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Abstract

Nowadays, there are various sorts of high-speed ship and newly different ship
shapes appear endlessly. In order to achieve the goal of high-speedy and high-
efficient, many different shapes of high-speed ship obtain characteristics listed
below: The first one is that they are sensitive to weight, another one is that steady
and non-steady force supported by their structure are stronger than other ordinary
ships. Obviously, these characteristics of high-speedy ship result in that they are
sensitive to changes of navigation state. When actual navigation state is not
matching with the design state, result in that the matching of among ship, engine and
propeller keeps away from optimal one, and phenomenona of “light propeller” or
“heavy propeller” appear consequentially. Thus it can be seen, to match propeller
with main engine reasonably, we not only need to take full advantage of engine’s
power, but also make engine’s power can’t go beyond the allowable range in the
working state, then achieving a goal of optimal match among ship, engine and
propeller and attaining high- efficient power capability, economy capability,
reliability and longer useful time. To these above-mentioned problems, there are
nothing we use fixed pitch propeller, but can use CPP(Controllable Pitch Propeller)
to resolve fundamentally these problems of non-matching for engine and propeller.

This article mainly confers the issues on modeling, control algorithm and
optimization method of high-speed ship CPP propeller system. Firstly, based on the
characteristics of high-speed ship, math models of ship - propeller subsystem, diesel
engine subsystem, load control subsystem, pitch control subsystem, optimization
control target function, etc. have been established. While, based on MATLAB/
SIMULINK, the whole propeller system’s figure simulation models and high-speed
ship CPP propeller system’s optimization control target models have been established.
After that, rotate speed control model and pitch control model of high-speed ship
CPP propeller system based on fuzzy algorithm have been written down on
MATLAB/SIMULINK. As well as the optimization control target program codes of
high-speed ship CPP propeller system based on GA (Genetic Algorithm) have been
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written down on MATLABG.5. Finally, CPP propeller system of the frigate has been
simulated and researched, using fuzzy-PID control algorithm and traditional PID
control algorithm. And the simulation results have been analyzed and compared each
other.

The result of simulation indicates, the effect of fuzzy-PID control algorithm is
B tter than one of traditional PID control algorithm. Fuzzy-PID controller can adjust
main engine’s load, and conveniently changed pitch ahgle by adjusting CPP’s pitch.
Accordingly, to improve the efficiency of main engine’s propeller and the ship’s
operation capability in different navigating states, and to achieve the optimal match

among ship, engine and propeller, to prolong main engine’s age, and to reduce the

cost of working.

Key words: High-speed Ship, CPP(Controlable Pitch Propeller),

Propulsion System, Optimization Design, Fuzzy Algorithm
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2 | -0.20455 1 0 0 0 2 0.008865 2 0 0 0
3 | 0.166351 0 1 0 0 3 -0.03224 1 1 0 0
4 ] 0158114 { © 2 i 0 4 0.003448 | 0 2 0 0
S| -014758 | 2 0 1 0 5 -0.04088 0 1 I 0
6 -0.4815 1 1 1 0 6 -0.10801 i 1 1 0
7 | 0415437 | O 2 1 0 7 -0.08854 2 1 1 0
8 | 0.014404 | O 0 0 1| 8 {01856l | © 2 1 0
9 | -0.05301 2 0 0 1 9 -0.00371 1 0 0 1
10 | 0.014348 | O 1 0 1 10 | 0.005137 | 0 1 0 1
11 | 0.060683 1 1 0 1 11 | 0.020945 I 1 0 1
121 -0.01259 | O 0 1 1 12 | 0.004743 | 2 1 0 1
13 | 0.010969 1 0 1 1 13 | -0.00723 2 0 1 1
14| -0.1337 | 0 3 0 0 [ 14 | 0004384 | 1 1 1 1
15} 0.006384 | 0 6 0 0 | 15| -0.02694 | O 2 1 1
16 | -0.00133 2 6 0 0 6 | 0.055808 | 3 0 1 0
17 ] 0.168496 | 3 0 1 0 | 17 | 0016189 | 0 3 1 0
18 | -0.05072 0 0 2 0 18 | 0.003181 1 3 1 0
19 | 0.085456 | 2 0 2 0 19 | 0.015896 | 0 0 2 0
20§ -0.05045 | 3 0 2 0 {20 { 0.047173 1 0 2 0
21 | 0.010465 | 1 6 2 0 | 21 ) 0019628 { 3 0 2 0
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KT KQ
n Cs.tuv * ' ¢ Y n Cs.tuv * ‘ : Y
) | (HD) | (A/Ao) | (D) () | (H/D) | (Ag/Ag) | (@)

22| 0.006483 | 2 6 2 0 ] 22| -0.05028 | O 1 2 0
23| -0.00842 | O 3 0 1 23 | -0.03006 3 1 2 0
24 | 0.016842 1 3 0 1 24 | 0.041712 | 2 2 2 0
25| -0.00102 { 3 3 0 I 25 | -0.03977 | 0 3 2 0
26 | -0.03178 | © 3 1 1 [ 26 ] -0.0035 0 6 2 0
27 | 0.018604 1 0 2 1 27 | -0.01069 | 3 0 0 1
28 | -0.00411 0 2 2 1 28 | 0.001109 | 3 3 0 1
29 | -0.00061 0 0 0 2 | 29| -0.00031 0 6 0 1
30| -0.00498 | 1 0 0 2 | 30 | 0.003599 | 3 0 1 1
31| 0.002598 | 2 0 0 2 | 31| -000142 | © 6 1 1
32| -0.00056 | 3 0 0 2 | 32| -0.00384 1 0 2 1
33| -0.00164 | 1 2 0 2 133 | 001268 | O 2 2 1
34 | -0.00033 1 6 0 2 | 34| -000318 | 2 3 2 1
35| 0.000117 | 2 6 0 2 |35 0.003343 | 0 6 2 1
36 | 0.000691 0 0 1 2 | 36 | -0.00183 1 1 0 2
37| 0.004217 | © 3 1 2 | 37} 0000112 | 3 2 0 2
38| 5.65E-05 | 3 6 | 2 | 38 -3E-05 3 6 0 2
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41 | 0.001553 | 0 2 1 2

42 | 0.000303 | 0 6 1 2

43 | -0.00018 0 0 2 2

44 | -0.00043 | © 3 2 2

45 | 8.69E-05 | 3 3 2 2

46 | -0.00047 | O 6 2 2

47 | 5.54E-05 | 1 6 2 2

HE WS Re>2x10° B, TR AR (2-5) FIA R (2-6) ¥ Res2x10° AU K, «
KQ i&?f@IE H
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RNETREREZAR

AK, =0.000353485 -
0.00333758(A /A ))* -
0.00478125(A /A, )(H/D)J +
0.000257792(1gRe-0.301)* (A /A )I* +
0.0000643192(1gRe - 0.301)(H/D)* J* — . (2-5)
0.0000110636(1gRe -0.301)*(H/D)* J2 —
0.0000276305(1gRe -0.301)* Z(A /A ,)I* +
0.0000954(1gRe -0.301)Z(A . /A, Y(H/D)J +
0.0000032049(1gRe -0.301)Z* (A ./A , J(H/D)* J

AK, = ~0.000591412 +
0.00696898(H/D) —
0.0000666654Z(H/D)® +
0.0160818(A /A, )’ -
0.000938091(IgRe - 0.301)(H/D)
0.00059593(IgRe - 0.301)(H/D)? +
0.0000782099(IgRe - 0.301)*(H/D)? + (2-6)
0.0000052199(1gRe - 0.301)Z(A /A ) -
0.00000088528(1gRe - 0.301)> Z(A /A, Y(H/D)J +
0.0000230171(IgRe-0.301)Z(H/D)® —
0.00000184341(IgRe- 0.301)* Z(H/D)® -
0.00400252(IgRe - 0.301) (A /A,)* +
0.000220915(1gRe-0.301)* (Ag/A,)?

B2, ALFERSRT, K, 5K, REEABRTAREENSJ f0H
RERH, MHEFREEROEIERS, TR0 RIS R R,
BEW S HEAAN, HARABEERE. WE 24 32 MAU5S-50 B3k
HERIIEE, ROTUBIHEEZEINERLJ HARNK, . K, .

13



RRBIREFBLENRT

AR T : T ! !

: P [—xT : i

I e s I 70 e /"“\*

e ~oL TR P — MOKRE a0 Lo

Pl 0BT By ; HNNE b St ooy

¥ MBI

* H I

N SN

: --ﬂ-i-‘--(-ﬂ

pobi-d g

5 . E,,‘ |

Sl
Nt \

1.2 14

EEHER IR IE R A MUK R KB 451, SRRt BEREERETE,
ELREIMERRNEW. RN, BELEMEES, B ERBNTRGR
EEW, ZMAAREBIREZ RMELERN, FETHARGEHLRRE =,

XA, —HEMMMEETENEMIENT . REBHRESINAT, WEX
®AT, =T-AT, ATHAEOBH, Tr=AT/T RHEHRERESE, Hit

T, =T(1-t) 2-7

T RERARES RS, EN L% EIEBIEL H/ D XN REEY

HI%W, BTLVEXTI#BERL,, HEa AR RES
T,=T(1-1-1,) (2-8)
MR, X VEREERMEIE. JW . Donnelly £8P RAWM T HE AR

3 H/D<-10
—3xH/D -10<H/D<00
f =477 < (2-9)
, HID 00<H/D<1.0
1 H/D>1.0

R, BT R KRB RIE SN T = A AR, (63 AER EEE Y
BEUAGEV, D ERFAERY, W=V, +u. F4

14



RRETKRFEM AR

u
v, =Vs-u=(1-l—/S—)VS =(1-w, (2-10)

KA
w— R
HRME I RBFEENEHER, MIEREEANENERTT LM S
»En, KRR
e
l-w
HRAENBRAETEFVNER, FERERNERBA. K RERIAW
MEZEEERREEIRR. BTACTRHERMAE BB RS NERELK
wSEEAE Vs BRUAK, WATAAEAEER, =02, w=0.22.
WIFFEE, AEHERREETREERNNOSI T ENEFZ R
PAF BAR A2 skitiag v e oo o0

(2-11)

Ny

A FERER:
M%=Te ~-R (2-12)
dt
20 %= M, i~ M, M, (2-13)
BEIFXRER:
ng=n-i (2-14)
Vv, =(1-wV (2-15)
b= ok

T,————TARNERRS, N

R——MRKRIERIE S, AIRFHR=rV, r HEARM, SHMANE
E. 5K, RRAERSHEARD M 3 F AT IR
RS, HEETZ=3.

MM RRR, #EELEAMA—RERNNE KO RE, B
S, AERHEKGREDMESRRI10%, Biig.

v, ————ABHE R ME, mls

VRO, m/s

[——@HER. MANEINE, RERLAMALSS, KaEET
M—EEANEWE KNS RE, EREEEHME ] 8n15% .

n————EHEE, r/min

15



RGBT REF L #RX

n———82 e ) F I, r/min
Md ”““—Emmtﬂﬂ%ﬁ’ Md = 9550PS

g
M, ——HRHEBNEM) = f(n), —RABREEHEENRL, £E
BEBWED, BAELRAE, FLEA5R, BREENE
Hes B FE10%
M,~— SRR BN, N om
i~ EAHEROREL, ="y, FHGHEBOADLL .5,

» POAENHEIHIHER

¥ FRESH Simulink EME 2-5 FiR.

L_—————fKQ CO——wm
—>]

D

Md
o — W MEREN >
b PR En

n
Ly

av
®
z
o

WERDRE e

WS AR

wBEKEX - J

t[lt+n i S
KRZER PP HEE £3%vs
> YD) _ N Ka b
CO—» i g M%ﬁ%v’ 7
SEAEH b Ho o —» (5 ) FRRE PKAM2a0
{0 tad
ERZETNED Lt Y 1% 3 g
_] nE— AEELE TEL l: i
ERBAENF

B 2-5 M FZSH Simulink 7

2.2.3 ST RGRE

BEFLT, ATURERSREESHRBIINEISRE. B, Kby
HEFUESREFUERATLHRAN, Bit, FARSHFENE—FEIR,
RUMNISRBSHR—LRE, EREHEINTRIERREBTHEMT
MER. IREEERERNE TURASEIRT—RIBESTEIRL
BAZFER. Rk, WURARSFERERSSER™ T, LHE, M5
BT S, MBMESREEWHERNREmIMFE. BREErEE
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RXBETREMLFEIRT

SEMPLEE SR RALT R EREL™. 2ELE, LB TFRENDEE
REEdifEas. SRmiAd. SoREHMm, WE 2-6 Fix.

|

" L7 o
-—b\’% I]E}EELW PS ’Lgihﬁﬁﬁﬂjmg
ngx o S T SR AReRE

B 2-6 Sl FREWEER

2.2.3.1 FEEER

TR ERRRERMILA RN BB TSRO HEhE, g4
FRERHAEZL. BEESEN—EARENEE BHEHRE, BRAR
RE. RESEREBTR, SAVBREEBNBEFEE™. LIRS RR
B R AR AH), K Simulink HEE A 2-7 FTR.

waury MATLAB PID i
@ Function 0.00115340.081352+1 07740427257
ENVFE  wEEK
s 25
ogzs

1

B 2-7 AE2H) Simulink 1%

ST A PRI EER, EVBEIHER 3000KW, FEHEH 30007 /min,
ATHRPEN, RIRBAEPRHIEEA 31507/ min, IR &I % % 6007/min
Her, AL PID BASE SN RS Ko=1. |, MO REKi=3.5 ML &
¥ Kd=0. 05, SHEEWE 2-8 Fi7w,

17



RUBTRFRLFAR

—Dlsr.'.re:t.e FID Controller (mesk) Chnk)
This block mplments a diserete FID controller. -

'-Parmeter: B
. '_-.:Trop'orh onal gain ()

Inuazrel PR

BS

Derivative gain (Kd):
;P%
: Tme donstant for du1vat11re (s)

pEses o

! Gnl.put Timits: [ Uppu' Imer ]

: Output i1nitial walue:

/[ 2-8 PID 5| ZH0% B X EHHE
Xt F AR, VA SRR E T N LSRRG, AR A e, RSE,
R HPEIEE RSB RECS:

G(s) = 2000

0.0011s> +0.0813s% +1.07745 +2.7257
2.2.3.2 Y5mA A {RiERY
RIS mALERE, R, SmLEE MR mEFER b, £ kWih g

HFER, Er LB XS ERIEFR, Emils/ e fgmEEE B K
ﬂ“gﬁ*{gim] :m!ao}o

(2-16)

B
s (2-17)
KA
b,——-SEHHLBIE IR IEFER, kg/ (kW -h)
PSS ERINE, w

B ——-SE L/ RIRTHIEFE R, kg/h

18



RXEIREMTEARI
BRAVER KSR R IR RS, FrULENLIRE PR RS, X
THUAHREHITS, HMEMr=4, 5 2 BA—/AEF, WK, Bril

T HIRRETEREE B K-
B=60-§-m-gc (2-18)

R,
n— SEHHEE, r/min

m —-" i ¥ B
g —SRMHKEA M E, kg/r

B EERA T LB E
PS

_30-n-mg (2-19)

b€
S LAY RO R R R Sy L S R R T A S B S SE L
RELA R T 2 R BT R H R B AT A,
g, = 3600-P; _ 3600 (2-20)
H,-B H,-b,

B £ AT AR 2
3600 (2-21)

b, =
H, -7,

K
H, —REERE, KJ/kg, Sem—8KKN 42700KT / kg
n, —8 BUE

i E & AT LB -
(2-22)

p H.on.-m
5 120

ST B E D, A
ne = 771 r’m (2'23)

n-g.

KA
n,—-SEMHLK e RN R

7 SR HLEI U R E
ST ERAREITS, 5T TR THEREE—KR 0. 43~0. 50,

TSR T B R TEmIREE, —&KITEBYE 0. 85~0. 90
SemPLA (£ Simulink RN 2-9 FrR",

19



RNBEIRFERLFNRI

Wt Egc
S m .
. x | 30000/p | %
A Y R
WAEREN | x | ).
= 1
Product Constant Product! Dmde m * XHIhEPs
Eﬂgﬁﬁﬁns Product?
B 2-9 SemHLAKR Simulink HEH |
2.2.3.3 RuREER
BEBHIHFER LR B S, BEEERAARGEL A
j=s (2-24)
n
ZdRERRHEE, XEmB %M, k:
M.=M,-i (2-25)
BOE 236 Simulink BRI & 2-10 FiR.
G- i > )
W % B E ool EHRRRE
T HTIEM e R e % HITIEMd

B 2-10 #OE2RE Simulink A
2.3 =HFHRGER
2.3.1 GifEiE | F R G ISR

ENFE ESMAAT TR AFH AP EENNBR. HENH1—= B
Hifi— e, TNEEPREE—EEE. YMITREESE, MhfRETL
o, R B ENEERERL, TEME RS RS EEREENEH

20



KRBT RFMTFMRI

Ffr. AAEEIERRRREM—PI—REESFLAE fHE, FHEr RN L
RREE TR AT TR/ . S RGN, &L /I R BE A 40 77 VR PR AL S AT,
B EHFH WO, SEEHTRENYEER I EA AT EE. S
RFH. ZHISE. BEEESER, WA 2-11 Fix.

=) F i%
= - 20 |
|1! lg&;!
L (I

Mol AEEHT RAMEER
2.3.2 ZRRITHIF R G 4IRIR A

N FARRIREE IS H RS, FEOBRE ARG RBEEEHREARNBTE
. BIREEIEHRLER B IEFBER TG SHE B EERER SARERRIG,
WA IEE R B FERBISHIENIE, EINBEEEHHES), SRIEER, B3
HAIREER B .

HFEWNIEREILAE K HIRETRS, BNREREE, BEFNAFTRNERY
RUE R SREE B T R HIERE, FEN SRBERL T RERES. TEEFA:
HEHAEI H KPR AT KT BAR LR EN AR, HEBESFESRHLE—
ANEBIE MM S, NIRE & EESHITHE, ST BEEHRAFIZEERD.
HEREE D BUE VLB A F TR S i, RS IS IE, HoHF IE /G L RR IR
FRETREEE. MR, IFNEFAR /DT R E fGE, U8 EZ %K
COEIEIED | YRR HIT R BEE B T ERRETFAR. IBIEFER. 5558
BRI, W 2-12.

[—i? .
H
———I = F T “' ?&‘
T = % 2
B 2-12 EFEEHFREYEER

MFAXPHEERTES, HBERWHMOERRES:

73300
0.1704s” +10.525* +313.65° + 46915 + 358605 + 39880

G(s) =

(2-26)
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R E T REWEFAE X

PEPRISHI RS Simulink A INE 2-13 FiR.

Gain

Memory \
O——- >
Clock
HO —
PHESEE  Switch
73300
(1 ) Pl
L » 3 o Il i FYrrrrerrr ey yyreps perrre—
s |,

f —Paraneters
Pifoﬁb?tiond_ gain (Kp):
| X

| Integral gain (Ki):

B 2-13 SEEEEHIRLM Simulink R

Hep, 0408 PID A% (A 2-14 FrR) 28014 HEHIZRE Kp=3.0,
M5 Z % Ki=8. 5, 5> % Kd=0. 05.

iBlock Parameters: Discrete PID Controller
 Discrete PID Controller (nask) (Link)
| Thi.s block implements a discrete PID controller.

Derivative gain (Kd):

JLI—.

e s constant for derivative (s):

[o-5¢3

Elut-pﬁt limits: [ Upper Lower ]

45 I[leﬁ -1eB]

| Output initial walue:

;_._.FJ__

i Sam‘ple time:

G —

Ca.nce]. I _' Help ] : Apply |

> » 1
H
Scope

& 2-14 PID IBHI2¥0% B XHEHE
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RNB T KEFL SR
2.3.3 #HITHFRGER
BB EF RSN Sinulink R INE 2-15 FRle B0 sk,

1. 2001 u(2) -5 > ‘
K LN\ P
| . Jl\; EQ, > ko FEEATE
L

[

Derivative Kec

Eppiad Ve

e el

[r3use ]

1. 2/u2)"u(1)
Fent

B 2-15 #H#EHTFRAER Simulink EEY
2.4 HRTIHAH

REAREERUTERE S, HEREIR. R, BRSHER, SEMERERK,
ATETH, BIVEAREZBTHRED— MMM E S RE R ™,
EE, BIOMEAA—NBPERRTRE - IR TR ENES:

v

CT.H 121

AR=SC-T,-sinwt t,<t<t, (2-27)
0 O<r<i,

Ap: CREERY, T RBEENIESN, HEMEHAERE.

FIMAR LK Simulink A A 2-16 FioR:

Gain L’ N D
500 I > { - 4 Scope
T i —>(C1D
———D\ Switcht AR
Clock Te
H M caney — L
30 0 - Fen Display

10 Constant  Switch

B 2-16 FHEZH Simulink HEH
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RRXBIRFEMTHAEX

2.5 KB

AEFEFRNT AERTAREH#RAOERERTS. HATERAXAR
HERGMBEE T E. NEERTAREE RARAERERNER, BL,
BUEEMEGRANYEEY, REHEMEARENDT A ENTFRE. A&
RFRE. MUEHERTRSE. TEHSTRAS/ILED, FRELHFHR
BAUESNREHEEELR: B/E, T MATLAB/SIMULINK ik, #2HE&1
RANBERGEER, FAREFNTREZNMBMGZAPXREENT RS
9 SIMULINK 77 R Bl SR BRESR,  BON BN AT AT R R HEE R f BAR R
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RXEIREMEEARX

%38 EERTEREE AR BT

BRI AR AEE, REFENT IREEAFRF A VLR
&, REFREKBE, E5S 0T LRBRERS TNMRELRE, #
RREEAR REFHME MR, SFFHRENRELE. X TEHERTS, MRE
HRBREEMIER, RITNESREMMBERIMEMBNELT, MITE
BEMMITRET . RR2¥, MAEUTEMENTE, EXENNEHER
A BFFHBEFCOC ™, HTREAN, HREMMIZENATRLN, &
BEMEAERLREUR, ERERE, FERMEBIM-I-RNZALE, EH
WEREELL, B RIRES EEHRGHAT R,

3.1 R BFR—LERHR

KHALIK, AMXMEREDHNAIBRFEREEHRE. I HEELR
H, BEARB. NHABEERTER: TESEENXEAEETRESET,
FRSHA, HELEH—, MANBE—, RAAHFEEFT.

MR, ABX BARAZHRBAFEHEEMN. MURKIAZIG, A1
XF TR X—IER, EEH “BRAM”, “PEW”, “PW”, “KF” EH
SRBETEHKR . BLRRMALHENNRE “KN”, HARMRXE “44%
7, RERBHUFEEN, BEMNZEARETHENAR, BHERXHHRL
FERME. FTBENYE, REEENEVERNPETETH “SoBH". B
BEMIASHRRE RN ARY I UREAFHORERBROIE, TR
BRI IR R L SRR A R

Mo, BAREHFEREHNZR? X0 ER e, ByRY
RERARFGTERAROEEHAZ RS, BRSSP ER “RBE” k#&
BREMIAZE, B0, LIZEHN—ALH, ERBOEENALETERHE
SHEE. HnREE “HERE" XMENRS, BRELERENHRE “%
HRBENEER 0.87, BAEREHRKS (Ehx) BT “HigRENE
BH 0.8, BIFEN u(x,) =08, MUREBEERMELE x AR THREN, B
AR RIBERE x BUMRHERRBERY, THh u(x) . EHE0< u(x) 1P,
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RIUE T KETEFMBK
3.2 M PID E&1EH

RIEIZHIRA A PID 4R, BHIRRBRLERE. TEEERS
PHREMN— RN R (L. BH), BTl A ST AT R IR 12 HI 5 s %
FHERMRANMIGBRIELR, B —FH RIS 5 R 5 202518
T, UHRE R R s8R .

BEMEBIA B THSRE, EFAREHEERNIEER, KEAUMIA
BT RERBEENEHE, RUAFTRENEEYE, EEFBEEERARA
o

SHTRE, BWIEEIN PID MASRRAESMENERTR. HTES
PID MBI R B4, AITRE TETHHAN PID SR EENBEFIE, W
BT RSFRIIE SRR, BEEHIE S E T

(D FRREHRAAFENERENROBHEEEL, AFERUEY
BN RHZR IR K BRAESEE.

(2) ERRGEERMLE, ERTRUENBHEUBROIELYE, HER
e R MZ I E R

(3 LLEFZXERBEEANEERE, HSTHERRERMN “iR”

(4 EHREERA “THEREE", BEIEEHANBRELRE, BAMA
TANZE, AMESLEERAER “KHE” R4,

M ERIG AT LAE R, BHEHEE R KSR BAIRBTIRHN. Fit,
REHMINRAELBRATIRERBBTIEAEE, RN,
FEMER EHRIRBR AT RIS RE, MAERAREM PID £HE TS
MR

3.3 EHIEH BRIt

ERZESRE-RHAAAMEENZR R OESANBEHE, BHRFL
RABFMITER R R R R AR RS, Fit, BHEHSsN
RUEFRBEX ERFLE—REEHRTFET Y, HR, HEMSHRK
MRS, MIBETUTAREERITREA:

(1) BERMZHBOBMANRLTE,
(2) WA RMERISREZEMAN. SRR RROEHRANREREAMIET
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BB KETEZi0 X

HIEHTES, TREKFREMBINEHER. MABPESLIESE
EMBE, TUIRAFESRANFHESMN LA A SEEE, NS
ReEHIMEN. FEIBETURLEFEAMUER, W “HBERENTK,
HIZER W EZRWE A KN, #EHEANIEK.” SRMNE S :if E=PB and EC=PB
then U=PB, B AEMIHEHIMMAEAR BAERBIERE EMZET EC HIRE,
BRI HI B WRE, MERERERSE D,

(3) BIBERIEERM KA E. ST E N EL T
B RRARUBEHEEN—MENTE. SN TEOT B S
%, CHEERREBNHERXMEM FESRA—ANEE, X—IBXHFHD
REB. BHEERIENENREBLET S & MN-MAX-E0%, R
BR-I-EOu, EMINEREE, REREEE, BAREEERR T
PEEES.

EXFNAT, EHEENRENLIHSEEREZERE TR, 2
RN REMABR - MEREHR, ERHEETRERESEMZENT
WEZRPEHEHER,

3.4 2T B (Fuzzy Logic Toolbox)

BEHZEBTRAARUTENBERHIBRAZRITHEHERRE. TAER
HTERNREEHRERE FIS) EAMIT AR, W newfis. addvar.
addmf. addrule. setfis. writefis %, BEREZEHH FIS. %4 FIS A
ZE. RERE. AN, REBEMSIERERE FIS S8t. APTUAGS
ARARERHEH TR ERNREEHEE RS, TAHTRMET UI(BRAF
FH)FERYE, FHCHAPTURERNRERERRSE. EAFBEAAAR
T, BHMEBTABRMT AN ELANTERXERAER R T HEBEYSSE
BHRS, NS,

(1) EMERRARER: ZFRERATROTRNEFEMEE RGN —L
EXERE52H, WHERENER, WA, AHTENAIMBELR, B9k
BREMEKR, BEMTES. Hd, EHEERETLUKA Mamdani 3
Sugeno FAFFKE!, MEMFTELERARBEL. PAKE. MFYESL
Fre ASUCRAXGEA BT ER I ER, mE 3-1 Fik.
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RXBETRFHEFARX

| =) FIS Editor: wms

H31 BREERSRES

(2) RERHRER: ZRE[RET - MPREFHANBERZELTE, H
RETMESEHRERATHEZRENNMRBREMANXR, MREH
R, EE, URBEANE. RARKHRBREFE=AT. BF. BIE
Fzh, wATdHAPECEN. JKXC%FFJEN?%%EE%I 11113 2 B

A =k -1-..I||1rlul ( ll on Editor: wm: T _:'I]""-XI
m_,-m Viow
FIS Variables Membershp finctionplts _ Plotpaints: [ 767
HB ™ NS 0 ps oM PB
.,
Iy

u

E
EC

-1 248 08 04 02 o tz 04 08 08 1
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RRE T RFEBEFARX

(3) MMIgmiE 28 Bidixgnig &R FEE “IF-+ Then---” BRHIEH]
HEEN, Wi 3-3 B, FAZmESETEBEG MO BT IER T E,
THEABNSESZRAYICE, MkitE ATEIREXNERALE
MR ESZE, XRERRELT RGeS 55, TS
MMERESE, UEFTRMNEIMRA . FCFETHERMNE 49 FEAA
Fo

lsNS][‘H
[E it NB) and [EC is NS] then (Ul is NS] (1)
(E iz NB) and (EC is 0) then (U is NM) (1)
(€ it NB) and [EC is PS) then [U = NM) (1)
{E i NB] and (EC is PM] then (U is NB) (1]
[E is NB) and (EC iz PB) then [U is NB) (1]
(E is NM) and [EC is NB] then (U is PS] [1)
(E i NM) and (EC s NM] then [U i 0) (1)
[E s NM) and [EC is NS) then [U s NS] (1)
[E Lthen (U i NS111]

B

(4) MMMEBEE: ZRERA T L7 & FARBAIE BN R 00 50 A &M
HENRERH, WE 3-4 iR, BdfEEmAE, LUERH SRR
FERIRN, LARGE IR HEE 1S B A N B R AE, DU XS R AT 8
AL .
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E34 AHEE
(5) REMEE: UARBATFLROA. BUBNENETLE, H7

BERZRMMZEEAEONA, ETHP N OEREERLETES
AL,k 3-5 FroR.

J Surface Viewer: wms

3.5 REWES
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RNBIRFEMLFMRIT

3.5 HEHMHEHI BRI T

MREAT IR, BdARSNETHAE, FRIRERS EHERHET
K, BEBINREAREZLRRZAEMEEE, HEMEHETELE
HEUREE R AR, RAME RS U LE AR R B R B,

AR FE R ZEEREHE, HRATESFIAERE ENRETL
#EC, MR Uy HE IR R T (g1 U (M et g g ke B
A1, 1], BAK kn, 4%-E#4, #%%{NB, N\M, NS, 0, PS, PM, PB} (&
AMRBHBK, RBKR, b, A&, ED, EBEX, EMRKX): EC HEXILSE
Al-1, 11, BALA kn/s, 45 K4S, #%EN {NB, NM, NS, 0, PS, PM, PB};
UREERRE R [-12, 12], 5 K-LH, @4 K% {NB, NM, NS, 0, PS, PM, PB},
EEENIRBEINER Caussnf REERE, EHIMMIEA Mandani #HIHLI,
ETEFRLHLR, B2 FIEMEHHN, K. BEEEREES
BRI HIA R IR (R 3-1). BEMEAE .

*3-1 MMEERFRBHEEIRL R

R NM NS 0 PS PM PB
NB 0 PS PS PM PM PB PB
NM NS 0 PS PS PM PM PB
NS NS NS 0 PS PS PM PM
0 NM NS NS 0 PS PS PH
PS NM NM NS NS 0 PS PS
PM NB NM NM NS NS 0 PS
PB NB NB NM NM NS NS 0

if E is NB and EC is NB then U is 0;
if E is NB and EC is NM then U is NS;
if E is NB and EC is NS then U is NS;
if Eis NB and EC is 0 then U is NM;
if E is NB and EC is PS then U is NM;
if E is NB and EC is PM then U is NB;
if E is NB and EC is PB then U is NB;

------
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RIUE T AT A Y
3.6 PID #Z#Iz& it

PID ZEHIRELRAZHE R P+ o BB —FEHAR, EE 2N
HEELFEFF. PID ZASHMERZHIEEERANZ®E, PID EH2T
NTZFEHER, BEFTRENSHEETTE, ETREZEN PID 258
ERX PID SHBEHTEN—FHEEHRTIRR. AXHX=ASHENTE
MUK BT R E, RERILNABIMAERRET.

PID #=HI RS SIMILINK & ERm A 3-6 Fro. HHIM R AFERMEY
HERE 7, EEEEIENFEE (RATREEMERRE) REEMAEE.

PD (¥ bt >
Bir{E ‘ ik

B% ¢

& 3-6 14K PID BHIRSE
BT PID ZFHMEMTBARERNRFUWT:

ult) = k e(t) + ki [ear +E, dz(t’)

(3-1)

H AT LAM R PID 42583458, @ 3-7 B,

>

P

Pl e

| integrator

D Derivative

3-7 PID #ZHIBHFHER




RNE T KFMASEA8

Xt ) PID #3558, BIEI{3 5 3- SW‘H‘JS‘TE‘*@ —

Blurl- Parame rPrs l)lRl’tF‘tP PID Eontroller
T

in.'?ﬂl Controllir Gm:k) (link) -

]]érn'at ive gain (Kd):

H jo

T;me constant for derivative (g):

| Jo-5e3

f|on it Cipper. Towee 1 5

| [ies 18] — B —

B l}utput ini tnl wvalue:

b |

I ;_.Sup‘le time: st
- .

K 3-8 PID #3240 B MHEE

H o Proportional, Integral. Derivative BUA BN BMALEIK, £,

SAALE. BRaREsRE, TNRET PID B4 B =A LA S
ﬁoMﬁﬁ%Eﬁﬁ\WEEE‘%ﬁEﬂﬁﬁﬁE%%ﬁE%%E,h\&\
k, BITEFRGNT : (1) Lo R Sk, AE I R IR RGN RS, R B ALY
FE. k,BK, REXWEMEESYE, RENBTHRERE, B85~ 4E8H,
RERXFERAFEE. b, REDD, WEBRRATHEE, EmiEEESg,
KHTEE, EREAHE. IERUEET. QBRI R$L OERARERRES
RS RE. MRRTEE L K, WRASERT, RZMWBSERR. BAL %
BIgHRIBSRERTRE, EMRVNER, REREE. Q)Mo RYL, MEA
R ERZGNENARE, A EREW N ITFE P 3E R Z R 4L 7 2
, MREZNUHETRATH. Ei, 3K, SEBNIERITEE), WNTEK
AR E, TESBERENA TR, PID SE MR E VLI ERIEAR R
ZI=ZANSHHER.
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3.7 RE/NGE

FENMBTEMEFEN - SRS, BTN RERR SRR EH %
RITNEEAR, FENFTEMSETAENEIERNER, URES
FERRHTRMESE. BE, NMETES PID ZHEE SNEFIRN®RT.
T4 PID =6l AR ENEB BrE, HTIRENR, EREHE
HRAK, ENEEBHTEFRFREAENTEE: MEMESERENEE
HRERK, HTHENHES, BdERE, BRE), EHENRULEES
B, Qi ERHERTRESERER, TUXHEBRBENERMR. K
BEHA B THRER, CHARERHERNZISER, KEAWmMIR#T
HEERBSENEFE, DMEFRENE#EE, BEEFREETERRAE.
SRR, BEEFIM PID 4 & RERZEHMERNTRTFE, £& PID K
FIREREEE, W3 T BRIEFEHBR.
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¥4E SEMFWIRAREERGERSRL

EHEMTAREHRRETEGEEN. £3RE. BAMEBEE, HHU
ENFERERBRAEE . XEERGERTERAE RERROR, X HHT
RU—BRIEELEARFH TERSENEERREHSH, E/RITETH
FEARIE R A BAEMRE AR HIpEaE® o 0 B mR em B,

4.1 WHTR

BEMMHAES, AXEIER T B RR R R R
B 07 R R A AR 88 . — /N RS HIRE NS A0 BT 1 RO
%, BRERATENEERTN:; F-IPRERIBREIEEH H’Jﬁ*ﬁﬂﬁ
1%, EOEERTHARER. FaLEREREY . BEE A4, .
BEL H/D LUR#53E PID S48 M =Mkl RE K1, K2, K3 fuiggs PID PE%'J
BOSABHRERKS . K5, KeENSEARHER, EHARRERN:

X ={x1,x2,x3, x4, x5,x6,x7,x8,x9}"
={V,4;/A4,,H/D,K1,K2,K3,K4, K5 K6)" (4-1)

4.2 ZHBFRE

4.2.1 RFMEZEE D

MTEMMS, REMER —TIEHEEMMES T“ﬁ, MENRREEREWE
MR N RE. BRERT, RIVABERY, _A’ VR BAARI LR

SitkgE, B#EHRE PC= Ny Mo Mg - nsﬂéélijﬁﬁ‘&z[””“”“m” AT E,
AT EEERMAEERY:

P

1 1 Ny 770 Mg s

(4-2)
Cc, PC S

sP =
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ALEY, Ce B—NMEEHHRET, BIFTMMERMRS RIBREH UK
BERNS, EHit, TTURRGERENE, WERRER:

PE
f(X) C ”H ’70 ”R '75 — ZPS (4_3)
R N p?
A
A —-- HHAR, BA=M.g
M-—— W B R E
g — ENmEE, &R g=9.8 w/s’
Vo ARARH B AL
Pe et on
Fs emev EHA IR
Ty —— FREE
B MARE, 5, =L L
K, 2n

Tr ———FAXHESE M, A ICER 77,=0. 982,
Ts ——ShREENE, BHEMn, =098, FHEMny =097, X+
KR B RIE AL 5 B RUAE, 1EHX 75 =0. 98.
$RA B BT I8 3K 10 B A7 R SR AE Bt B AR B £ (X) B EIR AN, £ P B
A, TV 'K, ABUAKR, TLUAAR—AEE.

4.2.2 ZFMHESSH

FNREH ML I ERIERMAETE, FENNEENRBEEE

B/, XB, BITRASNEESETANENENRBEESEEET, .
b =2 (4-4)
AF: BARNGHHEES PBEEEE (kg/h) , B=b,-P., b, A%
PLIEBRMERERE, P =P -n, 1,15 15, V HARRANE.
BAreRBUA:

h(X) b 5 b P nH 770 ”R 775

- (4-5)
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4.2.3 REWREL

—RERT, BFEZNEHFREE, FEMBCKMFEEE B BRRE,
EERBHEREERAEE, MEFERKRE. WEARITREGHREEN
Lo H Bk B RREARU TS ERRE, BRES:

F(X) = f(X)-h(X) (4-6)

4.3 HARFH"

Of T &4
AT ERAEE ST IME Vs, BRERFRBMERES T, %S THE
VBt HORBARE A R, BR:
T,-R=(-1-t,)K, 0’ D* -r -V’ =0 (4-7)
@4k
EIERKHEL T SENERD . BIEREEN ., MRV MEREK W

REFIMTRR:

-8y o (4-8)
n-D
OFKEBER T WHIFAF

B M BREL 4,/ 4, DAKTFRETREAESHER N B NIEH
(e / o) | gy,

Al Ay 2(Ap 1 Ap) min (4-9)
OREESHHRELEREHTEEAN.
T ERLRFM, aTHERHERERSANER ERIERMN, FT
FAAREZMHRINHLY, MR TFARERAREN, FESRELIENS
BRAE BRI ERRE .

4.4 RILFAE

AT ES AR MBRARAME AT RO TN 5%, RUBARE
EATRBTONA AN, RUTEEEHER, FANMLEEES
feBE. EBMEE . RITHES LRI B T A ™ o0 59 0 7
o o 0090, 3 BRI H AT 1L
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4.4.1 BENEE

BELNEENEEE EENNFESEE CHEAEMRN. BREHA
M=, PREE, BREAPLE, BIMVEVNAZRKERSIICREE
AN SEHAVBRENFIKERT LR RARXE, BHHREE
BEEE, YWANRAYBERENBSEREREE. EENHREEEN
ARAREENEREREENBIHBRENRBRE, TaTEBHSNRE.
ERABAN, REFNBEETATAHEEFECHEKE, ETHERES
FEHRIPREFER, BEERRZENBERRIT. YRFERN, BT
EHBERERS AT, NTHIREE B, EEHshBlEBaEsd
TREHE. :

NEGE, SEEEHEE, EXBNERERD, ASERRETRE,
BEZRGHBR. (D AEEVN AP EELFZZRPREE, — M SPRE
FE5R—AFENFRESHTEETREEREMERELARE: (2) L&
GBMCTERN, EREERYE, THEBRERTEEIREBNRE,
BEEFREIRREN ETR, £ER I RTEF, THNERKH 7IE; (3)
REPEANYANM=ZRREFAEZTARERS, Bl SR8 k5%
A RBHNRTRE, TEBRTRERE, ERHOTANEEE NER
ERKTEANBERBEAUEENNRTIORS, XHEEST 284, BR
TRAEREMRE: (4) YRAFEMTAPLLRREN, & REEREZ
FEN B RWE, ARESIEREARE. ETLARER, AMRET —HFK
B BENNERBTFEREE.

4.4.2 BEE%E

BERELZUINEZRAFEN MR, BHEHRET HIHLELBEN
TREMABEHIRE, H&FEN: SMESEER. RERBEIE. B985,
AR E. BTRERENTEHEMEAUZSMEABANUETH, B

BREZESBE—AME—RMEEX, BiTSH 8 E U F0E R R 3R
MR
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HNETREM 2R

1 RAERNSR

(1) YMERRESRERY FMN%AAERELERET T S HHEE S
B, ERAREEEREEN, MINBAKENEREGDEIEBSE M
#. BREERIANAG I ZEENGEFEEERL VSRS, WRYEESE
— R, FERNERAERETURN, B8 K E0ELE, ©
MRERETEHE, NEZEE. K2 TE, XREZLM “BENN” .
AIFIRZX—4tE, TTLUEE R OGBSI B E B Z MM E.

(2) AMERNRS BRUTHEESRENARNE, REHBLELE
FERIITFZH, FEENESHELRETFH AR GALEE.
EARIER S| FRAERENGERE, BEB8TFRELERRRES. B
YERE®I B 1,

(3) B3 REEIE BARSFRHEHE—CHERNELASH
MERGE—FHE, ETEREEXTERXTX. THEHBEZEHRTLE
BER, ATREGHA,. BRSHEHEALHTH.

2 BN EENK

(D B BRLTREARER BER ARSI HEREYEF £ RN
TH. BERZEARMREEGRRE, SBEELX. FFEREHNEBER, —
BRERFEAEEN, MATEEREN. AAXNNELREEELABH
HRR R, BEXNVIESRENERRE.

(2) HHEHE SEERERKIE BT A LA T AT 4 gk
R. RANBEESHERT LS ELE. LML, HRAETHEERKRK
ARRRG|FH EAEUES.

(3) ¥iEH HRFETREN, FRALMSTEEEER L. RSMT
ARABRENARMAREH TENERTEN, XERLEH5 Feigenbaum
EHAREKR.

(4) IFER REAZR-HTBAPHOEFS, BELRERN AR
g1, GELRERER. AESETENEEESH, WTUMNRRAIRE
BEMNTFEHER, FURERERER. B4, BESHITAEEERT
HEHT AN LRSI, mEETh®iE. FH Lyapunov 4E 5.
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RXB L REMLFA X

3 RAMAEZ

R EER—MHNERRERNUEE. EEEXFRAZEEAKF
BERRETEER, BRIERERREEHNESAEHT, 5REEEFLER
REZHEUBYRBRABAEZAL, EESTERERENRE, BREY
Z2H. BRERAEEFE-RE, WERERRRAKE, HERERE.
xR, BREBERUEEURERMEE DEM, I MU
BMERERXERELAR[FANER, FAEIHR ZRER T RICRER
BERE.

4. 4.3 BIFEZE

BEHEE (Genetic Algorithm, XS GA) RETFHURMWREREER
FREI—FARN AR, BRKENERSRAR TS, Bl EHE 80 EAF R
- R, BTHENAENHEERENAKRE, UK A XSHMERAMEBRT
BREMRE, D ZENAFZIESE. 5EEMMILTEMLE, ERFEE
FAR 8., TMKBTREMEERE. 2RINENESHS. NEENERE
AR, BEEEN—HEI=EHVIGEM®, A “FE (Population)” , FF
HEEIR. BEFYHNEMNMNUAERAEN—AIB, KA “REHE
(Chromosome) ” « FBAR—HBHKST, Hn— M _FHFHE. ILELEHAE
JEEE PR, FRAEEL.

EZ—H “EfE (Fitness)” RKMELBEMTFHR. R T—REAE
# A JE AR (Offspring) « FEREREHAT—REEFB T EH (Selection) . X
(Crossover) SKE R R Mutation) BEEKK. F—RERT, RE\EEEHKD
EHERIER, @RESER, ARFREXIDIEFTH. EERNRBEEK
EFHBERE. X, 2dFTRZLE, FERATRENLEEE, BRA
BE Rt 2 o) L ) B LR B IR AL

AU, BEFER-AEMEYRAMARESH B EE, FEHERY
BUEE, ENEHAEAEME—K, REEEIREEFENLEE AR,
. XX, ZREBRHEVENDE AR, WEERAS—#F. mAXH
REOBREEEERET RN REEEERFEMITR TAATHA T T™

159 [60) [65)
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RRE T KEREFAIRI

(1) %#5

PR, BEEEPHICIERBIERDYEIER LM, SENTHE
ERHREMERR OB EEEERRR. FEFTREES NE S RD
M _HHIRERM, R _HRRONE YRGS, —RHESIREH
FRBRmERENR, WG, BIRRERE, XX, TREREREFTIN,
EEABREBE _HVRESERRRELERRETEFOMESEE. ETU
EEE, FRICRAZ#HHIgHE.
(2) &

EERLNHNUNEE -, E¥EERETHAETIRMEEFZE, &
KRB BRREEEE. BEAPRUNT:

(DA EEA LA v, (i=1, 2, -, pop_size) KIENE eval (v)) ;

(@) HE B BB = 3 eval(y,)

=]

(3) IR v, (=1, 2, -, pop_size) IEHHE pi: pi=eval (v,)/F ;
(4) HEBAREIE v, (i=1, 2, pop_size) WRBMEE qi: ¢,=Yp, s

XD pop_size K, BREBTEMFEAFTEHEEE /LA KT
é%:

(D FEE—ANEXE0, 1JERHBIESH T,

(IDWRE rq, EEFE—ALENE (v); FUREME < 1 < ¢ HIH
B i AREE v(Q2 < i < pop_size ).
(3 X

R X (rossover) RATF AN XA PRI & 4 45 #9 hn LA B 3 B 48 T 4 AT A
BI8fE, WHRERNEL. EAMBMNRITHBET —REEHOME, BB
ARMSHERERE, EdEARTEE, EEEENERENS KT
. BEEANTNERREEERBFRRNMNEEFR. BEREH—A
EENBERMELNEE p., ZEZEHHN 0.8, WBREARTHEHTETH
PEBAAN R pHpop_size.

ET T HBIREHBEEE, THTXETESHEARN. BAXXHES
X
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RREBTRFMLEAIRT

a. BAXX

BEERAF, XA k BFEE A1, Nvar-1], Nvar 3MNGTEHE, &
ZRASRHAELHEE,

ZRMTHEAD 11 NAERRAE:

KAMMEL1 01110011010

RAME2 10101100101
TXRPER 5, XXEERBNTIME:

FAMEL 01110 100101

FAMk2 10101 011010
b. 2RAXX

MFEREX n MEXME K TEESRYMILE, 25X AZ AN R REHM
EX#H, FEBMFNER, BEE—HEESE - EZAG—BI M.

ZEWTEHEA 11 IR MAME:

RA4ME1 01110011010

RAMK2 10101100101

XX SHAMLER: 2 6 10,

X EBEAFMEA:

FAME1 01 1011 1101

FAME2 101100 0010 0

ZREXXHBEETEHMSETINLECARTEANE S EAES
TRENFES, TRATXMBEAETURIRS (HEE, TAR TR
s, EERE M.
c. BEHXX

BRNLaXXHEXE/METN AL RAER. HOIXXEM X
W, BENREBEAEBENTN A, BT 5MSKN 0-1 BE, &g
FHIFBRE T IR AMER FAMER BT BE.,

EERMTHEANS 11 NXEHME:

RAMET 01110011010

RAME2 10101100101

BEE (1 RRRXME 1 RETEE, 0 RRIME 2 REUTEME):
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RNEBITREM 24X

=Y. | 01100011010

= . ) 10011100101
X ERAFAER:

FAMEL [fuomnir ¥

FAME2 of@i 10088080

BIRXEPTFE AR, TURDZHEFGBEKESS ESBIEHRD
ZEMiRE. ENEZEEREHARENM.
() TRH

BERENZ—NEERGSHERERE p, BABTIHHERNY. B
MHEFFERAFINE—NEEHSONSEHER, WM 0 3 1 5EM
R, FrL# T THSE:

() #EXME0, 1] AFE—BEIZESRH r;

(2) MEXEHILHEPHEMEEEMEEEFHIENL, MR rp.

AR KEERE p A 0. 15,

(5) ¥MHBMBRITE

ERBEREERTRATEN, WAREVNHHERENMEENEE, &
MEEGTREBMER. EERXEHNEEY, BE—RABNBERESA
MERIEE (fitness) « HXTEME (rfitness). BFEME (cfitness), XA
HZXE TR (lower[i]) . I BEETE LR (upper(i]). EFA (gene[ 1) A
T
- (6) &fE

EBEHET, &EE Fitness) B—IMEXEENEE. WNTFEARMILE
B, BEATBChZRBAMRALERE. BN TFEARNRLRE, ESERFA—
ERZBERRILEFE. BRANXANEAEN. i, FREETEHE
RI&EEE, THARRLRABEEMRLTARMLDE. HRBMLETER—A
AATRENHERARENS, MERBENMEEREAREY, ELTEEBEFEY
BARE . XBE, “Yfik(Chromosome) ” i “iE{H (Fitness) ” MAEFH Y
HEE, —&i% “% 4% (Chromosome) ” % LA RBEE, ._;%1? “Hefh tk
(Chromosome) ” 44k B 47 i $({H .
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ENETKFER AR

(1) BrEH A

WERMNBEEENBRIE#TRENE, SEACHBREXTiEE
B, 20 tHE 70 EEH, De Jong MBEEEHT T XEHBMESER,
BET—ANGER, XTIEE 50 3 100 B984E, 23F 10 3] 20 RBEK,
BEEERURBHRBRIBRIGELBRLME. XANEREESTF AN
FEE RN B E WAL, De Jong TIEH, FPBMHTRMERELE 0.001
MHER, MELEEHEERBARTRSL. X, TURE—AIRKIERK
%, Bl 300, FHAABELE] 300 REPFTEILEM, AREISE 300 RFBEFH
REARZ R BRI ELFERLITES, HIRETERERE, TR 10 /£
H— T ERRBRA, FERUTEHZRMEENTE, YN TFAE M.,
(ATEA 1. 0e-5) B, EMAKHRBIERMME, TRAIEILEE.

(8) ETIRRE
EIRARASREEERARNMULHAEFREROBER, AR LEEET
EINATATRBARBDEEUATHREE. EREEEP, ETNBRRAKRE
BARKFEFRFHIADTITH, 585 BT U AT 8 A 7T 4T 48 B i 3k
BEBNE. BENRENTERERUAR T —METES p(x), NTEEEXR
MEISRERREIIBTANRGERE. AT AMBES ETTHIHE
REETNATITREAPET XBIEMA: a7 E A THE AN TR
ETRARTTHN “RE”.
T8 A VR DUE IV FE R 3 (51 B AR R B0 AR HR 8o 3 Bt ek A kot AT
RBIE, TUBEANMSHEANERLE, EXNBEEEREERWE
4-1 iR, BAARSKHLE TR
Stepl: ¥J#Afk. WEHMARLE R, REBAHLARYE, ENERMEHE
AEREEE

Step2: MEVEH. HEBEARENMNBHENE.

Step3: EHFEZH. WMEHE FIERATRE.

Stepd: AXEZH . BAXEFIERTEE,

Step5: XREH. MERHEFIEATEE,

Step6: BALZLiEF. XX, BREEZ EHAT—REHE,

Step7: #ZIFZ&MFHINT. = N, MR Step2; # Y MLl EHFEZIHA
BERAENEHMEABRRER Y, FEILETE.
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RNEIRET L FAR

RIS TNV ER B AL AL

GRARE 23

‘ESRH

XXE%R

PR B — A

HAEFNE?

B
Bl 41 WS EEERER
PR RS EIERE R AR O SN0 ek Pty LETREE, P(t-1)

procedure evolution program

begin

t+—0

initialize P(t)

evaluate P(t)

while(not termination—condition) do
begin
t — t+l
select P(t) from P(t-1)
alter P(t)
evaluate P(t)

end
end
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4.5 KE/NE

FEITENETHERTAREERENUAEF BRI, FIET=
MERMRKFTEREREE. BENEE., BEEE, IERTHEEEEER
AR EL. BE, RIETRAEHERZE, SIEFEYV , &8
b4, /4, SEEELL H/D UIREIE PID BHIBHN=/MESIRK KL, K2, K3f
1255 PID BHIBH=NMEHIRE K4, K5, K6ZFANSH IR HETRE. HK,
B T RMATREENSFESEEERE M H BiFRE, REHRAC,
KGR, ER—AGEERET, BETHEMEZRRS R BUKE R
h%: ShHEEFENESFHEIEREBRBATNE, FENHEENRBEE
BR/D, BINRASHEESTANEEANRHEEAGERT. &5,
AL FREF M, BHFEEG. EFFEFHNNREBRETEY
SUEZHENAES BARRENAREE. BF, EENMETREFENE
(35 RVE R
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BB RFETFARY

F5% HEERESH

AICEMEREEM LG, RABEFEERBR NS BIRE HNEE
EHFEEEHIE PID AWSEEATIH, REETEMERIBE TR T
EHEEMTIRRORIERITER. BE, MU T 5K PID 45 5% PID
EHIRNEZMBER, FHXNERETT .

5.1 EfIEASH
ASCHEIHA R 1000t MERM S, HERESH R 51 Fiz:

x51 HEUMHERE
HKE t | K&Kn | MEn K m | TREEEK
1000 71.92 11. 214 2. 697 0. 448
5.2 (FEERSH
5.2.1 LR

NFERRERMAS, BENEEMNRULERWE 5-2 i,
£52 FEMMBRARELR

Bt TR

Vo (kn) Ae/Ao H/D | Kl K2 K3 K4 K5 K6
+ B 40 0.8 1.1 {20 ]501011]| 401150/ 0.1
T B 39 0.6 0.8 1081 201/005|25)|501]0.05

MFERERMOMALRE, RINTERBEEERHAT. b, HBEHEY
KPMERWEFBARBRUABE. WREERRKED, BFEBARHRL
RMEEE N, WREERGEK, WeHAXENTENAE, EREER
%o moh, BEREMNERR EFEABYE, BRERIFNREMERETL,
X BB AT LA T, AT FA N RERT R B 3 F AR SR
WiEF, B S ARFHEERY, YHHHICE 100 4, BEAKN 30 £,
A UEEREEMEF N RER—. BRGE 1000 B, Fis—ERIESR
mk 5-3 Fizr.
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RNE T RKF 0

*x53 FRAMBHEREN—4LER
Vo(kn) | Ae/Ao | H/D | Kl K2 K3 | K4 | K5 | K6
| 39.931 | 1.0852 0. 7935 1.1 3.5 | 0.05 | 3.0 8.5 0. 05
A E BAREREE S 0.59812, ¥ LML ERTATEES, HITEE4R
ﬁu 5-1 Eﬁﬂ_-_\.o

- o] x|

85 P PP KEE O 5 -

A 51 REEMRUMETHIHESR

B LB 5-1 aJLLEH, M) EARRUEA 39. 931kn, SERALE KB E R
42. 57kn, AR W BN 2. 639kn, #1285 R 2] B brAUE BT % AR (814 60 BRA A .

AT RPMRACE REGEN TR, & BARAUE Vo ZERLEE EHERL 451
bk 1kn 2 2kn, HERHZBERFEATHITHE, KRGk U EER#T
th. HFEATHEIBRRENE, FEERGESR P EEUpis, &
P B R OB — R BE KRB E B E. EEREN:

(1) BE##MUE Vo=41. 931kn B, & BFReREEN 0. 3901, Vs Fl Vo-t BH& N
& 5-2;

(2) B #7M&E Vo=40. 931kn B, & BFREEMEN 0.2625, Vs Fl Vo-t BN
K 5-3;

(3) B #7MUE Vo=38. 931kn B, & EFFEKEMEN 0.0945, Vs 1 Vo-t HLEH
B 5-4;
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(4) B A& Vo=37. 931kn i, 2 HIREEERN 0.0371, Vs Fl Vo-t #iLkA

—lo] x|

8B L2 L

53 Vo=d0931kn WA ELER
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RGBT REFEFA R

<} Scope2

BB O PP ABEE

_Io] x|

1 3 i §

23 55 Vo=37.931kn "Hj;ﬁ*jﬁ?ﬁ%%

50



BT RFMEEAIR X

B 5-1. 5-2. 5-3. 5-4. 5-5 FRILLFE H, BEE BisAiE Vo SHEELH
HE V0 ffEiR, BARREERCRE/D . REAERERKIRED, EHRRRE
R . X ZERMOMNE REN SR, T ITHREREER.

5.2.2 IBHELER

AR — AN EZBARE S M — 1 B HE(E S B E 77 R BRI KR
F#, FEREHENIEFREARGTFRE S L BCEHE, HEER
mE 5-6. 5-7 Fin. MET, TIESHR, ERMAOWBEHES 38 7, 17
KHSE)% 1000s; 7ERT 300s Y, HWARE, H#HEMEZEFHAT, LH—M
EE] 40 THITES, FRMZELS W0 EFAEETETY, KEREMT: 23M
173 300s B, BR|—NPRIRETFH, GH—EEET 39 WS, EEM
ERe K ERAUERTRY, REEAREEBMENRE TAT: 2k
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