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ABSTRACT

Energy saving and consumption reduction is one of the most urgent mission in
China nowadays, the mid long term energy conservation plan and the suggestion in top
10 priority energy conservation projects of "the Eleventh Five-Year Plan" of china are
worked out, for pump is universally applied in almost every field of the national
economy, and it is a main energy consumption equipment in our country, it has been
included in the list of them. The pump efficiency which can be improved by hydraulic
design is limited, whatever, the energy which the pump consumes could be greatly
reduced by optimizing the operation of the pump. The variable pressure achieved by
means of the frequency converter transformer which was suggested in 1990s have
attracted many researchers in the pump field recently.In this paper, the mechanism of
the variable pressure operation was analyzed, the research on the control strategy of the
variable pressure water supply systtm was carried out .The main work and the
achievements are as follows:

1. By analyzed the mechanism of the variable pressure operation, the water supply
system in which the variable pressure water supply used could be divided into two
water supply systems: the law of water requirement is known and the law of water
requirement is unknown in accordance with its different progress. The operation
principle, the energy saving effect and the implementation methods of the two
categories were studied.

2. The technology of the variable pressure water supply in the system which the
law of water requirement is known was used in the variable-domain precision spraying
at the first time, and it has been successfully overcame the shortcomings of the high
energy consumption and the poor versatility which was behaved in the variable nozzle
technology.

3. Some research was done about how the variable pressure water supply could be
realized in the water supply system which the law of water requirement is unknown
according to the analysis result.There is still some energy-saving potential in the water
supply system if we realized the variable pressure water supply by keeping the pressure
of the worst adverse point in water supply system constant. Actually we should adjust
the pressure of the negative point in water supply according to the flow; that is when the
flow increase, the setting pressure of the negative point in water supply should be

increase according to an algorithm, in that way we can save more energy. So in this
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paper, the new method called transform the setting pressure of the worst adverse point
in water supply according to the sub-flow section was found, in which the flow area was
divided into several areas, in the same area the setting of the pressure value was in same
value, but the value was changed when the area changed, which was proved useful in
the water supply system by test.

4. With the help of the virtual instrumentation test system and the MATLAB
system identification toolbox, the pump water system model was studied. Studies have
shown that the water supply model can be replaced with a first-order linear progress
model when the load was small. Also the model should adapt non-linear model to
approximate for its large load changes in the variable pressure water system .So in the
text ,the correction model according to the experimental data was founded , and it was

proved that it conform to reality very well in the simulation.
5. In the controller design, The NCD (non-linear control design module)

method(provided by MATLAB) was firstly applied in the controller design of the
variable pressure supply system,and the conventional PID and fuzzy PID controller
were also used in the system .The simulation results show that the NCD and fuzzy PID
can achieve a better result than the conventional PID which now mostly used in the
water supply system .The NCD had better quantity in the overshoot and the speed of the
respond than the fuzzy PID. But the fuzzy PID had better quantity in the robustness than
the NCD.

Keywords: Variable pressure water supply; The law of water requirement; Nonlinear

control design; Fuzzy PID controller; Simulation
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B4-8 IRKEE 4-10 ERNBERB RS

4.2.2 TRARA

1. SR EEARSH R

(1) WEAKRIE TR M5 Lk

(2) REEA/HBRITRTFN, FARESETKRKSITRE, %

AN (4 B R

2. ARV 858 T 25048 K 5

AR R B RGO B ARG A S8 A K T e, BSR4 A% Y 43 ] A
PN, R CRIATIE RO (7K A J 38 52 B b ) 2 2% 45
MIKIE, KBS EESKER BRI~ ERERS, SEIXEEE PXI PLH
ARG GRLAEHECE PID), MAEERES ZE MR OME, BRARIEY
WA [ Sk B B A . R4 T & 24y, (RUEASSRAR i H A A & F 50Hz.

FR4E 22 TR Bl A4 1 50 K4, € F P 3w Y [ 77 4 0.024MPa, 0.018MPa,
0.013MPa, 1 0.024MPa J BAF| SRSy, BUEM RERIE S . Wi s i
B A5 A 4-11 Bk



I HEKFHREF L E LB X

20 1 o purpcharader ¢+ systemcharacter
18 1 5 0024MPa + 0018MPa = 0013MPa

QMM
B 4-11 FEREE A T HET4
3. ETHmERELMEKER
BIEE 4-11 FHURMEIRERURBRER: BIIFEMKN: 2 m*h, 45
m*h; @I IFEM/AEA: 2.5 m*h, 5 m’h, ESHEN: 0.013MPa, 0.018MPa,
0.024MPa. $%H 4-5 FREISEI T, MizFEE#ITER. HERWE 4-12 Fis

16 1

141 —v— 0.013 MPa
] —2— 0.018 MPa
12 —o— 0.024 MPa
10 4
g 2
£,
x
(] A//\
N Mﬁfﬁ
2}
0 T T
[} 2 4 ]

Q (m°m)

B 4-12 ATRAREBREEZTHETL

4.2.3 BEFRESH
2T i B BRI K J7 A A A5 K #9977 AT BERE ST o
WA 413 P h—RERARERKES, BdRNKEAAUER:

Q =-0.0382* +0.9168¢ +0.4992
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IR K F M+ F AR LB L

Q(mMh)
- N W s O N

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
Time(Hour)

B4-13 ¥R ARG HHAE

PMBKITT, BATAREE B D Z REE W T RFTR:
&A-2 BRGAT AW ETRES SR

AR Al B RSE

e b WETHRE

y=0.0049Q° + 0.2495Q%  y=-0.0316Q° + 0.512Q%0.4527Q+2.4515 [0, 2.5) [0, 2]
0.0261Q+ 3.5969 y=-0.0091Q°+0.3519Q%-0.1748Q+2.9377  [25, 5) (2, 4.5]
y=0.0049Q° + 0.2495Q%-0.0261Q+ 3.5969  [5, 8] (45, 8]

B AR 3-4 BHHEESE FINEIT I EDRE 100871.0 kI AR, TE
ETHRBRRLEEITHAFE 98484.6 kI MAEE, W 17472386 kJ MR

4.2.4 HkRESH

HE 4-12 W, BT RERZESKKITAREHE 2R AR HAER,
ERAERKT RN, ERENYIRAN, MREHZRKESLX=E—EENBK
), HHBE BRI BRI AR et .

4.3 FEPE

AT EE LIS B AR A4 77 0 T KON AT R I K R RIIBAT
PR, SCHUTEE, WRENLEBHTEIB M ITRRKRIE. 4REH:

() RAFEE B ERITENR A AR RERTAR, EH MRS
B A CAE TG It R P o b P B 1 OV A (K AR A e AT 3R T e 4
X e A,

(2) FMI LA BERFER AR AMES, MLIRE R, LR
AL, BREMAN, BOREWMK, WREMRN, B/ g% B



T AR XKFREFLEE LR

BeFE. A MRASRERMATIERER, HFELREIT, HKLZEMT,
B R TR R RAERE, IR Eft kL 2.
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Toa KRFMEFALE LR

FRE HARFIEHIRE

H 20 {4 70 SEARLCR, BEARMBARKRA N, B3hEHRAR
FERKBATRER A EEZREN . MEEBEAS, TR CMEEREC E A
LRI, ERUREE RIEA E AR EE R, WEEHIHE
AR, Bk, W KREEHERERATR, B% A EH REMRHRM
—EBHKE, Farik A HE RN THKRES. |

BEA, MHEKRAOIERB A RRANEE, —HIEEANBEKRE
WEHIRR AR R . KRG, KB, RRSREEPY, W58 —Ha%E7E
BOHEESK R RGN, MAABERKREN ARRUERERD, E—EHN
Y5 A A BE 5 BT A — B BR B AR P N AR R R R RO IR SE BRI, XL
DU RS FERRL A S5k R HEHI B I TR M4 RIS, B L4t
KB HEEMKTARAFRN, RIEE 2-7Fix, HRAKHRERET, ZE4KS
ZaETREEZKTEEMNK, EREBTHAFIIRER -t =L
PER AR RS AR R B Rl 48, BRE A KGN, TITE—LRR.

REAEAT P EHENKRENEHERBTHR, NPEHE I EER
LR, AR EHKERRAER SRR

5.1 Bk RFEITFIREIRIE 4

RO IEX R APES R R KR EEREL T RGN
BHHRE, BA-XOmleER. EENRE, MASETERTHES, BIH
FRA, R EERRE MR LK RAEM S, AR R X RR
FEBK RGBT 4T

5.1.1 k&M ERRERI

1. K B

FEHKERTD, KtmRELEERLIN. AKELERERNT, BF
EBRIKIBUR, REREYE, SEGETRTEEERE. SEMXEH,
HHER R R R R AP,



I ARFREFHEE LRI

AD,—P,—P)=PV %(%] (5-1)

A p—EHMHOES, Py

Po — Bt i CIE S, Pa;

p,—HEHFRFENLS, Pa;

A—ERBER, m%

V—E K AKBEER (HKREHFTHRNE A RS, m’

O— BT EHMNE, ms.

p—FBFEE, kg/m’.

BRAERI P, RELATESREN, BEBNRERR, WagEBsdhdT

B BT P4 0 E B AT R R A

p,=K-Q (5-2)
Her, BHAZRHK, WLUET Buckley 7E 1964 fE2 N2 R A RPE F).
K= ,1§%0_L5 (5-3)
7 d

AF D—EEARER m;
—EREKE, m;

A—HEEMFARNERE, p,s*m/kg.
BEKFRHREERN, KEXGE-1)ERX(S-3)F
%?—=K,[pi—po—K-Q|Q|] (5-4)
Kb K KEHRE, RTNA: K =4/pl, Q7S 5XKRBERER,
LARREELEOZHO, BOE, RZ, Bfi.
2. PR BRI IR TR R AT
HARERENPATRNEREERETHR (54) £x, BHTERKE

M, AR TEANEN, EKEEA LML, BT RESTE~ER
FE R T %, s AR AL AL Sy P2-3700-67],

Pi =po+Kv QIQl
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LR KR F M F AR LR L

EXPH K AT RS, HESRIITERX.

3. BUKE B R P AR R R E kL, AT E)EE ST

5®ITHER, HEEAEMUKEMER L2, BRERESBHR
BN AR Rt ] ZHE, SRR

p=p,+K, qlq

KXF K, ARTEABGMEDRE, HESEERGEEEX, TSE &
SRR

SZEEHREARR IR, TEHLSE:

%=K. [p.—p.—K-qld[] (5-5)

M (5-5) ATLABH, SERERF HRMARR T, FiffigsEi 23k
SRR, RNEAGRKMENRY K REERIFESETNSER, %EERR
BZIPTREA R, DA R AR, BT 7 7 72 B o0 BTl T 0 —
B, BIZAEE Ay —Br it AR et R4,

5.1.2 WRRER S

REEE R+ ER MR IR M. MIERMHEE n=const if, 25
REMXRMLE, BEENEMNERHESRHEMRRSE, TAHRMHLRITENE
XY, @i MG TEA S REG — RN RN KRG Tk,
BHEUSHM KR =R E AR, MH=g,+0Q0+a,0"+.....

RUOGREEES H=AE5, BERE. sisEMfist. BTaIRTIESREN
FIHBER, MEA—FE.

BRI % S8 BUBAT /K T H st O R ] %R AP

22———&=Ap=a2-Q2+al-Q+ao (5-6)
P8 P8
A ap apr B ERNTERBIMUERE
O— &, m’h.

HRREEEITH, REAUER, K (5-6) TRFA:
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2
Py _ A—Ap a,-Q*+a,-Q- ( ]+a0 (—'L] (5-7
P8 P8 0 %

At rm—LEIREE, pm;
ng——RAEHE, pm.
X G 2R 5.7 RIEARKEKEH, BaT@IMHNAREE RS K
B, w51 PREK G AR B 0T B

o
K
o

£
1:1/—\ 22 s Ly o
. E f o % < —
X Ls

1

[+]
L ]
>

[]

AR R R RN

B5-1 RENHAKEREE
WX (5-5) S HES5-15 Ha-af01-1 78 W E AT E W) MR SR 4512
&+ p’+1+H+h +1dQ
pg 28 pg 28 g dt A
TEF 5%t 3 T T 2- 2 F0b-b W IED AN A2 RE T sl A 55 R T 2
;I;;+2g £;+2;+H +hm+——Q—f'dx
AP Avns hor— B PRKE RUEAE KK 8K
Hy. Hy—RFEBENVAR ESERAEHSE;
Ay Ar—TRKE R GKE H B AR
L Li—BRAKEMLKENKE.
FRAH, AR BIR AR

43



LKA P ERM TR

_ 2, 1dQ( fudx  qadx ]
H=H,+KQ +gdt(fA,+£qA,,} (5-8)

A Hi—FZRENHHE
K—RETHHEIRE. D%E €, RV THITE—€, ZENFE

.
B (5-8) MR (5-7) BRI, ALK HRERAS. Wiy
ARG A IR IT AR (R ORI, AR A — i AR R A AR

5.1.3 BRBHER
BT, ARRENLERIS>REABZMAL BN, RIEZRAEHE R,
HHLEEIE n A
n=60f(1-s)p (5-9

P n—HYLEE, pm;
f—HIEE, Hz;
s— 5 ER, Hz;
p——EHL T
BEKRBIIERSE, p AEE, W2 RN RN BERESK
RIEH . ZRHUEE R AR IX — R, @i Ok YR M SRR AR S BLK R B LAY
THE
AR BT I SR S AR FERRE . ELARMEET, TR
R BT ER R RARN . KRFBEEEL ESHENFHRIEL.
R, AT R THREL, R o) 2R N BN B A R A



IR KREME F 4R LR

A, FEik, 7EARMAS A iR, BERRFEIREE U 5HE f

RIF H .
B E P RSB R SR AR AR, AR R KR 4701,
Jo=~(D+pK,)+ pK,o, - pm (5-10)
K, =2y
n

At o —EFHREHE, Hz;
o—FTFHSAEENMWE, Hz
p— X HL
rr—ITH B FUME TR, Q;
D—EHERY
m—— SRR MWE, Nem;
Vie— B THENBE, V;
0, —REREHE TR LRE.
NTRRGE, HEESHERFHRIEL, MiZESHAE, WEERX
RA: '
m=K, 0, AP Ky H—HH.

B EARAZRK (5-10)0 FEIBREEEZIT T FPEHHER.

o) _ K (5-11)
o (s) 1+TI,s

Kt T, =(D+pKO+Km)/J ;
K,=pK,/J .
3 (5-10) AUFHE, FLEBEE—Bratb iR,
5.1. 4 THFIAIEER

A pas i —Fh s SR M IR BOCR M, ER— BB LR, &
AHEF R A BETIRIFAT .
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AT LB RS, —BRMS TR SRS E (LA 5-2), MY
TSR MA— MR ERSHTT, ARG T8oE.
f A

In t

Bs-2 ERBBHRER
— AR A IR A () B B, 8 AR A 1 AR I T 18 ) BB K AR N () e
A (tn)o PMLHRBARE THE EF IR E po SEERERSE MBI R EME fH 1
B 8]

5
p

t=

MR SCHR[45), RAMAS HI1E 8 R A
_kBa-e™)
f.s

ok AE R SRR Z BIMEE, FAERFSH 0-5V, 0V 5t F 0Hz,
5V XM 50Hz, W k=10.

AR FEFRN ERIE . R e #) Pade IHLUI®), 7T7H

kpt,
fu3s+1)

W BRI, BAARE G R R, B TRERK, A THE
KEER, BAAIMBRE—MKERSE, FHERLEHESEUR, g
SR BFE. ETRAEE T —MUER R ER . Rk TR,
BEHESETRASMEEREE— MR, Hit, THEN—ADHERMNELNE
X —r it R 5.

R B4R 3R - - R-FEA AN - E R TRI, BT H T WIS KM
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EEXFAE P LR LR X

A, MR BE B EER T ANAR-EEPRERE, EIREER
BrEgl®l, A MR — A RS R4

5.2 THTEHKRGERAREHAR

5.2.1 B FRHE .

B ER e B R S B b R B T ik, KT ER R AR KW NL. B AP
BE: HAESFHRECIBRTAERTURANRERMT, BeBT—BN
BjE, REGXBIEABAR, HHICKUEREBIEKERZ RN ST BN
WML, Sl —BRtEE, SEEAFRRES, LREREMERKIC
3 M 2RI R AIF ER R B 2K

HH TR R A B e e I RR A O AR R, BRI B ER, RIS
REHTUERWARFKREN SR RG N, BE B PaaEh. Bk
AR S RRIE I R, Fma R dh ki 5-3 BioRl,

@

Y e e e oo
B 'c

O [tee—T—o=] t
B 5-3 RAGHEN—MREA R ey S B BB i 4
WiA% 3% R BUR
K
= T 5-14

G(s) Ts+le ©-14)

W 5-3 Pron, AVKERUEERETRSE. EWRMENE R D fF—
DIk, FEb i L3 SE ARG R 1, 5 y(co)RAIAS AR Rl dh EROREEN
RHEBEREL T, HREBRREKH

K= y(oo)—y(O) (5_15)
r

A y(oo) 1 y(0) 7 2 i i IR A ERURARAME, r RINKAE 5 G
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ARKEEWE 5-4 Fir.
mﬂiﬁﬁ RRER 39 VR

=== Hl w

ﬁtﬂﬂ%&yﬁj 2
il

BS54 RREXETRE
ARRFEERACE =MD B-KEARLE. FERELEMLERSE
PARKIESA BBz RliaiT REL, W 5-5 Fi.

serreeieiines { 75%@3‘;\% o AT

A Yo

[ WG58 Gig END

B - [ e

E—
o BHRSE

Bs5-5 ABEBENKEZLERE

R AKEAREFKEERAMRFERE 6m’h, FEHE 15m, FEEE
2900r/min, #ELIE 1.5kW HEOR, #OEBRRNERKR 40mm, HORME
£k 25mm.. #k 1 BE PR /K [ 69 5 5 4 950mm, H 1B EE/KSE f K & A 1500mm.
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B 5-6 KRBEARRABTRERRS B 5-T AZRBEAK R G LabVIEW HRE &

HZRREEPFENBMENSEBRLNES . EZRGIREY, HEE
FIHEREEE B H0.5%ibe it v, HEEas R MAS & CYG1103, KEN
+0.2%, il 4~20mA, EFE45H14 100kPa~100kPa Fl 0~1MPa. ¥ K4 F A
NI 2 B F$IH92E T PCI Express {852 PX1-1042Q Y8, W& 5-7 Fion, HEMET
BB KA, R T W R B R FDRE R, CRAE T B0 R A SN i 52
I FIMER, KRR PXI-6253, FUREHEFRLE 2M/S, AF A BIEX
BB ERMBHANBEARGEE. 1T PXI-6251 iR RS RERERFES, HLER
FIRAEE EIFEE—A 250 Q (I FRH, A AL RS A M HL R S R BR 1~5V
MHEERFS.

KAEHF A HIEAT RA X E i =3F FR-F740 KU RIS M. w3
AP R BT A B EE SR, B 0~5V BEX N 548
BB 0~50Hz, F65 SR ¥ 52 i 4% PXI-6251 1R &+ 5y Y 0. fr) ol i HH i A
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BAPRKAF KA LabVIEW FEIF K. LabVIEW EA7 B ALK FF R KBS,
A DAPREE M G R AL B P R, SEIRA B R AR e R i RS R . RS
¥, H H AT UE T LabVIEW FAH R 16 504 b B SR SC R 04 (Y 56 i AR B, 3 BA
A& ER S, W 5-8 fE 59 FiR.

49



T HAREFREFAEE LA

He FALS B R s ] 3

ﬁﬁ"‘ i EhE
e #20 B
on\ o= | {‘:VD e o g
‘/ ( | 0s- anmn B
04~
04~

-0.01975 |MPa| 0.116 |MPa  ox-

A TARME
“ 0¥
n fd

& -]
7 1§ii z —
[0.01325 | MPa‘Hz i3

015
22
D3S=-
B e R R R
00000 D000 000 0002000 000003 000 ooy
o
HIERG fRrieg

BS5-9 ARAZEHK¥EMXEFER

5.2.3 iR SE
(1) HeKmEIE R, ZRs0mEET R S0Hz, FEERBK
(2) W S-1, HBMBOFREERNBIF—, SERNBRER, TTHERE

50



IR KEFREFAEE LRI

¥, R ESRERER M, SIREREEEATRF.

k5-1 RBH £
B br— B T
20Hz 30Hz 40Hz 50Hz
30Hz 20Hz 40Hz 50Hz
40Hz 20Hz 30Hz 50Hz
50Hz 20Hz 30Hz 40Hz

5.2.4 RERHERHLE
1. BRITTA TR R BB BR RS 2% -
¥R 1) RE [ e A TR, o S 2 4 P 5-10 BoR .

2 20-508 KW
86— T T L T - T T T I
5| —RABBA
s
4 B
B
= 3+ .
ﬂ:‘ n
& -
1 1 1 I\ ! ] Il I
1 2 3 4 5 6 7 8
16 - T T T T T T
—~ | —FEHLEH A
3 Vv g
@1,4— -
w
2
1.2 B
W4
1 g i 1 1 . !
0 1 2 3 ‘4 5 7 8
I IE](s)
i T 142 F30-508 EX Wi
—BHRBA
s
H o4l i
B
B
® 3 i
2 2 3 a s e 7 8
— R o
; L VA v VA
Z1af / )
®
2
%12 i
& -
1 1 1 e — L. - L 1 4 —
0 1 2 4 [} 7 8
B [](s)

51



LR K F M 4+ F 4 kL

6 1 |2 FF40508 TR o
— BB

S

= 5

k|

£

& 4 4
3: R P D S 1 - i - 1 1
- S B S S S B R S
1.5'> — O

— j — —h [ — B T 1

0 1 2 3 4
B iil)(s)

_ BIT4F 50201 kWL

8 — — e e
5 —RHBHA |
g 4 ]
2
Fy - 4
3
2_
1 1 i 1 3 1 1 1
17 1 2 3 4 5 6 7 8
=15 —RHDES |
gt
g
212} ]
#
1 1 i il L 1 -1 S
0% 1 2 4 8 7 8
Bt fal(s)
1B 122 FF50-30 5K W
5 T T 1 - I - T T T
— B
s 4 .
&
#
£ gL
£
2 1 2 3 4 5 6 7 8
15 T T T T T T R e
- —XRENEN
Eu— .
4
1.2} .
b
1 It I U U S 3 | | S
0 1 2 3 4 5 6 7 8
BH1El(S)

52



I A RKFRAETFAEFE LA

. 153114 TT 50-40H Bk i S
— BN
S s
=]
2
E
o4
3-—-.— S o | ul 1 L — - -
w1 3§ 4 5 8 — ¢
—H#HOED
;I,E
2.l
nu 2
®
&1,3[ -
1 L 1 1 1 1 -
3 5 '

4
i ] {s)

B 5-10 117427 %4 T B 30 B BA e B gh 4

2. BIN2IH RERAPHRLER
AAPHR T E BT MATLAB 2 #t R G HHN T AMRT, LA EWE 5-11

ﬁf 7-]-:\.[72-74] .
[ s D e T -Uled e e

Be Qmions Ydndow Helo

Import cete ¥ Impont modats
Dperations

= Praprocess

= D
Working Data

Estimate - X ! l

Dats Views T el Views

Ed @ E

i bl Trash Vildetin el

ok acinowienged. No action invoked.

[ 5-11 MATLAB iR T B4

TEE PR IR A MM RS SRR, JRH O R e JB25 ) Wl
EEfEhit . SRR, MBENIBRERNHNE D, [ Estimate BJAT#
TR S, B VA BIE R 2T R B R AR R

029 o
0.7s +1

PR AR AL 5 SRR R X L 5-12~5-14 FoR:

(5-16)

53



L L L L L

ts

B 5-12 20-50Hz BHMEA 3tk

— A
18 — %l

14 L]
E4 1L ]

B 5-13 30-50Hz BB 3tk

—Hh Kl
18- —Xhl

1.6
1.4 EHEEN

sy
12|

0.8

Uv

0.8+
0.4

02

°l
-
N
@
ab
o
o
~
@

B 5-14 40-50Hz BHAE A 3¢tk
3. KRIVITRE A 50%H (B BR we S il 2%

54



ARG AL FEE LR
. i1 TFF HE50% 20-50M BRI
5l —EMBBA
S 4 4
H
E 3 1
HE
R o J
1 I B il t It 1 L
1 2 3 RN S 7
18] — B RmN 1
s .
& §
gt‘l»
%
§1z~ ﬁ
1 T oy i T L L 1 1
0 1 2 4 3 6 7 8
B fl(s)
11 RE50% 30-5011 ik
6—- T T T DA B I T T
— R BRA
5_
e
5, )
E
B 3 _
2 1 i
16 ! 2
15 —RHIIER
2
2 1.4+
E
%’511.3
2
Yo 3 2 3 1 ' 8 7 8
B fil(s)
. {811 IF £ 50% 40-50Ft EX i Y
O T T T I T T T L
—RHRBN
S sl
& 5
2
&
# 4 J
3 1 - 1 L 1 - L i 4
1.8 1 2 3 4 5 8 _ 7 8
. [—' f T T T
— X ok
S1.5
{éﬁ
%31.4
2]
#13 ]
1.26 i — ,‘l, é . = é ; 8

4
' (B)(8)

55



I A RKRFME FAARELB

I 1371£50% 50-2081BRHSE

8 . . : [
>
= 4 1
g —
® 2
1 - 1 1 1l 1 1 1 1
18 1 2 3 4 5 6 7 8
-0 L T T T T T T
—FHOES
s 18, e 4
g
g —
& 1.4
%
# 124 i
1 1 L i 1 1 T
0 1 2 L) 5 6 7 8
B [E](8)
. 1113 BE50% 50-30 EK M
i ' ' B ' ' =TT
2 5 4
EEJ 4 B
E
B o4l
| 1
6 7 8
' —RHOEH
e S
7 8
. Wi 17T RES0% 50-408EX W Y
—ZHMBRA
s 5 4
|
2
4
3
18-
21.5
¥
-4 14
®
#1.3]

L

or

Mr;(;)
5-15 I T4 SO%4 T B I B 5K B i 4%
RERAPHER AR (5-17), MR BEEA 5 pRBiA e in & 5-16~5-18.

56



IR KFREF4AELERI

032 o
2% 5-1
0.7s +1 -17)

—h K
1.8] 1.3

1.4 wRan
12y ZhHEAY

o L " L " ' L )
1 2 3 4 5 6 7 8
ts

B 5-16 20-50Hz FiA# A itk

— RN
18 — %R

1.8

0.3
08
04r

T2 3 4§ & 7 8
ts

& 5-17 30-50Hz HHAEA =itk

— N
1.84 R

0.4

ot

 5-18 40-50Hz FHEEA 3Ly,
5.2.5 R RSH
HHIRLE 73 H R VLA B 1 O B0 N 55 SRR i W B B £ X6 L, BT 40

57



TR KFMREFAEE LB

(1) BEFRIITIF AL, KRBKREEN SRR RITIT RS RE
k.

(2) TR N et i FEAR Y RREAE /MR 2 I A R8I MU A S Bt 1L
T S mEB KR, WmALR S, LAHNM 20Hz KEE) S0Hz B, RALIERE
B T R R, TN B IR 5 5 0 4 R

5.3 THTEAKRFRIEIEIRE

HETHERMEKRE PR AT LN . AR UB/, WE
5-18 F1 5-14 iRl HEAMEAL I H BT AL, M — AR KK R
g, HAEKHMA T 28R, WAIRARMAE:, o R LaRErb sz,

4

%/

H

no

m

np

O Ql 0 >
B 5-19 18 R gEAS R GACR ¥ 56 Bl iR

i 5-19 Fis, RAMEEZBIT, BiREMN Q) RT3 0, M R EHHEM no 1A
TE n 7, MXAREBITHTR, WERERANE n, HAFEHRRK, Fik,
B S R PEAL AR BLR B THE IR R A RE R R BRI

Bl 5-20 Rn B RIZHIZ MR AN LR 5 2 RE R DI R 2R 1
WMHABEE, SWMAERERDN, TEPA—£ESL, TT4mERKE, E5
H—&BEERITEBRAMRE . KB FH B XTSRS (¥ 354 25 AT E, BR
¥ 0L AR A 19 25 B M 38 D 51 T AR B i s P o 3

58



[aey
@

n
S B
2
L
%

—
\~]

e
©

e
-3

i
w

H O RS R R E (V)

(=]
[=)
ot

2 3 4 5 6
WATmaEHRE (V)

B5-20 EAMBERBURMEXABE
RIE 5-20 A BESH Dl BREZRPRER, RaHEH AR T
R E SR RS SR AR, BB ZREIARE BT i a2
WRERBIERE, WK S-2 PR, B IEREKH R REEE R IT R Hw/ id
Ko

06 ¢

OLF ASO%FE
05
04 F
1
ﬁ 03 -
o
0.2 ¢
01 |
0 R . .
0 0.5 1 1.5 2
HIHIEH
B 5-21 EEBAGESREGEN R
K52 B maneEH
£k 4 AIA R, R FHH
e dii —-6.731x’ +26.57x" —34.97x +15.66 1
50%3F 5 4% -3.378x° +14.13x% —19.73x +9.523 1

59



IR X FREFEE LB L

BB IF R AR ANT] MATLAB #9 Simulink gt & 5-22 &oR:

Transter Fen

Product (with inrtial outputs)

Wolspace

Potynomial

To Wolspace

Cloc To Wosspace?

B 5-22 HAGEEA
it SIMULIK T B, H4RuE 5-23~5-25 FiR:

2,
— iR

18 —XRNE
1.8+

14 /

12

5 1
0.8
0.6
0.4
0.2

o 1 2 3 4 5 6 7 8
ts

B 5-23 HFEGEEA L LR (40-50Hz)

2
,.,! — TR
173 ¢
18
12
3
08
06
0.4
02
0 1 2 3 4 5 e 7 8

B 5-24 HAGRAMA G LR LS (30-50Hz)



14
12
>

S 2 3 4 5 6 7 @
B 5-25 HAGEEE G LR (20-50Hz)

B AR RRMERR, MR EFREFRNIRERELRNERE
A, HEEMiENERXEEZYG. REGWERKN, SEFENE—ENE
B, EEERHRARNSEREML, B ERR Y T H R SCRER, A
BT SRR AP 38 BOE T A

5.4 KENG

P SRR B PR 2 LU BB G SR AN, DRI BEAE AR ZE o 0K R A i 3 il
RBATHE R LRSI RRKTT.

(D MARA S % I, #HliePRAXERN UK REHTH IR T,
SRR PAKRERANFLAER R, ARIEZHE PR A FER 2R 8 AR Hofe
R — A Btk E AR A .

(2) By T REAMUBRIRARS, W T — M) R AUK RGE AR ERm Y 22,
Bt MATLAB T RZGHRATAM, FHHH MK RENEE, SREH: L
TEB I, HIHRETREEEEETIELN. BEREMKRET, dT5
EEAUKHALL T 88K, RAKMERTER LM, FEERIEREERE,

(3) A SCE AR HA bk AR A 28 B B UK R RLAT B IE
BRI HIER T B IFER RER BT R BUK RERIRE, R A TRHS
Kt

61



T HFRFREFAERELERL

EARE HKRFEIEH LT
HF W% (¥ HL Bl (Proportional) . 14} (Integral)F14 43 (Derivative) 25 Il 45 (& F5
APIDIEH 3%, B R LIl FEHs i B W — Mol FR 6188, B ENATAL.
BE,. PR, ATHRTHE TS RERRZET.
REMELVANKH CERR, SHEHHEENETKRMKRE, W
MR T HI(MPC)R B &R 1%, (BIH X% RR, PDEHIBAREKE
Btk RGeiE T 5 4 2180%.

6.1 PID ¥=HIRIREKR kR LN A

6.1.1 PID = #I R 1E

PIDFHIAR B — M A M R hIEE. fEKERKRSE S, PIDEHIFR
FEERE REME) SRIFE (WEMHE) MRE, B4 EKEpsy5%H H K Epyf
e XizHl, HE5H nE6-15T7R.

BAKERERNLLEIEP). ROOHIO)BETEEASWERIEHE, KR
GG #TER, mEe-15TR, HEHRER.

e()=p. (1)~ P, () 61

w=K,le() +7 [e+7, 0 62

A K—RTRALE R
Ti—— T SRS I 1) B 4
T 15 88 1 43 B 1) 4 4
e AR RER S KERERS S
u(y—mEEE S .

62



I A K FME FEE LB X

+ | + 4
Pv g B +{}A4ﬁm§% L4 L
- +
o
Bl 6-1 PID #H A RGEASEHHER
PID 91 83104516 s HU2

1
G(s)=K,(1+ s +T,5) (6-3)

SHFRERKRS, PIDYEHIR SR IEIR MR R XA

1. HLBIERSY

KB KBI AR A T R RIS HIRENIRERS, —EREHUT RE,
LA LR =AW, R G IR (N RE AR . 2 LB 25 K A
1%, Fdladal OB, BRI KMEIMSSERTEREBIBRKWERE, M
M ERZEMRENE, ERYTENERT, ERTRERREAIRE.

2. BAHAY

BAMERRFIARA T HRAHBRRARE, DO EERNTHZRE.

BRARZECLATARBEERE, KNNREHHARZEERENEE, &
K625, RALANUHBFRENTHN, HHENHBAAESS. Bk, A
R LE, REBHRAGEIDARE, BHARVHRSEAERH, HEEE, B
e A &EIE, R RE A —EE. ROERKESSIRT o o E) %
BTHIRA, T/, BMERBR, RZMRASMERS. BHMEHMIASER
G TR, 3AmnNEE,

3. AR

WAERIMBIN, EERNT REFH RS W AEE R EE. MER
RERB ARG MERRE, TLRERUHES, Hbgr=EdarEhfEm.
HUME, Mo ERARERECRBRNZE, RCLWRRE. Hit, #o1E
R LA & RG 3D AR

63



AR K EME F AR LR X

534 5 55 BOUR T 08000 I (B TR KD, Tol K, TV FTRRGR, Sz Tk
55, ERFEHESEMSERT, RITHH U &R I 6 T CUBA Bt b A
WEASHAEE, WMERMES TSRS, NBETRERKEH, m
XRAEBIEFIRENFAREN. B, AredsBmiss gy, Tuax
BHIRETTREAMEW. 5, B ER R REMNE, ARERH
AL, WA ERKEH AE.

SUAPEHl, AR SWBRKERE. ATHBREREmWE, —BRAPHEH. -
FAPHE IR, BB IR RS e KIEEMSN RIS F5 RMmE. BE, BifEd
BERET, XA MR NIBE . X TPDFEE], RAKEMmAER, RRF=4:thp
WDFNEEZERKRIER, DURIMEIKEmZERE M. KILRZE DM, PEER
TR FIHIBIAE R BT e Z 0 IR DEE SIS %16, B4 SPAIER
HIR T PIDIEH .

A3 BT AT B B RS BT R S B R TPIDEHIRATHY, AT RIS %
W EERKFEMKERNPIDS RN R E, URIERSETIE A BAKZEHER.

6.1.2 f54 PID = HI SRR AE K R LK P O L FARR 52

4 PIDE I e 1 B R A 8 2 2 HPIDA KR BUK REMAT I . b TH
LB, KIS BKRGAER %7 AT

F GEPID ¥ | T B i) Ziegler-Nichols ¥ i (WIR6-1F17R) £ —Fp 5 T4,
W PIDIEHIB M % ETHRBNSERERTESLHHEAN, FhRHE—4
REBUTF RS RAURARE A — N R R, B SR ENSHEBEAR,
®5E HPIDS 4 U9,

%6-1 Ziegler-Nichol s B & B4 B 5K

B WU K, BRI T, WA T,
P ! o 0
(Kx71)
T T
0.9 -
FI Kx7) 03 0
T
PID 12 K<) 227 057




TR RKRFMEFEELE B X

¥ 2T B R (S-16)RAFIFK6-1F, HEHAE.
K,=28; Ki=0.22; K4=0.05.
4 Ziegler-Nichols# € G =AM 5%, BT nEl6-2/Simulink {5 ELAE AL

1=

B 6-2 ¥ A PID #H oy Gt AMA Sinulink {7

6.2 EF NCD AZHIRE RGITHI gt

TEREMAKS, HTEARRLER, HEHBEERES, R/
EEMABEATERMAZNE R, BERAMZEL SR R IB A E N
HEEBRMIVPIDS B . Hit, Rk h TR R K RGN, TERE
REIERER#TER SR BTHRMSNFE, R KEKREFERR
FIEL A, RN SRR R & R RS A TR, HON R TEARAY,

RAEXLEELHE RANERR RO E AR T DU B W #R A% S E# g2
Wi, kR EE, M EEMBEERE (Popov) %, HBI THFHEILE
e, XL ELRLRIOLBOFERT. b, TUEdHEN
BHEAXN L RAFITIZHFMUMGE . MATLAB# R T IE& 3=t
#iB (Nonlinear Control Design Blockset) , {BifRNCD#5tR, KIELtE RGEHATHE
B MRAAGER M T AR TR,

NCDH#HREL S AEMATLABIINCD TEFF, T ESimulink I #f. ER—
MM BN FEITHERRARTHRITTR, AMFAFRET -MEW. FEANE
FEH P FE. il FINCDIR, 745 R R fabr B R ATIR T, BT AR
FASimulink 37 ) RIE A P EHI SR R PR EN S B TEE, ETREHMNL

65



LA K FM L F AR LR

{H.

6.2.1 {(FEMERET
fEMATLABISimulink# 3R F @ AT E RS HER, B 6-307R.

tttttttttt

I

. 7 — |
——o0— —B—— o 0
ezt L) Seburation — 071 | g
| e Trangter Fen A
(ot inibial astputs)
L ! stputs
L —_—

g

ut Constaint

B 6-3 NCD ftfh{y A IER
HFEXNPIDSEH TN, FHHFEREL. bk kA RKAKERESE

6.2.2 RLAREAZ
(1) ¥NCD OutputBi #1755 &F . WFNCD Outputhizh, i likle6-4
i 7R (fINCD Blockset . i i Options3¥ . FlOptimization 3 #1 H ff) — &7 3L 5
RZREMER, RAEPBRUT:
T R Y

flo Et Pois Goss Cpeeizstion Help
S AN o IR
input ta unitiedSgnel Conatraint
.

[
2 0§
‘ as

—
ﬂin‘ 1 sl 5
Time: (36c)

v Enforce signel bourds Track reterence sonel

B 6-4 NCD Blockset B O
%%, WFEOptionsHH FHStep Responselil. 7EH L RIRTEAE R, 44 E4k

66



T AHRKFREF AR R R L

B3t RAGERBT A B AP BN RE B SROR & XM BRI R BE. ARG, %
W) R0s; EFRI(E]40.5s: BARER B A2%; @iHEASEHN5%: W
HRBEE BN SR h0s; LR %100s; FIEAME N1 BEE K14,
WE6-5Hi~.

Specity reference signal :
+ Specify step response charecteristics
-~ Step response Specs

Indiad vaduer 1 Final value: 14

Step time: 0
| Rise time: 05 % Rise: a0
| Seffingtme 1 % Setfing. 2

% Overshoot S % Undershoot: 2

B 6-5 ¥ HiFRE

S5, HEHOptions3E M T ) Time range i, 7EFTHFHIFHEER R ESH. ®E
RALES 8] CBIXE) H: 0~10s. % OptionsFEH FHIY-AxisTll, 7E4T JFHIZHEHE
FEIASH . RENKWNEE BIYH) Ho~2. BAE6-657.

|'4 z [oi@ = ]
|| Simulation Options  Optimization Options. | Parallel Options
| .

Simulation time
|| Starttme: 0.0 Stop time: 1100
i

|
I sobver options
|

| Tope: | voriblostep »  sobver: |odedS(DomandPrince) e

|

| Masdmum step size:  auto Ralative tolerance: 18-3

[ Miwmstep sice:  ‘ato Absolute tolerance: | auto

| - 4 ———

Il Initial step size: auto Zero crossing control: | On - |
Riennt ottty mbopliony

B 6-6 (FESHE
BJ5, ¥ Optimization 3% T fIParmeters’il, ZE4TTFRISHIEHE R4 A 0%
R ER . ke kBAH XS, ME6THIR.



O Cancel Heidp

B 6-7 W EEHLE

(2) JFaALDI ¥,

B, EMATLAB 2 & 11X RAEMA SHUA T IR, B7ERQEH DR
k=28, k=02, k=005 ZEFHMTHR T SHM KK, X=ASHRFH
Ziegler-Nichols A ¥ & I B HU{H .

)5, 7ENCD Blockset® 1 )i ))Startfir 4, JF4xt A% & Tk, ILE4T
HEmE6-8fT . £idZ R RENSE, REHGERR, BEEIIGR

WEHNk,=46.16, k=100.7, ks=0.4624, I HERITELER, ME6-9F <.
O S I e s e

nax Directional First-order
Iter S-count f(x) constraint  Step-size decivative optimality Procedure
] 1 a 1.668

B 6-8 NCD iE471d#2



T HKFMRE F 4L E LR

|Eie EM Pots Goels Optimcation  Hep
n

1
EEs aay »

B 6-9 NCD R BT

6.3 BT 14 PID 25 KM B9k R Bk izH) R it

6.3. 1 &8 PID 12538 R &2

BRI RIER LIEEE . MR GER. SNBSS RERENERMEEHE
Bhf—Fh IRV LB i, R T R IR TasE . ST P ATRER
VBN R OBAARR, SRR R, ENAES Y. B R R
HE R 0 E6-107 7 -

R e e e e e e e S e 1
: s :
| I
| |
| I .
' :
ps I 4 4 h 4 pf
T Tl e pan o sty |——sl AR -
(v A =i e SR S s S| |
B 6-10 BB AZAANAREBIER
1. ERitk

BRHREA N SEHEN R, FEABRREMRIS. B8 TRNR 5 UL
RBRBEIN . ARARLECE KBS I RIBAE, TR ARSE L4 H R R



EA KR LR E LR X

B,

2. BHIHER

BB FE R P B B L, RERRARE AR E SRR, K
AT R R R DB AR S8 0 U R AR st et 452 ) sl Bl o LA R B
RIEARSLRTERN, EHEEEEBMAR, B A R
B H R,

3. V&ML

B4 R —MER R B M T4, RN T BHE S 0ARRBUEN
—MAE&. ATFEREREEENBRUIERE, ARE—RBHNEHE. ]
BHNAEERRKFBEE. MACEEERS RS,

BB HIAE B8R E A, SRR s Rt
HERFRNEE, CEEKETEAMMER. BEOEREHSRRENRE
BN, REHAUTRAESEHNER, TRORSESHES, S8
THEBEHNSHAERE. EREEGERS, BEHNERREREARE,
BE)ARMNS: HBEHI 1R R IR MBS IR 4 i i 05 2 B
BEREARENHAREE, NAFRRMIAWN. HTHEEHNRERIELYE.
KA RS, BHAEPIDRHIS] ARSI S B MRPID A & P, LU TR
WA EARE SRR Z RN FE.

6. 3.2 KR KN PID =6 R RYIZIT
EEHFHPIR AR, HESHMEe-11577R-

D/A

ﬁl%ﬂiﬁ@ e
L de

LhEH dt [ ec

I ”»
SR BT KRS T

M 6-11 R QAR SHEMEH REER

70



IR RKFHMEFEELE B L

WE6-115T7%, BRIEHI BN BAKRIKRGKE M EZ A i EHEW
Fec, ZHABHWBHIBRMAESRE. EHERHSNAHE G b kb £
HPIDEHIBEHBEBET, NIETAREOES. ¥aARe. ecBIEN
A REGEHE, EdBUXBEML. ESRANELESZEMELRA €
NEHTE. BERBESZRERBABN TR . B ESZEEY FEEL
I B BORRE X o TIOR3 2 ) 2 B B U R R B K AR L B Bk
ERKERACR M BE, XNk ki kfEARBIERERNRLEL. & L
kRPIDEHIBRHISH, ZHUK R R BT IXPIDHEATIEH]. M HIS 1K 6-12

B
AN

e (7)

\\ / kp i7)
. ) fuzzpid
(Mmamdani) | - /)( \)\/XAQ

NN 49 rules ki (7)
M - ~ O

ec (7)

>
~

. kd (7)
System fuzzpid: 2 inputs, 3 outputs, 49 rules

A 6-12 ARGAR AHEMEHEHE

BERPIDYZ ] 28 1 B i 0 F

1. HEEREHIRAMA R HIE S RENRE

B HISR AR SRERERAR A XETRINER RS, EXBEPH
ERFEHE. BEWTUE X REMERRIE (-, €), REBMecHI AR N
(-ec, ec), HMIFEHISRMHEME SHKRRATEHE R B BHEALE, BHEEX
H(u v), BHREEE, BRAEMPIDESIS MK RERNLIFERBRIE
FRG T, SHEENEEEHREBERALSVIEE, HERZEBTHEIIV,
SFRBITH MREESERLV, EORRLRE A2, 2)V, XREHEK RS
ANZ Beflech AR . MIEAEISHIRREIR, 2ERA % MPIDEHIRE, Bl
)14 FF B ) e A AU 2R B i Ziiegler-Nichols#8 i Hi IPID 5 Uk 564, #k, 4
12, kRA34, ki A02. RIEPIDKIRSHINTEHE, RITEMHEEL. kK

71



T HERKFREFLEE LR

BEARRIS HIE RO, 24). (0, 70)F10, 0.4).

FEMATEOR 28 M B i, 7 SERERE IR A 4\ B e DL &AL R 7 k4T R4,
FEROBE HI B M A TEE R E R e A . BT REREELYNEBLRT, i)
AT I R BB R R, A MBI HIR BT, ARG ke i i
B hy LAk D (0, 10D , 52 AHN R FIRERAS H) 38 = A th o] K+
B A=24, k=T, k=0.04.

2. BN/ B JR R B

ERGMANR BeMecIBM FRIEH (K, b, b, F, EAD, EF,
IFX}, W20 {NB, NM, NS, ZO, PS, PM, PB}. HT-ARKAFTREXZ
W, HHREMANERIFRBESFNA, FiiGeflect 3 218 ok B9EE N
=AAE. BEMANRRER, B RHE=AEESE RSN RIZ,
ARTREMTE, ERKE/NHREERED B EZRMSH, KRz H W
ZBREecBALF] (-3, 3) XA « BN ZE T eMecl xR () 3 & BE ih 2% 21 6-13.
6-14F775

B 6-13 MEMNEERE et IR BEM A

72



T A RXKFREFLEE LRI

:‘B NM NS z ] PM PB

0.8
/

05
iu
02

z ey ] T 2 3

L ]

B 6-14 BN TEE ecth X BFE S

R k. MkEBRFEEN(F, EA, EYP, EX), f@idHN{ZO,
PS, PM, PB}. BV ZRIIRBERYE, ML R KMk 38k Euth
£ npEe6-15, 6-16. 6-17F77R.

0.8

Degree of membarship

0 0 20 55“36 50 %0 70

B 6-16 MMBHTE cRAE L

73



0 0085 031 035 02 025 03 035 04
*d
B 6-17 HREEE Loy BB 4

3. BORIHEREAL

S35 8 BRI PIDR HIBS BLR SR I 61 309340 B 8k, « kifllke 5 ZE e F I
B FEec MFIHEMIK R, BT KT R MeMec IHEENE I HI28
I, B2 R AR I BRI 3N S HOR TR, LU A Flefilec
MEGRSEOARFZER, NTEEEXNREA RIFNE. BEER. kb kfilk
EANSHENREMBFERERAR, HAERCERS6 1T AHKCHR.

MIES Kk kifkaxt RGN A LRI MG OL, o7 LG 20X T AN R ) 2 e A1
REZR M Hecht, SHH 8% RN):

(D 4WZE | e | 8K, REATWNEBL Ayt B B 35 1 FF a6
WZ | e | BAEK, TR KMk, H 7 HERSEM, NEE/NMIKG: R R
THIIEGo A, @R RGN LK, NEEMERM, Blke=0.

(2) % e*ec>0, WHIREAMAMEMKMITTMEL. LRE | e | FifWE
TR | ec | BAPERA, RELTREEH B AT RGw N B, ks
kifkg B AN RER K, T EBBUMAE, KMk fIER/ANEE S, LURAE R W R
B HwE | e | BK, WNEHEROZE, USRRENRLES, FHHE
WANREAIME, T KMk, BB TF ik, URESIEEERN
R FWE e | B, ALl REH, USRRENRLES, RS
FHkHE, BBKNGERMBDOE, LWRERENRBESERE, &%t RY.

(3) He*ec<O, WHIREERMAMER DT L. EWE | e | BK,
TR SEE— A 2 i, RIE MR ZELERME, TIPSRk, ATEER AN kAR A
ke, CASREBNEMREMEENERE. FRE | e | B/, ATHEAZAAREN

74



ZHRRFMEFLELERI

AR, MEKENGHME, FNDTBESRAEREMEMERY, HEERE
FIPLTIRTERE, & LBk IIE, BEAPFRAD.

LN BT AN EBR K REREDBRIMER, B LA 2IE 68
%ﬁiﬁiﬁmwi’é. Bi&e6-2. 6-3F16-4.

& 6-2 S ¥k BT AN K

ky E
NB NM NS Z0 PS PM PB
NB PB PS PM PB PB PM M
NM PB PS Z0 PS PB PM PM
NS PB z0 Z0 PM PB PM PM
= zo PB PB PM PM PM PB PB
PS PM PB PM PM zo zo PB
PM PM PB PM PS zo PS PB
PB PM PM PB PB PM PS PB

& 63 SHtE T AU X

ki E
NB NM NS Z0 PS M PB
NB 70 PS PM PB PM PS 70
NM 70 PM PM PB PM 20 70
NS PS PM PB PB PB PS PS
EC
70 PS PM PB PB PB PM PS
PS PS PS PB PB PB PM PS
PM Z0 Z0 PM PB PM PM Z0o

PB 70 PS PM PB PM PS Zo

75



TR K F M L& F R LB

% 6-4 S8k R AN %

kq E
NB NM NS 70 PS PM PB
NB PS PS PM PM PB PB PM
NM PS PM PM PM PB PB PS
NS Z0 PM PM PM PM PB 70
= z0 Z0 PM Z0 70 Z0 PM Z0
PS Z0o PB PM PM Z0 PM Z0
PM PS PB PB PB PS PM PS
PB PM PB PB PB PM PS PS

RYE A ERERINE, TG EEIRNELAETHR, XERURERT
ENGE I EE T
LIf (e is NB) and (ecis NB)then (KPisPS)(K1IisZO) (K DisPS);
2.If (¢ is NM ) and ( ec is NB ) then (K Pis PS ) (K Iis PS ) ( K Dis PM );

3Jf (eis NS ) and (ecis NB ) then (K Pis PM ) (K 1is PM ) (K Dis ZO );

4 Fti AR B RR R
T EAEmA R B E B SIE R, R EOE AT A v A
ikp .ﬂ(kP)

ky == — €4

P
Z:llﬂ(kr)
[FIEE, W]AHR K H 250k Fkg ) 5 A

6. 3. 3 KRMKIEH PID 1=F) R Y14 REIHF R

MATLAB 353 N R 6 TR A P RE TR EREEA S A,
Wit MR HISRIEE R E, RitHAERSR. EMATLABRE FiE1T fuzzy#E N
G E, B —NFCE, B EISMRA%E I Mamdani !, B RIES AL

76



IR KFRE R E LB L

Befllec A R By kifkaft) B RBOBALIX ], Fhik FRAOI#2 I LI &
TR, KRBT T HEME RSN S R,

. B%E, 7ESIMULINKY, #PID#HIREH (WE6-18FTR) , HH il
APID TR,

@

e 3

Product

e
Integrator |
o Z%__h——ﬁpﬂ_{]
ki

Product1 u

Product2 sum

B 6-18 PID 34| 24 |
H RO P TR A P R 5 ) SR R AIPID A BE B R, MR RIPID
PR, HEEEABHPIDIEHIR, MAREH REMERS, NERBA
PHIRGRHER, K H 52NCDERE E FIPIDIE H 28T, ZinKe-19
Fimse

B 6-19 RAEHEHE

6.4 TEHERSH

6.4.1 KREKRGERBH MRS

1. BEdERR

SHFRKFEEKRE, ERMAHMA—NREMANGE SWHRES, LA
5 AR 5 2K A K ZR K R o S O R A e S R R A R R . %
AR 1 R MR A BB AR AN E 2 A A m R 1 4R 18] o0

77



LA KR FMEF AR LRI

RS HRE . A KRR REMEFHTAE, MMUEKR RS E i B
& E BB A TS B BTR 3 o

KRB R B AW NAR bR —E BER, EHERAUmNR, T E N
HEEFR. HAHKREZBIMEN, BRREIERRZ, FRZERZRF
RS, NRMWNERPRGASKE. LEPKRMKREUMNRKES
B KR e FELLHRAR, AR AW N AR . BN S THE, EF
WEMDIHT.

KRPARERBRSWNABRRSUNEERAAHBRG IR, B 620
ST KRR RIS BRI G SEYRE M2 ATHLT KA, R
P — W AR R AR AT R TR AR

o | j |
=l N 5
nwi::{::% ...... >&cyfé%ifi __________
. | N
— & 1

6-20 ARAAK R GBS HE B AR 0 I BRI o B

(1) BEAtEaEEts
1) WeERE] tp: B it K TR E— MEMEFT TR E MR H], BIEK/KER .
2) ER#ERE: ATRENXRERKBHE
0'%=p—(t”—)——£(io-)—x100%
P()
B, p(tp) B KRKIEE, p(o) Rk K ERIRRAE. BRSNS E W
BT KR BEK RGN TR E T
3) AREEE f: EHHUKERRAE L, ARAENESE0E I 5%K 2%

(63)

78



ZARKFMEF LR LB

E—AFREEE, LYHHKEEEAFKTRFEZ-AFRETREAN, &
i K S (B N 1% 3R 2 S BT R A B ), oAl S i)

iR 3 AMERRR KRR RAEWAM IR bR B EE R, AR B
T, EESRE T AR .

(2) TAtkRe

IKFEMK R ANE AL IR R LT BLK RGEx S L AR N 15 5 W AR
- ARERERN . BUKRAEREEXAR EKE po(t)5 EhRHHKIE pu(D 2 E>
TN er), B

()= Po(t) - Pp (1) (6-6)
BAREN

e, =lime(t) = p,, ()~ P () 67

KARRZH FERAK KRS TR WA, @i BstaEiriEs
HFPE LR,

2. =R HIRIR O RS R LR
I 6-21 R =FHzHIBIEITET MAKRBKRAVIE SR Xt =FpEHI RS
HIPUA T RESEAR AT LB T, SRR 6-5 FTm

A 6-21 ZREHIRSEANTRER

WGP REIR R, VR o BU/NEEF, HAR/DRBARGWN KRBT, &
K& o Bl MELF, B RSB RIIEE MR — AN RAR . VA THT (] ¢ /NS

79



pa il N = - = A -

EREEARFREEMIEE N —MEIR. BARE o B/NELF, BERGRA
Y B iRbR, BUFAFREA&NBEEEE.
F6-5 = A4 SRk i BR o R 6 G R AR b B

(32 :4¢ PID 25K % NCD HiM) PID #282:
145) 1.2 0.9 11
o% 3.29 0 2.93
1(s) 3.5 18 2
e (V) 0.14 0 0

ME 6-21 FIFK 6-5 H R ATE H: 544 PID #HI KRR AHLL, £ NCD HHg
¥ 5E ) PID I3 ALK PID 26| S A BIt R R A mNGE R . T E. o
PEAF B RGP i T R 42 NCD BEER¥E5E /) PID 822 #H] PID 426123 R T
KM, ERH PID #ZHI SRR 3%, Fik, KA PID FHI% 5
NCD ##I R v PID #7968 2 61 & R .

TR AR TTERTH PID 88, MNERES, BERK, REtis, ¥#*
HAARBRKWEHE, HEHRREE.

6.4.2 SHEMSH

FriB&mtt, RERESRAE—eMSHET, FReEetmipiet, b
BRI R AN REXT TREN RS BRI BURME ) . BHIRA & EYE R &t
FH R B R OMMERTERZ —, FAEEEREEISZMARE. BHR
KEPRETUREREEWN. AE=F5NHNE, KERLHTRITTEN
ZMFBRYMAFEE. Eik, oSERNA e ER R ZHE.
—NEBEARESRE, SAERIRSETUNERT, LA 58HAHT
REKBETHE, HEXKRERE.

P TR IR Y IT B S R e L a5 IR R ARk, BDRTLUE I B 6-22 P e A
St =R Y PID BT BT, SRR () e 2R fl B I 18] =58 &b, B
P4 R A 6-23.



.E].-.-.-a
o Nyl i ﬁl
| o d u
Tonmetet Fan anapod
- oviovin) Detay =
= N,
{a2, Je—
1 o
To Wolnprord
f Pohymomiald G
Py

A 6-22 ZRrEtiRE R R

1.6
1.51 ﬁﬁPID #45PID
A AL
14} \
NCD
213

1 L 1 | i i 1 J

1
0 1 2 3 4 5 6 7 8 9 10
1(s)

B 6-23 =ArEH KB EBUEIMLR

ME 6-23 FRTLAEH, BIEXNS AL KSR, BH PID #Z&If NCD
P g Bt PID ARV R LB I, PAEREEE D 1ES5s HA4ET —
BAE 1%0%:5), BLmMNEERRAEEREE, R HENER. EENE
R, RIVH T BORMENEES . BR& Y,

M BB EIRR A HIR R E AT U 8 H, 2T 485 PID A1 NCD #2615 #%
Bt PID B HIBCR RS . FITME. SRS mEdE R EA.,
RERWTZIERATH, AR REHITERE, TTREBOVL R MEHIECER

81



LA K F

Mo+ # 4B L@

TifE4ER) PID IS MR R BRI, HfpEHK, RALBENE
NEEST, BEMEBE.

6.5 XE/NE

MR EGUK REHE BB MR HERT TR, ETHKREERIMIES
¥, ¥ MATLAB 1) NCD (JEEMEFEHIR TR B H F 6888t
WIS H A R LA S AN PID MRt A AT TR LA, KL
B RMK 6-6 Hin.

ZREY, HERITERN BT KSR HITIRE, T NCD B PID &
T E B H ) PID #2638 AE 05 S0 H SC BRI R D A8, ELE 45 i R e R 53 P
£ NCD 1T 88 PID, {H47E8 et EAOH PID th NCD FiEE K.

F6-6 NCDAHE M7 3% Xt I

NCD FUZZY R
BRTER (R ik wi) A EREL RS
Wit EK BAME, SARERY BARR, TELR BAE R, BERELSR
LHTTE g, HEREPD 2% "k, TEREAMELH W&, AFREPD 2K
BR BRIRG, BLmM BRBHF BREE

;3¢

RiF, RABIFHLENE

R, REBIFHENH

NEF, BORIE R R

82



LA K F ML F A ELB

%‘.tﬁ 1N =R ,ﬁ %tﬂ

7.1 AREE

KEMEAREEERBAHIMFERE DR %, WEHEANEREFAERE
KX, T E KR REELRENFNAR, ([EaES =R SRR
BT 7 A KK ISR K RIBITRERE . A SURKR RGZ IS T HLE K Sl
FISHAT TERAKIBIR, EEMNBIRABTNERIT:

1 R KRBITHRREARE, FHAT T RKRRENZLETHIEMEAS
MARREBITHARRA, HBIXBREHR, SE67HKRMBKRETH
RR RIS BRI th BT IR K TR E BUK RGERR A B A
A EBATH R K BT E RS

2. % FZK AR E UK RARSTHLE, SRR ST AT T B A,
ERRPRAREBITAREBHARRRERBMEEL TR CRATRIOKE
MM, RESROENTFE, HKAHERD, TEIRAE. EXHGE
ERRAIFA Gt BRRA AR

3. BFERAEREN K RAREMKEANAHTREFHEBRLF, SR
KW, FTRBESEREKRERERABARBEZ KA ZEBCK R TR L AR,
WO TR, ERRRH KA NL 27%M k8. ERFRAEFHENHKRE
BEGKEAS, WS ERAER LI R SURE SR, KX T @A A
Rtk

4. @S HBFRR T EN FRKREAGE K RANBITHLE, LRTIE.
TRV ATHIA, X —ERMAKERBTR P, KT RAEERELKT
VEATSRTE P o 1 T VAP FEREURIR B2, T A AR SE R A T B EDOR TR B4 IR R B
WE, HMLLREANIEIS, JREM AN, WREENAZEREHANER, FER
AN, BN TTIE T RRRRERE. AL, TEASCFEILT HMERE KMt
KR, BERERKERIN AIANMRER, EAFRMRER, REERF. RE
BRI, %HEERCHUKERRAN, Bk IEEN T EE NN,

5. XK REMEHERETER LMo RRA R Bl N% B



I HEAFAEFEEL R X

T2, #HEeTRMHXREM UK REBITERST, 4 FIEHEKRGE A Fik
A=A RN EEE. ETRIMEENRRE, MR T —MIREKRE
HIBTER W R #h 4%, 1d MATLAB I RZHFHR T RA, P MK RGO,
EREFW, LFETERBNN, KRV HEAHEMTIELN, EEREHK
RG9, HEEMEKEERETREYEER, RAKEERGESHTER, &
B AR R BRI A SO 8 TR0 B0 # i A ) 48 28 Bk on itk i
BRERBATIEIE, B0 it EAE S T 18 IFRR R B AT B R K R A1,
REfs T HIdR I Rt

6. XNREBK REHIEHI SEIRI T ERAT TR, S THKREER M
4L, ¥ MATLAB F i) NCD CIESRPEESHIR TR BN T4 28 1 e 3t
FHH S BAUE AR ER MR PID MR T T AR, 4R
KY, RN FESREIT L HITIAE, T NCD F iR PID #it HiE#
T H ) PID %6 38 RE W B AT s S BRI h e, ELZE s i A A N3 FE B NCD R
T8 PID, {BX47E&#HE LER PID L NCD HiEF k.

1.2 H—HMRERE

EEXT AR K, AR BT WRAVBR MR BB IT TRAR
SR, WRET 4%, BdTHEMFREGER, MFE—DHAM
SEE .

L. FEREXS TR R A 2 ) K 3 B AR AR I K BOR N A T2 S o
AW R RN BRI BE AT R A 5, NA -SSR RELT
WE9T, QSRR A A S RSOk A PR BRI, FR RS SRR,
R o I HE AR G K VT HERS W M W UL AR

2. EFRMBAHE B Bk B MR UK AT ER R E, fHxE
B R BB FEREIRIR 9%, TURSL AR B BRI GUK VA, BT RERXE,
LA AN B, DR K = 2/ RN RIERFERRX —
B EBA BN, RtEHE— DR,

3. AMUKEAL L, REAITHEIE B B A — R R i
RRSERRE DL, HEKBRIE — BRI, R S a0 e 2 S SR A A A

84



AT HINL IR AL

4. EERHIBNRE L, ACREN NCD 7%, B PID 5%, 44 PID J5
AT THRA, ST EMBR L ME D, MPCIERAMTHA. HHERAERR
. PHERBITRIE. ‘

85



oA KB ML F LR

[1]
(2]

B3]

[4]

151

(6]

(71

[81

1
[10]

[11]

(2]

[13]

14]

[25]

[16]

(171
(18]

2% 3K

BER. (“+—RFKESVEE UREEEREL) EAM]. b5 PEREHR, 2007
Al BUR, S ARE. AR BR R IR B Bk B % T RISTT R RS H). 4
AKHEK, 1998, 24 (10): 59~63

FE X, Bk, BERE. TSR REE R R SME TARER,
2006, 32(3): 53~55 '
Gk, MW, R, RHEEER SRR BERMTI]. HEREVLE, 2007, 25 (1):
45~49

Fik. BTRMABANEEEAZEPHNHD]. 22ME LK, 2006

BEF. 203VER4goKER]. £l AR, 1995 (5): 57~58

Briade, M, M. PLCARMEREKBERETHNAD). BT5 Az,
1996 (2): 23~25

FtEH. ZMARIE R AR IR RAD]. HEBENEE, 2000 (5): 42~44

FilgrE., THRABAEEREMKEMRETHNAD]. BARENMH, 2004 (11): 37~38
REY. BHEEGKREWTIRFLRMMD]. FLKY, 2005

Frask, FE. RHRERMEKRESAI]. FEAFER, 1995 (2): 104~106
FIBOR, &, FIWNES. MR RN E KR &MTHH R BITRRM). 4
KHEK, 1998, 24 (10): 59~63

Fh, ZHA, RF. RUREEE)FRKRLD]. A3MBRGNH, 2000 (2):
26~33

REME. PXWOFREE IR ARHHEIE . REMKRGEPRIMAHD]. B LER, 2000 (3):
40~41

Hiaeh. DRV HOK RS KEREEHIN W EIHAD). B T.#, 2001 (6): 30~33
FIRE, EMW. BORBHIAER KRR R HER RKARI). RN, 2003 (9):
15~17

B, e, HRRMAKAERTRD]. B %, 2005 (12): 115~116

B, BUSIE, T ETHORPSBINER K RAOFIAD]. TOHALHEK, 2005,
36 (5): 59-61



(19]

120]
[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

L3, ZWE, HEW. A DKMHBUKR TERET A, PEEERED], 2007
(6): 58-59

Btk REEEBOKRERHSEIT], THEBEREY. 2008 (11): 65~67

AR, B, NS, WK RHEER A BRIKD]. L8 KR,
2004, 38(4): 564~569

H N Hickock. Adjustable speed-A tool for saving energy losses in pumps, fans blowers and
compressors [C]. IEEE Transactions on Industry Applications. 1982, 70(2): 339~342

J R Pottebaum. Optical characteristics of a variable-frequency centrifugal pump motor drive
[C]- IEEE Transactions on Industry Applications. 1984, 20 (1): 451~456

B Coulbeck, C H Orr. Real-time optimized control of water distribution system
[C]. CONTROL 88International Conference. 1988 (Sep): 634~640

An Aijun, Chan Christine. Applying knowledge discovery to predict water-supply
consumption[C]. IEEE Intelligent Systems and Their Applications, 1997, 12 (4): 72~78
P C Inmaculada, C G Juan, Optimal design of pumping stations of inland intensive
fishfarms[J]. Aquacultural Engineering, 2006 (35): 283291

E C Bortoni, R A Almeida. Optimization of parallel variable-speed-driven centrifugal pump
operation[J). Energy Efficinecy, 2008 (1): 167~173

S Miyaoka, M Funabashi. Optimal control of water distribution systems by network flow
theory [C]. IEEE Automatic Control Transactions, 1984, 29 (4): 303~311

P Jowitt, G Germanopoulos. Optimal scheduling in water-supply networks[J]. Journal of Water
Resources Planning and Management ASCE, 1992, 118 (4): 406~422

C Homeongs, T Sastri. Adaptive forecasting of hourly municipal water consumption
[7]- Journal of Water Resource Planning and Managgement. 1994, 120 (6): 888~904
Yung-Husin Sun, W G William. Generalized network algorithm for water supply system
optimization [C]. Journal of Water Resources Planning and Management ASCE, 1995, 121
(5): 392~398

L Sychta. System for optimizing pump station control [J}. World Pumps, 2004 (449): 45~
48

David T W Chan, Vujiu Li. Design and implementation of a variable frequentcy regulatory

87



TR K FREFAEERELEBE

[34]

[35]

[36]

[37]

[38]

(39]

[40]

f41]

[42]

system for water supply[C]. IEEE Trans Automat Contr, 1996 (April): 2095~2098
THEf. RutaREKREN R EEAD]. MARK DIk KF, 2006

N Peric, Z Ban. Mathematic model of a fresh water supply plant[C]. Proc.of KOREMA-41%
Annual Conference, 1996: 57~60

N Peric, I Petrovic, A Magzan. Modelling and control of water supply systems[C]. IFAC Large
Scale Systems, 1998 (Mar): 543~548

A Boris, P Nedhekhko. Predictive control of water supply plant{C]. CONTROL
88International Conference, 2002 (Dec): 653~656

FE R, JtaHE. — MR ROBIPIDE %I MR HHE R UK RZE[T]. HERENLIK, 2001, 19 (5):
35~38

TiK#, Z4m. S-PIE G HIEHER MK RE]. MADUTENF RSN, 1996 (4):
32~35

BEK, R, BER. EHEERARATEREEESKREFONHTFRI]. B
SEEFHFML, 2003, 256): 16~17

ZXH), EFA, BRE D . — MR TR SR E R ALK RAY). S8R RN A, 2005 (11):
76-77

K F Man, W K Yung, Chow T.S. Adaptive control strategy for a water supply

system[C]. Third International Conference on Software Engineering for Real Time Systems,
1991: 125~128

[43] D Georges. Decentralized adaptive control for a water distribution system{C]. Proceedings of

[44]
[45]
[46]
[47]
[48]
[49]

{501

[51]
(521

the Third IEEE Conference on Control Applications. 1994 (Feb): 1411~1416

M Elbelkacemi, A Lachhab, M Limouri et al. Adaptive control of a water supply
system[J]. Control Engineering Practice, 2001, 9(3): 343~~349

HREAAR. BEMEHAEKRETRNMHTTRD]. LIk X%, 2004

FE, BHIREMK REF RO BREPEAR, 1997, 9(2): 33~37
WEE, #. BRI EHER MK REOTIAD]. L7558, 1998 4):
8~12

J R Layne, K M Passino. Fuzzy model reference leaming control for cargo ship
steering[C]. IEEE Control Systems Magazine, 1993, 13 (6): 23~34

Li Xin Wang. Universal approximation by hicrarchical fuzzy systems[J]. Fuzzy Sets and
Systems, 1998 (93): 223~230

BFL, RRZ, BHEFT. ETPDRLMENHEEMRKERRERID). AEER,
2008 (10): 15~17

XA IREEAFMM). LK LR FHIULRE, 1995

8. KRRARS CGEUB) M]. Jbx: FEEHR DRHRE, 1998

88



ZHRKFMREF 4L E LRI

(53]
(541

[55]
[56)

[57]

[58]

[59]

[60]

[61)

[62]

[63]

[64]

(65]

[66]
[67]

Johann Friedrich Giilich. Centrifugal Pumps{M]. Berlin: Springer, 2007

Ahmad Nourbakhsh, Andre B Jaumotte. Turbopumps and Pumping Systems[M]. Betlin:
Springer, 2007

B, BT, EEAKRGEE DS R HRED]. PESKHEK, 1996, 12 (1): 20~22

M Edward Bamnes, J JrPaul Pinter, A Brece Kimball et al. Precision irrigation management
using modeling and remote sensing approaches[R]. Tektran Unites States Department of
Agriculture Research Center, 2003

Liu Jun-ping, Yuan Shou-qi, Li Hong et al. Method for achieving irregular boundary area for
complete fluidic sprinkler [J]. The Second IFIP International Conference on Computer &
Computing Technologies in Agriculture, 2008, October

B, R, SRR AR R MU AR B E R SR SRR [T]. R AR 2004
9): 220~224

HFAE, T4, FLH. FEBEBELR TSR], AERRBBR S E M,
2003 (4):145~148

SRALET, XUNEE, SRR ORGSR ) F @R AR MBI A AR B
AR, 2001, 29 (4): 118~121

Zhu Xing-ye, Yuan Shou-qi, Liu jun-ping et al. Strategy of energy-saving for variable-rate
irrigation sprinkler[C]. 2009 International Conference on Engineering Computation (ICEC
2009); 2009 (May): 29~32

B AKing, RW Wall, D CKincaid et al. Field testing of a variable rate sprinkler and control
system for site-specific water and nutrient application[C]. Transactions of the ASAE, 2005,
21(5): 847~853

Az, WEW Y/ML ETLabVIEWKEREKESLEEEARM]. AR BRETFH
R RRAL, 2009

METLAR, UM, BR3ES%. 2 TLabVIEW R KR REN K R L MR [I]. HEENL, 2007,
25 (3): 38~41

T8, RER, RAH. ETLabVIEWHI KRGO EMARENFP]. A,
2005, 33(2): 33-35

84, FEA, Fix. RERREMM]. JE: PEEF IR, 2001
SRR, BAM. TREEHFM]. BRI BRTHRYE, 2001

89



TR KFEREF L E R R X

[68]

[69]

[70]
7
(721
(73]
[74]
(73]
[76]
[77]

(78]
[79]

(80]

PR, FREMES. BARETREM]. b5 drTOkiiAR, 2007

ST, RS RIS R BT, BB R R, 2000, 23 (6): 447~
449 ‘
PR, TREHEBEER R RERAEM]. Jbat: EE5 TR, 1989

FaEA. RS L Simulink S H[M]. B3R A TR AREE, 2006

EBK. BHRAMATLABIERGIEM]. b5 EBi TR, 2004

WES, BIER, FH. MATLABU HA A ##M). b5 A REREH R, 2001
For Use with MATLAB System Identification Toolbox, Mathworks Inc, 2001

For Use with MATLAB Control System Toolbox, Mathworks Inc, 2001

DA, EHROBEEANKRIC), 200261 REHASBERE, 2002

FER, TR, PRHE. MATLAB/NCDAR AL #5100 07 BT 53] +H SV E, 2004,
21(10): 130~134

For Use with MATLAB Nonlinear Control Design Blockset[K], Mathworks Inc, 2001

For Use with MATLAB Fuzzy Logic Toolbox[K], Mathworks Inc, 2001

HH. B TMATLABRAERIRE B8t 5330, HUKG R, 2005 (10): 126-128



TR RKRFRETF L ELEBRL

B

AXRAERIMRFLFARNBOEI TR EEEE. EFEMRE
S, BMEABET RMWE TRABARENRDL. HSME. FAL,
UMM IEH R THERMIEEXIE. WEH K RER DR A K % S i TAE M AR
RZHEK. FIMREK AL TAIE RS E % IRMELERMN S, ERAEE
H MR FFEMER. B, AELE, RITAERSE. BURRWHEM
ARG MR K R RZTREEFE . Rk, %W S8 IMH LR Z & MR
08 L SRR !

5 5 i BR BRI 5T BN IR SR M R AKTE T ROMHEBY, 7ERICUERE.
BHRERETE TREMIERRE R ERA RIS RGN . i
VR R RER TSR TR RMHED.

EERH R REANERAR R KERBLEERIRISE THIERE
EROBRLLIER. FINERHRKITURML G, JiiH IR 58+ REKF¥
EhH. T, MNERSENXFEHEY, RITHRR. TERERRIESR
REKHEB.

Fipkeh O ZIMA R A H BOATST IR0 4 R BB R HE SR AN 9% 0 3h
B, BERXEELTE LR, BBUR RS EAWBEIRER . # A3
W FT A B KA Z I, [R5 BRI B B R

®®
2009.11

91



A K ERE F B E LR X

WAL S 1 B AR B A RS X

—. BHABR

Lo (RBEREAS W HIALOTE R WREHKITRD |, M e E A PE “ EemE” #ha
SERR BB BAT SRR TR . 2009, 10, HELH o

2. 380V~10kV 4 H#AKRMERE AZHMIRRL, WARBEHEMREE. 2009, 10. A5 11,
LEaR: $157 PLC FEHDUBRII BV, T hIsREs AL

3. W HEG R KR ATRESUE TR, BULTTRBURRE €, 2008. 12. 438 16. EETTHR:
S P A R VAR T K TR R U AR A B K ) R

—. SEAmE

L BRARARARAC MR e UAL RSSO, WS ORBFESESME, HHR
5 BK2007706. TESM: KERGAFiATHLE R HIRKmE MR .

2. BOEEMBRAVEXERAWR. BFRALFTFER¥ES, WE%T: 50825902,
FESMAR RARCGITIB R T.

3. ZEWMEMAERSMERIE, EXEAEFRAREITR (863 &, %%:
2006AA100211. T35 hn SRR Z il LB -

4. BORAREEFRANFSRHMGEANEAR. BEXARMFEES, TERT:
50979034, FESIKEANBEIRA RIS E AR R LTS

= ERFARX

L ET LabVIEW MIREERPE R AZh R T]. HEREHLM 2009, 27 (2): 91~94 H_ME#
(EI %)

2. Experimental study on lawn sprinkler for energy-saving and variable range of the precision
spraying [C]. International Conference on Engineering Computation. (IEEE %/H, EI. ISTP
BRI BEME

3. BLBENMENEZERAWRXRL R (J]. H#ESU 2009, 27 (1): 10~14 FEPIEH (EI
sk )



I FRFREFEE LB X

4.

5.

Strategy of energy-saving for variable-rate irrigation sprinkler[C], International Conference on
Engineering Computation (ICEC 2009), 2009 (May): 29~32 V4 & (EI B(%, ISTP (%)
Nmeﬁcd Analysis on Asymmetrical Distribution of Flow Field and Radial Force for a
centrifugal pump (2% [C], International conference on Energy and Environment
Technology, 2009 (Oct), 741~744, 3BJU{F# (IEEE XM, EI. ISTP ¥(FIK)

m. BRiFEF

1.

2.

IKEIFERHAIEATHLE R A BRI R K E, RALF], #HiHS: 200910212762. 7,
BAHFA

ETRBNAMETGRL TR NERBNBETE, KRALH, PiFT:
200910234330. 6, FHMU&HHHFA

93



	封面
	文摘
	英文文摘
	声明
	第一章 绪论
	1.1 研究的背景和意义
	1.2 国内外研究现状
	1.2.1 供水方式
	1.2.1 供水系统的节能控制

	1.3 本文主要研究内容

	第二章 水泵系统变压运行机理研究
	2.1 水泵运行原理
	2.1.1 水泵装置及装置的特性曲线
	2.1.2 水泵运转工况点
	2.1.3 水泵工况的调节
	2.1.4 水泵变频变速调节

	2.2 简化供水模型
	2.2.1.简化物理模型
	2.2.2.简化数学模型

	2.3 变压运行原理分析
	2.4 本章小结

	第三章 需求规律确定的供水装置的变频变压供水原理及其应用
	3.1 需求规律确定的供水装置变频变压供水
	3.1.1 需求规律确定的供水装置的变压运行基本原理
	3.1.2 需求规律确定的供水装置的变压运行实现

	3.2 需水规律确定的变压供水的应用研究-变域节能精确喷洒实现
	3.2.1 应用背景
	3.2.2 变域精确喷洒原理及其实现
	3.2.3 喷洒效果分析
	3.2.4 节能效果分析

	3.3 本章小结

	第四章 需求规律不确定的供水装置变频变压供水原理及实验研究
	4.1 需求规律不确定的供水装置变频变压供水
	4.1.1 流量需求规律不确定的变压运行原理
	4.1.2 不同压力设定值对水泵供水的影响
	4.1.3 分流量段变压运行原理分析
	4.1.4 分流量段变压运行原理实现

	4.2 流量需求规律不确定的变压供水实验研究
	4.2.1 实验装置及配置
	4.2.2 实验内容
	4.2.3 能耗分析
	4.2.4 供水安全分析

	4.3 本章小结

	第五章 供水系统控制模型
	5.1 供水系统控制模型理论分析
	5.1.1 供水管网中管路模型分析
	5.1.2 变速泵模型分析
	5.1.3 调速电机模型
	5.1.4 变频器近似模型

	5.2 变频变压供水系统模型的试验研究
	5.2.1 试验原理
	5.2.2 试验装置
	5.2.3 试验步骤
	5.2.4 试验数据及其处理
	5.2.5 试验结果分析

	5.3 变频变压供水系统的修正模型
	5.4 本章小结

	第六章 供水系统控制器设计
	6.1 PID控制策略在水泵供水系统上的应用
	6.1.1 PID控制原理
	6.1.2 传统PID控制策略在水泵供水中的应用研究

	6.2 基于NCD方法的泵系统控制器设计
	6.2.1 仿真模型建立
	6.2.2 优化仿真方法

	6.3 基于模糊PID控制策略的水泵供水控制系统设计
	6.3.1 模糊PID控制器原理
	6.3.2 水泵供水模糊PID控制系统的设计
	6.3.3 水泵供水模糊PID控制系统的性能仿真

	6.4 仿真结果分析
	6.4.1 水泵供水系统时域性能分析
	6.4.2 鲁棒性分析

	6.5 本章小结

	第七章 总结与展望
	7.1 研究总结
	7.2 进一步研究与展望

	参考文献
	致 谢
	攻读硕士学位期间参加的科研项目和发表的相关论文



