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Study on the Estimation of Vibrational Power Supplied From Source

to Supporting Structure

Jae Chul Kim, Chong Won Lee , Shinichi Ohno

Abstract

This paper proposes a method for estimating the vibrational power supplied by a ma-
chine that generates excitation force to its supporting structure via the coupling points.
The basis of the method is that the vibrational power can be calculated using the mechani-
cal impedance and the velocity at the coupling points on the supporting structure. First, a
method is described to estimate the mobilities at the coupling points when the machine is
not separable from the supporting structure, then the vibrational power is calculated using
the estimated mobilities and measured velocities at the coupling points. The mobilities are
estimated from the result of impulsive testing of the coupled structure. The method is in-
vestigated using an experimental model. The estimated and measured values of the mobili-
ties and the vibrational power are compared. It is shown that the estimated values agree

well with the measured values.

LME
AFE T3 AR A A5, F371 F
o FzEd dx 39 NFLY 7HAHe oz
TFZEU JFo] T, FFgrt e "oz
Fo| A Ago] HA ol FREW mAA
359 d& $£doz 196237 Lyon o] EAZY
2812 (Statistical Energy Analysis: SEA)V-S Ajetal
g, Aut 2 AFFoEPM Ade AoE
2o, HToe AFAEVNME Fag o7
7 AT Aok 22 SEA HE o] &ajA PR
&g N B, JAFTYoREYH FEE ALH

(e

£

* ARAEA SEAENL 2 AT4
v ZofEL S AFER
o R 4 EERHTRET

= AF3Y7 Weshd, SEAWo] 2@ T
AATge] A% 9 HrlE F28 2zl o
AAAE WEQTH olg AAse FREo| A
gt Aels, 2N AN TFRERe R
A3 swznE A 238 5 A E o] why
osolE NAFEEAe] AFAANY slAAN
2@E waE)s 1599 SE2RH AFHY
2 7¢ 4 glou gwEon AEAD A FRE
o] ¥als)x) g AedE A¢A ds SHHE
Ae R Bo oz, AAFzEael ARHe
JAPHAE E40] Erbssth aeu AAle
2o 3144 AFLTH AXNFZE] EIFA
297 Lol, AFYH AATFZEL BaldA
GTE AFAYE 23 + Qe Pio] AT ol
Ax Yok

e MEoz B AFdNE AFAT AT
22 Eelax 21 2WSlA Y A 7}

e

>

7]

.'?.

far N 2 o

&2

-379 -



A% $HL o18HA A
g 2Ane 3y
2439 S5
A 722

2.1 ZIupol AHLAO

a1 3 go] AFde] fFxBe AAHAA 3L
= AL Aedo) 7R oA A FTEREA
A JFrod SV 248, 24 2gES
a4 A5G AgHn, o] AFARYE e
#e HozRy dojE F gt

Q1) = (F() (1)), = P(t) + JR(?) ——mmmmmeerem —(1)

o714, <, EAIZYAE, P(OE Active power ©] 3, R(1)
= Reactive power ©] T}
AA AFgges He FREN AdsHe IF5
2= Active power P(f)o}t}.

Coupling points

Supporting Structure

~-§——  Vibrational Energy

Fig 1 Vibrational power transmitted from the source to
supporting structure

AFAH A7z
glo] A@AQ AL A
2ol & 5 gtk

ZE Atoje] Agtdd #FAgs=
A(1)9] Active Power &= Th&-1%

P(o) = —Re{ (@) V(@) } @

A7NM, Ve B Bas
vhepict.
AFAR AA7EEel vdo2 Ao 9
9, 7289 ARAL AAINDL 20) B
A A sl Ay 2o 9

o], Re & AFHE

P(w)= %IV(m)IZ Re{Z(w)} 3

=9, AFPH A T2Fo| ghoz AFH A
= A%t AgAd ALa: A% £E7 G
3 e @gAE peu
A0
Pl —®

Fl(.w)} ru'(a’)

F@)] [Za(@) - /(o)

o] 7] A, Z )T i=j Q] Ao FEA olvgro|m,
i+ A%l A Anusolg,

ADE Aol dgstd, 2AG)ek ol & 2FA
< ZdM AYdHE AFAYE 72 4 U

V4 ln.(a))

Z ,,,,.(co)

1
:=5{ Zz,j w} (=1 my =5

=3 AFdoes RE AAFREA AddHE $2
39, F 7 2FAE TN AEHE AFHE
o &2 v 2ol £ F Ut

(6)

D) orat = ReZ{ ZZU }

AFPol AN AANTEEA] BARE Pe
oz APANFoR TeH Hol P FE9
~AEQE o8N UEhd 47} ek,

P(@)=Re(Gz) a

A7, G, e U £E9 222 AHEYe|T)
=g, AG)e A AT 2ol Yehid, te

ol & # gk

P,-(m):Rei(Z,-j ijv,-) i=1~n______(gj
J=1

yjvi ) )]

n n
Ptotal = RCZZ(ZU G

=1 j=1

- 380 -



Z X "itH

22 Hsupelel F3EH

Andel Agde e AuSRAE e Qv
Moz paaAd, ARAIAY SEE FHse

Ae7l g olde Ak, AxTREY A
o AAQTE~E odm glow, A5 ol LalA
AN £Est AP 2 RY AgEe
a4 FFHIAE AEAYE 7@ 47 Qom
2 ANTzERY ATHY AAAAEL 20), 7
Bedt a2y, 4719 e Asdle 7o
A, AANTFzEA AR AAANAUE Z),
= A5AH ARTEE0| RelHw, AR FEEe]
Aol g e Fo] 9L =ygosN Fa
4 glou, BSA @ Ao: AATEEA
AYAY AANADAE 2H sobt g}
olalold AR AATZZ0] Askd Aelol 4
248 & Y NESHS 0§, AFREY
o AR 2E FASE AL Y|z A

22.1 3 S oto] B4y

a2 go] AFAF AATxE Az
24712 FA= BRI ASIsel Agslol
A e wdE AZER. olelg A9d lol, 3
FHe AFUT ANTREAY FRo| 3] T}
22004, Batash bE AERH] AGA o9
o A% AFAS YR, 9 dk ANTFRER
o AgAS AR o) Fe vehim ok o
A @aa), WA Aol polw dteko] ¢ olch
ool =iy 2He N ARTREA

47 4559 Ba~aol BaA 71 ¢ lokn

Valai(t) Valai(t), Fala:(r) Vamm(t)

Machine

VbIai(t), ﬁlai(t) Vbnai(v, ﬁnai(’)

E% coe = 1L | Coupling
Points

Vcnai(t) ] f;nai(t)

A\

Vcl ai(t) » f;‘ 1 “i(t)

-~
Supporting Structure]

T

Vatai(t), farai(®  Vaai(®), faiai(t)
Fig 2. Model of the source and supporting structure

7Hdsta g £x0 AL FaA. gRo] ols}
oA Hdslh= 71Ee, AdT2ETW] ¥UIES T,
JEdTe] 2 g G AAFZEU g
€ H 7R18e F, R uyd 2s= 98 f 43
o) £5Z VE AR & AR g b, ¢ dE F7]Y
Aol mEtA, HATE 24 Yle Afde 4Fo)
SHA, 5% P fXE vehdth o7)M, G
s He, 299 #7o A7t 2lol, 1543 AA
TEEY 79 54dAjo)t

(@) ZlS2etol ZEHY 019e Mg JKRIg B2
%23 o] AFdFe] Aol Ao He b
A% B4, 7R 39 £x9 A4 78
H o 2o

() B FEEEA #§ FAA

Vaigi = Taiay Fa (i =lem, j =1 ,,,)
Voiay = Thiqy Py (i=t-nj=1-m)
Veigg = Teiaj Foy (i=1-nj=1-m)
Viigg = TaigiFy (1 =1k, j= 1...,,,)

e Bdz gAE, ogH 2o

Vaa = TaaFa (10)
Via = TpaFy (11
Ve = T,F, (12)
Viaa = TgaF, (13)

@ Asdo A BAA

n
Vmaj = qu'Faj +2Gaiblfblq' (i =l-mj= l"'m)
I=1

n
Vbiq’ = Gbia]Faj +2Gbib1fblq' (i =l-nj= 1""”)
I=1

I8 dE=2 BAEY, g gt

Vaa = GaaFa + Gapfpa
Vs =GpaFy +Gppfpa

(14
(15)

@) AAF=E BT @A

n
Vaq’ =ZHa’dfclq (i=1~-~n,j=1~~-m)
1=1

n
Vdiq' = z H dicl f claj
1=1

(i =1k, j=1--m)

- 381 -



4N FP= BASHY, Be ok & sgrt

Vea =Heefen 16)
Vaa = Hycfaa an

Impulse Excitor

®) A7lel & ol2le] HE IR BT

A Ao 2GRS AT BY, AAFEEY 2
e AT A, ANTEE A ol9el B2
AE ool dAME FAE PHoR WANS
Ag 5 Jong, odidE ez Bk

iseal , Upper

E Isolator E plate
‘ﬁ Accelerometer ‘E

I Lower

222 XX PEEC HMel Dualelel 2HA

e AAFzEE] AFAZA Maxwell-Battie
o g0gel(Ty=Ta)t Addddn s,
2219904 FEG BALE olgAN, AATFEE
o] AR WA He o 942 Fohd o
&3t ath

Floor

Fig 3. Schematid diagram of the machine isolator- support-
ing structure configration

He = (ToTa ){T}d - T (T, )'1 T},}x {I - (To, )_IT; }Al

/Magnet
(18) T fe— Bott
Upper plate ~———
AqyzEyH AFTRENY] Ha, b2 A &G Acoclerometer «—— Isolation
2 AL A F e AT EY ZUHEH T, \ ! Loadecll
Tea, Tas, Toa, Ta 25-E AATZET] 2HlE]E H,
€ #3% + 3lov, YL HSE T A9 Y Sk Lower plate
ZIAGHE 2 Ze), & 7" 7 ATh g - /
I ]
3. A3 = ~

Fig 4 Experimental layout at the coupling points

B e A23dA A AAFzE3
A% ANz MFatelel FAdd o
@ Bye de¥oz A J¢ 4¥%A 2

Agurgel BaA 72 ¢'© o
® 10 o
31 ABEF N o ‘o
Qa3 A 48PS ved Aozl = o Lo
X B X FA7F 500 X 400 X 5 mm ¢} Bl 7117 P ®
2 g AL AFAGT 3, ExFxTAL °:0 o 10

700 X 600 X Smm 9} Z9F 1 AL AAFdE WA
TE M= 2 o2 ANE AAFzEZ HIA Upper Plate Lower Plate
7Hx1719] Vgo] A% 120mm, F7) 20mm ¢ Zd

awe Mgl dwel ddmEe 4=go s O Uncoupling Points
dig FadA, o] g AF gy 7l

do= gt =@ AYTEE wuHE 243 @ Coupling Points
71 9Ya&fiA AAo] Rxg 2"t 48 RS Fig 5 Uncoupling points on machine and supporting
S A JdEx A E Bifjo] ¥~ iR structure

- 382 -



aP4E As Awe AYFR FAAx=A 7
¥ Alole] 9%y WRnFst 2P 204 ojgrd
o] BAnF PG FEold, YK F
o] o2 de] Hpo It o] Aol HD
gk wRagel g olEle Fw Ao
Lodecell & 7MEXAE AR, d#Hd FEsles g
I AgAd c o £5& ESHAL Sl Aoz s
SAE dAde, 2g¢db 9 £58 AU

32 2alg|glel 5™

AAFZEFe] Agde DiE H, = AF Y
gt 7], 3R e ¢ HRIRE AAS
Ao, Feol FFate BES dEx ARG
24t £, AGT2EY YU E T, Ta, Ta
Tw, TaT 7HA7), 459 7 2 0 e 24X
o ¥, a5l o] F3le A AEH o9
°] Hado It 4749 & A n, JE=
744 P SAAY AFEYHY AR F2EY 3
4 o9 Ha,d9 $EL FIEEAL F7AH
o2 7} Fo| RAse EAPD, AF Y A
STHE 23849 AR NERAR SHAL

4 &Yz 3

UE

41 Z8T7E=2 dtyol ol

ZEdH AXNTFzEl A% AN, JEx
RIddes ST 2UYE T,y Tad HIRHA,
AgrE Ad94E A A9 2de 2 AT
229 SAA=Z AAL AFd AA o9y A
< 982 7R o, AAF2Ee ARA o9
He £x& AN 7 2dy old, FHL
PR 9 vHrolM 4T HilE ot
aH6° ARoRFEH F SR} A9 dAlsa
Qo A7 E] d¥4 e Fdagirt

42 X X#x£9 Zade oulzlelel EAX
2t FHA|

2 AddA 2188 AFgAAAME AFLT A
ATzZEo] 4oz AR QojA, HdH F
Aoz RE 16710 AgFe] 2dEE ¢ F 9
o 2872 dY A FElAH & A=
7132 & Im/Ns 2 3t dlAdg@dB) EAHAC 24
A& 3249 Pyoz SAG TlEle 3 A0
o, AL 323 jloz ST AF1LIEY
ERE Ty, ., Ta Ta Te Ta S 2(18)°] Qa4
AL FAX otk FAHRY FAR I okt At
AA g AR o2 2 Axjea )

-20

.40 }

-80
-100 }

20 Log1w(V/F) (dB)

-120 |

-140

0 200 400 600 800
Frequency (Hz)

Fig 6 Reciprocity of measured mobilities for coupled
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