZRAOBEMIZET 2 MBS EREEITIIH(f) &

B BERUR BN DWW TR ME SR T 5. 2 K 015 B AT R BE o JE I 5B

B (), w(f), m(f), BLY,  u(f) % Figure 2.8 (27
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Magnitude

Frequency Hz

Figure 2.8 Singular values concerning with structural model A

Figure 2.8 IZ X % &, HJERIUZIT % e RFFEAE 1, (f) 1%, Figure 2.6 IZ7R L
T JE S E BB O ED JE I L [F— D, +7hbb, MEROFEAR
BB WL 27 5.

T2, w(NHOBEL p(NHOLET—EL, w(f) & pu(f) EIFEAD BT
DIRTHENOWRALZET DX ICBIT D, u,(HORE u(f) DI, B
L, 1 EDOF RN DN T S RIS R BRI L O —ET 5 H B THE S
PNTEREST D X O I ANEDS.

Z OFRREOEWE BB Lo L5 ek G AT LML, LTSRS
EA X7 MAVEOFHEBEEZ RS Z L2 L > THEIZR S, 0.1Hz (T O FAKKR O
A RENEL f, CIEZ 229 2 e KFFRAE o1, () ISR 2 EA X7 Fvw (f) &
FERAE 10,(f) s 1 ()s a5(f), wa(NDISKHET DEAST By (f), v, (),
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0

v,(f), v,(f) & OMOBIEERM Y (f) (=1234) 2R TEHRTD.
y2( = v (=1234) (2.25)
Z ORI y.} (f) % Figure 2.9 (237, W7 hLDx—27 Y » K LA

XEBIT1ITHEIDT, y (HIF0<y (N SIOFEPADMEE LV, F_XZ7 kL
BRTHGEICINEEELERY, TR —HTLH58ICIUT1 5.

1.2
.--?: ...... {.“? y2
E ' W 1
S 08} A
- E : E ........ :/3
s A N o )
@ :.: i i ¢ 3
: B
L 0 b i |
Py
R
0 N
0 0.1 0.2 0.3 0.4

Frequency Hz

Figure 2.9 Coherence function between eigenvector corresponding to the first

natural frequency f, and those corresponding to singular values, u,(f), 4, (f),

us(f) and 1, (f)

Figure 2.9 12X % &, BIHERIEL °(f) (=1,234) 1XLL PO Z 23 5.
w (f) DR E 72D 0.1Hz (O E L 0 ARV ER IR BV T, #iE o (X
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WA IRBEUAC S T D E AR bl (f) & REBRAE 1 (f) & 2xbEsd 5 EAa
7 Rbv (f) & OBBEEERE ()%, 1 &5, £T-, TOIEH 0 EEPE
IZBWToOZNIE, FEEbd.

w (DR E72% ERE 0AHz RO JEEE LV &<, w(f) DL 725 0.13Hz
(3T D JEH Ex & 0 AR B B BRI B T, A E OB AR IR B A IR B IS T
LHEAERTZ Mvw (f) &, FRME w(HISKHET DEA T R, (f) & OB
EERISE 42 ()1, 1 &7 5. Fi, ZOENOFEEEFEICBWT, ZOMITE
EIRD.

w(H)DEE 72D EFL 0.13Hz DA E Y &<, w(f) BB E 725 0.17Hz
F 3T D JE I & 0 AR R B P IS 3B T, R E O B AR R [ A R BB e e
DIEART Mbw (f) &, FFRAE n(f) ﬂﬁ?élﬁm&kw%g)k®%L
FERISE %2 (F) 1, 1 &72%. Fi, ZOENOFEEEFEICBWT, ZOMITE
LR 5.

(B E 2D EFE 01THz AHED AR L v &<, w (N8B E 75 0.2Hz
(T O JR e Ex X0 AR JE B BEE PRI B T, A E OB IR [E A R Eh BT et
DEANT v (f) &, FRE ,(HISHIETDEANT v, (f) & OB
FERES y 2 ()IE, 1 &%, F72, ZOENOEMEEFEIHICHENT, Z0OHITE
LD,

LU EDRERIN S LU T Ofam AN E L5 .

w () DAL 72D 0.1Hz FHr O JE R X AW BB EEPHIZ B W T, w1 (f) I
ST DEA T MR D LT ETH Y AL L.

w ()W E705 B 0.1Hz FHED M LY &< g, () R E 725 0.13Hz
T O P E K 0 AR EREEFR IS O T, w, (O ICRHET 2 EHE X2 hVIiZLL
FOu (HITHIETHEENY MvE—F L, ZbEEEC» b LT L
720N,

W(HPBE LD R 0.13Hz DB LY &<, () BB ERD
0.17Hz {3 O JE B L 0 AR E AP, 38 E Y, u, () BB & 705 EFL 0.17Hz
MEORREE LV &L, w, () DBRE 725 0.2Hz (T O JEHEE L 0 R & 3 5
PICBWNTIE, u,(f) & w,(f) TNEHUCKIET DEA T FViE, u(f) st
IS HEANT MvE—EL, FEEIZHNDLTE LRV,
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9725, Figure 2.8 [T/~ L7 Fr B O JEIREBIEL TIX, —oDlEZ 2T 5/)EH
WEIIL—2DEAXZ MABKISET 5. £o, T OEOYRE 2T 5 ik
L7z w (f)s () (), m(f)... DO AR R—OEAXT hv
BRHGT 5.

242 IREIE— FOEIDERE

O, WEET IV AICET DEHIBIEL £, (f) % Figure 2.10 IZ/R 7. 72,
ZITE, RSN bx E LT, M1 PBRADEN TN Z B ORH &
L72BI_7 F VTN D,

S 10 . |
2 ! — point 1 sess point 3 _
- i === point2 =.= point4 .
5 .
'E -
0 j
A T : L 14 ]
g - Vi N {7 e -
L 0 ) VA ¥B .I . .
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Frequency Hz

Figure 2.10  An evaluation function E,(f) related to eigenvector v,(f) concerning

with the structural model A

Figure 2.10 (285 &, A1, K2, A3, BLY, H4D00THIZEBWNTY,
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AR S E, (f) 3B B L 6 T TR & 70 . 2 b OJE I, Figure
2.8 TR LTe e RFFEAE o, (f) DB DAL, 77205, u(f) & w(f) EDEN
ZIUCHIGET DEA R R (f) Ev,(f) EBANED D EWNEE T 5.
Z 2T, RHmBEEL E, (f) BN E 7R D AT S Z EMEAROT, Thb
DREFER AR L TEZ .

M4 ZIRA S LTCRRLZSGE, sHIBIEK E, (f) 13 Figure 2.10 IR L7ZA
IZBWTH/IMEZ 2L, A2 £203A 4 ZEAE L CGRIRLZ5E, FHmB
BE()IFFRKOBIZEWNTH/MEZ 2L, R4 2R LTERLIESE,
AFBIEL E) () IXRIK O ClZB W TivMEZ 295, 72, ZhHD A, B, B
L, CORBEBITZENZEIVEERD 2K, 4k, B, 6 ROEAHEREIEKIC
FELL.

E () BSMEZ 295 &1, T ORBEEICB W TREISH$ 2 IR O % 5-
MERBIETTLZLE4ERT D, ZOBGITINIER & IRENE— FOHiA—ET
HEXIWERID. L7eh»> T, Figure 2.10 (TR L7gHmBIEL £, () (2 H5 ) TLL
TETHTHIENTESD. T70bb, 2IROIEBENE— RTIER 4 0 & —&F
L. AROIBHIET— FTITR 2 LR ADHIE—ET D, 6 ROIREE— FTILA
4 NEiE—FHT 5. NSO TRITEISRNZ Z OEET L OR L —& L,
TFHIL7ZEBY OBENFEAEL TND.

ULER LS, RET MBI E () EHND 2 LItk - T, 2AD
GRS E LTRELZADOTITEERE— FOfié —HT 28055 & %, b
BI% E, (f) D3N & 7 % i & SR B A iR~ U, IREDE — RO ORI EOALE
ERBIFFETE S,

243 REDNKRIE— FzR <MY SMikR

MEET v B BT 2178 H() ORe BAE O BRI, w,(f), w1 (),
w,(f), BEO, u,(f)% Figure 2.11 [Z/R"7.
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Figure 2.11 Singular values concerning with the structural model B

Figure 2.11 [ZHB W THEM TR Lo RFFERIE 1, (/) 1%, Figure 2.4 2R L72J8
WEISE RS D 3 SOEDEMNE &R —OFEEIZB O TIEEZ 235, IR
UWNTRERR T L7288 TR & 2R B8 1, ()1, BTRLAE RAFEME 1, (f) @D 0.3Hz
fHEDF 3 OELIZEFE—OEERICBWTEEZ 2T 5. ZOMETT VI,
Table 2.1 (27”89 & 5V 0.290Hz & 0.292Hz & DYz 5 S-S OE A IREE A H
T5. IhD ST O0BHEREEE, ZN R KEFRIE 1, () £ B ITRE 7
FERAE 1, () & DOWTHNTHRHE LTI Y, ZIds Figure 2.11 1238 TR KRR
M8 2, (f) &5 TR E 2B B 10, (f) EIFESE LWV AR BTl 2 B3 2B T
H5.

OIS, ZOMETT /VICEET 5 RHEBIE £, (f) % Figure 2.12 1277
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Figure 2.12  An evaluation function E,(f) related to eigenvector v; concerning with

the structural model B
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Z OFHIRIR E, (f) % FIV T, Figure 2,11 (TR T REFR{E 1, (/) DENER
DIEIZHRT L THBORERBREEMD Z LN TED. R 4, (f) D 3 Yk%~ R
DIEZ I T 5 BB EI Cldai 4 Z RS & Lz & EDE, o(f) OIENIZ
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b5, b, 3WE—FELRHELSFEET 270D RITIIAN 4 A5 b i
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Figure 2.13  An evaluation function E,(f) related to eigenvector v, concerning with

the structural model B
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Figure 2.12 & Figure 2.13 725, fe RFFEAHE 1, (f) DA 872 % e il CULLEE
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Figure 3.1 A block diagram of a testing system for multiple-input frequency
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Eigen frequencies Hz ratio to FEM results
Based on
Mode Based on Based on Based on
force FEM
Number drive signals force signals |drive signals
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1 3.16 3.11 3.11 101.6% 100.0%
2 6.32 6.29 6.40 98.8% 98.3%
3 15.7 15.7 16.0 98.1% 98.1%
4 17.1 17.1 17.5 97.7% 97.7%
5 18.5 18.5 18.2 101.6% 101.6%
6 21.2 21.2 20.9 101.4% 101.4%
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Table 3.2 Coherence values between modes

Reference mode number (FEM)

Method Mode
1 2 3 4 5 6
number

1 1.000 | 0.000 | 0.000 | 0.000 | 0.075 | 0.000
2 0.000 | 1.000 | 0.000 | 0.000 | 0.000 | 0.230
Finite element 3 0.000 | 0.000 | 1.000 | 0.000 | 0.000 | 0.000
method 4 0.000 | 0.000 | 0.000 | 1.000 | 0.000 | 0.000
5 0.075 | 0.000 | 0.000 | 0.000 | 1.000 | 0.000
6 0.000 | 0.230 | 0.000 | 0.000 | 0.000 | 1.000
1 0.562 | 0.033 | 0.017 | 0.068 | 0.114 | 0.006
2 0.000 | 0.960 | 0.002 | 0.000 | 0.000 | 0.000
Based on force| 3 0.000 | 0.035 | 0.860 | 0.000 | 0.000 | 0.028
signals 4 0.032 | 0.000 | 0.000 | 0.484 | 0.009 | 0.000
(conventional) 5 0.181 | 0.000 | 0.000 | 0.017 | 0.411 | 0.000
6 0.000 | 0.521 | 0.006 | 0.000 | 0.000 | 0.425
1 0.917 | 0.007 | 0.000 | 0.001 | 0.091 | 0.000
2 0.004 | 0.992 | 0.000 | 0.000 | 0.000 | 0.256
Based on drive| 3 0.000 | 0.000 | 0.998 | 0.000 | 0.000 | 0.000
signals 4 0.001 | 0.000 | 0.000 | 0.991 | 0.007 | 0.000
(proposed) 5 0.049 | 0.000 | 0.000 | 0.007 | 0.987 | 0.000
6 0.000 | 0.214 | 0.001 | 0.000 | 0.001 | 0.995
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Figure 3.9 Modal assurance criteria between modes obtained by finite element

method and those obtained by the same method
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Figure 3.10 Modal assurance criteria between modes based on the conventional

frequency response function estimates and those based on by finite element method
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Figure 3.11 Modal assurance criteria between modes obtained by the proposed

method and those based on finite element method
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Figure 4.1 A single-input single-output modal testing system free from random

measurement noise
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Figure 4.2 A single-input single-output modal testing system with random

measurement noise in the output response: H; estimation model

F79, AMNES, x(n), ym)ZEITORMECTERELT L. Zhzik
ViR L, sHOEKREE X, (n),y;(n) (j=12,---,9) ZfF5H. 22 T0<n<N-1T
bV, NIFFHEETIZEWTEHELWRHMARE CER SN ZT =2 D8 TH
L. DT, o7 =V EMErRB IRV sfHO T —) 2 AT kv
X, (m),Y,(m) (j=12,--,5) 21525, £z, HAICEET HEHERE2(n) D7 —
VxZMEBZRNZ,(m) (j=12,,5) ZF55H. TNHORRIIKRATRSN
5.

Y, (m)= H,(m)X ;(m)+Z,(m) (j=1,2,,5) (4.1)

ZIT, BEom TR S e R, BEEEY, (m) 1T IE S y(n) DT —
Vg5, BEBX m)IFANE G x(n) D7 — Y =B, BB IFEARD

76



FA4E SESOEREICHS HEREDEETE

i, BRESIIERMeoRE, Tmbb, FHORTHS.

BUERE Z ;(m) (j=1.2,-,5) D BFRMIE, X@4.D2 D5,

> 2,(m)Z;m) = Y. (1, (m)— ) X, (m) (] o)~ B2 ) X o)
j=1 j=1

(4.2)
ERTIENTED., Z Tt 3k&kae£d.

RO HFEFZ &3
DHEEM H (m) %2153 % 72912

, EXo B (m) 12 X BIRBRS

o < Lo , :
wﬂmZ%W%WF;@m%%WWMMF%Wﬁ

J=1

s s (4.3)
= =2 Y,(mX;(m) + H,(m)D X, (m)X(m)
NEICHELVE LT, KAEHD.
D R
H, (m) = (4.4)
2 X, (m) X (m)

sEIDFEHLIZ L > TRDIEZATDOEBE AT 2T MAOHEEE G, (m),
BEQ®, ANEHAOHE AT 27 L OHEERE G, (m) ITRATRSND.

G.um) == X, ()X (o) (4.5)

G, (m) == XY, ()X (m) 4.6)

b ER@EHND, HEBEH mERTKREES.

77



FA4E SESOEREICHS HEREDEETE

(4.7)

DOEN, MFEEIZHOWTIERSL., ZOHEELETIE, Figure 4.3 ITRTHR%E

ZA, MRDOWET —ZITIEERENTEND ERETD.

structural y(n)
system measured
output response
z(n) n f\+ x(n)

random noise measured input force

Figure 4.3 A single-input single-output frequency response function estimation

system with random measurement noise in the input force: H, estimation model
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Figure 4.4 Transformation to periodic functions: an example of a burst random

excitation
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Figure 4.5 A structural model for test specimen

Table 4.1 Descriptions of the finite element model

Number of modes 17

Number of elements 8

Element type iso-parametric parabolic beam
Modulus of elasticity 2.068 x 10" N/m?

Mass density 7.82 x 10° kg/m’

Poisson’s ratio 0.29

Translation restraints along x-axis and y-axis
Rotation restraints about x-axis and z-axis
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Figure 4.6 A flow diagram for the numerical simulation on modal testing
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Figure 4.7 A structure for the actual excitation testing
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Table 4.2 Conditions for the actual excitation testing

supporting of the test specimen hanged by a nylon string
response signal acceleration

sampling frequency 16385Hz

number of samples 1024

number of averages eight times
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4.8 127
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Figure 4.8 Impulse response functions (upper: ¢ =2.0%, lower: £ =0.2%)
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Figure 4.9 A frequency response function estimate and a coherence function

estimate based on the conventional method (Damping factor ¢ =2.0%)
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Figure 4.10 A frequency response function estimate and a coherence function

estimate based on the conventional method (Damping factor ¢ = 0.20%)
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Figure 4.11

estimate based on the proposed method ¢ =1, ¢,=16

A frequency response function estimate and a coherence function
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Figure 4.12 Lengths of the samples and respective coherence function estimates
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Figure 4.13 Force and response acceleration signals for frequency response

function estimation by the random interval impact excitation
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Figure 4.14 A frequency response function estimate obtained by the random

interval impact excitation
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Figure 4.15 Force and response acceleration signals for frequency response
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Figure 4.16 A frequency response function estimate obtained by the frequency

sweep excitation
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Figure 4.17 A frequency response function and a coherence function of the actual

structure estimated by using the conventional method
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Figure 4.18 A frequency response function and a coherence function of the actual

structure estimated by using the proposed method
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(a) An over view of a test structure

exciters

(a) Multipoint simultaneous excitation with three exciters

Figure Al.1 Frequency response function estimation based on multipoint

excitation on an artificial satellite
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(a) A subcomponent of an artificial satellite

(b) Multipoint simultaneous excitation with two exciters

Figure A1.2 Examples of modal testing on an artificial satellite
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(a) Base

(b) Frequency response function estimation on an electric locomotive

Figure Al1.3 Application to an stability problem of electric

locomotives
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(b) Frequency response function estimation on antenna base

Figure Al.4 Application to an anti-seismic problem on microwave

antennas
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Modal testing on a gas insulated switch gear tank

Figure A-1.5 Application to a nose problem on gas insulated high

voltage facilities for power plants
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