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o>k, MMGREG L LABREAERETATER. Lol %
nNiZ, BB BFmoNY rELEYVDE—-A Y IPNRRETHRIOE
BAEAETHCHBE T A2 D THoT, T0FTFT0ETALERBCBIED
XA TI e d, Lo, UTRE, BR~0FHBEAA « .
FHRAEEUp 0RBRSPVWTHARZIN, ook, BT LA Do
HhhoFE2EMELA@RALET>bbchaT,. YH,. NE—~A ¥}
K2V rdAHFoEBELEZTs T ISk,
R~OFHWAREU 5 i,
v =u? 4o} | (3. 238)

DEIR, TR EBhx FERDug yFEBEDTVv, CHB 5.

o2, » fHARDug oG-, YeX5 . 2Yw Z7EACLSE

25

He 2 oxl (3. 24) R:EHEFRESCAEDS S oxm

£ (3. 25) xEnbps°" .,

EUP
w, = Ji—=2 (1—nk) s+ l1=nx (2—x) ) s?
1 —s ‘ '
{3. 2 4)
_ 8 K g
UR—GU[J\/].'I'K!-WJz (3. 25)

r
I
A
&

p P FERSEARE (x HERS)
c  REBTOEWMAR: 7o RSEYHEK O
E:(lmw13)/(1“wP)

W, s BHEERR



wp MMEUBCOFHRRRE
s 7R3 Y S
s=1—u, / (nP)
no:7uxsEER
P:7o~xN3 ..+
M TUNSEEDERESHORE (D>HoBE, n=1)
K Z7aNSHBROREBcoBEREL . 2AHERD
MU BTOBEBERE ¢ o 12930
K=kzyx /e
Ky  7ENSHEROMNEBcoBERE. 2F L. Lo«
ERE AR > 10,2899
Ky : 783232 &#&
Ky =T/ (pn?2D*%)
J e S ElE

J=V .,/ (nD)

(3. 24) ALBVIHRBEH vhde. x (Ei) B, thEh

BARZ RV 7RORV1IoBEEBLTRTE., 205,

U p Uep
_ - . (3. 26)
UP nP




=EK~/77=kx‘\/7? (8. 27)

BB, e, TR 2RTLARED (1l—wp ) bhbdRETH. f
ErnEEREREC LA LEI TR | ~ 1.6, DEABP TR 0.8 ~
L CBw e rsdsscnsi® i,

—F. ke ik, BE SEELALOSRBEo Ll @ISR TR L, S
0.6 BREVWELELEEX B 5,

(3. 25) RiesvTl, cRETALHETREIR, O L3,

€, K, CHBRLEREHLAARLT., (3., 25) XE2EWL.

u g, 8 K 4
B 2 2 1
) = e {1+« (

uUp 'fL’Jz

)} (3., 28)

;Uﬁmaﬁﬁwxﬂkbéﬁﬁiw,

Fitting ER b thadit sy, BEZoRS., Bt
K1 BEHRKNILI BB HBDY., k] 20doomYTens L TiE
BRATERRZBAND 3.

rdH. U R
Lp = (l—wg,, ) u (8. 28)

tEEE2. R EBToFEs,. ToRBERT AR, 2RED2WVWTESZ.
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4., 3THBRB., TRk, RUBRCLIIMAET P cHB T L xE I,
—G., BELTERX 3,

Tl R~DOFHRAEEO Yy FEARD vy B, BEED LS REE
TORPFTOHENREE, v+1lpr %2FWV,

CCT, Vpp 1 FTEURSEHERR L LI > TALZREBCcy AWM

W

v BREBRIIBROSBRERTEBEERE
BH D CraBEARE Yy 2,

y=vg (V. ugp)

TAMBRITH B,

Ly EBEH roif@coy FKEed T 26E8%
T BRMENBoxEEx, o2 rnb,

TEREAN, o vlRug eI ER S 2,

E~DEMFEA B, BS. uy. vy, CEUKkRTERTE 3 Y,

URP U‘f‘l}g?"
ap =— 3§ + + oy, ——— (3. 31)

(3. 30)AXesT, xTAOBRKEAEECTLHEB 2L v,

S<up BB LRZ LY, vy =0, TBR, Vegp 50 L i AEEEF.



a5 — 38 (3., 32)

ERB. Y H NE—AVYIREBLTH, C3T3¢, BARCREFITEY
DEE, Tabb, EFNERAL2ERLT. EEIoafFfMilLios ey,
BHrlv, Lnl, 2vckdblzr, FeB8Hdrdhld), BT L X
Ho#Emi2EET 28R, (3. 32) ROEPRIBFERELERL D
DT, AEARAKEOSAIAERETIHBOREE TOHE o 2
DEERBRI2I0TEELSLECTCHZ., 2L, AHoFEHc £ YVEIR
EEN  BHRAORELEFER2BAVAEEERRBROY I 2 Lv—Vv 3 v

) B2y BOERbDHo T—BMIBEER RS, 20 ° i

B 5 AR
ECHwEeR, (3, 32) RoFUOFERIFLEIE>TdH B,
Thi, (3. 31)AnHEL*HELT- T2, Y. NOFRBRAED
DHEEZ>ELAADREV AR OBREHERIBT L ERABR Y,

BEok>hfEaigoer7vbRoEREEFT>C e &Y., BER L
BXhoEh (REER) 2RoL>SKERcEd. 2., (3. 20)

AEPBHLZ (1l —tp) 20t lEk3, 4, 3vi#hR53,

FNSinﬁE—Raaaz (3. 33)

1
1
ri



Age®ul g (s ord) f,

Ap e ? (l—w)2 g (s or J) f, V2

(3, 34)

L., 8 (s or J) B, ER¥EHn (3. 24) &K. (3. 25) &

KRGl T SKEZET S,

1

= 1—2 (1—
g (s) THEE C ( mkKk) S
+ {1 —mx (2—x)1} 523 (3. 35)
8 Ko

g (J)Y =1 + «

. (3. 36)

w o 2

(3. 84) &, ¢, (1—w). 8 (s or J) LbRBEOEE
RG2S REATHRSTIRSCAYAE, BHREER (V=V,)

DEEAVT. KD L2 IVBFVRCERZ. T8bb,

v 2
Bgsgsg =Rgzzo ( ) (3. 37)
Vo
T
o 2 2
BEsgs0 = 5 Ap le (1—w,) g (s or J) 3v=vo
X« v§ (3. 38)

—H. RERARRAOEEROERBRRA CER &, u=V, <

BRyy (=—Xuy ) 2D TtBvTd, BEORERECRR,, —F
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LHmED.
R=Ry,, u? (3. 389)
= e 3
To (1—t) =Ry (Vgy) (3. 40)

THH., 3. 4., 2THARB LS (1 —¢t) BEAHDBBIIELALAL~-F
LHEED,

—fF., RébhoRoEHEI, kX ERERLBEAIREH -
ThELEAARRZVEY ., B—oEREvREV. LhL. &, E&F
DEHHRASA+ENMERS>BRIE, oS T2BEAFIETRE
ﬁ%mﬁ%w%%ﬁﬁCkw1%%¥ﬁ%ﬁb%®ﬁ&kétkﬁ?§éo
(BEFXRBHoBRBRIAPRNERAZOLRD. ) £, THUKOB R
FPHERAZRBECHETSHEORM CHEIC B, L., B—0RHK
K T2FHNRAS A bPHENP20RRBEOERFERECEILNE,
ATHUEBOHRFHEZ2RABOERFEFHECEIRI B 2 It &Y.,
HEREARKRE, BEBRBOEEFHEOMEBL >R Y, FTHUES
BoFEHE2RAS> A rEmARE B,

LieoT, vk, B—0EZXEREERL. Tabb,

8§ =98¢ sinw i
r=rg sin(ot—e,) (3. 41

v=v, sin(wt—o, )



(3. 33)., (8. 389). (8. 40)REJBHEL. (3. 41)
e (3. 20) REARAL, 2ol AYFEHERDSZ. 288, X5 2 b,
EH. RV i oBMMEZENRENRAT, AR, AV L. FHERA

— (7)) TRT,

m . .
E—Tr—jzoﬂ(a——ur—xarz)d(cot)

1 2 T .
=E?jO{X&u+(XurmYé)vr+vauz+Lrﬂ

+ (1—t) (Tog+AT) —(Ry +AR) +F, sins} d (o t)

(3., 42)
(1—=t)AT=—(m+X,, —Y; )
x 20 Lo 1%y ¢ )+ sin ¢ ) 4 (
_E_.Tjosu; (o . sin (@ ¢ — ¢ , @ t )
; *UO 2 x | 2
X.”"zchosm 2(mt oy ) d (o t)
r
- 02w .. 2 )
——-(mea-l-zX,-,.)zﬂ_J'O"rSIn (@t —¢,.) d(ot)
0 2w .
+ sin t d £
R ;3 ZTE_J.O @ (w t)
2
FRo L ( ——)"% —1} (3. 43)
Vo

(3. 43) ROoALER, CHRL., EMERIEDEREV & F1IE.

AT (m+X ,, —Y; )
= — . vy roctos (o, —o, )
"’YUU (me +."(rr) RES
- v, — reo+ 52
2 ko 2 R, 2 Ry
[
+ (—) =1 (3. 44)



¥8 5,
EHoREGOCFEHOE Y yaving e H hif,

T, lpp :HEEL ( pivoting point ) o x WEvEH 0.4 L ~

0.5 L,

rHmEd. ik (8. 438) REMAL, 75 . 82 RenEhn, 2,

52 VEEFHECETC LR EY, AR5 PR MBORBEL S8 3.

2
AT {lpp (m+X,, —Y, ) cos(o, —¢,) —Llpp X, ,

TQ RO

—(mx_, +X,,;)} — R, v
G re 4+ 82 4+ ¢ )2 —1 (3. 486)

R g Vo

Xpo « Xyu « By Y% p L?
| 3
m. Xy, Y, Yep L
X, R, ; Yop L
2 2 )
Rgsg . R : W“elL "4 (3. 47)
r ( rad/sec) : Vv /L
lLpp . x5 etc. : L

u. v efc. : ¥
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L. RoESCEHET .

RI‘P—:-ZPP (m+X

‘“""'lpp va—(mxa‘!'er) (3.48)
it\
» ¥ y 2 4
kB -Ruuu (8. 389)
ThHIhE,
R, =R,, (8. 49)

HEXd. B8R, 272 ¥ moBRITLBERRIREL 2 3,

AT R’ v Rys V2 — Vo,
=TT ¢ yZ2 o, o2y ( R ¢ )T —1
To By Vo Ry Vo Voo
(3. 50)
o, (83, 37) XoEELY
RaszRa;o (3. 51)

THB, (3. 50)RBOR,, B, XK. V=VoORoRK (Bxx
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iz (p/2) L2 V2 &2) 4V agchdn, VoV, » 313
2

ERbRURE. V=V, oo (Bxxtik (p/2) L% v,

E3) BBV T hT b,

3. 3.5 AFA—tRN4o. oRMEK: TN

(3. 10) ARIVEHLASF -+ 40 b oRHEEE. 25,

(3. 18) RAAEF (3. 50) R&Y, Zn&L>SESH 2B,

e,
It

-+
~ B
S
<] w~
+
LR R
[P (=1
i~
<
o
(X
+
by

=
=]

SEY. ARMEToz AL T —in (REEHEE) &, HUBHE.
%Eﬁ‘%%mﬁﬁmﬂﬁnﬁ%?ék&%m\%ﬁﬁf%@%%h%ﬁ
RT3 eRnDd™3.

ﬁ%@%%f&\E%@ﬁﬁ&&ﬂ@ﬁﬁ~ﬁgbw&~%%m%@ﬁ
ﬁ:n-c&‘.’d\ %@é&#a)%&fé:é%ir&ié;ﬁi@cﬂrwé, (3, 52) =&
RSV SRAEBVIEHINTSY, BEER LSO S S - © & T
MraRzZtId P AS cRrEIR V. +2bs. (3. §52) i3,
t&i@ﬁ*?@or%\%ﬁﬁgwh&ﬁwﬁxﬁmm%wv?wig
RTHB) TR dhb., BL. Z5VSRECHERTIHAK, ¥,
R, A-REBETEELLAHOREZRA VAT AE RS L,

CoThlR. (3. 582) AXMBEoBEEZIHRVWEISK T a2RMEL



T. Ro_>o8iEH2EX S,
L. by, BEEHRLIEALCHELZ2E#BI RIS SETRoEEKA

ETS THE—E] 0S80, 60,

1 R . R’
J=—p2 p—° 52z 4 "7
2 R, R 4

8

rﬁz (3, 53)
B, LR, FORFRTAERE, BMPOREY cHEF S LES
D2XTANF— L 0MMELART LA TE, BRI IANBFEET (12
EHEMOVKEE) RIBLAELC VRNl (3. 53) i2rniz
EREREECREV, EEL. (3. 10) ROEHE»L 2% 0K E

EEHA LNV SFHKZbUREZ/ I3 h 35,

17

f — 1

2 B 4y L. Vo
(3. 54)

—A B2 O oHPE#H LT THREBRM -1 2BR. colk. B

HEIERLADETHSIRE 2 RV, T8bb,

(3. 655)

1-““_.
AV = = . =—y 2y,
2

T 9 S T g

TRDHLBNhZ., LR T, (3., 55) %, 20K AEHEBB L~

(3. 54) XKWKAFT I I LIEY,

— R

(3. 586)



4 8

ks RN

gH. A—1r 40y PoRMEEKERE. —BEIEBEEETEEZAALE (
3. 52)RXBAVIE (3. 54) ReRININ, ECTHLofHB
RHEEMRAA2CEREYVERPESE X B, 8L, 100 izl —+

YIERERELEbOEHDTIS LT B,

= m—

J=AL ¥2 +ay 8% F Ay 7 (3. 57)
ot 50 : constant speed
A=
1 150 : on schedule
B
Ao = 100
L
RJ"F
}»3——_ 100
Ry

CoRFHRECHEHERIRTVoOTEN L., 0SS0l BB E
PHARDALSTHEILD, ERHWOR, FEROERTLIE> BT
READEESORBE YV, tRA2. BETEEROREV TH 5.



49
3. 4 HaefiITmEEBIRELoHAE: r0#HE
3.4, 1 HIAEBOEE

FifeRkoer— b At oy poFMBEzERIES>LDER, 20
BEAA; 2RODBTRERDRV., LT, T0EL A, REGERAE
K@< HEEDE2HM LB T2 2w sk arHN. ERABRLUAGER
ENARENBAS B2 BEOLVHBF— 288w s, &
WHREIEFEEECERL,

A TRIEOREBELOPVWIERET-ABEREFRT. ERRILEEX
% ¢ Planar Hotion Mechanism (PMM) ¥ VWA PMMHER L, —2.
ﬁﬁﬁ%@%%ﬁﬁﬁ%ﬁ%ﬁ@rwChwhrMHwth(CMT)
L bR B,

Table 3.| KAVWA#MRBOTEE AR, Fig. 3.3 ~ Fig. 3.5 & Body
Plan $% " %. £7. Table 3.2 KHMHEHOEAN;, 2 RDIZDOKH
BErERRAIBEARESERRT.

BfFfezoXBRRertofEdesrntd. THr. ER, EHcs
HT24ERXDd0d, EHLBEABROFEFE IV TERT S,

3. 4. 2 HEESE ( Sway . Yaw ) W HESEFEM

(3., 486) £ (3, 48) RL&VBEEr >, BEFES (svay,

yaw ) WHESHEAEMAR, RERXCcERB TE 3,



AR,=—(m+X,, =Y. )vr cos{o, —0,)
""‘qu Uz—(me +er)7'2
= {lpp (m+Xur-~Yt;) cos (@ , — @, )

X “‘('me'{-er)}T‘z

_]'PP v

(8. 58)

BAVRALE (p.,/2) LIVE Bkt s .

AR ¥ = R ? r !2

={lpp (m"+X,, =Y ) cos(e, —9,.)

—lpp Xy —(m x4 +X ., )0 o2

(3. 59)

L3, BONOKERITMBITHESL (m—Y, ) vr cos (9, —o,

AEETHY, MR ERALEBEI 2B E A TVD., BE, zo 2 iR,
Table 3.2 ORWEIWHEBERER T BEALGLTHE., AL, Xy, HEOD
TRHCERT I LDNAT LRV LEER D,

T modmERZm, (=—Y,; ) BPMM#% 4 57 pure swaying
test CXUVRED, T, EDTFT - BFLADVHRETEDF v —

V) o ruECES.

b
—H. REITHEREX, » CHET2882, 02, BHEEGSGR ch R IF
COHROKRZZ2R T eHhAN, BECEETHOFEB R LYUENS & &

AbhTtsld., BV, 08 LIREME (—Y, ) &EF L L TERY

)



ZbhTth, COHOBEL2PVWTHOLTERLA®IE Norrbin (1971)
T, ZERAROREBRBREOREE T T —228BHF L. B2k K E
Wbon (X ,, =Y ) B (=Y ') o 20 ~ 50 BT LER
L 20

Hegie, WREARBRENOBERLLY, W23z —oy 2oRB
At 1970 FrrLVBAROF— 2R HEH A, Wagner Smitt
Chislett (1972) *Y Rl &oavF+rMezEnsvi—konT,
DR (X, —Y ' ') & (—Y . ) oeRUL#%, Leeuven- Journge

(1972) %) » Wagner Smitt . Chislet: (1974) 9

DEMREFRD
X, OF —2kBATV A, BARTR. AJ (1973) 9 | L@Es (19
78) 3 ek s (1980) D BMcomoH@AERY, rokb. AWS

FoBHBEIEH Y, rerds—sRERIRhSDDH S,

:n%m?—ﬁ%%&u%%@xgrw%%%ym%&ﬁmbtoEu.

3 REDF vy — bR, Table 3. REOF vy — P EHAVWAEAHER DT E
BrWANMER (X, . —Y!) 25+, 28, S0y b ARRTH
TEEC, B, HEDELREVR, B, (X, ~Y 1) /(=Y
FCyikMEBLTvd D3, 2, RbhoERIRBIAEEE vk
RS D TR HECHARERAP BETE LA DD Ths. bL, k&

S EEEcLTRE, BERERCR .

Cm=(Xy, =Y )/ (=Y 1) acCy (3. 60)

EHEBRLTH KW,

WThIKHE L, 9B 37— 2 0ERI/VERDEERINF LN I2ETH
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3.
., sway RV yavw EBHRESES>EREMITIBEEEZFzERC, +
FEHETTRB LA — 2R h ok, MRH (1962) 'Y RHEHE0F
—EmBX,, OXERXFHEELA. Norrbin (1371) Y Rruviono
MAEBRM»B X,y ORTEREH A, Wolters (1977) 20 g —%, 8
GRBLCBINOBGHIRTERIE LTI vy BRUX,r 2HOTZTEH &
HkdA, Lol ERELodERIFIcREVEITE S,

Hodel A, BRUCK BT I2MMAVERRRER® Fig. 3.7 ~ Fig.
L2t Hh, BlfhooBEh & (BN deg) vH Y., Fig. 3.10
DU g ergzrnetn PMMHERIZET S suay BV yav ZEBH o EE
£%F. coT. MMBRBREUBBABEX ), (obl.) & pure sway R

RrufdprhaX ) (ps) OoBEREKOMENRS B.
Xpp (aobl) =X, , (p.s.) —X ,, (3. 61)

Fig. 3.7 Ref Fig, 3.9 hpZEH I X, ,(obl.) RAVTRDE D D
cHY. Table 3.2 hd X ,, BX ., (p.5.) ©hd. Fig. 3.7 RV
Fig, 3.0 SO RMEELEANE LOBMBREL ATV IDORI DD,
CHEOBRREY ., BEBHAAECANE (3. 20) RORBARF Y T
BACELBEN BN, X, 2X )., oBHRTATOHTHTLHED
cREV., TEbB. X, EX,), ROTLLEAMCB 2RET R T,
HON (REERERLTHE) KB e ddd. K2, nodel CR B

WwTX ) i Fig. 3.11 WRAPNAL>CHHir2zrkiE LrziarTh

v

RV, Tty oI ar@EECRY,, =02Lk,



mww, BETXNEEHIL sway & yav offfAEZh vdhd. 2oFHIT &
U, BAER E-STHEEISNARAEBD B ECLIVEESESh 2 EH R

13) 15)

NEETELZ., o2V TR, TTRERBERS BoW b (2o
T BENTWS,

Bmigic Y F R I svay » yaw o EZER, BEREHoOLEFE
REBVWTEOEBT; T3 RV ILE»TERBE &2, BE. Tag
5 0.8 Ty tEbhhTtdld, T0—f2B4EEDE YV - (2 8,
= [0 ° )Y R2VTRLADH Fig. 3.138 ©Hd. CORDOES. o X
(L/V)#3?%¢ﬁ%0ﬂ5&m%ﬁ;%ﬂ&ﬂﬁﬁﬁﬁ?ﬁ\ﬁu
HRBECTERICESC., BH., SR FEROFRL RV LE
.o d—r "N fmy PR LTVIE,. toBRBEASR (Lo it
RE- THESALEABFHN) . AMEROZBAC LD 0.01 #iE &,
mgxor%ﬁénéw>aﬁ ~ 0.3 OFiTthd. cn>3b, WK
S THREINAEA, BABOF— L A0 b RAENE T (NS —
BHEoRdIR, FE ALY yaving ( swaying ) wi@EBBh oo, L

Mo T, F— P42 o b vES P,

cos (e, —9,. ) 51 (8. 62)

25@b1%$b0mimw,mﬁ\%m%r’zﬁr&z&méa
—HF, B E-THEEFRINL svay R van @REroH& 0 AWK

B LB BE. B 90 T FHERXThTVLE., Eokd. T o sway & yaw

KEDBLIDHDRBRB LAY RD. LT, BE. Bl L - <

FETh ABRAEDoAZEONOBRARD L LTERE TRE LV LK
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BB, L, ALY B, BpABVERECBR Lo TEESESA L
BOIWREHA LER VARSI L 22FREERNPACL2ESLTEY.,

EERXLETH B,
3. 4. 3 HEECHFESENE M

Bt KA MAEME, KEEP R I2ERE M AR CRADHER
KT ac e REShb@mbRTVE, LeRoT, X, , X 2
REREARBREGSC LR LY, REDMEABRR ;; 2EERDZ T &4
féaﬁFu.&M~FH.&w KRBEEBRORARBREREFRT.
| —%., 3., 8. 4veHb RLAL L3, MMGEaFARHE - T, fEiTE <

WMEDRERE., T0BARD L THRBR;;, kDB LB E

5axﬁf&~MMG%?»@%%&&&%Lﬁo%@iﬁﬁnﬁﬁai,j

Ry, xE®5. toRHAKX L. (3. 34) kY,

5 4Re2u§g(sorJ)fa (3. 86 3)

HAEWVWIEE,. MOk (p 2) L2 Vv? @kl <.

=52u’2g(sorJ)f; (3. 6 4)
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LB

L, Kk, 3. 83, 42 &5, MMG=E=FILDEE
Beh s MKBCHTAONY LECEY D2 — AV b N~ORDORE
TRZ2L, REHMRITMEBCEARDE LToRB@s+T>28/mMnb. &
BRAREU g RUAHEAAcrp CRITCEBREEZF>TWE., 20
E G, AR F v, BAEIEABHR AT, 22, EE, BEROEDHH
ES2REABVWRBoRAEIREEZA A Ao,

BEE vk, Fig. 3.17~ Fig, 3.19 KRAEMBH DU, Sup 2FRT.
R, MR, 7oA LLHRREL»SD, —A#EBERRY » 740
DEBR»L, ThEh, ek, DLoERIELVBIAESEE LS €
K1 EROEbOTHY ., BRI, ¢, v« | LIRIAEFF LY EDL
boThd. BH. mode! AR, 21U o 7RB0 &Y eceRkdDrsn s,
RABREL LY ek RO 0oBF LAY — KT I3 CcHiEBEZRLTY
mwaanemwmaﬁmaca&\%ﬂmmﬂbte&&orxl%ﬁ
HH2EY. BMdbH e, k; LHEFIEFECLIVRDOLEINERE &
;<ﬁ5,tﬁb\%@%ﬁ\%wxlnﬁwt%k%f&%w%@%ﬁ
R R>BEmMAH 3.

£7. Fig. 3.20~ Fig. 3.2l model A &model C 8y (uy, V)
ERT., TOT. S, bl HBHEgEEDD HMoBEENINO L RA3RATH

B, (8, 81)R&kYVUkAXTvkTdb.

5, = oy — (3. 685)



EHEFTRE 0.4~0.5 2alY. L, (=1p /L) Exg (5-0.5) vk
M =089 ~ 1.0 2@d. Lob, vyp fup B7eXsHEERX
WL, gk, B—Ll,r RAD—WT, 85 (up /V) B—% &
RAMHAOCETOKRET S, HEECHE - ELT .

—F., RN A0FYRAREu, GHREEH o R RE L.

vp = (1 —Wp, ) u (3. 29)

rERBN. REEB AL BacR. Yy N wRroemm .

up=u {(l—=wpy) +z (v ' +C,,1lv" " {v

+x Y%y (3. 66)

ERAFHANBEBICLIRELRLEZRL, v Cp RERGERK., x , &

MECTENThLE eSS EBoxEEH 3.,

33)

Dk, HNiE B . down wash O RERFTC, v’ I v’ »E

B, BN E e, YeXsN@RBTIRMT OB EE

v o=v + L (38, 687)

TRITZEEREL. Tiab b,

+C L lu ey

H

up=u{(1-~wf,0)+'r(ul,

(3. 68)
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. Ua Uy

Syw=2F (v,) — (4. 16)
v 2

A, —F. Uy U oBGHREZ (4., 1 1) KLU EIZBERZIHNBE,
Us RpkrrXvckdbrh s,
U,I. % ~

—t——c0sY ;) Ugp (4. 17)

Uyg =5 (



Ltﬁor\Eﬁﬂmﬁﬁﬁﬁz&arwsmjw)ﬁ(Am.3)&
mxu%&nnﬁ\%ﬁmﬁ§§nt§%ﬁmx5%ﬂx&arwsgww)
. (4. 16) . (4. 17) &k

S5 (@) = {2 f (ya) (Ugp +V sosyy) /v 2317 Sy, (o)

:
(4. 1 8)

&b, { | ARBRRCHTAIAROGENECH»Y ., BEEETER LV,
EROHEELBSV TR, IR0 EMHK (4. 5) 2r @A cHE
BEEREL. ML AEECREIh 2 BoAl bbb EEYT 2. +2

H b

s¢ (s8)

8§ (s)

TR,

4. 5 HEHE

4. 5.1 $HEABLHELHE

BERAMIT. SR151BLEPSR1I 752w EHIRAFLE LY —=

B RBAR, AL, RbdoEBH 2 >nc. PEEHoOBEFER R
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AL, AL OHHEEHE ETable 4.1 KR T, 2FLOEZFHE. #
AHEE10—10kL7, BFRARL V., BERFRZEL—TE (£246#)
Z#HB 4+ B, Table 4,1 © Sub Number 2 2R oxFLrafiokk
#BT. ChRL/ VB34 bE. FEAHROEPHLLARAREMELES
FEVR, B, RE*RERASL2oBBECEBHALEE TSI, C T
2, EEMBALEA»LL EVERBAL,

MHEIT, EReEEE LT, B 10 n/sec . ¥H 2.13 0 2L, B
o4V HER., vaving oLEMEEKY -0l B x = 30 ° 2 120° &
L, BRBeE—Fanrbk Lk,

Table 4.2 RA#HRABOL LV, FHHEZORBRVEBELESEER T,
RL, REEHELALLVIBRAS T2 RoLEMBEOHELRV Y
DThY. BREBBEBROERTLCREHLEROL /VERAL .,

F—t A4t By boREER, EHILIEENT., LardHERORE
HRREENDBEp Tp oIsAabeE (ROFE, FEVER) 22V,

4, 2ZRRLEBBRBLEENZT - .
4, 5, 2 FHEHEBRIEXBNZE

Fig. 4.12~ Fig. 4.22 wHAEEBECHRELAAdO R~ N7 L ERT.
ERBEMcERA T idoRBECIdAE Y., BRABNCEN - T
AoPBEI KA TH D,

cnboAEERAVCHELREEREDE X ® Fig. 4.23~ Fig. 4.33
WRT. PO cHERBb-oTEIZDE. th KUY EM (Kp R—%F

ehhF, Tpodhdvnihim) cREBRARREELRAVRET I L &
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T 5.

W= HROERRET) oXRIPHEH TR IBLEZ cRA2VHE, BHF
ZEREeZBTp HFECRAEN.,

—f.BrolsdvAaoEELHEL R AdlorXs bkl Tx
= 30° ORBOAPKREL., Lol BEXPIEBEENDLHECRD L. B
oV BERoEE T = 1200 o R AKEL R LY H B (EB
BRAE)  AERRRZBLE—-FTHMEBROELALD, Bl THET
24 FLFLEXx= 30 ° oFRXEXcRkiwy, LarxLl, izl 23
HEHICIYVHEHOCAARXE NBERCRETEREBRIARE(EHcERVWSR, ¥
BE2REIIHBAAICICBEINRZALD, Dh¥ DI R LIAANRESL KX E
(RBH AR E RN RSB LS AREARHELTACL@RY, L
HpH, BRAFRETIAABBEIXRECRZ2DEZ (4. 1858) KABH 3wz,
Fig. 4.12~ Fig. 4.22 % BRxdbhaLs>Sc@iBmorrss i,
it LoT#E>. LT, BB, x= 30" o2 T#HL3,

ChHhbEBERELES T2 R, EXxNRBRYoORTIEDERVD
T, HEHAE SV L TBYZEOREIECHTWBZELO—10 %6
EoTHADBREERSL S,

Fig., 4.26 m»bH, E1 0—~107Chk. BHBER YK, 0B a6 &
EH 0.5% &Y. Lrs, Kp AT @ErJolhdsvE@BERLN &
Bbhhd, ., BBCLEAE, Kp XRNPhNITVWEFYREEr 2D JofEid b
?”75:73:75§5f1\$0‘o

Fig. 4.34 F, E1 0—10 (x= 30" ) BT 28HFFEFHHEOH
MeERtbtoThd. #MBPEAXBERTHBE Y., EARX LA T

fiEo®Eitrbhk, EbE FHEEE~0ELEEIE2RT. Kp @/



TnroArve? vr ' RATObOD, Kp BRELCRB L 02 NK

B R 2% THAI»3. LR ->T. Fig. 4.26 RRER Ty o/h

xHBiBEcnJ TR YRR P2 M, g, TpoXEvEET

DI DEONREMEEL S’ REBLCVILERbL, BB, ¥2 OR
=i fio /10 vhHY, FHEMBCRETEEZRLALERA T E 3,

COESREEFHEACELLATLORR I P OB BRER AL LD IT,
MLKELO—10 (x= 30"°) oWwTHEHFHDANZ L% Fig.
4.35~ Fig. 4.37 WiRT. T ik Fig. 4.34 K p=0.5 xKp =3.0
nhEEmE S 2Kp=1.0 oBObO T, vawing K XH2EARIE
BT p= 10 sec o, BMEEMRAZTENART p = 50 sec miF&., %
OB RT p= 20 sec D3 F—RERT. CHERBZE. Tp RAHX
WO AW RERMNR, BLAYARKIZAEBBEARNL R L - TH ERZ
SNBEBER vaving cHAC L REms. BE, BROALERAL TH
BLTtHhde,. TpRAhEvEoJ OB ERYBREEARRD ( Fig.
4.26 (x = 80 ° ) CHE) . coffindJouzbt bRy iE, BOAEEREMHR
%%$$<méﬁﬁnﬁm:a¢5\K#ﬁﬁ*@%ﬁ%#ﬁ?&%m:
DHRDEEHYEBRTIC LB TERY., T ik, ABBNEREETIHI.
B4+ 2E5R ol RN AMicEdd 25 X2, §HIE background A
AR THohDERELCED>LLATHY, REFOREREY., o0&
BHEWHCHRBELTVWAL 2 EANEFRFCEER L TH D,

—H, BABRERTIGABAL LI ZABAEBEOHE NIRRTy o ITH -
TEL <<, Ld, yawing @AERR E-TEBELAYBR IR TR LY,
LAB-2 T, “0E202FRRIOPAE AL F—aorgRIET . F

— 40y PEEErLTRETENETH D,



HEBARXXMEEE2 S 2L, EHRBROBEITHEEELS>—BERTA
BLERDEIBT LB B,

ETESHE (x=120° oF&) k. REXRE L ORI LEDH LS,
BERAECHILD, BN TIRNOEEMER NI, £, Bt
PHMOGENBRIBLALER cEr4+—F -2 oTW3, Litis .,
TOFRRIELl OB ooz 26Tl RoBE ik L ok
Rerlotrtwd.

AN AMLKCL -7V =5 sec vd. MEZELOHBELICL
T. MEZETO¥EJT LT 2L, ELOBEB I EARCETIARNOEEHE
BRBEZAYZEDLHRVY, BEN T AN ENERZ BRI KERY,
%ii&“&l&iﬁt:ﬁl(}ﬁﬁ&’@%@&?l) BhEWrorZroEz L T,
HhrafrREdl LB i.

LAR> T, ZOEICLTRODREBHNBRERB L /Vick->vE
?é@r&m<\é@%mLtV&%ma%b&\w<om®#mzﬁo
WTEBHETILERNS D,

Lo tEBELR2AL, E10BE2beLT, E258HH, E
SOMBOREREERT L. E2OMBRRBILOESRE (HFHRFEK)
FRALC., WEABTBY, Lot, R k- THESNEBIRERA
ELL, HHEAORERBARARIVEY ORI cBEHEBERALIEY,. Wb 3,
EAERoMBALI Ry, BIEEEAICTIFMCHHAREARER &,
FHRRBEARLELRY, thEBRNA CRANCAREER L. AWK S
DEEPHERT 2D, d— b Af0y Vo BRBOBEERFEREL V»,

ES OBBREMSCBESE by, BERLIZBEIBEIIFZLALESR

c&B. LhL, E1ORMB oEB L b>i, AR toTHREEN2E
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THEER. AEHRRXFRRELRIBRABOOLSAELL TS AREL B LEHND
., EDLOBRFERIABUTILEBRIBRRIBRLACHEHE RV,
HERR_RE &SR, —BBRL  VoRBEec ook T, L
A. x0T, BRVBEAN T IMHoGENKEHEEL., i
E1OHREIOOBECEIBERELBETIDERD 5.

4, 6 HEBHBEErHHROTEYH
4. 6. 1 HEBETEZTHOEHBHIROBREH

HERoREHNoFERR., 2 b ris, BEREHE. Nyquist @
FHESRB A, T TR, BUETBROBROATRENNSTHEE
Routh % 2 VI HurvitzoRELAH (HHRME) %, PDEMPFE MR«
HBAEERCHAL (HEVSE)  Rd. tORKRO—HEEL O
B>, Fig. 4.38 K%?oﬂ¢\U@MMEk§Wtﬁ@T&
PDHIR £ TthRERELLT A EETE RV,

wﬁ\ﬁﬁ%ﬁﬁﬁ@%ﬁf%%@%ﬁﬁ&~ﬁfﬁmw,fﬁ&wﬁ_
ArEFbOLLT, REKB. ¥4 4B, M ExYAH5. HBEFR
REMOBA, 2. lTsERESK, tORMERCEERD Y. b
 AERBB THAMEET O LM F I CHBRELRECEES, t DM

Bz ITerRYoERERARES A2V REIRELA IRV, ©

ok tebh, o THPLRY, HEROEEERZ2R T DL LT -

HaMe, 2 bd. 2, TOAREFEAART I DEL T, —KEE



MBoF4 Pl ER2RER,. thbst, /02— "FERo, v K
H, HEZTEBLELRO>AEZEHIBCETHo cEETRAD. Fig. 4.39
KE1IO0—1O0MmEoI:nERT. CoRZHE, fHxBR 2R,
., EEASHNHEHABHE, RERXEF /o2 —AFHEHE Y, 4
BRoclrta®BZb, Hurwitz 0 BFEZ{ LU RODEBRATEERIBRBO°
DMEBRoTWDB, Fig., 4.40 KEBOMEERT. EHRI A — b 4
2y PREBROAHBHARO—KEBHE, REFF—F 42y b (P
DHlE) 2@ REAR O -~ KERRKTHr 2., B, o5, 0, . 9,
EHB30R., xRAER, A—r M8y PERVEA-KEZM B s o R
F—TRER. NEBEAXRALLI2BER. RV, B2E bR i
BB Ao THH. Th. 0p lo, . op o, kBT ERELY,
A=t N ARy PREOLALVHBLICEEAEL T I BTN S,

Fig. 4.39 &ﬁ%nbrﬁ&a\&m:am:aﬁﬁméqgﬁﬁﬁ
wHROE (NHEAROE -7 2RBAEE) BEEF., o, — FEofw@icpy.
L2t Too, Bop SUPLDREHTHSE. #abb, FXHBhEp
o T, BHERICTLEHFEEZLTWIHELLER 3.

tTabb, HEREERCBTI2HPRORERRE., LAKBE LD Y
BAA—AFHEREECEATSED, Lab, thbk. AHMOBE 2 M
B, =t A1 oy b 2BRVARSEERONEHEER, Pt 0FE

BHE (ogPop ) TRELCKETFLTLVLRAL ERNDHN S,
4, 6, 2 =EHEOF—rN4Dy FolEESE

4, 6, 17, #—t N4 o0 P IPDHIE oA LLTEOEMY
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o, Ll B4FoEBHE e &AL LK, BEELDR TV B 4 —
b4y PORLEAERP IDRHMHEE s L2 —REZMA b0 KHA
ERoXBRHBEBEEINA Lo RT3, XEREREBESEOFER
BEZoEBRER >R BoETHRTACLELT, ok, ERo A
— bt q oy boBEREA oL I RENEEL L, TN EPDRHESE S
ARLAEBEELEESIBE>DRO2VTRT .

BEHEREA— AN 400 PoEEEREA—D—-CL->TTETETTH
Y, £, toRs—BrREZAHEIATVLRL, LdL, WFRBEX
Biw@RPID+7 g —MErAnns D cr, toRYFVHES

“hi, BHyAREIRhTHWAEI Em B, ook, Bech % kg5,

roEEBREGpple) 2T L.

Gp,ple) =

’EPH(1+S‘L’CR)(1+_S‘L'D)S
=KR . .
ST py 1+ s zcop I+s 7,
( 4 2 0)

EmbY, PID+7 42— 8Hrr-sTndotRiaond.

L., 12DR#MBE2DBOTRRAL. TR, o<l /7 ,, BB
DH, D, 1 /K p Togr <o<l/tpop (1 /170 allB
TR¥AVE pp OLABE) cB8vToh, TR EFLOBERH LD
KLxthd. cnbEHBLALO Fig. 441 ©Thd. 28, “oEHR

Kp=2, Kgp =8, tpy = 100 sec . o, = 10 sec . 7p =

2 sec *LTEHELAL, £, RPhKEECcRLAEEMBAR TR &



BYUTH B,
PD : KR(1+KCR¢CR$)
1
PD + filter : XK p (1 +Kgop T agp S
l1+7p s
(4. 21)
1+KCR'ECRS 1
PDF+ filter : K g oo :
1+ py s 1+K gp © gp S 1
PID + filter . K g . .
(PID)D T py S 1+zpp s 1 +7ps

ITH#EezNicsze, B8R, BEEK LT 0.0l <0< 0.3 <¢HBVL®
HEHOS 4 2o+ const, oL, HEE2Ex, 45 ° FLEHTH
AiETERY (Kb vy F8) .

LaLl., 4. 6, 12 A&s>K, $BFAEER0 RS TR =R
tHe TOHBRONHEBERELAEZTFoN A vHEE2H4A R, VhkEY
LI EEBADDELZE, BBOVWIERCH B,

CoOlR. BRONHABEARME LI, 320k, toRBEERRE
cf%&ﬁaxcﬂazCR@&bﬁu&ﬁ#%aaaﬁkgw;%iw\
L/AK pp top &1/ cpop oL TORE., 90 ° ofi#HlEgr S
MEcdd. Lal, T3T3:2G05 4 vHEBRRXEICRY., UK
REALRS R B,

Fig. 4.42 @&, Mo osrofHFE® 2K CERRLEBD T
Hd, oA — bt RA42y FPOBE, Kpp B1~8 (—ftoffiEHEEET

Broid, 0~ 20 RBERLIhTWVWE, Thi{E. 4. 6. 1 vdik~Ar
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BORSBEAROBEBRLELS. ) oA THECE, t,, BE2NHH

HDLORSLRREDBZ LSk TR, TolT, BAXoNEMEA

® ppax
mzl/KCRTCJE+l/tCR_ 1+KCR
2 2K cop teop
(4. 22)
B » T,
= _ -1 —4% logKp g
© puae = 90 — 2 tan” ' 10 )
= 90 — 2 tan 'V 1/ K, (4. 23)
E®Ab.

Lol AMoSe, ¥4 vBBICLY. ba>2e,, HEBALE
. HEEAALE TV AR, F— Ay OB, cap B 5%
CERZVY, CORAZEBEANZCHR L. 2T T,
| /Kop top S0sl /1o, OBETHBI 5 &AL S A
¢ pain KRB, |

Enid., oMl Kpog Top ThiEl /t,e, oFThY., KA TR
£B. TabBL,

— loeky p

= — — 1
@ poin = 45 tan ¢ 1o

= 45 — tan (1 /K, ) (4. 24)

THbH,
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Table 4.3 WK o p TL D @pyy s Ppuin EIRT .
B, -8R, F—t oy boBHETELRKBEEABIR. 20
~ 40 ° AR T I,

ABXbPTeHOTWREKp . T, oMK,

KPEKR N TDxKCRTC'R (4. 25)

ThHhY. S5, BEBErLTVI?BEBEEFcoRVWRS I vYERBIF &AL &R L.

A, Fig. 4.42 =

lL+Kpp Top 8 bd
1+'Z’C}ES

DEABNEEC, Kop Kb &M, ToBRAS RV,

LT, ERBOA—PN4i 0y PEPDRMBEALILABMUESBICE,
B, toNEEHCHETAILER L. Lol AMEEOLS> R E
K. hEbENSA—srmoL T, MEAEMCTL LY. i
7 % over-estimate LAV IS>SREZELEZASL, PDHEHHFH L L TtlRYHE

sk AR LWVWEER L.

4. 6. 3 #HEBHEEZrHEROMZESHE

oL LTRE->SHEEFEVREE LHHROZEEOEFRZHA B »

tE A, 4. 5, 2Rk BEIEEHEE4L. 6, 2ofELrRE
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BB LEBL TH D,

Rt AR EIRL / VHBIRVRBRILLVORIEDLDEREI-THSED
BERok#gi>oe, zothRk, BtBOBERLLRRARTWVWABHELO
Mo THEANB,

Fig. 4.43~ Fig. 4.838 RroERitrnd. Hf, O =1%n
ﬁ%‘Am?2%~Dmf4%ﬁt5ﬁ%fﬁvbbt%é(®m&0j
%) . T, RHE, BKkpcricd B3 Tdd, chnbal
EH B L., J= const. vBER. FNEAMBRHOERRIVLE., F/ o =R
F - AFBERBACBEREF LR THY, BESITBEESHBR oL ER
BO R —- AFEBCECER LTI L EBbRE, 25l J=
piniour OB, —BoMEHACE - T, WAE., 30 ° L, 5 50°
DEBIEoTcRR, LA ENHARNOBBE LI FTREMC R
ATwd, coc i, Bech™WpiHLtvaesl, HEORKREW
(Bl /Ty ~(1/T; +1,/T,) o) cH@ABERLE>LE
WHIEDTH B, '

T, MR rtaRnh, JS1Bo@BER. BRRATRECR IR LK
(Y., BEABELIOZAZ AN D,

¥hic, EBor—rNfoy boEBEEAe , B&E~ 20~ 407

chBrL b, HEHR2GoNERRe , 7
PSP, — 9, _ (4. 2 8)

Pl

LT, B0, (4. 25) fo@@ErB8ohiEhEE



PEBTILERD D,
T T., BT EEROFARBRRA2EH»AI2ER LR, Kok 5iKE

A ERTE B,

(1) AMoBA:BEHEIK, o, 2 30 ~ 40 ° MEdhdpcid, +—
PXA oy b ELAEBEBHERXCET, I, 2ETHIXRELES
BEERBL.

(2) (1) #@fclcbe, HER2GORBERBEN (0 ~ 30 ° &
Bb52Kp . Tr oAbt clEiE. BAhoBHBERLR S,
(3) TDFENAERDIBFEINERE. 22 Y oMBIRERTI 1 B8

KX 2R TELR, A—EBETH-TH., LEVOEARED
Hid-T., RELEDAS. | |
(4) %Lt\%iﬁ\ng%mxéKP\TDQ%ﬁ&,@aéL 

tVomTthhid, $RFALEXERREZBZIFE Y AI N,

FETR., AKEF 22—t 1oy PR oRBPORESE IERE
Bt bhd, £F. A=A 0y R @E (PDHE) ta2LTH
BEIGEHERT - 2.

ELT. FALGNBERTCORBHEDFER >l <, HEH%
RLTEZEzMA L., IHR, *0BRLHAFERORERHC >V TREL

o, RETELBREERERBEROLBY TH B,
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(1) ZFETCTRLALABEBEEESZRIY, XEhEF—P L0 b
Fetdho Mo EHERSAEN 2" RBENR T E B,

(2) tolR. Aoz b roled T A3LEMERZcE IR
TEREREEETILEXH L. i, ZHROZNZ L 2 &S T
Exy, B+ 2R oREHEEL YV TRIIEIHRET., BERXLE

TH b,

(3) HBHEEEErRIVRTHEZ2ERA&A— b A{0y o5 MH K
KEETAC k&Y., B EIARESEIBRERNSE &3, L

BT, =P 400 P OBEERBRTE D 3.

f

(4) B i2ERBALRC L TtHERBINIEBRE vaving BEH &
KEV, CofEmiE, BRMOoHBAREESF— P40y FORE
DEHBDLELLY, HHRL2GOREERSLFTIELEL L,

S (5) B Lo vHEEIRIESEEE, EMN2EMNIETI T, 20K

f£5 vawing RIR LAY BRBRIHEI T Lk cE RV,
(6) HHR2F0MMHBRB\EN 10 ~ 30 ° 223K, . Tpolid
beThlEE. BRAIAOHEERDNEERLDY., TofEdrad 0BT

TEBRTH 1 B BN A N TE B,

(7) LbhlL, B—HEcdboTd, L2VOELRADERE T, %



DHRTREAXELEDHLZOCTP~BIREEALARY, FEL. BLL XV
CHETHINRE, FRBRITLERTCLAEY. BEEDBEXLI%NUT

Wk dKp . Tr oEHBRANISRY, T0oHBXBE®Eh .



5 XEWNEBHRESOFEAVEREEBE LS -S40y b OFRE &#E
i FER

(4]
i
ifl

MBSV, FA— PN f 0y P EAThI2FEFRLEBSZEoFE T
FHREAL T, IR 260 BHEAANALLFREEERF LTV,
HEEXPWEREEMA =,

Lol BRIKR, A=+ A48y PRAEENDRBEHERA OB
KEaghaA7— azy fodic, EBREBEIMENRZIERABO vau-
ing 4+ scirmohcsd V| gHBrRe OB EET A
 RERBNBE.

LtﬁorlKﬁﬂﬁwrﬁ~E&&E@&Kié%%ﬁﬁ%%ﬁ&L 
REREEBBEBARFBURI LT (U280 v Sab—vavikld
TV, BEORIESB2HFARZ bk, TEFEERESAKXBEOED

BEoHTEHEr 2R T S,

5.2 FENBEMAEE L BESIEEORTE

TEREBE 2 AR BEHor I v—v g vHfERRE, RELHY
TZ20FERH B, —2k, 7Fudfd LLRTFT(VFALFEHREL LY
EgEHET2HE D v, col, FaPEFR oz EM LRV CE
Bc&d, 22—k, FERLERL2FERBLL CEEFED 2 H



BEEEHErR > FE D vna,
FEoHMRDBIIAN, WThohsfkedsRE8HE2., WEOEETH
BT, AEOARI P AOBRERABELC. =, ARLoBRES MG

E. v UoEEB» >~ ab—vY 3 vRibhECTHLI. BEoEFEMERL

1

BTk, BRREROLS>CFERERCEROBRERARLA RV, . |
BEIHY  FERBREOIERNCET., tord. FEWEZTREERX R
EEIRBDEVSTERABNEERTEZ BV,

AKHfivid, FREEOLBIEEHFEEREAT V%0 - v I 2 b=y g v
EHRHOVWAR, THORERBRTET., ¥EBER2 SR oEUFTHROE D
Brz#HETI2H LVEAE®IIT S,

5. 2. 1 HEToBRRBERINK

BAAEOEMRERF L, B4 O CrVRoBMEHcER AL
Kochenburger i °7 R Sbh TV 2, CcOFER, THETIREHELTH
M TEHL., ZBEVo—KEEMBE 0B LI FA TR IERK S o
yhL, FEORKSYNAMCRERE. AREAKRDOEd 0 TH b,
—~F. BREEOALA SN o, REFEI NI 2y EELT
B Bmeohtsy. EUERADEARAEEEL L2 F14F 2 HEMe &
UBE X h T g 80

LTl TOoBFEC POV THBRERRZEEBI., TFOS 2R

2l —Y 3 vy KABRERIT S,
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(1) Kochenburger ¥
FUBBELZORBMEL2K, ,(x) (x=X/0a: ADKRWHE) . &>

HBHEZEZ0—KEFHUHE2G (j o) 28 e., BEBHRMAARIET Fig., 5.1

DEO>RFHABH 7 « —FAw 7RG LTEED,

:@%@ﬁﬁﬁ&ﬁﬁ

1 +Keg(x) -G (jow) =0 (5., 1)
Y, B THIEEREB L.

1,/G (@) =—Kgq(x) © (5. 2)

EXAWAETADEBLEx, . ABKo, BT, BEHRKEARZBEH
RET D..

m
K eq(x)
G(jw) =
Fig. 5.1 Equivalent linear feedback system

with external input
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BHEL G (jo) RFE—Keq(x) 2ENPhEEFH LD >
PLT, ®T0RLEERAMERDZ, REFBHEM AL Dead Band 2 L T,
HEBRTEERRKBATILRD2 LBV 0BEEREL AN B,

Fig. 5.2 @ (1) ©ik, BaRMEK, ((x) H20RAE (—~1, 0)
BRI R_RTsFEHR (s=p+ jo) 0EXTITE*FEZFE L ALEIREETNEZ
B, REFAEBHBOFTEC L2 DLETRRITFTRETCH 3.,

Fig. 5.2 o () Tk, REPRBVWTHRBEx 2HRKIEZ L, &P
RsFHOEFFHEZ2EFRLABLSCBD T2 -0EBREDS L. #BIKiE
EWxRIIHDZ L, SEP" s THOEXTFTHEA2ER LA BACHEH L T
FTERELRVEBEIHEATEZ, Lot REPEBVTHBRERER
DETHRET S,

BE. $RFAXTRCREAARETO0ER cRBEEZMME ( Dead Band.

Alm Alm

5| Re

(1) (0)

Fig. 5.2 Nyquigt diagram of unstable ships

with dead band (Xochenburger’ s method)



Back Lash) R X2 EBMBEERRIBET LA RV,

H L. BEHRBEBEE, (x) RHHAZEAXARVHES, BRHERERB L AR
BEBAHELRDEI 2B EDI. 7bB,

(1) ITmi{l1/7G (jw)} =02tBBo=uwy £XKDB,

(2) (1) &Y. 1,/7G (jwg) =Re {1,/7G (joweg)}l &&
Y, BREBOFMS 1 v EKe q(x 0 ) KHEXT B,

(8) Keo(z) HB»SHMBERKROADEBLEx, =X o /aBR
T hHo

BB, E1LO0—1080wyg BRUV1 /G (jowy) HEEZKp 293 4
— XL, Ty 2#Wicey Fig; 5.3 . Dead Band . Back Lash .
Dual Gain m K. i % Fig. 5.4 R ¥,

Fig. 5.4 R+ & 54T Back Lash oBAOH., K q(x) ITMHEE

hddac kY, ERoEFEZZEZ RV,

(2) AN 30 R BE &
ZoFeklx, Fig. 5.5 ok >, Fig. 5.1 2 RLAMEHREA®LS

Yy + ez=X+Yy |/ m
— /I Keq(XaY)
- X .
Fig. 5.5 Equivalent linear feedback system

with exiernal input
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AARNDEIBFALOSV T, T0ERBEBL, (x. ¥) (y=B/a

P AEAEBE) ARDELSI TR0 TH B,

TR, y Rt HAREBREIIHBACBACLh AR AT R &
BHLIN., —REBHERHEE D 3.

— . EUFRANBREREIy S xoBBEHD 10 gk rhllE
OHHERLHACLhIMEERZTHY, BoBDBRRAL2RA2E4. HBE
BREMECLAAANOFABERTIBA- TV I LOTFRETH S,

ﬁme%&ﬁmwxﬁmjwmkaéﬁgxﬁm%iﬁa&maﬁu
Th DB

CHHEOERHE O RABERTAIBE-sTva3n e, EEBEEEO 1
A 7VHEERRERRRELEST -T2 aad., vabb. AHE

e =Ag +B sinB ¢ (5. 38)

EHBFT, TR, HHoFBEETA, t+2r. EMDCH 4 v

K (Ag. B) BUKCEHTE 3.

Ay

K (4y . B) = (5., 4)

A g
CoEMDCHF I vABHABEEREORBBA NS A—FRLTRLE
OREEFERER LB IEFN, Fig. 5.6 & Dead Band o Bl 2xR+. &
Aoty SREOAINL T I -, GHEIA T CETIRAM S,
COEIIRFBERBERL2LEFEBEE (FBELTh-BEREEES Y

TA2AEDEYR) tEB2HABZC LT, Fig., 5.5 2 B k. &
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BgEEoRWZ 4 —FAy 7% ( Fig. 5.7 ) 2 aRFTENTE B,

COEBRFGHEH LN T I2EAMEBEoC 2 REURADERE R & 0¥
U, EnMEEEr. ERBEAS YT A DBV 2 REBBE LI HD
FEELEBUMAEZCR TS, EEHFEBRELSBRA cRA IRV D,
HEmckdboh b,

Fig. 5.8 wHE U <. Dead Band oK, i@ %21 7+T. #A¥E. x. ¥y &
bR EOEBIXBRUVBLFEWEROERc LR+, =k, EAA
BoRBEEOK B RZSBAA,. Bfa=0nr—Re LT, LEK
ADEBRMEEBEOK R CCEXLBNR B,

rosSkLT, BEAREoAER S Nbo B ORKBERKE, (2. ¥)
REEAE, tOHMBEMF X, Kochenburger e L&A —7., 27X,
EdBEBRofbLYCEMLARATERBEHEZA YR E I,

BH. LHROEERADEBHREBEWARALSTRAMETOB ALY
E%f§é°%b<ﬁ\ﬁﬁ@i§MMmeﬁ%ﬁ.%@ﬁ%ﬁ‘%ﬁ
BARAEZROBE L& LTy, THBEOBAB a5 2—%
kLtbn%L\ﬁﬁEﬂﬁﬁmﬁé.ﬁ}/a(G:Eﬁﬁﬁmﬁ#ﬁ

)Y HrniF L ( Fig, 5.8 wWEHHB ¢#E) .

m
Keq(x,Y)

G(jewo)

Fig., 5.7 Fquivalent linear feedback systienm

with alitered nonlinear characteristiics
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5. 2., 2 ZFEEHREEBCLIIBFEEORBRR

Fiffic, REABBHEI IR0 TEHEEF LBETAEBERKIEDL
TR AR, A, REFABEH T, B B0 EMET A EER —D—
oW H L TEELAEERYIELA—-P N4 0y POBRESTRMLE
KRBT 2ot EAThAER TS S,

Rk, A— P4 oy FIEBROREHEBR LY, F—F 40y b
LA, BRI LA, toRROrERCRBEAXRS 2EBELR2Y. 20
HKELLBNAERB LSS, LT, T0EFL LT, BRI T —
ZEX P Bach lash ARAIA L eHILNE, COBMORDIE,
TR Y OAEBLALOIR T AN R —BEEL DY TBANR, T 4N R
—DLORHENAHAROLE A ST wr LD, KHEELEEL S
VBB ANk MEREIBNE, WTARLTHEDD v b
F7RBEROBESENE S, _

BEo+—F 240y RESEIh TV I0RSBIADL &, B~
LEECCoEmKDY, BEHELIERY2EHEE XTI EL T T, Ui
EORBMBOCERETIERRbE YRRk, Lvl, RE. 00 &
REARRSEECREBLAYES S, BEERE S ALB L., HHEEE
Fa#a.

Afichk, REHEBE2. SAROAACE LT, XoBERKED
WIS - T A Dead Band, Back Lash . Dual Gain i 2w i~

D



(1) Dead Band
REHEADH O TCVRVWEOHBORINZ P ADS5E, BILL -~ THE
INEBTEEMELC=ZABRLAAL, T0BARFHMO2 2 rA K

FURD B,
“—*SSL'(cow)'Am/z (6. 5)
CoTo, FERI2AE8 0P 0FAER. AvRBEoALORERD L
ﬁUWf‘S%(ww)ﬁ‘mwTW%Q®XNﬁbw®ﬁT%5.
G BREIDAARKRFEH co2 R L ToHB3 T L2 EZEZL, 20

HoOMMABPRACELUHEERVES>Sc N cdad, +obb,

sinw , ¢

el ]

=\[86L(mw)Aco sinww ¢ (5., B)

TERABNRE, FHEE, HEFHEER - TV 20 BERETER TS

Y. EOEARAS, &,

*
61: =J1+T§ &)t%‘JSaL(@w)&CO‘ Sinﬂ)wt
'=.2\/SEL(<0w)A<o'- sinoe w t
saf sine p» ¢ (5. 7)
s HmHEB.

FREABEHB AL 25, TREBCAZHONAIN, (=067) . &
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FHBrmckokAs N | ARBIHABROERAIN, REL TR,

Fig. 8. KRT X252 M8MBAEIEZ, coRzsWw» T,

a (5, 8)

RAEBMEH >, REALENA LB ORADEBFBMES 2 Bko

x%mﬁ&%:&ﬁféac

a L3 _an

8, g ARNE9 wwt

§a-2
&
gNL 0

-(g5~a)

k
Ss-a faL

2 g - ——
Vo122 Ny - - TS~

Fig., 5.8 Input and output relation of rudder

angle with weather adjust mechanism



02do}
2 J"fr/Z
; coi 7T 8,

= —_p .
c— {72 ge 4+ "T85 sine—a)?® 4
0 8 0

(5*2%5in%e —2 Sfa sine +a® ) d 6

1 2 s 1 . w2
= > 2 —C (9--~—~sin28)+28'0acuse—!-aza]g
1+ 7T, o, w2 2 1
1 55% 2 = a a
= - (—{— —¢, + (—7 1 — (—52) 1}
1+ Ty @, 2 T 2 8 o o
8 a a 0 4 a 2' T
—— () 1= (" = (= (— —, )
1 6:;:2 a o 2 _ a
= - C{1+2 (—52 } {1 ——sin °( $)}
1+Tf!‘ w 2 60 (3 a0
8 a a o
—— (=) [ 1= (=)
4 60 60
'—2' a 2 . a
=8, Ci{1+2 (—= } {l——sin (—=1}
60 s 80
6 a a 0
——(— [1— (=% ) (5. 9)
™ 60 -\ 60
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kot REFAERARVHOHRFHES] tolhe e s &,

#*
rRbd.,. chk (a/ 8,) sz YVBALE-oR, Fig. 5.10 <

H Y., Dead Band #HFa, REHABEINEEHHC L2 BSHEAD 25
%BET. BERBREBHABONEDIERE I EEAD NS,

(2 Back lLash

Back Lash 2w —T (1) r FEHEEZ T2+, kXL >3k 3,

a 2 1 a a
2 2 -1 :
8y /8, =1+8 (—5) +—{1—8 (— } cos {12
60 (9 30 a
2 a a a 5
———{1+6 (—)} (=) — (—2 (5. 11)
T 5 8, 8

TheM®MC<. Flg. 5.10 WHEE$ 5. Dead Band it~ BHERR

WERL>TVB BTN E., 5. 1. 1 THE Ak & > Back Lash

nHEAE BEMREoE MU F - tHBY (dREERCHEBREST

5 BHD) . RERFEHEMEIC Bach Lash 2#H V2T s #HT 22
“H D,
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(3) Dual Gain

Dual Gain k2w d@EROTENXTE S,

2
5y, /82 =1——(1—n")
™
__la a a 2
X { sin (—57) — (=) [ 1 — (=)} (5, 12)
60 80 8o

7o L. high gain B & &£ 1. low galn o0& %2 n e +3. 0
By Fig, 5.10 ik@#Hxm+ 3 3., Dead Band <» Back Lash k<, &
REBERIAZYEE L v, L. Dual Gain . BMAE D &
CHURECVWEREH.,. TEXREAELBRE T, §BHEACENEE2 T2 C

Pl s B N

mEARALC 2 BREBR T2 D2 LB BRI A VE—BERZS
. BE, BAZoF—tr 4oy bREBEIhTWa., coféa, —
DD OREALTRGTIEREHHLZBR LAYEE DI IDT, %
OFRBHIFLAy A7 RAEREZEAE LIV, Lt DEYEI LI &
ftoBEBRH~dbETOMEEAPERTE20c, KHEOFEHCHIEA L X
SRBHEZ ANV EF—D2R T4 L E—REFVENBHOI VWD OEESI R E

TH Db
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5. 2. 3 FEHERAETAULRH4VEIROBERIRE

iZ2HEHV T, REFEZERBCLL- B AEMBERLSAROBE
BRERATLIMEAC >z ESHERAR_ A, AHCR. to=2
DERLABRBREBEECL2EMHNEZER2ELADE T, TEHZBH
rRURSMBHEROEERIBREORTER >V RE, CORTEED
BEFc>vTtlR&HTWRYES.

(1) EBMREKIIREEHES

5. 1. 1 T _A®BBMEEES L REURADELAERE L LV H
BHEROAERRREL L, 2O0ROBBREREREL (X, /a2l LA
Bl o, hkDBCEBTED, |

Tabh FEEBENMLEINOEANAOREE ST 3.

S ( deg) (6. 1 3)

1 «a ( deg) (5. 14)
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ERY,. IHEREBOEEBS, B, Y7 VYCERERT D &,

1 1
- %
%0 = 2 2'50'
\/1+TE w 2 57.3
1 X, X, 1
= Keq( ) [ ]‘G'
\/I+T§m§ a a 57.3
X, X, 1
=K, 4 ) 0 1l «a (5. 15)
a a 57.3%
LefoT, SEAOERELHES 2 (rad?) i,
E— }"0 -}.’—0 a 2
52 = (K, ,(—) « [—1 - ( Y1 /2
a a 57.3
(5. 16)

TEHE L BRNB.
—H., ANALTUHEAEEOCRBERDO DI FER-_>HSH. —2ik. §E

ARSI b0THY, RERT EHY TH B,

K2 (1+7% 02)

2

2
coo)

2
0

2 . 2
(1+7T7 o,) (14T,

=K + 3, (deg/sec ) (5., 17)
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r’2=q:r§/2-(L/V)2 (1/5?.3)2

=k 2 (L, v)y? §° ( rad?) (5., 18)
¥, =¥, o, ( deg )
;?==(K/®0)2 . 52 ( rad?) (6. 18)

foT. HBREHEC L3RDALI ) B,

Jo = Ay w2 +hy 8% 4 ag r 02
, L -
K L, ) X, X, a
= {Ar, . thp + Ay (— K HE, ) [ 1 <
@ V a a BT.
]
(5. 20)
5 2bNh3,

BS—DnHER, FHNBLREREL (X, “a) LUkddboc

Y., BTRRRT,

1 X,
¥, = . - - 1 1 + a (5. 2 1)
KP\/1+TD mg a ( deg )
T 1 Xy a 2
w? = — —{ [—1 )1 /2 (5. 22)
K (1 4+7T2 %) a 57,3
D 0
¢ rad ?)
14‘!0 =@, 1#0 ( deg/sec )
@ g L 2 _.;E:) a
ro? o= — ——— (=7 (—1 ¢ )12
Kp (14T 0y v a 57.3
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FoT, BERMBERERR IZEITEKR I, .

——

M, thg 02 (L/V)? Xo
JO = [ +I\-2 {Kgq( )} ]
K3 (1+T5 02) a
Xy a 2
X { [ 1« ) Y 2 (5, 2 4)
a 57.3

L&D

Fig. 5.19~ Fig. 5.21 thoZEHIT = Fh Dead Band, Back Lash |,
BU Dual Gain o EHRERZELAMBEZ T I VIERD, (5. 24) %

ArwrttoBITHEExz#EE L DTH D,

(2) fﬁ%%%%u;éE%Wﬁﬁﬁwﬁﬁ%%ﬁbt%%%m@%”
BEELBEE RS> LERBFTHEoBEDELSRE., 4. 4. 2t &

S, Kp# A5 A—2RRLTAEE. Ty OATVERCREBR T £

DEEBREHET, Ld, 7’2 Dy?2 RTEMTHLIN, 200
HE TR, BREIZ2BERAICENBEEODBLAYE2 62 REH5E. L

oMo T, SR BHEEHBGOERE LY T, oksvHEIL T~

Thogdy EHEL, thab. 1. 2Tkor (8,7, /82) ok
BEscliRiY,. BARBEBOERLZEL B I EALEE T2
R TEDR, COFEREFVRAZD Y, BRBOBRLESZFT., AHA
CHEAREOHRTHES RS +5 2 LcHBELAC L RHBF 5. &
CEFLRAL BB,
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2 2 N
Iy = (8x7 /87 ) (A w2 +Np8] +rgr  2)

(5. 2 5)

Ll BHEABMBOEBHECRABRTHEORERAAKL T L
2o¢., EARoAEcRETELX 2 EAFH T 2B 2b2,. 2hid, &
FEOCBREAB LACHES R 2L, ¥20bb, BEESBR LTS H
ﬁiﬁﬁb@@ﬁﬁﬁﬁﬁgf‘bﬁb‘k%ﬁ_l’;ﬂéﬁ:&b??)éo Lz -stT, T
DESEBECR, AT, CBVT. 82 KOV TOABRELEEH L.

BRroErIR LTHETLIAERNEXILENRE. §abb,

_ 2 2 2 2 ,
IN =MW, th, (8,2 /87 ) 8, +Agr 2

(5. 2 6)

TtE5Exbnb,

WFEROBAG. (8, /02 ) 2RDIROI T ., 8, ABL A

OMBFELVR, (5, 25) XE2FAVIEAE A2 EETFHERNSI L I
NWBARELMIET L S A EURDTEEL, -
Fig. 5.26~ Fig. 5.28 o=EHIE (5., 25) 2 IUFEBLAITE

HEERCL I FARBRBIOBHE2EBE LB IEELETH B,

(3) XEFREZESHrE=B LA EEIEE
(1), (2) oBBrRLADEACLILEY, XBEEBEBHMIERF
TAAEORNEBE2RATHET R N E S,
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Fig. 5.29~ Fig. 5.31 o=®E#HEX. Fig. 5.19~ Fig. 5.21 RV,
Fig. 5.26~ Fig. 5.28 oEH K Y XA Dead Band., Back Lash ,
Dual Gain o B HHEEL S EL1 0 —1 0., Kp =1lkOoVTHEELELD D

zH b,

5. 3 FEOBELHZACRHEHOY Iav—v 2y
5, 3.1 HEFZ::xORIE

Fle. 5.11 RHBERORRSBAROBRERT. HECHE > TH.
%ﬂﬁﬁ@%wxé%%amﬁméx<?&tbﬂ%mﬁ$%%wﬁ#%
BREHAB LT _BRBLL. ﬂabmﬁ]w@zkawv%ﬂ:amaxatc
BELt. 28, BEBoBE=F LR, B ORBCREEL AV
DT, BABAEE Sgag 2 BH LA —REREFE VR,

HEEAYY s o2 FAEFAVCHEMBRIBD L Lk, HERBE.
BreEolEri4-EYVERTWVWBELOO—10# (x= 30" ) %
BAR., #— A 40y tOBEKREEKp =120, Ty REARSESE
RO EHBEME LY, BOBEoXREWT p = 10 sec . BEBIE
ERBAE®BTp = 20 sec . RU, BROPERTEMHARTp = 50 sec

D3 EBYE Lk, KEHFSH&EH L i, Dead Band . Back Lash R ¥
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Dual Gain (n= 0.1) ¢ L. RRHFAEE (FE) Rke=1, 2, 3° ¢
Lic, ThHK, BRERLEFZCLZ2ERE oMo 2D, EHREHEL2 A X
POAERHEROHEIT -k, T, AR L FRALEBBOHETE %
WA, BERDEDETI S, Afli, BHAE. B X348 0%,
B Lafilod, 2L, ARVEBCLZ2AA0HAEHORBIR >
T HEEFok. HEKRR. FlAY. WAL, RY. DHEARE
DERENIK2VT, S 4 a2t )— BEEHELHIT I L L H K.
Blackman-Tukeyit i K3 A7 P L BFA 2T o7

L. BABCTT->#dELRER0EN R - THY, EEoEKEZ T

g,

1) AHEEEEH 150
2) BORNIINEHTEIHAVEABBEE (4. 8) RiEFoTw
%: b A L] |

3) HEBFRDNBEX/T0EERO A>T, BL4ECRALEE OHR LS E

r@2ﬁﬁﬁ§®2&ﬁbws¢+%(w)%méOA OB TR

ALTRDEORA LT, ABTE. ¥4 At 2P U—KDEERSD

o, TmbBTr ' FRVE,

ABRTR., 5. 2., STCH_AXREARER 2D RNERORES
THEEOHREZOF U A2 BRI T 20BN chadne, LROHESLH
DHERAEMCHB: 220 TR A2V,

Lo, DkoBFR TR, BL4EOERcRRLL, FavaL v

lalb—va vOeCREREBMEIREL- DR EREHBEos D X L T
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B, LEkogHiL ZERRBOEHSEERTEERVBR >V ik
~ B, c\:-cw5%&%&1&@%%1%{@7@%&@%%%%‘5.
ERRBoOS>S, EFRUVCAcHNTIv0LlL T, RRFEBRHBEOE
2% (Linear. Dead Band , Back Lash . Dual Gain ) ¢ XEHEBEe. R
vAEo#EE (BAH, Bokh, ok, BLri) t+2. B AE L L
TR, BEBRVHORFACHANTI2b0s LT, FHE (BA) oBE*R
Ll E>h, LT, BEcoa@illidddnbl v, HBHRRIR LD
o rEmBREAE () cksmaeds.

BEd, TE2XTHEBECRAPTILSTE2AOR, BBEEZLBSLPH
OBDTCHRLTHE, ThBHEHEHIADEI L LR ALY, B0 5DH
FE& Lf. Table 5.1 (a) ~ (d) RXED—BBRUVBERDOESR

Eher—BEXTxrRT.

chbphAdbERBlELlL T, LWL 2R T (X Dead Band

DED .

2 CRILBOAABDY. FEHBREAROE (V57 ¢k
TRO) BB xDERERTHIME

33  EARTEBRALEBE LI (ARKX) OHETHIHE
22, BAOAATCXBHERBEAS L% (ADX) OHBSR
R B EABARVY OB RFHM

2 HOALT e RXBEESEASIH (AD%) DB X

S THBIALEBOBEFYE

xf, BrBROALTCRRARBE b 2H CFHALBE
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Lt (ALT%) RoOrEBERL L2 8OO EET
5 1

L. BueorvwWBYU o oBHITHE S,

5. 3. 2 EBREBWER

(1) T, BANROERER LY EDRIERFT 47 . Kochenburger

HEORTE T, TOER%E Fig. 5.12~ Fig. 5.14 wBY2RL &
AR+, BbhoEHE., Fie. 5.4 sRLABRE Y., — S@yHW I
EBRAEORVE O THE, 2P, EREOXR, ANARVERSAHN
E2FERBeHAALTCRALUEETL 2.

ERBEEHEBELIIAISERBE TV LR, chid, SEACEHRA
MEFERBRCAERB CAVADXOEENEL CAn ok ko &, Dead
Band @;5K%@ﬁﬂﬁﬁﬁﬁ&ﬁ%%@korwé%émﬁﬁi%ﬁ
ETREEAHE A DERADbR B,

g2, Ty = 50 sec ¢, BERMERAB LA bLoRh. “hiE. 5.
1, 1o~k b eFETH. cor—20Bs. 8=0° , gp=1°,
11}=0° /sec THEHELTHY, Dead Band o I S O#HMHE Fid s x> F
RERdE., 72073 LARTAVENHEERIC LA L, 88K

FOEEHRBRCAPIEENLEAXEZ VBRI oBEEREC 3.
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(2) —F, B ir2ERBASb-o o RLIYVERNREC &

HPERFHEAKRARRIVEEL .

(5., 29)

LT, (5, 28) ALVEMBRERELHREEL., Filg. 5.12 ka
EBxXHeRT. 7absd, BoAdldmbi e kY, HRMBEENRKE
{m->TWVB,

Lhrl, chiz, HRIREXTOI R RKE B dbdclRi. EBR
BrRoAA L~ THEIHAHEBAFA-BARECHILDORE LT E

oMbz, Thbi.,

A=E.% sin (o ; ¢t + e; ) (5. 3:0)
i =1 ' .
LB ERE
B=0b sine t (6., 3 1)
bman @ =@, Ozen

RHY, L., o, (i=1, n—1) ool ELL N 3L &,

[

ArBrEhLhabEEY

i
C=3 a,; sin(o; t+e;) (5. 325
i=1

A
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DERXRFHMER,

C2=A2+Bz+akbcmek (5. 3 3)

(1 £:2En—1)

txY, BEBEELSbERARYILRY, CoBIHETHHELBRAD &
M-I

A BoAAR L2 ERCEBRAERADRI LA 0BT A & B iYL,
ADHBRBIERBoRBERrADC LS, CoBEER2EB T ALER
Hb. CoR, BHHEERR. BoAddlc Lt28Brrofi#Hlisizdeabt

THAEIBB e, =0 rHMmET. i

6, =25 (og) - Aw

=J277 (og) (5. 84)

szzwg (5. 36)

SVERELAL., TCTAOREBBERODAXNIPLLBEEELLE. 5.

2

2
X=X 2——xf-—2,in0(<oo) - X (5. 386)

[~

EmAB.
B, T'p = 50sec B, BoAdlzmA Az titkt. B

U, BEBEIEL TR ERNE2 A AR P —Ed T, B
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oz, Fig. 5.4 WRT LS. Tp = 50 sec BBV TDH., 2N F

Il

THK, MBEEELTX Sa= 1l RERTERFEEOKq BB oK E,
BERERANRS B2 H D& Lk,
CHEPRLTHARIZ2EBENER LT RZEEL cROLER
%. Fig. 5.12 dgk@E*Bcnt. £EL. BT LREEERAE
Mo TVREEN, BY, BF. EALBOHEBREEAKNE - T3 C
LRI B

it kY, RBoAilk k2B R EBBRERED Lol . BRal
LTz T30, HREEEH rtodoRE. BLALCEEEZR
BERV D ERAN B,

ERMAEIBROAN L IAEHLRETEE iR, $H®

[

U
AR PUBFLTCRELTCE2Y, L2l ERBRLEBEERFTO
ik, toBERAaLELT, (5. 29) REBVLHY., tORE,
FHEL LAEELELE. EBRRLBOBE LRI RV o8 0ok
bﬁf%éwé\CCf&@@%ﬁﬁﬁ@%ﬂﬁi%@ﬁwﬁﬁ?%gﬁ
mDNhHDEARBET.

LietoT, B EZ2EHLEMBRELIBPERSDERTEZ 2 L

TERYFE->»T L,

(3) WoHNEXNLEABRRERATIED tEMRELOBEEE L.
5, 1., 1, 5. 1., 27@~_cxEMBEOoLTRE:., EREEROBR
TH D,

ZELLCEBMERECIIEH0ERFBERIZRELI VAR kDL,
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o S_oqley ) —
x2 . = Cxl (5. 387)
So (0)0)

IL. Sy (@) S_g(o, ) BENELEALERCEE &
A MD - AROHBHMERABRERoy TORANZ7 LR RT. £ BF
FHENERETHE., SHIL (5, 28) R LYX / anREE., 20O
g Fig. 5.16 RADODXNHTRT. T T, EHOE T HZEFER.
FURAHNERBEKETCNS3V2Iao/a, Tabb,. SREEERELTH
U, Bo 2O NMLEABEoREBEREIY toBEEHcoEftBo s 1 v
EEBLT (5. 7)) RLYVRdAE., Fig, 5.8 kR LAHEBKETHE »
ER2:EBmMBERAe->-T03b0n, EELOBERNIILC. V2o a
PDEYVFHBIVRI /cnERCHERABZ 2 LARL,

Fhik, AR XA MboBAK >V cdEEHERBENL .

REEEEEC LV BB SN ARARR A CERFBEE R TRE T

5.

A S(w) L S ()

Fig., 5.158 Effect of wind and/or wave disturbances

on self-excited oscillation
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Tio = - x (5. 3 8)

Thw, LRLXVEBRECRIZEDOEBEREZRD 3.

(5., 389)

[l ]
(=1

chEUX/ abkdosn, Fig, 5.16~ Fig, 5.18 o @k s
H 3.
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NAME

nn

nv

rr

3

LIST oF SYMBOLS

MEANING

rudder area

lateral projected area above water
plane of a ship

half width of weather adjust mecha-
nism of an autopilot

thrust coefficient in speed equation
(ATT.4)

thrust coefficient in speed eguation
(AII.4)

yawing risistance coefficient in
speed equation (AII.4)

resistance coefficient in speed
equation (AII.4)

steering resistance coefficient in
speed equation (AII.4)

moulded breadth of a ship
block coefficient of a hull
correction factor of longitudinal

sway-yaw coupling term

coefficient of wind~induced yaw
moment about the midship

empirical coefficient representing
the effect of down wash in propeller
inflow velocity

prismatic coefficient of a hull

coefficient of lateral component of
wind-induced force

stability criterion of a ship

UNIT

deg

1/m

1/m

NON-D.
FACTOR

Id

1/L

/L

Ll



NAME

E(y )

G,G(jw)

g (J)

g(s)

H,H (Jew)

MEANING

propeller diameter
draft of a ship

energy necessary to convey a ship
between two points

expanded area ratio of a propeller
rudder normal force

Froude number

rudder force acting alongside a rudder

gradient of rudder normal force
against attack angle in open water
characteristics

equivalent rudder coefficient due to
wind force

transfer function

[subscript]

c : of a compass

G : of a steering gear

H : of a helmsman

PD : of a PD autopilot

PID : of an example of PID autopilot
5 : of a ship

function of advance ratio representing
the coefficient of rudder inflow
velocity
function of propeller slip ratio
representing the coefficient of rudder
inflow wvelocity
response amplitude operator from yaw
disturbance
[subscript]
o) : to rudder angle
W+ : to yaw angle

N

W : to yaw rate
N

13

UNIT

deg
rad

NCN-D.
FACTOR

H {(w),B (o ) response amplitude operator from 1/m

sea wave height to yaw amplitude
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NAME MEANING GNIT NON-D.
FACTOR
H,H rudder height ' m )
R
H observed height of sea wave m - '
v
H significant height of sea wave m
1/3
J advance ratio : J=u /nD -
P .
d,J performance criterion of an autopilot %
E [subscript]
L : the value at the linear control
N : the value considering the reduction

of steering due to nonlinear
element excluding J

o]
NL : the value at the nonlinear control
O : the wvalue by self-excited oscilla-
tion
J apparent advance ratio : J =V/nD -
S s
2
3 unit of complex number : j =-~1
K steering quality index (static gain 1/s v/L
of rudder angle to yaw rate)
K counter-rudder gain index of a PID -
CR auvtopilot
K autopilot coefficient for proportional . -
P gain to yaw deviation
K rudder gain index of a PID autopilot -
R
2 4
K thrust force coefficient : K =T/(on D b~
T T
K K (x) equivalent gain of nonlinear element -
eq eq in describing function method
(x is an input.)
K (x,y) equivalent gain of nonlinear element -
eq in approximate dual-input describing

function method
{(x and y are inputs.)
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NAME MEANING UNIT NON-D.
FACTOR
X(A ,B) equivalent DC gain of nonlinear -
0 element in approximate dual-input

describing function method ,

(A is average level of low-frequency
0

input and B is the amplitude of high-

frequency input.)

k surface drag coefficient of wind -
referred to mean wind velocity at the
height of 10m

k correction factor of inflow velocity -

X accelerated by a propeller at the
position of a rudder from the value
at the position of a propeller

L,L length between perpendiculars of a m
PP ship
1 empirical coefficient representing m L
P apparent sway velocity at the position
of a propeller
1 x-coordinate of pivoting point of a m L
PP ship
1l empirical coefficient representing m - L
R apparent sway velocity at the position
of a rudder
M maximum magnitude of closed-loop -
P system transfer function
27 3
m mass of a ship kgf s/m ;pL
2 1 3
m added mass in x-direction : m =-X. kaf s/m -pL
X X u 2
2 4, 3
m added mass in y-direction : m =-Y. kgf s/m -pL
Y y v 2
1 3 2
N © yaw moment acting on a ship kgf m -oL Vv
N :yaw moment about the midship 2
m
N :yaw moment about the center of
G gravity
, 32
N yaw moment due to wind acting on a kgf m -pL V
W ship 2
, 4
N linear derivative of hydrodynamic yaw kgf m s -pL V
r moment with respect to yaw rate z
y 3 2
N linear derivative of hydrodynamic yaw kgf m -nL V

B moment with respect to sway angle 2
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MAME

rr

uu

58

MEANING

linear derivative of hydrodynamic yaw
moment with respect to rudder angle

frequency

low .gain of "dual gain® nonlinear
element

propeller revolution

remnant applied to a helmsman

(t is time.)

propeller pitch

yaw rate / rate of turn / of a ship

ship resistance in straight running
including rudder resistance with helm
amidship

coefficient of resistance increment

due to ship motions induced by steering

2
resistance coefficient : R =R/V
uu

coefficient of resistance increment
due to steering

sailing distance

wetted surface area of a ship
Laplace's operator

propeller slip ratio : s=1-(l-w)V/nP
power spectrum of a signal x

(x is an arbitrary variable number.)

propeller thrust force

UNIT NON-D

FACTOR

7 3
kgf m -pL V
2

rps

rad/s nL/v

1 2
kgt -pL V
2
2 ) 4
kgf 5 —DL
2
2 2, 2
kgf s/m ~-pL
2
1 2
kgf oL V
2
m
2
m
1 2
kgf -0 L V
2

2

a



NAME

MEANING

autopilot coefficient for differential

gain to yaw deviation

time constant of a steering gear
time constant for equation of
propeller revolution

observed period of sea wave

steering quality time constants of a

ship

steering guality time constant for
sway motion of a ship

thrust deduction factor

time

correction factor of longidutinal
steering resistance

apparent wind velocity

effective inflow velocity into a
rudder

true wind velocity

friction wind velocity : U =kV
x-component of ship speed V
propeller inflow velocity
x-component of effective inflow

velocity into a rudder

ship speed
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UNIT

m/s

-m/s

m/s

m/s

m/s

n/s

m/s

m/s

NON-D.
FACTOR

L/V

L/V

L/V

L/V



1 4 4

NAME

MEANING

wind velocity at standard reference
height of 10m

sway velocity of a ship

apparent sway velocity at the position

of a propeller

y-component of effective inflow

velocity into a rudder by ship motions

y-component of effective inflow
velocity into a rudder by propeller
revolution

effective wake fraction at the
position of a propeller

[subscript]

0 : the value at the straight running

m : the value of a ship model

g8 : the value of a real ship
effective wake fraction at the
position of a rudder
[subscript]

m : the value of a ship model

s : the value of a real ship
longitudinal hydrodynamic force
acting on a ship

second order derivative of longi-
tudinal hydrodynamic force with
respect to yaw rate

linear derivative of longitudinal
dydrodynamic force with respect to
ship speed u

linear derivative of longitudinal
hydrodynamic force with

respect to ship speed acceleration u
second order derivative of longi-
tudinal hydrodynamic force with
respect to sway-yaw coupling motion
second order derivative of longi-
tudinal hydrodynamic force with
respect to sway angle

coordinate of longitudinal direction
of a ship

x—-coordinate of center of gravity of
a ship

x~-coordinate at the position of a
propeller

UNIT

m/s

m/s

m/s

m/s

m/s

NON-D.
FACTOR
Vv
v
Vv
2
-oL
2 ° v
2 1 4
s -oL
2
2 2 2
s/m ;DL
2 1 3
s/m ;DL
2 1 3
s/m -pL
2
2 21 2
s/m —pL
L
L
L
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NAME MEANTING UNIT NON-D.
FACTOR
X x-coordinate at the position of a m L
R rudder
, 1 2 2
Y lateral hydrodynamic force acting on a kgf -pL V
ship 2
. 1 3
Y linear derivative of lateral hydro- kaf s ~pL V
r dynamic force with respect to yaw rate i
2 2
Y linear derivative of lateral hydro- kgt ZDL v
&} dynamic force with respect to sway
angle 1 2 2
Y linear derivative of lateral hydro- kgf -oL V
8 dynamic force with respect to rudder 2
angle
Y coordinate fixed to the lateral m

direction of a ship

2 number of a propeller blade
o . 2 2 2
a _ steering quality index (nonlinear s /deg (L/V)
term coefficient of yaw rate)
a effective inflow angle of attack into -
R a rudder
B sway angle of a ship -
v rectification factor of effective -
inflow angle of attack into a rudder
due to ship motions (Fujii's definition)
Y correction factor of effective inflow -
R angle of attack into a rudder due_ to
ship motions : .
Y apparent wind direction from ship bow deg
2 )
Y true wind direction from ship bow deg
T
5 rudder angle of a ship deg
rad
& half width of spiral loop in r'- & deg
o steering characteristics
& equivalent rudder angle which cancels deg
R the rudder normal force due to ship

motions
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NAME

6*

Sk %

max

MEANING

equivalent rudder angle which cancels
the ship yvaw moment due to wind force

commanded rudder angle of a ship

output rudder angle at weather adjust
mechanism

maximum steering speed of a steering
gear

ratio of effective wake fraction at
the position of a rudder to the value
at the position of a propeller

ratio of effective wake fraction of

a ship model to that of a real ship

ratio of propeller diameter to rudder
height

phase angle necessary for a controller
to make the closed-loop system stable
{(short notation : phase angle to be
compensated)
phase angle at the breakpoint of non-
linear element in weather adjust -
mechanism, when sinusoidal input
is applied '
ratio of correction factor of inflow
velocity k to correction factor of
%

effective wake fraction £ at the
position of a rudder
correction factor of inflow wvelocity
accelerated by a propeller at the
position of a rudder from the value
at the position of a propeller
(different definition from k )

X
aspect ratio of a rudder

welghting factors of performance
criterion of an autopilot
(i=1,2,3)

circle ratio

density of fluid

UNIT NON-D.
FACTOR

deg

deg

deg

deg/s

deg

deg.
rad

2 4
kgf s/m



NAME

o

PH

Xy

()

MEANING

density of air

standard deviation

correction factor of propeller inflow
velocity

sailing time

time constant of counter-rudder index
of a PID autopilot

time constant of filter of a PID
auntopilot

time constant of permanent helm index
of a PID autopilot

cross spectrum of signal x to y

(x and v are arbitrary wvariable numbers.

phase angle at the gain—-crossover
frequency of a transfer function

minimum phase lag of a transfer
function

maximum phase lead of an autopilot
phase lag of yaw rate to rudder angle
phase lag of sway velocity to rudder
angle

direction of sea wave from ship stern
yaw angle / heading angle / course of
a ship

commanded ship course

vawing disturbance acting on a ship

vaw deviation
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UNIT NON--D,
FACTOR

2 4
kgf s/m

deg

deg

‘deg

deg

deg

deg

deg

P

rad
deg
deg
rad

deg
rad



1

NAME

48

MEANING

yaw rate / rate of turn of a ship

circular frequency

gain-crossover frequency of a closed-
loop transfer function

encounter £requency with sea wave
gain-crossover freguency of a
transfer function

freguency cof a transfer function,
where phase lag is minimum
observed frequency of sea wave

peak . frequency of sea wave

displacement of a ship

UNIT

deg/s
rad/s
rad/s
rad/s
rad/s

rad/s

rad/s

‘rad/s

rad/s

NON-D.
FACTOR

V/L

V/L



NAME

NAME

caret %

dashed x

dashed sguare

of %

delta x

dotted x

prime x

tilde x

vector X

1

OTHHER SUBSCRIPTS

MEANING

the value at the
the amplitude of
the value at the
root-mean square

(with or without

self-excited oscillation

a sinusoidal signal

straight running (V=V )
0

of the wvariable

0) see Table 5.1

APPEUNDAGES

SYMBOL MEANING

X see Table 5.1

% mean value of x

i

X mean sgquare of x

Ax,dx increment of x

X time rate of x

x! non-~dimensional form of x
(see each notation of symbols)
see Table 5.1

4

X see Table 5.1

4 9
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NOTATTION oFr TEST CONDITION

NAME MEANING

H hull

P propeller
R ruddex

Any of three can be combined; e.g.,
HR means the test was carried out by the
hull with rudder.
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Table

Table
Table

Table

Table

Table

Table

Table

Table
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LIST oF TABTLES

Examples of steering gear coefficients

Steering indices of the simulator ship models
(A Series)

Steering indices of the simulator ship models
(D Series)

Principal particulars of model A, B and C
Derivatives and coefficients of model A, B and C

Principal particulars and derivatives (X ,Y.) of
referred ship models vr v

Coefficinets of effective wake fraction under ship
motions (model A, B, and C)

Steering indices of simulatiog ships (E Series)

Ship and sea conditions in course keeping simulation
(E Series)

Maximum and minimum phase lead of a PID autopilot

Symbol and mark definition used in Capter 5.
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2.5

2.13

[y

.17

L I 8T OF FIGURES

Block diagram of the course control system

Difference between stable and unstable ship in gain
characteristics

Difference between stable and unstable ship in phase
characteristics

Phase characteristics of the simulation models
{A10 Series)

Phase characteristics of the simulation models
{240 Series)

Spectrum of disturbance applied at the simulator
study (Hiroshima University)

Modelling of a helmsman in course control system

Example of the guasi-linear transfer function of a
helmsman (210-4)

Example of the quasi-linear transfer function of a
helmsman (A40-20)

Example of the loop gain and phase lag of course
control system under manual steering (Al(Q-4)

Example of the loop gain and phase lag of.coﬁrse

control system under manual steering (A10-10)
Example of the loop gain and phase lag of course
control system under manual steering (Al0~20)
Example of the loop gain and phase lag of course
contrel system under manual steering (A40-4)
Example of the loop gain and phase lag of course
control system under manual steering (A40-10)
Example of the loop gain and phase lag of course
control system under manual steering (A40-20)

Relation between the phase angle to be compensated

and the root-mean-square of course error and

rudder deviation

Relation between the phase angle to be compensated

(Hiroshima University)

and the root-mean-square of course error and

rudder deviation

Relation between the phase angle to be compensated

(SR151 Simulator

and the root-mean-square of course error and

rudder deviation

(SR151 Simalator : with noise)

without noise)
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Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure
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Map demonstrating ease of manual steering
Sinusoidal yawing

Coordinate system

Body plan and bow and stern profile of model A
Body plan and bow and stern profile of mode; B
Body plan and bow and stern profile of model C
Estimation chart of longitudinal v-r coupling term

Resistance increment due to swaying measured by
obligque towing test (model A)

Resistance increment due to ship motions measured
by CMT (model A)

Resistance increment due to swaying measured by
obligue towing test (model B)

Resistance increment due to ship motions measured
by PMM (mcodel B)

Resistance increment due to swaying measured by
obligue towing test (model C)

Resistance increment due to ship motions measured
by CMT (model C}

Example of phase lag of sway and vaw to rudder motion

Resistance increment due to steering measured by
steering test (model A) :

Resistance increment due to steering measured by
steering test (model B)

Resistance increment due to steering measured by
steering test (model C)

Effective rudder inflow velocity vs. propeller
loadings (model A)

Effective rudder inflow velicity vs. propeller
loadings (model B)

Effective rudder inflow velocity vs. propeller
loadings (model C}

Effective rudder inflow angel vs. ship motions
(model A)

Effective rudder inflow angle vs. ship motions
(model C)
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Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure
Figure
Figure

Figure

Figure

4.190
4,11

4,12

Effective wake factor vs. ship motions (model A)
Effectiveé wake factor vs. ship motions (model B)
Effective wake factor vs. ship motions (model C)
Thrust deduction factor vs. ship motions (model A)
Thrust deduction factor vs. ship motions (model B)
Thrust deduction factor vs. ship motions (model C)

Comparison of calculation and measurement of
resistance increment due to steering (model C)

Effect of ship size on weighting factors etc.
(model A)

Block diagram of "model reference" method to
calculate ship pure motions by steering

Block diagram of autopilot steering of ships

Swaying amplitude in regular waves -—-—— comparison
of calculations by 0.85.M. and Eda's method (Series
60 C =0.70)

B
Yawing amplitude in regular waves -— comparison

of calculation by 0.S.M. and Eda's method (Series
60 C =0.70)

B
Coordinate system and symbol definition

Projected plans of simulation ship models (E Series)

Wind force and moment coefficients estimated by
Isherwood's empirical equations (E5, E10)

Wind force and moment coefficients estimated by
Ishexrwood's empirical equations (E25)

Wind force and moment coefficients estimated by
Isherwood's empirical equations (E50)

Equivalent rudder coefficient by wind (ES5, EL0)
Equivalent rudder coefficient by wind (E25)
Equivalent rudder coefficient by wind (ES0)

Spectra of rate of turn induced by wave and wind
(E5-5)

Spectra of rate of turn induced by wave and wind
(ES~10)
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Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

4.15

4.18

4,22

4.30

4.31

Spectra cof
(E10-5)

Spectra of
(E10-10)

Spectra of
(E10-20)

Spectra of
(ELO0-25)

Spectra of
(E25~10)

Spectra of
(E25-20)

Spectra of
(E25-25)

Spectra of
{E50-~10)

Spectra of
{E50~25)

Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy

Energy

loss

loss

loss

loss

loss
losé
loss
loss

loss

rate of

of

rate

rate of

rate of

rate of

of

rate

rate of

of

rate

rate of

loss curves

curves

curves

curves

curves

curves

curves

curves

curves

curves

loss curves

turn

turn

turn

turn

turn

turn

turn

turn

turn

induced

induced

induced

induced

induced

induced

induced

induced

induced

(E5-5)

(E5-10}

{E10-

(E10-

5)

10)

(E10~-20}
(EL0-25)
(E25-10)
(E25-20)
(E25~25)
(E50-10)

(E50~25)

by

by

by

by

by

by

by

by

wave

wave

wave

wave

wave

wave

wave

wave

wave

1

and

and

and

and

and

and

and

and

and

55

wind

wind

wind

wind

wind

wind

wind

wind

wind

Distribution of r.m.s. values of ¥, & and r' ===

effect of K

Spectra of heading angle

Spectra of rudder angle

and T
P

(E10-10)

(E10-10,

(E10-10,

K =1.0)

P

XK =1.0)
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

6

4.41

4.43

4.44

4.51

4,52

Spectra of rate of turn (E10-10, K =1.0)
P

Permissible region of course stability of unstable
ships (El0 Series)

Contour map of phase margin and crossover
frequency (E10-10)

System transfer function of course keeping,
excluding or including PD autopilot (unstable ship)

Transfer functions of various autopilot controllers

Phase lead of a PID autopilot by comparison with
PD autopilot

Contour map of energy loss
(E5~5)

Contour map of energy loss
(E5~10)

Contour map of energy loss
(E10~5)

Contour map of energy loss
(E10-10)

Contour map of energy loss
(E210-20)

Contour map of energy loss
(E10-25)

Contour map of energy loss
(E25-10)

Contour map of energy loss
(E25-20)

Contour map of energy loss
(E25-25)

Contour map of energy loss
(E50~10)

Contour map of endrgy loss
(E50-25)

Equivalent linear feedback system without external
input

Nyquist diagram of unstable ships with dead band
(Kochenburger's method)
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

5.3

5.13
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Inverse-gain and frequency of self-excited
oscillation (E10-10)

Equivalent gain curves of dead band, back lash and
dual gain

Equivalent linear feedback system with external
input

Altered nonlinear characteristics (dead band)

Equivalent linear feedback system with altered
nonlinear characteristics

Equivalent gain curves using approximate dual-input
describing function method (dead band)

Input and output relation of rudder angle with
weather adjust mechanism

Reduction of steering due to weather adjust mechanism
{(dead band, back lash and dual gain)

Block diagram of autopilot steering with weather
adjust mechanism

Equivalent gain curve without or with wind disturbance
{EL0-10, ¥X=30°, X =1.0, dead band)
P

Equivalent gain curve without or with wind disturbance
(E10-10, X=30°, K =1.0, back lash) '
P

Equivalent gain curve without or with wind disturbance
(E10~-10, X=30°, K =1.0, dual gain, n=0.1)
P :

Effect of wind and/or wave disturbances on self-excite
oscillation

Equivalent gain curve with wave disturbance, without
or with wind disturbance
(E10-10, X=30°, K =1.0, dead band)

P

Eguivalent gain curve with wave disturbance, without
or with wind disturbance
(E10~10, ¥=30°, K =1.0, back lash)

P

Equivalent gain curve with wave disturbance, without
or with wind disturbance
(E10-10, X=30°, K =1.0, dual gain, n=0.1)

P
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

igure

5.21

5.25

5.27

Propulsive power losses due to self-excited
oscillation
{E10-10, X=30°, K =1.0, dead band)

P

Propulsive power losses due to self-excited
oscillation
(E10-10, ¥X=30°, K =1.0, back lash)

P

Propulsive power losses due to self-excited
oscillation
(E10-10, X=30°, K =1.0, dual gain, n=0.1)

P

Reduction of steering due to weather adjust
mechanism
(E10-10, X=30°, K =1.0, dead band)

P

Reduction of steering due to weather adjust
mechanism
(E10~10, ¥=30°, K =1.0, back lash)

( P 4 _

Reduction of steering due to weather adjust
mechanism
(E10-10, X=30°, K =1.0, dual gain, n=0.1)

P .

Input and output relations of rudder angle with
weather adjust mechanism, when applylng low and
high frequency inputs

Propulsive power losses due to wave-excited
motions considering weather adjust mechanism
(E10-10, X=30°, K =1.0, dead band)

P

Propulsive power losses due to wave-excited
motions considering weather adjust mechanism
(EL0~10, X =309, X =1.,0, back lash)

P

Propulsive power losses due to wave-excited
motions considering weather adjust mechanism
(E10-10, X=30°, K =1.0, dual gain, n=0.1)

P

Propulsive power losses considering weather adjust
mechanism
(E10-10, % =30°, K =1.0, dead band)

P
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Figure

Figure

Figure

Figure

Figure

Figure

AIL.1

ATII.1

AITI.Z2

AIV.,1
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Propulsive power losses considering weather adijust
mechanism
(E10-10, X=30°, K =1.0, back lash)

b

Propulsive power losses considering weather adjust
mechanism
(E10-10, x=30°, K =1.0, dual gain, n=0.1)

P

Contour map of energy loss considering weather adjust
mechanism
(EL0-10, x=30°)

Comparison of stable and unstable ships by Nyquist
diagram

Davenport wind spectra ~-- effect of average wind
speed
Davenport wind spectra --- effect of drag coefficient

Block diagram of feedback system
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Table 3.1 Principal particulars of model A, B and C
ITEM HODEL Nf\_ME. model A model B model €
Kind of Ship Cargo Ship Tanker Tanker
HULL
Lpp (m) 4,000 3,000 4,000
B (m) 0,571 0.467 0.800
d& (m) 0.229 0.181 0.253
Ca g.700 0.700 0.827
/B 7.00 6,42 5,00
B/d 2,50 2,80 3,16
Cg/ (L/B) 0.100 0.126 0,165
RUDDER
A/ (L) ' 1/66.7 1/67.4 1/41.3
A 2.17 1.40 —
PROPELLER
D (m) 0,160 0.0805 0,1109
P/D 1,100 0.730 0,700
E.A.R. 0.500 0,575 0,649
Z i 5 6
direction of right right right
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Table 3.2

Derivatives and

coefficients of model A, B and C

oo 225 WEL o de] A model B model C
kind of ship Cargo Ship Tanker Tanker
fo 3,01 2,35 1.96

c 0.868 1.817 1.759

" 0.675 0.056 0.059

Kp 0,209 0.251 0,241
g 0,741 0.274 0.300

I-w e 0,665 0,395 0.497
Y, x 10° | 11.40 13.16 15,98
Xo x10° ] -1.95 -1.88 -1,92
Xop X 10° ] -2,56 -2.73 —
X, x10° ] -0.802 0.673 2.03
R, X 10° 0,796 1,193 1,35

* . obtained from experiments

** . ship propulsion point
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Table 5.1

Symbol and mark definition used in Capter 5.

General Form

Meaning

[c]-part of mean square of x under
SYMBOL X’ -disturbances with or without
-weather adjust.
Mark contour [D] expresses the width
of weather adjust.
Shade denotes the condition of
MARK disturbances.
Cross bars Is attached, when data
is obtained with interference correc-
tion, |
_ kind of
in case | Dlsturbances [B] weather a"djuks_t
of O ) '
+1 @ Wind NUL O Linear
—-| © Wave A O | ¥ | Dead Band
+1 O Wind & Wave 0 |V I|< | M| Back Lash
nuLl @ No Noise < |<>| < | Dual Gain
width of weather
_ﬂ’ﬂd,,#ﬂ—’~"”"”’—#"ﬂ"’ﬂ"’ﬂﬂfpﬂ’pﬂ— 112153 adjust a (deg)

Meaning

Spectrum map in case of wind

ed motion

& wave
Partial mean square by self-excit- S{w)
A ed oscillation %w
A Ditto as above, but with inter- S{w) i % T
ference correction. W
o Partial mean square by wive excit- S(w) :j g
w
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w?. S‘%; (deg?/sec)
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w (rad/sec)
Figure 2.6 Spectrum of disturbance applied at the simulator

study (Hiroshima University)
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20 GAIN
(dB) N o
0 \
-20
A
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180 a8,
(deg) A
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PHASE
LAG
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: 2
270
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w (rad/sec)
Figure 2.10 Example of the loop gain and phase lag of course

control system under manual steering (Al0-4)
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A
A
180 A “A

(deq) A P %

210
A
PHASE LAG |
240 i A%A
A10-10
|
270 0.03 0.1 0.3 1.0

w (rad/sec)

Figure 2.11 Example of the loop gain and phase lag of course
control system under manual steering (A10-10)
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LAG

A
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Figure 2,12 Example of the loop gain and phase lag of course

control system under manual steering {Al0-20)
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Figure 4,23 Energy loss curves (E5-5)
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Figure 4.24 Energy loss curves (E5-10)
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Figure 4.26 Energy loss curves (Eld—lO)
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Figure 4.27 Energy loss curves (E10-20)
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Figure 4.28 Energy loss curves (EL0-25)
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Figure .29 Energy loss curves (E25-10)
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Figure 4.30 Energy loss curves (E25-20)
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Figure 4.5 Projected plans of simulation ship models (E Series)
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Figure 2.13 Example of the loop gain and phase lag of course

control system under manual steering (A40--4}
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control system under manual steering (A40-10)



18656

180
(deg)

210

240

I
27’00.03 0.1 0.3 1.0

w (rad/sec)
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Figure 2.17 Relation between the phase angle to be compensated

and the root-mean-square of course error and
rudder deviation (SR151 Simulator : without noise)
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Figure 3.20 Effective rudder inflow angel vs. ship motions
(model A)
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