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SRIHMOEKEO Dy FEHEHAPZRF UBIBLREOFSEBEORO ETEEZ Y, &<
KEHORO LEZBEBIELLEICE oy FORBZ oy FORIREHO “ROBEFRHK
WWIiES 2 EFP oML, UL, BRE-FORBOREFRIIODLVTEERLT
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AAARE A2B|ULHOT3ARRTEY-HG) TPV FS4 ] BELFERATHS. LML, ZEBEOMAKIBEER200mm, &
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MEE =B AE (HROME A, 30 OKKRE) FIXCWELHE (HROEEHM,

BYOOKIEE) O2 HFHICOVTHE L. TR/, B8 (M 0.5gr) OEZVH
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TAHEAAIZIT 00 (FA4dLL, MHOAAEIKIFIFEA) &L, 4k, HROMAA
HEFHMIOEEINTED, BRHS S Hmax 30.5um TH 5.

2. 3 ZThFE-KRE-FOBEZE

2.3.1 EERER

M8 0 A B T0cn/s, W UOUREI. ONT, REMOEE AN LD & MHOKEM
WAEEES S B A, WIERT b EREE (OB EE S ERETOR &
T EDE S RERES AT AN, B2 IR LIRS R D OHEERT. @
D ORI TN TERRIC A - T s, K220 OBBEART. Hoblid B mugE, S
EREOREE MEDS 5 EREN L P LOBRBEOTELALEE LTS,
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:.(:J 00 O g 100 >
R= = A~ ol® 000 o
w5 ] (550m) ..... ° 90 %
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8 —..... o o e} — I—IO -g
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F o BEEIEEEL50, 550B X LIS B A EEHELHETRLT LS.

2.2k 0D RDEKHIBIENDISE. ERAKBL O BEEEN20nE TR B/hEL, B
BEOLRINLHHE5ABEK. D%, BEEEHROMME L BITL@REILEID, BE
FOFELVARNVIZE5~TIBEEKS, FREEEDIERDPOBORIEELIFZ LA ELANT .
UL UBEBEEN100nE 2 2 5 EBEFRIS~ITBEIBIZELSRD, TF—-r] &)
PABOVET, TOTERBRIEZRERENLS. ZORKO L OEIZ1.3~1.5L70 Y, BEE
MNADI~AZIZEL TS,

ORI SEEFTRIEELVRIVOBRCEEFELRNILNE L, EXEROEEE D
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H2. 33 B FRARICEITIITBEZHUE L ERERLTVS. H&D, BEEFEIHK
ERDOEMBEOREL, ARHRESSFOmbS B LDIEEACEHET, OHL ST
ERHLTOREL., L -T, BEFREAEROEAICE, BOORBHIDRELET S Z
EWNONS.

K2. 4ICHOREEcn/sIZEB A I THE LRSI FREROFTE, B30 OMKRE (&
BAHHEDH) MEE (lateral acceleration) H X OHRE (WEHHIEE) MEE
(longitudinal acceleration) MWK & Z OE MK ANERETT. RICH I 2mBME
BELAR)Li10m/s2%80dB& LT dBER Lic. MEBHMEE LAV BIEBMEE L )Vic
HAIEBEIEL, 270hE, BEFOOLTHORE OHEHMEEREICLIIBUTHS.
A BHEANBRED, BEHEIXBOTRE, RPMELE SITT O A REUR 134600
RZELTZOR/BHFNSKRD, TTHFICEOTIZ4600Hz0 13 NITEB KO KS T~ &%
NTHWAZ EPDME. COBBAERDIEFICHROERS S IPHTMIRELEEITE
DRETELHEDEEZEZONS. BEFTIFIUITHAEOELHEEKS TH 54600021313
DORMBBO—ROBEFREHHTH A EN, BOEMEI.ONTHKIKHE LT T, N
MEBTROERZBEEAMIIMR UAALSORIBRABEIC-H LI EroBRAINE
(U, Zhz [—RE-FOBEE] EMID) . L -T, BEFEFITEZ YO
BIOREL, TOHIBLOFELRLVOEL [BEF] BRVOKIREICK 2 HHIRE X
DETEHDEELZONSD.

BEE, ST HEORERIIET ARV EAREOBEBEORBIEDLIKE T
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Rubbing noise Squeal noise
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Sound pressure == IW 65dB s ij\NVVV\/\/V\ 9548
s u T\
Lateral acceleration =3 IJVV\A/VVVV\' 1548 =3 Y}‘,/\,/\/'\/'\/\/\/\/\/\ 13548
Longitudinal acceleration % ‘; 5048 = 2 } 1104dB
g - I 0.5ms S 0.5ms
100 = — Squeal noise 140 — Squeal noise g 120 — Squeal noise
—— Rubbing noise % Rubbing noise 5 Rubbing noise
5 3 8
2 gt 2 120} S 100 |-
2 5 B
o T L
2 5 2
8 60 S 100} S a0l
S 8 T
° - £
% =AM
G.) et
3 40 I ] E; 80 I | B 60 | Al
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RO EXTenlZ D20 T—KROIHE

I FELVNRVEFHEUREREAKIIIHHETARLTHS., EHHPS ISrall BT 5 F
FELUARNVBHEEREEBIFT-HLTWE, DO ISrcTRFEDODLUVRINVE—FH LT,
BT LANNVEBRWELRILVEZEZ LN —ROBEBEFEHHKSO LNV EEFIFT—HL

T3,

ZOEHIICHI IR TLIRERELZROT, RIMEZ LAV SFEVNILET
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K3.10 BAxDRIVRICBIIEREIFHEIDZIONIERE
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SUSLRERSSXZ S OAROMBAMER D ZEHEIY, RETIEESTN, R
HOIDKREX, OEYH, RINMEEELEDOLIRERIZHINERP, ERNITKEFL

kR, RO I I LBHRNZ SN

(DEBFEIFICZVOBREHO-ROBEFEHHESNSH-TED, F2ETHRLL



[Z9hF] KHYTS. £/, ZOFEVRNVEERAH S IBLICHROOIEY (Fx
DHEE) OBWMARILELT>THRL, BEHDL.2~2.2F, REHS5ID0.8~1.25F T
B4 5.

(DEAH S XFIUVEBEHOWRIZELH->T, BVDEHERIOERTS. BOPES
ZliHOoIWREVEFIERAETEOE®RTS. LHL, BERNELCTSH, FELANIL,
BRI FEAEEMALLEL L.

(DEEH S IV KZVEES, BES, THOMBEHNEEDORROEF R EH K L0
BEHOBRELDITPPHKTS.

DR HVOEESH S ICRIEHOEKEER L/GEH HFENICER AL LTEKD S il
MHhOZONET VY LABERSSIEZRALTHELUZEZDOBBRMERE L )ViZE
ITHEEBHERIC—H LK.

MNROVZHEHEOEERHNGKEEZEZ, ROMEEIS TENORLRZFHBE L LH R,
EBRBRIEBRBERII—HL, FREBEZVOBREHMEEOH S RBINERE X FEKE)
RT3 ERNDIh . ZOEBEEACTRIIOERGMEEISFE VNIV EFET
&5, FEVRIVOKREIPZPERAHS IPREFOEE, EREROELANNMIT—HL, £
HHOIWNIVEE, BETAZRVLAELVRNVEZEZ SN BMRHO —ROBEF R K
BOVNVIZ—H L. LEDP->T, TOXIBFHEHEICI-TRAH S XL 5 EH
FOREIEZHIBEETFHMITLHILENTRETH 5.



wAE KD SIRRENS AR 0RES

4.1 #E

HECSOTI VI LRRAD O INEBEFTICRIZTHEEBIIODLTKREL, RELUE
BEIELLTERVORIRBO-—ROBAERBGHRI LMY, F2ETRELL (2540
FlicHS LTV, 72, TOFEREVRVEERD S I BLCHROEER (Fx)HE
B) OBIMZEDB>THRTEIIEPHLSIE >, UL, EBICBS V5 ALLE
HHOIDEFNMI, HMUNBRAHOIZ S OBEEAMOHS. EXE, TANDHE,
V- VREZEBHREBEBEINS I LICIDRAH S INFBMIZRD, 2055 IPEF
DHEHREBST. Lcd-T, AHHLBERED S IVBEEFIKRIZTREIIODUTOH
RTDBLENDS.

HYRMIERES S S ITL 5 BEY - BERHIIOVTRBROLITHEITIH TS,
Carson®® SR OO E AV DEMI Y, HROXHD S XINEDXHICEIAT S
NEMRLTOS. ZOMRICHBNT, BENEREH S X Z2 5 2BHBOMBICE L O
HOMRAZEMI L EEOAROBERICAVTIRHRBEBLIEML TS, It
HHEOAKDHE, APNREHS S I IARKEEMRBLZER L LZOBERIK
(contact frequency) & DD T ZKFBIT* VAL TS, F e, Nayak *7 i3
CarsonDERZHERICKEFT LTS, T74bL, RBENEEH S IZEXEOBE AL
ELUT, Hertz® BMIM#AD S % 51 5 IEMIEH H RN A E LIS BAT Lok B, —kdt
REBELCBD, —KABEXREIECLEDI -7, ZORKRICarsonS5DERERZ—H LAY
A, Nayakid —H UL WEBODO—>& LT, Carsons DERITK 3 “RHAKILEFEMEITHS
SIRBIRBOMRE KA BLERTIEL, ERBEICIZLOTHLARUENSZ &
THT TS, BECYRo—Vy MITRLZAUNETES SXE b ONEILHBH &I
DERRBBEILLEZOBEETOMEET->-THY, APHIOIICXIARKERZY
ODEBFRDEEOIRICIDFELVRNUNE -7 ERLIEEZRLTVS. U EOHEN
5, APMERTD o SPEEBRBOANERZ720, TOH S IORHM & EpRH A%
BUILE, 50R3EMTIZVOBEFRIHEILIRESTZIEIWUITH 2N, ERER
HRAOFHAMRLES 2 CESHABRLENELZIDEIDHSMIINT AL,

* CarsonS ik l/2RBERIREBNTHE. ULHL, Nayakb BB L T AN _RABJIROBHTH .



ABIBOTHRAPNERS S5 IVBERT B LIVBEBERIICRITZTEEEIRTT 5700,
HiRoMHEmZo—~LVy P T2 EICLD, 6 X0OEN I 4BHEORAPNLEEREH
5&X%A5KD, TOMABIKEIZ—EMETHLOY, RHEBREIEL. Z0LERE
THIBBEELLICEBERHI LTS S IOKREX, AROEEH, BVOEIICL-TE
DEHIIEATEIDEZERULHER, 5 3FABREEVOBBEHO —KEERDEINMNCE
MR, SRALLE, BOHAELEREICMERABRLRE EOFERELRRE IR
AEFTEE0BYDIBRNZONI.

4.2 ZEREBBIVHE

FEREBIWNEEITEHALALLIOERUTHS. AERTE, HROFLITHTSIED
OB A/IFTIFIF0 ", MULOIMEGI.6 NE L. RLNTEBRIIFERALCHAKREEZ DD
BB LUOMBEHRIVZONCEIDOBEESAMOBERIKLFT. Uk, 3HO%E
BERRTRAEINTHAY., 0—Vy MITOYRAARSIEEZ T, MiRoMEAEIC
M4 LI AT L BABBORBN S S X220 k. ANRALDH S IO ILKIF582TIE v
FIRIHLI mTHS. BF, VAAREIDKRZWIEIZSa, Sb,Sc, SdEELFTE DT 5.
M4. 23 B Hpo SMBPIICMHAL S SFEL D KO EHHEEZTIL TS, EdS
SHMEBWELRUAERICL - TEKD. RO S SHBREBFEZXBISENVEETSH D,
ZORKARKEHRIFZSa, Sb,Sc,Sd Txheh 13, 8, 4, 2 unThb. —F, HHEHMBEEID
Z oI Hpar DEIZZT N EN290,210,150,60 unTHS.

#4.1 HAREEFDOHETER D ORRBEFTRIE

M R i3 )
7 B’ S45C o3 ‘" S45C
E % cm 20 H % cm 0.7
E X cm 4 £ X cm 3,7,10
W g Hyp 400 W Hy 150
B A R # 3 Hz
BFoEX cocm
3 4 650 —_—
7 1010 6 350
10 480 2910
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4.3 FrOXERSR

4.3.1 EBRER

B4 33 B XTenD @ D EAHBORYINETH 5 28a,8b, Sc, SdZ2 b DR % EEIE /2
EEONEBEHIZIZFRESIVCRIVOMBEMEE LXLOEMADL I TEFLT NS
Fh, RICRE3ETHNKLT VS LREEH S ESra (AfKdHS IMBORKLERE )
DEHEEOFEBLIUCHEBEHMEE LAV EZRCERTRLUL. b, BREETEIEEB L
CHRBMEE E SIC VXU NLI~6BORTEHT LA, RICRFEANZLNERLL
SEE T L~ 100/s° #80dBE LTABRT Lre. &7, [ HEMIC i 4K O 3
(rpemDIENCEHD S X EMBEHICIHBRE . (LB, hE2Ho IFEBETR
fs=NZ/60, N : HEoO&EHY (ron), Z: ARALOWLH) EmMEREABRISZ SN
72EDOBBEHO - RELV ZROBEERDHE 1. fe2 DS/ fer BIL S/ feo
bARLTVS. EHOBI EDODRY, HEHVHET EMRLE T &0 EMMAMREIAS
5IE0H55. RITBLWTERTHALULLEERL TRV VAR DIOBBRTIHEPH S T
EERLTWS. £HHD S 2Sa,Sh, ScOHFAITIE, HAREEF VD IZEOIETT TITEHR LUK
O, ERPELAEERLLZY, 5 2D/NMI0SIDOH A S0rpnd Ik &5 % B> THIS
rpmE THEERL L7 - 72,

@ | Lateral acceleration
120t i
0—00-0-0—0—0—00
. X O—q o-0—0-0—0-0-0-0
1001 G""oo L.Loss of contact
L Sound pressure
801
60
Surface profile ©5c
0 Sd
--Sra(random)
40— 30 ' 50 300 :
0 L ; Revolution of disk rpm
0 1 2 3 fs/fer
L 1 i —1 1 1
0 01 02 03 04 05 fs/fez
K4.3 FEAOXEHSXICLAMEHETE, DD
BIEHMEE LXVOBERE (BHEX Tem)



R4.3Ick 0T, TEBLITEIHMEE LRUNERE S EBbN 2 EEH 50,95, 195rpn
TE— 7K ->T50, XROEBOVZVCERBEDI0roniZ L5 E T ¥ AMER
HOIDHEEFEFER VNIV ->TWE. ZOLHIT, PN S XOBET V5 L
ﬁ&éé@%é&%ﬁb,%ﬁ@#ﬁﬁﬁﬁﬁ?é:&ﬁﬁ%ﬂ%%&ﬁofhé.:n
SOH|EKRFTTHEZIC, VANVEEHND L, HEHICHTI2EENTE & UMM
EFRTHEHMEEC OO THABKERERSTHS. —flE LTRL 42E D E & Ten,
HHESaTI0rpmicBIF AR VOB MEEOABREINERETT. BHO - KOHE
FRBYES o DURLDEOEL, DOTHOSIOFABEHES - BLUT _ROBEHFRHK
B o DUNABEN. £, 55 SARBORMHEKALS .. 3., 47, 5/, bHA
T3, SORKHFHEMNERBERSELT, ~ROBERGE .. EHOIFRKMS D&
HEOMTEDL fartfo, Fart2fe PBENTOAEIE@ERINREIETHSE. Ub, =
DORIZHENT, ELIKAF RADLUVNIUNE DR foo EIFIF—HL, HEREBICELR
S TNBDTH 5.

DEWCRDEZTen, KHAH L ISall 20 TH2~DHRBEREBEZARHITE R L OREE
NOoBRETLS. HASBEEBLIOHMIRBNEE ZRABHA ST LI RN S, BEMES

2 1 1 . . _
h,U@3fw§f®§fm§fs®V&w%@ﬁﬁikﬁﬁémot%%%$?.it

B4.6icid ik I B A2 FHE, MR MEL O H KBS THERERT.

m
O fer
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2110
o fs
©
= T f
S 90 | T?ﬁ 45 T
oY fer2fs  \
T ¢ f3%
2 A hr A j
5700 5 10
Frequency kHz
BI4. 4 13 D) 0 HOIR B 0 B O J e M0 A
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(WFhEX Ten, H» 5 XSa, 160rpn)



Lateral fer fer e
acceleration 3ter zf? %fez Y 42
¥ 2 i
m120_
©
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80r
601
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(3 10? OolRevoiution of diskI rpm
3
0 ' 1 L o 2 X R fs /fer
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4.5 % OBERIED S REBNEEE FEOS,1f..
3fs,-3—fs%fs,-§fs DLRLOES (EDES Ten, &5 &Sa)

(a) (b)
o fer=fs
%12{]- fer=2fs o201

Lateral acceleration Lateral acceleration

100 100k [} 2

3t

80r

60 60_
Sound pressure Sound pressure
= 1 L A i IEEvY) }‘ M |
400 5 i 400 3 2
Frequency kHz Frequency kHz
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(c) (d)
@ 1
‘0120 fe|=—2-fs

Lateral acceleration

3fs

Sound
pressure
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Frequency kHz Frequency kHz
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4.6 mEEE 50, 95, 195, 300rpm BT A RIRE M EE,
EREOR®BE S HER (BHEZ Ten, 5 XSa)




e for. i :;,‘-fer fez—~«—

Lateral ~ TR
acceleration S\ /N A SN AL

Longitudinal el i -
acceleration —V———¥———7

Sound B
pressure MV -\

Contact *_'_
Loss of L :*'__" —-
contact

(a) 50rpm {(b) 9 rpm (¢c) 195rpm (d) 300rpm (e) 310rpm

4.7 ?i’?@@iiﬁbiidb‘%%)f, IREVMEE B L KR
I EX Ten, 5 XSa)

R4 Tic3 @~ OEEHICE T 3 FE, BHORBMEE L LR D &EHRO EMEE %R
LT3, RETIBEZEFIREBATERIS, WEDOS V5 LH0XDHHFERPP
BRBB2bD [ITNE] O—ETHEI ENDNEB.

B4.5~4. TS, BEHEDWRICESE->T, KO LD BEEHICT O THEY DR
HELTOAI ENbdh- k.

(i)50rpm : M4.6()B L4 T(@ILD, HOZIFHH S, DEF 2f, LRBDO—KRODOME
AR S . NEEF-HLfo OZRAKRERZTEL TS,

(i1)95rpm : 2LV NINRARERD, fo=5fe £B8->T for O—R{BEATH 5.
[X4.6(b), K4.7(b)],

(iii) 150rpm: R VR NVIZRHEFAE -7 R A 5N 0D, KA NIE T foo K& &

m:%fs;;wmémwm. $HbB, %fs:felfxaz/saéﬁmézzﬁ (o 4 B0 e 2
EEMIENATNG) BEATHS
(iv)195rpn : %hﬂiﬁﬁ\“k%(f;‘ﬂ, Lird B4 T(ODEMBET 55 E, BHtrh2

T EWREYDEHBEDIEML, fa DI/ 2RARKIBETHAIEDDNE. I 5ITHT I
BOEEH TR SBLIURKL. 6O REAINTEREABZ E, 3f, RGO UVRILNEL R
STZROBEFERBHE f . DZRABERRKBVELCTE I EbNS.

(v)300rpm: 4. 56 L 4. 6(dD K D %fs BB ARUT, I/3RFRJEPEL TS,



COEEDORA.TDOEMBERENIS, BOEARBZIULWILICEMTIHZANDSLONR
ZoNhs.

(vi) 3l0rpm : £ L RXNWITBE—7RBHobLNTHRELY, RLSNS2f, RO LRIV
BRELED, [ D ZRABRFIRCSSfe) FELCTVS. IO &R, BRBHMERE
BREBLIOCEERBICfBANEENRTOLEIENS DN S,

UEDESIHoXHERSf OBEEBLCSEENZ DO —~ROBHERGE f.. &3
RT3, Vbhbwd, GHEPLIFIHABLBENIAELS. ZOLIBTHEREINAGVEE
DREVHEORHOBFAICAET LI ENBEINT VS, OV EVE, X5ITf, 0
2/3ED X T AR A HABKIRREVEL S D AT, ZROBHEIRIE f.. O FHEKLER
NRETAHIELEFIE%IIZERERTHS. U, BEI3EIIBLTHRHALLEELD, &H
MEEODEFE~NODERRRIBABEIEREL. LT, SEREBRKLVEZICERARK
Dfer RADVERNS. £z, fa O—RERB S/ fer=1LDEEM(f,/ fo1=09) T
HEULT0S. CHEEBOEBRBIIEVTRIORBHEIOIMEARRICL->TASNIE
FROMEIVBEABEZIEBIVR ORI OER T A2 LICLEDEZZ NS,

IIETH, ERXADLLIDREOHAIDOTENRTE LY, BUNR4L3ZERBEEE
HHSIVWNILKBRLZFEFE, REMEELVARNVEZEFL, fad—KE#RETOE—
JEBMNEL B ->THE. Ll, 53RN IVEATH S O—RERDOEDP KRB
SN 2RBELEBRAZRDPIDODTNICHN TS0 0800 5. £z, EHEHSINKEVIEE
—RBELPL2ZRABE X BEP DT NEKAETETLIONAONED, JhiddHo INKE
BB ERVEHOEHRFOBRKICE > TRY EAROEMBERNE 20, HEibEl
NWRELCX-T, BOORBEIMEL L BHEELZONS.

BOBIEFEZBAIERXED, BLRDTR-REREDFTOHIZ, SHELEERZ,
BRORD TREARDIEVBENCHIS, —ROBEREHHO S HHA LIRS LT RO
FROMOFHABRIREZZNZTNIDEMICRFATEIIENMETHS. ZITRIHEX
demB L U10cm, 5 8T DV THEHICHTIEFELRBVOBRBRHMEEOL L N)VE
& OHUHRB M O R BB S 2 5 NI EHBHRA O VXLV EZNZNRAS, 4.9
WWaAd. BIIenDENED TR for O —RIEHR H430rpnd T NIT85, 110, 145, 210rpmT
THhENA, W, =, ZROFHABXERIZ-ZVHEATHS. —F, BHEZ0enTIHE,
fe1r O—RIEREAVLSronE RO, —ROBERIYE fo  OFHABLRZER TSI L
FTEWhot. UL, 2/3ROEFEFR IR B0rpn) 6 & TF1/2, 1/3R D 738035 i 3 =



(90, M45rpmFAEL, ESRZROBEHFRFE .. O—RIIR(290rpn) O & H K Ik
THsM, =, Zk¥*kwm (75, 95, M45rom S HFEELTH D, SHHAMK, BoHHKILE
BLUOZROBEERDE oo DBRABIEJRNEL TS,

THRKAELLSCABE, BVEX0enT EADEHAMN, SEFRLRUMEFE, k&
BHEBITRUVANLVDP ROBERBE S .. D—REJBHEFRD 250, 330rpnil HBLTE—7

1401 Surface: Se

o L th of
- 2"93 c?'n rod Lateral acceleration

120t .W
100+ D’O/dcwo-‘(O~O

Sound pressure

80
605 : 700 ' 700 ' 300 ' 260 '
Revolution of disk rpm
R4.8 EHEX don, l0cn B 5 EEREBE,
BOOBBEHMEE LLVOBRF (b5 XSa)
- fer
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120+ \
100
80 < 1> n.—-—‘.:\-.-‘ 1 A O’d ' 1 I
c 0 100 200 300 400
2 . . Revolution of disk rpm B
g 0 05 fs [fer 1
i - —— QverAll
o ---  fa
o 120+ —-— fez
_ --e-- 5fs
s T —a- 4fs
o, | -x- 3fs
E]QO - 2fs
=L —o— fs
- 2f$
80 3
0 00 . 300 1
- i . ) . Revolution of disk rpm —0- §f5
(l 1 2 3 4 fs/fer | o 1§ f
0 05 fs/fez 1
M4.9 HeONEBICHIT2BHERGMEE DK BEEKSOD
LRWDZEAL 3 EX 3, 10cm, & 5 X8Sa)



MERLTS. ThoDOEHICBI) 2BRMEEZHEESN LIERERL 101
AT, ZORMS, ThSONEHICE T, doIRABH S BLF—ROBHERHHK
FaBRAEIDSZROEERIH f e RAD LRXUDPKEL L STED, foo DHEREHT
rHrEEZOoNS. Wik LicLHIZT, BOEITenDHAE, fa & f - ODMEIBENLSZ D
(K4.4,4.6) , @OEXcnDHAE Fa NIy, fa&f. OMEOEINIES
bBENS. 250rpnTf & fe DTS+ fer , 30T & fo DESfs—Fer BTN T
N l—HL, TNSORABEHOM, ENSf EXELTLAIENDNS. 25T
1200pmil BT R VARNI)VENNERE -7 %57 LT 5. Zhidfadf, OBEFOM
Fat2f, % feo EHELTVARLHTHE. ZOLIBHIEHREE, LOMZ B E250
pnT fer & feo ®FEF, 330rpnTHIF, 120rpn TR (fee—Fe) /2 DY fo SRS B F1E
REEERTHS. COMEREXREHS ID/NISIDBH AT BN K.

UEDEH5 IS XZ b ODAREIVEZEREIES L, BOPHBRIOHET S

120

330 rpm fer=fs-fer
fe1
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100

fs

80
% 25 :
120F 250 rpm

fep=fertfs
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fes

Lateral
8

80
70

0 25 5
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B4.10 #0 - ZRHKLIEFOIZ D OBEIRE N EE OB KB 2R R
(FhEZX 10cn, H 5 XSa)



REDFEBEHIZLY, BHOBEHO - ROBERDHBOSAKE, FTHAK, "RI2IEHA
BEE, BROBERIHOSHABXEOEINMNI OIS IBARBBLICZTOZ/ERE LT HO
BRSO - ROBEBERBHUE _KOBEFRIHEOM, ZVHIETLLOIERCHFHADD
LEEDENTI.
4.3.2 R
(1) £TH 53 EHELALO MBS
SUFLREEHLIDOEE, BIETRLLEBOMACY DLHIC, RHHH X
Hy & Hy, IT&A3EELVARNNVOERZWI0og(H\/H)™ ICL->TEINK. APKNERD S
X0BE, B2xORIDBIUHEHICEITIZ2EAHS I EFEVNILVOBEREZS SDTH
BEENMN EXom” OfEZRHBZEHCLEERD, SUFLREKAHSZIDHEGERUE
N AR
(i1) RO ORI MEE & DEH OB R
BRELEELTHRIIGIZVDOMEBIHMEE LA VOB EMITH T LEMALZRDS.
AEMEEHSXS(E.V) 2 oHAEKEX!] ORBHEMEP THILNIREZOR
DORET B X OHERZ, BVODDHMIBEERAETSERANTERINS.

=< C: = = X ()
it—r itw T ;=
T ,oAT w oA

[P{plv,)cosp+sing}

—Po{u(Vicosd+sineg | ]

L Cj*

. = Xt ()
T,--I-pAl

Tj‘—j*ﬁ-wj*'-’Tj*:———_——— [P{—u(v,) sing+cos ¢}
pAXj* .

—Pol—u(V)sin ¢ +cos ¢ /]

(4.1)
- - — [ in2a;*
2T, v.=V—ucos¢—uv sing , Xj*=—(1— sin >
2 245"
o)
AJ*ZZ j* -
“NE

KU DIKBOT, WMULHIHEP , EMEICBIIA3EEAFMOEN
Veosp—using LERMPSIS(t,V) OMICIIHHEMMALVROBERINZ S
h3.



B ={6,tDcosd—using+Sit.V)}

S(t,V) BR4. 2085 IMBOSERBTEMT S. bbb,
St V)= eaSin (R fuf+0) weovemomremiemniieiennneeen (4. 3)

Eo: THHOIMBOIRIE, 6 : LA, o DVHOMNBICBTS2HMDOEHR
Zh, k., & <IOWRDIME,ISEETS. TOBE, RUDKBOTP=0&L735.
FDEXTen (EHdH S XS2,8d) LU 10cn (FHdH S XSa) IOV THIESII KT
—F(i=1L2DFT, $EHZ-KE—-FDH(j=DERLTPo=19.6N, ¢o=0,
00=0& LE(4 D> 513 ) O BHEBIIER LAV Z RK G iic & D BUBHE L. 20k
%%@&HK%?.ﬁﬁ,%ﬁu%btﬁ@%%ﬁvam:Tn%%éﬁKﬁﬁté$
TCAOHRE S OWMBRER VK.

¥9, BEXTcnD R Y ODOBFRICO>THENSE. HAL12IKIFEHD S5 XSaDHE 0 FHEH
KB SEEICLAHRGMEERELAT LTS, AH, S5rpMCBOTERBUMNUME
DEEHKESRL TS,
BELUNVICODVTHLIOERERE UK T 2L, FRTROEBHIEMNTEI2o20T
REBLVARVEHRLUTOED, FETRE—RERIEBIZERHLNVIETL, 3
MEHU LR3I -BICEsHEAH D, AEBETRERENM D UVRIVEZED

m

T

C140— fei e Tcm, Bum) Sa

o L ~-=( Tcm, 1um) Sd

-6' —( Tem, 0.5um)

6120_ —-=( 10cm, 6um) Sa

o

O L

Q —-

o . o~

100k !
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3 8 1 1 1 1 ] 1 )
0 100 200 300

Revolution of disk rpm
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5. CThEEBOEMEIABNSG S XDENICT VLRSI LIBFTATOAIZEDD
Lod, FETHABNSGSIDAZTR LD ERDLNS. KEIEDS S rpn TIXIRE KB
NO2fe=for WH>TOVBEDNREC DY, foo DZRHAKEIRELEL TS, i,

HLULAUMEZHERICEOT, NS ORI EICHENEERD, O 2HEL
SR TAIEEZRLTWS. 105rpn T, fo  O—KRERSEIIKD, f., DRBEETH
B0, —RFBEEZEZ 400 TRIRBERE f. & fFaRIDE5KED, TOREBOK
FIRIVSLTHS. SHICHELHIPEML, 160rmcBEEf.ORETIABDS B
CRBORBIRECAED, BOO 1 MORBINILCBE-THE. ZOBRFEF2/IRE
SERABLEIERTHLIEEDNS. S5IT190rpnil 5 EIREFOL VNIV EHELE—-7 %
%éﬁbﬁ,ﬁ%ﬁ%%éé&lﬁﬁﬁéuﬁ%ﬁﬁﬁéﬁb,fﬁﬂﬂ1®%%%ét
UTL2RABEABLIREZELC TS, I5ICHBED220,330rpnT feo D=, AL
WPNEL, RPBEEIZS KAV EENLELDICHSE. AE, EBRTE195rpafETL/
SRARKEBEB LS [ DZRFAERJBHHENT D, BHO_KROBERHE f.. O

fS 6 .
' 240; 4 10 1]
Lateral r— £t V\
acceleration O/;\—/—\—/\\/ G[ \/ —/—\—  O\—/\—/-\—/—\
cm/s? o
-248t 16 18
Load 20 105 rpm 140 rpm
oa
AT
rpm
16 540 i B
Lateral .
acceleration O%W oA—/—\—-A—/—\—~ — 0 AL
cm/s? 105_ 1‘ 5
160 rpm 195rpm 330rpm
Tms

M4.12 He2OEEFICE I SFEICI BRI MEEEE (EHEX Tem)

200, 216, 16,
Lateral
acceleration ofN\—/—\—/\_ olr—/\-A—A- 0 L A—/ .
cm/s? | }

-2 ) -240 -10

—
Load 2or—\l Tms 20[:—\——-'“
N 0 l—/—\

(@) sd tem) serpn . (D) Sd Cuw) 1950pm (€)  0.54m S5rem

XM4.13 FEICKLAHEBEHNEERE (XHEX Ten)
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HEENPPE VY, HETEH fa . 0 ZRAKRLRE220ronTHAT L 5.

EKHHS SSADFE, WLV ESLDLEf o O—, ZRFHELR, f.. D=, “K#H
BHRFEIEANTOED, fo DI2RFBHFEFHENATHE L. K4 13(@), (DT f, DT
RF P IR (B5rpm) B L 10 rpnil B 2 RBE L Z T, feo O ZRFA R LA TIISIO
BATHROFHRIOERL, N4 12EHRINETOIBZ LI ICHERRERESa0HE &
DR -TWS. £, 195rpmil B 2 RBE L IISa0 B A LABDOBEETH D, 1/2K
ABRLEBRPOTLCEI > THEIEEARLTHLAS.

ULDHEHERLD, ZEMHSI WML THEHABELERVEL, @D EAKREDHER
NEFE, SPEANLEOEREZRETHEZZONDDT, BOHPARIOBERLAZL
EEZONLEMH S ISADI/2ORBO.5 e mMICOCTEHEEZHK AL, R4 1HIZZ DR
TR TRTE, [ O—RERBUNAREBERZZELAERATHEL. 3EDLY,
—fl & UThorpmD IR I % K4 13(c)izrd. oM@V BHARI»OBRES, 20
BED foi RADPXEMER T, foa DZRBABIERBEFLALEEATORE . L
- T, RAHSIMPXL, ZOVHBRMSERLEZVEA, BN, SHBELERELE
EAEELRTVENZ LS.

DEI, BOESIWenil 20 THK#HT S, R4BOEREREARL ITEHKTSE, 3
BEXTcnDBALABE, HECLZ3EDMEE L VEEEHERS O TERSERIILEEL
oM. ZOBRHIFBEDELOTHS. £, faD—IR, f D RELIVEHE
FI|ICODOTRIFEFEREREALLIVRRERTY, o & fo. OFMZERBEHIRITF
BERTREBEALBN LM -72. THIXD20TIE, RETHELIKFTTS.

4.4 FuEBBELRE

M T, AMNAEERSSSFERLT, BYOMBXURED 4 E K S € IRk E
BAEREEE, RKGHICE > THMEE Uic. Uh LN SHMEEE T2 8 %R
BLZIRANT, £, BO2NHEI SR TN EORRRERICL VB ORIBEREN
EFEIEABRTELY, BRUWERL TS TR LS ICBDNS.

RETE, TOMERBERHHICOCT, BOOIbABEHEEMICIZEMOIERE
HEBEBERMOEFEICMT AFRBREEIERLT, BRANLEEZTL, ZORKREEER
R A e L.



4.4.1 B

REOHEHABEHOMETHE, B THOERNEE W PEBNAS B0 MRLE
BRGSN, Th5OHENNS OB E LS REROTHOERBELER L b0
WEG. PlAE, LAS SO OFEHLKEIE D IEL 9on, [ X0.05cn, £ 381 6en& o
SEC, MFmEEE I = 40.8kNmn® (E= 206GPa, 7 = 0. 198mn%) & B b B PT (12
STWA. Ei, BHS YV OMNRTHERL3cnEX 0. 04cn & L, o T A%
Eh®/{12(1—v %)} (v: £F7VYHE) JL2INEMAZL. ZHiIZHL, AFETHORKH
WD IEER 0.7cn, EX10c0TH D, EI1= 243N EFIBDIERICKRE L. Lo
ST, AWK TRAZROTHIC LS ERBHEIER LD,

Eh, WHTRE, BOOBBIVHESHZERI L LEHHBRRICL > CTEREH &
HUTERW, AHTR, BOOMEAREDLBUIOEUMICERLEDL I ENT
EFELIICMBENNEC, REZFHICOEVZENTVEZZ o)DMt %ZEHR
U, BIRBIDOAZZ A LICT 5. Bk, BRBE_XKE - FORBEZTERL 2.

A EERS S X, S(E.V) )2 OHABKEX ! OFEBIE DML 14 ITRT
SO ABoE LD, WEP THLODULHS., Z0&E, EDDODODHOMEIZE Y
ZHEM u %

EzgxdeTﬂt> e e e e (40 4)

CIT, BYOEGFHHERIHS —FUrEEZEATIERANZONS.
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%i-{-—cL?A-wi?Ti: ii,illl) [P{u(v,)cos¢g+sing}

—Polu(V)cos d+sing | ] oo (4.5)
FOOHPOMBA 630 ,DDHOMBICETIHEMAE S & s FELLHLDETS
&, R(45) KHNTsing =0, cos g=1 NI H, £, FHEHEDODbIMA BN
THBEDT, ROEMRA LD,

cos ¢ =1

L2 T, EXA2R 0L EXUL) BROLH>ICHEBZOSNS.

= C, = - X (1
T;‘*‘_“- j+ iszz
pA Lite oAl

P {0+ A —Pou (V)]

(i=1,2) ......... (4.6)

Fh, WMUHEP , BMAICKTIEELEM U sing BXUEHH S ES(1,V)
DEITEAILY O M EEEMER D S ROBEFEANDRILD.
P=k 6% =k{8,—using+S(t, Ve
R ST AP+ S0coS@,f 1372 oo (4.7)
IIT, EEHoXS(t,V) BHHOUKS S MBS Socosw, t EEPUTB.
ws: DOXPEHMT w,=27NZ/60 XN 5.
Wi, 6<0, THbL So—uAod+Secosw,t<0 O, FHEARISENSE. 2O
ﬁ,ﬁuﬁ)mﬁwfp=0f%5.
BEFAH e (v,) BHESHEE L, ORDELHIBEEATERINEI D ETS.

nE, KRETE, V S0EDKRE LD (200-400 cn/s), v,=V-u RELEASH
50T, v,>0 ERETSE. 22T, RUD 220FERU6) KRALTHLZER
TERLOT, FFRUD 2HHERLT, X4.6) 2B DI TH S0, WEHTLF
Lick D IKHEOREE N 100cn/s 282 5 &, GODEHERISERTS. LHLEDRS,
LU ZHHEERL, GooEREZERBLT, NU.6) 2N—FE=v 71T VR
(Harmonic balance) (MKICK DB TAI LB WETHADVEFICHMTHSL. £ T,



BBETEEIIC, BHOo#MBREER LT, RKGERIVHEHBELTZohILEEER
DRBENHTOBDELTN—FZ vy I NT UV RBERIORDIBORE FHERST Lok
B(K4.15), HEHEEPRRSNLED-DT, Uk, EUNICHIEO SR D OB E
FEZBOTN—FZ vy I NT VY RRIZE > TRIERBRY ZHBITT 5.

9, AU D 2049 OLHICHEIEE TREERAT 5.

P=P, 1—%(?A¢—’§D cos Cl)st)+%(?l/A¢—,§’0 cos a)st)“’} ------ (4.9
:.:.T, ’L\[:—u—/ao s f\/o:So/ao

NE, ROOMMOEATD 2HEIHEE TEREHE LR LDERGLBLER
G DEROEBEASIZOVLT, X UWOERKGERI - THBEFELLER, @HFIZLL
—H L7, LEdioT, AWROBTICHLTRE, £ WDOP BE3HE TRIERT
NE+ATH B ENERSNI.

22T, R (48, (4 OER LOIKKRAL, 3512, U, u OHEULOBREEE
BE 5 ERRBZONG.

— C, =

Tl-—i—wz-QT,:—p—A T +Q:[(a¢ta,cosw,t+a,co82w,t)

X(a1j+a2?2+a3j3+l&¢)

+(bo+ b, coswst)(ao+a1E+A¢‘)fA¢

+f0+f1coswst+f2c032a)st]‘ (1=1,2) (4. 10)
Xl'P() 3’\—/ 3 3"\/
I TW:= , =1+— 2 =— , g =— 2
TQi=" 7 - @o=IhpSet . =950 a:=yp Se
3 3S
boz_zao , b1:_45: , fo=fe=aoa. , fi=aoa, ,
ao=u(V) ., a1=—(u 1+3u.V?) |, as=3u.V , azs=—1,

WE, N GIDIKBT, BRAOH S IR EH0, LRV REIVZKRDOEFIE
BHw,, w, OW T,

W= PoE Py . PiEW,  Paim@a  ceeeerereee e (40 11)
Ti1ed Py, pe IR ETEZODORIDERICKATEINERANS. BH, TOF
FERUT+EHM, —-GERAERHEZThENET.

N LIOOEZD S SIAEH0, DFERBETERLT, ROLIITHL.



T ,=P,o+R;cos{p;t+B,)+P, cosw,t +P,.coslw,t
(1=1,2)  =oeeeeee (4.12)
IIT, R, BLUW B BFHELEBIIW - DEATHIEETHS. £/,
Pio, Piy, Pio BIROD K HITEMUT 5.

Q. Q:f - Q. f- .
a)z s le (wiQ——a)sz) 3 i2 <wi2_4w32) \ 1 1,2 ) (4- 13)

R (4.12), (4.13) 2 4. 10OIRAL, X WIDOEREZRL, "—FZ vy 7 N3 UV Rk
TBHTAHEROBEFBANZIONS.
2p1R.1=—Q, [{en+e:R\*+e1:R:% p: R,
+(e st e sRi®*t e sR:*)Rocos g+ (et e sRi*+e19R:?)Resin ¢
2p:R:=—Q; [(ea1+e::R\2+e3R:%) p2R:
+(eastesRi2+es6R:D)R1cos p+(eartessRi*+e29R:2 )R isin ¢]
2piR:1 B1=—Q; [{esi+esR 2+ essR:%) R,
+(€ gt easR1?+ € asRe) Ry COS $+(Cart easRi?+ € aaRe?) Rosin ¢]
2p2Rs fa=—Qs [(s+essR2+ e1sRo? Ry
t+(esstessRi*te,sRP)R1cOos P+ (et essRi2+essR2)R1sin ¢
(4. 14)
ZIT, ¢=B:EB1, e11~ €49 1d D1, P2, Ws, Ao~ A2, bo~b1, fo~fos,

Qi, Q: WETEZIN, FlELTen Z2RTERDEBDTH 5.

! 1 1
= 1— — 2+_P 2 . 02 ’
€11 0, aiaoX, a1boX1{(P1o 9 11 +2P1- )XIXI
1 1 ’ ’ 9 1 1 'wi
+ P10P20+‘2‘P11P21+?P12P22 (X1X2 +X1 X2)+ P20“+5P212+EP222 X2X2:j

1 1 1 1 \
"“a1b1X1{(P10P11+EP11P12>X1X1/ +E(P10P21+P11P20+§P11P22+5P12P21)
i
X(X1X," +X, Xz)+(P20P21+§P21P22)X2X2, }

1 1
_3a3X13{ao(‘2‘P112+2P122)+a1P11P12_Z(12P112}

1
—3a3X12X2{ao<P11P21+4P12P22)+a1(P11P22+P12P21)—Ea2P11P21}



1 1
—3a3X1X22{ao(EP212+2P222 +01P21P22—ZG2P212}

EERBTRRNU 1) KHEVTR =R =8.,=8.=0 TH 3. LiM->T, & 414
ODFEAEFBELORABLICRU 1D OBFEIS, Ry, Re, ¢.P1,p: DEEREZRD
H5IENTES.

EHEROLEWRZ, KODONIKEEROFHABENSOMNEZEZ ICESHRANDS
FURTIWVEYy VOREHNEZERHOCTHEFAT LI ENTES.

4.4.2 GtE&R

MEHOERGERICINE, MERFEDNREST S ZOEHTE, BDEHK»SER
T5. K415, BOOEWTOMBIUVERKRERDANLZZIVOMREZZRLIRKG
HBICLAHMABERERLBVOEREZEBR LLON—EZy /NS VAKICEBHREF
. BHOERI Ten, EX10cn, ZHEHPSXSo=4un BIUOBAIHEP,= 19.6N 12D
WTEE LK. £, BEEHORX L. DDO/RHBIT L= 10.18, £,=-3.2X10"* s/cn,
©2=5%10"1"s%/cn® Az, (ZOMBRBBEONL 22 THBE TR HB, 2D
TeHIKBH A THIEROSIDOEEOIRIC R L. —ROFEXRBFEEEDY, MHlH

Differential Additional
harmonic harmonic
5 ’ ‘
=  500-f 500¢
©
= g [ //r\ /3«
@ . g
S 3
ol
0
O -500 -500- — RKG method
---- Method of
‘ v harmonic
g _ balance
o)
&E 5 5
o™ OMAMAMAAAA  OlAAMAWIM
‘é ) '5 '5
03) 2ms

B4.15 RKGHEEN—FZ vy 7 NS VREICESZMERBIRD K
BLUEXED S THEOD LK



THH2H0IFAWKROEHZITILEAEENT, FHO-KRKOBERBHEIZI _ROERPNE
BENEBEELFEL TS, £, RBOEHHORKEOLI~1505HD, WITHhDK
ELEERMEZRBERIPRNTOEIEEZRLT S, £/, RKGHEIZTILZHEREN
—EZyINTVRKILIBRBEIDPPRECDOD, 2% ELT, TOREBIIHED
HELARIRDONEL. TIT, MEARRHOAEEIUE, EUNICBOO®E%E
ERLEON—FEZ v 7 - NTVRKICEoTIT- 2.

M4.16 (a), (MR EL I CHHBREICOVT, MR Lo IFEKQ {(Q=
W, (wetwy)} EEFVO—RBLIVZROZENKRETHAR,, R: DBEFZTRT. 4B,
K4 151 R UciRBIEIEDOR,, R: ODEZR4. 16PICBEATHRLTHS. fi, ZHEKRY
WENDQ=IETHRAERIRERRGIRAET S, &I, FAKRKR TEIR=1Y
ERRAEERBABHEICEAS L, FREBERBBHERBRLTLUES. £, IHAKRDIIENR
BRI DREMAIKC, BELIKY (K4.16D). ZOHBO—DITBEEEHO T
DEEIIHTI2HAMDOREINHIFoNS. THbLL, BABDONL 22 OB O EZEFAE
BICARTEII, MHARBRHNRETEZINRDVAEII B SEERKO AR (—8.7X107°
s/cm) WEREREICKITSEH (—2.0X107*s/cm) K D/hE .

ZIT, BEFREOITXRDEFIINT 2ABICIIFERABERBORBEZFHE LIER
R4 NT ISR H5XSo=dun , UMFHEP=19.6N& LT, fid L OFEHAME
BT, £4Q=1 LR3I XDFEZITHBISEEFEH (V) ofER-EELT, X483 @
BREDIBu, & v, 2EZ, BEFRHROAOAREL LI . f1, EZRERY, T
NICBOTS, ADHBRMNNILRBIZONT, RIER,, R: B3PI L, &EICHEDN
—1X107* s/cmPl FIZ72 % E 2RI U, AR —8.6X107°s/cnll T T, FLALH
EZRBERBEIRLELTLES.

DI ENS, BEFEOHOHEIMEHNERDOREOFHEIILELTHLIIER
HohTHD., —RIC, MEH LPEMTEIEE, TOREREMAIETING 22 OBHED X
T, BDINITTICHOBMBICRE2ONEBTHS. Lichi->T, ZRAKIRB LD TXD
HEHKECEZATRET ZMAKEDHOEREROBOAWE/NE 735 THEHHS
D, FMEBRSIERAELICCCRBZIEICES. 0E, IRAKRRDICET 3BERYEOH
MEZERAERHOZNERM LUK A LI, HM422 OB TRIEERHMKE = FTED
IET, MARERBHOEELAFE L. TOHREZM4. 18 IZ5R-F. R:, R: &biZ,
ZTOREZIERL I6(QDDERERBOBZAEFERLCTHSD, BEFHOHYEMPE LT
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B4.16 FIZERMIRE OIBRMBMO—F] (HS5XSe=4um)
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K4. 17T B2 OBRZEFEOAWICHTHRWIBOEIL (H5XSo=4um)



Stable Unstable

Rt —  -----
R2 — - '
00 130
e -

E 4 g
200+ +20
& T
100+ /Rz 410
- /_\\\ Te-a
oL . 1 1 0

Q=0s/ (Wat ©1)

K4.18 ZHRRDOBBEHOAEZH O THE L CMHARKIRE O KR IE
(HBXS= 4,(11]])

AL OT, TOREXLFEEHBIIKL. T &id, MFAREH KA LIS

WELH I EEO & 5 R EREROBOARINE LI EDEMC, K (4 5DEHHER

PHABRBEHEZRELIS VEREZ S > TVWEIEEZRLTNS.
BEEFHOABDABRIZODVL TR LTSN, BEERHOARIE, T4hbL, BEEE

BEh—E0HG0MERE R 2RI L TAHS. BEFHDI —EMfur. 0ES, WU 10)

MON—FZ w7 « NFTUVRAEITL->TROBKRADPZONS.

2P R1=—Q{g 1 P1Ri+(g12+¢1sR.12+ g 1,R:?)Rysin ¢}

2p2Ro=—Qu{ g1 PeRo+{gast gesR 12+ 92 R2) R sin g

2P1R1 B 1=—Q:{{gs1+9s2R:1*+gsaR:%) R,

+(gas+gssRi12+gseR22)Rasin ¢}

2P2R: B2=—Q:{{gsi+ gs2R1%+ guaR:2) R,

F(Guat GusRi2F gieR2IRISIN G ] cooeeremeene (4.15)
gii~gus id p1, P2, Ws, @ao~as, bo, by, fo~Ff2, Qi, QMW ETHREINS.
EERERDBIH, X (4.15) DHEAEZZEBOCLADPSROBBERANZ OGNS,



(&)2 G1101(G22+g23R 12+ g2sR2?)

R g21P2(G12+ g 13R 12+ g 14 R.?)
(Rz)zz gi1ip,? i g21%p2t
R, (giot g1sR12+g1.R.)* (gaot gosRi*+ gesR2%)2

<&)2’=(931+932R12+933R22) (gast gasRi*+ gasR2?)
R, (gast+ gasRi*+ g3sRo?) (gait gaeaR1*+ gasRs?)

(4.16)

FZRBIRBORAET S 0103, X 4.16) OE_REFEWWETH I 056, K4 16)
OE—, BZ=XORLNETH B I EPBEZFHETHS. Po=19.6N, ©.=0.09 &H0
T, H2DHH XS0/, BORFEETAILHOLEEZHOHMEZ KL 19D TR
7. EEBIFETIE, LTFIORICKDSNT VSR, R, O#EHICHSL I 5T L
T3, HHXDREFNS=4,6unTR, ZRERDOBOLEZFHOBEHEIFEL L
TRbL, ZRABEEHEIRELDT. £/, AIABKERHTE, Sc=6unildsoTi,
R>0, R >0 WHEAEREENLS. ZhoDKRR, MABRBOSREALELIZCL, ZHRER
BRRELPT D> RBEEFRHEIADAREZ O DBALRNLS. MOFHDITREND S
HOXIOVT, ML IOBOFHFAEER LT, X (4L160)FH TR 15D EM
Ri. Ry R, BRIEELIM-70. SR EEBRVPBOIEZHERT S0, @
DEEDHERENDSEHO I DOTEERKE—EL L TRIOEREZEELARKG
BICL > THHEFEZIT- /2. K422 &ELT, 5 So=4dun FIHKEHN
RETLHARERENSS5H 5 SAWHw.=p+p, TBYIERHERERT. KEHSIH
BHEIC—HTH2/NMNEBOKRIETH D, KA I5IZRT L) BHERBIRGKRE LI RD S NI
V. oI, GG EEAEZT, HEEZT-D, Wb, K4 200 L9 BKRET,
MEHBRBEERI KD N LT 7. T7bL, BEFHN -ETEMNERERHIR
HE L.

ULOHRHEOHE, BEGHOAWIMEHNERIORBECKEALELRIFZL, 5
HORBWUEICBSTBOEMERABRDRBEELZOI EBbM -, Ak, WHIE
T, RKGEHEOEEFEIIL T, MEFABRERGVRELLE D >DEF, AFELBEDZ/N
BRI VFLBEASS I A S OARICEBIELFEO I T FRAKOEBEKiRE
Rnrcioy, mElE (200~400rpm) ITH0 T, BEERHOARNFE T LR ERE > TV
EILLBEERDNS.
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BEZIZ, BN THARALSS SoAMERBRRDORENED L ) UEEL RITTH
Bt U7, 42134 220K O BEBRAKEHREZR Y, Sc=2, 4, 6unDBZEDOEH
BHRBORWBEFELALEREZTT. 6o IWNIL L EMEREIRE O R A G K
K7D, FAELICCKHS., ECIKHFARRES TR S SIS EDIRIBAORBIIRE
, o EMunll FIZHE 2 ERBREBISKHEA L, Se=2unTEMAKKBEZ S5 NI
Mol

4.4.3 EBR#ER

BRBHERIS, MEHAREDOREICEZFHOINDAFIIH T80 HAWNH
BERFLULTOARIEPHONMNI B ok, ZOIEEERTLLDERZIT- 2. ERE
BRL2HETHORSDER—THY, FHFBIZY (EX10cn, B Ten, S45CH) %o
—Vy MIZTICE 2RSS EE2 S DE AR (EHE20cn, EX4cn, S45CH, MEAE
Lo li#iF582 Tl EvyFRE#HL1m ) ONFEII-ENMETHMN I TEEELRESYE
5. BOOBIRGMEEIERI O /NERBOE YV RMEEE v 77 v 7iIck bl
E L. BEAHIZ, BV -0 FAETF—VERAY, o0 UDUMELRVTHEE
BAOBGE,IORDI. BH, BEREINBOVEHTIN, o— 1SR 7 45 I1Ilk>T
EE8ozxhy bz, BDOBERRERZ, BOPHREEMLTOEE, 8T 30K
Lo THNK. HROPOIZHTHEHDOMBAAIZTIZIF” . MUODYMEP= 19.6N, &
L5&XSo=4unTdh 5.

MR oEEE 200~400rpnic B O THUERBTEEILCLBOR VORI MEE L)V
BIUOBREGHAZRE LU, H4A228MERERPVPRELULEAE, K4 233 ZRKEIE
BRHLIPICRELTOED, AIFAEERHIRELTORVEAEZEATART. RN
HEL10 n/s® 280dBE L TCABEARL, MOBMICREREEIS XARK f. (=0, 27) &
MERBRPSZoNTCB DO _ROBERDIE f DHERL TS, Fi, MBLUE
ABEREIEZNEN et For ( for: BOO—ROEEREE ), feo—fon THRLTWLS.
Bk, M4 22ICBBICHETHOCEEREBRZERTRLTH S, M4 230 BEEEH
DADHBIZWS MIHL. 22020 L D/NI . LD ->T, ThoOR»S, BERH
DEDOHEN /P O, MEFRERES, ECIKHAREHRIREELIIC LI ENDNMS.

CHhoDERBERE, BEREVHAEU LOGOHARIZE SR ERMERERD PR
HELRCHERBREFA LM TH 5.
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M4.23 FIZHAREHIBELICSOCEOEHEHICHTA2RGMEE LIV E
EEEHOEL (HHISe=4um)
4.5 e

MAEICAMNES 532 6o ERBCHED K& WA BBE D 2 BERETH LD
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ERATERINS.

= C, = — X ; (

) .
oA pAl[PW(mes¢+mn¢}

—Poiu(Vicos ¢ +siné |]

—.7.:,4*+ Cs _.T—j*+wj*27j*=— Xj(_” [P{—pu(v,)sin¢g+cos ¢}
oA pAX
—PJ—u(V)sing +cos ¢ }] S N (. D)

6.5 EhoiEgETFTI
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B

RGBT, BLAYWEP tEMESIIBSTIEEFNOEA

vcosp—using OMITIROBEBINKD L.
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2 2 fsin®
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0
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(D Aw, B0 ORBEENED E SO BEREK (V) =80 1T AT 5.

(I LRI FHER, Po=Kk 60" LORG.ODAw, FHEMASEAw, 1P, I
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BEklTAw, DEEF/NILES.

H(6.8), B.DITHIBEBEEDS, HHAG Lo TEEEORBEENEMNATEI LN
Moo, ZOFRELT, MRBEBIKIA2ZDOFEHEYE, GDEMBTEDIER
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BRI G ITE->T, BROOABERKIEALLE ., X5, MLOFMEP & § L0 ME
W, 72EAZEP=k 8 BLU P=k 6 TRINBZEMET S &, BREINVNIVES,
(6. 9)i%

— X2k } —
n= n<1+n——- ( /\’ i ( = )
W a)t 4,014160,12#\1/ sin2é¢, \P=k &)
— [ (LR 8 | ‘DR
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EEIN, VTHOBELERAOEMIIE S -T, P=k 6> 0BAE & FABICE B
RELLB. LOULARS, [=Tcn, Po=19.6 N, ¢o=4" OLXOHEEITH &,
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FL oy NPA A mm. j’AEmm mm —g_{_ﬁﬁg %Eﬁﬂg
3—%
Al Al 18 4.4 1.5 | 23001 2200
H
B 18 9.7 7.2 680 | 700
B H|E|EINIE
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