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Design of circulating line in greenhouse
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Measuring appartus of torque of

#* 3.1
Table 3.1
crop-bed system

| OFBT = VR vy E

TP-10KMC
N E: 33 ;
s % #:198N-m (10kgf - m)

HHEBE®RE 1.5 (mV/V)

= 187 Y AR OF WD

DPN-200A
‘ R 10X10"0FHANHT)
WOFHMESR|
WOTHNER | isma (200 fig

% JE:0.2V (5KQ L) Lofd)
I ©0 2000HZ

EHRESA Y0 S5

RMS -11
#8 BH AN A—%0 MSISKBH
FMEER . DC~700HZ
% Z 14 (mm/mA/105mm)

REM Type 2611
ERETIEEL 500, 1000, 2000, 5000 rpm
MABE EHEIEHTAC20VEL 0%
JiRgEl Type 2610
Fe R BRI SERS AL & R U

XA A 2 G

7 3.2 ARIEWORRE vy LEh
Table 3.2 Driving power and torque of grow
of growing boxes

#* i% il 4 FAGEIRT | SRS

O EE gyt Egn | QMEH| 0 8 5
(emy/s) [(Nem) |(N-m)| (s7) (W)
7.9 27.8 | 13.7 1.75 151
6.1 23,7 | 11.4 1.45 104
4.3 17.6 | 6.9 1.03 45
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Il 2 L, BSEoBERLe X 5BRMEREAEL 5
oD TH 5,
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Oscillogram of driving torque
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Table 3.3 Measuring appartus of acceleration Table 3.4 Acceleration of growing box
on growing box in operation

DI AN RS BR D e setm i
M EEWE| A & 1G em/s ? om/s ? /s ?

T FE IRl © 0~58 Hz 7 gCm/s | G s | 1,18 4.51 4.12

WABERLEE | 0.5mv/v :!—7“%%[5‘ 2.16 9.02 6.08

A= 137 Y ARBOTHME 61 B g [ 0.50 2.9 2.55
WO AHEES | DPM—200A ‘ a4k ] 1.18 5.98 3.33

(#3.1&FL)

43 B A 5 0.20 1.18 0.9

EHEXERA T ST 7 ' a—F# | 0.59 3.14 1.3
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Fig. 3.12 Oscillogram of acceleration on growing boxes
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® 4.1 @EERO R

Table 4.1 Specification of power sprayer
i N | BRIBHET Ty Yy —RY T
F o [ 4 15 s-1

WO RN 2.06 MPa
oo & 10 1/min

Fr %W 809 W

J XAV 0.7 mm

BHTER IR W5, 7 Ak, REEEEOBHEOW
B L o 2 koTREE, Thrh 3 @O
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Fig. 4.1 Schematic drowing of automatic pest

control facilities

LU 7o % R TRBRAANEI T 5 5 & » T
%, UL, 7 Arb 1~ 2m OFHEN T, BicIgH
DFREED N 7ebThH B, & OEESHC b 7R T
DRECT ARBBILED DR B H, FETORBEIIEAT
B, BT L0 TRE L RERIDSEE TR L R
&, RENCEETHEF ORI, KHORE L&
WL, 2 RICIEp~ BT IBESRb &, 7
E DT R EEF D ER 7 S — OB D T, sk
BEOWMEIRIR > T/, A b0, 8m o & Ko,
5) £ HBEREROFIRRR
RN, REROFYITHRBIEEE T~ M
BEL, TolKREECLATSHREBRLTRLC, 3]
Kok, FRECEF OB, PiRsEROEE
ZIOVEENRAE R AT A OB L LRBETH 5,
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BB, chbOREMBL D 1M h ORFIEAE,
AL OBERR Y &, BEOMFEHREAHEL .,
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Table 4.2  Quantity of liquid chemical
sprayed and recovered

(100%)
(22%)

1

1.
1/8k
1/min
MPa

19.8
4.4
0.12
1.3
1.18

WOHOME O A
E 1 ) I
1 kR4 7= 0 A

J XV FE R
A

HL

[}
0
‘mﬁ-
[}
]
[}
[}
[}
]
[}
)
]
]
20 4
!
J
{
]

o
?

/]
¢
/
’

10

ol

@

«0-=0"
2

4
B e
SERIO A5 418 & R ORI (I 1978)

Relation between rate of deposit and

= 4.2
Fig. 4.2

covering of chemicals
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RIBOTERE, (R BRI SE L R ER
=7 4 v A THY) - TERGRYI0BED, RRi
% U7, S8BT Y ~ b T, 108 5 Ao
%, 10ARMFE < 3 EOREHBEA LT, 118 5 HieH
Ex{T o700, BEREHNL, TPN KFHE (6005 b
Do WETER, FABAREBEARI Y, Fhih
SRRERERICREL, 00RO RS & RFIER Y

E}?xﬂ"\‘\ﬁ:“)u
G RBfER
a  FEHIOBAIREE & EIURER
FEFOBAME L EINBEIIR 4 2RTER D TH B,
6 {EHD , X s b OEEZEE, 1.3 1/minc, BikfEdh
CEL 1HEFI O BITAIT19.81Ch D, 2 DA 4. 41 (4
FERRED2%) PERERICETHD, 6o TH D O

15.41 MRS hicz S b, 1M b ol
TR 120ml 2%, ZhX b 10a % b odfis:
FHERI B &, PREca 2600 /102 & LT, BAEit
3121/10aicin b D EELBND, ZNIIBEHBEC R
T5EFORMEDCH DD, FRERORENTIE,
FRKENSBEBREE T H B, o CTRERDHE
ik, FiKBERO R b, BEEH OB
LT, #EROZEMEER LMD, SHEHPES
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b ZEROTRECR AR B O TREREY 112 5
FERTREBT 1R A~ — T E D A0S O FRECR R,
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A=Y AU, 2 Xud by 1.8m OHE
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i, 7 AAbE 3.5m OHEBRRY, 2 XA 5~

4.3 TEAIDTHCRRE (F354= 8)
‘Fig. 4.3 State of scattering of liquid
chemicals (rate of deposit= 8)
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4.4 FEHRIOBE R
Fig. 4.4 Rate of covering of liquid chemicals

£ 4.3 N7 ONDUREERE
Table 4.3 Control effect on leaf mould of
tomato
TR MR FEREEL ARaER
oA X 2 40% 4 13%
HHEAX) 5 100% 14 47

[(RERBITAR L IT5 8]
(AEHEHITRK Z 2123080
6 mih e T h A EEE N 5 BE, WEERTH6 %D
WHM, 15— =— Mk ERBDORh, DEOKRESY
Bathig, RA4erdIornh, » - X 5HE
FleHBs 13 RITFEE TH - I,
c  PhkREhE
BB B3R 4.3 IiRT X DT, SO R Ol
X DT HRIFRIT ST EL I b, BSsiRERS
bhic,
4.1.2 A AKEBEORIE L FBRBR
D »AREERB LD BELE
HERCEYY BT DI, 2 AKEELERANCAT
5RENRHD, EllEiB— BT H DI, 4%
HAOBAKESB—Lithidiabitv, 2D X
BB T, PAKERXEELE L, B—EL

15 HERNT, HHREDCIFEBEDLDECHD, £
> THENLE, —EDO»AKBERTERT D DT A
KIEED HEHLIIR S & LD TELWEETH D,

2) EBEAODALKEBDOTIR

MRS AR 31 B SR N O BB DD & IR
WHFEDC L hE, BLEEMOEATY 258X, 7
AIKEEBTH B, TiohbaimiE 25,000ha DA,
# 10,000ha W E B2 A KB IEA ST\ B, L
L, chbDEEBIX, <1 2B TEYOEMITTE T
KEELHRTHY, DAKEELL UL, 13IE4£HT)
EIRTCTHBN, RO L5 MEEDREL DB,
FO L, O 4B E TREEL o, REALE
AR TEREELRITRIER DI S TH D,
FD 2%, #5ABMOID, 1S LR 7O
HEMBERRES T b\ ETH D,

FD 313, EREFOLDE, HHEAOHKENRE
— B ETHB™,

ChbOMBEAIHRAE, RENTEHEEIA TV 52
B AKEEE T, M52 LOTERWIEATH B,
3) 4 HEAKER DS

TR B R BIEREE L A b TlfEL o o
A IKEEB DT, MAKA R —EDOBATCEEL,
Z T EBEBT AREEEAERAKETEDRTH S,
s TEYZR BT N TEX BT, BELTECERYE
THUNEL I, —EDENTCEHEM B, A
KNTEDLHTH 5,

4 2AB»AKERO#E X 1EH

REL LB AKEBZ, K45 CRT L5
O, LEYORTE, PAKTHHTHD, »
AR Y T A00W D v ST, FORIEFEL 4D

B 4.5 Zr» Ak
Fig 4.5 Automatic irrigation facilities
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£ 4.4 HAKEY TOMLE B AKEE, ISR~ IR K e R EOK B
Table 4.4 Specilications ol irrigatng pump A CRIE L f, iR 3EEONAKGTRT, RIS

sy Py S QEIFAR > 7 et 7 OREIEARO LB ThD,
”RMWMMﬁ 25 o ©) @m%@;ﬁﬁm&mﬁﬁm,ﬁ%@,my7{%
T 20 1/min HFHEER ATV, FCo AKL o 5 BTk Bl i

B o 45 m R B B Th B, )
R ] 400 W ® BEBE MR AKFRL, RIEELEERL,
RV AN, BAKRMEBED T E BB BRT 5RO A
SHIEL C, BB oM cin R v TR BT 5, o T
ERDTHDH, MAKDEE 0.3mm D% 1 mm H BN ERERR, R v ARERERR TS R ThB.
FRICHF S MR 0T, KBEREMTHELD ® MHXRBD - BR»AKFRE, BEEED AKIE
2, BB OEMEE NS —CHAKTES I 5L T, —RHEIEL Th oA v IHEIEL, Ky I kikd
TW5b, DAKKY FOMEINE, ISR O HThEE S ThHbLEEMEBET5HRT, REHE Ry 7OH

HET5HRTH D, REREATH ik Th %,

5) D AJKEEE O IR T 3 Eol i REARO 2 v 7O BT 301/ min 1@ U CHIBE N
BB OHBER L, PAKEY TR B CE L, MANOREE ST TREL I, BA~0»AKE
BT AR, RO BEELTRTH 5D, i3, BREELERLT, FoAAoKEEZREL
@ BB - B AKHR foo M~ OREKET, 2AKDOBEARCEIZEE
® BT - HRrAKFR IR L CTRIEL o, BEHOBEHREIL 4om/s &L
® MxBE) - Hxh»AKGTR foo ThiX, BEMAS~OKRBEORERZBRHC TSI

BLEDDs AR TR DT, TEERER L EEBE O DTH %5,
L0, TRl EERERSEE I E L T, DA KR B G RERR
FTHIDAT > RBRTH S, PAKFRAORRIER L E 4.5 CRT, hAKFE
@ RE% BRI, REHOBBIE L, 2 KRR (RY
Z OB, PRI 1 M7 D2 AKPT OB EEhs, HAKFRINCHERE 2%
R REL 7o, ERERBER, BEEA~A - & ODEFBE) - Hs AKFRE, BREHOHERC
F A5 D AATRUOIERIE & (3
Table 4.5 Hiiciency and accuracy of each
irrigating method

(per growing box)

e ¥ HE # e ¥ ¥4 I
A KT CS A HPAKKY T PAK || AR BENSE | Ak
T —— S V. S ) D H &
SLI T I N T O T N B (| ks AoA L AkE D E] A
N 5 SO £ S 11 O O S @A) B) (A/B)
(s) (s) (s) (s) (s) (1) (1) (1)
(1) e 30 0 30 0 30 11 4 15 0.27
SHLE AP A K
(2) B H) 30 0 23 7 30 11 0 11 0
R Ak
(3)  JHIRFL) 30 23 23 30 53 11 0 11 0
R 0 ATk

R RITL I572 1)
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2hbhbY, BEHRELCHAKTHOT, RIBHEORMNS
RS A~TREC T B KBS, 2RBORTHBITEL T\ 5,
T DTREKZB & D @ OBEFEBE) - R AK G K
L, ODOBRBE - BIRHAKTRTH D, 1FEREED
HErbHD L, @DFRITBIEE A2 —KELT % DT
B, Lok ds KB Ay FOEEBE X - CER
CHREIT D o ERTRRTH B, ORI, fFi
BB EEBIHE L e AKFRIL, FEEROET,
R BN, TFEBEOE-@ORI/KRBE) - KAk
FRBBELTND EELZLRLDOT, RIELIHENA
KEBILOD XA FERL 12,

4.2 FHBLIATRE L FEE L EELIEE OMRE
FEHBES NAlERE L0, AR 2R Fiv
TITSRETH Y, M EEL, B R fEE
N, ThICEST 5, 0TI, chbOfFEEEL
PEEREC N THRHEITS .

4.2.1 BEHULER(EEENE & R RER

1D {FEDNETOFEEEE O K

BEMMIEIERE L%, PR ERELCEETTE5 X5
WA BT B R TH D, BTRE I, BB
RELLT, #t5 A, Fed, B, EEOMHAMEERY
HETDLZ ENTED, RIEL BB EE 05
HWEVEREDO AT OWT RSB &, 2EBEOEERCHT
BT LNTED, FO L, LERHIN & OBHIER
LEEEEETHEETHD, 20 2 EAL by
EREABATHIEETH D, ChbOfFEE AL
BT BT TIT 5 OO EHABIFERE Th 5,
CORBRTHEA L fEREE OBEL, BRI
BEHFLIEDDO TR, HED I+ —Pa vy
I 1HEITCEEED, HERARALRLT R L
TIEEDRTIEP, FEHBEDRERER i ThH 5,
2) FEMLBFEEE OB L 1EH

T OB, FHReE A RA TS I — &,
3= DRI AR ERT AL F 2 v Ry e
IDBRIRTWE, 39— OHEIL, AEHBORE
OHRLT, BEAORAEEL Tk, thick o T&
BWAOKEMHHERETS, BAELCEMIAROEY
BT b o vy BREFHL, chofgiioh
HEhs, ChbDOEROMEITELED LRI THD,
Y — OESBAIELENT, SISRIEROBBTSEL VWO
T, AR LCRELORA L, HERFEAREL
Too BREERE, $F9-—, U b ow v Y OEREHET,
FEOBRARBLHSREEE B X 0 ¥k L T AR

4.6 IEHMALER{EEIE O
Table 4.6 Specifications of machinery for

preparing and supplying bhed soil

e fi
Fr 28 h=2.2 kW

R BOA A =890 mm (%)

A 400 mm (GEX)
HAMER =05 s
Fr B #) H=0.4 kW

NV b i = 3500mm

a vy AN ) b E=300 mm
NV b OE EE=0.42m/s

ﬁoﬁ:c
3) BN (EEELERE O FI R
@) RBHE

ZORB T, R EMAEFE LT e b oD
RO TR, 1FERE, FEEOBFL Y EHEEL
1280, FRAESERL, 83V vA M A TR YT AT —F
CIEEHZEOBEZETH L LI, FETEE I
EHEZ LA Ly 7Y a » FEAGCCHE 2 W E L
750, FfofEREhET ROMR. RGNS BT
b, FEVRE - BEnD, LT ERCTEEREGO
R.M.R.2HEEL, FEBECHEBEL THEHAL IO,
DA, FFEEOHEEEYFEEENDLHER ST, R
T ETHIEEE, BR, MHOREBIR 4.6 1CRT &%
DTHB, TEEHBEL, v — CREWY 1D OB
EREL, ThEREE~AND E COFEELY 1v1 2
AELT, BEL09 A 2 VOREER T ote, BEHOME
AR KILR O % 50 1, b b HENEE 501, & LR
CARBOL ZHV, chicfBe L Chi% 258, B
60g, BEm30g. WAHAKI0E iz CRAL R, B
AR O REIIL 50 LT R ER L e ¥ iR &
i, thThOBERCHSTHEREOFARIED, hT
FrEL 7,

G) R

a fFEIRE

FHMIBEEO A TREYR 4.7 10RY, ZONTIE,
AHL, s, avy, Rl SHEEOBIER R
T, BCHARHS ABHR MY R, FEIERFT
EDTANELETH D, T 3+~ THBERES
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Table 4.7 Value of R. M.R.in proportion to motion .

%5 W R

Los

/I WrRHE ORI | WEHE OB L |R.M.R. e #* 151
AERRC T2 F | FEENR DS E| | R O TIE RS 0~0.5 | 0.1 EER7 4 52> bfd
NAEZFNIEET | eI bNL 0.3 B/IEREE
E3 % by [ 0.4 #3EA
i . 0.5 =
BRI AT | R CIRATES | W b 0.5~1,0 | 0.7 WFEEYA Y EL
BB 0.9 2% ¥ 7L
FEHEOWEAR | /RVIER BV, | H Lk 1.0~2.0 | 1.2 SEEL
13 & TRA #HE L ClEiEn 1.8 & FJ v
FROWMIES | FhoBEHE | Wriksiz< % LEIL KA T4 | 2.0~3.0 | 2.0 a2y — R
EEE RS | L TR 3 W 5fhEL Ty : 2.5 ¥ 7)) —bRHIY
B A B B
By AR LTIE
R-3%
WEOWH LN | KL THICAS S | MEIFEHFICKIY | 3.4—~4.0 ] 3.0 FWVLALB W
WAHERRIEI N W | A WRRETCE— > 4.0 #T AR
LRl g VIERPREW
I N SRR
L ko o
RIS R | JBFTICE 2L | R Ed R | 4.0~5.5 | 5.0 JKdE
ER RPN BT HEIEH | I RIERIThHDIFY 5.3 & =#| v (AL
e NG S TWB I &AL
» B
WBOW) > LI ~ 405 T—{k A BAETATL B | 5.5~6.5 | 5.8 i}
A & DI B 6.0 JEBDO & k&
= ~ 6.5 3 v~ (18[A/%3)
WEA ek | 2055%80T B & B | QAN FaEEs | 6.5~8.0 | 7.0 AR, EXE
s s XLARTFHIC | L4 Eb b, {FHAMS 7.5 BEWRDIFO &
l}ilj;“s‘\ i<, AN
JFRIT A
‘E"F‘zﬁ)fi i RIS | 5~65 MR Y 3 | 105 b E¥E TS | 8.0~9,5| 8.5 D3k L
PE L3 NEHERT 3 LEDBIZEAL | BRI T A 9.5 1 #H— (200kg) %
s Hkz v FEAH, HLE D HIRE TH| <
T E R3S

X 4.6 REHIR{EE
Fig, 4.6 Work for preparing and suppling bed
soil

LT aMicEfge 1 BoRggmEes o L am
T B E ORENE, AR E B R

T

KB o b ADEER, SR RO IER %
FRLTC:F9—~ANBIEETHD, O, 335+
=, b b a vt BEEEOBRY BB R OELT
BRdD A4 » FEBIEL, D OBMREL AN TS
Be ZhbOBREREEOMD 1 KILE BRI X b H
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CRT ERD TH D, HREOHBERATERIADN
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c  FrlanEE

BB O - AL, 1+ —0F BN R
HRE A=y 7T0l OARANTHEL, b1+
P~ A LT, ZOFEOBIERAITIZIESEE T, W
FOBHLFCTHHEH, BOMATSHX s LIk
dhhic\ o, RRM.R. 135.5M8 & L Ui,
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4.7 FEHAERIESE TR (T E)ARES )
Fig. 4.7 Working process for preparing and
supplying bed soil ( movable crop-
bed type)
4.8 HEHbATR
Table 4.8 Working hours for preparing and
supplying bed soil

BT/ FFZENRRE (min) 2055

R IN 12 0.21

i) & 15 0.14

HEH - R 13 0.15
) 40

(B TETOMRRY 72 VW D AT ZEER)
LR DIRRETH B, ¥ IcHIED B3 BB o Bt
WD EFEFD o\ O T, TERROE LI D BRI
1%, PROBEN EFCRSBE T, BHLHREED
BE CHBCRSBE THS, - OIEER RCONTEY
Wi el #FExbhicvwoe, RMR, 1% 1.0 BEL
Hin L e,

3 — OB N BT A0 LN, B n o
EMMENDOT, RWEORIBTH D, FIClFEROEE)
PEERALIY, FHROBE 2HIEE CRSN, HE hfinic
WoOT, RM.R O 1.2EE L AL,

TEA =, L b3 vy, REEE S O B A R
BIRGDAA » FHIRL, SILOBBTHS - LR T &
Do BRFL, FREERENCETH, EIRA X4

£x bhino T, RRMRIL0.5 8 L3 Lt
Cofs, BRICLBAA o FEIERHAOHI & D X
57g, FEHEEIGO =30 ¥~ R, HEEHo =31
F— U & HlEE T B LNEEY, G5 T Z OBIE TR
FEBI, BRI X %o, BumaBy s
B & 8tz LOME, 3OO A1 » FRIED
HC, FEEOFIEGEY BB S L 51035 K,
LR[S LD L THol,

4) HEMLOBE L 4%OoHBHFA

@ AfboRE

FEHIALTR RS CHEIRAL L 7oA, BEHAR2 IBk O
BAE &, ¥y -2 DRI~ OO &R, RO
HOBHCchB, B, dib, Eik, B SoEBIE
EoBL, AMcX b4, FEERES OO,
—IEARE L ole, L LEHBIFEL, fFETEMOE
B CHBET DK, PLEBERHEATRD b,
(i) BT ORMAEFE & o Mk

BT OMRBRCIL, <y vARERvFFRAL D
B, Ny FHRTIE, BHoAhBLETHT, L8
WEH 5 A, Bk, JEIE, BEeH, BT CIRER EHMT
bbb, vFHRTIK, BHoEEe, Eho Ahg
LMThhs, o To & TIHIETDOR v IR0
TANBLOEELHE TS L, ZOK, 3%
=B RE L AR AEREL, Bho
W B OHOREBRELHE T s Lic, BfFO<v
FHRC T B EEMNEIEEO TEIL, R4.80L%D
Thb, CORLVEFOSvFHROFN, EigED
EIETRE, EREND S v s~ E AR B IRATE
DB Edvbd Db, (e TIEEREER, HEmED
ENDATS, fFYHBRBERBOHIERTHS &
Ex bbb, FEREOCHE T, BfFFELOKLT,
KELZIBD ORI o1,

Gil) ROt pEEEOHR A

RAEL o fREBE ©1x, BIOFE AR ADIEE
BET L, WG, (39—, ) avSyOEE
HHE NABRNCTT > T 5 HICHBEDOBRBERRBD DN
b, BEWHROHBRE, »—% ) 0T EORER
FEEEY O, ¥ —~OWARI, o vSVyEE
YNTFBDE—>DBBIHMTH 5B, BinHliE, Hst
o BBECHIE X AL, S kde 29—
La vy RIFGEET S L, (v —0BH DO
Py v/ viielh, BRIAT S Fiacg i3
L LA METHB,



AHB : (P BREEEORIE L C e FIH LcfREODIE 23

NE A SR
; 1
1 |
! |
1 |
i I
' |
: |
) pu— |
# |
oy !
Sy p
Prbom e i
s — i i
3 F 4 — OFF |
i pi
.
T
2 [
N !
-
JtLi 1]
i

B 4.8 BHURIEE TR (BESY F45X)
Tig. 4.8 Working process for preparing and
supplying bed soil ( fixed bench type)

4.2.2 N - EBIEEEE & FIHRR

1) FEORAROIREEE OB

INEE LB L ie b= R LIRS 2 L TH
h, BHEE, FAR o b= MR IS TR
BIBT5CETHS,

{EITREE IR L HBIEED, Thrihiinrt
TefEE L LT, WaoBiciTbh 5, - TEME
Eork, $RTONEDCEEENEML Rk
Lz LRl b, LU INEYOBEEZ RS TE» D
ABHE, 2fEU EOEERRRCT S kX b, IR
BT s BEYEL T LA EEREREYE - C
B, RYTTEIRBEER O FITICENBYE X, HE
ORRER BT o3 BIc X b, I L HE /) — 5
T, G255l o Teh s,

2) ¥ - PR EEO I

I - BRAIRREER, R4.99RT X 51, REE
ORI E S, WL~ h a3 O EEBIH
~HHET A IR TH B, BIBITIBRENTTR T, 2K
DV v+ DEFED, <4+ OBEICE - TEWTTHTL
BETHD, oT, “OREINI P~ M, PNE
WIRFRNC, REWHBEROE DT THIRARRA~
BETT5, 2ROV ORIZ, < 231 mgEds
e, 22mm B RABTH B, BB, A1 » 5OF
BRfEc X b, ON - OF FIXEER T\, BUROL 5

b N OUNHE - R EIRE(E
Fig. 4.9 Combined works for harvesting and

X 4.9
sorting

FTC%, WRIEERCET HRMCET CRESHE O LR
AT L e, BB RGP, Bkl CEERT
3 fco

3 INEE - EPIRREZE &8RO Hlik

A ABsk

R TR RS EE CHIE L o b = P EAWT, I
LBEPIERER FRCAT 5 BE L, BT I BRT v
TR 1T - 1,

R T, RESEO TR IBYESE, 1FY
MOHLI o7 b= R OB AL e, B
PEEECIX, fEh bR -7 b~ M e—, EiRHO
BEDHAAN, WEEENKTH, SEXEROFH
B bk 1ETOm D MU GRS B LT, fE3E
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Seedlings on growing boxes
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Fig. 4.12 Working process for raising of seedlings
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Table 4.10 Working hours for transplanting
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to growing boxes
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Fig. 4.16 Working process for removing crop
residues and supporting posts from

growing boxes after the harvest
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Table 4.12 Working hours for removing crop
residues and supporting posts from

culture boxes after the harvest
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Table 4.13 Total working hours required for
the forcing culture of tomato in
winter by the use of the movable

type crop-bed system
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Table 4.14 Conjectural value of R. M. R. of
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~Fig. 5.1

in greenhouse
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Fig. 5.2 Temperature in working area, crop growing area

and outside atmosphere
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Table 5.2 Air condition in working area and
crop growing area during cooling
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Table 5.3 - Specifications of thermometer,

hygrometer and recorder in

greenhouse
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Table 5.4 Soil sterilizing temperature

and time for vegetable diseases
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Fig. 5.7 Soil sterilization by steam
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Table 5.5 Working hours for soil sterilization

by steam
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SUMMARY

Development of A New Movable Type Crop-bed System and
Farm Works in Crop Culture on the System

Isamu KURATA

The protected cultivation under: structures, such as glass houses or vinyl houses, practiced
in Japan is a very intensive farming which requires a great amount of labor. The total working hour
of the forcing culture of tomato for winter production is about 1200 h/10a. The labor-expense con-
stitutes about 53 % of the total expense of production. Therefore, the mechanization or lador-sav-
ing for the protected cultivation is one of the. most important problems. High temperature and high
humidity environment in the structures are necessary for growing crops but not for workers.
Especially, the work of spraying chemicals in the structures causes a very dangerous environment
for the operator. For these reasons, it is necessary to develop an automatic cultivation system of
vegetables under structures. The studies reported in this paper dealt with the development of a new
movable type crop-bed system to be used under structures and the establishment of automatic or
semi-automatic cultural methods applicable to this system.

This paper is composed of seven chapter including the preface and the conclusion. In Chapter
1, the background and the object of this study are presented with many statistical data. The object
of this study is to improve the conventional method of vegetable cultivation and to develop a new
progressive method.

Chapter 2. Present situation of researches’ on farm works with automatic facilities. There
are two types of cultivation system in greenhouses. One is the fixed type .crop-bed system and the
other is the movable type crop-bed system which is further classified into the following two types :
the vertical circulating type and the‘hqrizontal circulating type. The former needs a tower green-
house which has several disadvantages such as temperature differences between Vtop and bottom or
uneven distribution of shade and light in a greenhouse. In addition, the constrﬁction cost of the tower
greenhouse is very high, but only a limited kinds of crops with short plant type can be grown with
vertical circulating type. On the contrary, the horizontal circulating type can be introduced into or-
dinary greenhouses, ‘and it is possidle to grow even tall fruit vegetablees with this type.

Generally, these cultivation systems do not use the éoil, and are mostly the hydroponics.

Chapter 3. Development of a new movable type crop-bed system. The movable type crop—bed
system newly developed By the present author was placed in a greenhouse covering the area of 83nf,
and composed of 33 growmg boxes, a wheel conveyer’s circular line 39 m in length, an endless chain
and the system controller The growing boxes were connected each other w1th the endless chain and

~were moved on the wheel conveyers line with the system controller. The weight of a growing box
containing soil and growing tomato plants was about 160 kg. The actual travelling speed of the grow-
ing box was lower than 8 cm/s. The power repuired'for driving thisesystem was about 151 W when
being operated continuously at 8 em/s. The vibration on the growing box was less than 9.02 cm/s®
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when it was moved at 8 cm/s. At this level of the vibration, no adverse effect of the vibration on
the crop was observed.

Chapter 4. The practical application test of the new movable type crop-bed system. Among
the facilities suiteb to be used with the movable type crop-bed system, the facilities for pest con-
trol, and for irrigation can be full-automatically controlled. The pest control facilities are syn-
chronized with the continuous movement of the growing boxes. Each growing box with growing plants
is exposed to pest—control chemical sprayed from nozzles standing abreast on both sides of the wheel
conveyers line, After the all growing boxes circulated around a whole line, the pest control facili-
ties and the movable type crop-bed system stop working automatically.

When each growing box comes to the site of the irrigation facility, it stops moving for a
certain period, during which water is supplied on to the soil surface of the box. The amount of
water supply is regulated by the length of that period. After received prescribed amount of water,
the box leaves the site and the next box comes. During that period watering stops. Thus, the in-
termittent movement of the crop bed system is alternately interlocked to the intermittent operation
of the irrigation facilities . Preparation of bed-soil mixed with fertilizers and supply of the soil
into growing boxes are made semi—automatically by using a mixer and a belt-conveyer. Measurement
of soil, fertilizers, and organic manures to be mixed was made by hand. Then these materials were
automatically mixed and carried into the growing boxes. Another important improvement is that
it is possible to carry out harvesting operation and sorting operation at the same time. This com-
bined work was very effective not only for labor—saving, but also in preventing damages of fruit
while handling them. ’

Chapter 5. Air conditioner and soil sterilizer suiled for the movable type crop-bed system.
The air conditioner composed of the heat source unit, absorption type refrigerator and. the heat
exchanger was used. The greenhouse was divided into two areas by the curtain, a working area
and a growing area, It is possible to control the air condition so as to be adapted to each area.
For instance, even when the growing area is kept at high temgerature and high humidity, it is

possible to give favorable working environment to the working area by use of that air conditioner.

. The soil in growing boxes is sterilized by steam, which is generated from the boiler.

Chapter 6. Evaluation and prospects of the movable type crop-bed system. As described in
the preceeding chapters, a new movable type crop-bed system, including several automatic farm-—
work facilities and a partial cooling apparatus was developed, aiming at saving labor and improving
working environment in greenhouses. Tests for practical use for tomato cultivation and economic
evaluation were carried out. The result of the cultivation test using this system showed that the
yield of tomato of the forcing culture for winter production was about 3.7 kg per 1 plant. This yield
is nearly equal to the yield of tomato grown by the usual-forcing cultuse. The total working hour
required for the cultivation was about 374 h/10a, which is only about 1/3 of the labor for usual
forcing culture of tomato. When the labor—expense is increas‘ed higher than 1100 yen/h, it seems

to be profitable to use this movable type crop—bed system.

Tech. Rep. Inst. of Agric. Mach. 20:1~48(1986)
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Table 3 Discrimination equations for soils vs.
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Table 4 Miss classifying probabilities for the
maturity of tomatoes by spectral
reflectance ratio method

AL | #h | BREHIRENT | BRI
XidzE | fEHR AT AHWENL | AT BHEL
g—b 100.0 0.0 16.3
o/g 89.2 0.0 3.5
c/g 88.0 0.0 3.7
v/ g 87.3 0.0 3.6
g/o 100.0 0.0 11.8
g/c 100.0 0.0 12.5
r/c 100.0 0.0 23.3
g/r 100.0 0.0 10.7
c/r 95.5 0.0 20.4

Y 97.9 3.6 13.1
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Table 5 Coefficients of correlation of spectral
reflectance ratio for soils and plants

R s
550— 680 | 0.986** 0.956** 0.207 0,953% 0,882% 0,741*
550— 800 | 0.982** 0.222% 0,281 0.886% 0.857** 0.620**
5501450 | 0.771%*% 0.012  0.062 0.701 0.883% 0,047
680— 800 | 0.994™ 0,175 0,250 0.930% 0.974* 0.403*
680—1450 | 0.706** 0,021  0.083 0.751 0.924** 0.209%
800—1450 | 0.746** 0.272% 0.817% 0.935* 0.955** 0.088*
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Table 6 Discriminated points and discriminating accuracy of spectral reflectance ratios
for soils and plants

e
L-s L-0 L-C L-R S—0 S—C S-R 0-C O0O-R C-R
IR
550 * ok kkok kKoK * gk * kK * Kok ok K3kok

680 0.986 0.778 0.486 0.937 0.547 0.409 0.835 0.361 0.804 0.710

800 0.385 0.274 0.355 0.796 0.289 0.360 0.798 0.241 0.650 0.698

550 — * kskok Kok sk Kok ok Kok sk
1450 1.347 0.176 I 3.429 0.171 1.242 2.834 0.220 0.274 2.739
680 | xxx ok Kok ok ok ok *ok gk gk

550 0.819 0.857 0‘999 1.024 1.907 2.212 1.197 2.844 1.215 1.247

680 * * %k kKK Fok ok ok ok
800 0.483 0.367 0.634 0.852 2.072 0.824 0.918 0.635 0.809 0.930

680 | —— ok ok ok * ok ok Kok sk
1450 B 0.382 3.280 3.362 0.390 3.823 3.801 0.580 0.643 5.595
800 — * EXS otk
550 2.993 4,037 0 — 1.255 3.401 2.915 1.247 4.403 1.299 1.285

800 ‘ ok ok sk

680 2.071 2.900 1.431 1.122 1.760  1.253 1.093 1.429 1.142 1.077

800 * ' ok ok ok KoKk
1450 2.630 0.800 234 4.508 0.754 4,484 3.900 1.146 1.065 5.755

w

1450 kokk ' * ok * ok * kK sk Kok ok %k
550 1.872 4.273 0.820 0.297 407 0.868 0.309 1.300 0.426 0.311

[$2}

1450 | ——— Kk * ok ko Kok %
680 —— 2.758 0.260 0.262 2.588 0, 262

0.264-  0.337-  0.326-  0.183

1450 skoskok * sk sk ook .
800 0.598 0.957 0.197 0.233 1.402 0.213 ° 0.257 0.283 - 0.354 0.178

H) % BRHRTES LD L : Leaves R :Radish
kk 1 99%FIITE B EHD S @ Soils 0 : Organic Matters
kkck D100 TEZ LD C: Carrot
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Summary

Application of Spectral Reflectance to the Photoelectric
Sensor to be used for Agricultural Machinery

Mitsuo SUZUKI, Yasuo NAKAGAWA

Accuracy of spectral reflectance in discriminating some vegetables each other or from soils
and in identifying the degree of maturity of tomatoes was investigated in this study based on the
conceptual design which aims at development of a convenient and cheap sensor by making use of spec-
tral refrectance.

To determine accuracy of diserimination by human naked eye, tomatoes were classified by 20
examiners into three stages of ripeness : green, pink, and red color stages. Then, spectral refrectance
was measured for each stage, and chromaticity was calculated from the spectral reflectance.
Discrimination analysis on chromaticity coordinates was employed.

On the other hand, the bi-band ratio method, in which ratio of light reflectance between two
different wavelength bands is measured, was employed to discriminate differrent kinds of vegetables
cach other, such as lettuce from spinach, radish from carrot, ete, and vegetables from soils, as well
as to identify the degree af maturity of tomatoes. For tomatoes, 4 specific bands centering wavelength
of 550nm, 630nm, 680nm and 720nm were selected, while 550nm, 680nm, 800nm and 1450nm were
selected to discriminate vegetables from soils and vegetables each other.

Assuming that the distribution of reflectance ratios would be a normal distribution, the miss
classifying probabilities were calculated from the Gaussian function for the bi~band method to in-
vestigate its discriminating accuracy.

As the results, it was made clear that the accuracy of both methods is fajrly high, but chro-
maticity method is affected by the difference of light source and its discriminating instrument is
comparatively costly while the bi-band method has many advantages. It can utilize optical filters
commercially available at a low price, it is less influenced by the differences of light source, and
the construction of the instrument can be made easily and cheaply.

The ratio of 550nm by 680nm was able to show the highest accuracy in discriminating both
the degree of maturity of tomatoes and vegetables from soils, and therefore the ratio can be utilized
widely for conducting mechanized farm operations such as mechanized thining, topping, ete.

This experiment was done in the Facalty of Engineering, SAITAMA University. The authors
are pleased to acknowledge that the measurement of spectral reflectance was carried out by two co~

workers with them.
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