FRBHARBAE W E DS E, M 510642;

#29% 216 &l TR R Vol.29 No.16
22 2013 4F 8 H Transactions of the Chinese Society of Agricultural Engineering Aug. 2013
\ o] :—l— — :E sS4 =a S L LS A
S BT RER BN EEEERITSIRE
BT 124
Fhoks 2, BRESY, BamE S, AR
(1 B TR IACRN TR Be, BW] 6505005 2. iR TREEBE, M 510642; 3. B ARHLI %

4. EFMHEE AR E RN E, T 510642;
JoMEERE, TN 5108000

1 OE. OUIEERNEE R, % SCEIE TR S R B A S e AR R SR L, L AT T ki, R
H AR B TT T — A S R O DA SIS IR SRS AR S, A M e — AN PR I A 3R IR B . 1 Be R A
AN 2 PRI ISR, B SRR A I N DK R S R K R AOC R, A SR LG PWM (pulse width
modulation) F&HIK f7 25 EEIEAT RN AR5 LA HL S S0 B {3 S P S T VR M BB, 9 SR PR R 2 sl gk — 25 4 1
PWM (¥ by 25 Ll (VRN B R IR AT H bR o IG5 R0, i S I U0 20 =8 A 0~12.64 mS/em,
EHTIE R A R OB B B ISR, o R RN 0.997. SRR E HEAT T 90 GAE, 45 R
WIVR B (P IR IR R 220 0.04%,  $28 12 Bk BIRSAS QM LI () g 7.8~10.4 s,  FEH 2 SEFr R K .
FEER: ek, AR, A3, RA, RIR, RRKRE, wEF
doi: 10.3969/j.issn.1002-6819.2013.16.004

RESES: S224.21 XERFRERS: A XEHRS:
R, HEIRR, DRI, F ETEMENRNERESESRERITSIHE[J]. RIATEFR, 2013, 29(16):
22—30.

Li Jianian, Hong Tiansheng, Feng Ruijue, et al. Design and experiment of automatic mixing apparatus for liquid fertilizer
based on fuzzy control[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE),

1002-6819(2013)-16-0022-09

5. HER BT OR

2013, 29(16): 22—30. (in Chinese with English abstract)

0 31 &

VEM N A2 — PR L — A EM B, B
FRRALRRE TREB K, IR T I MR &
EVE BE 7K (0 [ IR IR ) 25 46 36 20 4 P AR AT 1
e, BAMACEA) . ACHIER ] # A K BEAT 3L
Il LIRSS I 75 R ARy v, O iz N
THERZ

Jit L 2 e S L VRt I ) 3= T B AN R
B 2o HHTE AN 0 I AT A
M, B2 K9 AL Bk
i N UR S AR LR R %
Toft 1 3R it I B AT L% A AL i, i LA
B A BB, LR AT AR JEE 47 1 1 e th 2%

Woka H#A: 2012-12-04 BT H 1 2013-07-02

FERTH : AN M BAR AR R W L IHE 4 (CARS-27); A#ifk
APl R RHIFE THZ I H (2009030235 EEIHEE T K248 94 N3
T H (KKSY201323003)

fEE AN 2 (1983—), %5, WimE A, 4, YHE, ETA
T BB SR E AR N TS B BT RSB T
FE2BE, 650500, Email: 1jn825@163.com

KA YORIE (1955—), B, RN, W+, #9%, i+
AT, AR TR g i (E0412000368), MR T,
MU — AL R B AR N AFST . M A Rl K 2 TRE 2 e
510642, Email: tshong@scau.edu.cn

17 22 UL ok, S B N R R ] B L& 5
SEHL, A2 TN, HILRIEHR A Z) T8
WEBFE, i, R RS AR s
3 He S AR R A % B s e R/ Y, DR AR
HE DALY 3 L 1 0 22 ] AT R S i A
JEUY, e S e I g Sl L R ik s R
(pulse width modulation, PWM) R & 11 T —FF/K
NE—AAb AR s AR L, SE e 1 2 L I PWM
PRI by R SIS ORI B, IS T ANIR]
HBECUKIE R PWM 28 B S R g 6 &0, (e
MBBESI RS, 13E S TIPS, HIRIE
K B 5 A8 P AE LIS 2R UE, 75 R A BY. (1) 45 77
DA R B S AR E .

BRI I I AOR TS 1 O BU A AR AL, & T
gkt WARPE K gl o G pgdE s, 7 H sk
JEZRGE G2 T T2 (N FH o AR R VR A
P25 ) BT o 25 A — A A e 2 S R R DX ) ) e
JEREEE, JF&85G AL RAT HEE S i I, S
PLSEI AR B AE . FhAF AT, Rk g e
P& AR L LR B PID (proportion integration
differentiation) #EHl5HESLIL TR RORCRIEEL ]
PRAE ARSI o 55 00D Bl XA A L
T AT IR da S RE ) S T RS T AN 8 S P2



%16 3

PN BT RO BRI AL B SR &3 E ik 5l 23

(B JE et 17— AP E TR0 3R GE 0 I R XL
A b i R AR 1 e 41 AR T, e R AT H %
R D Uil R = R A 8 3 o P 3
R ZEHH T ITVERN T 4%. Domingo 2520M KR
AR S FPGA (field programmable gate array)
FARAE S, BT — AP ESIR G 8 IR )
MEREM AN R A, RAT R KRR . 4
WG Wi =, Eese® ske, sk e
SRR A AL AR R AR IO R R A R R O A
B SR s R IE A . g R S5 AT
NEWECE TR TR L BB A, SEIL T KIE—1&4k
A, ORI R B P 1R it AT
RAPEREFRbRI AL PR EEsK

1 ESR WA, CRERORE I ] T A Sl TR A e
BRI RIS . L, ASCIE I Tk s
10 RSl = w1 W B S T w1 B U i
K, RGN AN SRR FE I S s b, e
Rl NI R GE, IR I BRI s, DU
TR 1K) [ Bl TR RS S RIS E 1

1 RESEHEREE

AREBEE MW 1 Pron, ERAESCHR[16]
Pt iR E (B 1 AP RN 2D LA
b SRR T T A B R AN SR R AR A
BN HEIBAR L D AR 4 RSB . SRR AE
MTHRK ERMREEI), FHAETR G R
RPN, DT RO BE ARG BEAR s YRR
FED AT 4 38 R AL AR A B T2 A A
TSR TR ISR B, R4 I R &5
Pt A 4 4 o

| 4% Controller

v
o i1 Outlet
— | X X —
| —
: e
S FU S 2R Buffer tank

Venturi injector

|
e s e |
Liquid fertilizer |

< — ) container |

1 FRAAR%RS 2. WHRAI 1 3. FLRAN 2 4. MR R I AR b
1. Pressure transmitter 2. Solenoid valve 1 3. Solenoid valve 2
4. Liquid fertilizer concentration measuring module

B1 Rkl shREEENEMTER
Fig.1 Schematic diagram of automatic mixing apparatus for
liquid fertilizer
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Fig.2 Diagrammatic drawing of conductivity measuring with
electrode method
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Table 1 Grading range of conductivity and it’s corresponding divider resistance and stimulus source frequency
B =
BRE H i ik i H ] ik
Electric conductivity Resist 0 Frequency/Hz Electric Resist 0 Frequency/Hz

/(ms~cm’1) esistance q Y conductivity/(mScm’l) csistance q Y
0~1.0 15000 150 >5.5~17.5 2200 2600
>1.0~2.0 10000 350 >7.5~95 1000 3500
>2.0~4.0 4700 500 >9.5~10.0 1000 4000
>4.0~4.5 2200 800 >10.0~15.0 1000 6000
>4.5~55 2200 1800 >15.0~19.5 330 9000
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Fig.3 +3.5 V square wave stimulus signal generating circuit
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Fig.4 Root mean square detecting circuit of wave signal across divider resistor
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Fig.5 Relationship between measured value and normalized
value of EC
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Table 2 Equalising process of water pressure detected

e ERE UL (e SERE
Detected value  Equivalent value | Detected value Equivalent value
/MPa /MPa /MPa /MPa
0.140~0.160 0.15 >0.160~0.185 0.17
>0.185~0.210 0.20 >0.210~0.235 0.22

>0.235~0.260 0.25
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Note: r is target concentration; e is deviation; ec is variation of deviation; u is
PWM duty ratio adjustment; y is measured concentration of liquid fertilizer.
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Fig.7 Principle of fuzzy controller
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Table 3 Rules table of fuzzy control

AL 7 E B i EC
Fuzzy Fuzzy variable EC

variable £ NB NM NS z PS PM PB
NB PB PB PB PB PM PS z
NM PB PB PM PS PS z z
NS PB PM PM PS V4 z NS
NZ PB PM PS Z V4 NS NM
PZ PM PS V4 z NS NS NB
PS PS z V4 NS NS NM NB
PM V4 V4 NS NS NM NB NB
PB Z NS NS / / NB NB

T4 RIS ER RO M R R

Table 4 Output response table of fuzzy controller

%
EC BRI E 1838
Fuzzy domain of Domain of discourse of £
discourse of EC 4 3 2 -1 0 1 2 3 4
-3 55 5 5 3 2 1 0 0
2 5.5 4 3 2 1 0 0 -1
-1 5 3 3 1 2 0 0o -1 -1
0 5 1 1 0 0 o -1 -1 3
1 3 1 0 0 O 1 -1 -3 -5
2 1 0o 0 -1 -1 1 3 -5 5
3 0 o -1 -3 3 -3 -5 -5 -5

e EBEOR I, IR, SRS, TR
Note: Positive indicates that duty ratio increases and mixing concentration
of liquid fertilizer increases; Negative indicates that duty ratio decreases and
mixing concentration of liquid fertilizer decreases.
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Fig.8 Program flow chart of automatic mixing apparatus for
liquid fertilizer
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Table 5 Actual measurement and verify of automatic mixing
apparatus for liquid fertilizer
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Design and experiment of automatic mixing apparatus for liquid
fertilizer based on fuzzy control
Li Jianian™?, Hong Tiansheng®***, Feng Ruijue®®, Ni Huina®
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China;
2. College of Engineering, South China Agricultural University, Guangzhou 510642, China; 3. Key Laboratory of Key Technology
on Agricultural Machine and Equipment, Ministry of Education, Guangzhou 510642, China; 4. Division of Citrus Machinery,

China Agriculture Research System, Guangzhou 510642, China; 5. Guangzhou College of South China University of Technology,
Guangzhou 510800, China)

Abstract: Fertigation is an irrigation technology of integration of water and fertilizer, and has been widely used in
micro-irrigation systems, because of uniform fertilization, high utilization of water and fertilizer, and effectively
reducing the pollution of soil and environment. The venturi fertilizer injector has become one of the main means
and important equipment to achieve fertigation due to its simple structure, economy, and practicability, but the
liquid fertilizer concentration could not be easily adjusted automatically. In order to realize variable rate
fertilization with a venturi fertilizer injector, a variable fertilizer apparatus based on PWM (pulse width
modulation) technology has been developed, but the apparatus belongs to open-loop control from the perspective
of automatic control, and its accuracy and stability is difficult to guarantee. Therefore, a closed-loop control
automatic fertilizer-mixing device was developed to improve the liquid fertilizer concentration mixing accuracy
and stability, by improving the structure of the variable fertilizer apparatus and adding a conductivity meter that
was employed to feedback the real-time fertilizer solution concentration indirectly. The conductivity meter was
designed based on a conductivity electrode, and a square signal whose amplitude is £3.5 V was determined as the
excitation signal of the conductivity meter through experiments, to weaken or even eliminate polarization effects
and capacitance effects of the conductivity electrode in the measuring process. In order to further improve
measuring accuracy, temperature compensation had been applied to the conductivity meter, the measuring range
had been divided into several small-scale ranges which could be switched by a multiplexer ADG1408 controlled
by a microcontroller, and the corresponding divider resistor and square signal frequency of each small scale range
were determined by experiments. By comparison with a standard conductivity meter, whose model is sension 156,
the effective measuring range of the conductivity meter designed was 0-12.64 mS/cm, and the conductivity meter
designed was calibrated according to the data measured in the effective measuring range. It was known that the
conductivity of the fertilizer solution measured by the conductivity meter has a significant linear relationship (the
coefficient of determination R” is 0.997) with the fertilizer solution concentration, based on conductivity testing of
a series of different concentration fertilizer solutions prepared in the range of 0.1%-1.0%. In order to improve the
control performance of the automatic fertilizer mixing device, a kind of control strategy of two-step regulating
with coarse adjustment and fine adjustment was employed: first, the device adjusted the duty cycle of PWM for
controlling the solenoid valve to mix fertilizer automatically, by calling the corresponding function based on the
detected inlet water pressure; then the device uses a fuzzy control algorithm to regulate the duty cycle of PWM
finely, according to the real-time fertilizer solution concentration measured by the designed conductivity meter, in
order to make the mixed fertilizer concentration get close to the target concentration as much as possible. An
actual test and verification had been undertaken for the fertilizer mixing device, and the results showed that the
maximum error of the mixed fertilizer concentration was 0.04% and the response time of the control device for
achieving steady-state was 7.8-10.4 s, and it is now known that the device can meet the requirements of practical
application in agriculture.

Key words: fertilizers, fuzzy control, automation, mixing, solutions, fertilizer concentration, conductivity
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