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Abstract

In order to implement variable rate application control of intermittent spray based on pulse width
modulation (PWM) technology, a blended pulse variable rate application controller was designed with its
core part DSP56F805. The controller has two working modes. Operational parameters were set artificially
in single mode, and received from upper computer through CAN bus in online mode. The controller can
output 12 channels of PWM signal which can be adjusted individually. It also can monitor traveling speed
of sprayer, rotational speed of diaphragm pump’ s input shaft, spray pressure and application flow rates of
each boom partition. In addition, the spray pressure can be regulated on-line by predictive control
algorithm with proportional relief valve. A variable rate application system was constructed by integration
of a modified commercial boom sprayer and the controller, and its performance tests were carried out.
Test results showed that the maximal effective frequency of the PWM signal was within 5 Hz, the ratio of
flow regulation was more than 10, measuring error was within +0. 1 km/h for the traveling speed, within

+ 1.5 r/min for the rotational speed, within +0. 01 MPa for the spray pressure and within +0. 05 L/min
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for the flow rate, and regulating error of the spray pressure was within +0.01 MPa in a 2 s regulating

period.
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Fig. 1 Structure of variable rate application system

LO2GWAE 2.3 uE4% 3. PRI R f A AL AL 2 4. MR L
sk S RRBEIR 6. B AL A T RMUT SRR
g 8. misk 9. AMLXIEEE T 10, WA R Sy ML ks 11 LL 6l
R 12, PWM ] Bt 55 S B W P A4S 13, 0T AL
14 B2 T 3 00 7R 7R 15 s

M

40, W
667cN
At q—— WK B AR i A, L/ min
Q— AT T S W it DX 4ok 1y A 25 B IR K E
jifi F &, mL/hm’

q; (1)

c—— WA T, mL/L

W——55 25 AL 20 A4 155 0 96 )%, m
N—T58 3k A%

v—M5% 55 HLAL A i F B, m/s

[Fi) B 33 Wi I A S A, A S LA AT X
P S B I i 3 e Y S5 s 0

NAEA ML T80 T A B s Wi 370 2 A i e
I R 5 AT 0 B RS , ik U 1R 1D L 491 3 O 1, O
BT I 7 1 I8 e Rl A i A Bl B T A S A
PASE BEMEAT e 3 A 4R 1

PWM 7z B3 it 12 ) 4 12 57 4% 2 AR 1 5 19 R
A A5 A P L B 4% A H G 1R D L9V O R 1 47
Frlam it CAN Bk 5 HLZH 9 42 2t S Lim iR,
ARAT ¢ T T Sk A8 H 25 Ay Wit DX o 19 0, 4F AR
R, DASE B T AL 7 e B T S I A S g RS

1

/!



#1224

BB 4. PWM [a] Bt 55 XA B Al 4 0 4% B 5 R 89

1.2 R&EWE

PWM 75 5 W55 it 22 G 76 3WX — 200 Yk X i
FEEE 55 AL (AL 5t BUAR AR B BB Ay A FR 2 | ) 1y Kk
ilt b S0 T, WS 6 m (W Sk 12 A JE W 55 TR )
0.3 ~0.5 MPa, % JHI b 8 5 f1E 3 , HE 5 40 L/min A
W F s B TAEE Jy ik 1.5 MPa, 1§ 3k %
TR80 — 05 7Y [ £ 55 W% 3k (& [¥ , Lechler 23 ] ) , i & i
JE 2.0 MPa #1 0.5 MPa " gmi 253 & 2. 5 L/min,
1.2.1 G

LG IR 3 6013 7Y B o) =X R (1
Burkert 20 A]) ,H M BRAE R LR 24 V. TAEE )
0~0.8 MPa, fL4%2 3 mm . %} /K i 3 i AE J1 &k, N
0.23 m*/h JFJ5 i) 20 ms 56 F ] 30 ms, B A %5
I P TS v IR R R AR RE . RS LT, T A
(R i I N S 27 L S
1.2.2  Ho ol 3 o 1

Fb 461 25 375 1 3% FiT DBEE6 — 1X/50 #1405 5 28 1 431
T i i (P, A ) L ARy A ED) ORI R
30 L/min j#i 42 6 mm K TAE & J7 5 MPa #:/EH
JEN B 24 VN R 3 7 45 6 & B oo
HlfE 58 0 ~10 V L A5 (10% 5 90% [y BR i
I E] 2 80 ms . 90% & 10% By BK M) iy 15 [8]) 24 50 ms,
ARG F AT, L i A TR AR BB R ARES DA
1.2.3 (LR

Shy 4 % T A, 7E M ALK 3h 4 A6 4 b (R TR X A
6 MREAN , 3% Fl JK8002C 1 28 /R 423 7 6 (1 &2
A A BR 2 W] ) o i 46 AL 3K 30 %6 5% o, LA [A]
52 2 LS 55 AL 2L T R R P A o BRI OC I TAE
ML B S5 ~24 VW i A 28 100 kHz, B R 22 4
N Bt (%) A T SR ] JTK8002C 7 8 IR = 45 i T
O, FEAE B B A S Al b X 1 22 e 1 RGN o

W AT Fe J7 A R F CYT — 101 7Y Fs Jg 7% 3% 2%
(R FEAARA A ), TEREER 24 V. &
FEO ~3 MPa B IIDREBE £0.2% F.S. 4 ~20 mA HLif
By 3 o 7 B [E] /N T AT 1 ms,

W5 e 37 B A I SR T LWGY — 6 76 3% K 8 %6 i 1
el (b RFHEB AR AA), &/~ 0.1 ~
0.6 m’/h KK £0.2% F. S. 4 ~20 mA i
AR R E R 24 Vi 6. 3 MPa,

2 PWM == 5 05 fife = ) 25 68 14

PWM 72 4 W58 i ¢ ] 4 1 O & 4> PWM A2 4 5
Tt F S8 B A L, AT A LR S AE: O B A
12 ek sz nT R K PWM {55 i i aE, L2y g 44 il
12 ARG . @HAT L D/A i th il , DL ) 1L

Bl T . QEA 2 B Ik of {5 5 i A E , DAAS I
W5 55 1L 2L T 20 R RO Ay A B e i, AT S
H A/D i AGHTE , AR I SRR ) 4 A BEFE 4 X
{10 52 o W i 3 ik o (B EL A A v )3 B 3 N 455 11
TRBE ST, DAIEAT 25 1 B A T {45 155 3k A 5t i
TG A5 FE R IR £ 5 R BG4 R O IR A 4 S
PR @A CAN SZf: 1, LISt S £ 801
BRI, @ HAG S AL R T AR A
2, DAIE DA A A B i oK o @B ABLx &4
PATE SLALBE S R 4 A R G TAE S HOF R REEM 5L
B TAERES .

ik, PWM AR 8 I it 45 i 5 0 32 500 1 i
DSP56F805 BUH 7 5 & il a (£ H, R RIRE
RN e B BRI 16 7 x 16 {7 ek,
HAHERA 2 4~ 4 WiER 12 67 A/D g 2 4
6 %A ST g FE A PWM 44 4 38 FH DU G 5E B 2R
Z1F .1 4~ CAN 2. 0B 4144 .1 4> SPL 411 14 B%id
I/0 4511 .2 JEAMER B A (31,5 KB (16 i) (1) %
F¢ FLASH .4 KB {9 %4 FLASH f1 2 KB {y 5| &
FLASH, I HAT 16 {3 i SN B 4 e S 2k, I K 40
55 AL AR (DSP) 5 K (1 B0 12 5 A0 B AR ) S ok
Hil# (MCU) £ FmorEEg g+ — 8, AR
J'& D/ A B 5 45 /b B AN 42 11 RD AT L PWM 7R B g
Jit 42 1 #5% 1 R BT oK o

PWM A5 1 W58 Ji 72 1] % 14 25 F4 JRCE A 1] 2 o/
i1 F DSP56F805 3.3 V R4, i L R & h 2 4bik
B TR PHRESG DERASVESHEILIVESZ
] A B 4, 1/V AR S b i b, SR 165 Q1 K
PR 4 ~20 mA LIRS S 0.66 ~3.3 V
MRS 5o D/A B4 2% 36 F TLC5615 (55 [, 14
MIALHE) , 10 7 4 HE 3 SPL #3211 B 17 8276 | L JE
o LCD R Bk i TX — G12864K T i i B
(R BRBHEARA ) i n gt
SCTR o BEAREOR 16 SRR REURE A 5 8 B E
1/0 145 ,4 5650 8] 52 28 30 T 5 o A3 v G i A g
Fn] TAEFrh W2 if) 2 /g 7 20, 16 A4 5y
Bk 10 A B T R BT EAE T
LR RTCR R, S0P TR E R/ T
PERER o 145 20k Fl 28 Rk i3 5 7 [T S Ak L B8 AR b

3 PWM T =W = 6l 25 204

PWM 7% 5 ¢ i 45 1] #% P F 75 Codewarrior £ i
TR (L, CERRIRE A ) T M H PE
(processer expert) I Kt fe C 185 FF A M
3.1 RS TIERE

PWM 7% 5 Wi i 4 1] 2% 09 £ B 7 R &l 3



90 7SS ANV M A S

2012 4

| moreany || ol || msie |
T5 75 ngs
| memen || smeTec | | bk |
15 T3 1z
| awmam || ommma || wowe |
I5 8 g
| wmss || owwsss || e |
o e 11 e
PWM PWM SPLERA T4k PO ] 4%
qtkA | | 4B B 1Pk C D
DSP561805
A/D A/D CAN i SN
wodas | |FEIGR2| | 4ifE VORI B

e o I B [

UV 7S g CAN | | g | | mpses |

ok # T ﬁ
! 4 T [
5 s Wi CAN LCD
i;EZ I #,L\ 37 l l - ‘f:
fomeat | | fo | | & e |
EAvS N

B2 PWM 7 d5b I8 i 2 ) 8% fr D A )

Fig.2  Schematic of variable rate application controller
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Tab.1 Results of traveling speed measuring test

km/h

TR e 1H -
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WHE REE REE REE WEE REE REE REE
492 4.93 4.8 4.89 517 527 509 5.12
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Tab.2 Results of rotational speed measuring test

of diaphragm pump’s input shaft r/min
=2 Bk 2 R 15 5 1l 5 s
1 298.36 298. 34
2 452.65 452. 62
3 598.51 598. 49
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Tab.3 Results of spray pressure measuring test

MPa
A2 CYT-111 B7REH i il 4 R HE
1 0.219 0.221
2 0.429 0.428
3 0. 607 0. 605

0.5 MPa, PWM 27 &5 W jiti #2¢ fil 42 1 Br A W8 3k LA
100% 1y i 25 FL 2215 %5 30 s, 1T s 48 il A {705 1 158
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1~ 3 5 WSk T B 25 380, BRI 1 ~3 S mEsk
MR s R JF M 3 sk IR Bkl B, B
A 1SR 2 Sk i SR R RS R 2
Wik, A B R I 1 SOk A . 45 R W
A PR BER/NZE N 20 mL, i34 AL,
Wit 3L 42t 9 K U R 22 4E £ 0. 05 L/min JL A .
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Tab.4 Results of spraying flow rate measuring test

L/min
[ VL %
I 7.484 7. 481
2 5.036 5. 038
3 2.532 2.540

4.5 BFEHRERRE

M5t ML 15 RS AN 3, 5 b LB B AT, B A
A3 300 v/min 7247, 12 L2 EELL 100% (1 (5
25 IS5 . L i T IR B E R ) S e R E R
0.3.0.4 f10.5MPa, 7Ef—MRERNT, LML
T TR /Ml o JEE S By A S 3 8 540 v/min £2 45,00
SRUL ST 4 A W04 J 30 N AT e ) SR A 5 2R JE DG i
9 ANIE Sk i S i U 0 R SRR Y 174,30 St
Jo 4 AT 95 JE A N AT I ) BN (. AR IER S
fim. RS WA, &0t 2 s WS, WA R
BRZETE 0. 01 MPa [ N .
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Tab.5 Results of spray pressure stability control test

MPa

B ) TH BaRE1 BaR(E2 RRE3 RRfE4

0.3 MmITALE  0.392 0. 286 0.322 0.307

0.3 i E AR L 0.395 0. 285 0.324 0. 305

0.4 WIINLE 0.435 0.392 0.413 0. 405

0.4 Wik Asfk  0.439 0.390 0.416 0. 404
0.5 WA E 0.516 0. 495 0.512 0. 503
0.5 B ARk 0.518 0.491 0.517 0. 498
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4.6 TEBHIXE
B EC 1 36 L 1 1 RE T 7 B E O 0.5 MPa,2 ~ 12
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Tab.6 Results of flow regulating test of TR80 — 05 type

nozzle under spray pressure of 0. 5 MPa L/min
PWM {554l %/ Hz
i 25 /%
2 3 4 5
10 203.7 203. 1
20 429.3 441.0
30 665.7 669. 6
40 946. 8 952.2 914.1
50 1164.3 1169.1 1122.3
60 1407.0 1386.3 1376.4
70 1 608. 6 1617.9 1602.6
80 1819.8 1809.3 1839.0
90 2047.8 2055.0 2089.5 2070. 6
100 2477.8 2477.8 2477.8 2477.8

42 6 T, 24 PWM {3 S 4%k F 3 Ha 1 5

23 LUAR T T BR A 25 LE Ik, v 1 1 ok AN B 8l 1 i vk
A, HEEH PWM {55 BRI R, o5 25 L IR
B o WAL 5 He WA 205 25 i 9
/0N B TGl A A W Y T B A O R R Y ELE
SCh R S fe /N R 2 L IR T 6013 8L 5
AR, PWM {5 54 MOBUR /N T4 T 5 He, i
R HERT 10,

5 it

(1) T PWM [a] g 25 =X 28 5 W5 it R 48 19 5
=, LL DSPS6F805 Stk i W %0, Wil 7 PWM 25 H 15§
A A%, M T PWM AR & W R 4, CH T
PWM 75 i W it 2 72 19 3 s # 31 .

(2) il () PWM 72 & W5 i 5 48 SR H L 9] i
Ui I ] 24, PWML A 5 T it 44 7] g 3 2o 500 L £57)
5 1 75 o b A9 Vi U R AT AR A T, S B T A
JE 7 i PR AR E

(3) kil By PWM 72 &5 W5 2 48 1) PWM {55
A RO /N T AFF 5 Ha 3 i 98 19 i [ KT 10 g
Z5 AL ZH TR B A R 25 7E £ 0. 1 km/h JEH N B
RS i Al e A U 52 25 4E £ 1.5 o/ min [ 15
FEH AR I8 22 75 = 0. 01 MPa 5 il A 58 i U 2 A6
D5 25 7E +0. 05 L/min 85 [l Y (28 2 s 38795 J5 AT TR
JIHT R ZETE £0. 01 MPa i Fl Y .
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