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1.Test gear  3.Coupling 5.Dynamometer (eddycurrent type)
2.Ball bearing 4.Ball bearing 6.Induction motor (variable speed)
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1.Test gear 4.Guide way 7.Pulse motor
2. Hologram plane 5.Leadscrew 8. Glass wool

3. Microphone 6. Wire
BM1.2 HExEEHmX

_11_



1. 2RI EXIDEREOHTHREEAIZEELE, EEFR 0TS 740 3R
B RBEI1L, FHEORBEBE2ZITIKAWEYD, TOLIRRETOHEHTHE
o fz. BERREE, FER0TS 74 LE2MERTOEDREISME
TOBE2%2880micBELTHS., £, RELEHLT, #HKBEILRDTS
LAHERAEEHEUTEBRITIEDDOIA 7 OR Y AXxYy FARBEZH, Zh
KEBUTAREETCHETEDZE I - DOAX Y FAREDESF LD B, Zhbd
D2WEENENERE, RABERATRKILTWS, hbZoX{fTmOERT
HBOLEEDELFOXHD—B (W2 X 2mDER) RIS AIT—IVTRE
HEAEUTH B, Zhid, BEROTS T4 DERTRRBZ LI, EEID
RFEWLAITTOFEOBREIZE UL REWS L AHBELEED, 2HhOREEIH
EHRUEEITERELREBIERLOICABLEDDTH D, Z0MIEREIC
FEARRERI L3 Tbadro

123 FREHERLEERHE

AETHEREER, H1.3ILRTH02—HAWIWS, FERHIEAR
BEANBHHML LT LTSS, 22T, REAEIOSBKREEIHhAFILEBL
TVWAHDT, ~HOHEX*REFECHOI L h{HKEHTEELETS. Z0ED
ERHICHEAWSIZLATELRVWDT, ZH#HALBY T TFUR—A P2 EHEIICH
HICBRAELTHEBE LT .
REBEOHBEFMEDAAHVOETTIMECHIEEE, LamEEk (X) ,
THEEE (X) LH.

Module 2mm : “ j : B
T

Number of teeth 156 4180
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Measurement 5

Reconstruction
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/
1"{‘399 ! X \(_ Bandpass |-£ Lock-in |Re{hix,y)]
plane ~ filter —Lamplifier
2 |
Bandpass Lock-in
w |M5 e filter . amplifier
Sl Im {h(x.y)}Tl Y
e 1 H(lalogram
e plane A/D
s ! [0 =
L- { converter
, L |Pulse ini
y y motor K—=—={Minicomputer | <
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Thhit, RELRATRUAII KEBBICHKAL TEL RS, 2HHVEAR
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EEOLHMEMER - @HRAGoGSMEARGEK (M n REEMGOXK R
FLUTWS) KRHBELTEDomHICHIC R THABKF LICKFZNEZ L
HhMbd, 22T, THASOREORPIOVWTHEREROT S 710 OB &R
7
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KR UEESHOBETHREL, ToRHLVKCEL., 1I(c)DESCEERS L
CHZHTAIANEEROAFICWL DIOBEREIAELTVAS, 2hik, FO
BED, BERILI-TE2AE D, ZOREMSEYRALIOIKERITLED,
ETHOBEIAAMILEER L THIZLEDOLEEZAONE. I &Y, K
1.8DH»BBVATHFOEVWEIFAFREOEORHABE LR TE, WELRD
BETEDZHDTHHLHETEE

1+4+2+3 RXHORHF2EEHE tHERBEOLEDOER TR LONZRO
FSAMLI.9(b)) KRAPAABSFHOEEREL, AC—HLILHZEHETOR
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BRTES, §hbdb, RALRTLEEZRELTHL LD M2HHT, KHILK
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SWTE L. (b)), EAASORERERAM(c)IIRT. 2B I THMERK
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232X32L LEDT, BHORZXIFZE UL RBLILHBRLUTERL TV S,
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BABEORE, TEASTOTSIATRICEHTTEET 2T RNUF 1T
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HARLBHZhEASEBEILODWTZOoERFHHEL, HIMICHKETS.

COFET, FAXEGEOHMELRILOVWT, MEHVEAMSLETLEFLORD
TS ABAODARI XN X — 2 (ETHE, XRHABRAF TSI RIVF—RER
KAHTAZRVX—DH100€ (20dB) REWVWZ L AHbA- ik

BDEDXDI, 2FAMOBRBE2FW, PORBEFHEREXEFHEET-T
WHT, hHFDWADPSKHZNZIZHVWEAERKOEN, rédVETHOM
EADBVEHEERL S TVWAZLEROLMNTHILATERE, FEFOIS
TAWLEBERISE, BLFHEUVEABEBOEN Y ZALKHEEINTWA D&
BETHETTHBOT, ZOBEOREFRICOVWTE, N ULRTHLEY
Flawn, ZHhiconWTiE, ZEUABRTRYED.

1-4+3 HEAHOHSAEEEDIRH AOHER

B1.7TCRLELDE, REFTLEENIDS>—HBEOELERTE, HH N
H#EOHITESFESBRICHBELTVWEDR, #LLEz0AERoBERHIC—Ho
— 7 UTHEIZATVWS, BHFLY, HEHEROREREHETIEIEHKEKD
HMEMEEREARELTVWBI AL THEY U2 | ZOESHAEHE
—HIHELTWVWAHED, FUZEMKERLTWESEEAHLL DTV,
LALEHEOMAAESREPRETOEBL2EILTH, BODOKIHER
EHhERTWVWBREYD, FOEBEXPRICELPAHSIDE—RICKEETH- 2. &
ERL1.TOEIBRARTI MV L/SF 7 R—THH DI REHAY FREDHF
TUHMRILBHEITZE R M-

FIZTC, REGDHREMTHEUVAEAREDORIO AR FILILHLNLRHE R
BRATHELAMI, TBAOIS 70 XBHEERS, ZOBEBICK-> THH
ENHFEDOEGEHSMT B,

14431 HEWHDARY FILORE B1.7KdTIErRLEXDIG
KRB BRI R AL HERNE 2R LS DBEAERBBLIHRICHNT
W5, —FREFODARZ FIVTCREZOMBICE LB KR, TomEMIC—
HOHEBE L o THAUX L, ABKICIS T ORKVHEREINE ELTE
NOEHE-FICHET A2 20BBEROEE, ML .7Hh56b05K D ICHKD
A¥n L EHEHRICHALTHMLTNWEZ L ADDS.
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yFREEAROEEES LYy FUT, 2085 ABESHOARI FIVEHEL,
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FREHRCIRLK Z0EAO—HOAHEK L UTHA XL 28K, BEESH
HEL —HUEBLTVWIEDLETEIHDLEEILTOIIICEY B .

M1.30&dI, REAFEOHLEEL UTHRORELT, ZMICHIELTS
BEER (0,t) &, WHE: - HIEABETLIBEER (o,t) EHEXHU,
EEHZn AP OBE#HT—FAEEQLEIEHEZNTWSE L, ¥EFEHODA

FEUUVUCHIMALTEZNE, CoOBEESHEABEOBERK L LT, HEBIK
DEIILERD.

xn (®,t) = cosn ®sinwst = ———mm—- (1.5)

COEBEEMICHELUEEERMOBTHE, HEOEBEARRER 0 & T
L, P=wst+9 THZIHH,

Xn (‘D, t) = Xn (‘D‘— wet ,tl)
1
=-2-sin{(wn—-ncoe)t+ncb} +

1
-Z—Sin{(con-t-ncos)t—n(b} -—- (1.86)

B1.13 ZMICHLETIMBALEHL —HICHBKT 5EER
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152 3HchoT, HEFHOKIFEIBHZIHhTWEZ L ADMS.

Doz ehs, EEAFOHTEEESCL-> TRETHIEE, ARE 8
CEETAEA R B LEERAD O HEEY L UTHAEEINEED KL DDA
BRRSCHBENTHEIZLATVDI L Hbd- .
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HBEBAZELNTEHLILEAHEORETOHERATRL, FEFO IS0k
AEFERREOBUERATAMNEIVWAETRUE. FUTUTOERE %G L.
(1) DHBHVAEROBLOVWTE, AHHVAEDDHHHVWEThOIEIC
JEEICHEMWEEERER s TRHES A TWS.

(2) WBHBEOREVWHETIE, IERICISTHERKOMFHEETHESGH
REL, TNELHMICBHLETI2BEER»SBHA I LEH L UTHFILEREN S,
(3) CoBEFHEE, EEBICKLLST, BULEHZ-BILEEBELTSEY, 20
29, (2) K&oT, Z2o0RAKEKOT L LTRAUXH B,
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2.1 ®& =

BEOBETOXELRAEFER, EARKLLHERABALTPLZILICERAL
THETHBREGTHS. 2LUT, REAZOEBEHS, REORFTHFILERZ
NTHBABEBTHADDE, HPHIENLUTHEF LY 2HMBLTZORET
HBehBbOrhAHHNY, WTFHAIELTH, ThondEE, FA:R3EH%
MNELFTHhIEERTEBLIDITTC, TOEDOHMBABRZLLTHOHTWVS.

—%, BEESH L TEERL, PFHBVOEFTLEIHPEAOHULARILE
STHEMNMSHBILEIMMEZAZZLPHD2L2 VDA TVEH, TOHMIC
DVWTREMNTCR RN OD

ZOEIRERDD LT, METHEEROTS 74 X525 RBEAELEB L
LT, BEARDSHBHZINEDSHVAFEOFICHTIHAEIT- 22 25,
COHFRIHDVWENENFRELR-THEY, 2ZhbdhardbnEThoF@EC
BMOWEEHEERR s TERHALTWAZ 22 RELEDHIILHTEE, BELEANL
i, COXIRBEE2FEOFORFOFRREBSHNEHOR L BN OE L HE
REBZEDIRETHEHBRDIED, BRIADGDVWHIAEDH L2 LETHH
HTHEIDTHBRBPUANDOEENBNEFHEZND, EEEKRDIDSDODHEK
RODEHAIORBELNHROBHFARRTHL R AMEEAOKH R A
BRFETHL., LEA->TE—BTCRALELHHVARKOEF, BMHEDIL
BERTHEBETHADICIEBELND 5.

FITCAETH, I TUEBROTST7ALEVERONBNIDHSHVWAEME
THHI RO EDT, FROEHILRITEIA70RVEHVWTEORSE
DEFHAEBR L EICCORIHBIT AL EEMITERT, TO0FOHREFAER
BRUE, ZOER, ZOrHHVWABKOEN, HHHVWEDEGTHESTZH
HHVOEFTIHEIZEIDOAMBHREAVILLEITETHIZLERIEL TN 5B,
FITCIhEBEBEHCIAFILHHLLTEIFLRESZ LICUE

FEARRAMRANTHSIAEHBRILDVWTEEMLRIRENATWVAS, EOEKE,
TOOENENMELVLTFRULIZE, FERERFIAONTWVEXDIIE, ANy
759 YRHBED IV 7SV ARMMEETD, TOHFWEMERBZEEML
BRI EERLUTWA,



242 WWEHHE

2:2+1 HBREHEX

AETH, Z2.1ERTEORIBHOEERFWTIERE2F- . 2E5,
FPOEREMLHBRIXLITHS, FoBER, X2 UTE-BELA—O#HHEHE
HHA-s2HVWTITFokE, ZALHUTHENB-E, WEORBEHANLLED
DFA4avE MFADy) BETHYASKHUTEEHI D2 CEED BV,
Bsikoh e H e H2ED0HBEHNTHLIOTB-vER—#TH 5.

# 2.1 HBREEHER

Gear Pair ID As B-s B -«
Module 2 2 2
Number of teeth 156 138 138
Face width (mm) 50 40 40
Pressure angle ) 20 20 20
Nominal center distance (mm) | 31 2 276 276

2422 HEFLH
CXTHNFHDVEABBOTOEERMHEANEBR LK LTEORICHBIT S
MEPARBZED, M2.107 0y Z7RICRLEXI RMEFERZHWE, 2hid
DHEHV—KOKRBEAHD UL R S v F VIO EBENIFTHRTH S, ®
BEHEOHARIGEELT, BREE Yy 77y TR, ROBEBBRIC K-> THRETS
NHHVWEBEKCHEITIBEEIMVAELZILE2BRES LTS, ZOB5ILE
CHRABTAINRYERRTANWNE (RS Fv T 7408 @BAY FI100Hz) %
BWT, MadWHEEES (f:) osztftl, 2OFELVRIVE, BRES
(harHWER) KHTHMUMELHIFTT 5.

HMOEGHREY, TEHEE—22HVWAZLLE-T, BE—EDNDLAHRT
BEWICELATEALEI N R-2TWS, MRDIHHVWESED LI L TEHER
EriEicry, TAFhOELEER&ETSH., 22T, HBERELRIBEY
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Amp.

X-Y recorder

Phase

- Tracking filter —|Phase meter Meshing
freq.

Carrier generator F/V converter

Limiter

Dynamometer b Microphone

motor

2.1 HEMMBEZIALZIFHVARBOTEOSHITE

LT, BHLArAHHVWARER ) 2HVWTEAELTWA,

ZofEE, ¢ 2moigHAEc/ s oRryEEY, TORETEHEBHON
ENDORBTLEDICARAEREC VTN LENIETHELE 470
RYOBER, BBHASETILEORVWEYE (TEHXEECHEAME 2 MR
YT RXEESE) THERTFHILK-> THEEITY, BHEUE.

ZEOHRIBIEDLRVEY, 2. 1HIRLELIKI»SHVWRADEL
RREBHBLLUTCHY, ThIUMATEy FATZOOREOY y FHILET S
THATHEFOICLLLE 2058, WEPRTOEy FREFLE LT, ¥&
160mOHD EHOEHALE L. ZORBIAREL BT ELZLHBRORHD
MBRMLETALILRDEDT, TEHEFHERICESTTHELTWS. H
GHhE ML, PHEHVOESFHAEME OO KRAIDUBREITDHILILLLT,
AHDVETNHAKFEEAZT2MY, FEEBEHFICTFEHE () KTHZ
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ETCHIFRABPUADFRAETHZIEATES. BRI, BLARZ XS,
EEOBLEL RABFAIC Yy FEDELOFATHHNDT, £ ULTIOFME
ADEORHEEFEL TV S,

A, SEEHTIC VTR, —ErRARICHKEhEFHTHERTO
DILZHIETY T FUR—A L2 BEHLELBHTEZIETCH>TWVWEDN, F4
OvEEy Ci&Eme Uk,

TEAERVZE, BCEDSLWERY, SEEEIICOWTIHE, 39Nn(dkegf.
m, FAOQYEEILOWT2LNnE LT W5,

HEE, B-BTRREXYILRHKL—BISAT-IVEREBELEBERICR
HREEBRUTWAWERETT- 2N, HEAAFBELTFRIEVWDIHLT,
AHOBOXAFITTERETH2AMASImBENNTWADTHEHATORBIIMANS
KHTIHREL A RVWEZZShD, BURIERERISDZOHEEDNK Y-
TWAHZ L NHRTES.

2+3 ERER

231 TOBHOHBBLESHLONE (BEFA-S)

2+3+1+1 LAZHEE (MHFHVEILH) oFoRHE M HVEREK
DHEWE, DHFHVELSIFHVRThOFTAILBLBE I TNWEZ2LE—E
THBEM LE. TOFOEEBRICHT ZHEHRLEE, HEHEE Lmx(X)&
LTAH#BVWRETHAUTCHIZUEERICODVWTE2 .2 (a)IRT. LWHETHD
DTHBEAHZZ 2D, HHPLRULEIILISDOVETIMIOEENISE
AT THL/4HAED4 K (Top,30°,45°,Front) TOFEL NILDIHEE
DHERRLTWVWD, BEE, H»HHDVAHKOEN, HETIEABEBRRTY
yFHEAXRENEBYRFEBIRLTWS, &b, TopRUEMHHVEORE
KHMUTE—2H (BA50) ~OFDKH &Frontfll (FTH) ~DHKH & O H
#HY, EHAONHELODVWTEHERICK> THHRAL TWA.

W3KkHzBA R T, 1.2, 2.0, 2.4kHzICSLWSEABRD AL B, —F 3kHzP k
DEBICEBT 2, TERARILED LA R, SHEBVABBTEZO
IORIEFOEMRELALERD O IR RSB, FLTTopk LA, EyFRH
EDOFHTOEELVAIHEDHE L, 30°,45°,Front (5 E) DIFICEK <R T
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(a) Sound pressure

130

1201

110

100}

80

Sound pressure level dBre.20pPa

80*

10 dB

20 50 100

Tooth mesh frequency kHz
L . ! . ! : ] . J
0 1000 2000 3000 4000
Rotation speed rpm
L 1 | 1 H 1 |
0 10 20 30 40 50 60

Pitch line velocity m/s

K2.2 HadHVkThil (X) TorsardVEABEKOTDOES L,
HREFAEBESNEE ORLE

W}, I, #6kHzPA E T, Top&kFrontdJFE LUV LD EILI0BLL LS H 5.
U7, —BTHEULAIOKLELDOFAATFOKEOETFMTHDI L WA,
CHhICERTHFAANDKHEEBE W, 22 C, UFRAELOFTICAERT A,

203412 HWHMEEEONE FHEeBRLUEHBIARVWEZHFALSHSHME
B LT, HEAKOEHEZHE L THELTHE HHOEBRERKIF MO
EDOWROEMAIER L TEEZ EWhhTWaHH, WEHITICHMGMICK
DR EMEECy 7 7y TERWTHBMUEHASAEINREOEE R, X
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2.2 M) IcmY. #H2.4klHz, 4. kHz R 6. 3kHzICBH HhBE—- T, BEMHROD
HMITEERESCIZDOTMEB Yy 7 7y THAR OB RBEDO D LB
hWhTwab,

HWHETWE, BREEILLZEEX5N05, 1.2kHz,2.0kHz, 2.4klHzE— 2 D S
52 4kHzD E— 7 1k, MAEERLELDHBHELTWVS., o2, KERTHW
FHRESBESKOBEERERGBRTHLLBHN 3.

— 5 3kHz K VBWHEHBICEET S, BEVAVE 3kHzA B R LA U =8,
#5.5kHz T, Bl ~"LDA (Level Trough) &R, VRILOETHREREL,
BUERUTOKHZATE TIE130dBA EICET B, T ORI REHE, HIHHBL
MrEICNEEORELEE{HBURY. LEDN-T, BEES L ENDRK
HTEIRFEATWBRLHETES, SDBRIOVNILOARI, 30° HTEAMS
BHEUTCHRAUABKRTAELDTWS.

2¢3+1+3 TmEEE (MHF2HH) OFEDOXEH EEAFEE TEE L
FEEUDBDVEORLTHOEERE Y LAZHBORR N LTRZ2,.31KL

exit side

Microphone ') (1

o
o

o
o

dB re. 20pPa

110}

enfrance
side

(o
. .W 1

0 1 2 3 4 5 6 7 8 9 10
Tooth mesh frequency kHz

2.3 AM&aafl (X) oFEGENELR

100 |

Sound pressure level
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FF. 22TCH, 2kHzOBBRLBEANAGI X L 282 AkHz A E QO BEILR AW S
NELABILEESLBELAYD, 3. TKHzZHETE -7 - ERIBE-EHL
5. UHAL, SkHzBAETE, SEUARNLNAEALEBLACHESIBRVIEEZH,
NABREYMHICEN S,

zhif, PHHVIRTHE (LREEE: ) OLV~ULoBLERRY, UTF
KRTEOE, HREOLETIUEM AEERBLIIEAFTOREBTH S,

NHRABPADTRAET AL ETLE, H2.3(a)KRULEMSHVIXT LM
ADEN, BEOTHILDHAIERKLBITTEFEZLTVS., ZOFOBRHARX,
LEWHERTCHIBPRAFUABREEINETIVLRVAEDI, EROKXRETRHA
LTAHASBHSICZELTD, PPRABUABEEFN I AT LABREORBTS
B0, BENTHIHELEXS.

F2C, M2.4TRTEOE, DEDVWEATHREEINTTA 7 0h ICHET
ZEHOBEEEFNVLL, IAVORVOMET, FEAIASEBARTIHE,
EBRTREHLTIHAPAETIHOBEBBAIAZ LW ERET DL, BUSATOTRERT,
EBRBRBEERBEALUTKROL D ILEE S,

_e“jkr v e - 7k(2h+r)

_ -~ Jkr

=e (1+e—JiZkh

y (2.1)

s CkitEK (E2x/2, ANEROER), $ART, BHICX3EHHIE
BB UTHEEI A2 ERETELTIVWS, R(2. 1)) FPoehkdnid,

%kh=(2n+l)=x, nb&®H  ——mmm- (2.2)

Microphone T_Q/Dnrect

— wave
— T
: - T
Sound source -—o—=<—Reflected

el Rt wave

Base 7777777777777

M2.4 BHEESE, ERULIAEEFILIZTFHROETIN
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ARMTDEETCHEHLD, KhOEA T HELHMMAL 2o THREAFD L &
5. RoTEFREOBEShvE—BLBTE, BREAT0ICR2kOEORE ALY,

Ak==/0  mmmmmes (2.3)
B, ThiERAEROoMBIKBRELT, ATW,
Af=ceAk/(2x)=ce/(2h) = =—=mmmm (2.4)

THEADNDB, JTIZC, coldBFHTHA.

ZODEOHEBEAZLL RVWEETE, ARICLTR(2.4)0AHTHEIE
SrlhBZ EAETAHN, Eolldasihn,

LBOTORHEN, H2.40X5CBHTHERL, hoBr2EBIL—EHLS
TAEHTTERY, UMUREMALEFNEONEL LTE, BEOTILHL2ER
EZIAhELV. DHHVELPSEREITOHEESIN2MTHENT, ZhirXk
(24N ATBE, Af=0.85klize %Y, M2.30VRNVOHERAFOETE
XL —BT B, TEVRINOERAZFAIRY (LAUVAEORKYIEN) L EFIW,
TODEDOHEBOEFNZNVWILEERTELH, HOIDILERAAAFEFLWVWT
P, EEE:EHEONEAI BT S EAENORENFRECHAIETH
HEBETESD, #i, BEULEVANAELRASOHB T, AHFOMHEIE
L oT, BEURLBLERTZ:E2APNB. ZOHE, ZO0FOHEEN
EUWEETH, COEDILETHIFEVANVOLEREERRN(2.1)A2AHEAX6dB
TH 5.

AEEFHERICVANE H»HHVEDID, DHFRFUABFEHALIETOEEV
AUk, 4 kHzBETIEE-ETHY, H2. 2(b)0RERGMAR L DHIEL
RWEHETE S,

24314 F&¥ REQXSRTFEAREOEYIMERE 2 EHEL 2w
EVWHHERRIS, ZZTREBTA2DSGDVWARKKOTORRILHIDOMRIED
TREWETFHEhD, ZITURIEEIHILHBULLBFORFOEHEHARL L
Kd 5, HORBOBNAEE, HHrRAFMUTH, hHHVWIEIHHEERICE
FRILBTBCyFHOERSFMTHIEEALNLDT, UTFTHE, 47
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ORviaEy FEDEE (Top) IKERBULT, ¥z Lo AHEBERICAERT S
Zrrl, HEFARGUBIAZZ LKLY, MaddnkIThil O BXUH
HFABHE (X)) AOBOBRHILHOWTIERE 2 MA 5.

2¢3:2 JUYPSUVAOKE (WHEHA-S)

BREGTLVWEOFRREE, ¥VvRUyTOXIRERARCIZERDORA, BH
THHLFHUTED, CORADENELEABZZLATENTEFORROEG 2
BRAIELHNTZEZETTHSD., ZOEDRDPBHVDONY 7S5y VRHRICK
B7UF7SVARBERTHDI LU

23291 W R NHEBVWEDIYTPSUVADBEERR
REEDK, STHMEER0. ImF OB L ETCHEOREEMEL 2 KIC—
FOREOEEEFATHEL2.5(a)imT & /U e T RF Y REHA %
HAWTH2.5(b)DEDICEEBIChE-, THEY, ARICEHERL2EZATHE
Uz 2HM2.5(c)D&HK, EROTEOHEALEL EZHGAEKHO>WTDHHIE
¥ToTWaD, 2hbdd TEELE] »RATHORELKB LU TWay [ELE
@Y 2R HT 5.

203¢22 HHrdHVETHAANOBH M2.61, »HHNVEITHUT
DEFEOHELERE2RT. BLBEHIIOWTIE, WM HEa=312.15, 312,55,
312.95m T HAEEVARNBLTrHHWESEERE UMM E R, MK TR
Ui, HEAHEBHICOVWTH, a=312.7mT, BHEFHEL LTHVWESEEZ AW

77/,
2 &
lg' Balsa
wood
,—Epoxy
adhesive &
(a) Treatment to (b) Whole width  (c) Both ends
lessen tooth depth treatment treatment

M2.5 WELBOFHEK
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140
Shallow bottom (whole width)
] on driving gear e——
%1‘30_ on driven gear ————
S (a=312.7mm ) a=
S0 N \_312.95mm
© 3.95 B Regular 1800
kHzl g
_ 3[06 kHz gear palr
o 110
(9
= ~_312.55 mm /
v / 1440
2 100
o
4 312.15 mm °
©
g 90 1080
o
et . VA. A
80— @
2
_ 720 &
Lwaqmaw P
g 2
Qt/ I\ \éy 31215 mm <
d
M 360
| / 0

0 1 2 3 4 5 6 7 8 9 10
Tooth mesh frequency kHz

H2.6 HEBECEREIHMERI-IRBELEORE
(MHHWVIEI hED

FHRT, BYEHEL U THVWESSEAVWEETRUTWS., b, #HELAENE
HOMHIREDFERIEEERLU -

WEFNhDEETH, TELAIVE, #H3kizhSRFIEH LR YK, 3.6klHz
T—BABLEDRALION, BHICHET S, 20K KHE ToREH&IE,
A RO WEABICE GRS, H—oBR2ULTHY, HMHHEEAEVIZEH
FEUARWHMEN, KR RAHRDVEABKEUT, BH2.6I1CHKAN, BB TRLU
7=, 3.46kHz,3.95kHzIc B AT E LV ANpEiax Taoy +T5 e, BH2.7I0R
FTEOIhb, BELEBHEIAKHEZIAIAZFDOERE VAV, RS L@
MEO3mBEERAIEESEOHBLHEEEDETLE —HUL T3,
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| [=395kH] _ | ,_—0——R=DROZ]

110 " =
A
o—° |.B %
3
O —OQn-—
100 (=346 kHz] To— O -Rra 20Z-
o bI
90l 1 il [
3120 3125 313.0 313.3

Center distance mm
2.7 #HHEEZOTCINIIKNREAEBERTCOTENELL

(FHBDWIXT N

Shallow bottom |whole width | both ends
on driving gear A A

on driven gear O n
Regular gear pair O

~J

N

(4]

s

Level trough frequency kHz

3120 3125 313.0 313.3
Center distance mm

M2.8 UAILOARETZHHHVEBKE S ER: OB &K

KIS, AkzBAEOMBICEE T B EHE L AL @ IE%E D I A E KT
LTW5b., HITH5~6kHzTCUAILHE T 2HK(HHEP,Q,R) AEDBH
HF, MHEEODITAREARHBELEIC LT, 20NE (hbdhHrd
WHEEYK) PBRARELERALTWS, ZOHRED, KHROBEOREFIL
HONB—DDELWHETHHIDT, “hix” UXILOA” (Level Trough)
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ERBELUE, 2OUVRNVOEEEBLTEIHILEERER LT T HERELA
JWMIBELEREUTYE, 8kHzfIET130dBICH & T 5.
UARIWOAREETEDSFHVWEREE (L-AWDIBM R AER) %, GiHE
B LT oy PLEDAR2.8TH5,. VRNILVOBOEBHILOWTHBAA
CEEBELE LT, A24TIRARKHMMER L 0BG (MK HE O )
DFEEITBEHLUTWAETT, REDOEHIIERI V.
M2.6~2.8n5, HELEE, EMTLHEMEEIN.ImEBELl ok
WELUWHRZEELTWA WA S, H2.50&K R EELEIMEEOBRY
i (B, BERIUEE) LRETEBRISLAERVWEEZIHBZILHTE
Zh6, HELAEILIATFOBRFORLE, HEOBRBDMOBERICK->THD
TWdEEZDhB., Zhid, P*rDVEOEFETORAOTHIMAR STV,
Thbb, ZITEHULEER, " ZHE" LRAZENTES,
H2.6ImUEMHEINETE, MHELAVIBCISCAGYBHZIT LIS, 3
6°FTOEABEHULTERLTIWVWS., ALAVOEME I UTER»SBIAE
TORMEENBHEIAEDOBRIIHRUTWVWE EEFXAHNS., EHIL, YA
WOBREBERBT DL EICH T 5% H (Phase Shift) AEBIHhTWS. LAILD
BRABELBLVWESILE, BHEATy 7TRICEZVBHEDIIEI80° DD,
URILDBEDEL RESMRBHEIE, BHLALILEZY, BRALRBEERED
180° & U A 72\, |
BEDBREDIS, DHFHVWABEKOFD, HHHVIRTHOEZADKH I,
VRIWDBXYBEWABEBEEPBUXIBR LU TWEED S, VXIVOARKYEWVA
BREXBRUTWAEAEAHY, EHEOMHEZTIZIEIBOILENVDDEF RS
ZENTES, FEM2.1ITHASMICESTILVARIVOBDORBEEIED S
WZEMS, EBICEBULEZFROTHRA2EULTHY, HHEOXRBEEAYY
BHhHEBEKTE, BHASUSHEMHTHAEDETFHRLTIVANOBREET
HULMRTHONRUTHS. ZOBONMEBEROBALRITHAILEI-T, TR
BRE, 3 2bhbbLAXNVOBORRIZEMNTIDDEE DR S.
THIL, M2.86CEM2.5(c)DEI>LNHMOBHEBOHFICHEMIE R KL
EHEOFEBEHIERTRLTIWVWS, ZOKEIE, H2.5(b)n@imaEicx
THMRBELIFELAE-HLTWAS, VAJORORBERICOWTIEE2.81LN,
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ABITRLULEIDIK, RE2LEEDESECEEE LY. LEF-T, ®WEER
HWHBZZ LT, BLEBOREBOHITERERDLEFALOND. Thbb, %
HEE, DEHVEOIUTZSVADLD, BHROEROHEN L EELEEN
HHLWVZA B

2¢3:2+3 HHIRAIPUWAOEDOKRE  DIHFBVOETATEE(N) KR
HEICEEGESFMERELTC AR ZHUANOFOFERELHBLUEERE, H
2.91mULE BEVAIE, 2kHzEBXTAHS LB UHED, H4kHzD ETIE
WHEAIBE o TWa., 3kHz~SklzO X, HHHVWIEThWE FR, @HH
I THREHBEALTTAHETT, 20oBREE<ELYL. 2l, #HEL
HEEMSDOFORH I O>VTE, ThEBHMCAVESSE, HFINIAL
FEALDEARIH DT, as31 2. Tm TR VWESEOEFREV IVEE
DIk, KVWEBRTRLE. BEVANOEHBREEOT/LICHIT 5HB R, 3.69
kHzp € — 2 (HHICC TRUEBK E)TRDH L, H2.10KRTXIILRS.
FOEHHIE2.7LRABTHY, MUEREES LTIV TSVAREALSIES
Trl, HEABIX- T Y T7SVARBAIEDZILEAELLVWHREZFS
TWwWb.

SkHzPA LOEEBTIE, 23+ 13 TRAREERAMAPORFFLOFHRILELS
BEVAVORMBREDRABSEDONG, Tk, HHEED, BHEHSOH
BMILEDBACDL I EBMATCERENE RS LABIBHEEUREY, @
HAAKCRB 2 eABHEIRTWVWS, UM UHZXESKHAEILERT B, as
312.15mTR UV ARILVOKERAHI D2 L, a=312.9mTHEEHBRAATWHES., ZOH
Bk, THORERTHLIERISORHT, ThbbhdrdVIANrLHHVIE
FThUABFEENREED, H2.60Xd1a=32.15mTEELVIVDBRE R
THWIEILHIBLTWS,

M2.905~8kHzCHMMHEBILESIFEVANOERAHNFLVOT,
2:¢3+23THMALAMBILIYEBT L AATORBIRNRBRETHS EMRNTE
B, EDLUARNHEBRALIAHVWEBEKO BB T, B4 6dBHELILH
FRFTBZEEFRICVNT, DHBVEND, DIHARABUABHEILDZFOF
FUAWE, 4kHizD ECEIE—EDH UK WP TRI D2 HEETE 5.

_46_



120 3.69 kHz
L Shallow bottom wﬂr
e 1ot on driving gear \
‘;‘. (a=312.7mm )
o
© 100 1800
< ’ I 312.95mm
>
2 90— S T
w C ]\312 55 mm - 1440
§ 80 ——nw— A 312 15 mm
]
a [Regular gear pair| / /
2 1080
C
v
4
LMicophone / 720
@ /
: / 360
| 0
0 1 2 3 4 5 6 8 9 10

Tooth mesh frequency
M2.9 BERBRZLREITHMERSI -QEELEORE
(70 &34 H 1)

kHz

Regular

Shallow bottom (whole width)

gear pair | on driving gear {on driven gear
©) A O
D 10— [fz=3.69 kHz]—‘:—O‘—/__ g A~ EOADQDA'
a o -~
a
I b
100!

1

1

I

3120

3125
Center distance

313.0
mm

313.3

Relative phase lag

M2.10 #WHEEOEMICHTIRREABHRTOTFENELL
(3034 30 1)
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2433 RFIVIVORE (BEXNA-S)

WAKHzE YBWEARKTE, FEAMNSENIBHI, ENFLRINIK
HHPEELTWAHZ AP Moz, 22T, KETHH ULTwWa# 3kHzLA
LOEBRTOEN, SBCEATETRON ZhEebBREBCILIELEA
TWBEDHE, ZIETKRAEFEUSOHPI X TRET 2D, T
BELILVIOEERTANE

1 a) to the exit side
%wo() ///4ﬁﬁ
(@]
N
[
- Torg.= 157 Nm
© 1201 (46kgfm)
° 110
@
v
a‘IOO 5 B
v
. X
o 90 .
po]
O
V2]
80 Torg.= 38 Nm
{4kgf-m)

0 1 2 3 4 5 6 7 8 9 10
© (b) to the entrance side
© 120
% 110 || Tora = 157 N 'ﬂﬁfﬁ
2 (46 kgf-m)
: \
é 100 R
et
Q_ N

f
2 90F | ;
[e) 9
o \ u (//_Piorq = 39 Nm X
80 I < (4kgf-m)
va | g

1 b 1 bl I\ ] 1 1 I\ -

0 1 2 3 4 5 6 7 8 9 10
Tooth mesh frequency kHz

M2.11 ToORHILRETANILVIOER
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AT RV 230N, 15N @Y EULESEKLO2WVWT, TEhEROEBH T
DBEVANEHEUAEREER4A . NKRT. ~RIUEHOESHORE L, 181E
AR MV KRBT REEZALNH DU Fhbh, EROXDIIKATF RV
pHhAEC T, BHOEED 444 (12dB) KR 5. BT, 3kHzBFOHEETH,
COFHEILKEBRUTWSS, KFETEBLTWS 3kHzB LOEBKR TR, &
FLUARILOERIEL~2BILULABERY, £E, UXNVOADHNBERTERD
LB LRVWZ AL MBS,

UEHsT, BEULTWAEETIE, #BBREHCI-TETHIHFDFLHRIEL
MEBBTERALVWA S, DHFRBHUADFOBRHFILOVWTH, 2<HROI L
AN, 231 THELPIEREE, ZAFTEOLOORBTHLZEZALNS.

234 HEOEE (BHXNB-v,-s)

MEETT, ZHEORELTOREIAEL I R-EEFIBLNDZDN, 20
EQHRENSLTHEOHE (T hbEBBWER)OREL2 2 ZTRVWETT
Hbd., FIC, FAovEEEd s BEELT, BEEORERHBILE F1OY
DHHMHEEOBRMET, BEEIEOWNL/G6, BHBEERBAIWL/I0TH S 2D,

M2.121, BEVRILVDEE R, 2&H0WIREThllerHRAHFIO>VWTRY.
HHEAARENA L RRBED, TAOVEBELRA—-BxO@BAEINB-s
KOoWTHFERTY, ERICHETRLUTHEEBLTWS,

FAQVEBEHOFELUVAIOBEIE, FHAFOBEFEHIILIZLEDN
BE—UNELBHBNBN, Th3tRoFsoroPpEMIlE-T, EFEE
BMAHBEEEICRATEEKICELLRY, 208K UTHBEREEN L HRTS
SOE—IHBHEhTVWS, LAL, URILDOEERELUTEZOMNEDHIK A #
MEE (VU735 VAR) KXo TEARTEI L0, HFEUVAIVO M H A BIE
HOHEL I —HLTHY, HEOEBIRWI L HAHRBRTE L.

235 F&¥

WHEMASKHEZNEABHVAGEROFILONWT, ALORBRORA NG, &
BRO TS 74 THOLNEERE, AT LRSS, BRESHEIMERIRBET
5 (ThbbEIHFELTILBALTEBRL TP <BETOERANRIFICL-
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(a) to the exit side

13
B_n|
L 5 a= 276.8mm /
g B ]
& 120 X 276.5 /)
b ~a
o l
© 110
E
2 100
L
3
1]
Z{’_, 90
a
2
3 80
n
&
5 120
o
N
o
o 1M0}|— B-n -
© a=276.8mm \f\ v\ A }
v . \
: i

3 100 A J N —\
£ It
L \ u
3 90 ! i
§ B-s
a M ) a=276.8mm é
g 80— ‘
2 | Y
%) M\j k“l

0 1 2 3 4 5 6 7 8 9 10

Tooth mesh frequency kHz

M2.12 @EEHErFAorvHEEHOKHTOLE

THRETD) FHREWETE, BUAERTRIBHZIATWVWEZZ L HADD - .
EBRERICINE, o, SHBAMICE- T, WHEREHNEELY,
HBMEHT L KLEsTIY TSV ARBITTHMELBBTHILKREIINRBZ
ERBD., FEIFHBVRTNUMADOKF T CLVAVOR] bt L EMBD
EHHADT MR MHEROTCPHEL DB I L THULLEMT S, Zoh&
FREONHELEDOEH IS OFOFHILIZDOLFREEINS.
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2:4 %%

WEBTHEHLMI RS ERNHERETINFDVWERBOTE, BELHE X
ST, BMEREHMEEELY, EHREHBHI I L I-TIY 7S ARET
TLMNEL by, FEEBOBTOFBRELELTWREEAALNEG. ZOFD
RHAE - HEBRBILE, 23D VWAESETOIRADEEEREDBRVERDHE LD,
HEOBERLRELILFERENBERERER> TR TRINLN, &
RBHIESTEARW., 22 TEFF, FEUVRANEIYTPSVAQHEER, RUTV
ANVOBKELT, DAFUEEHLRBEREMA, Z2HF0HEEEHLIMNT B2
EREBE.

2¢4+1 BRITPRIXBHFEIOEE

ZFZTET, PHONWARBUBITZ2RADARBHLRENERBETZZE2ICL
. BEOEBERIL, PFEVWAEFHILREIITZLILEST, TZ7OKRE
HNEBRTIZLATE, FBLREIOBAEE, hHrdWEyFAET, BE - &
FEhFhoLy FHILETATEHEALDAZ LHAERAIIOID->TWS, 2
T, COAATORNDORTF &2, BT PELX-TTHRAL -

B2 3R T &I IomlBTCHENXEARYOERI SR LN 2onR i ¥
EFLORMAELT, $toREONELHMNEEL LEX 7M7Yy FEBEAEL -
BT RTUFREEMSBETIE, RhoBNLIARE TR LR T
RZ2D, BFAEALHKIAADZLHENDOBREIE U TR FHAEADO TR AME
DI, HAOBVWHRMEIEE I AR RAS. HRIE, #O#@Hszaen
BE Lo CINEHATHILBETERVDT, 2KROTTEER VT 2BK
HEETWMRBUE b, BBEADILITHEDI, ROAEHEZL, OB
DBNEBHBLLBEUVELET, Nab oSy XVAOESETERPUE.

SR HE N A-sE AW TLz=3000Hz, 4400z 2 Y QMK THIZE LU =K R %
B2. 13w d. DHHVEDOTIO~15mOAE LS BHNRL" HFRICRVREHL
BHH2DOHhH5 (HHEBB ). EDOTF TV EARNETHE <Y, EHICTFNDIH
~40m DS BIAEIERITICRELLTWS (W) . THhhOEEOLI kEh O
Wi, PHHBVWEOEHICRHEARBFEELRY., ZhHZO>HIDMUBEEFH AN
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/L@.Liil

6x7 Tuft grid

A—A’ cross section ‘

y=-20—

=y

\J

.____A1

fz = 3000H:z

1300rpm,,
19 m/s P.L.V.

fz = 4400H2

(1900r‘pm, >
28m/s P.L.V.

X2.14 27brk&B3hofESR
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W, HEREIANFEEORBILAWVIAD I L TEBOZRRLNEREIN S
EDRELTVWEHDELHASNE., —HREE, Z20XNOBRIEEFHED
EBFULAVRATVWRVWERTHZ0T, BEONELHEC DA TEH- TX
ERAN, PEHVEHBTHES 2 LA->THFRMICEREINEDDEEZELIBZZ L
HEKSL, FECYFAIVEORERTICEDEVWEHR (IEDTRULE) T
i, WHREAEEEBRVADILIHELT, 27 FADFMEHMICAWT
WEDABDAONS, EEMHDVENEEL (AaBVIETFHH) KiEDd>—>
OBVREBULABD OIS (CC). ZhiE, 3BV o A0BETER
WEALTWENHZEO®ED, BUBI AT EL, IADOEKRTER
ERVRAD, THhKE-o THELBVRASAEZAAELH LY ZOFHICK
HENDBHDTH 5.

HEFEEHICTHILET, PHIHUTORNOBEF LMD EAEKS D,
DHZHMUTEET L Bhhdok, ZOHEBE, B8 ZHEHONAE
PEEOEHEKEE ~HIBH U TEEERAATESER2RVW—EBDX XHHEEBEL
TWa, ZOEXRE, BRWICHAEoEEE M bbb Amicifixh kM
ZRHWD L ZOEADAN DFEIERS>TWVWS, K2 UTHEBRDODRREZ =20
BREHEATHDE, BHETRATIFOAZIRIL—~FLTHY, BHEKOEICL
HWEDENVICK > TEz=4400Hz OFKRDFHEL (Fhbb#E <) BHEHT
Wh, Thil, BSEKAASEBEEHCIAHUALLMEARES K,
NEHDVWHOBRLTOZERDOFENDORHBIERKICI ST, HhoFEEIER
HEwmEICHEALTWBEZEERBLTWS,

2442 F¥YvRyIFroHh
THEEBERTDHEDIE, N IS5y YRPHBRED IV 7SV AeHT L
AHRATHBERERMSEDRATNSIO D | AMIERERENSE, DIad
WIETHhIITOLVXILDBREIVEVWLGFHVWAEKT, MMEROBVWEAFE
VAJLIEEWY (K2.6). LALZhHhiE, 243 TRRBEDIL, ZH0FD
THILKDHDTHHLEDAS, ik, W2.7, 2.100RLEXDII, 3~
SkHzD K Tix, MHEH OB W (T bbby U7V ADKW) HH, FHEU
NIV,
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BHEORERL HHRAKMTHAZORAFELZN, PHRBVETLET
BHEFUBEERATAIZLTH IS, BEREMNICHIIE, FYRYyTrE&L
ErEQRBEORG L BHAEELBORETHELEALNE. ZAOBAEK
Bl B THEHENMMAT LY, CZTCRRVTEBICHUTEREORER
AT HZEULT, ¥VRYTORRLHOME L HFORF L OBAE R L =,

¥Ry TOBHHEEETEHBOLEROBKBVOBMICH T H2EABILE
U<, 2B WARKTEBHLTVWADT, 201 ha5WEHY Bl
DEBETRDSH LY, AHAOEKL LT,

d Q dV a?
— = — =b (r&- — re282) ——me- (2.5)
d o d 8
T, Q ‘HEHLUE (m?)
6 WHEOEESA, BL-2/220<x/z; z T#%
b : EiE
a o WA e
re: PR
T'g. %ﬁmfﬁ-@
'65‘2‘51’11, :ﬂf)‘f)‘ajg\r‘ﬁﬂﬁf‘ - /\ Air pumped Out
ByExhs, £E-X(2.5)0% S “\V/Q;\«"“ﬁg’;ﬁ\
EEEBLEDOADSBBNETR O (Entrance side
ﬁllfd)'i&b‘i&b?ﬁil:mé. :n& -9_)’ 1pltCh
HRLEOHE2, 15TH5B. 20 OO+ | l o >
ime
X5 RWEOEEHUDRNABA B
BB T ORREDEY I H L (Exit side)
LTEHEABRHENDLVWDRTVS L —
Air sucked In

22)  HEHUEBRVIALDY LI
BEALTWAE LTERELEY M E2.15 vy UREDOEE
VicE HANE, ThitEksERER,

d d Q d2Q de o

p = ( | (2.6)
dt dt d 62 dt




rEES. R(2.5)ERKATHE,
p & 2brefd (if—)2 ————— (2.7)
dt ‘

Yy, SORFSICIHEEROREN 2WI LAbMB, Thbb, KEHNF
RICETZILVWI IO RBHRRATRVWRY G, GHERIEVVEY (VU7
SYRAMRWIEY) BHARELRBLVOIRBE LRV VRS,

EREICE, ZROHEHEL, BRVWAAESHEZ—HTHELTWEDTTRERS,
NHHWEOALESHELTWVS., ZOEDI, FHEORBICE> THRHILEN

MELBRBIEHHBDBDERDNAEDT, THIODVWTHBALETHRT 5.

2+4.+.3 TOKRHEDEFIVE
2+.3DHERERISEREMTLE, PHFRAFUANE—DOBIBRHEEH, 2HDH
WIEThIAR VAL 2 ETENSDVWAHKTIRBEROYVEDS D
DEDMBREENTVWBRLHETELN, ZoEHr2PENHICHBRIHHEILZION
HETH5. 22T, BORBURARTHHIVANOBROERHERT L AT
EZXORBFOBRHOBRNELR:, KTHBLX-TKHEIELLE
22T, BoRFoRMGICEET Ay VR EEAL, BUEATOFREDY
RIVEDPHHVABRBOBEREUTELTSD02 LT, MELERIMSELHE
MAXHLIDTO4 £HEEELE. |
(1) BEHD, BVWARKTERICLERL, BVWAHBTREI DL R2EX D%
HEEFH O OOFREIEET 5.
(2) ZoDHEFRDOMHMEIKL80° TH 5.
(3) Zo0FFEE, BHUFHICEAHBEdETREATEY (M2.168K), =
DD, BHACELEZ>OFOMM AL, 180° A5HIMIIHB.
(4) HEHMoHE#EJdERHOFRICE > TEAT 5.

~.._52 S1_- Exit side of meshing

= ge——=0< >
- l d "~ (to microphone)

M2.16 2FWMEFTIVORE
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M (1) KESZ-oDFEDER S1,S:%, HHOMMEE kBT A5
WOT 77 8—Ar, Ak, HEX (DHDVWARK) OHEKORE LT, kKX
DEIIEREL 1=

y 18
Si=Ai@a) —m—m@@8@ e (2.8)
vVei+ 92t cst+ il
p 14
Se=Aa) —m@8M - (2.9)

vV ecetv'® /et il
CZIT, vRBRAABKT, v=1f./5kHz& Uk, R(2.8)i%, BVWAH
BTy B ICHBIL, BOABKT ICHAT A, FEAX(2.9), ThEh
v, vRILHHIT D, c1, co2, c3ld, BEOLAROBUZE DY RRETS
HBETHY, c1=8.54X10"%, c.=1.142X10"2, ¢c3=6.192 Lk, ZhbdD
EDO0HBOER, FREREEZBDLIEBTESISILHREL .
T RE (3),(4)K&y, ZHo0BFFE2EHFAISHEEBOEI T,

d=de+ca»  cmeea (2.10).

L, BHROMNBOBORAFHERICHATILOICUE Zhik2:4-1 TR
EEORBOVHANANOHCEANRETIBUANMTLE RO~ FRBICE U TBE
THILEERT S, 22C, de=-2.5m, cs=2.5m& B X, éBlCAx(a)
=1EEEUT, A(a)d@MERIECTHE2.1TCRT IO BTS2 L
.

TR EY, B2 8K RTIOREEFESNE B, R(2.8)0HI
EBHBEE—HERTRL,R(2.9)DB UL ZHEEEHBETRLTVS, 20

1.5 |
S1.0f— 119 1.35 || B
= 0.94 Q

0.5! . !

312 312.5 313

Center distance mm

BK2.17 HEORBEOHS
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Sy ]

TAy(312.95)=1.35 ,7{1__;22?2
\//;

daB
[
8

| A»(312.15)=0.94

\
S

:j: s
// \

0 5 10
Frequency kHz

H2.18 HEEFIVLIIAEZERLEOHEER

Synthesized
SPL. response

Relative sound pressure

EFIEOKREE, H2.60FERELILL~HULTBY, ZOLZDHEENE
BE2.1NEH2. 722, 0L X<HEHHBLTWS, 2HHVAEAPSOTDORK %
ZT—DOBTHBHLEAONE. FLT, H2.1TLHDNB LD R A0fD
DIEDPREAT, BEUVANIVOBENZEULEMRLTHY, ZAFOHEE TG
BRI K- TXEEBLAVTHEAI 2D, 2:4-20F b HET S,
DENMSUVANDOAE, BVWKHMHOZ>POETEROTREZOYUEDY
KEo TETBHLEFIVAETEDZ bz, LENRST, 2ad0AEDY
VI, SEORRLIDRK LD 2BHEOENENFET I Lo TN,

2+44 BEOEBIOVWTOHH

DEDERREFBRCERETICHEDE AT N EDIDLKH T TWE M %
HELTHD.

BRI, v 70ianhiEfrsddnisRENEE LEEBRILDIZ 2, —8
DHEBFROTS T4 L-oTHBIATWAS, TEHFOREE, BAOHANR
MICH ULTEBTHAZLABE-RELLTHEALND, RIUREIHEHY 5 <
DEHBLTWASEAICEELMERAOMN BRI BBHIALTWVWDEE X
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BRBOT, FELRWV., £, FOEE (1) L ERORETH (L) &%
HELUELELADLTHAE—DOBELUTRRTZILATES 2V, ®H
YAARADEORELEEEEANE, FTOHTOEAOHAVIR YO THBDT,
HAHABEORETHE L TWTLAHHVWEARKLEVWDT, ERIABE< 2T
BrLTiEilicshy., Yok KEXD2, iFNTHAZNITENE
BEMEDOR, COFHINHFT, BRLOBLASZHEBEONETREETWVS
DI, FOBMBPELERIARZEDTHEEEASND. HEFEI B L,
BEINSHDVARBOEKCHATIOTEHEL RZDILH LT, FHEOMRE
BIRELLURY, FOERIASLERY, ABAFERHAITLEIDOILRS. 20
CEBHEEINAFTORZI LT HEERE (T bHbEAOKE) ©, BROBMAE
WARBREEIMATIDOLEAOND, ZhHOFEREULT, TOKAND
ZEEBREREMCABILIBENDZDOLHERTES.

R, DHEBVWRTHHOUVRILVOALVEVWIADWAERE, »HAHH
ABREHERBETE, M2.7, 2. 00CRLELDK, HEEROBHIIHLT
BEAYALEHELTHY, HUBELLLRALERELOBHETATHED
NDeHEENS, HEEDOABOHRED, HE2EACRER2LUEBELHEKED
DHAEEUESBE2TIELAEZELVIEZND, ZOFRELEIPHE-
TWBERT, TOETCORRDEAVI LIS TERZIATWEHDLEELD
NBH. EDIIOEE, MMEZEEELLEY, EEEEHTIUTS Y ARK
{FBEHFLRBZEVNIBREEFF-> TWA,

—FHAHFEVWRThHOLVANDOBRLIVENWIAHVWAEREXELTWS,
FK(2.8)TCHEINBIIRNBENE, ZTORFETEDREVDS, DHdViETh
TOHRBAENBEZ2AD, ChEPSHVARTIIMNBETRET D0 L #
ZEh, hHHVWETHHAAORAR (M2.140CC°) L HBEHELRBHIH 5
HENLBbhs, FEZOESE, RBRRICKZEF/GICINIEHMEE DL
EREEEDORBIKERETICRELTWAEHF I AN B,

M2, 150Xd>ILA0RFEOFBEISHNIE, PFBVVEHBHOMNEICDF
FAEETHHOLFREINEN, ZOHBIAFROL YR LL->TEIF LR
LTWAEEBICMAMICEBEKLTVWADOTZDFEICHAEY, H2
RHEUMCEASEOIRENOEFHEREL2VDD L Bbh 5.
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2.5 &35

FEHEDIGDHVWARBOEN D HHVEERERL LUTHEEZHATHS LW
SHEFROTSTADRERLDETNVT, ZOEHILEVWEISA 70y EAN
TEDHEREEMUMOLS v X I RREEILVHAILRE LEER, BTl
ENE LMD

(1) HEHBVWIEGRETEBEXATWAEEAILE, 2HHIVOEFTICES
BROBRFEILE ST, DHFHODNWEMEIS” BHE"” DEHATERVRETHESA
ENTWVWABZ LR ERHICITUD THRIEL =

(2) 2AHBWE, ZF2LTHHFEVEThOFRIEIKEEN, TSR
HUADBEEENRTWED, BHEAOBKFEIHW. ®HIL, 2adnEThAIA
OBHFILE, BEWKHEHOZDOFRIFTELTHY, EAbH0TFHBILKS T,
URIVDBERABEOHIRRBE2ETILBRRTELIZ L 2ERAILIEZEF
JETRL, ZEHHICE, SEORRL 2BEOBEIADDH L &RUE.

(83) Zo>b00E:2i, KEMSIHFRAHUEDHIVETHMOFES A
Wi Xh, BHER2»E<TDE (VUT7PSUVAEELTE) LB R530ICH
LT, 5, 23HVEThoEBRICAS23HVRTHOBZILORKES
N, BOEBEREOES TELE L 25K THDLHEL E. |
(4) #HMWHBE2ELTEILELT, JU7PSVAO#MEN-TH, BHE
DEFAALED B L RXBES RV AP MIRY, ¥V Ry Seo7FaI—
PHIDZ EEEEMICENST
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EHEOFEHORRGLE
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31 ¥/ =

EoETI, AASOVWEBKOTFAEIMIRELTWAZLE, BUHTH
HTBZLHATEE. TLTAELIOEIAREHRELTVEEENIEMT
i, MEEELRECLTIU 7S VvARRELT B LK IVEROBAYRE
BUThELNE VDA TWESN, ZhESFLDELL AW L2 HAL E.
T, BHEOHRILD, SR 2BEORIFHEILEFBL, AxdW
HDBABRBMEDFDVETAHOFEFELEBELTWBIENE, hadn
BEhBOI I RETIERIBETHLHETZBZZ 22 WA ML E,

UAL, BEOBHMPSBORMICOVTIE, RERELRAHSV. ZHFO
RELHHE, TORENOEATHEARLOK, HHOBRAEOLNE L AER
WX THREMITOHN, BERIZILEESRV. FE—RICHENEHRSL
i, HBHARYEOBEASL, EHBLOVTHAROEEIRIT B
DEZABNDG., TEZOIIRABNEZRFTIBBOHT, THOEEEH
BN TEBLBDNEDT, BHEOREL M & XRT H B0 % RBRMHIC
BARBZZEWCUE EHL3volla-BEoOBM2#EER >, FOKHOH
BILOWTRE EMA 5.

BORKESE, TRAKOMIL, FEOI/HPEHERORRK L V- EHERS
(2 LTHEABILEETS) KEo TREMT OIS, LEAST, BHL
TWHEEPI, THhHBLIAREAREINAEDOTHS 2P, HHAEK
DHREFEHOEEEE KETELEADNENB,

p <« HE(EHBB)O 7772 X {4, %2#&)@7775!&“@%0)777&

EVIBRELDBDIDEHFZIALNDL., TORRILKEFROERL LOMGKTEA
Zhad, X CUHBUNAABREIATWAZEISHBEEO T 7 7 2 EEBUAL T,
BMAMZHhAHEN, BHEEHROK (b/2) 2REOMBALULTREL I &R
Ui, %, ThICHBEOEIBELERTHHEY 1 —/LOEY, BHTEA LN
BI7IREMIBILILEST, HBODRUYETORATOBRHENEAONDZ
EREBRHISTLTW A,
FEB-ETOHERO TS T4 AHERRLEI-T, BHEATITLH
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THHPBVWEAOHBTHIZLABRBTETLVS, IJUKAEFROMNEORK
BEUTH, »arafle, radbnERokEa (FlMo28m) , 2HKE2H
HVWRThOEHIHE, 4B8FRABALNE, ZhonBUAAZDX I 42T O
PATCEEBHEULUTWADEOVWTH2EITORRTERETETVWARY, £
T, BEOBEVWEER, EHE2 29T AL RHEBEANEEENLOKSY
FIOWTERMICKRAL, 25, HE2EULEAEFTVEEISOFORHOD
HEEiioT, BHEEBDABFTVEHELMTHLARIK, FHROBMEZEE
L.

FREH, BEESTCORAORINERBEEHEBVWTHETHILILX
Y, ZBROENEFLOBEEZILODVWTOHMREHET WS,

3:2 WEBEIOREE

EHEIREOBNENRELEERETRHRBSITONIDT, HEOERTD
BERFANBZLILLE HEOREHLRFETE LR, EY21-)V, WE ©
BAZEAOND, SCTREBRLEOFHMAS, BRMICITHMERELEXRVE
ETIhSORELLODWTIKAT 3.

321 HREH
HRECEIT1—-IVOEBEEABZILATEDL LD, F3. LIRT LD R

2EREORENZHEL -

# 3. 1 HREHEHEx

Gear ID B-s-r B-s-m
Module 2 4
Number of teeth 138 69
Face width 110 100
Pressure angle 20 20
Nominal center distance 2176 2176
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22T, BosoWEELC, REOBRERMTAEDCABLELOT, BE
BEOME LTS BIHEE 0mTOMUEL LTHEET>T VA, REZE
THWEREE, ZNEREHICOMCUESDTH S, Bos, RET2—IU
ORBERSEDIM=4LLEHDTH 5.

322 HWHEODRE

3+¢242+1 HWBLLZ3FREBEZOEL WHORBEZARZEDICEHEN
B-s-ti2WTC, ®EZ I 0mIOMUELTILILAHHVEANE LI OM Tk
HERBEERCTHEEBEZN T UTHFEVANVORE R EL 2 figl
EEREUVRNOREDS S, BHEEER, a =276, 2m,276.5m,276.8m ) 33& ¥
U, B@ICO>VWTE, b=40m,80m,110moOEREH3.LIKRT. LAXHE
BICOWT, ZhHEERT(a)itmL, THEEBILODWTIE, #@HERE.
=276.5m DR E (bIIHRRLTWAS,

B3.1(a)hbd, péadbnwikdThfiicd (), FEVANWVIE LB AR
BARBOHME BB R-TWBEILADIE. SHILUVRIVOBRHEET
iy, TOWMMBROEACHTIEHGOLLOBREL, REEKR TS L
WESs THBETIAFRBIMELS 220D, WHEMREEIHLTWS, b=
110mP b =80mD XD ICEBOEWEESIIE, FREEBXEI0BTCHEHTL & &
kB, b=80mTikSKIzHECHUETTS. b=110mTREIOEBRAHR
MO SkHzA S B THELUT WA, ZOHERBE, —ETCLUVANLOBERELEREOD
IOUHMBEARBODLDITIREMTHERBBEBRAIFLIEDBZ 23RS,
FRADDEBODHIDDLITMCEATEIETT, URNVOBETHEEIRRS.

—FEBE(b)DMHRAHR (X)) TH, FEVAILOUYL LAY BRD IEEYK
B, hHEHVWETHHMERARICEBONMEFLILELS RS, WFhOEEICE W
TH, PardHVWIEITHHM (FHE) ABEEZAERWEIERTRHELT, e
HBWAHAPEDPBRAHUANEEBRH A FLFHEITHEDORABHLRERAIARD
Bhb. ZHh%2+3:.2:.3 LARICHRINE, LHRAIWAEEBEEINS
By D LUV, 100~110dBRE CHIT B> TWHEHETES, LB HEN
DEVWHESIE, SBHER:TEVVVOBEIFRHBIL R A268HEIBD S H T,
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(3) to the exit side

140_ G=276.2 mm
a=276.2 mm 276.5 mm [b=80 mm]
og 276.8 mm
S 130} b=110 mm
o H
m
T 120
.a; ne
@ 1ot e
g
3
0 ——L Ton
g 100} Front
Q.
e
3 S0+ :
” :
L A 13 1 =- . i I. - - l
' 10.0
301 (1) to the entrance side l
£ N
hd |
: W
© 110} . [ | ' !
b=110 mm ,
] eomn) y A el V{}W i
2100} A ; — e _—
g | ,
3
()]
@ 90} é
5 \ X
2 b=40mm
3 80— S
v
| ! ! L 1 | 1 { i n i
0 20 5.0 10.0
Tooth mesh frequency kHz

3.1 WWOBNEAFEREOE
{(m=2, z=138; b=40,80,110mm)

REDERMSEEL ST, EEICHEDYRA—OHELE > EHEVEHS
nNTHY, EEEEL<THE, AUEHIEEILREATEIIIEVLHH W
AEBEATHhTHERTH VWAL,



3:2+2+2 FEFROISTALEDER WHENB.s-+T, ®@Eb=110
mé& UTEEBRO TS 70 kb EaiT-ok LEZFEE(N)L LT, MdD
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75\6%\'(-‘5h\b?bb\,%\m\Bﬁ*bﬁb\&ifa‘wz?ﬁ\h‘f@ﬁiﬁtcféé::a&ﬁb’t%‘

Y, FROESHICELETBD LRV,

—5E3.3KE, PHIRAMAOBTORHERAS DI, THZEE (X)
> LCfz=8. T2k Hz CHE L EER 2 RT. TORBEEE, B3.1(b)D0FERE
DHEREREND, BRHEFNTLEEFLARACHATADH > TVWIRBTHL L
HBTE5, ThDMDAT, FHE, EROFARICLHAARIFERINT,
;@3J@&5mﬁﬁ®m%®%ﬁm&ahfﬁﬂén&m.T&bﬁ,ﬁm@ﬁ
BB AERS PEHBVAOBRTHALABIIKAELIIBRED
HUTWHEBHRTZ S,

cHzrE, PEBVAOIFRHFUIBRVERIEELET, HBOWKIC
HHLEXDhDERN, HHRABAAFTEERFLTWVWAH I L ERRUTWS,

3.9.2.3 EEOEWEAORARKE JoRHKIBEEESRDY, B
ﬁﬁﬁﬁ<&éa:®%%ﬁﬁné.%&Eﬁmﬁ%ﬁﬁ@é:a%,@mmﬁ
W EXQUBEERND, PHDVEAOELIEORHORENLATHLI LR
CHANTHEHH, E3.1(a)db =110m, 6.5kHz fF IS F 7= UV DA B
AELTVWDHDTC, ZOHRAeHLELT, MgEEETOTOFTREVNEHEL
., 3.4 HVWEOELIMmE ERBILLT, EHEANSHTHEGEHS
BIAS0mO S (RHR) &, FAI0mGEEREOR L, M F1D)HKT120mD
E(EHFY) CHHUABEVALVOQEERRT. T 2T, NHEFIRRTZ
TWAEBOTHEEBSCHUTEMUTOHAEEREEBRL TS,

B b, Etﬁrﬂtcﬁﬂi,ﬁ’&ﬁ#bf%%}fﬁé‘\%d)ﬁhﬁ@}féﬁmiahg’z{t
U, SRILBESETET S, cozend, EEHRIDOVWTE, EyFA
@EL&R%%&LTW%L(&M.~a,%&ﬁmwﬁﬁﬁﬁéa,uNww
HHiAH i AET 5H,6.5kHz A i T, HENOBENDILLENST, BILHFED
HL b,

—Ehsrall (W) T, MEMBLHTHIFLVEEIRD SN .
CHhODERDD BbTopk FITOHORKEREB 3.4 (b)IKRLTWVA.

EF2C, DPHRHVETFAHOZILOVT, Ey FROEBOHRREHLELT,
HEMDEAEETER, $£EI0mOMAELT, 5 WL BEILEERS
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1,0, (@) _to the exit side

130}

dB re. 20pPa
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110

1001
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T

130F (b) to the entrance side
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100 } ‘H Li\ ':'

dB re.20pPa
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o
°
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n
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Sound pressure level
w
[en]
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3

0 1 2 3 4 5 6 7 8 9 10
Tooth mesh frequency kHz

M3.4 AdrHVARLEHOE UCEDHMBRELETCOEREREDE

LOTop , 4.16 kHz Lgop 6.76 kHz 1.OTop ° 8.84 kHz
0.8 N 0.8 0.8
0.6 50" 0.6 0.6
0.4 0.4 0.4

<E =)
% , Front %@é = Front ﬁ{] = 4 S g‘r‘ont
0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0 T 0.4 0.6 0.8 1.
=0

3.5 AHHWIEET NN TOZ 08 H P E K% (b=100mn)
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2 HBLE. ZhPBVLOHDDIBHVWEAHEBTEEEFHARY, BAEITE
HHAELTOEENHE, TAEThORBERTCORKREECERLLTS O
FLEOHRS.5THS. RPIITHEED =100mTOFERERLTWV S,
BROEKHZA T TR, Tort BRUVEELOMBEAFTERRL B> TWVS., I &
YBWIHHVEARKTIE, BERKXOFEHTopd SFrontDH ABEH LD,
EEOEEMEFT A0, N—rBORR—VLRBZeHibAb, BEEK

DEHEBEE TKZCEENSI OFMERY, LBV HSVEARKT

HBCAARZ2ERKLS B2 HDAS. COFREOERHIOEAEHEBICEK -
TERY, BEOEVWFIAEABZARETHLEAFRED SN, PHFHVETH
DEDERFIOVWTE, PHFDVHOREFABIRRATH L LTHMET SO
KREAHDLHBUE, 22T, FUEATHULATEREDS, AHEE
K, BPbEVWEEERMALT, The@MIs2&IlULE

3.2+2+.4 @EICHTLIMEME HE3.1T, FEFARAKILDLAEDH
HWAHREIAEBOHMICBRE AL TELS 2B LMHEOHERRLEEL D
MicBELREEREADDEEX, PHOVEAEBRE TN L HABR IS SBRLE
PUTCHBLEABHDVWEABBROEOHBADKD/ATEEUTEELVANLD
ME%x 70y FUTES3.6KRY. SZCHMMER=276.5me L, (a)ik
ABBWEFAT(TRbbLHEEGT)OEEREL, (b)EAHRHHMID
WT (T hbbTHEIEAHET)OERERLTWS, »HFRAFMIO>VWTEEHE
ODHBHEL, DIHDNVEADELOBTEDOHNS, REFTORBBENAELAL RV
EEZAHNS, BEUVANWDIAEBEAYOHEHEILODOWVWTOHRLTWVS.

MHHWET RO, EE )BT, VRIVOBIVEVWIHH VAR
T, BEUVAIVOESDEARREVS, SHEICTEGEOHBIIHMHARIIE DS
FUIBE-BITBZLDDAB. Thdd, ZOEOKHE, 2*rH0HBKE
HETRMKANIA—RD/ANEREAT VS L WVWA, HRb/A=0.528A 5D
EUMSARICH RS, TOMT, W0k HE (B, VE) OB FAREOR
WS (O,AH) XL ABWEENHS.

LANLOB X YEWABBEILOVWTE, UALDELDERRZVNLODDL/A
THETAIZ LS T, BEIEYIHATVD, FEEBEBORVICE S LA
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dB re. 20 pPa

Sound pressure tevel
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‘ | A ] <—(a) to the exit side
} e e g0l <L
130} "W _
X (b) to the entrance side
l 110F -~ 3 !
A
120f ———— , ]v U N
2" b 100f — Yo VR
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v i 100
P S 20 N 1 B AN
v v: 80 a0 ‘
ve o ®: 70 8o} -—— ¥
sot v A: B0 *0
V.E? " 50 ° g
I Y 40 70t
i L L { 2 1 : : il : : 1 . 1
05 10 15 20 30 0.3 05 1.0 15
b/ A b/ A

K3.6 b/ATEBALELEOERTEOHES

DELHDERTHZEHEQURIH D) ERAKRTH S, 2O, ZTHhHZOD
B, LEEABRICD/APRENRASA—ATHELUBTEZ2500, K
MEENRHENETORARRR->TWABLEDRS, ZhHOER, B2.7
PE2.0DHMEEBIIATAEE LV ALOKEREOREISDEERLHE 2 &
STWBZERD, DHBVEIPSAURBETHRHENZDDL#E NS,
PDEMS, DabWABRKCTRETSEAEICE, b/ATEETESXD 1M
BEAKY LD, AHBVRTAUTOREREND, b/2=08du2 LT
FRhEUBWASDVWARKTEEVSUFELLEL R5HKP L, b/2=0.5
HEDBBIKREZIADZXDILUVANWNELKEHBEVD OO D WVEIT Il L,
HhHRHUOTHEBMBEIAZESD DL ANEINDZ &b .

3423 EBYa—Jl, HEKOERE

MAT T, BICEEORBOH»EWA . REiCW, EHKET2-LPHK
DEBILOVWTHRHNT S, WICHRBREEY, FREOFHHGISMHEHE X
XLBEABZELUTERVWDT, FREF, BY12-IXEHE=—ELWVIRHE
TOHEET-> . b, BRERASA—Rb/AaedsabVEAEKT:, Wz,
TYUa—J)vm, HHce, KBy FHEED,, HEUANEZHWTHZIRAS L,
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b _ _bece _ b,
m

A -2

L5,

FTEVA-NOBELRFTHED, ®EED=100m—EL LT, €V
m=2, #¥%z =180 @EHEK (B-s-r) &, m=4, z=6IDEHEXN (B-s-n)
YTeHER TS, BEREEAZLVWOT, R(B.1)XYIFHVABERIEL
WEZILb/AAELL S, b, AGEBEEY 2 -V IHEALTm=40
FAM=2024 Lo TWVW5, ZDO0KREE2ERTSOy FUTHEI.7TIKRT,
T, m=4DEENOEELVVO# %, I6BFIFTCTOy PLTWBHDT,
HEQEFTEE, m=40FHABVI L KEEBR2BT S, 2habd, BEGTRAT

(z=138,b= 100;B-s-f ) (z=69 b= 100:B-s-m )
o L] =
%130
= 4140
2 120F
© 4130
110} :

= 4120
@
= 100}
[¢}]
£ 1110
& 90¢
= 1100
pw
[ 1
3 s 1.0 15

0 . b/ A

EIWE— : ‘ ‘ ' :

2 3 LS
Tooth mesh frequency  kHz

B3.7 HWEA%LUL(b=100mm), EVa1— VWA RLIWEDOHE
& DR
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RHhHEBFHMICESY, BFEEEOHBREILS TSI LW, H& TLodBE
EOLNXILDEND S.

R, BIA—IWERARKIIBEEEABEORREUTHENB s- DR
&, HEXNB-s-tOEED =50mil DWW TORREEBLTHI.BILRYT. 22
T, b/mAP—ETHBHDT, R(3.1)XYBEUDL/ALNULTHETHERD
Z2LW, TEEFEUVUANNEOVTR, m=40BE%12BFIFTCHERLE. 20
HADDHZDODORUTOTEREDOHZOBRIEIEBR—FLTWEHLHBEL T
X, RBE3.7T:H3.8URLEM=4DFELERIRA—DBLDTH 5.

REDHEDNS, BEY2—-IPHRHEDVBLRDIBETH, b/AE2E—-DERAA
FGA—=REUTEHEL, ZTOLT, BV1—IOEHBREDE CICKA2HRE R 8
T, EEOEXBTOBERGER2HETEZLVWA S, §bbEEQEER
HATHI2EIa—)l, BY, HEL2EEBRCEAEBEDOENEOBRE IR, b

(B—S—f, b= 50) (B-—s—m )
d —m=4L, b=100 [—]
o 2 3L
= 140
~ 120 F
aa —4130

1 L
= 19 4120
>
a
2 100 4110
J
A
QJ .
s 0 1100
O
[
how |
h : :
v o 05 1.0 15

b/ A
Ern R T S
m=7] 4 6 8 10

Tooth mesh frequency k Hz
M3.8 WirEeYa—Jl, WEATATRLRIBHEOFRERLE DKL
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éﬁﬁ%ﬁ%%bfw&&%if&w.:nﬁa,#b&nﬁﬁﬁwﬁmﬁﬁﬁ,
B gEOREECBBELTRELTWADITTREL, b/AR38RARAFTA—
AL HERENTWVWAZEHESMITEE,

3+2+.4 HMUHELHITLIEHS

RECEAFORELBEHCIBORBHFHRGLABRICHAMAKY LD
ZreHhbhY, HMBTRHLAEEDIK, b/ARIBRANRIA-HLE-T, &
EREHEEMBCRATEZL 2 Mbhok, T CIOMEMEIRELTY
BENRSA—-HERHT B,

HEMEISEFABHAEATWVWELE, HEBPEATCOFEREROBIIHE
$57778 (REHRIELEIZICEDLE: 2 TELsTHT) &, HFHOD
BE:MHEIHIERA ALV IDOERERT B 777 8 £d, ELTEEE
BRTIVBEFTICLABRALEEI OB I THREORERD 77 7 2 IDILK
- T

p « fsxfdxfpb mmmmmm——e- (3.2)

LHERITIELHTES.

2T, ThikAN, #HEL, HEDd, REHEED, HEr OBETHH0T,
IhHhH, HELEROLD/A, BEEEHOERDLD/D, REA (D H
HOE) ALOBHAETORB I REBEEOK r/DOBEKELT, fb(b/2,
b/D,r/D) D& EADBND, TITR, r/DE—ETHHDTEAT S.
FE3:2:2:4D056DNDEDK, b/DORBRBEREERLLIETEOR
BE AR REPLEBBALT, b/A0HOBKELT, fb(b/A) LEMTE
5.

X512, SEODHD T 7 7 AL OVWTHAPHRELHHA3-2-3DF %K
D, EEL/AARERSAAELTIVWERDLDABNT, ThiEHFDT, b
/A DB EFH XN,

p < fsxf(b/2)y  mmmmoes (3.3)

YERHER, 2T, BlIHOLsERMULTHERORER BT 5.
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32441 HXPRUIHB0EHE —_ETLRYELTEFVRYSOHE
LEHOTORAN, FTOREEHERRITIDLOLFIAT, HUMNOEHEAS
5. ¥VRYTOHETHE, IITHRYIB-TWERHFLERERY, BHRAA
DEEOHEAVABEELRVY, ZHKDSDWTHE-RESLLTERIZZ L
K9 5.

BHEDEEWR, HEBHTORIAOHZIH LORBELRICLH T S22,
Thbb, HAHEL2dQ/dt [m/s] ETHEFFEREZOEHHS TR 5B,
- THRVEATOBEER, ChoRHEBIICKE TS, dQ/dt OEE D 1 AMS
HEEAIEAVWTR(2.5)DXDILHREDZND, BHREEICHLT

dQ _dv _dQ 46

dt — 4t ~ d#8 t (3.4)
22T, VIBEHITHIABEHRKELHE, IHEOHESA
CEBTE, M2.150HIhb, 2hik, 7—-UIzREDOET,

dQ/dt = {gqe + Z qgicos{z 8)}rwse  ==-=m- (3.5)

ﬁi[/ W(3=:d Gl/d t,

CHEEBNS, TORHDI=1DHIDPHDVWARBKOFORE &2 5.
2T, g dHEREORGES OP-PEICHBT NS, R(2.5)kY,

T Iy

qi = belrg0)? = b = b(

0==xn/z z

cosa )?

ThhS, PEHVWVABEKOTEEL LTSNS0, TOWATHLIDT

d®Q
o < qivzrwe®e (-sin(z6))
dt?
< bm?ez wg?2  m====- (3.6)
F K
b
C — &) Zzorne ““““““ (53. 6 ’)

_73_



z:f, wz=Z’C\)G‘fﬂ&—)é. it’_, wz=2%fz=2mca/lf‘ﬁéit’&ﬂﬁ3
I hig,

1 1 b

poe — —m(—)2 e (3.7)

b =z A
AESHhDL, Thbb, FERESEEXRANRASA—2b/ATEHET L L, HHUR
TOEFENIEERCEBICRKAL, T2V 2RICHKHATSH. TLH3.6,
7, 8o#iBE, R(3.3)nf(b/), R(3.7)HD (b/2) 22RUED
DTHBHI EHbhB.

3:2+4+2 HWHROBBMHEILK DRKRE ANEpXVvRy Xk BERE, »
MABM (XE LM ¢2HHVWETHH (FWRAHH) LTEHEOMOER
EEMPDLOEANRIIORLEHATWVWS, Thbd, ZRADEAVEENEN
DUT—BIEPHLTEIATWEDT, 2ORHBLSHILOVTERERALTY
o BRLCE, EA2AHVOEBEABFLIVWDILEADNSLDT, EOWT
DHLIBFTOBEOREEAMIZLELNH B, Z0EDKE, —DOEHRE
Lo THERENAAREBEIKEBLT, 206BOELEE (ThbbHBERAA
B) 2FMIA20NABEHUTHHLEFEALNS.

22T, BROEAVEERT S, ENOREAFAVASE > TWAHEKOD
Ex%L, VoFAREER vETHIE ABZOKRKECROREIME, LIIK
HBRIL, vicl#d s, SHICABORERE (s eHERXEE) 108 e
IT5HM5, REHLRFEHDOTERE,

dQ v Xm?b
dt L

THRES, 220, CoFHEAEE P #HVWABKLAREY yFOME LT,
v=fz><7tm

TEHFEOBEXILY, S RAOEMIYVEEMAEELIEBE y FHEENS
L=2mv (z+1)
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THBH0,

dQ fzXzmXm?b
R (3.9)
dt 2mvy (z +1)

Th, BHREISOEBROEAYVDOREOREETHD., FELULTWHEHED

HHAMETE, HAFTLEIRBEILEBTHOT, ol PorlHEYES

had, %oT, R(S.9)DEIHIHMETOREFOEHOERBOKEREL R E

A0, BEXECOBASICERTIOT, 2hite 20T TEREZ&S T,
d2Q f,2Xm?b

o €« - e 3.10
P dt? v (z+1) ( )

TETCz R IICHEARTHFLAZVWDTz+ 15z &FEPL, EHICfz2HERE ALK
EHRLUEHEI I,

p <= ( ) IS S (3.11)

Y, R(B.TIPFERICREHTA2DICHLT, R(BINTHEEOEFH
RS 2L 2 ARRRBIETTHS.

3.2.4.3 EREZEOBWHE K(3.7)(3.1D)EABTORBRERICHEH
LThb. ChbDERMDTs=s'X (b/2) 22 HEH0T (b/2)2E, A
WEDRSA— 8 UTRELT, ZOIXT, b, m, zOBBREEDISZ
bl o M

3.2+4.3.1 HEOBE R(3.7)(3.1DWFhOHETHEHK N
SA—5 b/AERBEICE > THALETEN, HBICKERTEI 2 b5,
FETC, M3.6(a)MH, b/A=1.5,2.00BEDENFhIlHO>VWT, TE.H
AMY, EELOMEE SOy FLTES.OKRT. MASHAARKI I, ¥#
Eitpocl/b (F1bb-20dB/decade) DEHIB D EA—HBMRTHSB. 2
Db, b/ATHBHLELEZOIHHWARKOBOEEL, 915 L
LTWaE W TV,
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O:b/A=2.0
— [-20dB/Dec.] |®:b/A=1.5
S /
(] — a=276.8mm
— 0\©\
© 130 dB ~A_o @
am : O~
@g o\@\a_276.5
a -, | 130 dB O—~a_
'8 AN 8—5\8\—
=2 T— -
2 0\3\0-276.2
130 dB 8~0~0_
O\
] | | | |

60 80 100
Face width mm

H3.9 b/AF—EDLEIOTELEBOMK

83¢2¢43+2 EVa-—), EROBE TYa—/bm=4, HED =
100m, %z =69% (B.s-n) % E#2 LT, m=2 (2=138, B.s-¢) Tb
=50, 100m& LESHEIHO>VWT, ARICKR(3.7)(3.11)T(b/A)2RBRWT,
W zEEY2a—ImEEBDILK->TRENIHBEOERE KD S &3,
20D & DI 5.

CHhAMNSR3.7TTIABOET ORI I —HFTHZ LW, X(3.1)%
HETAHZEILHBET B, WolEH>R3.8TRHA(3.THIKHNIELTI2dBD T H
BEEZ BRI FERENEL BT 5. WMETHHEEIFE UL HEORKRDE
LWoOT, BOBFILSIXEIHTOEROBRASZELVWOIH LT, 8#HTIL,
WA RRDZZEILLDBERENDZE, TLhDEFEBHLIEI 7V RAINRLS
ceEHFANE R(3INIKEVWERTOHMUUMDIKINLDEFTXDDNHMNDS
LWweHETZ S,
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#£ 3. 2 BEUVAILOE

B-s-r B-s-¢ B-s-n
b =50 b =100
(fig. 3.8) (fig. 3.7)
Module 2 2 4
Number of teeth 138 138 69
Face width 50 100 100
Eqa(3.7) ~12dB — 1 84dB 0 (ref.)
Eq(83.11) ~ 9dB - 154dB 0 (ref.)

325 F&¥

DEOERBRHBRHEDD, PHHVWARBRTEINICRETLITE, BILEED
EyFHABRILEEZIND L WO KV, HLETHL/ARBZBRANITA—A
KHBEATREBFEIATEY, TOET, BY1-bP, B HHBOFHE
RTCEERDZTI7IVRILKDEHADIMIONATNE L VA S,

3+3 TFNBRLLHTEBUOHE

HEQRANSOREF AT AHETE, 2HdBVERROE DK I,
b/AREBEEARTA—RE LT, RMBEAHEZE Dok, X5 ERDE
BEMBICTANE, IJ0RAPTHERENEYOBMNILHI2ODM2HBLEBELNH S,

RUDPFEVWRTHhOURLVOBLIYVBOWISDWVWEABKICEBLUEELE, &
BROJTS 74T, BEHROEEHE LAHECE AN LD TOEDIH
METRELERERA, 220, HHOMHVWEEFTIMELT, Z20HE
FRBELT, DOETOBACATHE RAEHEREES, TAASKEENS
BOEBEEARDIET, PHHVETNICHKN XN 5T OB k9% &0
EMIUES 2 Ui 328 THaMLEL DI, BMAEVESE TS H N
HOBE L ACREOEFKBERTNS L HBCX 5, LER>T, MEDE
WBAT, SORNOEYEMADIEE .
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331 =®=FIEFHE

HHEZELAMBELLUT H3.10KRTED KEM4mo M2 2K ERT108
m&UEHDEAWVWT, ZOERAOBAIIITRFvIAVHR I ERDRAATY
5., NHEHVWHBRTOEHREODHARMTHEDT, /1 Vvihrve THESERICR
FIL, ERENEMANICHBETEIZLATERIIILEoTWS, 20O, Fh
EFROBEBLAMBEL OV, B THREANTINVICRYS T T Y
Tv—vYavgEffn, BRIGRUEBSERICX>TENR—HE, B—HT
FERHAITDOLOKLE 20X Y UTU—va v, RT2Fuv 24V RViE
BRATHELULTEZES TWABIE2HBBELTWVWA,
AVRVRTHEARICEHTLIZ LR, HHHDVWEATEEIREFRICESE
KAHLTWBZZIHBELYY, ARO—FEOATRATHICHHT 3, 22
T, §ELEM>TEISEL . BT EBEE DTS,
COETNEREHVALBOLILEY, SHOBKHBTONELZ L VEEL
UT, HEHLHASI0mOMETS® PELEE2IELCHEE#EERDE, &
BHUER, BUBREAREBEUTOWRVWERE CIT- 2D, BELVANUAEVES
MERITERNORBIBATELZZ L2 BBLTWV S,

Magnetic Balsa

earphone _
Microphone
S oo
160mm |

M|crophone Mag::rt:jchone
. Circular table ‘Qsci[[ator |
0

- - 4 -

Variable phase shifter

L )
| | |
! [Power amplifier] !
i |Magnetic earphone|
] [ gneti : P ]

l'_‘"_*' M

L_m__..__.._._-_l
7T/

N I

B{3.10 @WH2EFIVLL EZEFHK
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332 ®=FIEFROREHE

M3.5WKmLEXIEN—-IBOREESN, ZOEFTINERTEATEL L
RFHBITHEDIC, MR ERE LSS, 13,844,150 3 2BHL 5
&, I~¥TOETE2BEULESESILOWT, REMLAKERE U T, 6.5kHz(A =
52.3m) CoRMmMEERHBL, 3. 1IIKRT.

Hf (c)D7THEETERELAEBETWE, EZ0RAEORE—VIK, ZORE
DHGEREHFEIEBBAINLELBEMNESEKET S, C—skofEmksiEiE
ZLWAR—VEHED2OIHUT, (a)DABRTCUHERTTCOTFENELS RS &K
Sichd, FEOHRMETHE, FEAOETELEHABDOSII3L00EEDF HIH
RIEFEZICREZETCERY. Zh25, PHFHVRETHRATHAIACVETR, »
HFHDVWRThOEEOHRILHIEABFTEIOCKASTHTWS L HEBTZ S,

HEMNSOBRFLETNLVERELSOBRHLARLIDTHSHZ 22 AT L E
DI, Mo 2R LU CHEER20.5klzE 21, ARoBRENEL2T-~ 2
DEEHBEOHMARLOLTAIH B EEIIDICERBH>OBRM (M3.100s)

b o ) (o) I 0 .
-30 30 - 30
o - 67@\%‘ - 60 ‘ 50"
. . . . ANNVe
90 -90 Qg - ; .
i 0 1 %, 0 150
Normalized sound pressure Normalized sound pressure Normalized sound pressure

CEOXeX-XeXoXe) 006600 B X XXX X
[_Smen)] L 108mm ]

M3.11 HHoOBILXA3BMHEOE/R (€7 /VEE, 6.5kHz)

Normalized sound pressure Normalized sound pressure Normalized sound pressure

4.5 kHz 6.5 kHz 8.5kHz
M3.12 @AE#HKcEs3RmE0RL (£EFVHR)
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#0m, 0.5m, 1.0m& UEZFNRNETHhDEELODVWTRDTWVSE., ZO—HEX
3.121cRY. BAEEOF @I, 4.5kHzTO° 2MWVWTWAODN, 6kHzf ik
THEMNY, EHLBVWARRIRZLZHH0 OFHMICE-TL 3., ZOKRT
D, HALHAEOBRIKI.COKRLEML TV,

FIT, BAKEORDZOOBHY, TLLHEXFEFHOEL(0® )2 H
AEY, BAEELH TS0 FHOFEOLOABRK - NI 2B, ®H
DHHEHBVWARBOEFLEFTNVEREMNSOF LKL D>VWTEAL, H3.1BIKRLE
WEOHBE, ZORHGHAERAITIAEE TAETLNORBEOKRZIVARK
KHTAEAPZDDTEHPLTWS, LENST, 2HHVWETHICHIEW,
HHEOHROEEFRL U THESES> TWDHLHETE 5.

(a) Gear sound

—%

(b) Model sound

1.0 1.0
]
£
o
\T a
o ~
) 2 0.5 0.5
a % Ct) as= s =
d = | __ 0:276.2 mm o:0 mm
= A:276.5mm A: 0.5mm
— 0: 276.8mm O:1 mm
"4 5 6 7 8 9 "4 5 6 7 8 9
ep""u 40 40
© 30 30+t
Q|
ff ,
a 20 s 20 y =
@ 4 !
— 10} 7 A 10f i
=1 i
= ot £} . ol : .
E= 4 5 6 7 8 9 4 5 6 7 8 9
Frequency kHz Frequency kHz

M3.13 BREEAME, FELOMBEEICHT HEMMDLHK

333 B{BBAROV I T740I1C&KDHEIE

BT, PV THAICHAIEHIE, SHHTHHIZEMEEHETEED
T, ThiEFER0JS 74 & THABTH. BFEFRO TS 70200 MIE
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BHUTEL RS BREROBE L FA DN, ZZTHWERFLVEREOER
3108mTHBDT, FOREI mMBEILRMNEEDONHORTFRLESADND
WA H B, |

FIZTC, M (BEBPR) OAVRVOH 2R LESEE L, RO ETO=D
DHEEFHLEZSAILOWT, FBRO0JS 74 L XB3BFHROARMLBOERY
BRELE H3.20b=110mOEHEICHIAIMBICHIEXET, 6.23kHz(4 =
54,5m) & 8.74kHz (4 =38.9m)IC O W T DEFE %, H3. . URT. EH5H0AHK
BTh, MERSHULESAILEEROPRIATEINFLEZIHTWS, #1871 5K
BLEHEE, 6.2kIzCRPPRABICEELEZh, 8. 74kHzCR 22O EAFEH
REWLDEENTWVS, ZHIHLT, BEOREBILEERO ISV 2EH
LTRDEBE(RS3.2), 2<ATHLLTHEINZATEY, Th50HLD
AH, DHFHVWRITHHICBUEhAEZATRIEBOHRICEETBZETRETHS
WA B,

334 F&®

REDXDIK, BERE
FIVEUTHEAL A
AHETEHEFEILODVWTO
BEMD, b/2>1DOHEHK E;I:z
€, AHHVRThTHRI point

source

ENDHZHEOFHRE, HEOD

HRO[REFETHDHI L %
o MITE =,

i

- point
source

F3.14 =FIVEHRICHTAEROABALER
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3+4 WEAYERHEILIDHEE

ZHEOKHER, TORRLRIEBHROR Ly FHEL, REBREZVWIHIE
REBLTHRESTONNSE, 22T, ZAFORBEEIATINAGZDOHHA
ENEITAL, HROPRICHALILERY - 2" ABEAVEE” 285RLT,
REGO¥BERIFLE, FBRBAVEEYE, BHORVTHEORED S, #
BTHOBIAEINEDOEEILEINHATHWEILEADLILATES, —FHFE
EHILHANE, H<ETHL2HRBOHEAAZLTVWIDDLEHPTEEHDT,
ThODHMBEENETEZIARELNDL S.

3+4+1 FREH

FIC, HEOHRRICHAFRICHEBELD ODRHE LK 3 I5IKRT #E e THE
L, EVa-)bm=2, 8%z =138 LEEHE, #EEN LT 2HERE
BELR-oTHY, #FEOEdE,2m,5m, I mD3EIVE2HELTEOED
BBLRATZHLICUE, LRPHBOBEIE, #AEMXYVSm (BEAXY
#0.5mEATnW3) 2 LTWa,

] Q Module 2
0 o :’;‘ Number of Teeth 138
p=l r_____f——_— 3
[ Face Width 40X2
$240 .
T Groove Width (ds) | 2, 5, 10

BF3.15 WEBAUEEHE

3. 4. 2 HEHER
B3.161, AREEd,=SmOBHAISEFELLDFDVARKOFTOH
Ak, WME®a =276.2, 276.5, 276.8m& UL=2HSICHMULT, HEDb =

40mn, SOmnD EWHMISDEFDRE LN U TRT.
MAHHBWETHHUTOEE (M3.16(a)HICKAVWHRTRRLAETFOES) I,
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(8) to the exit side

140k a=276.2 mm
276.5
. “SPUT) /o768
a a=276.2mm
S130f—2=276.5
« a=276.8
o
® 120}
T
290}
L y
o
§1oo————
[}
4 i
T 90} /
3 r
(7]
i
A
{ 1 i ] 1

0 10
(b) to the entrance side
[Double-spur geaﬂ]

120F

(@]

dB re. 20pPa

i a=276.5mm / »/‘ f\
f I
Y AR

a=276.5mm

100

80| —

ﬂ

az 276 5mm

,...
-

1 L I I !
0 5 10
Tooth mesh frequency kHz

Sound pressure level

K3.16 2»HVWRKARLETHELEBMBAVEEDE EIRE
(a) B HWIEITHHM, (b)) MdHaHfl

BXE2kHzH WM LHULT, 3kHzfETI100dBRRE & b, F/=, 6kHz~
SkHzDBEHIC L XV DB EED, FAMNET S HH VA KIS EM ER AW
EEEW., ELT, VARAWOBRRBASDE, FEUVAIVEIBICEET S, —%
MRl (K3.16(b)DKK) TE, HW2kzhHA ERH UEHEER, 4kHzT
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BLEFUN0BILETEL, ZhULOAFKTIRIEE—B2ZREH, POTERIK
OEB R rd. £k HHAEREELUEFFAFEVANIEND. 20X,
EEUVURIVOIBEDEGH OB, Mdrdbnddh, rrdafilebic, Z&ET
BEREBEOEELE—THED, URNINOBRETIAHRIBL ko TWna,

ChopER2, IFIRLED =40m, 80maE g+ HET 5. HMddHVIE
FHhUTE, H2kz2HUVRNVAFEELEETEET, b=80m&EEFELL. £~
VARIWDBREET B2 L rOMMBERICHT HEEE, BXUTEThEIVEWA
BRBOTEOHBIE, b=40mOEHEMNIEUIT S, bbb, #BAVEED
2~5kHzDE (VLANWDBEYBEVIGFHWHABEROE) WEHBOMRAI DR
{, BOBRHILERBICERIATVWHILEIBIEATESL, ZhilHLTY
AIVDAIVDEVWEARETE, b=80mTEBOHRIIMEL TWETEDN,
HELL->THEBEA D ENEZET, B40EBEOHFRIIBH LEDDLER
TE, b=40mD L EZDFRN_OFEET HZ LIl o E-T, TOFKD
WTb/ATEMIZEENLDOOELUTHLAOHBEHZIEL T3,

8 ~9kHzTODEEWR, b=80mDBEELELLIR->TWVEH, ZHikb =80m
DEETHEREBRBAERDZFED, BELHASEMFMICHAELTWEDIIHLT, &
BAVHBECRIEEELNEEBRREARDEDTHD. COBRBREETHET S
Y, CORBEBEBTELD =80mDIEdIH2~4dBE < 7 3.

BEND, VALOAEYSEVWARKEXRLTVARIRD /A R EERAS
A—=REUTBHZATWEHOD, FREOASFLREHDEAVIERBEDARIK
FELTWADLIT TR, ZRAAFEORSIE IR THAEMICBRAZ LD W
SRy THRBLBELRERABDIDOLEET X 5.

MHAHBPIZOVWTE (K3.16(b)) , FEVANWDOYHEAYIED =40me
b=80m M ICAEL TS, 3kizBl EOFET, b=80maEHIIE, HaH
HBVWETHUAKEZNETIAERTRH LT HFRANAOFEFHT E12D
CRBBRERARSI AN, HBAVERCTELNZHVIETAUAOFO KK
BNl ros EEDILRETORENNE N, ZOEERTEGED LV UNIE
WHELWEERS, UEDS, BAVHEDDRHFRAHUANDHFDOERE, KB
BICRNED =80ma B AU THEEEA, HFEBOMBTIFELAZ RV EL
B, COBNEBEOTBICMNBEITSIDDOTHI2LFANE, HHrdbnWiEdni
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KEBBHEEZANEETCEG AU TNWDI LW EHEFERRITANDZILHNTE
05, TOBREROBETEL, EHEARILIIHERARZEORET, b/Ak
BRSA—BIBEXDNDIDOLBRTES.

HFEAVEHEOBEKE, 2EEOERICNHATHROMBOMNBILZOER
AHY, BEORROHRLIBEINTEIEHFZEIN TS EDIKD =80mD &
EOLDBEORELHUAT, DFIRBEEADZLFIX OIS,

3+4+3 WHWEOBOEE

HEOHREE, EHNEFORBEL 2RI EH L HPRHETHEN-EITUH
MICMUT2RAE:R, TOFMATHEL, ZheRABILHMEAZARCEC S E
HZLTHdLEIABNG, E2T, YOREORMERITINEGEIHZ 0D
REBRTRE LU E.

3.7, MEAEELa=276.2me LT, HEOEI 22,5, 10me EX =5
EOEREBEERRT. PHHOVETHRATE, VXNVOBRDOMNBLRREAFED
WICK->TEHTHN, TOECETHMERELLEAZLEOIITFLIE RN,
2R UTCRAYEOEOEBEIVWEWVWR, PHAHUTOEHE2EH Td =1
Ommﬂ)ii:)7)‘%5[/’\")1/73‘3?5‘64d8ﬁ§2<ﬁléﬁgf“%é. IHhHDEHIE, F
LT ZRAThOEBEORETORNE, HBLL->- TRBEEZITTVEEDE
Bbhhs. |

3+4+4 EZ

ZHEDRBELT, BHIATENEBRUBLEAYANAHLH LRI TILH
EBMCULE. MEETORMICENIE, ZONBEAYIE, URILOBXIVEW
NHHVWABEBEIRITZ2ESTE, HHEORNY THHILXZDBDT, vILD
ALVEVWAEEEZIRTEIIDEDHRARUMAOKKRTIE, BREDHABILLS
HbDTHBHZ Do = ;
NAHHBVWETHAUDOUARILOBREIVEBVEDZIZOWT, b/ARHIHIRDE
HBAAIELAZ LW, 1/ y FHAREVICHKALTWDZ NS, by
S—EBEWOHORUTHEIRLELDBD AL EEKRKLTWAS, ZLT, #ADOWE
DERFE, R(3.4)DEHLKEAIHMD, AEORKEBRRVEARAEVvODE
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(a) to the exit side

- Py

)
o

~
S

dB re. 20 pPa

(@]

100

90

Sound pressure level

120

110

dB re. 20 pPa

100

90

80

Sound pressure level

Tooth mesh frequency kHz

M3.17 HEBOEAIFERBEILLRETEE

NENICHHAT S, WEEBT 21— WA—ELFADLE, KEERVIIEED IO
Bwq 506,
d Q dv d 9
& < bey = —EfH -—--(3.12)
dt g dt
s, EAMEIZOKRAELEATOBHEETEH - DD THD. Z DB
RO I THERILEORVWRL LT—EMEUTBRYBRAD G, HBIOD
BEOREILE, ZRAREN D2 - EMICETIERETILVWOIUHEELIHIDHD
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LHETES, 2hid, EEOAEISDERKOEFROMTREN—EHE -
25D, HbULLBHNLHERDIFa—- I L TEBOHRICEEZRENET I L %
BEHRLTWBE2EASIBN, ThULOHERTE 2D k.
BEOERNICOVWTH, B3I WOEFLAEERZ2AVWTEESBILFTEI AT
5X5EULTC, ERCOHOEREORABEBREE2HI U THE EORKREFRDOR
24, R(SADKHZXNBEHILFEB(TLDLDBIITCHRAKBB D2 RICHHAT
52LTF0y rd5E, 3. BURTEIOIKEBILEI->TEOEFREDMLLEN
VEDRBERS., ZOEFHH, ERORHEDFTEOED (harRrsxfl) & XEHMU
LTWa22hs, —BOF—VOMROEIILBRICIZERALEORELND
Y, TOEDIELTWBRDDEEFEAILNDS,

130

(a) Model source, b= 108 mm |

as
o
o

110r
100t

90+ O
& Gear sound

o for b= 110mm }{

Sound pressure level

0 1 2 3 4 5 6 7 8 9
120

ds

10

| Gear sound
= for b=50mm
o> 100+
Q
C
o |
w90t
Q
[
a
=)
S 80 Gear sound
(@)
Z for b= 40mm )
70¢ 0O
0 1 2 3 4 5 6 7 8 9

Frequency kHz

M3.18 EFILEFRICIHAFEOABEISED =40, 80mn
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3+4+5 F&¥

DNEOHBAVEEILEIZIERERELDS, 2HHVETLAHOLULRNIVOAKY
BWARBERIRTIFE, EROFRE, TOERIOSHATHIHMTHFALD
REINSIBAMEBA B LI L S THERATRAEBEATLIZILILHELT
BEIHhTWBEEWVWZ 5,

—%, PHFRAHEP, HrHFDVETRUVARANLOARLVEVWVEAFEEEZZELTY
5, RHOABIRE O —BOFR—VOHRKLI-T, FEOLBEAY A
viha—=wEhtTws., TOBHEOMEBER, EREOBRICHHLHEETE S,

3:5 BABHEAFHILIBZIFELOFMOHE

BoBILBWT 27 EHVWTHRDVWEESETCOERRADOHENOBEER W H
LU 2ORE, BEOHREETHZBVAEADNSIZBVEThOEEZAD
BOEhE, BECSVWTESN L BZHUNORFRVRASSH> TVBEED S #
FHIEHEE I ERARAIRIC I TRESA TR ZTNEDD LA H B2
Ehbho . BEOBHEELTHEIDO,+FEEADN, ZhdOHEAAIEH
BORENLBBIIIDPDoTWS, 37 FTHETEZEDR, L ULTHINDE
BEATRbbDCRAEELRY., (BRKEL->TEETIFOERDOENEY
ABHEh, ThiEE-sTHANCEBAHZI LEMBILHATES, ) —HIC
BHERHENOEH LI > TRETHDT, ThODRVENDEKT, RGM
BRI LY, KhOZB2HB LT LOMBIIOVWTRET 5.

3.5+1 HEHE

FHUEREERHO o -7 M3 .19 HIGRIRIC, WBZ2mo Sorvd
(Prong) %EICHBEDS pum, HEBEHE1Im OX VI AFUEERIMITE
HOEMWE, HRICY S T, WHEEAREH (Fhfh: 7RETAE—)
WK TH5M/sETCHOREMBTRELIT-> . PHREEA-F—-DDHEHL,
ZHES (ACHES) oW Ti, BELTVWADADHHVWEKRKICEZEH
THHDT, WHIIAEGICEEL ZEMHEAVTA2AHVES (BOEHE
B) RBRYEBL, THhEFPIHEUTHWTRBESMELER2 L. 20X
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1 36 mm

20

Hot wire probe

|

|

|

15

A
|

10
ot D

&5 - — s
O_) —— T

S| x
= i
= -
SR

M3.19 AKHEFHICIIFHEFVHLHAEMNE

SLLTRDONEDPSDVARKTORELZEGO LHMARA -2 —DHEBL
EEHE (DCHED) WELWZEXT, REOHEMNMEZKRD TS,

3+5+2 WERE

WHOBKEOES CHRBHEH LI IHANEL2T OBEHRAMOMEK R LIS
Ko THEEAYHXAPTV., 22T, HMRTHBETEZAHEKIIK, ZETHL
EFA4ovBo@EdB- v (m=2, z=138, b=40m) ZH WU HRL2
76.5m& U THIE &217 - k.

FEMER, M3.19RLTVWS, AHHVWRThOMETIE, AREES
O— 7 & EAPBEICELVAATHBREAIMNBELZEXTHEL & @A VR
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HEoTWAEEBTE, BERULAEI UBSNOoREORMOER, Nv 7T
VK EABMOET, RBNOEEORBMOET 2 RREETHET AL, K
P 2mTEOOMBEBEVESHOMNBER LT, Cy FREFLILET(yH @)
KEmIT e cBE LR, £k BLRALHOREVEy FATHmMAEILDOW
T, FOLF2moECHHEZT- &

PHE50HETH, MOy #ETORREICH U T Center”, 7l o 58 8 o B
% "Driving side”, R I %Gl % "Driven side” L A THHTREML T WS,

3:5+3 HHFHVRTHhOHBETOEE
—EPABOHETHEFULEZREND, FESLO—DE, 2HHVIEITHH

DEEHRTHSB, 2ITHEIAITHICRLEEIK, LEEEEBEL LT, »d
HBVWHOLWTHAZEFAU £,

3+5+3+1 HEXKORE FTHMERa=276.5m& U, By FRHFL
DEE®m, RECZOEA(xFE) 2mofiBElc7o—728E, EHBEHEHL
-~ Tvo ESESOEROELEES . 0ICRT. BHEBEIAELLEEEIL, 2adV
BRAZELTWAZLILEEL2ETEN, FUHEBER-0bDEAVE.

¥4, HEMBILL- THEABLLTWS., 2 A, fz=3.9kHzTE, £
fil (Driving side) & & il (Driven side) & T, ?Kiﬁ?ﬁ‘iﬁ}%%}?‘ﬂfﬁ‘)%n%'h@
HOEBEDLSDEEDOBKELHBELTWBEEZ D, BEHH & BN THH
HARDOND, HRTE, BHAISOHENCES T, ~BECUAZ OB
NTVW3, BEVEEROBERIEOVWIRIOBREAEERICLISTHUTHS L
WA 5.

—HFZhEVEVWEHBEBICO>WTE, Z8M(Driving side) CIX LW WMAN L7
$HEEHI, EHBHZABIGET A, B (Oriven side) T, 1AhHHVWHA
MOBRMAEDDUAEELTHY, HEMBECBEUTELEDONHEIR,

FEOLEHOAEZX (ACKSD) &, EHM(DCHES) &%, HBEKICHT 20k
we LTRDEERER3.21(a)(b), KRT. TZITACKAHE, RO
X VINHEREALVCEORMEEF YA UVERE LT, BB HVHE
Wk EoTmUEDEDTHS, EHRETHREABEREIKALTEALTEY,
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—— . Driven side
——- 1 Center

551 F- Tz—=~ e .. Driving side
;b :

50+

m/s

45}

40

35¢

30

Air velocity

29}

1

20

F3.20 »#HVWEThOEBICBTAHEDHEEF (y=36un)

(a) Fluctuation

: oo 8 . A
s 99882 -g48
g B o=
28 E -
“ NN A
A/
/
/

O : Oriving side

A 1 Center
s (b) Mean SDEEd O : Driven side

0| Q-S—S
3
S A R
s R
. | R
s L A ]
] 2]
g T a
1 \ L I | | . . , |

0 > 10

Tooth mesh frequency kH:z

H3.21 2#HbVWEITNTORHEDERBE Sy & EHPHFOIGE
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PREATBOEARD S, ELEBESOVWTHE, WEEBILIZES2EH
55600, LML L THACEBETELEHKO XD, EHEREIHALT
Wh. LAL, BENEKHONEVALOABRIEERIRY LAULOR”
LOHEERTEOREEEBONE Do .

3+5:3+2 WREAFAOFHED S o FEMPSOBEIZmDMET, ®
EHE(z FE)OREOD A2 HBRICHTIREL UTHANEHERENS . 22K
#Y, WHEPRCBETANBHERRFTCH-EDOT, HEISFHWOHETRT
oWT, 2mEKHTUE BEELHI, EEOFRAELHS, HFRASS8
mAMET—BEBANERY, BOCOLTFMERETS., ZO&HERE, 2EDXT
KEAFEARRELDEIL—BLTVWE., 2O RBRNOFHEETIANZ
ZADEMIIOVTRARPREANSVA, EEHICIHEEISEHHFMICKNAS
NERBEAHETRAMOKHEASLPOERADOFENLERL, THFAFELHK LS
THAFDVRTNOFHILKE SN EDONMEINEZDDLFAON D,

Mean air speed m/s
oA
‘ i
Sx{:\:\\
RSO~

F
:

0 10 20

( center) (end)
Position along facewidth mm

M3.22 HadbVWEdFhfiicowEIiMmOBED A
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3:53+3 F&¥ MAEHDVWETHhoFEHICOVWTOHEI»HE, ZOF.
FLETRALIIREERELLEUNLEREBAIZLATERPoE. LY
LEBOHRIIATEIEETH LW FENCHIELT, ZOMEILHEWEID
AP EETHIEHAELEMI R

3:5+4 WHTORNDED

WE T, BE, RPO0RILTHIBHULRASERERBELIWVWDIILRES
WHBTES, 20D, FHE2XLTHZOFERIHAHFTLTVWEIDDOLHETZ
5, TITZOHBOHNIO DA 2 FHMICHE L E.

3+¢5¢4+1 WEOHH & EEBEKREE  X3.231C £ 2= 2.6kHz, 8.45klHz
NDeEpERERERT. HHBIHBUCTHY, HAERBFLLTVWS., BEHLDH
HHBVEHIYVTOERTY, REHFHOERA 23190 XD L EHF DHEP
NSy VORBABRT AL XL, FOEBPHICHIELEE—-Y AR S
N, ThAADPBHVEBTRYEZIATWS., ZOHEBEHEMEN LIPS
LEDNST (AHFBVAEFTTBHILULEDRST) EATHTYL. HRFADHE
(B#R) TR, 2HHDVWEME(y =—-8)TRNY IV Sy VORBHIKX->T1 A
FHVWHBLIEOE—70HATHHDILHULT, HEMBEL2EHICTLBEHT
B, TRALHEBVERDSIEE (AAHVNEE OMICLHEHIH 5
DIABHVAMOL/2ORAMTEROTE R Y RIS,
EHEORBMBTE, BEHTEEELLZOMAN80° FATVWED, EvF
Sly=0)TH, EETHEBILEREIRDALS., £y FREY LOFHKT
i, HHEISEFATORBLAROZER (BLEAOBRWVWRAHR) AFH
NAN, MEOEBTHEANAEME U THGHAT RERTLIOIHLT, &
ETHEROLMICRBHAFLELIND D, HEOMNE TONWRE 2 BRI
hahokbnrBbh s,

BEMS, ZOMETE, CoyFEIYVTOHEKTORROEEH LMY
HILWTES.

fz=2.6kHzy f2=8.45kHz 2 R lb#id 52, MIBTEERIHIDOORML
ULTREREOEEE - TWAE VA5, £, KEHRNBELLT, EyvFa
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—— : Driven side

fz =2.6kHz --=-- . Center fz =B8.45kHz
A RESIRE : Driving side

I

50
0

30 fy s N\ o f N
0_1 I 1

100
a0

Air velocity m/s

100

(0.38ms ) | (0.12ms)

B3.23 MEICHT AWM Aol &S (£2=2.6kHz, 8.45kHz)



XY FI0m(y =-10m) COEHHE (DCEY) tZEHOEE (ACHKS) OH
GERICHT BEE e RDEI . ULRLE, ZORMSDCRAICOVTIE (B
(b)) HEEDLEFICHLTPRPLEMNOEAAZD S NS, ThiE, BRHAE
HEFOBRERUEBHER COREDOEL — 7 H100m/s RBATVHDOTER
DEHBHROBBEIDHBBDEZEALNRD, VWoIED, ACEZK>VWTIE (M
f(a)) , FYRNWVTHERL, POEBIPFAVABRKICHAT MG RR
LTWa, MEGREBERZofgERICR->TWE, 2hdkY, ZROMRE
REMMKREEBECEAL TR 2w TE W, $hbbEHTIREFERT
i, ZROEHEOBBERAAVLEXTIV., LENST, ZARIEEHENR
e LULTHERSTWARLEHTELENVWA S,

ELC, yHHOEWHBTHAEVWEARKTORADRENITHLATEY,

IRASAMETTHELEBEOENEORERTHELEXAONS.

(a) Fluctuation

o e
. o g o 80
§ B o
2 5BE T
S O
2 g B/B
: = 6/
g r—~ ATA
E / - S A
3 A
= R - [0 : Driving side
A : Center
. (b) Mean speed O : Driven side
= N A A
gm— AASA(]@EBQ
9 A o @
> As Q D
3 Q
= 6
8 éﬁ
=x é ;
Al
1 1 1 1 1 1 t N n g

0 5 10
Tooth mesh frequency kH:

M3.24 WHEWKSITI2MADHEBBICHT HIEE
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3+.54+2 @WHRFLEHULEAKEOHRB BEOMOMS>OEAKONE
Cit, BREKAHOEHLHOABBLTHL L2, BOBATOREN 4 &
BHABL 2 EBSETRDTVHLERBILATES, LALE—REML
LG #BMCTHOBNTORESHE—HTH5 L RETHIE, BRERRHO
Fo AR EOEEEMOMERT AHMICONT, BOORKEBEOBHICES
REOBUEBERDTWAZ L AL, 3, HOBOREAOBEEFAOS
B, EMMKEy FHAREILSLWERELRAES, 22C%d, YUY
CREEELIVITEUTENENB, A4OBSTONEHRISERAOM X
HLOKBEENRS, TOLXEIFOBHLAHET—DOBET MO
BEAPETHYELTPL 2L ET, HAHOATAS EA(y DEDH
ANBELTOPL L EZDEAOHEIH LOBUEBERDHZILDITE S,

XU, dk, ROWTHRHORRASREARHOEHLERT S
B4 3IVIILETRENERI OHHTAETELEBEEFASE0T, 209
RELBH I TSHEOERL BRI, BEE, TATNOREORREAHR
o FAOEZ 4 BAT M ERE UEBY, TAETAIHELERREAD
MBEEET. REOX>LULTESNEERBO LS EREEKEE, 550OK
HEHULEEZORAORNOBEMEBERLT VWS L EXONS,

OIS ULTHEBRICOVWTEBLONEREOBMEE EK 3. 251CRY. K
MABEHBNORERBTHY, SSERUNORM, 2L THkEhe (N
9759Y) ORMEHTHERTH 5.

MhbD, ABERBOHBLEIY vy FEOEFERVWUILAE-HLTWS,
WGEOERL, HETEAY ISy VORMARBEORMICKATy HHIKH 7=
BHe 2N L FRERBICEERENT, WAKEELEN. CyFEAT5
m(y =—5)Tik, S ILbbERPMOBERICETHYOMEAML, Fh-E
9 FETHAG EHI) LKHULT, RAvrJy Y PEBNOBERETHT 5.

I, KOEIUBHET A EATES, BAOHBEHEBE ADHE o
TTCEBEMOBREADHHVDOHETFTICL DR TEMAL, ZhICXVITFEH %
Ko FBADFERENDZLILE->THEUL S, EERATHREIZOHO S ot X
THESTH, M3 19T S L DI, BHlwsrr e HBMUELrTLE, Ny
SYVTOREN-THY, —DORBELHABRTIENTESL., FULTZORED
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n , y=-410 mm .
< fz=8.45kHz
=-20m

iig y=meomn Aa (P.L.V.=53n/s)
g Vet VANX N y=0m
g 40 A Py
5 0 >

—— : Driven side toy

---- : Center
B e o Driving side y=-10 mm fz =5.85 kHz
= 80 y_____20 mm (PLV=37 m/S)
= B0 F
> 0 mm
S 40} m F\/\\ \y
2 20} -
5 oL >
= tory
. —o0mm Y-~10mm fz=2.6kHz
= 40 y (P.L.V.=46m/s)
g 2 ,L,(\ /y\//\r/\r/\ QY O
A N AV AY
.
5 0 >
= tory

M3.25 —DO0OHOKEBLAEALZOHFOREHS

REMBR, X739 VORLTHS. ZROREOTOLALEST, 20
RERABEDMDLOEIADHELBRADY UKDV, REOEUBRIBNE DL
E, TbbR ISy VOHLAE Yy FEOE SR ERTIBRMTHS., 2D
L&, BUNOEAEOHLBREY FEIIVEBL /Ay FONBILHZD
KR UT, BBHNEAEOHLEE Y FEIVTHL /A9 FORICHS. &
>C, BIUWNOEAEANELy FHOBI UL HABTHREMBUEELY 9 F4IC
BLTWRVWOT, ZORXREISEAABLEIND, ZhiIcH LT, BEo®E
BENE Yy FRAONBUHD L EURRENI TUE Y FARBEBLTLEST
WHDT, AEABBRUADTEYERAERALTWS., oy FHOH X T L
Y, MBEOBEREDRAL I VTR —-HLRVWDE, WNEDOHEBAICL-T, HANM
OMMSMAEDOIDICHEHZNIKEDLS, RAOHEHKICYIHED->TLES
TWAHEDIL, HOOWMBETORKEERICHETETWRWEDTH S,
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—%, EvFRNBEIHRHM (yODADEE) ABIHBIONT, EEH
HOTLHBIUEAELENY ISy VI TR B DVWHUETORTD
HEBTHKIILRY, BRI, BHWORNAOA R A-TLEIDTE, AL
BETHULAEZZOHEBEORMNA DI R BB EXDN 5.

CHHLDERDIB, DTOIZEHWE 3.

(1) ZRHEOHER, BHEBIL IS TFEORZIZIOANIEEKICHHT S,
(2) CoFREFERVT, RAEIHRHORBEBICKEL, BEH, %eW
®WHE DK LA,

(3) UL, CoFiNECEBBNE T LBINEAILELENY IS v v
PEUTHBLE-DODRELHBILHNTE S,

EyFREVEDERERATHEETE, WROEHKLI->TRELWVWELD
RTELBIZZ2ATERDIo k. LHL, MBECOMBIHRRTILE
FUHHMILRVAENDZ L 2BBRUTHEY, HREEME SHIcRE 2R A
ATWBLDEHET 5.

H ZOXSUDHUVERBILIVSIBOH AV VDL CEES T
BRHIANTWARHDEFHRXHS.

Driving side. Center ~ Driven side
e J0F - -
AN AN VARV
o VARV
> " |—: a=276.5 i - y=20
= - |—:a=2768] | -
o 0 > > >
21%: [ t
S ot TR AY
< 7 f/l\htﬁ/&\k: - i \Qtjjfw\é:/zj=-10
0 > > >
t t t

B3.26 WETOWMEIRIES M D RE (f2=7.8kHz)
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3+5+4+3 HMEEOREE WHUERLE<IZL, HIHFEEOHES
FULHFYEVAERLARY, THE, BVORHOBMOBHAIEDNZEDER
HRIZEL RBLFAOND, H3.26W, Z0ERY, fz=7.8kHzTCHMAEE
276.5m& 276.8m& THELUTCRLAEDDTH S, Thir o, HESHSALOH
FHOKNICOWT, BHBEREFEVESF, -V COREIRN 2 ADN B,
THRbbBHEENSOFHEL, MHEBLER 22X LT, ZAOBOHER LN
FTZEILE-TEL RS,

35444 F&¥ REATOEIAFEEOZAEHEL, B, oy FRK
UDHBHBVWIEUDHUTCORRNEZ L LDEHEZRHICHALMITEIILAT
T, “EHXZETHRERUAEBLEBIHNETAEHEADD AR I 2D, &
HZHRALARVRAGH> THVIHKT, NBEKKLT, ZR0RWMREL 2
HRBEADFHELTWBEEAALNZZI LMD, ~BOYALVVDOIIILEE-ST
NWB2LDEBALNDT L E2HELHMIL L

(1) BEASHKHENEEHAEIE, EHEEROKD /L AHK(EEEE
BWHEIDOARSA—RE UL &I, MPMAKRYED. PIBVEAIS—EHE
LHHBAMATOEEE, b/A0MEI, TV EBIEEICL->TRE
577 0RERUBIEILESTHEDNS,

(2) PHFBVREITHUTCLUALVOBLIYVBVABRBEIRLTWEHEE, »&
HWKRTOMET, EEOPFRIIMABTLIHAFTHRISOHEELNT WS, TORF
Bk, HHOEGERE X WRONAS A - TBEUL L EI, b/A=0.5282X
ZHEVTHEAL, BREIABIMIBESRBICULEN ST, SHIKRET 5.

(3) Zo#HIE, »HHVETHOHET, WHREILR-> THHEILHAT HY
HOFNY, HARAETBAHZ LICE- THBHT I LHEREEINS, SHICHHE
OERDFBRILEKY, bW ThomziIlEVWEBRELZFE>LOD, A
WEosTEN—FROBRMERE -V LR S,
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(4) ~BFURNVDBIVBEVWASERRETIHAHUADTOHKHEIE, BEBO™HE
BTOEANDBREAFRREBZXSN, ZHKEBEOLAH L, BEHOEERICE S
BMEQLR, EONHEABLISF—VOHRLAERELTH/A=0.38EH
BMHEAYD /A=06BEMSER—EHEL 25,

(5) HEOHKEBLHILEBEINI2FROMETIE, RERAHICXBHAK
FoT, WEORY THRBILIZ2ZAOKRBIE L HFEFOELIEHARAVRAHH -
TWAEBIAHFELTNWBHZ e ADbhok. LALZOHIhOBEE, BHON
BEREICEALTEY, EBEEERELEINBEES, TEADBELTVWEIZ 2 2,
HENOBRILE SR —VOHEIMMEALTWBR L HEZIH S,
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EHEDOREILODWTOYHENZE
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4.1 B "=

HE-BLLBNWT, DPHFHNVADEEISBHRHENRNTVWEISGHVAEKOEN
BRES > TEALRL ZR0AHRREAVILEX-THETZ” ZHE” THBZ
FEERBICELMILE. COEAFTLRUVANINOBLEIBR L EREAH
Y, TOXHAUMEROTELEELXEDAIMNII > THFLRELLT B L
RU DA o . 22T OBMEBETESES LERRE LTHEDEF
VLR RHERR, ZOBE, EIPFEIERTEVCEEFMHO2EED
EEMOBRENTVWAZEAEREZHh, VIVOBREBEICLT, EhEUEN
AEBE2ERTAIENE, BVAHRAIRIARD L THEITHERPAITEZ
52 RHESMIUE

FDO5BDUANOAIVEVARBEIRULUTCVWAER, ZETHLML
o, AHHVWETHhHOEEOHROMBIL D> TAFRLLUTEEDD
DTHY, BHFHICEAUVUEZRORELN DL —EBILETDILETDILEEAD
N3, ZBOTFNVEICEIAE, COFORIFHMBER ISRV, TOFD
BREDAHZALIKLDVWTHE, TR LEHETHILETELRM o E.

—%, VRIVOBEIYVEVWHERKEIRIAIEE, =, ZZ0RFIHPLEHED
RECEES D2 EAONAN, HWEELE LAY RELED 222k
STHELDEAYTIHOBOBEREMLST DL, FORHAIBIkdEThH
ek e SBWICHETED ZE AL M- .

LIAT, TOEIRBHFILODVWTHRBIERZ AT WS DI, Rosen,M.V.
DUR—=FTHY O, 2hilthEr—CUBHEAEBRREBOANARBEH
(DP14, EH A28 @K ISK, HiE20mBRE) Ay FHEARDBm/sBET, 2R
DX UREASLTAERDINE LT, TRILETHELOERBRIH D, &
DEDICRABTHIRELARDZELT, ZOFOEBOEDILEDIAHBVWOHKEE
DIYTIUAREKRELLBIEREVWEEATWAS, Ef, ZhiET7ro—F
BT, BiEVittbrodt,M.J. 52V KXo THMITBARENTWVEN, Th
BOEDDEIPFOHCEHLUT, 2OHORAAMFEDOS, FEEEES
DHIHHhBEREL, TOHERBALCIOULAENFTRICELEDLHKBHIT
W3,
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LAL, XBXOERTIE, BIESEE I REx BHEEETHYRAIDER
DHRENERILETIHEISLBDO dok, TEIUT7PSVAREREL
FTHLHUSOREIREL RAIBRICH LT, ZEORBERAHICISFH
EETHLHMERERELIILERIBL o T0BI LMD, REOELEE
ORI BRAKBHEMITIORERTH S, ULEF-T, BILEEIH b L
WOIEYIE, FONLHREERDT, ENBLEH LI b0 HEEEINS.

FITAETCE, EEOREOLZRAORNICEBE LTI oL > REGHMMER
27U EBATRIADIERHET S, ZO0EDHIL, MHHWEEHETOEHEEIC
RETHREAOFENEET, MHFHOHN LA, BboEEITOMICHE
ETHELRERELVTERTL, ChAPDHELSOFOERHEIDLD, LROEEDOS
g rEXHAITILEEBLTS.

42 @WEHEAENOKERT

35HT, HFHVWEBROEBEOEHICBITAEAOENDORTOHE & LB
TEHEZLATELEDT, FOHEERITS. RAMOFMEERRHILKDLI0I
HMETHHODOT, BEELEBKHEBERD THNOEGEBET S LICLE.
ABBVWERDTORROENE, BELLEDDOTHILIPIDLTZRAH
f%é@f@ﬁ&%?wmmﬁﬁfﬁﬁw.%@5%,:@%gﬁﬁb&nﬁﬂ
THRYEZENZL VWO ERTRERETHLY, B40®EHZIWERIHE, HF
HOEABALUTRICEBRLU T W o XICkos TEAIE E L T ik
KERWRAERZEWVD, 2HBVEAMOBEORBOMICETLHEERAKT
HdH., FIT, EHAFOEMERBLANT, N I3y VORMPYHEEORO
ERAOENCHTIERELELDABIEILEST, ZOHBTOEIDOHNE
EFNET B 2L E

4+2+1 HFOEFIVE

NHHBNWEADEBTOERDOERFIEHTOLZMICHFRHEDOENABAL, K
CHBR LTI ETELS, COLERRAR, REAOHOZAEUTHRALOM
BHTHIEMV TR, R399 VoM B THFREDOEHE & DM
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THBHT S, 22T, H4.1(a)0E L EERABH-TVEEE, Py F
BT, OOy FHEKETATETEME -S4, RSUEEORLZDLK
%, RONEEOEHEORELEXT, TAHLOERNOEAVELTOLS
KEFUELE. A8, SHEISEEOHLEHUEE LTEXAE, ZhE
MOBREE LT, HEO1/2%RYEE LN,
HCHRBHOEAY, RHBHNOEP, QPEOBAEELILE->TTEHHBMN
DRECEHTEEE (N FUTUEHR, ZTOBERES.235), A%
2B HBVWDETIEDR->TZORBEEZS. COEDICEBORESOMEO
SaxBBUTHRLOMTRANMAVT S, ARKESNOEA L HHNOE

Ct1

>[Z<J
SRR

Sax

Ctr i
(s
1) =D
O B
(=)
2 (R
B
7 c)
S |
(s
D 2::) ;
(a) Cross section of z (b) Modelled ‘
gear mesh pumping action

4.1 HHRHVWHEHBILBITAAEROEFIV
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PTHM G- EHEOMOBRHC  BITHACRQOMORMC 2B T
BETIRAELOMTHEAIBHTS. TOIX, S, Cu, Culddas
VOEITICE D> TET 5.

EFITHADRELVIUVI—LARTE, BAFILBALTLB3BIEER
vy, H4.1(b)DEIKEBFNEULTERITZLATES, Yy v &F—3t
HMADORHOEEILEy FHAREV CERETBHL, CAMVIEHEHEY
BHREOREMNE LA THIZEBTHERIRAERLTEH TS, 0
ABORBRVIEEAL. 1 (a)DREBEOBHES 2 WBED/ 2L OBTHB. it
EARVIKEN UTHEORBICHIET 2HOBS ARITON, HRIELT
Wa., YUV —DOBEICEBRORR L EBETAHOS,S« by, ThEN
HEOMORMICEBEOL/ 228 EER2ED. RPHPORTEORAE it
[REERJITHRHNFTH B, ,

BEDG, mDOREIKEBULESAI, ARANBLIHOL, MBRORE
KORBBZ2Z00BODBE=BEOBOEEXTERMCT S 2123 5.

ABLEALUESEOHERERREIL LS TRY, AEABOEZORA HHBA
DHREEWLFELWVWHS,

d (o V)
dt

= —2Xpji*u;*S;  mmmeees (4. 1)

ZZT, o0; WRAKOEE

V BRAEBEOBE, HrdVofiTICHEs TELL,
BEAFHICKRED (=SaxXb/2), ’

u; RERTHhOBOBEICBTA 3RO RE,

S; WKHEOoKER,

BAFIR=ZREORO XX NI 28T,

BEABZOABTE, RBE-BRTHILEELTWS,

EEREL. ZoRDEDE,

d(p V) av d o
: :p———-——-—- +V— ________ (4‘. 2)

dt dt dt

-105-



k&U;ﬁﬂ%lﬁfﬁp@%&ﬁméw&%k6néwﬁ,patﬁ%ﬁk,
B2HTH

doe do dp 1 dp
= . = ¢« —_— ememee— (4. 8)
dt

dp dt ce? dt

CZTcoellBHH

ERELIDH,
d (o V) dvVv Vv dp
= po + — - === (4, 4)
dt dt ce? dt
bl £

CHFR(A.L)OEDEOVWTHE, EIEARCEEY 0o THEMT B, XD
FRENOBOTOREL, BMOOEHNKBITAEHIBILHATILOLERET
5. ThHOBEOICBTBHE Ui,

dax=n+* A  Tmm=mmms (4- 5)

2Z2Tn WHHAEE (REX TR, RBEREEEIZEKTS),
Ap BHOOHRLADEHE

THREN B,

FEBMEITLIAEHOTEAORENHERITIIEETIERE, BETLIAE
REAHE (4.1 (a)DCu,CorDEHR) OWBERICKEHNT S L RAKI,
BERLOBRLIVEZORS (BEFE) LHEETLIDDLEHEXE EIT,
F(4.B)ILAEBDOBBICLL-> TELTEZZD Ty R EEDNT, HEOFEETOD
EhzZAp tHiE u.k DBKRIE

U
PEAD, EXRYPIHETSRE, AKHBTSH%E, MFQ, B, R-,
CIEEROIT, iBHOARIDWT DA DN I,
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dV; Vi dpi
oo + =
dt ce? dt

—po {Sax,i*®n (Pi—poe)
+ Sci,it Eryicn (pi—pi-1)
+ Scryic Etyicon (pi—pie1) } ------ (4. 7)
LETIEHNTES. ENE—HEBHUTERATLH L

dpi
dt

= — {Saxyi*n(pi—pe)

+ Sci,ic Er,icn{pi—pi-1)

+ Scryit Eiyit U(Pi—PiH)

ST, BEAFEORNHEMS, Vi = b/2Si29 5.

STHEAWT, FBBHOAE2BBNESZ, BESH2HINEIELH
BEHT, ESELUE20HOABILODVWTHMIBENETOESE DT, EhplC
DVWTOHHFRAEEIZZIETHELLI LKL LE XY, BHFROHEW,
R(4.B)KEoTRDBZILATES., b, RROBERERDBILHEST
%, Runge-Kutta-Gill#zH W/, F/k, 4BHOAEETR, BRUPUHEOR
EHNELN, thDBOBRE, ZRELTWAZE2HERLTWVWS,

44242 BENRSRA-FAORE
R(4.8)aRILSE-T, ERODUEMBLSTILHEDIHH VOB FEY

NRSA—REBRETS.

44221 ZTHROYHEM ST, FE (293K) #BEELT, BEoe
=1.2kg/m® , THcoe =340m/s L LT WA, T, HERE2»IODVWTHEr =
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5%X10°2 m/s/Pak Liz. ZTOBEANZIVE G, BERAKRELI LY, @HF
WOEADEAUT—RENOEHEZRTLIORLALZEDI, BHBERICI-TH
BEROBRIAENLRT S, CZTH, ZROERNEOERIBHOBERICK
SBFIIEIERAUTHADT, LLERUVEBELEIST, HERORBEMELALY
BWEIILLE, Z0ED, 7"DEH2~3HEBLLTCLENOKRYEICEE:
BETHOD, THNICHBHBEMITREIFHFE nOBILES LNV L 2
BLTWS, FECOHEIEBERICBITAIANLVILSOEEISRTHRYLREH
HTHHLHBTEB,

442022 BAEHATA—K HHELTHREOBRESEOBKHE
HICXBHUTHAVWEDBDLA— L U, HEOHE R 8D TRASH I HE X
NBARSA—RERELE.
HMAERMOERKOHOBERIIEA. 1 (a)DSEFNHDLEXF. FEBEHE
REMERNLGZRAORBOBERE, EHMIEHFOC,,CukBBNL/2%
BiFEbDE Uk, EZ TS, Cti, Curdh, DBEHVOETIE DR IELL
DBTE, BEWOBIFLEILTHANILRDELZ S, BURERRT 2
LHTEEDT, 4. 2KRTIOLHBTZHDOLLE. CDLE, Sab&
CRy 7Sy HEERORE (BBNARCERT 52 Cu, RBNAETE
Cir) BBMEROZACS L TRYRA LT LLTBHTS. H4.2 TR0
BT e, BHESEFR A EBRLOVT, BRTRLTVS, —FradL
HENORMIL, 25 VESORMIERBECERSICHETSH, 2hid,
IFEOUBTEOL LSRR TEML, BHEROBEEI TRV LE.
FEBEREMORERKERET BHERKEIKDVTE, vy FADEH
KHBLELERKORE M UERARA TR ABZ2hD, A&
BO&EE L, ca,coDZDOHEKILK- T,

t2
+
(1/2) 2

£=ca

EEDHDTWVWD., T TtHELOBBICHLT, FORBANMN Yy F a2 @S
5B EOLUTH- EHAEEL, TREABHINMEBLDTIHISLRILESET

-108-



for longer center distance

\
#7
e Sax
clearance between \ \\
N\Mdng sur‘fafy ~——=St15 =< Stf

¢ \
]S driven side cavity  _ = .______.#_8 Sax
_ ———— Stl\—Stf
. \
#9
-—————-—\\ax
ﬁ_——:\Stl——Stf

M4.2 AFFALSTIHERRATCREOBEHELOHS

’

DM THB. cal crDHEHOHEHILEHT, HETREHAIHFOEEIDT
MIBERLD, RITHEBROERL LU Tc=1.0, co=0.12F2Z22ICLULE.

4423 #HEER

DRIHESYI 2V —YavoRE»D, BORBUIAEILOHEEL N
KELIOBBUAELSORRERTT S, IHOORBEEDHBROAED
BHLRLCTHH DT, WELT WS EHRELE.

442431 HEBEFEBEORE RKEGLREBEREDORGEL LT, 2dHVWE
BB fz=2.5kHz, 7.5kHzIcH 423 v3av—yavgis, M4.31RY.
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g #8, driven gear fz = 2.5kHz
- 3 -
:‘:1 ~ 10 g
= I
8 i
S 0 ’ ' >
% tz t

_10 L

©
ke #9, driving gear
< -20

N

g 20 fz = 7.5 kHz
> 0
35, S 10+
9
S 0 >
% tz ‘ t
[te]
~ —-10¢ Period of &
£ interaction
< -20

4.3 BAFARFOHHELER (HEROBE)

MBS, HECOMSUREE, HHdVERKLKHZY Y ICEREL TR
LTwa, $A8E3, BUr S VWERRTEELEL WS (BEALHR
LTWBZ L) . Co8iE, TAFhOAENDOREHBICEH T,
AEODREZADMBOEBLBHET S, BT, ThFhOIrabVWEEEKTO
HEHEITBEREBL B UTVWAEDT, DgIE, ZhnidKE2LT, fz=5k
HZ A IS T AR B TCOHERKRIODVWTOHRT I LT 5.

BT, REFBRHN #8) HDSOHAETHS. BHNORFIEIFILBALL
HELERICHAHADHEAEREY, CoFAMETHLELRAR GV ED Y,
WARAENSEBRUTLIITRERTT S, TOLEXROBHUKSH T #9) T
W, DHHVWABOU/IERT, AROFTEINTOLHEIRTFIEHTRHRLTH 5.
EROHHEEBRARYVBDEEy FHOMETE, =20 S0y F QUMM R
TRAL R R TVD, Zhid, Euv FEOEHT, Nu IS5y Vicko Tl
CTWAHEBMN e BHMOREFIEh—20REL UTEH-TWAHI 2 2R L
THY, BEHEI I X AHELERICADNHBEE S % LTV 5. |
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442+3+2 ERER:OHE BERFEFIC L 2R BHELE R, @R
DHEBEASHMAFEICHEEINIERAHES, HO0ACY FHARETBHTI2D
WREZNTETHIHANERZLTWS, ThbbBEAOHMFTARELEEOE Y
FHARELDODARIZENVHTHELIDOT, YIalb—varvBEERRICERLT
ERFERLERT 3.

RZMVERETHABIL, BEOECy FHARED P HVWABRKTEELT
B ENTEDDT, EREBIHODVWITHEABREEIL IS TAHHVWEBEERTE
MILLUTRTIEATES, 22C, ZOAKERE £f2=5.8kHzTOERER
CEEMICHBLT H4.40Rd. 22T, REOHERRDOD BEREND
KREMSOERBEOHKEEDSHHVEAMDL/2 EFEICTSETVWS. BH»D, i
HEFRLAREREIENIHFTHIIL—BLUTWAL LB TEZS, DEdH,
REODEFIVLDODEZLUEIRETE, EHTHOHMPFANDERADORANE, Ly
FEOESEEZRL LGN, BHHHUIBELYV LR BHAETORRBUEILX > THhE
Eh, EyFRMETE, No 739V TORN- RN BHNORS LA
—ODEBFE UTHEESBEMILHIILADIokE. £ EvFALVED
FEHILOVTH, H4. 30D ESB>TVWDLHBLE.

Calc.ij EXp

Driving side j - N

Driven side | —— | —
£ 100 - : !
= " Start of interaction . Pitch point ]
oy Z :
g SO
E i
L —
= 0 1 1 1

-20 -10 0 m

4.4 FEAREARTBIVEREhEHEE, BERAEHORKRE O LK

424 WM. @EEDDOHR
MET, WEOEBISOEADHADEFIAEORYUENFNRIETE =, £
ST, RESTHMERER2LEALZVEELREDEBEOFRL UTOEE W & B
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THEDI, BHERE276.5m, 276.8ms ULEBEDENEFLILOWT, #HE
fl, BBHOEEL2EDEZESEOREFOHERREBUEDOBESLWNKLT, X
4.5WRT., COEICYy FHARLLDIRNOBEIEBALT, M4.3LH
BRI, REOHSEARSDOHERTLT VS,

(a) Effect.of center distance

:Ar::J 20 Regular gear pair
- & e #8, driven gear
2 N 10¢F
v E
S
|
-t
©
—t —10 "
[1o]
% a= 276.5
< =20

20 (b) Root filling on driving gear

>
ES)
-
[8]
2
Q
>
[
t
{0}
'—1
[1¢)
Nl
x
<€

~N

T

h'4

~
>
TN
T €
o
®
> 0
5
o 10}
©
ot
X
< =20

X4.5 WHEECEEEDICLILI2BSHREOELOHESER

-112-



HEEREREL<THL (Mdi(a)), BAHFOREATICBAL TV S HH XS
(B LA, RROEC—IHEL BTV, SEHEXEDIAEIIIY
(e (b),(c)), BHEMOAECREAETHERT Db EROBOOHER
FPRDBNBEDCHBIE L Ao TWVW5H, ZREABICASAERELTV R
WHORAEALDRREAUEL RoTWAZLABDONS, 2hik, BEX
EDEMOBBOHODERAYLEED, EEHICH-> CTROESFTADE IR
HOHURHMOESEHSHEZThE2DEEX OIS,

4425 F&¥

BHHE R EHOMETHREDSOMFNOBRADEAYE, REER
EHERREEEL, IEZAORNMHTAERLEBICEMLTEFVEL
Frzd, BBRARHCIANELERLIEE-HTHIOREAKROEB & XK
DB LHTEE, ZhickY, EvFALYPSBVRTNITORADRA
WKOWTHREILHETAIZILANTE, ZoeF/VbI VBB EEARLY
BELEDELXORBOEH R SMICTE L.

4.3 HFRLXULTOESZN

MEiC, BROBEL OKH SN AEORERLRSERORNOEHOBE %
ERXBIEHTER. ZORNE, BEBNOELBRBINOEE FEVIKAVR
BHoTWAEBKIH LTS, SREEFROZTBICL - TRETHLEX
BH©2Y, ~ETHHEAMULEXDIL, ZMEERUEEER,SBIL E
REOEBONFAEEOPHLEAELDT, HHTRE-LHANHL TD
EHEBLEEBERANSL T, BEONHGE TTHET 5.

4231 WRDEB A BE DL DN R
HRORNOEYREDBE O ATE LR ENSMEMRBICRT 2 21k
REETH5, —Mici, RENOBREOHEEL, KECHENASNSZ8H
B, EBIE, RMTOUA JINXEDOEHAEHE UTHETS L WhAT
B, HEDAHBVAGESTIE, 3-5HORMEREDLL 2HORINS b
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PBED KEARAERLTHLBRVEFASNE, Tk, RECHEZHN
?é%ﬁﬁ#&b&m&%k%hé@f,@ﬁ@%@ﬁ%@ﬁﬁ@%%&b[&
S TEARRETHLOLT S, £, ~ETHLALR- AL KHEAKDX
HORB,SEBEADTOREE, Bk UEEERYSBNU LT ESIHE
LTWBHZEND, AHTHEEBHEASOMFNRRAOEY 2 B AR D

SEA LR KERINILOLT B,

Thbb, x-yPEE (HEOHEE, K3.198K) T, BLEERFEAD
FESHE Uax(,X,7) T B, ZZTEEHLTWAHON, 23HVWARBKOKS
CHBEDT, TO—KDT—UTHE TRbbIrFHVWARKES OEHE
T./2

f uax(tyX’Y)e
-T2/2

"'jwzt

Ci(x,y) = dt -——---- (4. 10)

1
T:
¥*EVHIE, PANNERYORBEHLIZ2EHEOIHDVWALERES I E
FEWCOLBHEERFT v ILd ¢ i,

Cidxdy i (wzt—kr)

d¢= e  mmmme- (4. 11)
4 xr

THHEMD, hEEBEOHEBTRALTWLBRHIHBELER L TERT S),

C - jkr Jwzt
e dxdy + ¢ ———=m- (4. 12)

¢ = I

4 ¢wr

2T, rRENFROERNSBHIETOHRE
LEESH, RBEER, FERFUYYNORBMBSICKEEREMTT,
p=jwzp¢  mmmmmommmooos (4. 13)

THRTENRTEA, ThHOR %, HHZHHE HHRBEWAOHZ 2->TWVD
H, NHBEVWARBICERLTWADT, UBEBXERO»ERYERD.
AHTAZBAADASVAORE)ZECMICy B EILHIMIBRAZDT,
EIEESC L CEHROEBUASHEUAETTOERILIBROES MO
B eThE, xHFHOAHLH LT r BFRETHLHH 5,

-114-



1 ~-jkr
- ff Cidx e dy - (4. 14)

¢:
47 ore

ZITre WEHROREXRDLBAUKEITOHER

25, TORTHUOXKODVWTORARxFHOBFEI L y W EICEWL
T yHFAOBROBEOHHERL TS,

BENS, 4 48TRKDONEHRELIHBFZD LILEFHEIDAHLTCWAEHEAT
L4 )OOV TORESEELNE, xFADPHLOVWTDTIF IR EY
HELEWLAEER LG TIER L UTETORZONHEAIRD SN 3B,

4+¢3+2 BEOIHEHBHBILKBZEFIVE

HESOZEAFILEIVWT, BHHORBHILEETSIEEER4.6 R TNAY F,
Ay YIDEHEDOEII, BTFOLIILLAHLTVWBELTHRYED.

(1) FFEOERE, xFMIERIREOREN HGEHEOEBEM & ICH
FhEEEEL, yHFEALREVWOEEHABLARVWIRAAE - TWHEEET S,
(2) BEBUCWAEBOSHEHEA.6IIRT IO, BHMELLDOEKT,
MPOoOBHFNEAMNONAN, BHYRBHOHEALAHAIL > THENSHK, BN &EE
HOARTHSBUEHFZOEKDO SHEBICHMUT, ThZhEHKEL, O, T
£, TERNEFROHEBISOBE2EKTS. TOX3L3HBRILHBET ST
CWEST, TRAFLROHEBTOERL2BRI 200K RMICRY, H
EEDEBROBYBVABH I 2D, B, HELEDERELRUED BRI,
EO/TEHARBEE, HBR]FEEN0S50BELEE KL 2FH 03 EHR
TE, HTHMHIKEUTKE, SELAXEEET TR k3.

(3) FHEOHEBOx -y LHELOHI—HICEAELTEET DL, ZOA%
WHEQMOBAERT AR, MOOBHICEDR-> T, MiHFRAEEIELLT
P, TITRHINE—EBLEREL, REOKRAANCORDy MEE = %6k
THLEQOWBULE LW LT A, FLCOAOUBLBHOBE M ERT S e 21
HMAFERRI PO TCHEDT, BEHULTWARLHLEOEEO—~ETHOMF MR
AMBERBE I TCHHERBEE LD, Thbb

uax=unreg(t,x,y)  =e——e—e (4. 15)
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K4.6 HEOTO3IERLEILXBEFIVE

A 2nt
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(Region 1) 0—
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(Region 1)

|
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(Region I) 0]
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DEINyBELE>TREDIEB UL, BUBXTEOBR F2-74H) HE
DB > TENEFHIRELIER K (t,x,y)LOBTEABLNB LT 3,

BENS, H4.60AA BLEDAP, Q, RTOHEEERE, 1AHdVWAE
W2z BRAELTERRTDE, H4.70&dc kY, #R1, TOFHEIX
ThETh, HEIOFFEIHLT, ¢ (Ex/2-9) EFHHEIABLETES,
Ny 739 VA EUDHALE G =n/2FEdo=0R-T, WHERIEL
RBXLDONT O DEAREL n B,

4+3+3 EEyLBUAATAHOEREOLY
EROXIBRERBEDOF1—F 4 4 7 A0KMIE, ALHE (xFH) of
BRI THODERDBMEB FRRSEDIKELT S, 22T, R(4.14)0
KOV TOBHILOVTR(4.10)(4.15)ERALT, |

1 "'j&)zt
f Cidx=— ffurg(t,x,y)e dtdx
1 -jot
= Un - ffg(t ,X,Y)dX e dt === (4- l 6)
SuwxGoo o (4. 16")

ERTILHTES, BOOBHGWE, HEZYERETO, »3DVOEFICESD
BROxFHADOHOOWOREHEBERDT, 20—ROT—UTHEKE L TW
HBIEERLTBY, ARIUBEFHR D77 XL ULTRDBZLATES, =
N, 4-2HTKRESEHBunEBHITEDDN, TAETIOEKT x 8 (K%
FHE) KDWTOEMET-o Yy #HAROFHEOMRE DA IR B,
REFEBRTILETHHAEL, COEEIEBUNEHFORELEHUEH» T D
[EELEREKLTNBI NS, 42 TREBTCEXAEBUAELSOHM &,
NNy IS5y VTCHBT HZRGUAEISOHE L OEHM LTOEY 2 L
THEABZ L ELE.

4+43¢3¢1 B %MD 7o & R(4. 1) DEDHGIZHOWT, had
VWOETRABMSEAMIIRDEZDDANA.8THD. KT, (a)lZEs =
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(a) Amplitude of geometrical factor

. )
Region 1/ " without treatment

a=277.4

a=276.5 NN
root space filled "\ /
™~ ~
| 1 ~ -~ 1 LS
-20 -10 0 10 20
y mm
Region II

(b) Phase of geometrical factor

Phase lag (°) A
- ~. 1080 T
85
_ n\ \n\ Region I
Bo' . \o\ 720 1
. B Region II
1 1 t J
B ov0s v08  +up. 200
Center distance 20
! 1 Ly
T T [ 1 |
-20 -10 Y
© : Regular root space
-360 60 A : Root space filled } I/HI
0 : Region 1
-720 + - S .
R \ 1 r‘ad/mm
, 1080+ ~ 557 W05 w08 14
/ Region I Center distance

H4.8 ZThEThOHEBTEWEIHAEZTROBEEN I 7 V2O
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EUN (BEEELIRS) KBF37—UIRRoEdEL, #RIionT
D%, WEE®E 276.5, 276.8, 277.lme LESHEIKOVWTHRTR LTV S,
ERI /M OV THEEERORMIC L b (EMBTREBH X M 2R I%
BOMGE o TWa, £, EEZED AN VWTORRERIBETRLEL
S, BHEZLILE-s THEIA-RICEALLTWS,

ERTI oW THMMERE AR BEIE, Ny Sy UhkEd hoTHO
By FHE (EFFR) KEL 25, E8oxHE (EEHE) OBEFK RS,
BENEITEY FATOBRBIMMEROBRVSIRAEL RB. Ny T3v Y
AEOOBEIRcn 7772 Puens, COERIRELEOREE R
v,

(D)7 zHEOUMICPWTEBELUASERE2EST, 0, HDXOVWTR
LTWa, Ry #EFRICZhAFRERHICELLTSY, 2hdiE, BEO
Exr, y=0TOUHE L TRETES, THOOHMMBERICHIZEERR
(b)HDEFLThELSHEE2H8BICRLE. BEICO0WTE, HRIOMEZ
B, MICHATRRMNEIWRELGICEA— BRREs, $22AS0HE,
EEOMREOEEBEZ T RVE V- TEW, Zhhd, HMESFOEEE L THE
HEOMALCyF (am) %Y 2x32bb lrad/m (RAHE REMEE LT
5ExA2:T 5, R /NOMMAD, HEIOMEICTHEN/ EHT,
FOyHUETREZIHLZZLEL, A, Sy 7ALOASBVIKENY Y
SuyvOERHEIY, o=Aatance/m (HP—HEHK, AaldNv I35y
YEOALOHMBEHNE, coldEAA) LEBLT, ¢==/2—9THT.

hnd, BRIOKHEEBEROAAERN2 y/m LREZQULHLT, HHEIPH
FCMTI2y/m=¢ (+HEBIICHIE) 2RI LHTE B,

4:3:3+2 HEOSHFLERRDAOHBE BELIVyFEOEFHOK
2XOPHEETR(4.1)Dun , BIOCRAERILEXDAAEWEARE - =
DT, WELE, EYMNEABELIEORHICHLT, ZAEFhOEKRTK(4.16)
DBEERDT 09 FLEDHEAL.OTH S, HMAADHBEZEANBRAIKE
AUMORERZEKT S, ThICE4.8(b)TEADNAMMERD DD HE
CHREEONTERS, HERLEOHEOM(a)T, fHHE1 2 & QI
CyFEEHLL LERBEHBOTNABY, ZORMTRYNE HBUOR

-119-



s
1

—
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. Pitch point
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cAverage 1 and 1
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d
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1 8=276.8

Pitch point

-0.4
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(b) driven root spaces filled

M4.9 3HEBOFEOMBIONA

(d) for A

-----

:without treatment

Pitch point

-0.02C

0.04

Volume velocity distribution
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(d) (e) (£) (&) ; B B Ul vy JEC 4L 72

-120-




BAINY TS9O VTORDoE—D2DREBLUTHEHE-TWAZ LIIHIHLTW
BLBRTX5,
—FEOEEICEELEL LESEOE (D) T, SHRIREIRL 2B ED
i, MAFEHT 7 7 ZARELEOREEZ T RVERT & 12 TRFENFR<
hd, FREBITCHEEOB(xFHOBS) AR 25 EDI, BRBLI 2o
V5., UALERI rTOTHREL —SMBTRLEIIK, BLE0HE
LEHLTWS, ZOEEIS, BELEELESEE, BAEOEHIHLT,
BEMEREMANERN 2 HEHTE 5, |
BEDZEhB, BEOAREZOHEEEALOVT, HEKLEOSEI, M
TOZODHEKRED(Sa,Ss, SIKHHL, HEABOBRILEINILDI—D
DEAEEXBHI KT SE, Thbd, HAI LHEKME CHERHKTERIN
BHEAESAEL, HPScRENALDOEE RIS HERKTIONHLTE, 2
LTRSS IREEARLIARERTSHS, WEr R THRET B L HERLED
BEIE, FThEROEEOEEE

S = Sa — Ss
S = S¢ mmemme== (4,1 7)
S = Sa + Ss
Zh&ky,
Sa = (8 + 8S) /2
S¢e =S8y ) mmmm—— (4.18)

Sg = (S - S) /2
b, FEHEREICHELEEY LEEESIKE,
Se = (Sa—Ss)— S

S¢ =S¢} Tmmmm=== (4.19)
Se = (Sa+Ss)+ Sy

BEEHEDOEELHEDH G I,
St = (Sa—Ss)+ Sy
S¢ =8¢} mmmmmees (4.20)
St = (Sa+Ss)— Sy

DEIULEDSIOHZOHREEHETRETE D, THhbb,
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Sa = (S¢ + S¢)/2
or (S¢t + S¢)/2
Sg = {(Ss — Sq)+(S+ ~— S 2/ 4

(4. 21)

SC’ Sd

or St

Sp = {{8¢ - Sq)+(S+ — St)}/4

EEEBNLEILOVWTR(4.18), TRODEZEARDOHEBE, BMEBEEAL
BEPERIIOWTERT 0y FLT, ®4.10(a)(b)(c)ny. EEHE
MBEOBSIKHOVWTR (4. 2D)TRDEEBER4L.10(d)~(g) R Lk, &Y
Sa, SeTH, WK =276.mO 2 XOKER2ELHEDOBE (—RER) &
KELUTRLTWAS., B S, Soli2nWTiE, ThicmATHMBEREEXE
BELOVWTORKERERRIRLTWS,
CHROOERBEHLMCEUTHBRTHIEVA, SO2WTRZIFR, Ss
KOWTRWE, Sc, SHKO2VWTHEDAIMRSFEB LS.
HEALEOSEORY S (B4 .10(dNE, RN(4.2)C, WEEHEMAELE
wer WHEEFALBLESELT, EyFAMBELTNARDLNSDOD
FIEZE LW ELTHZEOENERLE. COMBRE—HEKTRUEAEERLE
BEICOVWTOEDEE LWL HETZ 5. |
B Ss(AM(e)) KOWTHHEHEDERRWVWEWAS., B, BHSc(F
M(£)) i, MEEROSMIIAEMIARL, B, BERAEIK> TRE
AT EEICHDLZEFDMID, Zhid, ERIREELEBECLR> TEZORMAEFE
BTy 2 ABBELBVDIHLT, ZARAITEOHAROBAIK 2o
DT D TH L.

T, GBI, MICBTAEBEAAICIIMERERTHSS((FARE(g)) IC
ANTY, MEEEAEVIECHERIRZINI ZADIS.

443+4 FL¥H
AOMDBHAEERIINAT, BEOIHFHVILLLBFROBMERN T 7 7
BleoWTEFIEEB 2L, Tho 2R U THFERORERRMLE Ih
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o, BEOHIPBDVWEBRILBTIHSIHOERARICIZ2EER, XA ANEY
£(4.19), R(4.200TCREHIOE, 4BHOEARKD UL SBLTRYRA S
TeHATEBZEEZLOND, ZhHDABEDENIE, Say Scy Solki2o2WT
Ey FAKBULTHERNH (CyFE2RAL UTHBERTRES) THY, S
el DWW TREY FEKBULTEYH (HBEEKR) TH5.

444 HOBHILHT HBE

MG ECTHREOKBEILBITITEOESVWOBE:R, EARSIHIBULTH
XBZLHTEE ZhSOFEISISFHVETHAE (y>0) BXU &
2 (y<0) "OBHA, THHER2ELTILEENMELL ARB] BE
TEE2EDLLEENEL 2] BE2ABIHPETEZEZDOTHH L&D
TIBREHTA, CCTRWSTRODEEREZOBEREMDS, TORBTHLHHEE
W HERLWOIHEER2ITAT, EHEOMEBHAALTRE LTV A,

4+4+1 HRHETHEEISOFOKRHADER
(4.1 k&> THEAPIBY FHOBEOREZOHAE, B4.7, HM4.8
NOEOWWLAMEE THRAWKHELU THHRERR

f(y) sexp{j(-2y/m+8)  —==--- (4. 22)

YBUS. 2Tk, ERI, I, IOBFHEOMEERRL, ThETh—- ¢,
0, $2ib. ZOXORAHEEISOyMBFHAADFOKHE L, FHRORS
20 (072505 2/28C) &L, BEMSyHEOBAULETOHEE ro2 T
hWERERFBOD L CHERT Y YYVOEXT

tr2

¢ = ff (y) vexp{ i(wt—2y/m+ 6))sexp{— jk(reFy)ldy
4 7wre -1.2 :
=T, exp{ 70} Tmmm=== (4. 2 3)

exp { j (wt—kra))

Te=
drre
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THERERORBUABEAISOBRBHEBILLIBEL
MHEERERT 777 R,

I = ff (y) exp{ j(xky—2y/m)}dy
T, BEOE&EEDOHDH RO 77 7 &,

PhoT, HERBECEREENEHTAREL, 8] INOMMZEY, FHOE
Bty =0RMHERLLESHB AT ARNHL OB TRHBILHTE 5.
REBZCTHEBELEAESE abvFn) , FAEFE (hasaa)
ANDBEEET. COOBLHEEBEBICXSET X, FEOHEELKLSRWVWOT,
PgTRmAT s, EEEEEp=joo ¢ TEADNAB.

FR(A2D243HMORERARDILBERTAHLE, #RI GHBMLORAUER
BHEIAFELL, HHEOBERZDOT, BHIEHTE S,

4.4.2 EROPHEBRCE S EH OB

EEARS D EEKE EEBERTEZRB 22 E, R(4.3)0RHD
4y T OUE R TS 5.
EEOREOAHFNEA LA TS SERT RO LEEBOIHOBE I

f(y) ==-f(-y)

 THBZEEFMALT,

ts2

I1=2 jeff(y)esin{kyF2y/m)dy  --———=- (4. 24)
%]

rEENLHD, TRHERERY, POEZOESERICEKET 2.
—%, BAgdhL: UELBosHEdLbbBEY,

f(y) =f(-y)
D&,

172

I=2+f f(y)wcos (kyF¥2y/m) dy  -—--- (4. 25)

L ANT, IWERTEFEZRANME & 5.
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PBEASEAKBMUTHBCAB LTV ABEADOBOKNE., 20N 0
BRI ADDDFR(4.24),(4.25) Dk > L HER A KR THENS, 22T,
DEOREAERRE D LA EERTER 2 ZORAEF LIRS LD KER
L, CheHETARHMOEFENHORAM (M4 .1005BHN5)LDRT,

u (Y) =Umax'f(Y) """" (4. 26)

DEIIHERTZLILT S, Tk, FHROES2 L THIER(4.29),(4.25) KK
LTHHEBIEIEHZALTENEN,
= jUmax+4+J  mmm—ee (4, 247)
I= Umaxele  mmmm—e- (4. 25)
DEDWRETES.

4+4+3 FZEXKEHTLOBEK

BERFMALT, E#ERTHBRULETRFLORS HPLEK] LEBKMORAU
A EBICENT S, RPBUMAORERBLLT, HRIONY ISy VAEY FR
REBTDIRAIVIREBIEILLTERS,

(a) B I /HDORHA KREHOOEBRDZAIVIAH, BL.TICRL
EEIKTATWREDT, ERI1E¢ (=Ex/2—9) ETEHh, @RI ¢ LY
LA, IFERIJOMERIEZETCHELY. #- THHETOES2HEERT VY
PIVTCEREE, RL.2)EFNTRAE . B)IKALT,

pa=¢ o + ¢ o =

=T, eUae joacdarfe 1% 7% e (4. 27)

= j2Tc+Ua+* La*Jarsing -—== (4. 277)
NEHhsb.

COBEROBMFEEHREEmEICHL, K4 01(a)lixmd, X(4.248) K &>
T, BHFDOEEND §HALKLKYERBZOTIOERNRITHVICEHEL, —DDWH
BRTOEREEME N, TDEEEVOMME2-01E180° IKEWHETHS
DT, BRENEFEBEROBEI HATHE BB,
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(a) A-components (b) B-components

Im/l\ o

s /
\‘
¢IB\ ¢HIB Re
I
(c) C-component ‘ (d) D-components
ImT (root filling)
~¢“ Im/m |
i ]
\ Re _?DJT_ Re
I bro N \
-]
I

M4.11 ZBEHSTEOHEHAZATHLTOEAK

hBNRY 7Sy UAPTOOHERICE¢=90" ko, TMETRELSX
yURINT S, TEHEERBERELTEILODBERINZLL RB(9AREL D)
DT, ZODEREREL A,
(b) HEKI1 /MOKTB HRICR(4.25)0BREY, THELHFET
BIDOLBEER, ERICHOVTRRA.IDOIIKABTHDE
¢s=¢ g + ¢ 8

=Tr'Us°Qs’Je‘{—e—j¢ +ej¢} -—= (4. 28)

= §2T,*Usg* Le+Jsscos® -—~—- (4., 28")
K(4.17) AobABEI, HRITHRIMKHULTHEAIRBLTNWEDT,
S IOTREAEAZORZ VRS (M4, 11(b)) . RPADED RAUMD
He VD, BREMLSHRE, EVWCRDH- THEEERLS, ZD2ONRT bV

DEZHIEER—FMERA2DT, FOSKRILKETHHAERORE (v0H T
OICEWY) WAL, FIE—ELRRES.
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(c) ERIDESC COEERMHEOERBL UTEZEATWAED, 9FHNS
2k (FEEK) o=, D[4 .28)EFMALT,

pc=¢ c= Fj+TreUce LceJc -— (4., 29)

DEHLLMTO0° BHELTEHEAL (K4, 11(c)) . ZOF L EHER
REAIETCHHEEBOBME DRV, HEL2EDL MRS,

(d) %1 /0D0ESD WELBICNITIBERTHS. RICEBHHZ
MELUETR2E, RAUDDEILFERAITCRHETHZ2OICHLT, HHEIT
REEHAILKDT, R(4.28)2eHVWT,

¢p=¢ 5 + ¢ o
j¢

=Tr’UD' jOQDOJDO{—'e— + e

=92 T.+Ups LpeJpecose  ===== (4. 307)

BHUIEEOREL SERAFILLS90° B, HHME, HICO90° HE
iBHS, ZOREBHEAESACMEL - THRDSHD (K4, 11(d)) .

BEMD, ABCOZBESESHORPOEDERE, TATHEMERLD
T, TALHFHELS-T, BORZZIHELTHHOZBEDNE, ZHhIHL
T, DOEHE, TOSHEIEHEMNTVLED, HELIES 0" HHNRE
STUEIDT, ZOBRPORZZIHOEDDEREERTIETHEELL
THNHOBTELETHHDEEID IS,

4+4+4 BESOBMAICEDBRH

44 3HTHLMI B> LEELS, MMAELZESTED, HELEDD
CHEMELRBEVOEHEHBUTS, ChHaH—HIIBPW LIS 2T 5K
K, BPADEHR o BELEORERIELALZTRVOLHLT, KIFCK
XAE o B ICHMMERBOBEL T, KPBRELLOBELRITICS
W2 DD, XL ULTAZCOBSOAHEOBROM TEREEL FERTHLEN
BRWwEHFEIABNH S,
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(a) | Qa 1a

(Xc'lc
Sa
NS\ Se
0 gy
1a, 1c
(b) S,
Y
l -
0 y
1s

BM4.12 HPA, B, CORHOEMER

22T, METHLNMCLAERABORELD LKL L0TRD SNEER
REEMLLU TR EMA 5.

4444441 WHA, COHHFL 2T, B4 . 00FFEOHHLKE L
ToE#tod LTRSS,

(1) BHEOEX W, HAKBROHETE, HAARLIRVAZEIHEOR
Xr UTHHBERILE-TRRBEULEN, ZORZOTHEIHODELY O
ROEDICABMETH D, 22T, WEHE LTHEBT HERNRRMFEOREO
BEATE—ETHDI LT 5.

(2) BEOAZZDNH L EHTEEZHRXS. Zhik, 2HEOHHFHEIH N,
£(4.24),(4.25) DRI EIRETZIDT, AUORBEI W,

mxw:omﬁﬁtxaf,%n%n@mﬁ@%ﬁmﬁﬁu,&m.mudwﬁ
REFIEEET S, T TRHEHRORZR2 2L, BRBNMIEE12LLT,
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ZOOBHEOBMOEERa s 22 FTBIELEST, BAALCLEH -LTHR
HTB., ZZTaALICEVEEILE, RPALHBL, ¢ POKEVES I,
B4 ClHisd 3.

(4. 200 f(y) LHA4.120EBERVAD &,

72 1
I. = + — {Sinc (¢ &) = Sinc (L)}  ----- (4. 31)
1-c 4
2, Sinc(x)=Sin(x)/x, [ i
{=24/2« 2/m¥k)y mmee- (4, 32)

TEZIhIEHEBASA—RT, REQIEIAETEECERT

KA. 28)DEIIHRTETDL L 2LLKYHLTIR

1 1
Jeo= —— +« — {Sinc (¢ &) — Sinc (L) } —-—--- (4. 317%)
1-—¢ 4

rHEY B,

22T, ¢a=0.884,0c=0.2512 LCR(4.31)%, #EIC{ 22> TRLUE
o, ®4.13(a)Th5. BEK BECIER) 2 :oMIRR(4.32)0
BHEAHLOT, BEOBEER, 22 THEEULTVAREDERAS £.=50m,
U2 —AEZ2mEThE, L./ m=05%KAL LTRIERUEL D OBl %K
BEXBH, ULy BOEFE (PaHVETFNFEILHETSE) , HHEA
Hi (DdZHEICHE) ~ORHICHT 5AEB L E%T 5.

T TEHETAEGRBEET 2D H0H SRz EBT, A LIGEVWRSA
NDEE, ORBEVWEPCOFDFEDHEORSAREBELTWVWSE I & ADHH 5.

4+4+4+2 BHBORKAE . EoFHOEST, BHNEBEPMOAEN
BT HEHICRELBERTHLDT, Ny T3y VB BRrhiEHis Bk
BT REHEEERFS>TWSE, ULALAY ISy YRHEREMREILZNE, K
BOHEBOHRL I TIDOBREREAEL, H4.10(b)(e)IIHR UKD ICHE
BHHOEBELEICLAEME AR, TITIhE—FLEZ, REBK1LIEY
EFAA2(D)ORIIAFTHELULT, TORMORI R sk BT
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0.04 : | : :
| (a) ) )
IA or TIA
0.02 - “
) - /
(_ - f o e st e ey
35 o\ -
8 . 0 //”’—
¢ i el
a -
D _0.02} N by
D
O =
0
6 -0.04 ' | I 1
X 0.01 T g T T
Q)
— - prd IB or YumB
O ‘\Q_——’/
~0.04 ‘ : ' l
10 kHz 5kHz 0 5kHz 10 kHz
(to exit side) (to entrance side)
Frequency
M4.13 oA, B, COTOBAEDOABEILE
fe(y) =1/2+{1 +cos (2 y/8s)  =—-==== (4. 33)

N

)
Je=1,/4{2Sinc(p)+Sinc(pg — =) +Sinc(p + =)} (4. 34)
BLer=2s/2 (2/m—k)

ThE 2s=1/20.=25m& UCHIM L ARICERT D&, BH4.13(b)DRICHK
END. TOXIHBOENADOELRMMT, BAZIhDZRUENFES 5.

4+4+4+3 HKHDIKDNT HEDOHFHILDOVWTIEL4+41 LA
M4.12(a)0HHTCEFIETESD, R(4.30)DXIICRKERBZZ &N,
MO &L T MHEARR>TWS., LEFA>TABCOKS &
OB HRAMBILLDFHR TR, COBEBBEINZEWHE I, HOKHEDE

&@ﬁuitbf&m@%mtgﬁb,%mA®%@m¢&wa%X6na
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4eded 4 ZERDODERIHTBIVFZSVAOHE DEDOERNS,
THhoORY FIVEREERMLULTHVEDN, H4.4TH5. H4. 132X
(4.277), (4.30°)& Y, HIRT IO, ¢ad dc L AAEVWIHEMME RS T,
TR s EMA LD RN FIVERBPRLT B, 22T, ¢adR(4.27)0
sinp DRI VHEHHEEOBRAIEERHL TAEL RBEDI, BEREHRS
MWNEL B, —F, BEREDEEG I ¢l TES, ocdThbbEET N
BOEN, REFBL RBEEDIKARELRY, BEHAFBUTEREEANNEL
BRAHAZLBDELEFEALNS.

DEoBBET, HE2EDIZ L, BEERZETAILLAEABORE
POSOEGOBHEALIDIILBHI b0 EHEEEH S,

fill root space shorten C.D.
L/ —_——

bn 6al b+ 4
- boy bl
o - {
¢V 98 bc c
T (Reference )

M4.14 FEHPOBHMER/ WELABILNITIELCOEE

4+4+5 BRFEFIVOERXGHRE

REBRTELEIILERERETEHIEDOBL2D T 7 7 RILDOWTKRH LU .
CITEALELIRBFEOEFTNARENLLDOTHALDICR, BRUITOF
EARIMEEATHBETRTAE bRy, 22T, ZHAETKERLERD
A55kHzTOEREOHELRITD.

K(4.27)~K(430)TCTr 3BUSRECOHBILI>THRELIEBEDO T 7
&, UdEA. . 0EDSRELIETEONFORRMICEL>THEALN, LREHR
DEXE, LT, JEMA.13MORDBEZELNATESD, EBI, Nu 739 VD
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HEOEEA.8XY9=80 LLTe=10 aREMLLTHEEL, &gk
HwoHE, £d4.1 225,

#£4.1 HREAHIPALPBRHEEIIIZFOEENHRE

B | relm) | Ulnd/s) | £ (m) J (=10 ) || o w ¢ (Pa)
A .16 0.09 .05 0.03 2 sing 0.88

B .16 0.01 025 0.003| Z2cosy 0.03

C .16 0.025 .05 0.004 1 -0.,08

D .16 0.014 .05 (.004) | 2cos¥® (0.1)

THASABCOEDESHEL, 25, HEOEEISOBEIHLTNLIZL
PERTAHE, MHFMVETHCSVWTE, BLE1L.64PanFEERETED 5,
10BEEOEE 2B AICET S, ZHHIGKDEERILINE, CORER
TOEEE, BHR10MD120dBE FH X h, LPBEVERSHSB. THhik, HIR
DREZDHAE, 2HKiE, BRABFADIBOT—VOHREF->TNELI L
LXBEHEADND. ,

EE, TTRF oI ARRYEBHEUTAVEEFVERLIBERTH,
10~ 20BO S A Y AHBZEHRHBONATWVWA, 2, ROIJOBILOVWTHLE
LR [Go EEDDARERERATTOA TS, HIESBOEy FAMED
Ry 7S9 Ve kAR BEOBEREILOVTREAL.12(b)DHHORIDEL, £
DHEA. 10(e)DBEBEAFABNW 22 HFHEh, KHPADKESIGEVWTRESNS
HEELNS.

KETH, SHETCTHLMLUAZAEON, FILVXNVOBEEZRLTY
BrEIDID, UVAILOAIYEWVIRKCHELRBORSASDOHEILER
LT, PHiME%r2E< T80 8<2s] ¥EHe (REXZEDDLLENHL
Al ¥Eer ATz ER Ak,
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FIC, BEOZAKOZHEWOLMTEEYD, BPEE, HBREOHES
FLrWOEEHN, BVOREHORBICL- TREKEBLT, »2EhTh
AABIATCOEORBE 2LV EF/IVEETY, ZEORRHEEHICIIHE
REWBLEDAT, BOBRHBBROHET 2RI AT ORBELEE.

(1) BENOKEADOZELKK L, HHBURAELHSOEAHEE, CyFR
HETHEAVOGUEDS, SEBOHKERD., Thbbd, TLETHLOHREER
o FEMPSEHBIBALEEIAID SN, AHIFELW.

LML, EoFEDOEHETE, BINOAZLBRHBUORELINY ISy Y
EBLTHEID—DORKELUTESRZS MTIH 5.

(2) BFEZ, ROohEHER, ABORHBEERMSBAULELZOEH
BATHBEEXLT, HEEL, BOBOEBZLIS, BEHEOSHOEEE LB X,
CHhACY FHAKBULTHBRODLSODMDBED KL NBTCED &R LE.

(3) ThoHHHOHIEEIFLHMUELUEIAT, MHZEDEAK
2S¢, (HMERR2ELTIELENB s #§H2 BELEDLILED
B ) BHOMAFEHRPTELILEHLMIU L.

PE&y, REOEZRLWERERY, JU7SVARRTTHBLTULLRELRD
RWEHENHDIZLERIEL .
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5.1 #& EH

BEMBAZNTWAE2HVWARBOED, AHEHVANSEIBIHESE
ULTWABZEEHLANMIL, 2B, ZTOHRBVOFEMERI LU TTORAICH
PHABBZLERLE COBOXERBREFEE, EyFRAILBTEyF
HOLBEREICR->T, PdpRHWE, PEBVRTAHO2FHTHS A,
ZTOHFFEOHBAE, BAHALIAEVWAZH> TWAEBORHEICHITA2ERAD
BERLETHNEL, DEBVERTOUBOLAEETHS. ThHDIBEED
SEHENTVARARZOBEFRICEERLHRE THRHEXTNS, ZhICHLT,
MPHBVWETHOMBOFTRE, WIFhoFHOHIBVWEEAHS. 2hd
DEDHEFESE, BELIFHVARKOTOHROLD /A THETEEZ
EhDho k.

THEE, BEODLOBMEANLZEL, BEERBEIL LS T, ZOREEFG I K
ERTOHRBZDT, ZOREEHORF L LB HEZEOBERIZEREIT LK,
MxCTEk. H3.605, BHAEQORBOINOOFMTIE, BEICbL /A &4
ESFNETORBTANEEE ULBLTH2 A TES, UL, BB
DUBNSE, BHEROEDI, BFZEV1—, BERZOHGESTS
DT, MHhSHETEBLIRELVERSTIETH S L IZES RV,

FIT, RETUHEHAE»SHFERHNETOEBLOBHICOVWTRIFT S,
FREEHIL OV, BEHH—ROEAEIDEHEDOEVEAEERAL, KW
BAVEEORE, 25615, "UAIVDB” KLLBEBAEFHRIIODVWTRRS, F
R EEESH CTH O REABEZOEDIAVSIIRTEEREOEAFILOW
TOBFZ2{TD

52 HETEELERHZRIVY

EORHOBMEE, HHBMETOTELEEITL2H8Y, TEIASORET
INVFLAEHT2HEN S5, ABRATRETIENFTOHEE, FHTHD
BHEIE, HEATHDATVWADAETHY, ABOBTBIREO—BEHET 5
EVD RS RARY CHYE- 2EOK, FETRMBINEIY. —F, H
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OBREISEBIRINEINEBABEIT RIS IE, ERHARNVXILL S
MOHFHEUTWAEDILEDhS, #2C, M3.12 ofEmEME L ARICL
TEFNLEBEORAE L IXABHKAEUESRELS, BHZhEATFELEET
IWVEXOBEBERDTH = |
BHROBHTINVXE, FHERL2ETRFICREZZINEIOREHELT, @K
BEHICAAZICEBTI3EEIRINFDATADLDLEEEI VF VYT A 2EHEE
KB ThERD B IS, ZUTHEBA VT UYTFAR, BRBURTELNTHE
BEOERBHFHBRAOBTEALNE, LAL, WHOLIRHBEEEI LDOLEHE
BOBBTEUTEZIE TR, BEBA VE— A VAN ERLERIEDIEEA v
FUVFLUBEEDHTEALIS, FLAHETES2ARTHIRAEHROBET
I, BB V- HUADERBIRBDB00, BEEBAUVFVYTAREREDS
POERTIEATELZIDOT, AMEDL I LFRLEBLUEHMETHLHEES AR
HDEANE TRV X ESHIHETCEL 2H A

22T, BEOFMELULT, FHEEFLL UERTLTOEESHNOKSA
TRIVEERDBHDYI, K3, BTHWEETNETNOABERTOEEDOEK
HEEY, *O2RFTOFEERICL> TRz RXINVEORKRBEL TS, o4&
bt TBEEAT—%2wil, BREREEZpax, FHEEHEESNTREW,

Pmax2

w= xS  mmeme——- (5. 1)

O Ca

Lo TARAT7—U AL PUL &
PWL=10¢log (W./ Wror)

=20¢logpnax + 10+logsn - 10¢logp ce - 10¢logwrer -—- (5. 2)

HBU, wrer=10""2W

TORILDOWT, EFNEFR2AVWCE 2HEHEEL, #Wb =110mTHHL
FEMDHOVWAERTOBRAEEE S LI HICKALTTFRUEAD—-UARILE,
3.5kHz» A 8.5kHzE CTlkHzZ 2 W 70y b UEDAES .1 THH, HTEKITH
FOBRREEFEAERT, ZhAR(5.2)DpnaxTHBHE LT VWD, SkHlzh H7
KHzDBHEOFE VAN DOE R BB RKEFELR LD L THMZh, MHedHVAK
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0 5 10
Frequency kHz

M5.1 A2HFHVWEThHOKFEZIRILEDHRE

BUHTHHBOEFH L LT, BERELAT-—VAIDORBRETRIEREAEE
BhweEWnwaad., 22T, UTOERBTWE, H3.6THMYE-> EXIREREE
EHo THREANRNT—2RRBLTIVWIHDE LTHRFEMAD I & UL

5.3 WHRFAOUBILOZEHFDFHME

EHEOEABRIEBRICX-THNREETLIIELTHHDT, IHIKK-T
HEZSNDHEROMT, WHKLTEAFTETITLZILATELINERAT D,

531 ERKHLBIHZE

WHORFEFADLZWLWET, AFNOREBEBRRTHEEZ MV BFREI {,
RKICAHUORGHOMERMSBAKNEXAND, DVWT, FALNEAR—
AHHMMEELRDANATLED. Thbd, —RIIBHBIIEX SN DML
W, B, BB AWV RCHMEETHL, —HEHIFORED RN
A, FORFIX(3.7)ELER(3.11) LH3.6THESLXIRIEEW
REDBETHRENDEDHIL, HEOBAFZHRGELDHDVHBEBRDNAT A4
b/ AAFDEHILEFELE LTS, LEN-T, ZEHEORHERETHENSDS
A—=ROMIEBEGAELSDT, M3.625, AL/ ADMEELS 5
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0.5 LT H30~40dBH OEBRIXWHTE 2w,

ZOHBEELLT,

(1) BRK L HMERILEAPNBZZ D, FEHOC Y FHERAEE SO
T, mz=—%E=Ci,

(2) ARV DB, BExOFBBREAEELY, Hmb =—E=C.,
(3) MesEEER (N res2$3) 0&HLY, 2&BVEAERBNz=Nz
¥/ fz=NCi1./m,
O=ZREOHEAIABTSIB., 22T, THhoOFBEob & T, R(3.11)% #1H
UVEHERORE RN ERBEEBIIOVWTRET 5.

5¢32 FEEARILIDIEBILOFR

THEE, TCIHLMI G- EHEYS, REOBBOEE L EMmII, &
K BRERTORPERELTET B, —F, BERHOZSEHI»DE, BREHHO,
HERARIKBREIND, F2C, EURUEBHOLRRHEZEORT, Z0F
BNELTBEDORBEEEHBEHT S,

Y, KB IDXY—BHLFREE,

kel

2

m
pzf(b/l)’ w———— X DPrer  mmm———= (5. 3)

~ ~

z b
2T, f(b/AEHEERNBEREZETOTEDORLE, §2HDHIITE, m
=me, zZ=12z08, b=bol UEBADINET, M3.60L>0liRE LTHE
ha, T HERBECHT AR EhEFhOEOKERT. T, BHLATOFH
EL AL (SPL) &

SPL= 20<log (p ./ Pror)
= 20+log £ (b/2)+40+logm —10+log s — 20°logh  --—-- (5. 4)
MBS T Eme=2, z0=138, bo=40~1102 LEBEDEE L AL & &
LTWAMS, ZHhICE 7778 =1L ELET LTI V.

mﬁfﬁbt(l)(2)@%%&0,2=l/&=8&%w6aﬁ$%u%ﬁ
WDRSA—Rb /A,
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Nboeze b z
b/A=bsfz/ca=

Ce be y A
NbQZB ~
= ——— b e (5. 5)
Co -
LFEEDH, TER(3.11DOHEIBHIE,

B b m (— ) ) (5. 6)
——— =b7%°* = (— b/A) 3°%% —-ero 5. 6
Vz+b Nbezo
B, R(B.3)MLFELVINILERT B,

SPL=20+logf (b/2)—35¢1log(b/2A)+const
CEFTIEMNINTELZOTBHEHLT,

SPL+35¢log(b/A)=20slog+f(b/2)  —e-——- (5. 7)

b, Tihabb HUHERERIEHI.6DIST7LET, EBROBHEEET I
BOXTTOEEERTHEY X, HLAHY D35dB/dec(10.5dB/oct) DEIE & 12 5.
THhERICRTE, H5.20&K51 5. -7, b/ A=1~208BETI,

140
] | ] . .
- A | «——(a) to the exit side
(g. b ge(, e 1/'3"‘:. L3 %@
S 130} \ ‘“@6@@@ .
8 190 X 336%//' P (bl to the entrance side
e P /L/ 10F— } 4+
A
2 120} -~ la
© / L / I X v 's-v Fay
B ~ 197 -~ b 100k — A —— . ymvRA
~ 0 el
T Lol v b (mm) r e “\Zg
@ P O:110 cf\&/ vﬂ‘
v :.v . A 100 ! 90l '))/ gA
2 0ok LY -g"  ja:s0| | __' ~ v.bA |
; // T v 80 > a ' ;
a V.DD e: 70 80~————-.;A ! i
h v A 80 :
€ 90t
3 “[9 _ B: 50 . % !
n I Y40 70F l
e |
i I
05 1.0 15 20 30 0.3 05 1.0 15
b/ A b/ A

B5.2 REEBH—ZODHETOKRNEREDHE
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FEABEDEAEARELTCWAOTZOHBBLEERETSII L EETLL
2L, TOHEEZ0UTFEARBEINEAERETIDOANEEL W,
H5.2(a)il&hil, HBRZFEILXAFEEAE, b/A=14BE TEKIT S
Wik, b/A=05BEDFH, BEXEFWBOEHZTOERONRERIPETE 5,
LU, b/A=05BENHEBETHEDEISOEFIKRESIATVWEIDT, ZhHik
EOBBEIHETCERY., XHLZOFOREERELITHEDICE, b/LoME
ROSUTIKTAHZEAEFELW. /2, R(B5.5)2D, TITHEATWIES
ZH—EDDLETRb/AREBbD2RICHATSDT, b/A=18EMHD
/IA=05BEADOBRBOEDICIEEEL20.72 LT, ®Y1—-i1.4ETHIE
X<, THhILKoT2W0BALOEHEORKEBHFTEZDI LIRS,
DEEEEZUTAHH#HBVWRTHUOBFICEBLTWEDR, M2HrAHHEED
THBE, b/A=05BETIE, »»R23MUTCOFOBEBHRE+H TEAV.
FZT, ZHULEbL/ADEEOETCTIWAZIEAMATENREEEN T EAFD
HEEDQLEERVWEWVWR S,

5.3+3 MBAVERICXAEHLORE

BZBOXOULHBAVEEEZAVWAE, PHFDVRTHONEBOTRILR
THOAGERES<RETES., ChefETLE. BFLRESIhEE R, EEE
BObrTHEAEOERERBZ & AT X 5, |

5331 WBROHE HM3.6ChRUELIKEENEHBELE 235X
SIHBEANDZ L, PHEHBVWKRTOMNBELDLSERORETLINHDHVA
HE(MHBEB)E2ENWFTAY I SRR EHNTEE. ZETOEREREI»SDD
MBEEDI, HEOBEZ2mTH T HTHHDT, ROLNEBEEIIH LT,
HEDOEBLREARREADZ LR BHEORELEBTZES, LML, WHHOD
REBILHAFFILODVWTE, HHOMBERMELALBRTERVOT, TOKE
BPIEATLHRADND S.

5:3+3-2 THEEHOHROBF B3.16kxicLT, BREFEDOED
BOWAHDVWETHAIT, b=80mDFLELHEHRL LT, HEBEAVHEOEEK
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gLl (FYSWVEBY ETHEOEEVLOE) &, TNTAOHEE, #
AEEICDOVWTRY, BIS5.3IRT. &8, 3-2TRUEXIKEVARRKK
RBHEN—FRORAKEROLY, ERERZEEED =mOREOK LD
FBECOBRAREER L. 3k PHRRBRHMWOEFILOVTH, X 3.16(b) R
LE& I, 2~3KkizTH 4« 0dBOEROHREFED SNoH, 2ho@EeL
CEBRDRIELACHETERV 2 HE L .

E5.3M05, SME#ICE->THRESD, BLAEATA~BKizOWETH
EEBOMREADBDOOND, BHEROE V2 =276.2m0 5 & 1, HHEOEIK
Y 53 3~5kHzT10dB~25dBOSRABH Y, = HIE6kHzD VIV DB DAE T
- _35dBICHET S, WHHEROEVWESILE, BEEEBOYRIEI0~10dBEE IR
A7 3~8kHzDEVWHETENTHE 2L Nbh 5.,

m
T
o 0 :
kG 0 .
c R\ ﬁ/;
: 0. -
=-101 ' T A / o e
S o e B A B
b 0 . s R
o~20r 5 s "‘o8 N
g O A \/ g
] O 8, A/ C;]
e—3()_ a 21518 \\
o

276.2 |50 |0 /g
2 276.5 |Al|0|O A\O
3 276.8 40|10
UO)_AO“ : 1 | [ ) ] 1 L

2 5 5

Tooth mesh frequency kHz

M5.3 A2HHVWEITHUTOETEEEBOHR

5333 KBHNATOEERORE HEE, ROIBHUSTOFOHRZ
yFRTRBIULITEY, REOEROEDLEERFARAVEBRLT I LHESR
ichkbd. EIT, wHHFEDIFHVWETHhUE DRI B INATNS
NTC, FHEMADDETHEHEARATOEBKMR ZBA T 5.

BRI EHERSKRDAEDILE, FORFOHAMELALILENHS. L
PUEBAEELHMIKRDI2OEEETHL2DT, KOKEDD & THEEHROH
ER{T-o .
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AHBHBVRESEISLBHAZNIFORAER, AEREZEELTHEILE, #
REEOBRILK->THRESZEFABND., E2T, AHHWVWETHHE > HA
HPEL TR, VRIVERRZBODORALLRBEER2D ODBAKHFELTWE L HE
TEDH, 28, VNXIVOBRDOABEBOESETIEOTEIFLL, BRHICAT
CORBERSLT UHEL <R,

FEORMEARMNTHZ2L T, BOBAADIRERBESDOL LT, $5
RERTOEEP S, BABKX->THREST 77 & Seff KK T,

p2

o0 Co
BL wilkERA7, pREEDEMM
P R EREBE, coldT®

X Sere  mm=m——- (5. 8)

W:

tREDH, RA(5.8)eraHVEIN, 2AAHUADTOREICHBT LI,
ERDERENS Seff WHEBETEHELWVLWHS,

Seff
0 Ca

BHL i, 2&HVWHETH, dErRAHMERHTIEF

w= X 2 pi2 0 emmeeee (5. 9)

CRTIEMNTESD, 22T, HEAVYEIEODTOKRKEA AT 2 wWe,b =80moDh
HOKERATEw. EUTEOERMBELFEEOREERET L, 2057V ARIL
#r&EUT,

ALw= 10+log (wo/wWn)
= 10¢log 2 pig? — 10+log £ pin2  -=—==—=- (5. 10)

M3.16KEVT, PHRAFPUADTFORRIERLIARFAFTOR B THM

WKHMT DI ENTERM N, Az LT RBOERII A DD ST —EM
(110dB) 2 222 LT, (S IOV XVHBOWS mO @B THRHENT KK
MEEKDDE, ES.4URTEOIRB. b, VXAILORDESH TIEBAHE
KHIARENSBTUBRIURWH, T2 CHEFAERFIRICALTICHEL &
(B 6kHzpOE1) . LAL, 2HBRABUADFOKHEHHB DT, BHRTT
BET B UNIVOBRDHFEIENE e B,
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Tooth mesh frequency  kHz

H5.4 BFERHEAT-OEBROHRE

Uk, 3kHz~8klzp &8 E T, BXZF10~15dBOKE AT DEBHIRAE
h, BILEHHEZOEWVED AMBEROIEIREFVWE EX 5.

5¢3¢4 LUARLOBEFMEULERE

PEBVWRThHOHIEETSHE, UVAIVOBEAVWTEERXZELLERT
XA EELAHS. B, MHEORS.3THRUALD KEHMHEa =276, 2m
TOkHz A 3E T, 30~40BH DEBATHETH 5. K3.1 6T, HEL=40mT
LEMARLEYICRETEILT, BEOEROMREN0NBEEMETE 5,
2.3 2TRLEXIK, HEDI V7S VA LBRMIRET 52 LbTHT
HHH, TORLOFHEE, KITHERELEL TS,

T/, ZODOFEDOFH Phasing) B HWVWTWAB I I RBEDIL, ZEODHITH
REAIHECEORRENBET I 1 AY, EEILETHS.,

5+4 WIWEHEIKLXZEEALORE

CEETE, EHEVOIRENMEEFTIR-TVWEED, HEOEOBA -
MG AEEEEIChEs TABICAELS, oADK EAOFKNAKD @EOHF
RICHUTHBTHY, VAIVORIVBEWHDHBVARKTHEHERRSEZ O
Eoic, BEAHOHRIECTVWADDLEDNS. HHAYFEEE, 5+3
MTHRAREEII, TOHFDUAIAREUBDIEBEREBELTHILICES
THEDEHRLEHAILTEHOTHY, hrFAHP, rardviEdFhilov
NNVOALVEWHEBEROFE R, FMICERIT A2 IRETH S,
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—FRIEEETE, BO0RCAKKVEROBE, BASHS, #BHEICE
MR BHTNEDS TETIDT, FORFOEGHLE LI LFHELD, &
e RUNAFTRES RN, EBO—FORIARATROLEIL, BB
HITBRERY, ZERAROLEHIEEDHABBLICLC o T, BHMEL 2D
ZEHLFHEENG, EIC, ®ED =50m, RUhm =10, 20, 30° OEHES
AUHMMARTEBRTEDXOLHEHMNKLT, REFo¥H 2 AN L.

5e4.1 HBEERCHEH®E
BHEQREMBHORT, BIHEELTHZ L CEDLBOERIRAE
NBZEND, B-ETHWATEENS L KB TX5 LS CEED =50m, £
LB =312mT, AUNA L =10° ,20° ,30° O@EN & HE, TE
HICBUTAMEL K- RAT LA, BEZE7IE, £5. LLRTAEYTHY, T
REV2- %220, MMEBEA— 5D ZhFREREEALET,
GHHM Y HEL .
BESEEECHELRREBEYT, MddVEREHES OFE % 5 E% 0K
R UTRELE. 22 CRALABK I THEARRSTLESI DT, »
APHVARKTEELLREE, AUAABLRRAEER (FAR Y FAE
EE) WIWHIEL T3,
FECNSOBENEE, TU1—/02, EKIS, EE503 U 0T EEE H
Rt & LTwa.

#5. 1 RIEHEI#ER

Cutter module 2

Nominal pressure angle . 20°
Facewidth 50 mm

Helix angle 10° 20° 30°
Number of teeth 156 147 136
Addendum modification coeff. | -1.133 | -0.217 } -0.536
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54+2 ZEREX
B5.51, ThENDRUNATOFEDELE R, THEDOEEE > blorT.

RUNARL> THEBARRS>TVRDT, BERIFHBVWARKTEEL R

(al to the exit side
130
&£
Y \
S 120+
2 B=10°
S 110+
©
& 100F
e
D
§ 90F—-o M —
&
g ﬁ
3 80r— 4 j
it \

Tooth mesh frequency kHz

(b} to the entrance side

8 120 | . A

o

2 Spur

~

o 110

o B3=10° ’W\'

° oo v

100 - R=20 # A

=

o 90— SN me ]

o] J .

)]

o

S 80F—

9 ¥

> 3=30°

O

wn L | 1 1 N L I | L | |
0 5 10

Tooth mesh frequency kHz

5.5 BIHEEOMHHVWARKOBEOETEIRK
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PHRBHVRTAM(ES.5(2)) Tk, B=10° KDOVWTH, 3~4.5kHzD
VAL OE S EAYOEBRT, TEEIYUAVMEVS, VRILORABET
52rl, TREVEVWERRTOLANAEERC RS2 2, XM
K TPEHCAUBBTEIRA LTS, B=20° Tk, VLIV OBDHH
U, D0&BOUAIVHERT S, LAL, VALOARESS EAY OBESK
BTEEHEQLELJIELED SRV, B=30° KOoWTHLH EAYQAEREIE
EELWS, 2ROIVIE B =20° WKHATI0~15dBE W,

B=30" PEHIIDONT, HHHVWIETNUTOFE S DM 5 K5 %
ERS5.0IMY. BkHzUTOMBEBILXZ L EDhIEETE, HERD
ZUOBEEMELAERVDILHLT, THhEVEVWIHSVEABRROEHE T,
HEEREOHMIC LS Ao TEEVALAE L o TOLONH I TH S, 2
DERIE, THEBITE=10° QUALOALYEVEEE, ZULTH=20°
THR—THD. Zhhbd, EHEOREOHHOREH SN, HMBHEELEL
50, FERIVUFSVARRLTEFHEARTHBHLBEADAB.

)
)

o
1)

110

dB re. 20 pPa

80

Sound pressure level

70

Tooth mesh frequency kHz

5.6 B=30°" TOVEKRLOWMMBEEIKESE (hardnikdhal)
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H5.7 2H#HVWETHUTOREEDLE

£/, RUNALISZBORAEOELE, PaBVWEy FEATEy FHICE
THEHEADOLBHVRTAUTRHTES . 7Iom Uk, FifBIE6. 24H2T,
ENEFROEECOBEETCERMLLTERLTCWS, B=0° (LEH) »5 8
=20° ECTH, BABICEBEREERD Shi. B=30° TWIBHEILEKD
VEHOEINARDZN, KRELOFATEEIRATH 5.

IRBHS, RUAAERBLTYLE, 39, LEEOUVALOBLVEWE
HEEBE TR ST HAMBLTCOE, S5LACAARETLUALOAEY
EVWAEREERULTVAESIBL AT, RERTHANELRoTHLEDE
ExoND, Fh RUAALI-T, FORFOFHUAEDLEDITTRARENE
WA 5.

CHhHEDEFRZBORMER LA ULTHS., VLAVOBXYEWIHFDH W
AHKETRUCVBEDN, 2abVEThONBORBOHRT, @HEIL
o THENSHALTL BREAMIEELTWAS, BTERETE, Al
BEBMLTYWLE, OED20EDOMHHWVWEEM (leading side) OEBEHAE v
FEEABLT, ERE2BRALELSIEULTWB L EIZ, KM (trailing side)
DEFREC Y FAIVFMEBIDOT, FAEFRULE>LTBEdR5. L
EHoT, RUNAARTHILRENLE, RAEOHOERIENGHVKTHO
HEMSDADVHAMNOETICHETT, —FRICEADEDIICRD., ZTOED
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o, BAEORTASTHMOERRFEE L THRT BEI R L HRRBDT,
S LR OBEEERECEETELEADNE, £k, VALORE UE
WHARDHWVWEBERERIETEIHEE, PHRAMINBHEITIEQ0BTEELEZEASH
PEEOBRENTEIOVWTIE, RUAARMUTLBELSRROBRERS A
(R BDITTERVOT, SUEFDEORBELARASB L hoTOL LHE
h5.

NERBHUADEDKER, H5.5(b)RTLdI, ALAARI T
i, BREUVANVKIIZIENBT >ETLTDL., =20 THI»HdHVWETHh
HADEOREABRVED, 22 LTOEHEQEREFH 2 VX 2w,
RUNAEDI AL AENBOERDREN DL ENRERTHS & EX 5.

55 KF

(1) LEEISKEHTAEHFILOVWT, ZHEORE LI VWEER2EHE
EDEDOHBISEISONBZEY 12— LXEBOBEHBO TR CRDBFEERL
o ZOEREABMETHLMILELIKD/ADHEEZ0UTILISZZ LT, H
AEOEBRAIARAEN S,

(2) REFTOBBORHREULUT, HEOEHBESHIZRICHBERAND L
KEoT, AHBHVRTANOEEOHRIUBET 2 FOLRATHHEKE S
{THZEATCEBZLERLUE

(8) 2HHBVREThUWOUVARNOBEFAT A LI THRAFDOEHEN
HAEhBD, 1FAHUANOEEINICHLE2DH, ERFzXILXOREH
SEBRILEBZFULWEREIRAEhRWIZ L ERLU .

(4) 7, BTERHEILBTLIRAFOREFHILOVWTRHFL, RUHAD
MEVWEEZLREHEHELIFLALZEDSRVENDD, RUAARRELTEHEH
DiEHERBICERTESZ 2R U
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Rord

oy

o

BEEBOERNABAEEANTAFRATY, BUUREABRIRETHIBET
RHOLRETOKHEH L, TOREFREBEIRKEERIITST7402E0D
TEREAMAMLT, RETOBRFLOVWTHRHET> A, HEARZE2EHLT UT
WHELUTRY.

B—BTE, TBHF0JS5 74 E2ERBRY AT LR, ROJSLHEE
BT H2REXORBELITV, GUHDTEABIEREL, §HOREFILO>VWTE
HARAIERE2BAIZ LKL, THhEERVBICHDRIELE. £/, CheH
BICECHEBOHAEHBET A LIS THEOBRH2EHTELIZ L 2, X
HOREFTOEHATRL, TBRUTS T4 LT HREBRELLEDEDILERT
hEEvwhERLE 2LT, BHORBEFTLODVWINUTOMR 2T,

(1) 2HHBVWABEKOFTILSVWTE, 2FHVEISH»HFBVRETHhOMEL
FEFELHEVWEEE LR > TEHZI LTV A,

(2) KEHEDARZVWERTY, ABERKISTEHERKOH S MEFEYH
FEL, ChiZFHLBLIIBRERAP»SBAZLEEHE UTHILEREIL S,
(3) CoBEEREGE, HERKILEIST, BLEHEL—HBIEELTHY, FH
m@ﬁéht@@%#%ﬁ:a@%ﬁﬁ@%ab(ﬁméné.

WoBTE, YBELREDTHIDIFHVWAHRBKOBININHHVENSEESH
LH5FEA%, DHADVWEOEFOFRELNHEONS vy R I HICK YL, U
TOZEEWEL MU E.

(1) HEHBVWAERERETEEBEZINITWAEEILE, DbV of#iFIcHED
BHOBRPFEILE ST, DHHVWEMLEIS (BHE] MBI TELRVWEBETHES
INHALSEBEMNSABRICEFLLRLAZI L EERHIZEUD TREEL /=,

(2) ZHEWR, e ULTHHFEVERThOTAEE, FEMHFRABMUADBKS
ZRTWVWAS, BILHrHddVWETHHADKFICE, BWKHEHo_BEOTED
HLELTBY, FhAHDTHIULIX-T, HAREBHR THEENEDDTHL 2B T
LARNDE] ERIABBOLHLHL2ET 5.
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(3) ZHEOUVELDE, »HHBVAEAPDA2FRHAUE2HFHVRTHUOE
FECKEEZh, MHEREEL<L<TE (JUTPSVAERSTE) B30
KU BEEDPFHVREThOREZILOIEHFZINATEORELRTT, &
WHEREOHBTHELRLIHD TH 5.

(4) @HEEER2RLIZRELT, ZUY7SVA0HEMER-STH, ZHHE
DOEBAEHLED DL RED RV,

WZEBTH, COZHBOBRFEGL2FEMICHEN, DUToZe2HLoMIUE.
(1) BEAISKHZINI2ZHEKLE, BBLBEEOKD/ A 2 AHR(EEEE
BEE)DONRSA—22 UL &, HUNAKYYD., HHBMETCOERER,
b/ADEKE, TVa—I, HE BEKE-TEAXLHNS.

(2) PHBVRTHUTLUANDBRIIVBVASFHVAEBEIR LTS
i, DHFHVERTOMEBCEHEBOFRINEIALAFTEIOGEELN, BHETIC
WoTHABICKRATAIERORNSY, HABREBA B &IC&> THET 5.
(3) —F5H»HHBVRTHhHLIrH2HMOTA BRI hBENIE, EEOTE
BTORADEREAERETHY, HHEABILX AR —-VOHREILE-T, b/A=
0.3BEMSIBEAYD /A=06BEMSHBR—EHE 1 5.

(4) BBHRBHLLIBHILE-T, GHEORY THH KL X 2ZRAOKKE &
52, ThARBRICHALTWDE 22 8#RAL E.

FHETE, ZHEOS>HLEBORBALASBEHFAICBFEEIATVWEEN,
MBERELETILENBL sl X8 HELEDILEANBkd) %8
A EENIBHT A LR A

2T, WHOBAFMOEHLESMITIHEYD, HEEH, HBHFEOHH
FrWHIREFNRETFNWAELT, BHAILE CORKRI»SBED DM % BB L
TWLODPDEBURRUEIAT, ENEFhOHBEBZERIZ L, Z20%H
AEDHUHMTEBHILEWHAMIRLL, BIKOFHEERBLY, JUT7SV A%
B THRTUHRELS ROBRWEDFINISHAH T & 2RIEL /=

BAETW, BELHEOFEIE BB EIEIEDLLHREFRICODVTR
HEMAT, ATofEé 2L,
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(1) FEEISHHETABEAZTILOWT, ZHBORELILWRER2E HE
BOEDOHBISEXANBEY 1 —APEBOBHROFTRDBFHEERL
. EOKRATETHOMLAEEICb/ADER0SUFIRTHI LT, &
EEDQERFRR TN S,

(2) REFOEHOFHRELT, HHORELYHT B IHELANSZ &
KEoT, AHBVRTAUOREOFRIMBET 5 EHROLATHEBERE S
(TBIERTEBI L 27U E.

(3) pHBVRTHhUOUANVDORERETHZ 2 k> THRHEDERH
BAZNEN, HABRABHAQEREANICHBEDIK, 2RHTILF—0RM
PORBKEBFLVERIEATARVC & 23 L E.

(4) £, BTHERLBYSZNEOREZH L OV THRIL, ALAAD
MEWEELREEELIEEAYEDORVLON, RUNARARELTHLH
ODBRHEE2ABEICEETESLZ 2R UE.

<LBOBE>
AHRCTEOFEEWOMUEEDER, REOBEEHEOHTEZAET
ERHTHILRIEETHEEDI, TNETETOFRECHTHHEN R, .
BN EETAENTERI W AREEB OB SN, REDL S
FEMBEBCI AR PRVEOEEAONS. ULAL, MHEBICXSEE
LI ESE FTAEEANECRBDEHLT, 22 TRELTHY LT E
AN, BREDHLES<EEARVE VS AER LB E Y b TWE, Tk
—BIKEEETEBEEINATCVADT, 2OBHSHOBRE QA &8 THEEILC
BMLBHENBZLERVEDOLHETES (BRBHIKELRVAS) .
LAUSHOBHERE - BB EOBERICE B2 > MM OB Rl 8% {0 H
EhBnd, EEFCOEDIEDEERLTCOBEFIBILELL ARSI L FE
BEO2hkY, EOBELAMRTOENFTOFELE LRIV RS T RS R
WEFATWA,
FLEEOREDAN AL EEM IR TETH, BN 3 Kutih L
¥WORBEERT DL, PAHIHICRERURARS V. HIS, Dad
WHINTOFFROEBH I ODVWTRZAHOEROBLASIABEIHTVD LD
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KRAZUSH, SHUTRLLEBELHEENSDLOKADIS. Zogicon
TOBRPEISROVEDORETH 5.

FREROFENE, BLEICEZEOERBLDIBVWOIRAUIH S, HILHLE
HAEOBEVWHEHETATV—EBY Y2y FEBETIBAIK, ZER0HL
SNEWBUPSTERMBEALILLL, BANTEREADLETHD I L VW Y
BEANDY, HKRODHDLIATH A5,
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3 e

AAREBEETTILEEY, AHROEHE - EBFEROITST7 4 OHEBOD
BUEAIASEVWEAOHMEBRIHEVWAEEWEERIZAERNBIEWMAH B
BEBHBILB<HELELET,

g BEOWHBE WO HUBHRMOPHFILBLT, BREUEAHERERZER
LT EEok, ERIZEAZFABERF G BBEE, dHIELAEE CREE
TIRETT.

SHI, KEXERFELHIILEEY, ERLEPERB - FERXKIERE ®H
BHRERE, N BER, ABEHREE, THE HAR, LHATHARBICERHE
NEEEUET,

EEEETFHER BE BHBRERICEBXHERICY Y, 2238 D%
RELTWEEWE, MATHEEMREOHRBFALHBZICDHOER R E 2 FE
STWEEWEZ LICHERERLET.

AR, RECMATESE DL L2200 RBUIABATVEOT, UTF
KHELT, RA<B#HOBERLET.

UHEUHREOEEHTELLT, WOoMBLABI Y &bT ISR RILILH
TERTVEEVE RIEHFRERSENFEREIEHET 5 —K.,

ERBEBORY, THOBKISBTHRLOS> TOWEEWEYBEET #E
K K.

I BOMIT/HMCHTES L THREE OB TB LT Ex o 2 M
B OBRSEAYTIHEY X — B BREEBE.

HEOMT, RESCETER- T EXok, WRMEHEBAET #8 AL
B, W MK,

AFICHEY, BEMIICEELT, 2ARAEEEM TOEEWERET
SHAFHRELBOATHREBEHR, F PDAFNE A 7% -K, BHS
B BUEFRIDLLY, RTHR MEBE—K, HF BSEKRRE S ICHHY
WEVBLARLISHEEIER T T LSS EHE AAEREZILD LTS
B/AAA Y N—&AL
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RUDTRIBABFEL U THEFRBEILHFEL 23K, SKULTRAEYS
DRODODPLBRVWEREFI, R4 2HFEAQ IS 74 0EB2AREANRRE
BE LHETROTTHLIHABELELUTHEEL, 20 2ERBLTEZ-

=R K.
BRIUEBENREERORERFE/HAREEK,

THILRERHRIMNRER

ST HE TR R IR AR EBZERICDEROFEVOLR RS THEELER
KWEMUTK EESEZLICEBELUET. UTIKEREBILED-TLEZXSEH
ADERMEBTCHEEZRLET.

BRISIEE
RRFIS2ERE
WG 534E
BERIS44EE
B 554 B
BRS6EE
R STLEE
R HB4E B
RS9 B
BAG0ERE
BERG14EE

Hi62ER
AEFI634E B
PR ERE

O MEE

MEREB®E, Mk, BARLE—, FHESE, hiXFEHE, REK 2=
MNBEFRE,2H &, RFAER, K THE

MEHFIT , BEX—, BEAARFL, T8 B+

MhH B2, EBEZ, RIEEXS

MZJIES, EH H+, BEEHEE JIOBRE, ZBEE-BH ¥
M —, BRIEF—4, 8 AL+, RINEREIL

DEBAR—, MBAKE—B,H & —, BEHE BBl &

MR E o, 8KREEXR, BSABEREILE E, RAL—#
MFfIHE .z, BEA B, ERHFEML, REAER

MEFEEARE, Bk B, 9 E8EH

DESARFER, MBEHNHE, BATEBSL, BHEBREL,H L&, ZR &,
RE M BESE, FALE

MEHEE, BREE -, XHBEXR, REESB S ARBX
MBWEE, BENMBME, NEEDL , REAEE, R B

M I8, 8W B, REE =,

BB MR, ABEN, BNEE, R —

MOERA 2, HEFE B, N SEHE, = &8 —,

BAKHAA, &KRE, BlLEAX, REFE, ®EALE

(B wrmg, ZRPEETEE, DL MEL,BF8,RFRE-THEEABXICHED
AR EZEFTLE)
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1. B2, BEOREFTOWE FE1#H, BBROIS5741L4E5
PEDVABRKOFLEERKOBERESRIC I 5FOEE) ,
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Identifying Spread Sound Sources,
Acoustics Letters 6-11(1983.5),158/163.

3, dbig,BE: HHORETOWE B2H, EHE0HE 20X
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(3) Houjoh,H., Umezawa,K.: The Sound Radiated from Gears (On the
Existence of Aerodynamic Sound),
JSME International Journal 30-259 (1987.1) 153/160.

4. JLEE,HBE: TEEOEHETOKEEEY HON L EESCORE)
OAMKE SR TE BERE, 2HNo.90-1133.

5. dl: WEOEHBORHEHE HhOBRELFORFBARO-KBR) ,
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