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Fig18 Relation between input rate and revolution speed
of turntable
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Shake Harvesting

Summary

Development of Automatic Bin Filler for Fresh-Market Apples

Kozo HIRATA, Tsukasa NAGAKI, Mikio OGAWA

To mechanize harvesting and handling of apples to fresh-market, an automatic bin filler was developped

by the authors, In Japan, bulk bin is not commonly used for harvesting fruits and vegetables except potatoes.

However, one major labor-saving method now being employed is bulk material handring which requires

handling machine such as forklift. The objective of this study was to design and develop an automatic bin
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filler which can be used with minimum damage to apples,

As the result of repeated tests on experimental bin fillers (the model No.1 and No, 2), the filler No. 3,
shown in Fig. 9, was finally designed as a component of harvesting aid, and its features are as follows,
The apparatus consists of conveyor, frame to support the conveyor, and turntable unit to rotate the bin,
The conveyor designed for this filler is a kind of crossbar conveyor. A pair of chains runnig in paralell are
equipped with padded crossbars at the interval of 15.5 centimeter, and a rubber coated fablic belt is streched
loosely between the bars, The side view of the conveyor is in the shape “L’’ to transfer fruit into the
bin. The conveyor is driven by a hydrauric motor and the speed of this conveyor is 8 3 meter per minute,
Apples are transfered into the rotating bin by this conveyor and distributed within the bin through a padded
distributer, A DC motor is employed 1o rotate the turntable at 1. 6rpm or maximum speed.

The distributer at the outlet of the conveyor is equipped with photoelectric sensor to detect the amount
of apples coming into the bin for regulating the revolution speed. The another sensor, or the plaie placed
under the conveyor end is employed for detecting the surface level of deposited apples in the bin, The cable
system driven by a DC motor is adopted for holding the optimum clearance between the conveyor end and
the surface level of the deposited apples to minimize the bruises. When the sensing plate, having a
microswitch, is raised by the fruit already in the bin, the conveyor moves up untill this switch opens again,
And 1. 5 second later, the conveyor moves down untill the plate is raised again, By repeating this motion,
the outlet of the conveyor is always kepet closely above the fruit level,

This prototype filler was tested for filling rate, bruises and fruit distribution, When the bin, which was
a square bin standardized by ASAE, was to be filled with 170 kg of apples, the filling rate was limited to
about 152 kg per minute by the maximum revolution speed of turntable, Overloading to the bin filler caused
clogging by the fruit at the outlet of the conveyor, and also mechanical damage of the fruit.

For another evaluation of the bin filler system, bruise checks had been made for apples (cultivar Fuji)
flowing in this system, Samples of apple were picked up from the intake of the fillerjust after loading and
also from the bin at random. The percent of damaged apples at the intake was 4.2%, and that of apples in
the bin 6.8%. It was thought that only a few percent of apples were damaged through the system after
loading,

As to fruit distribution by the filler, fruit levels at the corners of the bin were about 10-20 centimeter
lower than those at the other parts,

Tech, Rep, of Agric. Mach, 17: 1—14 (1989)
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Table 2 Specification of driving device
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Table 3 List of parts of sequence circuit shown in Fig. 10
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Table 4 Driving power and torque of culture system LR, R EMZTRA L,
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Table 6 Acceleration of culture box m operation
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Table 7 List of working machinery and device suitable to horizontal circulating culture system
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Fig.11 Schematic drawing of machinery for- bed soil preparation and supply
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Table 8 Specification of bed soil prepaving and supplying

machinery
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Table 9 Working hours for preparing and supplying bed

soil
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Table 10 Working hours for soil sterilization by chemical
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Table 11 Specification steam boiler
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Table 12 Working hours for soil sterilization by steam
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Fig.12 Measuring points of soil temperature and pressure
in soil sterilization by steam
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Fig.13 Changes of soil temperature during soil sterilization by steam
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Table 13 Sterilizing temperature for vegetable diseases
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Table 14 Specification of hot water boiler
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Fig.14 Measuring point of temperature on soil
sterilization by hot water
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Table 15 Working hours for soil sterilization by hot
water
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Fig.15 Changes of soil temperature during soil sterilizat.. .
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Table 16 Operating method of culture box and irrigating
pump on each experimental plot
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Fig.16 Irrigation facilities
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Fig.17 Sequence circuit for operating irrigating pump
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Table 17 List of parts of sequence circuit shown in Fig, 17
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Fig.18 Schematic drawing of pest control facilities
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Fig19 Sequence circuit for operating powered sprayer
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Table 18 List of parts of sequence circuit shown in Fig. 19
i 5 i % i ES
ST-BSs HWMARZ 24 v F O i W T i B
STP-BSs EERS Y24 v F © |1 SR |
Ro W) v — T Bl B
COSy Y d v F @ W OFELTEMA), AfEEAUT) oWk 2
R; Wiy v— Pl iR (%3 ERL)
R Gl R R
MCp TEREBH R R Ms
THR; =) r— M;
M; LW B WML UEE) T
MCB; BT Lo i F @ My

T WOM o BCh R % O° LR

Table 19 Spraying quantity and recovery quantity of

liquid chemical

5220 NUEESESLE W & AN ORI
Table 20 Working process of harvesting and sorting of

T P R 40.2 1(100%)
A A R 9.8 1(24%)
1 #4722 ) o & 0.23 1/#

Tp P 2472 ) B 2.7 1/min

HIEAE DTS BB AN 1.0 1/m

72 ) Hofg &

W R N 9 kg/cur

tomato done either separately or simultaneously
in' combination.
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Table 21 Working hours for harvesting and sorting
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Fig.21 Block diagram of heating and cooling system in greenhouse
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Table 22, Specification of heating and cooling system

woHone 7 6,000 kecal/h
R O IR R 9 °C
A 2‘\ }‘ A
- ' O VNIV 10,000 kecal/h
H“ ,H‘\ /\ 11 (Jm.) 90 C
IR LT 29 C

g o— ) > 7y 7
o KON B

_ 16,000 keal/h

BB B

SRR I o
W B

N

1 T N |

60 C
90 T

Jsl, 18
Trxafnz=yt OB W N
wonkong N

23 m'/min
8,800 kcal/h
6,000 kcal/h
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Fig.22 Variation of temperature at each point
during heating by hot water
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Fig.23 Variation of air temperature immediately above
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Fig.26 Temperature in working area crop growing arca and outside atmosphere
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Table 23 Working hours for raising seedlings
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Table 24 Working hours for providing supporting posts
to growing plants
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Table 26 Working hours for removing crep residues and
supporting posts from culture box after the
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Table 26 Total working hours required for the forcing

culture of tomato in winter by the use of
horizontal circulating culture system [h/10a]
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Summary

Development of Horizontal Circulating Culture System

Isamu KURATA, Tomohiko ICHIKAWA and Kouji INOOKU

The vegetable cultivation under structure in Japan is a very intensive farming which requires a great
amount of labor. The forcing culture for winter production of tomato in greenhouse requires about 1200
hours of labor per 10 ares, The labor cost constitutes about 40% of the total cost of production. Therefore,
the mechanization or labor-saving for the protected culture is the most important problem, And also, high
temperature and high humidity in greenhouse are favorable for growing crops but unsuitable for workers,
Especially, spraying chemicals is a dangerous operation in greenhouse, For these reasons, it is necessary to
develop an automatic culture system of vegetables,

There are two types of culture systems in greenhouses. One is the fixed crop-bed type and the other
is the movable crop-bed type which is further classified into the following two methods: the vertical
circulating culture method and the horizontal circulating culture method, The former needs a tower greenhouse
which has several disadvantages such as temperature differences between top and bottom or uneven distribution
of shade and light in a greenhouse. In addition, the construction cost of the tower greenhouse becomes very
expensive, but only a limited kinds of crops with short plant type can be grown with this method. On the
contrary, the horizontal circulating culture method can be introduced into ordinary greenhouses, and it is
possible to grow even tall fruit vegetables with this method,

1) Therefore, we have developed a new horizontal circulating culture system, and evaluated i,
including the working machinery and the air conditioner adapted to this system. The result is summarized as
follows, (1) The culture system is placed in a greenhouse which cover an area of 83 square meter, and
composed of 33 culture boxes, 39 m closed wheel conveyer’s line, the endless chain and the system controller.
The culture boxes are joined together by the endless chain and are moved on the wheel conveyers line with a
system controller. Weight of a culture box with soil and growing tomato, is about 150 kg. The speed of
movement of the cultute box can be changed in the range of 4 cm/s-24 cm/s, but practical speed is lower
than 10 em/s. The driving power of this system is about 200 W when it starts to move at 4 cm/s. The
vibration on the calture box is less than 0.18 G when a speed of it is 4 ecm/s. It is considered that there

is no adverse effect of the vibration to the crop. (2) As to the working machinery, the facilities for
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irrigation, and for pest control can be controlled automatically to a full extent. The irrigation facilities are
linked to intermittent movement of the cultur boxes. At the scheduled irrigation time, the culture boxes
start to move, and reach the irrigation point one after one to receive sprinkled water, as shown in Fig, 16.
The quantity of sprinkling water can be regulated by the timer. Thus all culture boxes are irrigated one
by one. When the irrigation is finished, the culture system is stopped moving automatically, The pest
control facilities are also of full automation and are linked to the continuous movement of the culture boxes,
Each culture box go through the space of the pesticide sprays which stand abreast on either side of the
wheel conveyers line as shown in Fig. 18. After the culture boxes circulated around a line, the pest control
facilities and the culture system stop automatically, (3) The air conditioner is composed of the hot-water
boiler, absorption refrigerating machine and the fan coil unit, The greenhouse can be divided into two part
by the curtain, a working area and a culture area, It is possible to control the air condition adapted to each
area, For instance, when the culture area becomes to show high temperature and high humidity, it is possible
to operate the spot cooling and keep a comfortable environment in the working area,

2) As for the result of the cultivation test by this method, the yield of tomatoes of forcing culture
for winter production was about 9.7 t/10 a. The total working hour required for that cultivation was 384.6
h/10 a, which is only about 14 of the labor-hour for usual forcing culture of tomato,

3) Cost of production for vegetables can be shown as a function of labor-expense as given by the
equations (13), (14) and (15). When the labor-expense is increased more than 1100 3¢/h, it will be
profitable to use the horizontal circulating culture system as shown in Fig. 34.

4) When hydroponics are used with this system, feeder and drainage of culture solution as shown in
Figs. 31, 32, and 33 must be added. With these equipment, cultivation of muskmelon will be made possible,

Tech. Rep. Insf. of Agric. Mach. 17:15~49 (1982)
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Table 2 Temperature changes during vacuum breaking

S R | R = E_C)
i | R DAL -
H - o WHE T | R
73y | 30mms 8.2 7.6
* RS 0 2.4 7.3
O I I 2.8 14.5
4 i 5] 1.9 20.2
i | 20.7 38.8
7 <y b .0 6.6
o I ES 8.3 8.0
TR R R A 3 5.8
—
I\\ 3.6 5.8
N T S
7| agoy | E BT 3.4 9.3
}7“ i 5 2.4 14.2
ORIE 1 LBy WA B 172 32.5
A T - N
5 L Cyi“‘“/ﬂ: B sk Mo Y Y b 4.2 7.0
®F’J_I.:y *ﬂ “_'_LZ P v i 188% *F ’é‘ﬁ‘ 2 3.8
i 12 MR acuum A " .
;/l;:?ﬁ'ﬁl, . broken Ylavir % W 8.0 3.4
ORIERT b IRE N\ ek |wm k| e 13.7
0 L ’ - L K oA oo 17.9 38.5
0 6 12 18 24 s
COOLING TIME(min) 5 G L 3.6 3.6
j 560% | & K T 2 3.2
B4 BRI REEL (L R) (2.8t) | i% Bk .7 15.8
Fig.14 Temperature of lettuces in the cooler A o4 o 16.0 26.3
during vacuum breaking )




AR NEFE RO RETIE 59

(Vacuum chamber @Cold trap @ Vacuum pump
@Vacuum gauge & Recorder

15 HEZehH %R%li’ﬁ}:?
Fig.15 Schematic diagram of the vacuum cooling apparatus

NBMIC BT & Nic b bR BEIET T, £OD
ﬁuﬁ?b,%@iv%ﬁwﬁ&%%:amaéo
TN, IR RRIET 3 7o I BRI A L IR

ﬁ‘}'@i{ﬁﬂ:ﬂxﬁ*uu%ﬁk& FTEN oW TIRET L7z A
LiBEiEx v+ Y, =vPy, R M03 BETH
B

4.1.1 HEBrFH

1D % v XV FEER 30mm B X OB 3 HFRREE!
EHAL, SHAILEROGETUIE L,

(1) BX lemfEEEic Il Uic~ v FHEOl & ATLIC
o TEREe,

@ RFa—hFY R (=2 MK EBATLOFEHE
IZ81fT .

@) WMEHEBALEEEORE R,

2) = rY Ui LRG0 FETIHAIL AL,
%ﬁm%k%éo%uf,%@%%é@ﬁfﬂ%bho
D b MREERERALLLOL, LAWLOE
FRFIC T v vt ic A, AR b X LIcRR T,
R EIRA L o 7o b OORIRERE L, Hol 24T
oo PlEE M. A (Mass Averagex) ¥R3 K& T CfF
=7

4.1.2 HERLES

D 3R (FrRY), BE (=rPr), B (b
<) Bo1FETER Lz ZRY, ThELD
AR L,

2D Fx_XVRERIRLEEOIIE, ZOEBROFHE
TR QAR OATEN IR RS TN bh

£3 RERTAILY R RITTRE
(X x~7)
Table 3 Influence of thermocouple inserting on vegetable
temperature (Cabbage)

iR O 0migEs
2 B I TS el B
B | s w1 | 28.7C  28.7C 28.6C
i 10 18.5 16.5 18.8
5y
2 20 8.7 7.5 8.6
30 4.7 4.0 1.6
E T 4.5 3.8 4.5
T T 4.4 3.9 4.6

Bhole, ZHIEF v RV FESHOB AT, Fh
B & OSSR E Wiew, SREO L 5 LREO/ME
WREEENTIE, BAILOFERRNE A WD EE XD
h3, LML, BRTEDNLTWBIEOREWIRER
ERWAEAIE, FOFEMESRSHh, ZoRkRON
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TBAIEEHR L GETLEZ L BRLTRY, ¥—
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Table 4 Influence of thermocouple inserting on vegetable
temperature (Carrot)

iR A A EOYES
ik NRE2—LTY A Eiid
| W O# 26.47C 26.4°C
it 10 18.3 16.3
o 20 12.8 9.5
< 30 9.8 6.1
7.8 4.2
?iﬂf“
T s 10.5 8.2
i i J‘ 1.0 drs
B LMoz b

4) P2 MOV THRIDFHETHFALEZY -V L
A, F5 0HEE Nol 2R\ T 3 BDERTIE, W
FTHLFALLSRERA BN, RBERZEL{IETLUL
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7oo 451zNo 2 OEBRTIIM. A, EOWMAILERLICE
RICBZBAY, FrRAPEHT2HE X2 6 h
oo i L M NTRBEAFIMEENETS D L
Bk, EHOXYIEDbNRS,
TS UEEHEAALAEIL E T e

(F=1)
Table 5 Influence of thermocouple inserting on vegetable

temperature (Tomato)

NOE O oo
32 (ﬂll f,‘f,‘L { B n‘l‘ H‘ A
Bo| #H e
No. | B I :
o | e [ mme | e
1 M A 36.5C 24.7C 25.1C 27.0C
® K 36.4 22.5 22.4 25.6
) M A 27.9 6.0 12.6 27.5
*® K 28.4 23.3 24.5 27.7
3 M A 31.6 17.1 25.1 27.2
x® K 31.5 21.9 27.3 28.5
. M A 23.4 9.9 15.9 20.1
*= K 23.6 12.9 18.8 20.2
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4.2.1 FEBFHH
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Table 6 Cooling feature of cabbage packed with plastic films
F 10mmIL 8 4 10mmfl. 4 4 4 iL
I ) vanrs Abvoy g valry R valys [ ARV F

Kol #A 28.8°C 28.8C 30.5C 30.7C 29.7°C 31.4C

10 18. 18.7 14.9 14.8 25.0 17.1

20 9. 9.4 6.3 6.2 16.2 8.3

30 5. 6.0 3.9 4.2 11.0 5.6
T SR 23.1 22.8 26.6 26.5 18.7 25.8
W e % 4.08 4.09 4.55 4.62 3.68 4.38
iﬁﬁigﬁg; 24.1 24.1 26.8 27.3 21.7 25.8
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Fig.18 Cooling curves of lettuce packaged
with shrinked film

2) ) Fx XY ORFERICHT BT 4 v AOFILE
BEHFEL TR, L4 EDEAET.015%THh -7,
3 Fr_RYPLIBOKGERRS B & RBIEH’E.9°C
ETT5LLTC, HELORBEET 2HL TR,
MEM - AFORBET MR LD TEBILTWB Z L 3b
Pote (E6)
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Table 7 Temperature changes during vacuum breaking (BHC)
% A B
O ED T ORE T 91 B e T O DA T R W
3 i ) 7 —0.2 26.2 21.4 0.6 0.6 30.2 28.3
e
x B & N 32.9 31.6 33.8 35.9 33.1 32.8 34.3 36.8°
e & H(R) 31.4 31.6 69.1 50.9 31.0 31.6 66.3 43.3
P
gl kg 29.5 30.9 37.1 33.5 30.6 31.1 37.5 32.4
: 774 —14.2 —12.5 —13.6 —11.8
¥ woxE M 26.0 22.8 15.2 12.2 .
; NI 16.0 14.6 26.6 29.3 :
F e o3 25.7 22.8 15.2 12.2
x AN 6.4 4.9 6.6 5.1 6.3 — —_
T | ¥ O# & 1.5 5.3 1.6 5.1 5.7 S —
j 3 17 7.2 6.1 9.0 6.9 7.0 _ _— —
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N Yoo 4.2 4.7 9.1 7.2
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SUMMARY

Outlines of Vacuum-Cooling Plants Operating
in Nagano Prefecture and Some Experiments Carried
Out in Relation to These Plants
Takenori KOIZUMI and Akihiko ONODA

The present paper reports the results of investigations on commercial vacuum-cooling plants for vege-
tables and of some experiments carried out by the authors on the vacuum cooling.

The result of the investigations at the two plants in Nagano Prefecture is outlined as follows,
(1) Both the plants had two vacuum chambers which were used alternately and were operated by the process
equalizing their pressures at shift for the saving of time and power, (2) Among vegetables, lettuce and
spinach are cooled in nearly half an hour, (3) When the vucuum is bioken, a few of vegetables and carton
boxes are sometimes damaged by kinetic pressure of inlet air.

As to the vacuum cooling treatment, the following characteristics were made clear from the experiments,
(1) The tiny aperture opened {for inserting a thermocouple in vegetables except leafy ones exerted a distinct
influence on the temperature at that point due to the occurrence of excessive evaporation. (2) Leafy
vegetables packaged with plastic film are well cooled if only a few holes were perforated on it. (3) Breaking
the vacuum with a 1apid air introduction into a vacuum chamber through one inlet causes a considerable
temperature rise at the surface of vegetables near the inlet but only a little temperature change at the inner

portions of them.,

Tech. Rep. Inst. of Agric. Mach, 17: 51~63(1982)
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