o el K 2EdR 2014,19(6) :201-207
Journal of China Agricultural University

KREHIRH R BEERAHEF R

WE BRE
ChEAOE R 5 RS BT BE . b5t 100083)

B E ANSREBERZATRAEFASZEARNETKGPAAABETERREZAOF L. FERARZEKIIAK
FoMGTaEN, 2N TEOLETRERTEN KR RERGBERARAR AT REARRE HEEIF 5 HF
AL, G E MATLAB/simulink & Li# 72 % A, B AEHEREAN IANETRARERTE, TEARR B KD
RERMAE O~ M ESE T, FRFELSCOW; RRBRBGREAEZASTARESN  TALATREGH B E
R B AR R KRB ALY B A,

KEBIW REBRRL; TMAR; RR LI ELEH

FESES S24; TM 921.51 XEHE 1007-4333(2014)06-0201-07 XERFRERS A

Simulation research on irrigation system with pump
motor driven by variable frequency
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Abstract  For the high consumption and low utilization rate of power energy in the agricultural irrigation system,
according to the characteristics of the pipe irrigation system, the frequency conversion speed regulation technology is
introduced into the pump motor’s energy-saving control. This paper analyzed the structure and the basic principles of
irrigation system which included the inverter asynchronous motors, pumps and pipe network, then constructs the
mathematical models of system and simulated in MATLAB/simulink. Simulation results showed that the introduction of
frequency conversion devices could make the pump outlet flow or head continuously vary in the interval of 0~ 1 and

improve the energy-saving rate to 56. 5% ; Closed-loop feedback control with the signals coming from water head or

http: // xuebao. cau. edu. cn
DOI:10. 11841/j. issn. 1007-4333. 2014. 06. 28

flow of the outlet could achieve control for output frequency of the inverter.

Key words farming irrigation system; frequency conversion speed regulation; pump motor; simulation case
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Fig. 1 Schematic diagram of irrigation systems

with variable frequency speed regulation
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Fig. 2 Constant flux induction motor model with variable frequency speed regulation
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Fig.3 Simulation model on centrifugal pump
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Fig. 4 Simulation model on pipeline system
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Fig. 5 System simulation workflow
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Fig. 6 Schematic block diagram of the fuzzy-PID controller
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Fig. 7 Simulation block of irrigation systems with variable frequency speed regulation
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Fig. 8 Comb-type pipe network layout
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Table 1 Needed outlet lift of rotation irrigation group m
Fe H O 485 Outlet number
Rotation irrigation group 1 2 3 4 5

EY 1 7.6 9.4 11.3 13.1 14.9
Rotation irrigation group 1
FeMEA 2 11.3 13.1 14.9 16.8 18.6
Rotation irrigation group 2
WA 3 14.9 16. 8 18.6 20.4 22.2

Rotation irrigation group 3
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Fig. 9 Pump outlet lift changes with time
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Fig. 10  Pump outlet flow changes with time
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Table 2 Power consumption comparison

RN

Rotation irrigation group

AR AT/ (kW » h)
Variable frequency

speed regulation

FedtaE/ (kW « h)

Constant speed

THER/ %

Saving rate

B RER/

Total saving rate

Y1

Rotation irrigation group 1

0.28

UM 2 0.39

Rotation irrigation group 2

HHEA 3 0. 54

Rotation irrigation group 3

0.92 71
0.92 57

56. 6
0.92 41

HREEHEM ARG ERR IS %

35 EL SR A5 R W AR AR 4 ] L K
FTHEATRE BT BE AR 56. 620, X T R B A 1
AT W] A 1 AT A 28 U A A

2 £ X #

C1] v [ 3 0 kK & R rhoats. 2010 48 b [ 3 0 Hk K & 8 B 5% 45
(R gt o = R HE K & & bty , 2011

(2] 3% WA LS 5. e AR b % B0 A Re fy s ma [T ], HE
WEHLIK 2007 ,25(4) ;9-13

(3] BRMEAR ., 5 0] <. 9 2K 8L 2R 40 A8 4 4 ol 0 5 e F 5 5 0
[I]. gk TR 2% 4 . 2002,18(4) : 22-25

(4] ZEVR %) B ST BRO AR . A8 AR A 3o B AR 7 IR /87 i 7K K o
IR FH LT 4l T #2234k . 2003,19(2) :89-92

(5] kI A8 45125 A6 58 11 HE DX FE 3 (9 b 5 45 e WF5E [ D). 75 % .
VG2 B T K2, 2007

[6] Zma. BT PLCMEEMKRENRII] dEREGFR,
2008.20(31) :57-59

(7] Zeer 4. 2 sl 4. PID # il A9 R Ak R 05 Bk e [T ], HEVE
HLIE . 2008,26(4) :48-51

[8] Ef&. EETHM PID fEEHUK R D]. . L AR T
F 2, 2009

(9] e JF M SO PID IR A H M EEMALK RE[D]. 5% .
PO R KA, 2011

[10]  ZRMERE. BARK B B £5 4 H a1k R Ge iy RS HRAF 52 [ D
Kb #r R4 ,2005

L1152 A8k B R 58 45, ZEAR M 12 1) 19 RE JRU L B K R G247

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

BrLJ T =2 B T2 274, 2006, 32(3) : 53-55

ZRVE Wy i SCHE SR TR L A R AR 0 2 AR A T I
T AERCR 3 ML) ], KRJE TR A4 4H , 2004, 35(3) : 263-266
RAAT S 5 75 2% W 2 30 5 W /KO A A8 28 5 38 4% 0 SR A
[J0. Aok T A2 %4 . 2004, 20(2) :40-44

B R BEIE B TR AR LK IR R 4 A IR AR B R 5 51K
R fi) 4y 287 —f Ak BT o e AF K A K HL L 2000(1) 2 46-48
VKR BB A SR L 22 UK S5 52D v Sl AL Ak A R Y R T Tk
(17 #25 T 4% ,2003,23(22) :50-52

Emami M R, Goldenberg A A, Tiirksen I B. Fuzzy-logic
control of dynamic systems: From modeling to design[]J].
Engineering Applications of Artificial Intelligence, 2000, 13
(1):47-69

BT S8 AR I G S5 0 B B HIL Y A% 3 R B L L A ik
B2 224 2000, 23(6) ; 447-449

RS AL X W, 45 s LA ML de st L R
#£,2008:117-120

BRI EIRAR 2L AR AR R A K R R P R B R[] ). AR L
W 12 B A AR . 2004, 24(6) 2427

B dE AR AR B IRAR S B o A] A Sk 2 K TR B A R A
[JJ. ML 33K . 2008(6) :44-48

R RS WAL A AR S O BRI LT )L AR b
JI R4, 2004,31(2) :40-44

15 R O SN U S R = R A = N I N R 58 T o
% ,2000,34(14) :486-490

SR RY VA T, LT T-S BARY Y B b 28 0 45 4 AT )
9 3 G A F e i F LT ). o [ el R 242431 . 2011, 16(3)
145-149

AR S B %) i A



