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DB DT TH Y, AT DD ER A OTIRT — & 1%, 56 EDOHE
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L CRIREAT ) TN TE D HIEREMNLT H L2 HNET L. TD®,
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FIAL, Mz Etelkm RO RRICTFLET 57 A =2 2Hlld 52 &I
0, WEPEETHIMRND, T ~DIEELERT 52 &2 BT
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BRIZ BT D IRE KRS 2 FiEEARFT 5. U, S OIRE D SIS
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B 2 ETDEAS, DRIy VTR E T Z Lok v, TR A
T 22 & Z2mREE T 5. H2ll, EMmIZH L TREIROE MM/ NE < T



fl & et 2856, AR AT 2 IKE KT, g0 7107 v
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Bh, MEATIIHNRN 28 & 72 5 Z LD, 2ROIRIZE S92 XER 7215
ENOHMRERDE LS. £, ARICBI 20 RBEOa L TT74 7 A
1%, RERAL RIZEED6H REDEMN G R 2 HEITHZ T TRATE 2.

FNENOREMEFRIMA L, 20o0BBRBIELERT 5.

1.2.1 Neutralizer IZ& 2RBMRED/ Ny > THlfEZFIA L - IRENER

%2 = \—anJi@AZ) Neutralizer |%, FERAHOIREZIRIHT 272D, FERA &
ORI W TR BZN 2R T 2 2 L2 ET5. 207,
BB an LS Téﬁﬂﬂgﬁ HEE & A B R E O OIREN R (D HERRET

CIRENMEER, WEIOEREICERT L2 &b, ﬁﬁun?‘]@ﬂﬂﬂ?ﬁ )i e =
Hﬂg@ﬁaﬁ@ﬁﬁrﬁﬁﬁéi Z Neutralizer Z 5% \F, EIZ ERT 27290 OAER
REEmETSH., LY, IMRABRELEGABREOHOREEZ 0 |
X %. Neutralizer [ZENWIRAR & B FRITN 52, — XA RENRIRES OFIHE & D%
FIZHONWT, FilT 5. BidRE 2RI LIilRICBEI T 2 EHE D% <1X, AT
RZEO DR 65 K91, BIRIREROH LWERER, WMo & O Fi L 1k
IZELTDHHDONREZ. Lﬁlbfcﬁﬁ)%, OO RITLLTO R TR 2 &
DR ERR D, B IS, KRFw 2 B TITRIRASR O EY) O B A REI
SRZNAN E,E\@ﬁb‘frﬁ'fﬂi@ﬁﬁéﬁfﬁ%ﬁfﬁﬁk?éi?ﬁ%%;’%?é@ WKL, R
v —7 OIREZ KT 5720, IKEIT— FOHIBENIAHEL TW D, 5212, A
2 ETIE, HShDA—T & LTRSS OIRENVEFEN RO F T, HhD A
Neutralizer 5% & L 7256 ORE L WMEIZ L2 T IR 6720 AT, SElmDE
WA HNTZREFADTERVEDBZETOND.

2 BT, #401C Neutralizer Z5% &35 2 & T, HMNOIMIEE HE L&A B
HEDOR OREMEBEAZFTEOREEE T 0 L3 2FELRET H. KENIC
Neutralizer N EENDFERKGTERTH H L5 Khatib 6 DOFREIZHEZIC, it
RNL VIR E, 1 BHEEOKEMEFEICI VT Neutralizer 23R AR 72 [E & ¥ &
FERTLOIEATHLZ LMl T 5. £/, ZHUTEY, IHRABEND
fa e B HESOWESEZ 0 ([T HUE, #in & iz ate, 2R TOMIRA
M EE 2> B R B £ TOmERE S, ZOBEECTIIEER L0 IlcTE 5.
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BEDOILIRKFEIZ B A 52 5 L B2 6D, EanDEMEIZOWNT DI, &t FIH]
(b3 DRENEL G 5. FERLICH U TEREH GO A3/ & < THl
&R D56, HEIHRA A DR BIR T, N Ro a7 T A
T ATAMAET — RIZBL S 4L, HPERENE— ROEEITIZIT WV & AxE 5.
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A TTAT A{THOEEAEZ, ’F‘Q’ﬁ%@?ﬁ‘%“@%ﬁiéﬁéﬁ%%%%@"é.
g, OO0 R AT, £, AMEIC LY, FrEO BRI
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JVTRHICTHICE 52 & ThHDH. £z, Gershgorin DEPRIE, HFEITHIOEA
EOFRNZHEZ D720, FREMRITWRERLIH Y, R & OMGHEBIZBIT 5 A
LAy T IAT o ATHNBERITINOSGETY, £OBEIMNSWIGEITIE, 3
RROBHEZ THTELZ2LTHD.
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ik el R
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BV, BEOKNG TV, 2ABREREICL Y EROBEEN 217705 Z L1
E0, ERDOOFEHZHETHT 52 LIXFETH L0, ARORHETH
5 ERUDIIRET V2 AFTAARETH 2 AL, WHAAETHD. 3.5
S = R L FMEMT (Statistical Energy Analysis)! 229X, 19604-{%{ZLyon 512 &L ¥
P8 SN IRBEE S O FIECTH Y, EM A IRE), 35 E8x1r¥oL
NP X DD RITHEIL, 5RMICER LIBAERE S RICERL
TNERE L, BRICAT LERT =L DOART U ZAFRAEMRLS LOTHD. L
ML, TRAFD L NI LY 53RO5EIZAT 5 120121, T— REEN DI
BWRLERH Y, TODITEYT HEEHTIE 2D RO R B
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0, AR S D ERBLL RICRoN D Z 2 EWT 5. £/, SEATIZ
GET 52U =DM EBETEX RN, O EEH TET D IR DI E,
ONARBIRZ ZE LA 21772 9 Z E N RAEETH Y, SEADFERTZ T D
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5 AREERR B FRAT (TPA, Transfer Path Analysis)@1Z 19504525 22 S vz, Hisf o
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THETT 2. BIAIE, T2 OIREIDHERMIAFE L, ZHIIpid S /- B8
DTV P EA R TR E <IRE) L THEEMH L ET 256870 8Tl
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Ptk COEEKI A BT HI2H720, 777 4 73— MIEEETT, Sy
VIR RNET I T 4 78— M L THSICEENRE N &0 ) filf 2 EA
T4, BEIEZENC L D &, B—%, R 7R SITHBBEOAREKICHE L TREBE
ThY, ZOFEZEHT 25 ETORHRERME, BRDA—TNLRTEYTH
ALEZONAD. FLT, ZNHD2O0FMBAFEEENDEVWIELHLETT, 7
U T 4 T R— N DRI E A = &Té%@%‘z%ﬁ%ﬁ/ﬁﬁ“é L xEREE T
D72 OFRGHENF 2 BERIIE <. ZOBMIZIE, WE L 0RET HREHED®
& AR DL TR F%éﬁ/\ﬁk/iieg)%%lﬁﬁbf_mpﬂﬁ CEHRTS.

WA B ORET HRAFHETIX, A CORIMREZ DD B HE O SZFL)
IIBENTHRFTOIMLERDH D Z LD, KETIE, XERMEENN 1 HH
JETRBTE DGAICR > THHEORFEMHFAEL . oD RLC@y, #E
AN ZABETH-TH, 2ROMRICEET DBZEHO KRN H EHE%&;*
VgL e, BHEEFMEROEHOVIUE, 2B BEORKEE COXEMMRE
1% 1 HHRES2 HRECIEITE 5. FEE, EKEEEOEE BN TH, 77
T 4 78— N OIERERAEEER TH TR T 0, U =7 8ER T HIuEHEk
DIEFFIC LY FERREBBEENR 2 IND 2 NG, RETIH | BHEORES
MXETH D & LT AORGHEZRRE T2 L LT 5.

WA O OFEIZESE, RROBENAKK S 2121, 777 4 73— FE Ry



T N— N OFEGEICBIT D KRR AR T A Z R AN TH D, £
ZTARETIE, 77747 3— MBI HMIRA B L /A B O M OIRE)
BiE% 02T D HIEERET 2. REMEEL, WEHOEHKICERT L2 L0b,
TIT 4 73— FNONE BB E &S BB EOMOEERE EIZ Neutralizer
Zaxlt, WEZ ERRNT 5 OO REER S35, ZaUuT kY, IRA
HELEABHEOMOEE%Z 012 CTE 5. Khatib 509, KB O W%
TV TR, BFITEER &0 ) o0 EE— R TORBMRENE L 5130
M2 Neutralizer ZFRE T 5 Z L2 XD, #HIFHEIC & - TORAER 7L B E i %
L, WEMAREZHIEH T 5 FIEEARE L TS, L LRRG, O TS
%, LT O R TARED BERZEMICART 5. 5 1, EEMsRE ORI & v 5 6
RCEHINTEY, 777 4 7/3— &Ny T x— N EES LTZBRIC, /6
HHETHELDENZ 01T DLW ORATIHEHEI L TWRW. 5§ 212,
e e & #h T  E R T D RO BB ENNL, Tb b b micxtind
%2 HHEONITH DD, RIBEIZHRRZ@EY, KETIIHBOYEHR T
WO RERCRA U D IEIC K VAT L XEMN e | BHEORENZ 012752 &
Z HFE L T\ %. Neutralizer DX ED, ML L DI & > THIRBRIZ2E E
Ha BT DDA THDH Z E AL LR IT IR 62 0WETH 5.
Neutralizer |ZENWHR#s & & FFIN, ERHAOIRE) 2 IHl4 2 FB & LTHAIM
ENDZEND, R EIRRS E L CORIHEL, AREIZBIT D% FHENT
DOFAEDZFRIZONTH E L TR, BRIRSEZFIH LRI 5%
FHEDZ 1L, EALOSLILNWNZR G D K91, BRIERROH LWEES,
AIPELCI RS DOREIEICE R TEHONEN. TOHFTH, KETH I L 972,
BRI 5 % A 7 OB IRER O SATAFSE TiX, 00N, Wik %
Ny V7= Nl OBENG, BEOBWIRSS 2 T a5k OB OIRE)
T— RERFFICIET 2% FHEZIRE L Q0 D, £72, B 50908, £—2X 2 |
KB IRAZ L 21X 0 FEEDOIRENE — ROFIENELZREL TS, LML
O, ZNOOBRITUL T O R CARBEOHR A L Bp 5. 5112, RE TR
LOREEY O EAIRBBUCIRE & 72\, ALE ORI O IS BRI Z /e & T 5
FEELRET L2013 L, R — 7 OIRE A KT 5728, IREIE— N Ol
IZRHME L TWD. 212, KBTI, 77747 RX—=FDA—=HL L TRy vT
= N OIRBFEDRIMOR T, 777 47 /3— B x5 AOEH SR
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(2D FZ Neutralizer % 3% & L7236 ONE A2 BRI LT iUE 72 5720 AT,
IRl N RS ONNES Gliﬁ@’fﬁ%ﬁ%ﬁﬁb CREITINTERVWENET NS,

ARETIE, 1ZLDIZ, 7277 4 773— MZ Neutralizer Z5%{&T 52 & T, 77
T AT IN— I\V\T@ﬂﬂjﬂ&ﬁ HEE &S B O ORI A T2 O JE T 0
&9 5 FEEE O AERIIZ Neutralizer 23BN DOSE RS g Th 5 &9 Khatib
LOMEEZEIL, MELALVEZRE, 1| BHEOEEH=HEIZENTE
Neutralizer MRARRI 22 [E B2 LB T HDOICHEHATH D Z & 2L T 5. £/,
ZHUCXRY, IRAHRENGRESBRES~OEBREZ 0 (2T UE, HEOE
BT SNDEZERED 0 ICTEHZ 2T, RIC, BEEREAREDLT
7T 4 73— FNOMIRE B E SRS B B EOREREATTEOREET 0
IZTEIE, 2R TONIRA B IR B B E TOREREL, Z 0
BTG L 0 IcTE2 2 2%, mEAKEIEICESWTIEEN TS, Zh
X, 7277 4 73— e Ry v T R= b E2FEEGTHEIC, fEERETEL LB
ENE 0ICTEDLZLIZHSL., F, 77747 3=V LoOEEEZET
H5ETH, [EED/Ry 73— MIX LT, ZOERBZ LTI LSS X 9 72,
TIT AT = bOFRFHREHNETHZEbRT. LT, IhbE@EE L, X
v TN NOIERBPELNRNWET, T2 7 4 73— FOMINZ L > T2%
MR L TLE D WREMEZ 2 TI2E, Ny I R=h O T7 7T 4T /3—
MUDWEEDF /NS 2D X HNT 77 4 7 73— N &iEH L, Neutralizer & 7
T T4 73— M uT v & v ) BEHER 25 <.
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2.2 {EBHRERE
2.2.1 ®WRELTWSEBOBTICHT EEEBERE

TIT AT N—= ey T N— NOREY, ¥2.1 ZHWTHIAT 5. 2%
TONIREME & SETMA B ELZR 2.1 2Tl & 4 TRT. 2%%2
SR EN LTz B AR A X 2.0 AI2RT. IMRE BEXY 77 ¢ 7 73— Ml
HY, BT E BEI Ry T RN=MINZH D, T 7T 4 7= MilE Ny v
TN— MUOFREGHBEZZNEN2, 3 LS. ZORENIBIT D IaEBENEG
BIEOEMENT, LToEB0 THD.

X4P(0) = 6B (0) (62 (@) + 6% () 644 (w)F; (@) (2.1)

::K,X“w ERONMEEHE 1 ICF ONE 521280, /Ny 78—
(Zd DB RN B HE 4 OJSEEN ZBFEHEE TR L O TH 5. GIE
AT TAT O ZTHITH Y, AT ORFOLEMOBTIIIEEAN, A O3
%@@ﬁﬁ&@%ﬁ%%#zﬂtEﬁ@%%@Afwi77747A~%A
Ny TN—hFBIZEKRTLI2ETHLZLEZRL, AB LH LY (2 BEGR
THETHDHZLERT. £, I21¢mg5k£0g3a%é§mgz T5
WNIITHY, IREVFNT O TIRE) S TN 2 &ITHY T 5.
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F, g
F u

1 XAB
Interface 4 1 2
e Y Flge_e‘BOdV Active Part
lagram
1 2 3 4 . gt X5®
3 4

Passive Part

Fig. 2.1  Free body diagram of an active part and a passive part. An active part is between
node 1 and node 2, and a passive part is between node 3 and node 4. An active part

and a passive part are connected rigidly at node 2 and node 3. External force F, is

applied to node 1 and X$Bis displacement response vector at the node4, which are

evaluation degrees of freedom.
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2.2.2 XEMEEANICEEB L-BITEHEDOHE/D

TIT 4 TR— ke TR~ N OEEBEBOBMREZ X 2.2 (TR, KET
KBET DD, 77T 47 /3—= "By 73— R g L CIHFIT/hE <,
Ty VTR M L CHIZREE TH D, £ 2T, &ROHRE) - B HE
LD XD RIRWEREEIC B WX, T T4 T RN—= D a T I AT
ZLTHNAE — RIS S THMEIREIE — NIIFEE LRV, 2O X9 R5G6, W
ﬁ%ﬁ%bt®;5: EAMNZHBERAE TH-o T, BAIIMIAR 22
Bl dZ &b, RROMRICEET 5 KRR sz 1o | R EIT L 72
L. 5 TR X DI, KETIIFIC, 25 1 BHEORZENNZENTH S
E LTS HEORHEE BT 5.

Passive Part

Active Part Evaluation
Dofs

Interface
Dofs

Fig. 2.2 Frequency response function from excitation force which is added to nodel, to
evaluation dofs at node 4. Excitation force is added to some location in an active part.

Exact location of exciting force is not clear in real structures.
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2.2.3 2R{IROFESEY

W 6 ORRET D 0ENE, RRIGROBAESRME, 77T 4 73— h
ERXy TR — FOREREOBBRE LTHLMNZT 5. AIETEDZ L DI,
BENT 1 BRENIENTHL LT 50 ThHIUE, IIRA M E &SEF AN B
HEOHITHIZ1 &5, KQDHIFAD T —TEATE, kAR5,

-1
X0 =G (Goh + GY) GHF, (2.2)

AXLY, 2ROIREMHFFRA L 23,
GA +GB =0 (2.3)

RO Y Lo JE R TIE, RQ2)DWEIENER K L 2 b, %133t
R3 5.

15



2.3 Neutralizer IT& D79 T4 T/83— b EADRIERIEE IH D AL

ARFETIL, WRETERRTHXGNEICKLE LR DWE OS2 5%ET 5 ik
T, ZOREERE, 77T 4 7= FONRIECRAE L EE A, f55 W
EETHEZESETIC, CERE TRERIIMH S E LD 5. B o
FEHUIL, RN RBEEREZR T OONEE LW, 22T, 777 4 7Hlf &2 fE
DT, Ny U TERRI 2 FEBLT 5 FiE L LT, Neutralizer (255 B L7-. Khatib
HIX, HFWRAOKRIRORGELZ R LA, HIFIE 2 A HE ORI EE
L2V, KEOHWOXMNGH THL. AETHR LTS 1| HHRHEORE SZET
%, MESCR UV CORENIEMNEZEZXDLZ NG, LT, MEHO
Neutralizer DFXFHEZE < . FIFEHGR TOME & 2T 0 EIE, REOM TR
TRIND =, HEEHOBREHEIL, ZEZ0FETALYFICHLEMATE 5.

Neutralizer & JEEnHEIZ & > TOAREREES & R EROMEEE DS - Fi ek %
B X 2.3 128 H O Neutralizer DAL % <7, Neutralizer (X 1 DOE i & 1
DODIXRNGRD 1 BHERERADIXQO—mET 77 4 7 /3— MRS L
LD ThsD. KEF - HRFFEIT Neutralize Wi (x=0) (Z351F 5 BAL O
ETDDOY G WE, BB IO L EEHIREORBRZ W THES 2 L TR 5
Z LMW TE 5. Neutralizer DIEENIfES T, (XAQNT 77T 4 T /3—MNZH 25T
1%, PR B IR & [FRRIC R TR 500,

2 .
Fy = —=_yelot (2.4)

K—mw?

Z 21T, Neutralizer TEATAHIXRDOITNREH L £, FEROEELY m, f)H
Wtk % w, Bz UL L.

F72, Ex DADOEIZE T HENMNENTE Ulx), Fulx), IEOEHIZET HHE
 Ur(x), Fr()E LT, ZhbZi@iEiEs vk 10 L kX255,

Up(x) = ae /** + b e/** (2.5)
Ur(x) = age™/** + bre/** (2.6)
Fi.(x) = ES(—jkaie 7% + jkbye’*) 2.7
Fr(x) = ES(—jkage™** + jkbge’**) (2.8)

T, VB x TOBEOWEE k, Yo/ RE E, WmEE S L. £,
ALE x OEOME CTORTHER & ZIBEOREEE aL, b LB X, IEOMH TOIRIE%
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ar, br & B2, Z D& X, Neutralizer Bt (N x=0) (Z381F D210
e JIOHON EWVE, RO X HITEED.

UL(0) = Ur(0) (2.9)
FR(0)+ Fy—F,(0)=0 (2.10)

ZnHDR(2.9), 210K Q4H~Q28)EMRAL T, WEMRIE D BELR 2 R XD H
EATHIDI I CHE B 5

{23: 22 23{23 @2.11)
ZZIS, NLE x OADEICAS T DB ORI E ry, BB E 4 & L,
EDWICAFT 2 EB OIS 1y, BRI E 1, & LTz, ZHUCRY,
Neutralizer HUfTWrE 31T D6 D 5T - @@ AREITIRA D K 912380 5.

KN?

"R = TRL = Z7iEs(1-07)—ra? (2.12)
_ __ 2jkES(1-0%)
bR = WL = Shpsaa) e (2.13)

T 21T, Neutralizer Hi{A 2 Hif 12 [ i L 7= B0 A A IREIEK 0, = Jx/m &,
I D AREE 0 DHE Q=0/0, & BWV-.

MR NS & 72D DI%, RQANDFEREN 0 1225565 ThDH. ZD%k
X, o=w, &7V, Neutralizer Hi{& % HifA IZ[EE L7 BRO B A EEEK &, F9A0
RO NIE Tz dmGThod Z Enbnd., Zokx, X2.12)L0,
SEHRE T 1 =1 = =1 & 72 2 O TIRARMIZ2EE SR, O VEFHENCE > To
[E B & [F TR D Z Enbind.
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u="Ue’™ w = We'™

p——-

Neutralizer

Sub-
System ! . Kmer

H +» X
x=10(0

Fig. 2.3 Neutralizer is considered as a discontinuity of wave propagation. Reflection and

transmission coefficients can be calculated by solving the equillibrium at the position

of a neutralizer, using the relationship between displacement, force, and wave
amplitude.
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2.4 REYDHEREE
2.4.1 REVEBD-=-DICHEETRELZ /NS A —4

RET HIREBIEEICB W THIET 5 /37 A =IO Tk 5. KQ2.2)DH
T, GHLEGRIX, Ry T R—= b DavFIAT UV ATHDLIEND, 77T 4
TR= P DA = DONGTEIER LT Z LIIAETHD. EREZHTZ &
MWTEDLDIL, 77T 4 73— MR T DRZEEEGCE LG T TH 5.

2.4.2 Neutralizer ZFIA L {zZEBEHDOKE S DHIE

Neutralizer ZFXET 52 & T, 777 4 T /3— b DA —H & LT, (ZEBIHGH
&G & BARICHIEIT 2 k23, 1ZU®IZ, Neutralizer DR E IZ5HE L 70T
EIZOWTHELET L. FEHRIZEBWNT, 777 4 73— N OIRENRO EME2 5T,
FFETE W EMZn. LrLAaRb, K22 TEAE, MBERHELY L
WDT 7T 4 T/X=MUDEZNZHDZEN—RITHD. £ T, e HH
FEDUTF#IZ Neutralizer ZiRXET HZ & &3 5.

Neutralizer Z IR H HEE 1 &FEG HBEE 2 O T, FIREZ2HH TS HHBEE 2
DUFITRET D 5B DIREBEGY L GLDORE ZIZHoWTHRFT 5. £7°, &
TE DA 0, DR 2 SE BB D 3EED, 7277 4 73— FOMRE HE 1
EREETROBHE 2 OMICKEIND &, IHRIC L > TER S KBRS
HAMBE 2 £ETEEVETT, (RERRCHOREIIXZDOEAE S o, T 0 127
%.

|G2 (wp)| =0 (2. 14)
T2, ZORNEHw, TOCLDORKE I LBD TINS5,
|G§2(‘Ut)| ~ 0 (2.15)

AL, HM24 2R3 EBY, #ia B HBEOIEFIC Neutralizer (2 K 2 (ARRY 722
O FEESDTER S DHRER, EEBEHE 2 2R L7CBRICAERT 28,
Neutralizer & TIaff L 721%, [EEN COMNAHTO AT T 0 AFFHE & S 23
THLTUREHZT D2 L2k D, 2ok X, RQISHMKIT 5.
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Fig. 2.4

0

Reflected wave

isplacement

D

2

Perfect reflection device

Excitation
Active Part

|

Condition of incident wave and reflected wave in case that node 2 of the active part is
excited in longitudinal direction, and a perfect reflection device for the longitudinal
wave is set very closely to node 2. As the wave reflects at the device and its phase

turns over at the device, the displacement at the node 2 is very small.



2.4.3 FEDNNY L ITNR—FIHLTERTHSHER

TIT 4T R—= MITBWTHITEOR(2.14), QISHNBEHIND EE, T T4
TN—= LD FRGWENIRE N E WD iSRG Z W T EED /Ny 73— |
WL T, MEEEE 0, TIEFIZRRDOISE LI TE 8B A2RT. £7,
KQADD LD SEOBE, GRIF Ry T R— FOWEIZ L ERRKOKE S L7
59, RQI)DOFEMEGLZ S NARWERY, K(2.2) & 0 FHh A B EOISEEAIX0
12725, RERWEEATH Ny VT RX— FOGEBETHHCEIE, vy T
N— N OHIEFEHIZBNTEH, TORE INEBERIC/RD Z &R0, LR
> T, RQRI)DOFMEE 2072 0uE, RQIHEFEHT L2 LT, ISEEN
ZO0lZTx5.

I, BIRSIET TRQASHDE Y SLOHE, RNQRI)DEENH - S
EERERT D R(23)DGH(w)IE, WEBRE VY 73— MUDOFEEEH T
DIMRR AT TZAT A THY, MRy T3 — b O IR
BB L TWDLGEAETH-TH, TOREIIF 0 LV bRV REL 5.
ZolE, —RIZXQ2.15EZB O TRED RN T D EF XTI,

|G?],33(wt)| > |G§2(a)t)| ~0 (2.16)

PoT, Ny T/ — FOWWEDKE W EWV I FHESREO T T, X(2.16)L D
EEOFFHDGCY & GEITH LT, WIZREDEAL L, R(Q2.3)DFMITk D 3772
Y

Gay(w,) + G (wy) # 0 (2.17)

PLEXY, gieSE 2079 2RI 8\WT, 777 4 7 73— M Neutralizer % %
iE L TG (w) =0T UL, RQ2DADIZH DT X TOENMERKIZFR T
52 EF7<, G (wy) = 0DBNRETIGEENMNE 0IZTE 5.
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2.4.4 REOBEWMIERYT SRDREFIE

EESOEEDIZ, Neutrlizer Z iR E T AR OGFFINEL, LI TICHESEE T,
F 2R

l.

BRTELCTWOLIREEREE S, BEREILXT 77 4 73— MZbv, £
ZTCHAUTIREIN Ay T N—=MUsRE LT, Ny 73— hziRE s
HZEIWZEVAELU T DO EEMHRT D.

ZOWREEZF TN, KIS NDZ Db o & b EENDEWHEE R E
T5.

2. DFEEHABIZH N T, BEREETOZFMT 5708 LT, IR
REMEZEZEOBHEN 1 THDHZ L 2R T 5.

TIT 4T /N—= NIy T N—= ML TERBETH D 2 & R
5.

2. THIESNT-HEEBOBAREEZFD, 3. TREINTIzZEH B E
DI NZHREN T 5 Neutralizer Z 5 at3 5.

%@ Neutralizer 2, 777 4 7/3— D, TEXLLETFT7 7747 /3—R &
/Ny LT R— D OREFE I WEMLICEE T 5.
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Fig. 2.5

Passive Part (Car Body)

Active Part (EPS Motaor)

Evaluation
DOFs

DOFs

SPL at evaluation DOF

o

— — — gl

Passiva Pan (Car Body)
Active Part (EPS Motor)
Ewaluation
DOFs

Interiace
DOFs

Cy < Cp
¢4 Damping coefficient of the active part
cp: Damping coefficient of the passive part

MNeutralizer

Neutralizer

Passive Part

Evaluation
DOFs

Interface
DOFs

Prodesure of designing the neutralizer

23

1.Confirm that excitation DOF is
in the active part, and evaluation
DOF is in the passive part.

2.Decide the target frequency.

3.Confirm that transmission DOF
is 1.

4.Confirm that the damping
coefficient of the passive part is
larger than the damping
coefficient of the active part.

5. Design a neutralizer.
Determine mass, spring
constant, and shape.

6. Attach the Neutralizer to the
part of the active part as close as
possible to the joint between the
active part and the passive part.




2.5 ARERETIVICK DL

2.5.1 Neutralizer ®ZhEDIREE

R DRFHED M A BUEAIIIHREET 2. X51E, MilEORHRE & 3 2.
REHEOKGEICH W= R 2K 2.6 (27, MIFEOWEKZ0l0mm &L, 77
T AT NR—= " EEIS0mm, Ny I NN—hrE2ES1mET5b. 2, 77
4 7 73— BMZIE, Neutralizer Zi%i& L7~

X 2.6 ORDOIRENT, AIRERMNT TRO7-. ABREFR (Finite Element; LA T,
FE) €7 VOERIZHTZ0, T2 T 4 T RX—= R ITLVI=Tg M THDHEL, #
JE 2680 kg/m?, ¥ 7# 7.60x101Pa, RNT V033 5272, TV T 4 TN
— NERDOEEIL0.0134kg THDH. /Ny 78— MNIIAM TH D & L, EE
7930 kg/m®, ¥ > 7 F 1.97x10" Pa, ATV U 030 5 272, £,
0=3.0x10%, B=3.0x10° DB MERE L 52 7o, /Xy 78— NHEROE &IX
0.793kg TH 5. NMIEHHBEIL, X 2.6 12 Nodel &L ENTANLED x DIEJTA &
Uiz, F72, WERHEE BT, X2.612 Node 4 &L SNUEALED x DIEJTIA]
& L7=. £72, Neutralizer 7 77 4 7 /3— K~® Node 2 7> 0.01m 721 Nodel
BN EY U7 TR E Lo, MR 2 B A CTHRRIC, x FINCEE T 2342 2 £
ZEXE LT, TOEMIZENENEFTHELZMS L, 21 % Neutralizer & L7z,
BIZE 2 #ed HIEE 2mm, 18 10mm OV AFHKE L, % 8800kg/m®, ¥
Y TEH110x10MPa, RT Y033 B 5270, FT, INE AR S 2V E
% 2450Hz & L, Neutralizer HARD EAIREISDY 2450Hz & 725 K 512, 24
ORIERO I OERE EIL 2 H & 1 0467 g & L7=. Neutralizer DE &E(XZh
Fh223g THY, WHETHD. ZOETNLOEREME, HOBHTHD.
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-

0.01m

Cross section of passive part
and active part

Passive part:1.0 m
from node:3 to node:4

A

Node:2,3

Active part:0.05 m

from node:1 to node:2 Node:1
(a) Whole structure
Passive part Node:6 '
Node:2,3 0.01m

!

Point mass on node:6

4

Board spring

Node:5

—

Cross section
of neutralizer

Point mass on node:5

(b) Enlarged view

Fig.2.6  Beam elements for FE validation with a neutralizer. Node 2 at the end of an active part

and node 3 at the end of a passive part are rigidly connected. Two neutralizers, which

consist of point masses and board springs, are set at a node, which locates at 0.01m in
the direction of node 1 from node 2.
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ZOHEET NOFHE/KRIZOWVTEmT 5. 2.7 X Node 1 % x F AR
L72BfD, Noded |28 2 x FmDar 7747 2 XM TV, Neutralizer A
WEOLZG &, EOLBEORELZEARE LD TH Y, RERBRLEED
By, B RMPIEERFOR T TH S, Neutralizer 2EFIZ LV, IEE RIS JE 5K
D 2450 Hz 128\ T, fHlii0a 774 7 2 2 X IE KBRS T
HTENDLNS.

=

T

\/2450(Hz)

without Neutralizer | |

+ with Neutralizer

e e ey
800 8 S T
2000 40!00 6000 R(]!ﬂﬂ 10000

'12 \ r 1
-140

-160

Phase [deg]
B
o O
? fa]

Gain [dB]

-180

2720 | i | i
0 2000 4000 6000 8000 10000

Frequency [Hz]

Fig.2.7 Compliance X4® forthe case with and without a neutralizer. By attaching a neutralizer,
compliance X4P is largely reduced at 2450 Hz. Theoretically, compliance X725 is 0
at the frequency, but for convenience of frequency resolution, it is nearly 0.
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AL TTAT A XK OBERIZONWTHELET D. 28~X.2.11 iZ,
Neutralizer % %575 U7 {RBEIZRIT 5 GEy, G + GE, GL&GE, (EREX), GE%
ZNEIURT. 6L, X 28 IZABILDHERIC, Neutralizer O & —7% > A
2450 Hz IZBWC 0 IZIEVWMEZ 7R LT 5. Node 1 & Node 2 DFIZ#EAE 41T
U5 Neutralizer (Z LV, WEMAEDNEN S TWAZ EE2RLTWD, X129 1%
kernel compliance T ¥, Neutralizer ® % — /47 b J&E %L 2450 Hz 2B\ C, B
52 0 XY REWVEEZRLTEY, 2R0OHIRSEMATH 5(2.3)Id0m 7= L T
WV ZTAUE, 210127605 K 91T, RQRA6)DEENHIZ SN TND Z
2k D, FLTH2IIZRTGEIX, Ny v T R— b OREICLY, [FEEEK
IZBWTERKIZZR LT, HIETHZ 3w, chbnz b EXQ2)ky, K
219 D|GE (w)| = 0IZEKE LT, KQ2.18)D X () =0 BNEH ST Z &b
Mo

X 2.7 LK 28 D, ¥ =4y NEEE2450Hz 128B1T D, X8| =0, |G| =0
IZOWTEET D, a7 I 7 v AIEN/ D EFR I RERECTHY, ®AT
ERIND.

|G(w)| = X(w) / F(w) (2.19)
2G(w) =6 (2.20)

ZIT, |G| EEEEESR O a7 T o ADRE(T A V), 26(w)%E
fifRZE, X(w), F(o)IZEMEmER DN, e L.
G(0)IIERMITH D DT, EEIE Greqr, MIIE Gimag T 5L,

|G(w)| = real + Glzmag (2-21)
_ -1 (Gimag
£G(w) = tan (—Greal) (2.22)

A— R TITZ A 1T dBILL TEREIND DT,
|G(w)| dB = 20l0gs0|Gw)| (2.23)

B OEE, B Gw|lE, 0< |G| THHDOT, R— FRKTIE, =2
TIAT AIG(w)| = 02 FHTDHZ LT TERY. LirL, ARESREICBW
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TE, WIZBFT 227 =128k, HER L0 LR NEHEIZENTSH, 0L485 2
NI TH 5.

- ETVIBIRIC K DR
c A v all Xk BRE
- ETIC L BREE
- BHRRR A
 FEFLALERIC X DR

X oT, B0 L7205 Neutralizer DF —4 » NEEREOa 7547 A

EAREHECHE LI BA, |G| = 0137257, |G| ~ 02720, 5
BT B BN 0 LR HRENET S - L1d, FEERNEEZDND.
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0 2000 4000 6000 8000 10000
Frequency [Hz]

Fig. 2.8  G4,. Compliance in case that a neutralizer is attached on an active part. G2, equals

nearly 0 by convenience of frequency resolution.
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Frequency [Hz]

Fig. 2.9  G%, + GE. Compliance in case that a neutralizer is attached on an active part. kernel

compliance is not 0 at 2450 Hz.
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400 "\ /2450(Hz)
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Gy |
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)
=250 ‘
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Frequency [Hz]

Fig. 2.10 G2%, and GB,. Compliance in case that a neutralizer is attached on an active part. G3,

is smaller than GZ;, and accordingly it is proved that Eq.(2.17) is satisfied.
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Fig. 2.11 GJ. Compliance in case that a neutralizer is attached on an active part. G£; is not
diffused. Therefore, response X2E is directly proportional to G5\, and consequently
vibration reduction is achieved.
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2.5.2 Neutralizer IZ&k 5 {REMLZEEHRDESR

AT CIk_72G4, = 00 FEBRH M %, RE CIIEIHEHEOBA LY BLET 5.
T U T 4 73— MZEEFE LTz Neutralizer DFER (2 kT2 AR EL, B iR %,
X(2.12), RN THBEAE LR Z X 2.12, X213 (237, *F5EH 2 2450
Hz (28T AR ENT 1, BRI 0 L7e>TEBY, 777 4 73— bk
# L 72 Neutralizer (Z XV, 2450Hz O8N, MHRHE B OGS H HEIT SR
THERTEB SN TS Z Enb05 (REMZREEmZ FZB) . X, M4
ZJEIR BN BT DGy, = 073, Neutralizer (2 X D EIOZEKFHZ XY BH I
TWNWHZLaERT 5.
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Fig. 2.12 Reflection coefficient at a neutralizer. At the target frequency, absolute

value of reflection coefficient is 1.
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Fig. 2.13 Transmission coefficient at a neutralizer.At the target frequency, absolute

value of transmission coefficient is 0.
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2.5.3 2FROERICKDHHIRICEAT HIREE

ARFEZ, 777 4 773— MZEEET 5D Neutralizer IZE D, Ny 73—k |
DISEENZ 0 & THZ 2 BNET L. BEECLDRIBERBOETR N Kb
N L2 2 5D 5, /\“/“/7/\*—l\@}i/\fﬁﬁfﬂiiﬁili@b\“(, kernel
compliance 732(2.3)DIRTHE SILHEETHD. Xy 73— MIr R &Z MER
K<, %@T%JEE/‘J@/\7O%£ XV, 777 47— MNZEFE LT Neutralizer
DX =5y NEWE L, Ry TR — N ORERE SR BT D rREES B
2T, LR T, b W& E S REE 8L L 72 BiEE 7 v &2 v
T, REEOEIMEMGET 5. 2.5.1 HTHEM L2 LT, /Xy T
— FDOR I D% 508.5mm ([CAH L7z b DK LT, ARERMITIC LY IRE)
Ktz sk 72,

X 214 12, B B EOREEN XP 2R3, P15 OXQINITHR B I
%YRGZ}SU\T% %] 2.6 (27”9, Neutralizer DX —747 v MNEWEHKE, v TR
— M ORIRE B EDERE L TOWRWEE L RIERIS, #—77 > MEEE 2450 Hz
2T, SEFHINE HEEDISEEN X, (o) IR E R EATHWD

0 N/ 2450(Hz)
on : without Neutralizer
§ =200 e with Neutralizer | |
2 \
<
£ -400 "_“—‘-\\
_120() 2000 4000 6000 K000 10000
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Fig. 2.14 Displacement X4B for the case with and without a neutralizer on an active part: in
case target frequency of a neutralizer is accordance with anti-resonance frequency of
a passive part. By attaching a neutralizer, displacement X428 is largely reduced at
2450 Hz.
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214 [ZR LIERERT, I6E X (o) DMER L 7ZBLHIZ DWW TELET 5.
2.15~2.17 IZ, Neutralizer %575 L72IRHEICIS T DG4, + G35, GH1&GE; (FEE
X), GEEETNTIURT. GMIE, K28 ICR HALHERIZ, Neutralizer DFXEIZ X
D, TOX— NEBEE 2450 Hz 1[2BWT 0 2289, P35 DX 2.15 (2T
kernel compliance DFFFEFER TH D65, + GE1E, 0ZimWMiEEZ L ->TRY, —/
T5 &, WIROFHRQ)EMIZ L TWA L IO RAD. L L6, X 2.16
IR TEBY, |G (w)| = 0TH Y, [6E(0)|1F/3y v 78— hOEO BT,
SRR TOCL IV L REWVWEEZ L > TS, ZICEY, Ny v 73—k
DO IRFERENZ BT, X(2.17) 64 (wp) + G (wy) # 0MFRNLT 5 Z &M
M5, DFED, X2151281F5 2450 Hz ORJETH, ZOMEITZ 0 Tixaw., F
72, GH(WE Ny VT R—=FORERPMBICIVIET L2 Lidn. b
DL EXQ)EEHT DL, LQIDXLE(w,) = 0N EIH N, X 2.14 OfER
GO NTZ EDnbnD.
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Fig. 2.15 G%, + GE. Compliance in case that a neutralizer is attached on an active part. In this
case, target frequency of a neutralizer is accordance with anti-resonance frequency of
a passive part. By existence of damping on a passive part, G, + G is kernel
compliance. In case that the kernel compliance is not 0, and that Gg; is not diffused,
X4B is directly proportional to G£,. Overwriting of G2, and GZ,. Target frequency

of a neutralizer and anti-resonance frequency of a passive part are the same at 2450
Hz.
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Fig. 2.16 G2, and GZ;. Compliance in case that a neutralizer is attached on an active part. In
this case, target frequency of a neutralizer is accordance with anti-resonance
frequency of a passive part. By existence of damping on a passive part, G2, + G is
kernel compliance. In case that the kernel compliance is not 0, and that G£; is not
diffused, X4® is directly proportional to G2. Overwriting of G%, and GZ;. Target
frequency of a neutralizer and anti-resonance frequency of a passive part are the same
at 2450 Hz.
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Fig. 2.17 Gf;. Compliance in case that a neutralizer is attached on an active part. In this case,
target frequency of a neutralizer is accordance with anti-resonance frequency of a
passive part. By existence of damping on a passive part, G5, + GE is kernel
compliance. In case that the kernel compliance is not 0, and that G£; is not diffused,
X4B is directly proportional to G2. Overwriting of G2, and GZX;. Target frequency
of a neutralizer and anti-resonance frequency of a passive part are the same at 2450
Hz.
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BN BRI, 777 4 78— bRy T = DR ENE
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R OKEHERREOFFIEL, 1 FEZOETETREVFICHLEH T 5.
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D, DCE—HFDA—=ADOINENLLELNEDTIEARW. BiE@ICELTHE
RAJIZ DC E—# TE 2L, BRI ORI Z 2 2 572912 DC & — % Ofifix
BRI HZEERAFEERD. LLenb, EOETE, DCE—XELLTD
HEAFGCEDLDZ L THDHD, YO TENSMEL 220, RSN 7-85B%
HIM O CITBLFERN XK & 135 2720,

—J7, B A=A L LTHDES EFRA), BLSADORETEE LT, % ETR
ORI & 0 AT 5 2R OIREW S (LT, ERHRE L) 0BT, /5%
L EROFEAHEIBICI T DRSO, b L <IEERIZRRES O F D%
HICEXD2HMENREZOND. Z0bix, WA LOERED®T 25 kCA (kernel
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LDHOaV T IA T AITHDOEEZERTLZ LT, BROLERSIZT T RS
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LD, W T, BRMEMEDOERNP TR TR T HBIZIT 20T, 0REORS
BHEICET2EREKROAC AL T T4 7 2755, 5XEt D72 HITER b A

ICHEEFRETH LI HEE LN EB X HND.

ARFGETIL, RFHIHNCHE DO B WG E R T H7OD T RE LT, 280D
IRJER IR D IR B L 52 D B2 6D, 3ROEMHEICONTOR, &%
IRl LT D RREHE ARG 5. BRI L TSRO RN/ NEL
THII & R 256, HEASHRES AT 2RE I T, Buhog Rk 77
AT ARTANEE — N2 S 4, HYEIRENE — ROEEITIT W & e d
5. ZOWE, MERICBIT 2 0REEOa T T7A4T AR, oRERIEE R
7B 6 HHEDIEMEN DR DEEITHIIST TRITE S, I 6T, EMETE
D F [ TEEITINZRTIE, TR EO/BAERICEBIT 5% %@%@562/7
TA T ATENIRHAATENE 70D, ZHUC LY, kCA (EEREIETEEG O
g B0 ¢, Wi X OHEE EORBENS AT TH D Z & 2R L CHIEHE
W OBLE % S {EL L TV 5 0 & RIERIZ, BHREFRIZ LY, WIRAOBEHIZY
HREEOEEEZ TR TELHEEZLND.

42



Z VTN Z CTARHFSE Tl Gershgorin O EFLIY 2 A L, kCA 15 TUER kernel
AT TAT AT OFREAEE, BHRRFR TREIE L HELRET S.
i, LR Zo0fRE AT, £7, At kic L, prEo BEREEICIL
WRREZBE S5 DICUERROEETHOENEEL, AN FIHE L
JVCHHEIZ TPHICE D Z L ThD. £z, Gershgorin DEHIE, ERITHIDOEA
EOFHNZ bEEZ D728, FREMRITHRDH Y, R & OMEGEBIZBIT 5 H
CaATI7AT o ZTHNBERITHOLE TS, TOWEN/NSIWGEEIZIE, 36
BROBIHEZ TR TELZ2LTHD.

AWFEDFATHIIE &, AWFE & OREMEIZ DWW TR S . IRENEJK D 72 D D
ESHED B LI, 1960 A0 G ik H -V~ 2%, KEET
IV DEAERE OFRIED R STV 5960 BIFECIIE KT % @A IREhE o
Bl a2 BB 2R 2RO 2 FEIEL, IWHOMT Y 7 ho =7 & L TR fHE
PNTEY, BHORFTT R AOFTIRIAEDINLHERIZR > TND

L, ZTROOFETET, BROFERPEEME 2> TV LHENFRTH Y,
KEDFED XD ICEROIERD, ERDZREDHEGEHONRR =7 F A
T AE, FERIZIREN TH 556, RORIICELZND Z LT RAETHD.
ARFEIZBNT, GRDHEHRITT TR TH 52, EROFHRITEROIR L
DFREEEDONIRR L T T AT LV ADH T > THAROIRESE % G157 AT6E
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3.2 HIRFIKHBOFNEIFIRAY S EMRIER
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LTCWb. ZDXI7% kernel 227 T4 7 2 ATHNE, I3 REALEDOFHIET
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IR END Z 2R L. 2, KD X H1Z, kernel 27T 74T
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A (0)
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Fig. 3.1 Whole structure of interest and the decomposed subsystems.
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Fig. 3.2

Magnitude

Frequency
(a) Rigid and small subsystem

Magnitude

Frequency

(b) Main system

Schematic of the logarithmic magnitude of a self-compliance FRF at the frequency
range of low-order resonances of a whole structure. Compliance FRF of a rigid
and small subsystem in comparison with the main system which is the majority of
a whole structure is dominated by a rigid body mode, and accordingly the
resonance curve shows monotonous decrease at the frequency range of low-order
resonances of a whole structure. On the other hand, compliance FRF of a main

system includes many mountains and valleys in the resonance curve.
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YT TAT AT Gy BEFEHEAZH T 2 DI RBUINT RO E &ITH %
WMHETE2. XGIHITRLIEEBY, 5% BIZHR A ZN3 % &, Gershgorin
M OF NI T EIOBA ST ICBEITSH. £, BEOMREZHLIZT S, M
IN3SR A DEENEROIRICE 2 53 HR1%, GB.D Gershgorin [ % SE#h D&
M= 1/(mw?) 72 0B S 21EH & LTEN, 33 (b) TR TELIITLT,
Gyeor D Gershgorin O HULMLE T FiHHE LUV CRRICTIETE 5. I, 1EME
T—A Y POHREMSINTT S, BIEHHETHFEERIS, #I2E, 0,5H T,
—1/(I,w?)7217 GB.0> Gershgorin 1L FEHh 2 A5 MIZHEE) L, Gyer ® Gershgorin
ME72%. ZOBENZ LY, Gershgorin O —-D23E 3 i DS 0 & fHI NI
EBIE, ZOEEBCEBAENEET D AREMENEEND. FTLO AL TF
EA A A L, EaR IR 258 E S 555, Gyer @ Gershgorin [ D H1 55—
DEEIRL, TOMPEFFEOET 0 25 0OICMBEREEITIIZ ROIT
T, KFHEICIIE, THAE L FEE UL O 5 3 Tl pl R E I 5 & 5k
FECE, FEMEREHC A DRTOBRE THUN R OB Z i BRIZHAAE S 2123F T
REEHETH D EEZBND.

7% B OfEAMEB a7 74T ATHIGE. D Gershgorin F % il L 7=
%, kernel 27 T AT 2 ATTHNG o\ 2T, WTFLOD Gershgorin O H1LD
FEE 0 ITEDIT A0 EIBRTHZX H2E L HDH. 0% A O XY Hu.b
DI E 012 51201E, ¥ 3.3(@)D & 5 (B IR E 4 & Bl iE L 7= WO B 8
TGB.D Gershgorin [ Z i\ 2R i C, 2 O HUL 2N Elh O IE O FEIRIC 72 1 uid 72
B, F 2T, AW fIZB T DG DOHEELD Gershgorin FIDH) 5, FEEIA
EEW) R ENTZTHEZRINT S Z &5, £ LT, &R I 7= Gershgorin
M OFRLOFEREZ 0 (2D 2 DIZHERBUNy R OE &, BEE—A 2 M2
EERFEL, RN RO A ARLEREICET 2 HKSE AR T D0 %
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W9 2. £72, TOFREEME LWEEaE, BoMZBER LRSI, Hk
IR A RE L WERE e BT 2 & D, ks, DRI, 1B

DEEDOKRITOHKFTH Y, ZD X5 7RI ERSLT 2 DX, 1E T A 2 5E
LW ICEEMNT255ICRONS. azﬁflm@{m“é%ﬁ%%mi, =
(3.13) 1Tk~ T, BT L ICGEAHHETINERDD.
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Im Gershgorin circle of GE.

[
— /
Corresponding
to 8 -direction .
0 v \ Re

Corresponding
to y-direction

Corresponding
to x-direction

(a) Gershgorin circles of G2,

Estimated location of
Gershgorin circle of Gy,

Shift

(b) Gershgorin circles of Gy = G5 + GE.

Fig. 3.3 Visualized Gershgorin circles for the x, y and 6, direction only on a complex
plane. The centers of Gershgorin circles corresponding to G5, are shifted by
adding a rigid and small subsystem A onto the subsystem B. Then, the Gershgorin
circles corresponding to Gy, are circles of the same radius whose centers have
just moved in the real axis direction. The shift distances are dominated by the mass

and moment of inertia of the subsystem A as described in the equation (3.15).
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3.3.3.2 Gershgorin HOARILDIRICHELR T X

ATH TIRE L= HIETHE DD Gershgorin P, AP HUSE B O A IZER
AT 282G CCEET 2 2 EICER L CHATILERS S, JHES
BRI A B — D ERCV o VERR Y, 1HiA 6 HBE TR DA, MEHER
DODAC AT T4 7 U ATHNTIE, WAk R B L RldE A B E O NRIET 5.
ZOD, AL a2y 7747 2 AMTPIORRG T, EOA—F—Z2RKRE 2D
R, SRS E BB OFHEICE AT 2 BRI K - TiX, Gershgorin FI23H
725 T2V, Gershgorin FI DRI L C, HEITHIDOEFIZES HoH.Lo
BEYEN Do 7c0 LT, FEEAEINAET 2B Z TH LIZ WA R
b5, £ TARETIE, FIEERIR Y BE O HALR TEEIL Gershgorin [ %
&, ZOHD 5 AU IZE T 72 AR 28R L7z BC, AT Lo iR EHE A
4252 & aRET 5.

FEEEROBC a2y 7 T4 7V A{THIE BT 2 AR ORBRE BT 5.
WE, R B OREREIKE 2 7 T4 7 2 ATHIGEIL, #/INTHIZ253 % A D
53F BIZHRES SILD EWVIIRED T Tex6 {75 THY, IRAD L 51T, 3x3 D
Ty 7T 4 SOTRETE 5.

GB. = G11 Glz] (3.16)

621 GZZ
AKXDEEEETOT vy V711801G,, Gyl TN HE— N HE R H B, [Blfis—[Blfiz B H
FEDEEEIS BB TH Y, FNENDOT 1y ZITHINOA RS OEI, BEATHR
WK BT, FAIRREOF—X—Led. —FH, ALEEETOT Y 711506G,,, Goy
1%, W —[EERE B EROREBISERBTH D, > T, TOMTOMHEIE, £
EEETOTH Y 717016y, Gl IFRELS BRDA—F—DEL 2D Z L3
%<, TOR/NIENLLRITIE U TEDD. Gershgorin FHOHLNE, £ EEATD
T8y I1180G 1, G DX ATETH DL DT, HFEEETOT v v 71156 ,, Gy
DB T TEE DR L OMIIL, EOF—F—IZENELRTL, 2R A
OIS LM O LOBENEIZH LT, RV KETEDHANHETS.
Bl 21X, MMKS HAZ & CGS AR TH (3.16) D7 v v 7478 %KD % &, MKS
HALR & LTI 3.4 OBRZGS. EOA—F = RESRRD Z &3bn
5. TIT, ERIZELTHOFLERE L, Bk A OBEETSIO
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B RO 5113, DAL T Gershgorin [ &4 &, BEFRIROMEIEIC
Ol LR 2 IR L T DT 2 2 E N FEHTH 5.

mm :  mm m " 1000 m
_ml_\l__irml_\l__-_mm N N -
md || o r o
mN ! mN - mm l

(a) MMKS system of units
cm , cm .
dyn | dyn - cm 1000N 1 100000——
S|y
dyn ! dyn - N | N-m

(b) CGS system of units

Fig. 3.4 Order differences among block matrices of a kernel compliance matrix G e,
computed by two different system of units. Generally, Gershgorin circles
corresponding to a kernel compliance matrix G, are much affected by the

svstem of units to calculate the freauencv resnonse function matrix.
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3.4 W fE

TERIEDOM NG OFIR &, BT ELRR O REE 2 el TREp 279, Z Ol
TIE, BRIHERT2EIRD DAL, 2R OILIRERBNEE T 5 Z & T
BEPEEL, BEMELE 2562 E L,

3.4.1 BWETORRETBHER

F% BIE, X 3.5 g SR (HEHMELREL 210 GPa, BEPELREL 81 GPa,
B 7900 kg/m?) DYE 70T — A UM & Lz, x FAICKE - % K & 1000 mm,
M 20 mm, E S 10 mm O¥JE R FFITY o L2, &S 50 mm, B 20 mm,
JEE 5mm OBE /2T EILY O3HE 2 KPBRFES S, Ebizzo ki, E
X 250 mm, Mg 20mm, & X 2 mm OBE— 2P EITY OKRDBAGES Sz
HWiETHD. FI31HICHHDO LBV, BETIHHENED, NAEOHEDE
RSB BHT B2 D AREME & OF - CHERR I 2 721, Bl ol < 1aAs s
0.02 %527, EEOa0FREEDIIEE, TEOIXY OLEEH 5 225 mm 35 X
N 475 mm OAZE THFES SN TWD. ZOREEDO KIS/ T A OB A&
NhD. WAL, RIROFRTHDL. HTFRD T a— S)VEREX,Y,Z, 04,0y, 0,
DOFNL, RFIRTEBVICERZIND. LFTOSHITIE, % B OTC
DOIEELZ E—LABELETREI25Smm IZA v a B LEARELRTT AN HET
FRPEATHIR0E — NRetE, JEIBUCE B E W, BIEFI OBROBE DI,
F% B O 0 ~ 300 Hz 1TH D E— RORBEBEGIREEK L E— FEAK
35M)WTRT. 2,6 RTE— FLIAMT X —Y mNOBFE— FE, 2,6 kKE— NiX
Z—X HANOWHTFE—RETHS.
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p: 7900 kg/m3 Attachment position
E: 210 GPa of subsystem A Top Plate: 250 x 2 x 20
7 (Ly X Ly X L)

% G: 81 GPa
&in: 0.02
X CIT T T T T T T°1 I T T T T T 1 1 T T T T T T T T T T T T T T T T T T}

Global 225
coordinate 473 Main beam: 1000 x 10 x 20
Two columns: 5 X 50 x 20
View from a different angle A
N
J(x
(a) Configuration and dimension
1st 57.0 Hz
o € 1% bending in X-Y plane
2nd - 105.4Hz
e € 1 bending in Z-X plane
3 157.3 Hz
. € 2"bending in X-¥ plane
4th 174.8 Hz
€ 3"bending in X-Y plane
e
5th 268.3 Hz
€ 4Mbending in X-Y plane
6t  2914Hg
N e . € 2" bending in Z-X plane

(b) Modal characteristics

Fig.3.5  Configuration and its modal characteristics of the main system B for verifying our
proposed design method. The main system is composed of four beams. Attachment

positions of subsystem A are indicated in the left side figure.
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3.4.2 #MbMHDFRADQERMTAELIEETHDEEZESR

N R A &R BICED 11 2 HikErmd . uhgsk ATRRExRTh b
DT, FIRCTRITIREEIC LV ED THL A, Z OEHITORSAIIE,
3.6 T LI, Fr— SVEREOZEN DY — ZIENT 10°721F 05 D IE 5[]
(ZIEIR S W72 s, ABME R O FEAE Rx, y, 2, 0y, 6,, 0, Dz 72 D & S HilK %
BT, T u— ) EE L BV RO B R OBMRIE, X 3.6(b)ICRT X H I
Y, ZEh7Z SRR SRR E L TR LS.

Top plate of the main system B

Rigid and small subsystem A

(a) Attachment angle of subsystem A

Yy
100 — “—"“ Z
— G5
10°

(b) Coordinate transformation

Fig. 3.6 Attachment angle of a rigid and small subsystem A onto the main system B. The z-
axis of the principal axis of inertia corresponds to an axis obtained by inclining the

Z-axis of the global coordinates by 10 degrees around the X-axis.
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3.4.3 MIRARY FILDE—Y T#HS 155 Hz hh S EREIREEE % 5 Hz 1BE
Eé(d-é Xn-l-

IEART SV D E—2 3 155 Hz (HEICAFET 27280, 2 OB H#Eg
HRE WA D72 &b 5 Hz BEITBERS Y2 Ko ITuhag®k A 2%k T 5
Bl amd . ZOBITIE, BN SR A DNVEE 8000 kg / m® OMEICIEL -
OYMET, ZOEEIT 0.010kg LT, SHEIFS F AR K 20mm TH Y, X 3.5(a)
IZ Case 1 EFREESNTRIRHF RO AITHRBEBIND EWVOHIOT, TOEHEY
AT 5.

3.4.3.1 FRBODHEEABEEBEZIY TS54 7 2 R1T5|D Gershgorin AD 247

IZUDIT, 9% B OFEAEIKE a7 T A 7 2 A1756GB. 7 Gershgorin [ %
i, BREHTH AT, FERS T2V OIX SHZRETH S DT, 150Hz & 160
Hz T Gershgorin M ZHi7o. £ ENOEEEIZIIT D, MMKS BALRO
Gershgorin F1Z[X] 3.7 lZR"T L B0 TH 5. 1THIGE. DX/ D L BIHIZ
Y, z, 0y, 0y, 0,OFHEIZKISL, LBEOEZTICHE> THERW . K37
&V, MMKS BA7% D Gershgorin FIE, FRENHIGHI/ NS <, ZOHMLZDT,
RRETHETII 2R TELLEZEAOND.

#i%5 D Gershgorin [/ 5, HIRRAEICH DM ZRINT 5 Hikzrd. Z0OH
(X, %3331 AICRELLBYD, ZOPLAFEHOIEDTEEIZ 2T IER 572
W FE T, K330 bns B0, EHOMMENRE S, EOFEER/NII N
28, L0/ WEHELEMEE— A ORI T Gershgorin [ 2 FHh o 0 %
BOALED, BEICBEH IO, BIRBAEBOME LR LTV, LITFo
AT, 343 T 1 BaRICRL LIZBUNT R A ~OFIRIEIFICHEN>o b, 5
BiD 0 NHIEWALEIZHOHLAH Y, ZDOFEINNI N EFEHPITRR LT

BE(Ti ekt o2 L &7 5.

FRROFEIZHEY, & FHIHVS Gershgorin 28R4 5. £7°, X 3.8(a)k
D, 160 Hz ® Gershgorin [ OFEHITTXTATH Y, Z OJERERIIZICHRE R K
ZHET L ENELWEDND. —, 3.7k L7= 150 Hz DM % 7.5
&, BHE y IZB37 % Gershgorin [ DL EFIOEOFHICH V, ZDFEL
INEWZ LS. ZOMICEL, KPICRELEEDO 0 & FOHLOEE
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WZED X, HOFLESERD 0 I —HIE2DICHE RN R ADEE M &
RWOHE, OB L5,

1

[ — -4 . _ -3
mx(2mx150)2 147 %10 ~ m=7.66X10 kg (3.17)

ZORERIT, EE0.010kg LA & W ) filRISEAN -9 JHWO 150 Hz H72 0
VA

~OMRFLENL, ZOREO/NSWVWEEDS R A TEAAGETH L Z Lnbh

7.
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x10°

Dof 1: x
Dof2:y
Dof 3: z
Dof 4: ¢
1r x
Dof'5: ﬂv
‘é’ Dof 6: 6;2
(=W
2
2 0 1
= .
[+~
E
147 x107%
1k
2 . . . )
-2 -1 0 1 2
Real part w107
(a) 150 Hz
-5
2 x 10
<
o
z
£ °
&0
5
g 3 | 1 1 I i
1 1.2 1.4 1.6 1.8 2
Real part x10™

(b) Enlarged view of y-direction circle at 150 Hz

Imaginary Part
(==}
0]
@

-1 I I I I T I
-8 -6 -4 2 0 2
Real part «107°

(c) Enlarged view of other circles at 150 Hz

Fig. 3.7 Gershgorin circles of the matrix GZ. at 150 Hz. Gershgorin circles of a FRF matrix
depend on the system of units used in their calculation. In the numerical examples
in this paper, a circle far from zero on the positive real axis is the first candidate to

approach zero. Therefore, at 150 Hz, y-directional blue circle is the first candidate.
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2
Dof 1: x
Dof2:y
Dof3:z
Dof4: ¢
l N X
Dof 5: ﬂy
‘g Dof 6: 6’Z
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(a) 160 Hz
-5
- 9 X 10
<
=W
. O
g
‘w -10
<
E 105 . . . . . . |
-7 -6 -5 -4 3 2 1 0
Real part %107

(b) Enlarged view of y-direction circle at 160 Hz

= x 10

<

A2

z

g0 :

=]

= 2 -1.5 -1 -0.5 0 0.5 1 1.5

Real part %107

(c) Enlarged view of other circles at 160 Hz

Fig. 3.8 Gershgorin circles of the matrix GZ. at 160 Hz. Gershgorin circles of a FRF matrix
depend on the system of units used in their calculation. In the numerical examples
in this paper, a circle far from zero on the positive real axis is the first candidate to
approach zero. At 160 Hz, there is no candidate, because all the circles are located

in the negative region of the real axis.
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WIZ, ZOMOIIRD Z ORIFTITAFIEL T L E S Al 2 kbR 35720, £ 9
D URECHETT 5. A 148 Hz~168 Hz £ TOHIRIZB T, TXTO
Gershgorin [ Z JE A 1 Hz THIWCHER L7 2 A, BHE y IZET5
Gershgorin FILIAMZIX, ZOHOLRFEFIO EDFIRIZ/FAET D DR 72T,
2T, JEMES A 1 Hz THHEE y I2B9 %5 Gershgorin IO HLZ KD, D
JE B R R AR R B R A A S D DI E RN T A DERE m 2RO
FERZX 3.9 O T 7127, K39 IR TRLZE 21, KX (3.17) @
FHRERERICIESE, UNYR A DB EZ 0.008kg FAEIZT 5725, 149Hz & 165
Hz H7- 0 CHEIHEN AT D2 L3 bnd. YWoHHTH D, IHIRER K
155 Hz 7> Dl g IR A S A D 72 < & b SHz RREREH S E7-uv & W ) S0 6
ToHL, WUNTRADEELR 0008kg FRELTHZENLIEITHD. £,
HHEE y IZB7 % Gershgorin [ % JE #0474 1 Hz THiWZ & O % [X] 3.10 1277
T39I L TAHADE, K33 (b) IZRELZERY, FHhOIEDOHEEIZH
OFLNRHIUE, EOEEZMNTHZ L THIEZF| R D AEEMERH D,
BOFEBIZHOFLND LR, BOEEEZIM L7720 EHHRITER Z 5720, &
72, MOHLAEIINDEWTE, NIWERTHIELZ 5 &k 2, Eilic
WIEE, REREENVEIIRDZ EDDND
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0.08 T T T T

0.06 |

Estimated Estimated

i)

-0.02 - Excitation
frequency

Mass [kg]

-0.04

_006 1 1 1 1
145 150 155 160 165 170

Frequency [Hz]

Fig. 3.9 Required mass to approach zero of the eigenvalue of the kernel compliance matrix
at 150 Hz. For a subsystem A with a mass of 0.08 kg, it is expected that resonances

will be caused at 149 Hz and 165 Hz in the frequency region.
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Realpart is positive 149

0 x10 14}%450/151

7152
162 4 9, . s
o161 163 165 166 1%7 154
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1t 160 o

o155
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Fig. 3.10 Trajectory of each Gershgorin circle of the matrix GE. in the 148 Hz to 168 Hz
band. The numbers in the vicinity of each Gershgorin circle correspond to the
frequency for which the circle was calculated. The circles in the positive range of
the real axis can form resonance at that frequency by adjusting the mass matrix of
the subsystem A. On the contrary, at 158 Hz, 159 Hz and 160 Hz, since the circle
is in the negative region of the real axis, it can be seen that the resonance cannot
be observed even if the translational mass of the system A is adjusted and added.
In addition, the frequencies for which resonance cannot be generated by the
addition of translational mass correspond to the frequencies for which negative

mass must be added in the Fig. 3.9.
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3.4.3.2 UMD RDEETHIDHRE

ATIED S HTIZEE D &, i@ommg&ﬁ@%mﬂfA&bfman@%ﬁ
ER LU ZOWUN R A OEMEFEFIOBIER I T 5 E&1T5IMIL, MMKS
HMRTUTD LB 725,

M = diag{0.00819, 0.00819, 0.00819, 0.186, 0.350, 0.186} kg (3.18)

EEITIZITIHNERBY 0 0.00819kg THDHZ ERNbDND.

Local coordinate p: 8000 kg/m® = 8.0 x 107® kg/mm?

Y x

<

Z

L

Fig. 3.11 Purpose-designed rigid and small subsystem A for the first numerical case study.
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3.4.3.3 £RD kernel AT 54 7 2 RITHID Gershgorin ADFER

311 OFUNY % A Z TR BICHFEA LT=22RD kernel 275 A 7 A{T
FNZEAL, 3.9 D PSS RS 149 Hz & 165 Hz T MMKS HAL RO
Gershgorin 2RO 7 fEFR A X 3.12, X 3.13 12777, X 312 IZH I THiNT-
HEE y ICBET 5 149 Hz TOA RO Gershgorin 1%, FEi#hod 0 DU ITAIE L
THY, 149 Hz (i CEBIHEN AT 5 & RIS, FEiho 0 2 [ OPE
IZEE L TWRWER E LT, F33 1K LEBY, ZoFMEpl <
EJREE 0.02 2115 Lizic, $FIENEBPNC LR Lfzenwl &, £ LT
X (B18) TR L7mEBY, BRIN/05% A OEEN, X3.10 2 W T-HEE
ENSLTNITNTNDEZENEZXED. 2L, 2RO DORBRENGFIET D &
Lfb(hm@mmk£%®0@%®ﬁ%ﬁ,%&m:%?émw&ﬁ%®
Gershgorin ~ [[A] L O OFEEE L b L TR E <722 <, 149 Hz fHTIZ# R 23 %
@Ték%ﬁ?%é.ik,ﬂ&BKﬁﬂT%#hkﬁmﬁy:%Témb
FEEHD 0 DITFHNLE L TR Y, 165Hz i CHARN AT 5 & FHEEIND.
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(b) Enlarged view of y-direction circle at 149 Hz

Fig.3.12  Gershgorin circles of G, by the MMKS system of units. In this figure, it can be
seen that the circle related to the degree of freedom in the y-direction moves largely

in the negative direction of the real axis, and that the circle includes or immediately

before the zero of the real axis.
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x10°

2
Dof 1: x
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Dof3:z
Dof4: ¢
1 = x
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(a) 165 Hz
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(b) Enlarged view of y-direction circle at 165 Hz

Fig. 3.13  Gershgorin circles of Gy, by the MMKS system of units. In both figures, it can
be seen that the circle related to the degree of freedom in the y-direction moves

largely in the negative direction of the real axis, and that the circle includes or
immediately before the zero of the real axis.
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3.4.3.4 % I

REF SN 311 RN R A & F % BICHIEEA L2 RO E A RS A MR
L, RETHHBICESSRHBR Y TH D Z L 28T 5. AIREHEMNT v
sN—Nastran & VY, U5 % A OACEIZ, EHREEERE & L TE ST 240
L 72BR 0 [E A AR OFE T & g9 5. K 3.14(a)21E, 5% B KD REEE
HiRE L T— N2, XM3.140)IiE, N TRAZMAIMLTERELTERD
RNEE AR & E— NEEZRT. 3.14(a), ()&t T % &, HEMMD
PRICE Y, T— ROIEFDANED L TICEAFRESEAMK T LTS Z &R
s, £, F3.140)IIR S ARBER BE A IREEUSL, ATEIZISWT kernel =
YT TAT AT G e D Gershgorin I HHEE S 472 &0, 149 Hz fHif &
165 Hz ffiticdh 5 Z & PR T 72,

31 157.0 Hz 374 149.0 Hz

4t 164.8 Hz

(a) Subsystem B only (b) Whole structure

Fig.3.14 Verification of the accuracy of our proposed method using the results of eigenvalue
analysis of a finite element model. It is shown that the eigenfrequencies of third
and fourth modes of the undamped whole structure are mostly the same as the

frequencies estimated by our proposed method.
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3.0 RKEDFELD
ARETIE, #idh A — A DILBHIINL S, BAEOERE 253 T4 % O IR JE R Ol

N AL O R PE 2, AREF O Bl THUME I S 72 oAl kY — b

R L. DLFICRT()~@)D LREMHVZRFHEC LY, EHARFET,

FITEE O JE 2T O RIS AN B2 U Ny R D E ERE 2 RO 15 L X EHE A S

AV

(1) R U THITHRUNR 5958 23458 DIRIR O AR FE I G- 2 552 8L,
INGROBERFEIETICRESEEGFELZ L AR L.

(2) Gershgorin MO Lz LB LT, kernel 2277 A 7 ¥ A{THNZEEHAE
ZIEE S WD IO O ERIEZ T, IBEFEROBEE R TIE, BN rR
DG EBATHNNFExHA1THI L 72D . $E-> T, Gershgorin O EE % HVNT kernel
AT TAT 2 ATHNCEEAEEZ R E ST HEHE, ERFAROR Gk
TOHEZY T T AT 2 A{T7810 Gershgorin HOH L%, WUy 2D~
TAT 2 ZATHNORAED 5y 12T EHO AT I BE) S, TP FEA
WERESEDLZLIZE LW EE2RLTE.

(3) Gershgorin M DX, JERBICEBIEAZ TR T DO HRARIZ L > TET
Do, BEOHEAR TEEAE LA EBUGE RIS T Gershgorin M ZB7R L,
WY 72 LR ERIRT A ENAHTHDLZ EERLTE.
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45 J'f\l:l nff

AWFFETIE, HBICH L COREREZITI Z L TE D, §idn A —0 ONLgGH
O, ERE AT DR D TERRIT B L, SEREL N B AT D& S 2 KT 5 )7
BIZOWT, At ETo 7. WA 6 #T%%‘ﬂ“é kCA (kernel Compliance Analysis)
EEFHL, S22l 2RO IRICH 5T 537 A—2 &2 li#ld 5 =
Llizky, ”Bnuﬁ)ﬁ?“ébl]ﬂ?ﬁO)faﬁkuu/\@fﬁL%ﬁﬂﬁﬁ’C‘% HT &AL,

BIZBWTIRARZ L 91T, ZERBD A= LV, FEREOHEEIZ OV TONRE
AR A — T U TR S0 T, #in A — 1, #ah OHARZEE D A
T, FERNFET DEEEICKT xR A RO O 5. ZOFRIL, s A —TIZ
EOTIHHRICHTEDFEMRMA—TINLDEDTH DO T, FELMH T =
B, IRIZTERREIZ I T DRR DT DR TH 255128V TH, i A —B T
WO I HZ2EHROONRBARTH D,
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{8k A Neutralizer ®E{£45|

f Mounting direction to the system

e
N

DC Motor
Weight(m)(Mild steel)

/ «——— Neutralizer

Leaf spring(x)(Phosphor bronze)

Fig. A.1  Example of mounting a Neutralizer on a DC motor. A neutralizer is installed to reduce

vibration in the direction of rotation of a DC motor.

Neutralizer Dffi FIIEIZDWT, BAREIE R 23T 5. K A11EDC E—#
DA FETT 7 DREY D, — E O BRI D JH BRI D INR ) 2 RS % 72 12
Neutralizer #2275 L2l CTH L. BHY OMEITHHTH Y,  AFHOMRITAIZ
£V, FE—=FOEEEH I —RIFET— RRAET HERICF SN TN D, BEA A
EE oy, WATEHRETES.

wy =+ K/m (A.1)

ZIT, EhEHEk, HYOEEEmE L.

X A.1 ® DC E—#%BE)FAE) =T HRET DL, A7 LMD nwﬂﬁ
HEICB T 237747 o AOBEEREE, B A2 O X951, PRI
%«E’Jiﬁ% IR N AT LTV D, B b k) ﬁ)k%b\ﬂ/ﬂiﬁﬁw,\,k 7265 L 9lz
meékERETSH. F£72, Neutralizer DELY FIFALEN, :E“—ﬁ@ﬂjiﬂﬂ@&_
WD A TH BWAS, BRFREHFAOMMEL, HRD7ZTERD T2 27 A2
KTHZENRMETHD. ZhuE, DCE—XNONHRIEONE & IR E
HONBHNETHH Z EDNHERATHD.

Neutralizer 2372 56 &, Neutralizer 22535 L7356 0, FHA HEICBIT S

AT TAT U ARAEENENK A2 X A3 IZRT. Neutralizer DX —747 v b
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BIiFHa 7T 47 A%, Neutralizer D% —747 ~ FEWEEICHBWTO
CAUFEHMIE R EEIC 2 T A T v AR L, B— & ORI [ O NNE

NMZEHTHDHHETHY, MO BHEDOIIR)OHFS5DPRKREWGEIL, £0
HHEE L, Neutralizer O —RIEET— FOBHHELZFR —IZTHZ ENRMNEL D,

Fig. A.2

Target frequency of the Neutralizer

/

A\ J

Compliance at evaluation DOF

Frequency

Frequency characteristic of compliance at the evaluation DOF, in case that a liner DC
motor is mounted on the system. The frequency components are distributed in a very
narrow range. In this case, the Neutralizer target frequency is set to the most dominant

frequency component.
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Fig. A3  Frequency characteristic of compliance at the evaluation DOF, in case that a liner DC

A\ J

Compliance at evaluation DOF

Frequency

motor is mounted on the system, and the Neutralizer is installed on the DC motor. The

compliance of the neutralizer target frequency is 0.
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