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Design Factors for Chinese Cabbage Harvester Attachable
to Tractors
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SUMMARY

This study was conducted in order to develop a Chinese cabbage harvester attachable to fractors, For designing
Chinese cabbage harvester in which laboratory and field tests were conducted with to determine feasible
values design factors.

To adopt the various sizes of C-cabbages, U-type soft rubber band was attached to the chain conveyor with an
angle. Required torque of the conveyor axle was about 206-210kgf - cm. And the required peripheral speed of the
disk cutter was 6.54m/s or more to have a clean session in root cutting. Three different harvest methods were
tested. The best harvesting method with minimum pulling force and damage was disk cutting flying just
above the soil surface where the cut chinese cabbages are transferring to the holding conveyor attached soft
rubber lug in prompt. Theoretical speed ratio of the tractor travel and feed of a chain conveyor was 1:1.2
with the attaching angle of 30 degree and 1:1.1 with the angle of 20 degree. Actual field experiment showed
the speed ratio of 1:1.5 was the best because of the slip effect.

Keywords : Design factors, Optimum design, Theoretical speed ratio, Chinese cabbage harvester.
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Fig. 1 Schematic diagram of holding con-
veyer lug belt.
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Fig. 3 The sectional position of the soil
cutting edge and the holded
chinese cabbage head.
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Fig. 5 Indoor testing equipment for the
bages used in this experiment.

study of design factors of a
Chinese cabbage harvester.
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Table 1 Specifications of indoor test equipment for determining optimum values of design

factors.
Items Type and specification
Size(L x W x H) 2,070 < 1,400 < 1,930mm
Power source hydraulic

Timing belt(width of SOmm)

Type of belt adjustment 0~ 50mm

Feeding belt of belt space

Dia of coil 3mm, Length of freedom 110mm,

Tensile spring No. of coil wound 36, Out-dia. of coil 20mm

Adjustment of inclination

angle of belt 27" ~ 40

Holding conveyer
belt Belt Shape m
[ — =

Materials Main belt VLW-22 VLW-22

lug belt VL-17 VL-22

Lug hight(mm) 80, 100 120

Lug pitch(mm) 176 130

Root cutting method Rotational cutting disk(dia 250mm)
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Table 2 The variations of pulling and conveying posture by the types of holding conveyer
belts, weight of cabbage heads and feeding belt space

Types of holding conveyer belt Weight of Pulling and conveying posture by the feeding belt space
. model
Shape of L‘;gpﬁziht cabbage 30mm 40mm
lug belt (mm) (keh Pulling Conveying Pulling Conveying
2 O O © @
25 ] © © ©
X
80176 3 © o © o)
Semicircle © © © ©
type 2 X X A Pay
2.5 iy PN P\ O
100X 176 3 « % o )
4 © © © ©
2 X X X X
Straight 2.5 X X O A
X
type 120X 130 3 X % o A
4 © © © ©

Index; O Pulling and conveying
- Pulling rate :
- Conveying posture :

& 100%, & 80~90%,

A 60~79%, X below 60%
© 100% upright position, (C more higher the 80%, Amore higher the 50%,
X missing or improper posture
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Table 3 The variations of pulling and conveying posture by the different inclination angles

EQERAY WxsdgA) e 4499

and speeds of holding conveyer belt

o Holding conveyer Ultimate | Pulling and conveying Holding conveyer belt
Inclination belt speed momentary posture
angle of pulling Pulling | Conveying | Revolution| Torque Power
conveyer belt force rate rate speed requirement
(m/s) (kgh) (%) (%) (rpm) | (kef-em)| (kW)
0.3 8.4 66.7 33.3 48.6 207.9 0.10
30° 0.4 7.5 66.7 33.3 65.7 208.3 0.14
0.5 6.9 50.0 50 84.3 205.6 0.18
0.6 6.0 66.7 33.3 97.8 206.2 0.21
0.3 8.2 100 100 47.9 206.9 0.10
35° 0.4 7.7 100 100 68.3 206.0 0.15
0.5 5.6 100 100 85.4 209.9 0.18
0.6 5.6 100 100 105.0 208.1 0.22
0.3 7.3 66.7 33.3 48.7 208.1 0.10
10° 0.4 7.6 33.3 16.7 64.2 207.2 0.13
0.5 5.1 33.3 33.3 84.1 206.9 0.18
0.6 4.9 50.0 16.7 104.3 207.0 0.22
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Fig. 10 Conveying rate in Chinese cabbage
affected by the inclination angles
and the speeds of holding con-

veyer belt.
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Uttimate momentary
pulling force(kgf)
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Speed of conveyer ’ T s

belt{m/sec) 30 .
Inclination angle of

conveyer belt

Fig. 11 Ultimate momentary pulling forces
in Chinese cabbage affected by the
inclination angles and the speeds
of holding conveyer belt.

Power
requirement(kw)

Speed of conveyer
belt(m/sec)

inclination angle ~ » o3
of conveyer belt

Fig. 12 Power for conveying Chinese cab-
bage with respect to the inclination
angles and the speeds of conveyer
belt.
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Table 4 Pulling and conveying posture by the speed of holding conveyer belt and feeding
belt, space of feeding belt (cabbage weight : 2kgf)

Feeding belt | Holding conveyer Feeding belt Ultimate Pulling and conveying posture
speed belt speed space momentary
pulling force Pulling rate Conveying rate
(m/s) (m/s) (mm) (kgh (%) (%)
0.3 20 0 0 0
30 4.4 83.3 83.3
40 33 100 100
04 20 0 0 0
30 39 83.3 66.6
40 2.9 100 100
0.2
0.5 20 3.1 50 50
30 3.8 66.6 50
40 2.6 100 100
0.6 20 25 333 0
30 3.2 50 50
40 2.2 71.4 0
0.3 20 0 0 0
30 35 100 0
40 34 100 0
0.4 20 0 0 0
30 38 66.7 0
40 3.2 100 0
0.3
0.5 20 0 0 0
30 3.4 50 0
40 2.6 100 100
0.6 20 0 0 0
30 2.9 66.7 66.7
40 24 100 100
Index: O Type of holding conveyer belt : semicircle type(lug height of 80mm).

O Inclination angle of conveyer belt is 35" and conveyer beh space is 150mm.

ELEE 03, 04. 05, 0.6ms, STHES 717Q
20. 30, 40mm= S}tk = wiFo] A7) kef.
2.5kgf. 3kgf. 4kgf= SAS wf Wrlo)gare=
FMNEHME 2.5kgf, kel 4kgfel 7 ol Ha)
Sl #AIgle]l tRE $7) W olEgo] 100%
E Y93 oz uegd g myas
2kgf(HFF 170mm)Q H ol B 49 o) o)
olFHWES FulEalole] kA FHaAzHWool

150mmZA #7185 Aststn w2 o4z

W AA Eel AL Aol )
H H4E el wAweE =

1
o

O
[Hil]

stedol & Aoz s o

@8 334
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S = space(mm)
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Fig. 13 Pulling rate and conveying rate in
Chinese cabbage affected by the
“inclination angles and the speeds
of holding conveyer belt. (feeding
belt speed : 0.2m/s)
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Fig. 14 Pulling rate and conveying rate in
Chinese cabbage affected by the
inclination angles and the speeds

of holding conveyer belt. (feeding
belt speed : 0.3m/s)
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Table 5 Status of cutting root by the revolution speed of cutting disk

Revolution of | Peripheral speed of

cutting disk cutting disk Condition of cut root Remark
(rpm) (m/sec)
300 3.93 Bad(cut with diagonal shape, Size of disk cutter :

rough in surfacc view) @250 % t2.5mm
Conveying speed of chinese
500 6.54 Good Cabbage : 0.4m/sec
700 9.16 "
900 11.78 "
Index; C Variety : Satnorang
C Size :

head height X diameter 260X & 190mm, root diameter. @ 18~21mm

Table 6 Physical characteristics of soil for Chinese cabbage cultivation field

Moisture . (?ran‘ule ) Soil hardness ’by
Location content distribution(%) Soil depths(kg/cm?)
% d b) ] textures
(%, d. Sand | Silt | Clay 5 10 15 | 20cm
Suwon .
(NAMRI test ficld) 24.41 182 | 559 | 329 | SiCl | 220 | 533 | 5.63 6.87
Table 7 Physical characteristics of Chinese cabbage by the different varieties
Size(mm) | Head size(mm) D:(l):él; n?f Weight(kgf) Root | No. of | Pulling
Variety dia outer force
ariety for outer Outer . |
. . . . leaves ] + Hard caves
Height | Width | Height | Width () e;:::j part (mm) (leaf) (N)
Ave. | 379 737 359 219 25 3.9 26 25 15 154
Satnor
ang
S.D. 30 107 23 15 5 0.3 0.6 5 2 31
Ct ZEHRQ AE BEl ”l*}Z‘*“’*E‘”E} TAMEE Hrdrn
359mm, A% 219mm, ATFA 2.6kgf, AT+
(1) BAEZE U =257 45 39kgf A oh=7k 150, FEelwd 154N
FEYAY zRgelA AEL B 79 Ay w38 IR st}

60cm,
%l 71 A 8t A

17}

£ 8% 2441%d.b, h FRLNE e AP
Hj =¥ g 7 o] 7} 150 200mmcl% st 15~ AERAE AU HAN dojn Ane &
20cm #PRoNN ) ELXFE 5.63~687kgflem®  thEZ ARFEIIEL T8y Yo 29y
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nxdgow AZstAch AWAGAN AP  FAR olEdE w3 dARAFEER BF
AR TRy B ojFHEV ol ¥ o] o Mg S oFFANE olFdE VM
2 wxsng TFeANLAAHNE 9ol 4 HReE @go] st d FEd FxT UG
olubz] @ olHAWE Ao AAaFEIN(E  FH R dgdel AFxelrl 2, A
o] 100, 5% 175mm, Ad:guds, nFFE  AEAES 0~12°8 ZHo] 7h5sh udg4d
45~50)8 Baste] wjEaziE A B wFE B 6= sach APy nEzHd o8
4o zoluZ stgth wlEE ¥ob olFste A AshEel zHdo] 7}EsH, AFnFEY] B F o
A7 aAsA H= olgAAe) MAL P AW FAAN AEE ARA A ME 357 $5d A
GEms] Mazims} olgubgkel Azl Hrlsh o uEhEth Id AADFEET) FE olFH
ANAE S(H A Azl B7)) B 2FFH A g 74 W ey FAE A4 7
o olxANS WE HTE 5 YEE A HREFAGS AADREE7 o) 7Hilel REFE
e Hrzste adHoez sy A 7] 93 30" & st AFAANE AA AR
sgubae gesdet. TR AFETAA A Azg A8 AFFA 7+ % AdE B8
g3 oA e ¥ 83 go] @ AFFHIR B F EG

ke FHF F AANTEY] R EFFAE ®

= o @ fuRgddgds JEg 23X ) W s84dE FaA29

zmalz2 Agn A ARDRFE7] FF olF AsZHYH FYTFE FHe& EAH PTO

Table 8 Specifications of various prototype harvesting devices

Harvesting Shaking digger Disk cutter +holding conveyer Disk guider+holding conveyer
method +holding conveyer belt belt belt
Types
O Digger shaking ODisk diameter : &480mm OGuiding disk diameter :
speed @ 360cpm O Cutting method : 2 420mm
O Width of cutter : revolution speed difference O Guiding disk adjustment
Specifi- 16mm between left and right disk of revolution speed :
cations ODigger angle : O Cutting disk revolution 0~220rpm
around 20° adjustment : 0 ~220rpm ORug height : 35mm
ODisk edge angle adjustment : | ORug number : 15 ea.
6" (max.12°) ODisk angle adjustment :
around 6° (max.12")
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Fig. 16 View of harvesting test in field.
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Table 10 Working accuracy by traveling speed and holding conveyer belt speed

Traveling Holding | Speed ratio of | Pulling | Work accuracy of root Damaged outer leaves Average
speed conveyer | traveling belt rate cutting(%) (%) damaged
belt speed | vs conveyer Miss Over | 1~5 Over | leaves
(m/s) (m/s) belt (%) cut Good cut | leaves 6~9 10 (ea.)
0.3 0.46 1:15 100 38 54 8 92 2 6 4.1
0.3 0.60 1:2.0 98 44 46 10 74 16 10 4.7
04 0.60 1:1.5 84 88 12 - 78 22 - 4.2
B9 olg&mult $IMEAAZL 30° 9 AL 2) #71°)$MES EQ2 A% 206~210kef - cm
129 Ao 2 Ehtoy ATYINE WEd  HAE, o 5&E Wslel wal 2ol7 glo) w]
CIEFAS FoR s £EHI LIS FE 428 o Uehgou BrlodUELE 2t
W FASE 03ms, 1S FALE 0demsel M B mE FHA5Y F2 UEZ saFdm oy
71& 100%, &M Suf nwk B ¥ 9% o 3o FrtEE Ao deigd 9ug sdsn
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