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A Direct Ingection Sprayer System
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BAHE Yy W BRERAL Mg Heldto £l e Hd Aes

E4% JIAY g AYshor sk FAlol AL iR sl stel] BRst AdRF o n]
€ 9% 4 54 Y AUBFE Loty Al o]t J3], A EE sAEY
Artzbgol s WaAolet & 4+ A PRIERKN AoiMe 2 =FHAA, ulALH, (FRE
BiEsg vy U Eg, WAm Aga o HPRT e FHN *“iv: BAA A ] A

of Algstrh. (o]F& 1994 A&ty 1995). YA« %%8“’ }M?H & FAFEEA I
g oo £BE 7Y Ao, Bypass, =EFUUANTE AR AHRHE F
I8ttt (Bode, 1988: Miller, 1992). 21} z2ixje] ok :ao Heo] Zuiola] 3]erHo)
A1 HElgl ol & HUstr ¢istd HIEA BMEMSETR] At At (Roth, 1986). o] YAl
Eote] oty zAste] B|Molof A FYsl BASIEE 2gal @ BAB Y| sAsiy waAf
2] garg =3ty el 2y setex] Wil &7 Ttk BERMOZ U3}
o A7l Axg] A exs Uit &AE st (Koo, 1987 Way, 1992).

ofei7ta] AMejAlE AR A, AAFY FH4% AoAWAE IR ol WAy
2 Hristdct (Koo, 1993). wmhetr & A9 HH2 ool Fudiet wd-+Rel AHyYs|
A, Mg GHER FH 873 9 AGAE HIste, AP 5YE FUst FAHEA
dEste UYAAAE IHY 4+ e HEA KA AAs5HowA BUEMMB (Direct

Injection-mixing total-flow-control boom sprayer)& 7§usl3 H71ste=d U}
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WA MHE AolHAl EIUASY ATUEE AT Y 4
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F = W< SPD A (1)

A(1)odA FE HUEER (L/ha), Qe &NHY FuMERY (L/min), V& 2K (u), SPD
= WASE (kvhr), = FUF 549 H2olnf C =0 / Q o] Q = Gt &, GE S &
AR (L/min), G SMA(E)e] 4% (L/min), ojth. E&K AL FE gAY &2 ¥
AEY o Hed YAKE Sofl thdtd FolMe FulE e 0.F ZASHA =, "aly = C
& Y3 FA317) At o] FUY OF Mol "l

7l fB2EAR, sUFUF @ AREREAT YA 2 34

A Aodd 9 A5 EWYALY MAEE =AU Add 2UAYE 2€()
2} o] Yo {FIXAR, wot FUF, TU R MERPAR A¥EL o] AREL BY, =
A3he MojH2 olFolrh. WA 7|2 2L AUE A3VIZ 22 EUWE()F 12202-4WD) ¥
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ojof]l Ay 4 A HdAZS Modo] @I EFL 20008 &F& MHYAdct FHPz=E
30-40 L/min®] E&odM 5-6 kg/cn’®] FEY £5F d 4 ol v &Y HPHI(Vesco
type, FUHZ, 2 10Ix1)E MYsidct. vy HZF AM83ldens Axt fxd o
Y (Spraying Systems Co., 244A-3/4, 12VDC)& By-pass @2of dA3ld §3 o Uy =38}
A3 E¥(boows) =FZ BT A= AxpFdiol= WE (Spraying Systems Co., 1444,
12vpc) 2 sted 23 (1)ed uehdgich ol 10me] EdodE 50ca WFLZ H X F(Extended
range, Spraying Systems Co., XR8001 Teejet) 20748 wW4lich
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Fig. 1 Schematic of the direct injection-mixing total-flow-control boom sprayer.
C: concentration sensor, D: DC motor drive, F: turbine flowmeter, I: injection
metering pump, M: DC motor, P: pressure transducer, R: electric flow regulating
valve, S: solenoid boom valve, W: main pump (Wesco type).

oAt @!%’“‘ZI% Muing W3 M) ¢t olV|n EEM] KRS E
235 F ¥ AEA MMl BX(Fluid Metering Inc., CSC-Ql, Max 576 mL/min @ 6.9bar)& &8s}
o3 Y=L ML _,_:g% fisto] 73t AFRE (FMI-QV, 1/27HP, Max 0.41A)F Al83tach
Zolm ol §olto] HAW 3L %au BF wUd87I= A AP (Quick-dry lock disconnect)
g A/ PelE o stAdct
L, A& N g #lo]R Interface®} Program

ol Lol &% ot HBI|(Omega Eng. Inc., PXIBI, 0-690kPa)2} x| 4l ot A Z2aug
o] ote & HZ ALy glsted dAsidrl &efol= WH YL Hely SHisld L EE wjRE: 3]
Mof(E)ute] §as ZA37] sl WHF 15cm lxlofl E{RIA {aMA(Omega Eng. Inc.,
FTB603, 0.5-15L/min)& HxIstAct L7 HULKEE Y517 sl 2PN (SH7A,
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ZVF-C12-4DNO) & FHuUFol ¥2td Fusinlo] 232 Azion] A7g 98 B8 g9
NAGE = el ARG (S4 ulolaZ YA, MS50-006080)F o]-&3to] &4 3tadct.

A3 /P YAV AodE A3l PLC(S871A, 65)& ARgsigich AMSE PLC:
b AAt Mo WA (PUR U3l AIHA Mol g HA R dolF ol §3d TR AS
/Aolg APt AF U MolFg HY InterfaceRM Digital 1/0, AsD, D/A, Counteri§g %A
3t 224 R LA Hsted pcot A3k Digital Input (GX41)2 10.2-26.4VDC
FooA ALY 4 USH FAQD 31 Ao] 292 P EEAHAZ FE AsA4F ¢
on PHIEE Y& HY YA Yol Mg Aol F-EHUTE Output(GY4l)S #
HQ Transistor Y22 3to] 12vDCE Yol F5A1Y 4+ 2ol AARPRAE YH Y /Y
A AMojo] ARgEo] WMAlAYe] ¢ P KPP FE UL Vrl. YHWY] g EY
B F33AYE de o /DAB(G58AD, E3% 1aV, 12it)7} AHSEH AR AN AAhE
e YANIE Counter(GD61)E AME-31 A43iArt. UL ICEEE 4-20mA AT F
ulo} Z{F MY A= 75 7|(Converter-fed DC drive, Rashid, 1988)& ©]23}HSEE D/A
W) (C54DA, H3% 44, 4-20mA)F FE| AT F ZY3lo} HARE L Mo FHsACL A
ol A1g-E PLCE A CPUR Ad R Hojrt shssialn A543 R JeldAE #H3h PC link
(G5C24, 19200bps, RS232C)8 A}2819l3 PCE =g 1382 QBASICE o] &-3tdct

AP ButAs)e] A UYL FFESEo] (o2 10kph) W FHEY] e
At (c)E L2202-4WD2 AW 7)), FHIO FAAHAS ] st PTOEEGI Y] e
ei3lo] (PTO 4%+ 1600RPM) X Throttley 2600RPMo] A slod WAzt & AAjgch 28}t ¥
sl2] MEo] njel BAUKE P PO AKEE 120% ouflof A HBSIN oj AXYPo] LFE 2
ATt ol 2 #ste vl noH &(Slipage) & 102 AZY AJSGZ(SPD)S] HF
of wa} 3Mefe] HERIHG)S ZASIE Hxl 3z2d WEHE F/9es =33y, UM{Y
of nlasie] FUETe] BEHALEE AR U FUV(G)E RAUYLEN 5(0)F
UAA KA. ER2GPL A7), F Skol= WEIL dy xFoq EFAYGC] doju=
el A7 AATh= Zlo] 94 REistd XAHXI 502 EY wint Mo {3
o] moj®r} HeFUL FAHAL 2ol o3 Fos XYHEHF sjdoen, FHZIL
A o] 432 gdo] old FAXNI} AAE AMolsl Ha| U= st FAFYS
X7t &R AelofA Forplo] AR YojuiA| UYESF sttt +F Reset 2HAE F
o} glo] =&2 ®IE ¥ BUL #3l ¢4Yo] 300kPaZ FAIXEH 3}tct

rorx

cl. AE45e] SRRl niAls B AR, YUY ARFEY FF

A 7iole] FHdol 4B & vl HFYHFEEAM QHMo{BH(Control interval)2
2 2.0, 1.0, 0.2 sec, @AojchAaH(Control Object)o.2 ¥z} /3, QL8| L X (Tolerance)
2 Z wjojciidol thdto] 0.5, 2.5, 15.0% , @DHMARIAT(Sensitivity)Z FEZHYH} F
AUZREL 2} Actuatorof thsied gizt, RF, EE AYycth ol M4 &ol oisioq &
sl vz AEY FHH42E OuHEAIZHResponse time), QDEMARML2HSteady state
error), Q#fTRklover-shoot)s oln, AXFFez @MY g dFUYT. Osx
(Concentration), ®Al®ak(Application rate)S& HIZZAE ¥ + Arl HHAFILS FPAA
2 AREAsn  FUAUPL LWl HURRZ  Aadstd  FolM sxe CHME
Conductivity Sensor(Omega Eng’'g Inc., CDE-344)% &3 3} ¥qisin], Axge HHAE /2
g Aabste] A4stlch



3. Az 9 2%
7}. Wi 9 Actuator?] B}

Ao} AFE 170.72Pasdigite] M oo, RKPAMY KPALK)E
3100 pulses/LE JAHUZ 2842 0.3226 al/pulsec|dirt. EUWE FRo| F2Fol HAK
=& &Yt IHAAMY 35 FUYRY 6078 il &3] 0.16 kph/pulseE JYH
Ack f¥zAARE 2RE ¥E 287 1/4 Aol Pl AP Msec® YA JT
Bt g APFAR olFn, FYUPR FFTEY FPYSEE AIYJLF RE 20ms
ol3tgict. whetA, WM MojrjaHe] Fied HAULEo 4ABof &3], UFHEE §F
ZAYES] FRYo] &Y Aoz AYFHAUCL
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Fig 2. Responses of water flowrate{Qw) and pressure(P) to the tractor speed(SPD), selected
for the test conditions of 1 second control interval, :0.5% tolerance and medium
sensitivities. Desired flowrates (TQw) were compared with actual flowrates{(Qw).
. Mo 354

Wl 71e] 548 24317 fisled EYEY &5 & 8kphollM 12kphE Z2}7] F7HA1%
oW Achdde g Fouh a3 2& AP EYY fxof AT o] opE o
frare] wbgaldol Axg uvebdch HAMoE HAIY FEEFH} AMRZE vt WA
o] 2y ¢ 4 Urk vhgA|ZHresponse time)ofl 7}H ULBIA n]2 HeE HoltA ) A
of BiIAEF & F AUtk AHojTFHo] Y4F HbgATo] =FH o} 0.2} 1.0 Apo]2] Aol
Tl ok 1.0 HojtHof ciyt FFWFAL 7.02%ch KFJ2W YR iy A
oRizts = oI NFAIL <t Elojnje] iAo} o)) ZAEM HounxE o) WaEsH
&5(142/0. 253 )ofl o3l Agsdct weld, RFRFWL Az REA 2} A{A] 2}
of2] B exprl AW Mool oJaiM FAIEN AE&4+&F AT uhgA|go] WGHcL F
AR M Hojs BAF I WA AREr IH TejHol HEJTHE Hojl} Bt
g Foln tlzgrt o el JerHste] TUSHA WSl FUETY AYxQ
g Zzjgtc EY whE Hoj Aol FIEEHE TU AT 2 Fllso] AiE o] Aojy FW
7} Asisjo} Mol FUBE A& 4 Arh
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Fig 3. Response of chemical concentrate flowrate(Qp) to the water flow(Qw), selected for
the test conditions of 1 second control interval, +0.5% tolerance and medium

sensitivities. Actual concentration(C) and application rate(F) were determined.

Ak 2} (steady state error)o] AHHoT od3kg pjAl= W4 QxELx
(tolerance)oln &=t AF 8 HoH4r} Yol Fmajof Fus] HI3tdch ey,
Hojridold g i o8 Aoj= $&AS (discharge coefficient. Cd)&E FUmANE &
ERPo e BIUYAG P=(aw/Cd)olA Aitsiol st $&A4E= dol=4(Re)2t B
AP 5ol d¥g wong {3 Wy o L INejo] ¥ Lot mebd, ™ot Ao
oM UYo]l 2x3-§ ojuelM AHojr} Holx {2 FFoll wield G HHE €& + U

th o] WL JigA W3 A8 dasin o‘ﬂ’ﬁ‘\’l 91“‘cx’°| AT FE2AFY HIYF B

Bjotsts FA Yol alch. Whdol {FFcid Aole =&EFTE U AU + iAo} &3
ol Eugt a7te KJAAME Yastct 22}61%5:- 10. 5%-4 Fgoll thet BF A= 10.2%
3= Adrh

HEYovershoot) & YVALL AcUREY AL or} mahel dlgoln g
Azelgo] gdadgols ¥t AFPZAUEI} 22t (over damped)Hol glo] §at Aol
£ Uehal ottt 284 EoiA AR ulel ol WS MojtAolN FUWRLEY we
Z2EE A3} Aol g 2aAstdct

2% 38 13 29 BUT AYAM AEFHE I HMA K)ol Y
ofe] 2alakap)§ UERAAT olol m& welUER(F)E A4strh AES Edegws}
Ny o FEBRC A UEU 89 AT ANE R ot EUH&EY Asg meh
ot FRRAWHL 2 FU&Tol 22 Usie FUML VIFEE FAY ¥E2 3
drh g £E7} 817 Yo Dol el ATLAF RATL e FTE FUFE P
wgol o2t Adeklag tive errori& oh7] Fisted U] FAIstE wMon 2oy
mo) wigesl o Hudel Rarvsiol EshA wWestel wolsLe HEONE 2efsi
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4. Qo g HE

FALEY BN WaHolzl ¥ = Ue WKFRK] oM Bzl xFYet , vl
&Y, EREBESS Tt JAaRg, YA, HYga { BFRI Fuojd MEA
MR BB Lo Ausiddon deatele] o) uel AHFog APt HERASN: H
EARS AU2HE FAos e sl F{oz A 3 L3, WHAGE T
Fofe] YAz BELVIE A4 Wi, ZMAY B ohzt A Y BEEX BIY 4
dch £ 4379 Azl AR dErRol AYUY YA Jad] AUE AT EE ol A
& AAY Zo' s PR Fof, v A § BFRAY Jhur} ot BB
# zej) WAHAEE EE F9 AHE, HYate] oo ¥ At Fog RIUF L A
s FYPIT, T E¥AFe] A4 sdEYAeR Ry ciso] YA $Ho] ZPof
Hch

gdogol HHEA REE ADEABWHTA REMHM (Direct Injection-mixing total-
flow-control boom sprayer system)2] LAl WI-3HE& w2 317 9isle] P2 FYB Y
ASEgE wEA sla HAY x| &y UUEE &Yyt EYEH NUKEE Doppler
radar velocimeters E3l%5ol $31 uiH njnH(Slip)& 23 ¥ 4 & AME aNie
24 Bt Agd Ades AMolE 2HYTCL
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