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1.1 HMROEFER —— IR EEMOERBKFPHEED
R ——

mﬁit%W£n%ﬁE®ﬂﬁ®ﬁﬁi BAELD 6 BEFNCE LDIIFE. T
ROLBEHERGREZICB N THERER P EZEL, ﬁ%Awﬁ%:am;@E%%
ﬁ@%ibt@f%é.%%%@@ﬁd,®ﬁ CHEREH HE ATV BIKER
ﬁ&E@ﬁX%E%%ELK%%mL,%@%%ittﬁﬁxﬁﬁﬁkﬁ®ﬁ§@
B2k oT, BifHisRE~7 < - = v VERENIHROY I Y DET h L1t
L7z, 2ODOLMBBEHEILE D EHFRENFTNY, 7 <HEE ) iED,
SHITHETEZ D IENKBREARIIWEL 2D, MEHFRITEDOLH ICHENIE
DTz, ThbbLEREEDETHBENEETH S [1].

EFBEDOAG ALV TEVEZIEHL P TER WL ) THED, vI~
PEET 2 EBEOEHTHEXLIENTELNGF ) T OFIERHEIO LN TS
D, COLIBNTFYTHEBEADEGETHA ) EZZLLENTWA., SHIIEE
R AABAEY L S BEEEHAL KB LD S, IR b O&EYIdiET
DKEZBLIREZFA L TESOEKZ DY, &5 45d0E LTEBELHH L.
L2L, COBETLAABRELYBICHNAL THEEROFIZIY AN, TAVT— %R
eI s &@f%éi%#ﬁﬂ% FORE, ALY KRECI)EE
LHEMISEELLIED B [2).

TOR, BELIVHEEIIELURON 7 TRIZBWT, SBICArkE4
GRACHEL, BAECORAIEDTES L) RERESY O FEOREI LB
B CALOBMO S HRENL DL LTESIERAEF BB, S0k
TORBIERL DO T ho/2E ) THSB.

SHEAYTYTROKDANVE 5 4 ARBITBWT, RHNOHHEEWTHY, K
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PR EELZ EDTEZEEIS BT 2, AEOREDHALPTLRVWEIITH S
2%, =BT, BHOME L LTOBRELROSYOYEY, DAL FTL2DIR
NEEE o/t vwblTwas, FHOBEIER 1.1 1RSI X H I, HECH
MICERZ2 L L o-FEAHE, WhOwarFEEATHY), I REORE LTI,
HOHRDRL B, BHEEEE LAY AL THET A BB oML FRIZ
BECEELAKTHY, POTTILRBONEERE DR Tz [3].

CORBEE,S, BEDoLREAE, FLTHRETLIELALNIEEAE
BLUBREEENLAEILELT 20, Bt HME, X hESMgEzRLES
B ELHolET-oTLVv. TTROMOERE LTIELY, BRI
FTFIEBOBDBER TH 07205, EADPEDIIONTEDHRBLnEEILR
B ETFHBEOERE G072 72, bEdLEFIEI L ABEARRMETH o 7
WROBE, FHMEELSE, BEELTHI LTI VBHRFELATHET
XLk ol SOIEBITESTWAERAETEY, LHBETHEVET
EHEBBIL o7, FLTHI2ITREND L%, BfER oA </ T
A VXERTHAL TS, REOEKENEHACEENLELLIZOTHE. &
N o OB T, BOMEIIIAELEY 1/3 138 ICEb N, RN FHRIRD
BWEEZLND/T AN MHORUNZE I RIS EH 2 LI128Y, B
IR 100km BEOHERE LR T LA TE S LbR TS [4].

L CHMBNTYA L DT, BEEMEE~DMEM L, WA, s 207
PRUONAR 2 EOHIENEEL L. L L—BREI AT 245, BUME
R ERP T NOSEEIDLCALNE, COHBAE LTEIELETOEY
DZLERPEHFOYL I Lo B LOTEWER S, KhTOBEREY, BO
HEE S DEL, BN, LBERSNG S L i EOKBOF AT bR TS [5].

FEMREAEE LT, BELD 2800 1 EFEIEEFOY 2712405 HERIC,
3T, WhOLREOMETH 2 EIEEEE AWEIETAEFCLCHEELE. B
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1.1: BEHOBIEHO—D, NIF T AEX
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11. HEoER —— HREAEYOEBRBARELDOES — - 5

1.2: BRIk E §AWMERE, Lsuxsu, T NYarpdFx
(3CHR [32] £ 1)

FEEOREFRRGECOROTE LRSS 2 4ADRTH 4, H13 10RS
NEA7FTAFIVAMNERSWBEEEL, BEDOA NI IZ L 5B RG
LRUONEH T, 2R LAV ERR Y, BOMSAEREESIZES R
5 3.
FRBHECETTERILLTRS, BUKHE R A, 734, FF, 7
FIY, Ay FEOERE, VaTrBIUYFT 4 —OWEE, 7 LTEET
HB. TDHL, BHEOT VAR N FIEEIHE, THEI Y RbA Y F ALY
o CTHET 27, WAEEEEIRUNE L TICEL S L THET 2. £4ICHE

1.3 MR- 7B, REA T TATTNR
(3CAk [3] £ 1)



LEECEREELHDIEL, BEOHIEOKXEN THEMMEKEZ S, HFHEDE
FEEE) L TV ZREEZONTVA [5]. b &b EEHORIE, HAEL DH 5500
FHEIIEROTEMRIIEE LD V7 VFEEINTEBY, TERIIBNWTET
bR BHEEEB L UCABEES ORGSO T AR )S, hAREKIHE
LOMBIZ L > TEMERY, TINEFEVELLZDDEZEX LN TV [6]. 4F
CEHEOBTHNNED, Y FRA NI 2 EUEEHEE, H14 RSB L12,
LTIz a7 VX7 E ORI & RO SRR SIS LR,
THROLIEPBL DO ORBEDOFAKE BT AR PEOROREHEZTEBY,
270 VREIIETE LW LABREERERE 55km SLHEINTWAE [7]. £
7RISR O -0 Db b N DB 7 5 PR EE (BEIL) 2EOLICMUE
SEBIEILLY, EETER LGP OIFREZIT) L RWRICLZ. S5I10HS
BRI, KPAEFICBIT AZEEFR ENINYTFTOMD DI, WIEFEOKRE R
BEFIBL, BELL-EELBESRFCLATEREN (ma—ar—Y3 ) BX
CMEEEDII =y = a VEHTBIRIEN2EL, KPIBITLEED
HEEFEEFEL T LRI Lz, U AR EOEM e BRITITEIEICIEREDIZE AL
BEY, KPBEERSYOTESDHMIHBL TR EWVZETHAS.

DLEEER L &2k 90, BEIRE L s BEUR>SHAEICEL T T, Mk
B L7KPEIC B WSS EFOUMICEDL 5§, L) &ETHRICKF
RHEIXT B 72010, BT EV o TIWIE SEE%2 AEI Rl S A REEOK
PHEEARPONTE TS, SHICHHETHHREERDO L 2/3 3 TH D,
BEPEHOL OB OKTHE LT TV b, Lo TR KPHEEEENIL, K
HEICE o T3 OO THREM L EFIRETHL L VDL THS ).

~7, e M TRBATERDZOEHELE LD 300 FEIZEFNICEE S (9], 20k
EREMEREE, PR EIEEERT CH R 36km BEICEE 2. Fofbhichbh
HOWAMBEEICEZELMEFHA L TCHEEE B, BH0EEEOREYL

B 1.4 IR -HIEO—F, HEEO< A Ih
(AR (8] & 0)



1.2, TERDHIFE 5

AN—LTC&E7z, BECBWTRREHYOF— 7 (BHR&ERRE 95km [10]) &0
AP EROSHESLHBE LR COSHEBH OO0 TEMBEr AL L, 35

ImZedh iz BT BEOBEEZ I PICEBR, THET OB AMEE L V) T
A AR L. LY LAFRBELTEE) THAI 4. EEBRIIBVTLHE
W LERETFE L LT, 50 kt (KR®E 93km) THATT A7 27 /A== 4 F—D
BRDEATYA [11]. LALIDL ) EEEE, BEEEICEROER L Ak
L, BLZ2BEALICHET L2000 THY, EOEBERTORPHEL TR,
. NEPKBEZBETAL-OO TENREE L L CI3EKENRIT N E)7, #HRE
BEEE SN0 T O Al BIRFIEKBETD, RKEEEIT 45 kt (B3 84km) T
HY, TT/ARATVFITBNOLZETHLELY. TBAEICBITIAAS Y 2
EHAETIE, BHOTN TP EET I LWL ORFOEBRIZES RIZTTETTEL
FRTToHD, FOLIRERIZIBWT, TEMICENTBELERELWEE
ZEND., LoTWEZEFTEZOA L LT bbb eTHO AL, KTicBITA
HEDENSIIEMNE, SEEFPSESEET, 20w FbElbE T T3k E
DOKBEYHEICFERRE TELZWTH A I .

ARFZEIEC D L 9 BRI APEED TENERICES, AP O K+
HELTHHBECR 2L, BHRAKRH#EEREICBT S, LEE  BHXRLE
EEBBAE S BB - RO AT A LN L), BEKRREEORE %
BETHILREWMEL, COHNPER TSI EI0E D, BEARAES DR
KT HEREO TEHHAORE 25 2 L2 BRTLDOTH S,

1.2 EROWME

OB DK PHEREE, ST POE OB EE, B, TFEE455o
", DM ENTE, KB CTRINOEROEZ LD D) B, BIAR
FICEEL, THEMIIEETHL LEIONANEDOER 4 HEIZIEEL 2 £ 12
Th. STTHENTHUIMC S, B & o EEEOBIHE - B DR ITS
<TTED,it%ﬂ%%$Kié%@%®M KR EORLLOHHY, ZIT
FEET S,

_ BREOEHOT7TO—F L LT, BIBMIOEBENLFEEEOD O EE

TBEETHAH. AT IR E R, ZOEREIRE L RER 10 #RIC
BOWTTTIERETOND. Lo L) EEZEIE 1950 0128 >TH 5 TH
4. Bainbridge [12], [13] X9 7 4, <R, 0¥ a O¥EE, BOEEKEFD
IRIESF2WE L7z, £72 Gray [14) 13, IR L0V 4 DK E W (LA J VX8 Re



BREV)SDLEFELLZFFLEMEOKEETH L 7 = DBETFO—ERDAEIL
L BEGOBERICLBHE L, HEL LA EUER I L D EGHEN TR o7, &
DHFBIIBNWTIE, RABOEENIMVENICDEEMNICS EZETENSN, &5
AR DREN LR E L, NABEIBOMREIZEE R & FAT R FROERE
IZ BT AR HEOME SRS B L5, L LAGROAEEICEE 2 R E
FAT R FIROBMAEE S 472 ) OFFUREIER L 57020, COEICI VNI
2, SR [15] IC X ABEEDANECDHEAEOER L ERWICEMKOFEHATSH
B. F 72 Taylor [16] BEBEDZE X F%, KAED LI IHERICIE CREVBAIC
bEA L. COBEFEICE OREDE, EED 2RI A EEEH LI
DHZREZTHBY, FHROMNIMEEL LTOEMNIBLIVEIOEEDELNIEE
BahTwizw, Mg 17 ki, ok REIUIFIFIC L 2#EDHR T,
HHERIE Y OB TOHETH 5%, KNED LD ZREDHE TH 40%DED
BHNE. |

1960 I A S &, MZTEHE S 5 DOEFIC L ) BRI L D Db o7/
W NZEOIG0 0, ZAORT - fAENFEICLY), ERRRIPERINL.
F 97— Al Lighthill T& 0, #IdAEEOREHEL T v FED L) HMEDEE
&L, Jones 124 B [MEWEOER| L #EHL, 07 () "IZXBRAEDOH
WEEIC L 2 EHEL 0 T B & CBEEBIRLICT b B DR EZB O TLE T F1
WA RO (18], FOME, HEREL D) HLTHCRGETTLE RN EZD(R
E, WEEREE LD LIGETELI LR ERHELROETHLMIILE, &
DENIL % Lighthill I3 EWEOBES Sleiider Body Theory (23 LT Elongated
Body Theory (BAF EBT) & &fHF T 545, EBT & Gray [14] B & UF Taylor [16]
OEFHHEREDOEE LTI, RO IMEEN B IOAZZR LERL L
THNEDITAH N TES. 7272 UBMAEOESIIRIE )RR - MERICEZME
HEEAHOPLHE5 220D ThHol. DWT Wuidlis A LRI, 2X7TH
R CEAIOFIRE L ) OWNEBIOICHE, B L UHEERE T KD 5 FE
RREM 72 [19]. SOEHRICBWTH, FROBEEEZEVH LM LOFIHN
Tz, '

tERoOZToo®IcREM S h, DES L OFRENFEF I OGHOMEILEAT
%. Siekmann [20], [21] & Wu [19] OFI & FEBOET VIOV TERE b FEFTFE
TEBOEREE, $HHEREORBIZBIho TR vy, EREELHEFEL,
MADIHILE DT> T b, & 512 Uldrick & Siekmann [22] {ZFFEDETIVIC
BRI EBRTFHERRELTCWA, F72 Wang [23] 1& Wu [19] D 2 RITEITH
ERET MIZDOWT, EITHEEDEROEEORIESL Fourier I TEL, TKA/S
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1.2. (EROEFAE

7—B L EHYNT - OHEEKGTICBIT2HENERORHEE % KD 5 FiEE2E
ALz, RRELIOFEOHEREMETE, HERNGIL LT 2 HREESHT 5
FARBIC OV TORBERFRES N TN D,

I NS DS FIIIEI B EE S RIB L ST 5. Bainbridge [24] (& Lighthill
SORFFIITF — 4 %52 AL, BRKEDODNEFAEOEE % L ) EEMICHHNTW
%. F 7= Walters & Fiersteine [25] 37 2 & A7 4~ A28 D RICE [ -hF, 850
HSORTWCEETRIET A LIZLD, A RT X9 &35 HEIIHARRE 70km
PLRICHETEEREL TS,

Hertel [26] (3Z C F TORBOEDOERR - g LML, =P =7
DB HLINOOTEMSAZHEENHEAICL VREL TS, $1-48 27 i
Lighthill DRBEDEN, 7V TR A NI ORRERICETI2EREZIT-TV5,
IV TRANADERETTLADL ) ITHEHEE LR - TH ), TRIcaEhTwy
BEPS, SROLOBERDPEMYEBL TCWADTEROIEWVIEZ HFIEI %
DRSS o724 ) THBED, BEIALOERIIOWIEEWZERZ BT
w5,

1970 4F4LIC A D, Lighthill [28] 132 SICH B OHE T Loz, [28] ORISR
STIED EBT 2 BUN L EOMOONDH B HAIZILEL, BETIIMEED
77 SEIICAV LN TW2 2 RTIREEER T <7 0 A )V 0O & HEIKE
BAHONBET AT P HORONOEITITER L7z, #ERDFRICE LT, 3/4
BARERLREy Ty rBMETEOPRIPENTHL I EEFWALMIIL, 612
BRTACLLTREVES 7 2P U V8T A= 5 bW iSs A— % LS - HEEREK
DEEREHLPIT L7z, THIEDWTIEARLOE TETHHS. 72 Wu [29],
30, [31] d SHICHED 2 RTLTAREH bEF VOHER E2IT->T0A, Thb
DEfFEZ L DD DL LT, Lighthill \ZIE3CHK [32] 25, Wu lZId3CHE [33], [34] 78
BFohsb.

€ Df% Chopra [35], [36], Chopra & Kambe [37] % EDFTICH VT, Lighthill @
ZRITCRBRET VA2 S5 CHEL, BRAICALNS BN Lunate-Tail ® 3k
TCIEAT 2 KARIE~ DR 2 &5 Th iz, HiC Chopra & Kambe [37] &, Lunate-
Taill OFDIEREL O b, HBICL o TELRPLTVEBEFIOES 2 ST
EFTEBEERLTVAL, L LAWS DEHEEES R AMY, Lunate-Tail D
ﬁﬁm%ib&wiﬁm%i%ﬂ%.

%72 Kambe [38] I Lighthill ® EBT %, #AHOER B L CAEFOEED
FBRUIBIICHEL TV, 22 LI 05s, AEHEEHLLVWANET, EBT
LOREDET A1y P HORBONDFAISAEREICE & Lz, Shidw 2
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FEONEPOFROBEDETNVE LTEZ LML, EBEOBIFETIIHERY 1/3 5
SREONEZERETALOIBHLTWE D, RRETIVLICERELDH S EE X
bhd. &51C Katz & Weihs [39] 1%, BRERAMICH BN % B/ ¢ 72 2 RITIRED
ROHES) - HEFZ RO TS, ZOMKR, TEELRELILIZLD, #E
FHEIE 20 %I DEMT B EFRL T 5B25, & OHEERRBEMAE (S M X
B DOMIIE S DFERP ST TR S .

1980 F£CICA S &, AN FERIEIEIL LML T 220%, Z00bh ) IZHEHEHDHE
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727EL, CRIHEI) BCEROMMRTH L. X (2.2) DEDEETTLH LK
XN»ELNB. ‘

M
Fpp —iFy, = pl—i(te — 1Vs) Z Loy
j=1

M N
1

2= 303 Taugi Taopty s
21 i “sulk) T Zbw(j)

M or

b .
+1 8; A'bv(]) Z ~sv(L) (230)

i=1

ﬁ@ﬁm%%wf%@KMbéﬁWﬁ%%%?% Z TR (2.30) DAKEL O 4
BEEnEN, £1EIE—HIC LRSS, %2 ERIEHORMIRC L 51
7, 3, AEEHMEEOEENEEL TS

Bound Vortex 1",

Shed Vortex T,

Control Point

X 2.4: WBEDOEZS
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54 IEEVFALE D) OWNDOEITIC L 52500k & BERUREE O I E 2

0.4 IREFREHLDARNDENICL DEDEEBHEUR

ED
s L BEBIBED HBURR 475 7200, B 25 \ORT X5 2 REITRE ) 0
FROBRATY. 1L, FHESEOROAO L AREREL L L, 20

e BT B, SRS y B OWEES (v — Y2y L SRR (T
L) 02 BHERSET 5.

h(t) = —hgsin(wt) (2.31)
a(t) = apsin(wt + @) (2.32)

ZIT, hy, 3 ENERE—EVT LYY F VT ORETH Y, dfELET.
Eyo sy ZOMIZEHREOTLETS, b -7 r ¥y o7 0HRERE, BT

71&]) UTINTG A—F 12 & OVC%&@_

S Angular Frequency 0.47

QgUeo
hgw

O=0DFHEEyF YT OREIEF0ELRY, =1 DBEFHROEIRE Y Yy F
B BBR OB — T B

B0 2.6 2SS EOMITER A R, WARESF X ) —BRAL, AhH5EHk
s, ETFERIITOEEE U, 2.7 ICEHERT, F 2.1 ICEHESH TR RT.
L, FHR c BERERREDT

§ = (2.33)

#®2.1: stE#T
FDM Number of Grid 80 x 40
Time step / cycle 500
Reynolds Number | 16000

DVM Division for Flat Plate 20

Time step / cycle 100

Common || Heaving Amplitude 0.2¢
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Heaving

Ueo

B

Pitching Flat Plate

2.5: FRATET IV

4.0

bLliild

2.0

Flat Plate

AN

\ 04

2.6: R HEATEA

TR 3 EEET N D70 OFARE FEEOKET

bybavddd



04 IEEITHE DY OTNORATIC & 225 & BERURTE O L

I
(a) t=0
SESSSIN
SE=s=S= B = e
I
HITE

(b) t=0.25

2.7: ZEDRHEMRT
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B 28 IESFEICI DEE LGB ORE, K29 ICENSH2RT. FHD
BREPOBOIBBEN TV EOPHERTES. H210 E7 =) YT/ X—5 ¢
&,qum%éﬂéﬁﬁ%ﬁx%wﬁﬁfaé.

P

2

CT = 575
w2hda

C T, PIIEERFE L7, ai?ﬁﬁéwuof%é F 725 2.11 1R
DHEEEE DAL R TR T, BAERIES ;5%,—ﬁﬁﬁtwﬁ#%%
ﬁm_;aﬁfﬁa.%ﬁﬁ&k;5%#2ﬁﬁba_ti,uTwﬁm_

HEORE TR (2.20) & D EIICE S A R EHET B &, fmﬁ}iﬁmc:zm@
TR N2 . Z MBS CIEEARETE CIRES EIE A L 7 5720 T
HHH, ERICEEETRVEROHEICE, HEEERLL 25 THEL, &
SIHOFMIET 2. SOBEITIRE I EFIE & Z2 W10 % s
HELTHEI &, BENEZLI—BTHIEFHMLATHS 8], LoTimnk?
IR OB EOBIE 51T o 2 ESKOBETH Y, 1Thhh ol Ros— ke
BTH 5,

INHEOREVHAL DR & DT, BIERAT - 2EEBGREDFE R & ZNFEOERE

—HLTBY, L@ivﬁiﬁﬁﬁ@ﬁméﬂ%mﬂ%%ﬁ?é CId BRI
T+ TH2 I EFEL MR o7,

¥ 75 2.2 IDESE L BB AR B O EE R RY. 27 LR EE
&, REHHRLELY 5 —ICRE SN TWIA —n—n/el—yEwﬁfﬁé
BHREOTHERIIEEOW 1/150 Th ), ZOMELZETS L, K%
ﬁ%tT%iv&%%%ﬁ®ﬁmfgémﬂfi%ﬁﬁ&#ﬁbfw%ut#%6
VA Y A

2.2 TR & BRI DR E R O LB
CPU Time

DVM 12 [sec]

FDM | 32 [min] 36 [sec]
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2.9: ESEOENGH (t = 2)
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AN
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O 0.6F . AN .
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B 2.10; 7 =) 7085 A — ¥ EHERE O B
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R 0" g \, 7
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]
]
|
{ 1 ! ! L
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2.5 S

KBTI E PR RO KT 3 BASHE TV & AT T BB L L
<. EESMEE SRS HRICE CRITERE LTRSS AVLAT VS
s ok L BEBLIRTEE & % JOBURET L7z, BRATHI L L CHEERERE L R7k Lo RB TR S
b OWMAEID B, €O - EREHND X URHERE L KL, 20
& BRI T D AEOR VRO X ) R HMEBOL 2 Wi T E R B
B HCENTESL, HERMOESED 1/150 TG LAHALPIEY, =
ﬁfcgyﬁgﬁﬁ%?WOD?ﬁWﬁ?ﬁﬁ:& LCHELTWVWAZ Db orz, '
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Y s i = -

5 3 B

Rt =RTcEEBUREICE D < 3B
Eﬂ%r}vmﬁﬂﬁ?&i

3.1 #S

KETIE, TTRMECEUM LR LSRRI LT & Rk D it
DRI IFEH T VRS A, BIE - FUERERRBITFEICOWTHRNA, (£
DR ERRE 2 NI S LTI vy, RERE RV K
ERTFELRET D, T, KETOTKTHRE L EBRIEL O RED 210
TR IE U SRR IR R TE S DBET S, S,
IR IMEET NV E BT 5 2O OEBRICB VT, SRTHOBES S v
WL EBRT AL OWEELR 2O Th D, 27 LHETESELOREL B %o
FRIRTEDBEERE D, TRTOBAIFEENEE L TORYM4RIET 240
BN DB, FIT, SRILHAEFICBIT 2 EILERTRCRET 2B %, AKX
TCRATFRIC L DEE L, SZEROMEWADERIC L 2BHIFEE BTS2
LICLY, WABNEE LTOR YIRS 5.
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3.2 TRITCERUAAICED IR - RIRERNR O RIRRE A

3.2.1 BB ETFILE LUERK

2
N e * ° .1
M
- |
Control point Q Shed VO”? Lsvy
Lovim)
Bound vortex T}, (1)

Mass m)____mijsi)

X 3.1: 3 BEIE IR HEERED RITHETE TV

B0 3.1, BEGREICED C, 3SR EEREO KM TS v RY. B
BOHREALDOOBEOES ER L, BELTHOREZEL X URHEANRE 2
FNENHER (GBS 1,.(),=1~M)), @B EES T k), (k=1~N))D
WEOFNZ L DEPT A, 2R 31 ITTREND LH I, FEROFEHIZ, EED
BREAGEHLTZOOBELZRITE. COLE, FEDHE (v.y) 28BS, —#
e MBEOEGEBLU N BAORRBOBET s FEE, 253 BRI (2.24)
BLUR (2.25) TERENS. '

M
. F v(7 Y — Ybo(y

vo= U +Z .b () (y _ Uy (J)) _
=1 2n (z — l‘bu(j))“ + (Zj - ybv(j))“

N
Pq: q (T — Ysu(k )
sv(k) Y yul(lx)
D ‘ | (3.1)
/; 2m (1" - $sv(k))2 + (y - yst‘(k))2

M op
| T — Tl
Vo= v _Z be(j) ( be(j))

i1 2 (2= T ) F (Y~ Yo

_ i Fsv(lx‘) (*T-“ xsv(k)) (3 2)
k=1 2w (I - ;1"3'1'(/6))2 + (y - ys-v(k))g

iﬁﬁ%ﬂ%bém%ﬁﬂwihﬁ,ﬁ@ﬁ@i@*bé.L#L%ﬁﬁ&ﬁm
TAEOHMEIZ L DB ICIND 2 EWReFRT 5 e TE RV, Lo TREET
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g BT AT IO IE L REEO Y, (BAREHLLIEE) £ HBITL )i
SO E LCRAEL, EOHRE F By SR EDERBIERT ST F.F,
EZRDS.

 2poEROREFECOVTRRETEL CGRNE, 2 TIRAR LT
B EOLDIENT OV T ACHMBRALPIZDNTENS.

[ 3.2 ICHHOMBHD LS % ERHIRT. %Kﬁﬁ%ﬁﬁﬁtbfm*ﬁéc
FIAREE 0, HEEESEICbAEMEZMET L. WE L 2EIE R
ﬁ@m%ﬁkM@&&%x,%@%ﬁkm%&@ﬁﬂhﬁfumtu,gxﬁm%
U DB Fpuw) &5 5 LERREIIMD BEITT Fppy(we) (0 = 1~ M) 1R
TEERB.

FD(urel)
Fpiy(teel) = M (3.3)

FThhLEEBELSMICHEIISET A LT A, 2K 3.2 (¢c) DX I ITHEERE
EBEERIAT0 THRVHE, ua RIEEREOSERITARESE L1, Fiyy ()

R HEBBICET R AIICE LT,

TR L LB () TEOL, BHEOESREHEOREAD
 AEHLPLODERLIEICTE. 0L IBMAY SR HE, BEBOHESD
LOWES L CEETOED ) OEEREO 3 BHEOEHOLIRAL 25, i
BRSO RICVEET LOEHEH RS LHEP LI D) OAEGREFER
RATEENS,

M 32 «Tbvv(j) M

> (miy—552) = 3 Fagy (3.4)
Jj=1 j=1

M 2yb ) M

2 (miyy=—32) = 3 Fy) (3.5)
J=1 j=1

M 2

o)
Z(I atzj ZTG(J , (3.6)
s

| "g.L_VC Ly, You iﬁﬁ(ﬁ@{i /(3"0 V) [(J) Gi J %E @;i (f%@%%lﬁa)ﬁ’t‘ib
- 00),‘/.}_ /"V F(]) F())3T9(]) i%ﬂ%ﬂ] EO)ZE%%}\J‘:(%)S\(}ﬁ%Z)‘%%H—% X j:_f
A,y ARDHBECELE b)Y DE— 2 F Thb,

3.2.2 A&
TAVBIZ B k5B 1 M EOREHS L O 1 HOREIEBOES M +1 ETH
A, INODOREBIRE 31 O x TRENS, FEBOBEIZET 5 M
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£ 38 TR ZRTEEBUREICED  SEETT VOB FE

%O‘/;/ - T -~
< — —— = .
(a) 2 OEILZ HE
L L Lo TNA N .
NNAS NAS N

(c) EEBEO BT ITFATICE <

4 3.2: AEHEGLARR T OO MAASLTT



Ly koTEEEIBECET B MARERAD KRR .

,@@%ﬁuﬁﬁ6%%Kﬁ§&ﬁﬁ@ﬁﬁ@%ﬁ%ﬁ,ﬁi@ﬁ@Q&f%éﬂ%
Kelvin OEFRIC L D BERILLZRHA T v TEBICRES NS,

s = CEROVORDERFMHIRBOEG L W EL 24%, BEOEIIIEE M
b B VAN %KD (3.4). (3.5), (3.6) DEBFER LB LIZX>TREL 220,
B 0ES L BOBS BRABICREL 2R 62 v, 2 TUTIRFIERRY
RAERTEIC L W IRET 5.

FPEBEOES R RICT 2, FOROBREMNS LU Kelvin DA #/4 & %
BEE L UHREROBEZEBLETS. TabbROBDMS VTR (2.24) B &
U (225) £ 0 i FEORAOBRBIIEELAROMEN KT 5. TOWEL H7-
TREBFEBGOTEL OEZAu() &L,  HFHOEFRO | HHOREDOTE
CCH AR (R (224), R (225) L OKREBD) & () ETHE, AR

Dho(iynew = Lbu(iold — REby %”_})ﬂ (i=1~M) (3.7)
L LTBIESND. RF, BEEROBAURK TS 5. £ 2 RHiBE (2.28) 00
DEIPAT DEE,

e Tocvus Rl AT (3.8)

ELTHBIESNS, RE,, WHEBOEEKRTHS.

TURIEBE L BOBOM S 1T X AAT B X U X2 L Y, D
BN%RD, EEHHEX 2T L OBEOEEZBETS. T4bL v HADE
BHFERECE 2L (y Hi, EEHECDNT S AR |
&%z o TNty — 20wy + By
ot vy At?
t%ﬁﬁ@?él&Kib,QMJ@;“M%ﬁ@iﬁﬂ&ﬂ@ﬁﬂ&ﬁﬂQ%%Aﬂ.
Cigae

(3.9)

T(N+1)new = x(jv'+1)01d — RFl AFI (310)

ELTHEESNS, RF, 13 1 ORIEKCH 5.

CLTBHEOEB OB & ) B OBREMIZAL L2, BURSES
UMD S % E5F4 2 |
Wwﬁﬁ%X?vftﬁwf,UL@%ﬁ%%ﬁ%ﬁ,mwm®%ﬂﬁi§%%®ﬁ
BFEROTSCOBMER Au(i), AT, AF,, AF,, AFy BEREN 24, 20 200 2y,

€ LVINE BB LTI ET. SAUREL Ry, RF.., RF,, RF,, RF, &, 315
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START
¥

t=0

Assume the motion
of the mechanism

Correct Iy, gy
v

Compute forces

acting on the mechanism
v
Correct the motion

of the mechanism

Yes

t=t+/t

_Jimeto sto?
END

B33 EHETNTY XA

Bzl hgEd s, DEORET VI X% 3.3 IIRT.
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3.3 RICEERUASICED CHEE - RIER RO RIEREE

531 EpHEs

Ny, DS\ A PN

< <
I bv(i j)ﬁ’},/p > I sv(i ,j)‘é/w
Control Point A 4
(i)

)’L
-0 x -

"

U SSRGS VRN EEN I S R A R L O U DU SV

| I
. Joints

| |
, |
L. "
, hd” A
B <—

Direction of Propulsion

B 3.4: fRATET IV

Bl 3.4 =R EF V2 RT. MAEE LA /N O =R TTIETE R
&%x,ﬂ%?&mﬂ&mﬁ,%Ek&&bt%ﬁ?ﬁikivﬁmﬁih,y%
AAEBMET BT BLU y MCBERFEEZHMETHB A 234 0L IS
RICHEBILLCREY 2. MBOKTOHE L GRL ), HEREOEEX (v, 2)
FHETH), M3l OTRTOBEOKEICREL A y £F5. 7275 Lith
PHBEEZRL, BOL ) A0S B TERBESRT 5. £ oBEORET
TUVFERCT, BbEoms i3 — B S MR LAV O LT 5, |
B TRy BT (RS 1) 40 B, M (1y,2) B A5
  %LF@lﬁm£iU L HEE A

U= . (z — 2
4m / {(@ =22+ (= )2+ (2 — 2.)2 )32 do
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J z
/) S—
Z —————————
r Zb dﬂ/v!
ar—-— i A ;
)] — | |
| | ‘
} | |
(a) 7 = 7 =const (b) y = y. =const.
3.5: BHDESE
= _1:_ (Z B :c)
Ar (7= 20 + (2 — 20)?
Yo — Y
\/(7“ — TP H (Y —w) + (2 2)°
- — (3.11)
\/(1’ =)+ (Y~ Ya)? F (2= 2)?
y = I % —(z - z.) .
T 4n v {@—2 2+ (y—1)2+(z—= )2}3/2 7o
= —(:L - ;l,c)
T oar @ a Ptz )
U — Y
V@ =2+ (y—m)?2 + (2 — 2)2
B — (3.12)
JE =22+ =y + (2 — 2.)?

Lh, M350) Dy SICEBERIER GaS A) OBASEBIC u,v i

A o “(y - ?/c) K dfO :
T ir : 3.13
u 47(‘ Aa {(:L’ _— 60)2 + (y _ yC)Q + (3 _ C0)2}3/2 ( )

A " (y_yc) dfo
T ir - 3.14
v 4 /ra {(,r_é'o)?+(y__yc)2+(z_<0)2}:3/2 ( )




= ks ED CBRIE - TERERCR O IR "

rhB, 2L

g AT (3.15)
Tp — g
By, G HESLEKDD 1=6,y=y PDED : BETHE. T Ty HICEE

P

LiBRROEe, BAEESHITHLOUTORBEERELT).

1;’ = -;—{(I — l’a)(irb - Ia) + (3 - 3(1)(31) - :a)} (316)

o = %{~(3;—xa)(zb-2(l)+(3~m)(7,b—1 )} (3.17)
VAR

= =P T | 315)

BB, CRICLY uvid

!

A =y =) . l—x
IR @ =12+ (y = 9. + 2

—— ’/ -
S— (3.19)
VA2 (y = ge)? + 22
v — A Y—Ye I —a
4 (Y — ye)? + 2 @ =102+ (y = yo)? + 22
L (3.20)
\/:E” + (Y — ye)? + 272
Ens.

K@ﬁtm&ﬁ ZRTOUE LR, DOV E Y OREIL )RS b
n5.

M
; Arbv(i,j) + I‘S'U(/c,j) =0 (321)

RPZL AThy5) BHEMRO®BES D 1 BEA T v 7 HIOBBELETHS. T2k
' KJ; DT & ADPBGEIT NS,

w
o
N

{Pb“(iJH) = Doutigy 4 {Mbwgigy — Mpoiimry} = 0
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FEEOLT Iy VICBWTE, THEBOKERITI0ETS.
RS @) ARSI Blasius R L D RO SN, KHTAAF T A EFLOH
HABRFE, ZRITOBELERTH 5.

3.3.2 MEME

BOROFERB L UHREBHROKE 2, BTFOFHEIZEIT LN M x N ED
R 5 (Control Point) ICBI) A L&D, BEOERE L —HTHLH)FESI NS, FiE
EREOEB L ITER L TWA O, MELERFHA T v 7T EIIERIEIC LD
FEEIC kD . REFEOEAMSRIZRATOBELRAFETH AL, =KLk -
fzziickh, BAMFEIERETERS. LTICFIHEZRT.

TPREBOEELRICE X, FROBERIBITI2RENOFS ZFEL, ER0
BBICEEZFHOMEZ RO S, TOFEL T RIEREMOHEL OEE
Augjyy &L, H(3.11), (3.12) T O3RKE 2 Ty DER (4,)) ORERICK T 528
Rz C(i.g) ETHE, Ty &

' Au i )
Lputijinew = Dou(ijold — 01—'—-(—& (3.23)
Ci.5)
LISESND. o MEESHBEHTH 5. KICK (3.22) OEIDER ANy &F
Ak , /\b'u(i,j) &

A\b'v(i,j)ne‘.v = Abu(i,j)old - a‘.ZAA(i,j) (324)

EBEEESNS. oy BBERMRETHS. N (B23)BLIUKB2) % i=1~ M
IZDOWTAT 272D, Touyy PBEZITD. R (3.21) OELDfEE AT, £$5 &,
Psv(k,j) Gi

I1sv(le,j)new - Fsv(k,j)old - a3APk (325)

LLTBEIND. ay BBESNREETHE. RICj=j+1 %L, AEOFE
Bi=1~ N STHDET. ZOBREBBICIbLFAN 2HE L, BiFetsib
2t X OBBOEES R BILET S, o FAOES NI Y (REFEICDOVWTHE
B, BELOLEOAOBEAT v 7 kL TO o FIAEBEL vy, £T5L,

Pr Ty — 220 + T

otz At?
FESEUTBIEITID, 2y, vy BEE® L EHARAOBEEY AF, &
ThHE Ty

(3.26)



N SRCRREIEICET R SRR ORI .

Tt ynew = Tlktliold = ALy (3.27)

Y LTBESNS. oy BBERNRETHS. COBHOBEICL VESIIBIT S
FEOBREGDVENT B0, BUFEOMDIZRY T.A #BIET 2. —D0k
sy 7 kBT, BEOV =T 23 XTOREEF AN BT THD
EL0b, BEAT v 72 EO T BB o, as, a3, ay BEFEERICE
DRET 5.

3'3. 3 . ﬁﬁgfﬂgﬁ t @ttﬁ

ERTHEOFLMERILT 5 /20, —HREEHTIZESANSLT AR M AR =
1/2 OB LERFRBEICH CBNERDD. —RICAR< 1 DX ) BET Ax2 b
HoGMERTIX, MEDEOER [81] 12X 5L, DTOMELREERIC L DB EG
WO %HETHTEHNTES.
Cizz%wAR-aa (3.28)
COBERICIBMERFRICI BB BT 5.
361, AV 3EHEOMERTFERT. () OBTFIE 20x5 THEAE, (b) 0
BT D 20x5 THBH, y FAICELTIEL Y JE0IE SRR OEEOELAE L
mz&%%ELTK%%%LTm6(Q@%%uﬂmwﬁ%%ﬂf%é.ﬁlm
W a,=10" ELCRELR O BLIUBERICHTHEE - 2777, (1) B
U (b) DT L 2HIZHHRIC L AEICHRPR R E V., — IS E RO ES
T CLEREDIIRDIEFHMONTWE D, FREDDELITKENT £
HEL RV, L L (o) DB FI L AMIESEAIc L aEE R K LTEY, &
SR FEORYUDHERTE S, T/ (2) DBTIZH~ (b) OBRTFIC L 24E
DIEBFLLAREDLI L DS, COBEIEAEFEUOHEEHE N VLS T
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y
X
RN RV (RS U IS Dt Epu L) S R SN R N S e R e R B e o
(a) 20x5 |
y j
J
X
_______________.__._._.._.__..._._.9
(b) 20x5
y
X
B e et e e e e e e e s
(c) 20x10
B 3.6: BtEAET

#£ 3.1 BORE C, O

Lift Coefficient C'; Discrepancy ¢

Slender Body Theory 0.1363
(a)-Grid 0.1461 +7.2 %
(b)-Grid 0.1490 +9.3 %
(c)-Grid 0.1396 +2.4 %
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3.4 &

AETIE, BHREKTEEREO RT3 EETET VI T4, #48 - FAERK
FBF OO DRENEFEOERCET 2 o7, TR FELZIELL
SR TERIREICED (M FEEZ DREL, ZRITIATIIBT 5 5 IHEF R
RETABENERHFEERETA I EICL D, REERFEERE L TORY %
WEF L7, TORE, SRITHBEICLDERITBEER - KB E < —3 L, ik
AT E L CORLEsHER SN,
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M

4B

| 3 BETET AR K R E B O K BR

4.1 H¥E

“7”#§fm,:kﬁ3%%%?wuﬁm¢é,3%%%%%&%*@%@%%@%
BB L UERRAMD bk » EREE R A CTHREREREONERRE Bk,
CITEBREBOBRIIOVWTENAODL, EERBEROLE, BIUBLELER .

AT BN R EROT 2 ER A MEORSK L LTRET 5. KIS

X BN MIEHRIES X SEBAMO ATEO/ 8 — V20w, —RAIEE /S
 IX—F L LTHEEELNET 5. ERERE TRTHEIREC X 2 MRS
 REHBL, RN EOMAMREE ZRTERITC LY 5 M B,

SLRSRTMMERIRER L, SATRIERS L URBRGERE & BRI L, =

”&iﬁ@%@%&ﬁ@%.
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4.2 EEBREEWEK

4.2.1 ZHROERK

EREBSROBREE 4.1 \TRY . KPR I L) BREAKEFICHELZ FE
EXE, TROFMICITAIATICL o THRINEBEZEFGSEH.

4.2.2 %%@%&

BHOSEOERES L CHSHIEARA K 42 12, $-ERERZE 4.3 10F
T BERT /TS LRI 2T 50 L 2 SREL, 2RTUTEHD AT
5 &) EEAMIIE R - VRT ) V7, RFICELT AT A5 2 AW TkhR%
TRTH, EWMEHTr R THI LWL, WA L TOEEWZ/LI EXTE
B, $2E420) IRTEHET I/ F 2~ DE— 5@@%%2&5@&L#7
WL o THET 5. :
 ETRORIREBSIEAEN BT ThH NACA 0012 DR 2 % IT8IEL 7=
\MCA%Qi%miorﬁW@#awwa@u%fwkw—@wnz%n%&é
HThh, kA TEFESIND [83].

Ty = 8 ;E(O 29690\/{‘ — 0.12600z — 0.351602*
+0.284302° — 0.10150z* ) ' (4.1)

X 4.4 12 NACA 0012 BB %R T,
FLESTEIMERO 7Ty TOBEEZSEIC LK 45 O L) ITHEIL, BT
EE—VEIERHIZ AL HEE LA, COBEKFETIE, FRENDY) v o HHEER
LTwW5,

4.2.3 FEROER
B 4.6 ICBBOMEROMRERY. 72 F oLy EHHORSHSEELAT Y

CY/E=s bt h. AT VEVTE-SDAT Y TARI" ThY, LEFTO .

WoEIIX 25: 576 THHDT, HMEDAT vy 7AIZ0651° &b, /= )ary
Y2 —% PC-9801 % A\ CEEI O IESRIRIR AN, 2 IR - 2RI RER L L, Y
AN D, B ENEFTEE—F R I ANICEY E—F 2 HIT 5. B
ﬁ%E@ﬂ@,747DXTV7%§£i0Wﬂ®@ﬁOi%74~%ﬂ77§
1ThHhd, E—FICEILEREE %mxéﬁéﬁﬁ&74~ﬁ7ﬁ7 Nl s L.
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4.2.4 RKEOEMN

B 4.7 WRT & IR R Y 7 K o TS AR AR AN =4 A TR E
RELADEEPN, S5ICERT/ASREND RPN S, R 4L ITKERFOHETE
IR

F 4.1 AHEFETT

Total Size [mm] 1900(L) x 1000(W) x 400(D)

Size of Measurement Area [mm)] 700(L) x 360(W) x 270(D)

Size of Rectifying Honeycomb [mim] length:80, interval:50

Mesh Number of Rectifying Wire Net | 40/inch.

PR DFENIKF AR T OENEEZ RV P AT AL o TELSEH LT
Lo TiT o7z, 2 OBE T, AEIZEEE 25 mm S 5 mm @?%‘@X?ﬂ

0= VDT~ — 5@ EOEEZ KL CICRE LA —VEEDITVTR
ICEER L, HMIEBEOY - -0OBHELT TV TS/ THET LI LICL T -
72 WA I D LA LTHIE L., Ry 7OMNEL & mEOBGRERS. B
IBEED 60 v LT TIRETOIEL 25 EH 5D ODOBBTRAMIZIZHIENENL T
WA Z Ephd. Lo LHNEESS 80 v BLEICZ2 5 L1362 & H R 5 HED
ERESE - T A, THIEKF A 7 OHMIOED 32 mm &I ThSwie
©, 90v U EELEMA THRAZPSETZ TMESE TV EWLOTHL L
EBhhd, F72008E0%0.05 m/s LTI 5 LK DOIMEDD 5RO ZE D ZHIZ
BREICR Y, =0 —DRRRE TN R 2 A DMESRETH o 7.

PP OfS b0 -0 4.8 BEBEZMAEIZRE T HF v — b & LTHW,
FEOWEIR Y 7OEHMEETMET A2 £I2T 5.



Lo, EBEEMN | bl

Guide&_ <——> _Air slider
/

Shaft - . Motor
Bearing T T1"
[ - Ir —ir —1r fr—t

NN

| ? e
Wing

S A
240

(a) &AM

Gear

Gear

.

B 4.2: 3 BAHTE HIZKMIEERE (20 1)



[ RN

3 BB B P A T R 0 285

43 3 AR (20 2)



S
Pisrd

4o EBEEEN

B 4.4 NACA 0012 0EF

Motor Axis

4.5: EIRER -0 SR EkAEE



o4

PC-9801

Motor

4R 3HEER TR REREOER

Driver 1

D/A
Converter

Motor

Stepping

Motor 1

Driver 2

Motor

Stepping
Motor 2

Driver 3

4.6: RO

Stepping
Motor 3




[ Xu]
[Eo}

o HEEEWR




0.2

I
U

Flow Speed, U [m/s]

£ 4% 3 HEEE ORI ERE O EER

! | [

40 60 80
Voltage of Pump, Vi [ V]

4.8: AV THNEE & iitE O Btk

100




(@]}
~1

431 BEESHRE

K BRIECLERH T A EFAET 5. TTRBOHEST TR0 H
PR L CEBRFCHIEL, ATRZERITRHHOBRSLORELL. €
DEREFE 49CRT. LIELIOHICRAT AV EOXHRFOHEEE T T
WV, BERITEICIIERBSOERIIE SDIIEFRBTOREEMR 2.
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sor .

Weight, m, [g]
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100 700
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BB H g EDOF -5 —ObTheITHb7:0, HiEhFEe LTRERS -V
RAVLEDFEDERLNSD, KEBTHEHE 410 RTIIIKRTENEZHS
LB ESDE) I IET TEEICL -5 L) ICL, TOEZZEINICEE
TAHEELHEXAVAI LI, M411 CZFOEEERZRT. AIETAL L
HIHEIIREREZEG - OREEIEOEEROE 2 £ 5. BWHHIEITHED 1 XKLL
E2RUTOEKE o720, 0.1 RTOZEALERT 74V T 4 V7 %2470, KA
RS NB 1T ROBEE L.

Fp = 0.327 UMT[N] - (4.2)

1ELU REETHS. CORBEENT 07 9 AL S EI0F 5.

FLABBORL LTOMPDREEERETS. AEET LY OmADL A/ VA
B Re i, U=015m/s D& XT36x 10 BETHD. Fp U D2JTHRL
CLTRIEHEBILTVBDD D LA/ VABDESPEREE 2 5NHH, RIS
U=015m/s D EIEET 2 E, Fp=0013N ThsDT, FNRE Cp 13K
ROLHITKFE 5.

Fp 0.013 '
Cp = = = 0.040 4.
D T U iy 1 x 998 % 0.152 x 0.24- 0.12 _ (4:3)

DL & Re TO NACAWI2E D Cp DERDPFILIZE W0, FIROB
E£DCp 2RKOBE, BHROBE Cp =0.007, $721/7 DS Cp =0.009 &
hh. BOBEREVHLIDOTINL%E 2534 L Cp = 0014 ~ 0018 £/H5.
SICEMHR A ZRICANS & Cp BdIP LB LD EELLNDD, TATD
RO 0.040 HAZ D EOTHE, TORAE LTE, 7AXY F A ELI &
L, MESTHRAPTE SN TWA I EENEZ LN, :
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441 HETZEBYIZ-—

eEEEOWEI OV TS, HEEELH A L TR EEL, &
A AT PRI B R T LR T L L, REOEDIER
Ak V525,

0,(t) = pmaxsin(wt — @) (p=1~3, ¢ =0) (4.4)

2T O,(8), Bpmaxs W, Op RENTN, p FEHOMEORES, RIE, AREBK, p
ZHOESO 1 EEOBSICHTAMAAETSH S, BMEOEF TN (44) L ) X
goFEiEs, 1B %2, B3HRHOMMES L UAIREED 6 D¢
SA—FIL Lo TREINSD, I THEHEMNORESIUERHEE 420X
S ARy - VICREL, MAHELZ /T A—-5 & LTRSS ERE L.
85—V 1405 3SRBHAORKEEFR—ETH Y, M GROGERT /8 —
VLA E CEGERT A8 — AL SEBIIEASEEDTHD, Ny —
41F, B2 mar, O3mar D501 mar PDENEN2HE, 3L LALBDOTHS.

#=4.2; BEINY —

el max [deg] 62 mazx [deg] 63 mazr [deg] C\C].E‘ T [S]

Pattern 1 2.6 2.6 2.6 0.45
Pattern 2 5.2 5.2 5.2 0.90
Pattern 3 10.4 10.4 10.4 1.80
Patternd 26 5.2 78 0.90

—F, WAHZEOHHEIZ2 THAY, EHICHHELZHES LXXDLH 2120
T RA=F ¢y TETZEIZT D,

92 = do ’ (4.5)

¢3 == 2(]50 . ‘ (4.6)



62 F4E  IHEEEFREKPEEREDOER

0.2, [Tyt

Propulsion speed [m/s]

L 3 i 3 ]

0 20 20 60 80

Time [sec]

M 4.12: 1 EEEOEEREOER

ThOBEBERT IV ST ¢y TOo—IRICHAZESEE. ¢ =0 DHER
BB CHMOBS 2 DIRICER L, ¢y 2 05BN w5 L ETEYHBFICE
50b® 5 R EEICL DETC.

4.4.2 FEBFERETRTBEURE E DR

WHREFEORERR L ZRTHEIEEIC L 2BMTER OB B2, HE
AT ICB T D BRI R, SRito y FREHOAHRES 25, 201
HHEOWEIZLD, MINSEGHBRDALIIADNS 2AKIHA 5.

TTBEHETICBCT, #E LHREP OB ER S 50, —EH
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HEERE G —EEICEDE . LR LEEIIBWT M =20, EE—AMORRED
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WEEE U LT5,
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 BOEFNL LBHOY VI LABEOY Y2 TOLRTBY, 3HFBOY VY
RO LAEEOWHT Lo TR EEROND.

X528 4.16 ISiE/NF — v 1D & ED, EERBO—EHSDOESHOHE %R

. P UBEORBEAHMATERLTSHS. () LVb2b L)1 BHDOY v

ZEAFBOY V2, BHCAP->TIbBDbO L) R EEEZ LTBY), 0
FAERAICE OVE 415 O L) HENEBTHEEZ LN, FIZRAFHTOR

X PIEEBAANAE (B DRSBTS L ET R bLETOMESREMED & &

KEAELDBED, ¢ 050° DLEZT RBRRERDEEZLND, 12 ¢ #°

1207 DrE, EOEHOMAERELNECTUBBECETLE LAY,
C416(b) D 3 BRSO SEREEEINS (B, LoT T bIHIAS

CBBEEZOND, —F |6 25180° DEEIF120° DL XEE IBMOPH DT

CREBHETH WD, 120° OBA L) IEBELEOBE R VROBHOKE S 5K
B, U REFRE EDEEZONS, 127N — 4T ¢y H5120° D&

ETh, FEGORESHE TR WD, S$y—v 1553 3 SEEMENS TS

CHLAEDRW, Z07o8 V4T ¢p=120" TU PBPNIELRLEVwEE

AOND. Ll T OBWEBRTHE, S5 —v 2 EFREERBER WD, 6
B0 EVES TIRIEEBRO U CRIZTEERH TN RV LI Th2.

CERBERA LD T ORAEES S — Y 105 3 THET 2L, Ky —2 1
2RI L noTH Y, BERIEONS WA, BRIAORKMEED

TETHNET b—L bl ibhb,

e F, EBEESy — v | CEREIBEREDY 0%, /55— 2. 3 TIRY
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5.2 BMEBEEDTESE

a1l L) BB R0, AEICBITAENE, ESBIUBEELER
TNIERBOER L CEEE T & TERTLZRTIT ). BEOMEERE
Ui, LTOL ) ICERTHEEE T I0E5BmINns.
— UT
U=
Thbb U &, 81 AHICEBEOSEDMEHET 22 4ET. —Honb &
R X BT Fp &, L, T BLUEBKTEEN 1 & 42 25 EERIC 817 5 =%
DRAEDEE M,, ZFHVTUTO LI IcERTILI NS,

T2
L M,

(5.1)

Fp = 0327 U x

L T2
= 0.327 (U* )17
0827 (U )™ x L M.

LO.T T‘2
M;XTH

0.327 U417 %

fl

(5.2)

CCTHEETNEE, ERATE F), # KOARPICHEEOESIZERT 555 A —
ST HHBEIETHD, TbLERTILLZRTE, BT 8+ U »
BULECES Fp @EMT A, S Fy U O LTRICHBIT2720T b,
WIZU D2FICHBITH & Licshé, BRTAALARCE T EEAL LS.
Eﬁtﬁfﬂv~wkﬁtﬁﬁi5K%@%@ﬁ%ﬁbw¢@mp:sz&%
HOMEEZET-b0% SEHEE LTk 5.

* 3 3 807) ~
E"(t) =) T;(t) = (5.3)
p=1 '

CO1EE Y2 HEBEN T~ FE L T5.

FHEERE ) SHIBETOFERTOSE L FEE, RO L 512, HMEIC & 28
CHR SN VA O7 — B, (B L A EHICHERE L 81T 72 b 0)
% F TE-bDEEHTA.
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E.,
n= Eff x 100 [%)] (5.4)

CCT, HRNU—E % oay HEBS, &5 CHEORENDRES, w2
MO ENENSTEET 2 &
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E=F,+E,+E,+E} (5.5)

oy pn. CCTEL T, REREN, WO o FABIU y FAOENIHER S
2oy — S EfiyﬁﬁwﬁT”léﬁﬁﬁ%%éﬂtﬁv~&ﬁf%é.ﬁ

: ﬁ;@)’j}j}@ r HEELS &R X BIBTO ¢ BEESIIEFEREBIZB W CiE—E
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s AAEEFE LV ERREL L E, BIHENE LCERSED E,, = -F;,
IR R o TBY, ERBESENE RE LES (2 AE) CEEL T

BLERE,<0THAH. $E, HIELALERTEHOTHR

. (5.6)

Yy, BEEDER ) WHEOFESCHEBE SN —D o Ak y FEORER S,
&5z, HENSU-E, BIUE, &, X (230) L 0ASINERIC & 28T

G (THERTET 1) joatv+ EHHBOES (THSRFES 1 2) &8, X

ROLHITHLTEHET LI EHFTE S,

M
Epy = Z Frer( %) (5.7)
" M
Epeo = Zl (fpe2yUi)) (5.8)
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o = 22 (i) (5.9)
j=1
. M
Bz = 2. (Fo(i) () (5.10)
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NN BEORBBOEESICBIT S » FAREB LY y FERETHL. Lo
TR (5.6) 15, kEEES.
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By @) BT RTELL, M BB ORE GROEENE 3 BREIEL
 BERBATHD. KT S, EEBECE T (0, e o) KHHIT S
CrEALNA. SHICy FABIT y HEICE CHERENOF,, & Ty OGTIH
T BF, Oold, EERBESHOUAIILTLOT, &5 R BAEIHRE 6, max 1S HLH
T5., Lo THN F, &,
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T hbbLESRARAREO 2RI TS EEIALNS. CASEL 2, BIUIEZ
DEESRKAEEN—ETH IO, INLOr—A3#I—EL %A L HITEL
EEEERD.
| CASE 4 \3RIEHRIE L EBEMAS CASE 2 L4 L <, R L BHME 1/20 10
WL LA THA. CASE 5 13HMIC L A3PI% 012 L, BEIHRIEDS CASE 2 1<
SLVHATHS. WL BHEIE 0 & Lo, EATL LIsR COMTIZN,
BEOEROEEEEIIEL L (h 570, EFHEPREETIVWOTE 5.1 HF

O BELTHB.

~ EB51ITCASE 1ns 120V TO, BITUHEERE U™ O o) WFHEDBITHR %

RY. $7:%210 do=0" KB B T BLUEROREEET O%7 — A0
BATMEZRT. [0 5.2 1248, CASE 1~4 (2DWT O, HERIE ) O ¢ RFHOM
WHER % RS, CASE5 TH, Enp=0TH50TEInE0L25. TALDH
BLUFELY, UTOBHSBTONG.

(1) @51 80T, D=0BLU1/20 D5ERKBE, WFAO CASETHE
BB T 1 go = 0" DEFEBTRRERY, ¢y DHEMEVHEKRT HIHE, 2D
LREHAT 5.

(2) 2B T, WEBRADRAAEENS L\ CASEL, 2,3 2IN5LE
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EHBORBERT. 727 LEBA BRI LERT (T4700, BEBOLMES %
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b, CASEL 0%, BEERICILE L (HEEHLGO Yy 7 7 )

BT, EERBRIROEZO L S CAKF THEICESHLTWLI L

gy BEHKENT, FEREY y B CHAOE < I LR LR

BT AEA, HEEREIL ) FECEADMAEE LT, 3515, L(HMLN
Crwa XA, BRICIABHCELTIENY 00 THERS, y HATO
EOHBEETAES ¢ FECEREND, Lo THIRIRADENE LD EER
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L DroEFERET X, FNEHORYM (2) ORREESETH. K 54(a) ILREINDS L
T3z, CASE 145 CASE 30 T O#NCtE, BATCH F,, —EE, S
 BTA. ThWR, FBOFRTHESN F,. b CASEL 225 CASE 3 ~OZ{bIzB
W EEPLRRES TS, Lo TEROEERET BRI THLEILNS.
() OEMSARICE 54 HVTEBANS. Thbb T AKEL
Ry, BAESI X B F 2HINL, HIMEEOEINES Fu LHD AV,
BEOET) F,, 750127 072 & E45 CASES O#HEC X 2 HKRHIAT 0 OHAITHIE L
Twh. ToRE, BEREEAE CLTORINEEOENE B X BHOERE
MBS ERELLTLEIPTTHY, ZNOPHDE-ETHE U HEM
LBV, FROASEE T GESIEREEC L o TEELAVEELLNS,

5.4.3 ¢ =100" ICHFHHENEMN

B SAD) RSB LT, g = 100° DHEOEMEEL, 6= 0" DHE

L ERERSTVE, T a0DE X F L BIETHAB%, ¢p=0" OHELIEIRLRY,
U OHEMIZE b B WEST S, COBE, BHEBLIC ¢ =0" OBENLI %R
EEBE I D) OEBICL o TR, EITEOESHERAEL X%, (R
BENIL 5 ToLl bRTWABEELZOND. Lo TR EETIE, HERELE

TROBEDZI L > TORBNDOL bNE 0, HIR T OIS

TBEEZOND. T ORATRIGKBEMEN (= L/4) % ¢0/360 x T OEHTHD

DT, BRTAL L 7R CHETEOEE IR E % 5.

, 1 360 90
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55l ERTHEEEICHT SHEHEEY
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5.5.2 ¢ =100" ICHVTHRADHEME EXIR & L HIEH
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PEEAEETS. M 56(a) IKRENDLI, ¢ =0" DLEHHTF,, ik
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L2L, TRTIHE ¢y = 100" (ZBWTHEDEFRRICLZABHE LTUITHTE
BV FCTHEDREN O PICT B 720, HEEREORZEOEEINE 2 REE
5., TREHEIBICL DERRICHEBINS /N — E, I$HEERERGOES)RE
CHRRET 2720 TH B, UTICHERS 2MED/8F X =7 FHNT, BEDES
TIREFT 5
| Lighthill [28] 3, T RTEIRBIFEIC L AN EEBBIIBWT, BEE REICHE
ARFBEDME) PHAOFAICIED Lk &g, HENFERRERZD L
ERL, SRR OL X IZEBBRY L DBOREINEL L DD THE. (IO
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X 5.7: 0 BE ¢y — b, D ¢ AN

 OESHCEE L, UFOL BB g BEE y,,, EER (9y/or),, L, i
LR ERMBLERELUTOL ) 0#T,

Yrp = hsin(wt + @) , (5.16)
(—gi;’) = asin(wt + ¢,) , o (5.17)
TE

ThbbHERESES ETHAAOL — Y v/ BLUOHEFAOY v F 7D 2 H
EEE%%L(w%&&&L,%ﬂ%ﬂ@ﬁ%@ﬁﬁt&ﬁ%m¢h£;0m¢p
Y45, 8510 Lighthill SEE LT Y V785 A= % 03X TESNEG,

f = , | (5.18)

Ua
wh
ThEbL By Ty — YV DEEOLTHD, ¢ — ¢, =90° THD
0=10LXBBHTUE LI U E BB TOBBOMBEEF 3L, BOBLT
PELB Y p BB EELLND. TS on—¢p BLTL O D2MEDINT X —
Dy WA % BBAT L 72

RN T y,,, (0y/00),, THEHBICKE 50T, KF o7 — 5 ZERWT
AT AT L b a, on 0, KDB. B5712T =05,08,10 DFAED B
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LU on—0p D o EDHERDOBITHEREZTRT. 57 L)bP2BLI, ¢, -,

EVFTNRDHETDH |go] #7120 LT OESTIL ¢ DEEMITEEVEFITHAL
Go =100~ 120° IETT0" BEICELTYWS, LaL ¢y 25120° %4z 2 &
0" EKETREICHPT B, —HFVTNOHATD 1% |6 25120° FETEL
CRELZVEEIZT 08, 1.0DHEE ¢go=120" Tl 4542 5. K&x$E3 ¢
YENOBLEBEEZONDZDT, U =08 BLU 1.0 DHEAIT ¢y = 120°
WZBWTTEEL, ¢=100" CBVWT p S B/RELBILIEIRYUTHA ) L&}
LiLh.

DEDZRLZBEE R, B (5) OBMZERTS. ETRAIII, nid ¢ =
100~ 120" DESITRARELR A, LHPL CASE L IZBWTIE T 29312/ S,
Bl 5.6 ICRENBLHIT, U 2/hSwEE pildU 1T LCIRIZRBEITH 2 78
COFET 2 n 2RO RDFLERE 5. X oTCASE 1 DHA ¢y = 40°
DEBIT n IRAMEE %%, F72CASE 155 CASE4 ~ U 2388504 2 1266
$o =100 ~ 120" AT n PWERE L BERMSL V5RT > T, X oT CASE 4
BV g =100" DEXIZ npidF/KRELS.

CCT, RIEIOENFEICBOTE Sde, EATEEES L)) EICD
WTh, 0 BLU ¢y~ ¢, D2MEDNT X=2FFANT, LFOL S IES % 58
TAHAIENTELZEEZRLTBL.

BT L DR U ORNEZ DD, +o FEIET 5 FRIEEEOREES L,
EITEEZ V,, BRZ N ETHE, 2 OMBOBEN (b —¥ VI BM) y, ik
DEHITEKSNA,

20 _
Yuw = hy sin[i(x - V)] (5.19)

Lo TES (EvF VI B (0y,)/(0x) ke b,
Y 2r 2w

=7 = - 1 o

e - 3 cos[— 3 (a2 = V)] (5.20)
ShHLEEINS 2 CELTANT, BEOESHH v 3k ER D

w=¥¥ (5.21)
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(2) Ty BEUE 52 £ 0B NS B REHES AV TS % MAHRIECH
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5.6 &LUEE - SWNELHED-DDHR
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SNB. LA LI L) ZMBEVIRBIETIE, BHO5E Lk b ) IS
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CECTER L0 LD,

T LTI DRBIEPHENZ 1L FETEZ L ). FO#EE TIIHEERE M
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HERREHD < 0BT X VRIIER AT £ D, BABMRIEEALO
Th3.

2 —RMHEOLKETICBNT, HEEMNFET R S Fl % BAROTHEERE D

CBETET A, TERTTHEEEEDT 0.8 TRAEES 100 EFICBWT, #iE

WMBIIHRME6S % &4 h. —FRAAZES 100" EEICBV THENRI B
ERBABHEUTOLIICERLNS.
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B EED, U PWESE L VETVTRIEL K& (L, BIFUSRELZ A S
(FTBEVIREFEFLEE LA, LOALIORBEFEORPIZBNTD, Uil
—ZBIRIZN TV A DI TIELZWOT, U ORI X Y IRETOREENELL, X
HUPBLT A EEZOLND.
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BeRfE DB L, TOEPTHNEC RS L) ICEEORIEE 1 BHECHET
B ETHESHZMATINCTS, 541 TRAZIIIC, BATHEEEE T
P THNE, HENTHESRIBED 2 FICHEMICHAI T S7-0, EOL ) ICHER
E—E0&#tr5 i L, ERALOREFEONELIEZRVWEEZ NS,
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63 BEILHETERORE

S CERL L BB BV TR, RAGIREHEOTICES LT
IRV, SFMUEMTH HEESE 12T 5, BT A-FDESS (Tbb

| gE) ABTRICRH AT LIETERY, Lo TREMLFEL LTY, HRETH

o CEEER BRI IUEE b3V, €8 TR TREELIEOERBR L LT,
ST DM & L CREN L FETHE Y YT Ly 2 AW [34] L%
BT (85] % HBHRETE 5.

- 6.3.1 Y TLyURiE

SUT Ly g RETE 0 KTERZTIHE, O n+ 1 EOTEET n RIL%E
B2ED, DBRINASOEAOENEENEL RELEDS n+ 1 {EOTEA z &i#
EABEH ST TV, COBENIITEL, #/D, RO 3 ODOERZEENPL LS.
VYT Ly 7 AEGEHBMOERIELINC 2 ADRE LRI Tz, LE

BlICE-> CHEATAZ LKLY, BEIBOLNLFERFEEEDRVD, &
BHEFBLRVEVSRED DD, UTICHEFIELZRT.

FHEFIE
1. FEME 2! = (2,20, ...,0,) BT T
_\/n-{~1—1+n9 _\/72,-1—1—18 (6.3)
Pn = ]1\/:—2 B ] Gn = 'Nﬁ .

D2ODERACTREADY YT Ly s A%ED, ZITsikY Y7Ly
SADKESEFTRETHY) 1ILDES s DIEAIY YT Ly 7 2D n+l

BOERAZ
b = (2,39, ,3,)7 \
22 = (PaF TG F o F A3 G+ 2)T
2 = (T, P T2 G F T3 G )T (6.4)
2"+ 1 = (oA T1, G F T2 G F 23, P+ T)T
TEZ5.
2. LW YT Ly s ADTEHAO BRIBEEE LB L (BB EREZ

¥ BTEM), (BHEE 2 BFEICKEWER & BHTHA), o (HRIBEES
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FOE T RILIMHMTTNORHEEE Y — > D

BMER & BTHA), (0" IR T RTOTEADELD) % & wIURHIES
¥5. |

L PR EL a2 RO BB M(a) R EET 5.

h

2" =1+ a,)2’ — a.x as >0 (6.5)

M) > M@") > M@ 25Xzt % o CEBEBIFEE 212085,

CM(2") < M(ah) 5iE " - 20 FEZHKL, 2 2 ROTH LW VT

by 7 ZA%1EY, M(a¢) < M(2Y) oI ORRIEIFEI L TWEDT 2
T2 TEEHZAL. M) > M) 25132 0HKIIEKTH Y 20 %
" TEIBRL. ZLTVTHOBEIFIE210d 5,

€ ="+ (1= )2 e >1 (6.6)
PrOELT(FIES T) b LDz amds, M(ah) > M(a") > M(2®) %51
"% " CEEBATHANTS. M) > Mah) 0k 2885, &
NS G- '

2° = B’ + (1 - B)a° 0< g, <1 (6.7)

. M(z") > M(z°) BoiE e o CESHBE, FH21IHED. M) <
CM(zf) BB, YTy s A% I ERINC

. 1, .
o= (e =al) =1 ml (6.8)

ELTHED, FE2NbE5.

3 (6.5),(6.6),(6.7) HDFRE s, 8,7 1E—HEIZ 0, = 1,8, = 05,7, = 2 LW ) EIE

W& Eh,

KEHTOZOBERHRA L.

6.3.2 HixAFHME
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JEH 1
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flz) = TAL + bt + ¢ (6.9)

N7 Fvp & gll
pA.g =0 (6.10)

 pEETERVINTIE p & g REVICEBETHE LEET L. 2L 4 )

Caxn OFTFITHA. b LR (6.10) TERSRAEVICHELE n HONY
o Vg~ BEIZ S EFHRNE, 2 KRB f(2) OR/MER NS OFTTIH
KB Tlo |EOEREI TROT AT ENHRS.

. EE?2
3L 20 BEEDH BRI MV g EOBRANRT, vy T g LORMAERS
iE, (2 —zo) FAE ¢ FHEECICHEETH B,

 DEO2O0EEIY, SEHEETRIESEE R OW O OBRIER & #
C DEITHOTNTIRAL D,

S HETE
R K72 nfHORZ bV {d) i, E BB vo 2 52 5.

2. 1= G, l, N 1A 1 0:;@ Lf, f(.l',' -+ C\';‘di) %%/J\GZTéa,%Eﬁﬁﬁﬁ’C‘j{
OTC, v =ai+ad; 5.

3.1=0,1,...,n =21ZxF LT, d; — dip LWHBERIET S,
4. dpoy — Ty — o L BEEHR B,

5. flan+aedy—y) ZB/ANTTH a, ZERERTRDT, 29 « 2y + ey
e -

6. PERHIZEZATVICEL T WwHEiE 21ld &5,

R LESERCRBRESEELRA L.
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3.3 YT Ly REERBAREOLE

Sy P AR LR FMEOFENEL KT 57200, = Loy = 1a3 =

L n =1 CEMES=0%EBC EAbRoTA wood B (3% (6.11)) KA LT,
oy Uy o AL BEHEEE R TRAMEOERE o7,

f(z1,22,73,74) = 100(17% - 55.2)2 +(1— 1,1)2
+90($§ —24)?
+(1 = 23)?
+10.1{(1 = 29)* 4+ (1 — 29)%}

+19.8(1 — @9)(1 — 24) (6.11)
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DEo#gER LD, ABFICELTRY YT Ly 2 REQHPHRIEHEEL ) bE
LTWBZEFHELPE R »72. & o TRELED Z KT 3 B €7V OR@bE
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£6.1: Y7Ly 7 RAEICL B wood BE O IR

Initial Values | Iteration Number | Final Accuracy

(-3,-1,-3, -1) 502 6.23 x 1071

(2,22, 2) 464 3.05 x 10-13

% 6.2: HIFHFMEEIZ L B wood O ILFIRIR

Initial Values || Iteration Number | Number of Line Searchings | Final Accuracy

(-3,-1,-3, -1) 1423 85 - 1.92x 1071

(2,2,2, 2) 509 59 1.08 x 107°
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) - HENFEOFBEFEIC OV TR~ S,

T2 IR VUNDEBIFEF VERT. TRILOER L R w 5 B —REE RS
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HP = J, —iY, | (7.6)
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k=0
2 xT 1 1z
= 2 |(osg ) a0 -7 53
3 5
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T TR T TR (7.10)
Z T (k)
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7.4 REBOERIE
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7272 L
1 Te—Z 1
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= Q213 + el + 32, ‘ (7.26)
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—Tq —(IC - l‘a)(gjb - Tb')2 - (Ib - ‘rb)Q ~
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V=0t + bty 4, | | (7.31)
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+a.} s+ b} S U + C‘If C U,
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‘Eﬁk%wtékiﬁMﬁg@W%#iﬁmT%%fb FEMICIAETI D 2 F1H)
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7.5 BAHE
7.5.1 BEEES LULBEDEHFEX

711 WRT LD, EEE M EOEZICSEL, BERAD v, BLU - HH
DOELE, EE, IEESOEBRETEATRINERPACARSE, X (743)
DEREFRERICOVWTEHE TS, 77 LEMEESAIIOWTIE, BERTEHR
L TORREERELE R(zin) B5

Minit = T(R(Tinit))” d (7.47)

& L(:kbf: Minit(y) (] = l,A/f"r 1) %‘_’ﬁﬁ‘/"(, %’E%@E% mj %2’(?&0)4: '5 Iz
HET .

nqj)::”Mnhu>+;”%nno+l> (7.48)
37 om/ 0z WRRICKDEET 5.
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T, 742 H TR IEREHGN ERICERTLE, K (7.19) BLTK
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+<Zam “Zo me -~b+<2m (7.50)
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K (7.51) BL UK (7.53) D & 5 IZIERBRMAT 2 EHTE, ThoodHs
BERDIEC LN TE S, ZXTITHRBBRGI 2 ER L (HEBEEKDSY
AFIZAEBNDS, BHANTEEN LTI IGET % KD, )
BHES T FEERET S, COFEL T SBRE T LRI LT 5.

a, b, c BD z FAVEN Z,, 2 2c EFNFR |

2o = R{Zee™] (7.54)
2 = R[Zye™] : (7.55)
e = R[Z.e™] ’ | o (7.56)

b
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CERFERTAILICLY, R (T3 BLURK(7.53) IRV L HITFEIHRZD

Nnas.

as. (iw)? Zy + by (iw)? Zy + ¢f. (iw)? Z,
+d}, (w) Zy + ;. (iw) Zy + ¢, (iw) Z,
+dy, Zo+ b7 Zy+¢f. 2.

(a5. (iw)* + df. (iw) +a},) Z,

(bs. (iw)? + b, (iw) +b}.) Z

(ef: (w)* + ¢, (iw) + ¢}.) Ze

észa -+ Eszb -+ észc =F

as (iw)? Zo +bpp (iw)* Zy + ¢ (iw)* Ze
+dy (iw) Z, + Vg () Zy + Cpg (i) Ze
+0ly Za + Vg Zy+ Chy Ze

(agy (iw)® + d}p (iw) + ) Za

(bro (iw)* -+ Vg (iw) + bg) Zs

(cro (iw)? + cpp (iw) + Cfp) Ze

G920 + broZy + 92 = M,

TRk 7, Z WRRD LS IKE B,

_(F=¢pe) g — (My — Cpo) - Oy

bys - iipo — digs - bo

_ (P =) by — (M = &) - by
Esz . bfg - bfz . &fg

_——
=1
(@43
-1
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7.5.3 ARILLHE -y ik

BRI CRE L MTMBE T, ERBREN 2%, 05ET 5720, STk
HNORGREBICGE2 AHBEEZETHIENTERY, F2ETINL D 2EER
MENOEH~NDHZBOER LIZHEDBELLT, SITEALRNV YT - Iy ¥
WA, |

2 (7.51) BLURK (7.53) bRk %215 5.

1

e = Fbrg — Mybs, — (cr.brp — Croby.)0n
‘ afzbfg - afebf; [ fo =4 fz (Cfobfo Cfobfh)U/

—(af,bo — dpoby:)va — (V7.bgo — Upgbyss)vs — (ubpo — Crpygs)ve
_(CLI;zbfe - (I/i)l‘ebfz)za - (b{f{zbfe - bf;gbfg)zb - (C’lf/zbfg — Cl;ebf:).:c] (761)

- (1.62)

l .
Uy, = Faw— Myar, — Crslrp — Crpliss Py
’ bfzafe - bfe(tfz [ fé whfz ( f=210 fotf )t

~(a},a50 — dppas.)va — (Uy a5 — Vygas:Yup — (¢ g0 — Crpay: )ve

~(af.a50 — dfgas)za — (Vi age = Vipas:) s — (f.apy — gape): }1 63)

(7.64)
R o | o (163)
= Vp | | (7.66)

PEo4Ric4konys5 s v siEw» 3B L TEL.

7272 LIERIRBE N DEBE LN E L TEET 5.

T, Wy 7/5&fiﬂ@%%ﬁmwaébwfi&vwf FRAAES
DEE, BRELEAPBROMIELZS X 2WEIV TS, chidmsATwS &
I, MNEZT BREECREN A RER 2O TH A, EBOBERED
EETIE, EONDPHRARERNDEZE 21372 L Tnd E#E2 bN505, KENTIX
FUﬂ@Lﬁ%%%#L@%KTLi?f@,;@M%iﬁm FDIHUTOZ
DOFMEI L YFEORELEZR S, |
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KDDL 2 FANZIIFHYNE L EELODEEITH LD D, 24, 2, Vo, Uy I
SWT, 1EAMGHESEATEBISBEICRAD LI ICFYOMNE L EEELZEZLTIC.

Zend = Zend — % — ~Z (767)
Vend = Vend — U (768)

72750 zonq 13 1 B BEEEEOLMNE, 7,7 13 1 BPEONEB L UHEE, T 1
EEEET. ThbbUEICELTE, FTEYREBELZELFIC. RICEEREEY
#RET S L, FHMER (T BHIEALEHTH L7120, 1 O EILF
WRERS LT B FNs. LoTIOReELICELIITIERY. $EEICHE
LTIl EETrZ LFNTITR V.

FEOFELTTIE U ICET2EIKE R o2BE (= ERTIREEMEN
BYCREREE LD, T 1 AHBEOTFHMEDS L CHEN L, ROFEH

TINLERELTEE)ICHAIB L% a B LT b I L ASMART 5 X9

Lz,

7.5.4 FBREDHEER

WL ARV - sy FEEDIC, a A, b EOEEDR T UIIERIZIAE
HLRDBZEHNTESL, K (7.20), K (7.29), BILURK(7.30) & v, j FHOER
D wid, KXTHROHN5.

Wiy = Gy Ve + by Uy + €y Ve + Ulagyy Za + Uy 2+ () %) (7.69)
L oT j FHOERITID BIEHBIMET Dy &, :(7.44) L9,

Dy = %pC'nw(j){w(j,[27‘($)d;1: (7.70)
THHDT, Dy DHEFADEHADOFFEN (7.45) £ 9,

- Dpy = D(j)xg;_

=]
-1
[

= Dy (agjy%a + bjo + ) 2e) (7.

TE o0, HENNT—~NOFFIIH (7.46) £ 0,

0z
Ppy = Dy 5

-1
-]
[\
~—

= Dy (ag)Va + byvs + cjyve) (7.7
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&:7:65 Cﬂﬁ) %E— Lé\;b'ﬁ-f: DDsum i3J:Zﬁ-PDsum &iv

M

DDsum - ZDD(]') (773)

Jj=1
M
PDsum = ZPD(j) (774)
=1
Lk,

EROBIFFIEL, UTOL )ik s,

L STROADPRETREEN B 2 RRCE ko b,

1 .
sz:cp§pvﬂsw (7.75)

CCT Cp BREHEILL, RNSHTICEL NS @?IE?JLH‘ BTHY,
Sy (SRR EOFNHEETH 5.

2. RIZBOID Cp ,ny &, 0,0 52 THRE, EHRE Cr 25RBUADIE

e h 2kKD5,
— FO | | -
h= \/pCTwQQQAR (7.76)
T AR BRONDTARY F ITH Y, (20 47) 3 h@ﬁ@ﬁf%%

SIRE R 2HWVWT, BUONDOEHB LU - £— x/béﬁul)uxnﬁ
LU(7.19) L ko3,

4 MERRES LCHEN YT - 7y 9310 & ) R 0 EE % 4 <
5. BONDWER/NT —% KR L D 3k0 5.

o Fo U
T

6. FEMIICLH DIEE TN DEANDEE Dpauny B EOCHENT —~D Ppoyn
TRIE L, TORMTYE LS.

(7.77)

7. EMERENOFEG O ER L HEERT ) #RKICE VEHET S,

(FO - D-‘D.sum) U
—p + -P—Dsum

n=
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Body Shape NACA0018
Drag Coefficient of Body Cp 0.003

Tq -1.0

Ty : -0.25

) 0.05

Chord length of Caudal Fin ¢ 0.05

Aspect Ratio of Caudal Fin AR 5

Positon of Pitching Axis 3/4 chord length
Number of division for Body M 100

Number of division for time (Runge-Kutta) 200 / cycle

# 7.1 BIFET

FATBIE LT, R71CRSNIBIHETOREGEFELL.

HEHTRCESIFGEE, BEILEHEY, REFETERTLLRTS
Zhotr. Thibbz,=-10,1,=-025 &I, £ 1HEHOMNEIRELLD 3/4 D
MBI H DI ERRT. 7272 LEROEIGRE Cp &, ¥70R 1V HEOERE
KEMICATIET B & D, LA/ VAE Re #5107 {320, Mgl C, =1/0.18 = 5.56
DOV BB RICBIT S 40 % BROBAEDETH 5 0.003 & L7z [37]. T/mNAME
& S, 13, UTOBRERXZ BV TRD: [81).

S, = 3(C4)S (7.79)

775U S, BEEER, ThbbRAKSHOMKEHOERETS 2.

M71212, 7xWFWYrFng i —% 0% 08c—EKL, BRTEHH 0 2K
bR, EENE ) OBLERAERERT. MRERIREAE, ALY
B ry B L AR THE, VY - 2y S ETEERBIRANIORE L LR
LTws. M7.6 DEVROADEE L IZEL Y, ¢ MEL 25 L 1 iABICHD
LTwa. = RRHERTBIAT I L ) OB L OTR /ST — ORMER T
WBEBDTHL., T2V y - 7y ¥iETIE, o< 025 OFEBTCIIAN#EZRES
L BTE Lol COTIRLT VRN, RN O RE % N b &
CLTHRRYIEE LA P o720T, ZOERI, FERREICL b0 TR,
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aﬁﬁTLt:&mib%%%ﬁiﬁ%Uﬂ%m@(@ﬁﬁ%tLf@ﬁ%ﬁ@%
EX L AT SR SRR (S | | |

WRBHE LV V7 - 29 9 3ET), FERBHREN O : FROES~DBENA &
BREBZOIEDST, MERILAL ML TS, Lo THEBKEND - %
mu&wi%gﬁ,%ﬁﬁ%m%wﬁﬁﬁ@¢éw:kﬁbﬁé.a@ﬁw,E%%
%Xb%ﬂ&#otﬁﬁﬁM#ﬁ%mwﬁ@%ﬁu;@k%wt%i%ﬂ%ﬁ,$
MATHEL 7200, L YEENEROBCEG THEDT, o HEVERIZ BT
ARMEREFNEILEETLVEEILNS,

é%ﬂ#ﬁ%ﬁ%ﬁ@%@?%&étb,H?ﬂSK,nﬁ%§§#otU=
04,0 =08DLED, VY7 7y FEIZLDaEAB LU H0 1 BYSOESO
ﬁ%wﬁﬁﬁ%%%ﬁ.tﬁbcuzlm%ét,Cuzow%%iﬁb%#ﬁ%ﬁ
A0 2 FRADEBH O E B 12580 2B+ L ENAEE L CHS TR
L,;&%ﬁ,%@&%ﬁﬁéﬂfw%.tﬁb%%ﬁ%m&%%%@,C%ZO
DT - 7 FECELBIERE, BESX10°% BETHEEIZ I — Lok
ERLTB BT EEEESIC—5 L CHRARTEE 2 720, B 7.13 1213
RLTWSw. BIT13 X )bhb L), EERRENDH2 C, =1 DBEDT
ﬁ%m%&%mbfﬁmk%b&%@w,#ﬁ%ﬁ%ﬁtié;ﬁﬁ«@@@@k
SN LM TE D,

DEOBERD ORIERFEE SR L, FEMMENIC LS » FEOES~DLE
SR L, DO CHEBBES VLS L0t 5.

7.5.5 ﬁ%ﬁ%ﬁﬁﬁ%ﬁﬁ%%%&%wgl

AEDHEENRDEER (7.78) DHFIIBNWT, Fy— Dy, % MRS R
FAICRELENE LTO2Y, BBEICIECRETELL v, €42 5B UAD
RIE h L, ENERDBERT Fy T OBOF LR L CORVASTH 5.
L YEEIE Dpgur DA, W ICERELTRS BT RIERL LV, LTl D
iﬁﬁﬁwﬁﬁ%wtb,uﬂﬁhk%%?é&,%ﬁ@%%ﬁ&@ﬁO.

FO = €2F0 - 631)Dsum (780)

Lﬁﬁ%Uﬂ@%ﬁ@h@Z%Kkﬂiéctt,ﬁﬁ&ﬂﬁi@ﬁﬁ%@i@b
2B & ICHERBRAEEED 2R T bbb h D 2FIHBIL, ZOWREHHD
BHRAOFGE L OIRIHHIT 2 LhLEOND. LoTID e 03 SRR
CRTITEICLERIIE L 2 RODLIENTES. 0 3KFREOBE IR,
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i Runge—Kutta i

=~ - ]

- 0.9 -
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O
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O I 1

i 0.8+ n

© . i

‘B i Linear Theory i

ER! _

o 0.7+ -

sl - 4

0.6 i L i L : } i 1 i 1 i

0 0.5 1

o= wc/U

7.12:; ERITCIREEL o 10T HHEHEZIR n (6 = 0.8)

0.01

Displacement, z,, z;

—0.01

7.13: 1EBATD 24, 2 OEEIORKT
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1 T | ¥ [ ] ] ] 1 1 1

o~ i _

~ 0.9+ wWithout correction -

o B i
O

2 B i
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O R i
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A ! -

06 [ L ! I L 1 i !
0 0.5
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o= wclU
714 BRTCIREIE 0 1S3 T B HEERER 1 (0 = 0.8)

FETRZ2VDTI Z TIRREET 27, Kﬂﬁ7ﬂﬁ7A¢Ti%$&ﬁ@?W€
HWTRDTWS,

SHIZCDIRIEOHEIIZL b, %Uﬁ@%%”7~ﬁiw#ﬁ%ﬁ%ﬁtiéﬁ
BN —{WRT 0T, %ELf%Lm+i%ﬁf%i%né.

2 37 r .

e | NS

B 71412, BIEOR 7.12 LRI CHENHETE 52T, BEOHED §n O HEHkEE
%ﬁ?.m7m@ﬁ0=08f55 BELZbDZ2ER, BELTWENbD%
BRRTRT. TNEDDAB LI, BEEZHTIEI0L ) b3 his HEER) I ME:
TLTWA. CNEFERBHLEI I ;5mm@wm AT B D10 I RIGAS AN L
ffbf%é B 715142, CO&ED e DEALETRT. a#ﬁTT%& ST

BHOEEHHEMT 5720 R 1 LVEBIAS LD Lpbis
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c= wclU
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7.6 EARFEITICHT B HEIFERET
7.6.1 HOERIEIMES S OEBHOET

ﬁﬁ DR 7.1 OFATFEILEY " EBREL” LRI LICTAH, [ 7.16 12, FIfiTH®
IeIRRE R Vv, ERETTOBEIIOWTI 2 055 0.9 T 0.1 ZAIZB(L R
@t,ﬁkﬁﬁ%ﬁauﬂ?é%ﬁwwnwﬁﬁﬁﬁémf.Wﬁﬂﬁ,mwéﬁ,
EEEY, RABEETEXRTAIATYS, 2871712, ¢=01503,1.0 D
ENETNDHED, FEHFOEGOBTZRT. 72771, FRERST (T27:
0z FEDEMZ 2L TH 5.

B 716 I2BWVT, WD § 12DV Th o 25023504 5 ATy RS T 5.
SN 7.17(a) LD DHPB LI, v o THIEDEEL -DICRUONOEIE I
PRESLRTNELR 5T, ZORBERBRETOEMEEL O THD EEL
bNB. T2 0H0TETIE 0 OBIMIEY 5 FEINLTWE2S, 0.7 %825 L
N BRPTH. TN G 3 1ITECIE R ONEEOREIEE b A HEIIEEL
TALZORUNOREL L I QIR LT, 230 ERERENENT 2 70T
HrLEZOLNA,

72K 716 I2BWT, § = 0.7 DBADE Uﬂ@&@ﬁLw+nu%ﬁﬁ X
(7.81) IZBWTHFIIH L TOARIERILIAT OEZ Z 8 U - HEE % — H5s
TRY., —RHEHRIE o P02 ELPSEHICETLTWAEI RS, £V ¢ TD
n DEBHETIE, FICIERBRENICL2HEFOOEROEIMCL L2 & 45
% : R
i%nﬁ =07 020300 THRKT 90% BEICETELTRBY, Cot i
@#ﬁ%ﬁ@ﬁkiéq@ﬁTu 4 % REHIC BELZNWZ EDDRD, |

UEosikz L) ZRICHS 2T 2720, [ 718, B 7.19 55 0E 7.20
i2, BUTRIE he, RUONDHED IR T 2 IETIHAT I & 2 EHEMS Ry =
EDpsum/EFy, BLURUVNOEENT — 25T 2IEHIEI L 28/ 8T —
I Rp = €Ppon/EP ENEID, o EEWOBITIERZRT. B 718 &
HPBEHIT, WIFRD H TH, o WETT 2 ERVNOIBBITESEICENT S,
F72 9 WUNEVIEET 7.5 TR L5 DR Cr 25RO T 5720, RUOADIE
BIIRE (25, CORBOBEIMLY, 719 IREND L2, EEFHK
TNTE DRI 0 = 02 FHETL W EBITHEMT S, £720 OKEVWEIROA
DIRBVRE V2D, L DE o TABIZHEINTS, F72E8/ X7 —0ENIzow
T, B 7.20 &0, 0 PMEVEHEICOWTIE, EIOMINE [ o 55 %25
ERBUTHEMT 275, 0 FBEVHETIE 0 PR 25 EHICHEE ST — RS L,
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e—”’” 7 (0=07)
On!y with drag loss (4 =0. 7)
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Propulsive Efficiency , 7
o
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§ I L1 1 1 Lf ¥ 1 14 | T ¥ 1] 1 1 ] ) I {

!
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c= wc/lU

o

7.16: HERTCIREIEL o (3T HHEHERDE n (BFFET)

0=07,08 DEAETIE, 0 <02 ZBVTEDEE L ->TW5, ZHIZIFRBIHAE
HIZE RT3 50 TWABBRTH D, & EHAFENIIZFNLEIIK
XBEF ST CWAD, HEFEZEDLZ L3 RLENVEZEZLNS.

7.6.2 [RAFEHORESFTSLCBVONRAORZE

AR E O EENRAE Y L VS T 5720, EEERD » HRIOIERES = i#
WLAEEYR 721 BLXUH 722 1ORS. SITINLDS T 7 OFEITRAEIIC
ol o BEERRL, r= -1 BRELR, ¢ =0 3RARRERYT. KL
g (BONEHRE) OEEICE$AE LTHB. [ 7.21 O o KEHDOBITE
BIDbrsd LI, 0 2°1.0 EEVHAITITE 1 B (x:—ab)ibﬁﬁm%
EIE/AS L, BEAYE IS L VERBOAITEE L TW5D, o BMETT A
CNTH IBE L VAT ORIEN RS (s, TR 722 O 0 BELOBER L
D, 0 DMEVIZEE LG L AT OESORBIIRECRD, 0 =0 DHFEITE,
E1HEGEPIREREL ) ARECEFHLTWAZ LDy 5. F-REORNER
BIEEFIE, 0 BLU O HT N BEBSAT 2= —0.7 (LD 30 YOME)
EATHE. EOEMIBE 2+ =061 THHNT, EFELLIYVIEFHH LS
TWa,
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(c)o=1.0

X 7.17: RESOESORT (EARET)



7.6. EAREITICE

0.2

Amplitude of Caudal Fin
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Ratio of Power Increase, Rp

1
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[ i ] ] 1 L ;] 1

I
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o= wclU

B 7.20: IERBIAETTIC L ZTHR/NT —HIMOEE Rp O o WM (FAFET)

BLE ORRAR S ORIEEN S X DB LT 570, A0 2 SB LU A0
RIE |2, BEU |2y %, RONHE c AOEE |2, TE - /-HERSE 7.23 B X
U 724 12Rd., W 723 BIUH 7.24 1I2BWTC, BEIZROND» ORI 2BV
THREROEE 2 BN TR THD. BRONDLLORTIVEND, § 1ITERRF
DIKOEBRERD. INEVDPE LI, BORPLORAZKITIE, as, b
HEDIHEEEBIAS . Ll o METTAE all, bak bICRVNETG
AT BIRIEHD, BONENOBECEEINE LIRS (R, Sihlde D
EHMTIREVDNROBNOEEIEMT B0 L EL LS. :

F7 0 AEIT LRI VIRIBIIZAE o TWAS, I, § 2EVIEEN
MRS 2AADPHEINT 5720, BUONOBDWKEL b0l EZLND,

F72, ECRZL I CBORSIEROERIZS 2 2 BBITKE C, REFIB
WIS - RONBONOMEEEYZET 5 EPEETH LI b1 b,

7.6.3 FEEWRENICL BN - HEB/NT —HmiEHE

S S ICIEHETIA T L B ELOBEINE X OV ST — OB, ED &0
TR o TVnAPEHELPIT A0, ERBTB LU 0= 0.7 OREOEET
AR X BIBHL R B L OVEE/NT — R, OISO % AT L7424 H
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Amplitude Ratio, 1Z1/ 1Z,l
O
(9)]

Body Position, x

B 7.21: B@W%%B@%Eméﬁﬁw o HFEME (AT, 6=0.7)

Amplitude Ratio, 1ZI/1Z,l
(&
5

Body Position, x

7.22: fARBERDIRIES A O 0 WM (FAKHET, 0 =0.3)
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7.25 BLUH 7.26 (IR, HEIIAKICBE o/ 2 BIETH D, T80 R, B
LU R, BEDIZ, RONDEELIENBLIUTRUONDHEE T —TEH 723D
DEFEBFEHE L > THD. LoTR, BLU R, # 2 2> TESTHIE, K 7.19
BIUM 7.20 ITRENB, HMELOEMTB L OHE/ ST —OHMGOEEDIE Rp
BEU Rp T2 5.

B725 &0, o MET I AICONBIPEBUTIEMT A L0500 5h, FFICEL
B L D BETCOEMIE L. o METTHIC0o0, £ 1EHFERICY -2
PRET LN, TNIER 721 BLUE 7.24 TRAZLHIE, 0 DETICEDLZWE
1BE (b ) Dz FIAENOKS SDEEWRELL 2B &2k b, L LEE
FLE (2= ~0.25) TIEWTNRD o THERFIBEMIR O v, HITEELHIE
HEFEII L TEICFETREXEITTWAE D EEZ NS, 2= 02 BIU
= —0.3 THREBIPARERELLZoTWAED, Tz, —rnn <z <ay+r, DEIET
Ii QRHHBETHEHEZELTVE7:D, 2=ay—1y,=-03BL T r=2,—7,=-0.3
T 2RDONEBMAS VPAERIC L 5720 TH 5.

T2E T2 LB LI, HBENT-D o 2MET T 5 & ZHEOMIE I
T BD, 0=02BLUP03DHETRIE ] BHEAETRELVIALF %D
5oTwad, LALK725TRALIIC, £ 1 EHEBRETIHENE ST TnwasDT,
HELLTEBEELT TRV RWEEZOND, F/0=10 OFE, 1TLALY
DEMLTHENT —IZIEE %5, CRIEFHERE U L) DIRERDOEEEE D HI5K
BRI 5720, 0 =02 DL EDLIIIHEBEPSZINT -5 )T EDHRL
RhlzDEEZLNS,

RIZo =03 ICEE, 0 2 ELSEREBROET - HE/S7 — 0BG %8B Lk
HEAR 72T BLOK 728 12RT. W7.2T L bbb L, § 5 EiNT L8
BUCE 1 BE X DR ICBWTERIESEMT 5. D2 Pl 20BN
RIEZEMSERAELZL RNV EICLE, —FH =00k %, KRG TLER
FEFTVE, CHIEE 72 BLIUOE 723 THREALIID, =00k 2@bT
FBIZFTTHBAPREL R VBONEALEML, BONDSDORNIZ L 0 IREE
BARAKREL L E-0EEZLNS, '

T/ 728 LDbhBE I, HENST—OBENIZOWTD § = 0.9 DA
=07 DHELVKREL LB, T 0=0D%E, F1EGL) LATHFTHE
T—KRELLBDD, HEHOBELEKTHD,
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8.2 ERBREEHLWHEZE
8.2.1 HEEREHERL

B 8.1 ICHEZBEOERK, F/-K 82, H83BLUKN 84 BELABLIV
EHOEEZRT.

JAEREOEREIL 250 mm, £ 1 EHONEIL 7T EQOHEGEHETICBIT AEAREITTE
FREIC, RO EmAS 3/4 DEE Lz, EONEZER 15 mm, BiEE 75 mm
Wz, TARZ M5 TH 5.

SESEREREOEE LR, 7o/ Faz—FidkbEEL, R=NxRT7Y VT
BHOMT ORI Y TP EoTITARAIAFT LS SN TS, 2%k
BT R—MART ) T ONER, 775 LBV TREENRADOERE L7z

BABIRRERIE, NACA 655-018 DR SE T L, BIEATFT I -z KRIPICHI-
DI RFYNRTE2E > THMMZESL, BELTHS. BUONERE, Hlo7-
NVFMDOECE 2= VT =T %8730 TH5. ¥ 8.5 LHEEHROERS H
ELIERERT. |

E1EEOKPEIE, 2mm BEORIRICE VEERE GEHTA. E2HEH DK
RS BEEE DR TALD, I VHECREIRINTVE, $8ED
EEORELZMESES70, HEREZHRHIETHD4ADY v 7 M 2ELY
TRITHIEL T 5. -

KICKEEICELTTH 55, EF1HEEGET-VENLTSHAT v EV T £
FIZXDEREIS NG, T~ DEZELIZ 1626 THYH, AT v EVTE—-FTDATY
T3 036° THHDT, FE1EHOAT v 7 AIZ022° E+A/NSWEE LS.
A7 v ¥V T E—- 534 ED IEEERFROBE LREFIC, -V Fbara—
FIZEN T4 =F7x7—F§IsND. T-RKEBTEREERRDE-FF T4
NV, E285E, BOREBILDTY Y 7 MZAEZEEMNT, AOMKE
2ADIZRIHET DT EiTd ), ZEMITEE TS, Vv 7 MIKETHERE
RS B OMETHECOEIHFIN TS, HEIThof S, v 70k
REENITTHLIMODOKRIZEZH T EIZLINITH.

2ADITRFREFNIL, BV EMRA L TEMEHE L -EREYR 8.6 IIRT.
COREY, 2AKDIERDITNER 162 N/m BLU16.7 N/m 218 5.

SEIEEDY YT ML, FORBICES —VEBED DU 72E S 0.4mm OFARL
RRITTHE. B —VENVIHERD 2A—HOLDEFIEICHE-THY, &
FraRER %,
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Strain Gage Strain Amplifier
Digitizer Personal Computer
APC 204 PC-9801

8.2.2 [Esih LT HEITE

BEiF VI REICBIAEFOHRNEN 8.7 IR, BEX—Ih oD HRRET
YT THIESN, TUIAFAPC204 12X V@S Ly 7Y v BETE Yy VE
FICEBRINE, ¥ 7)) V7SN EFIE—H APC-204 HD A E Y IZHBEI N
DE, N=VFar¥a— PC-I9S0L ICELNS.

EBF—UhODESRERO NV IICHIETT A0, M8.9IRT LI, B
HEICBL D ERB LTF VI AFMA— b Vs OBES o7, #5588 12
RY., CNEDITVIAFRILSD, 3.684 x 107° Nm DEERES.

8.2.3 MERHEITE

A IXERIIZ 4 2D IWEEERFRFEOBE L AR TH 2D, KETOHE
T, MREELRY 7L VBADKEV DL LT,

TLRBE T E S ZARIC 3HHERFEREOHE L AR, BEFE 25 um ES 5
mm DREGAFU—VDY — 5 —%KEIIENN, FOEF% VIR IIHHT5 3
LWCEDATY). 72 LABETIHREDORERO~, F8.10 IRT LI, KFEL
D 10~20 mm BBE L2 10 mm TEIZARIED, v —H—DMBERDLH 2TV L
3z L7z

KYTENTBEL 90V & LTHREDRERTR o7, SDE &7 =5 —2% 400
mm ECOIZRELZEREZ VIR DI ¥ S HE LR 2 K 8.11 \RT.
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8.3 /NS A—ZRRITFE
8.3.1 BHESHRT

SHEHERFREOSE LM, BEOLESMIISBETELERIISBRLTE
B CHEL, ATRZEITELMBOBENOREL:. FAEEELK 8.12
ZRY. ZELESBSHAFTHS, 135 mm AR TT 7 F 2L —FIlEoTE—
JEROTWBIEDhNS.

8.3.2 EXEMORE

AT ICE D Nz 8 LR R TR TR 2 BAER Fy 13, 3EBE4E
REBOGE LR, RICMAISNIBINEATAFBEICHT, HOEE LY
BET S, TOLERONBRI L CHERTT.

U=026m/s DBHED, Fy, OBPBHERFR 8.13 IRY. 7277 LS HIE K
ThH. LD Ry 03BIN LB, R (7.75) X EFEH Cp = 00426 %
75, RERTOV A/ VML, MR HERLELTE65x 107 THY, 20
L & OB EOBFREO B 2B 001 BETH S, AEROBEIIZNL
D 4HBLESK BV, CORERBYIC, 1 RMBOME, HENREO 45
DY %7 b BLCEETHORRAOHEIENEZE LTV R HEEL LN,
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8.4 HEENNXAITEEER

8.4.1 HEMXRDATERER

KEBRTHW:, 6BEOE 2HHIThEROELFE 8.1 1IRT. EPEMIZIL,
EhEHEZEA7-DIC LS8, E2BHOV XY 7 M OREEETITABH0OE
B BEDIORT.

Number Spring Constant [N - m/rad] Diameter of Shaft [mm]

1 5.1 % 107° 2.5
2 3.0x 10 6.0
3 5.3 x 107* 8.0
4 8.2 x 1074 10.0
5 1.2 x 1073 ' 12.0
6 - 40x1073 22.0

# 8.1 ERICAWAIThERK

Wi U % 0.26 m/s ICEE L, SEEEL% 0.5, 0.4, 0.35,0.3, 025,025 (BEXTT
IRENEL 0 = we/U THEIZ, 0.725, 0.906, 1.036, 1.208, 1.450, 1.812) & &L &4, %
IRE B BV THEIBREOMEEREDPGH D A9 £ O 2% 1 BT 0%@%&%Lt.
Tobh, 95 1HE %%%%%%KT@@%@ IT AT AYDFEHICE
% OITHENRETH LD TRIEZ /NS <, mﬁhméhéwf%ﬂiﬁ%%ﬁ
ELTVE, /\7//’4/1“4’/1*75.'3"“LTV‘< HRITTIRENEL o 1 7T BOHEEGIEAT
THH LTWfEL Y REVY, ThIRAERTILGEREH 065 (0 = 0.628)
NEE, WTNDITREHDHETD, £ 1HHFHROBELORKERE4S " 252
THRNCHENTUE o7z, TRDLIEEEN 0.26 m/s ISEL BB o770 T
Hb.

NTYARAY L BROP oD, BE V2 OREETH. WEDF VT
Y7 EENIREOES) 1 A0 1/1000550 1 £ L, 20 AHG LT A, Thb
L—HEDEIET 20000 BT~ % & 5.

BE v DBERERO—FIE LT, $R3, EHELY 035s DBHED 2 FEHS
DEAEZH 814 IR, Ok &5 1 FHRIEIE 246" Tho7. M814 &1
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vy E— s ORETHIREAREES L ERN / A XDLOEZEZONL. £ITT
DA ZETYRNTERT 720, KROL ) LHELTL—J V7T LT
ALZHWS.

Voo = Y+ 23;55) + Yig) (i = 2 ~ 19999) | (8.1)
TITYH Wi BEEDFYTYYITETHD, Youew BBLESNLHUEETHS.
FThbELEEICBWTHERDEOEE» ANAsZ LIk, RENEZRKEDRS %
KA. (81 DFEEL IEDONV—7 & LT50H#DRLIFRZH 8.15 (TR,
MR —S851, E1EHFOAECERSETH L. LLEEOFECHANLIZD,
FURETES TER S CBED, AROT AL — IV S #EREBRTRT. &
NS DOBEE PV IS ARE TN SHEENNT LR 5.

MBS - DOFERFR 816 1TRT. K816 IZBWTKFBLUVEFOVT IO
BAETH, 1BHOILT2HEOE -2 250N, E-JDEIILPEFHL. &
n@bw&w%ﬁmﬁwfOémﬁﬁﬁ%%fﬂfwttb&%i%ﬂ%.L#L
CHOLIBRINIDE Ty MG, ST —REETARICESAZENT TL1E
T A L NMSHE SN T2 A20DT, FRIEFEEETIERZ V.
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INLDEBEST % S5, 20 BES, 1 BIECEREYNE Lo ERER
817 IRY. M8.17 &0, 1FHEOEL DS EENP LW &, BEEOFZEN
BROINENE EDDRD,

K TD 20 BESOLEHEENT —OFHE,S, BRTORBOFHELEL
Bl b DR HEEBEOSTHHEB AT — P L L, KR LD HEEDE § 2 EH
T5. _

Ry U

P
1L, TRUV=V V7 EBLIEE LS RWBETIR, P IX07%8EE L
b=, DEOEENEENERTETRT, 7RL—=VVZ LTWREVED
F—yHHNTW5S,

PSR n OBEBBERLK 818 1ZRT. [fh275 5 FTIE, ¢ D&Ilhizo
T3DEEOEE LTS, FIN6DITATIE 0=0725 DL 2200
L 2D, 0> 0906 DEHTIE ¢ DIV, FHEITIEHLTHIT n EED
G55 L5 Ths, BR1DHE, o= 0725 D& & EHEORAAEE 45"
E5ZTCHMNICHIDEDLERI LIETE RN o7, 0> 0.906 TiX o OB L
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