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Abstract This study designed and manufactured a simulator and a model Chinese cabbage for the
cabbage harvest factor test. Subsequently, the results of harvesting for the 3D printed model Chinese
cabbage and the actual Chinese cabbage were compared and analyzed. Moreover, with a working speed
of 0.15 m/s to 0.2 m/s and a conveying belt angle of 25 to 35 degrees, it was theoretically calculated
that the proper conveying speed of the conveying belt should be 1.11 ~ 1.22 times the working speed.
Similarly, the proper feed rate was found to be 1.8 times the working feed rate. In addition, the model
was cut at an average angle of 11 ~ 13° and 11 ~ 16 m higher than the standard due to the cutting
resistance of the root. The average cutting angle was 1° for the actual Chinese cabbage, which is usually
deemed an appropriate cutting angle. However, the inner leaf was damaged in 5 out of 8 Chinese
cabbages used for the test as the cabbages were cut at a position higher than the appropriate cutting
height. The result of the conveying test showed that when the conveying belt grips within the proper
gripping range of the model cabbage, the result was a conveying rate of about 60 to 80% for large to
small cabbages. Since the Chunkwang cabbage is similar in size to the small model, the conveying test
for the Chunkwang cabbage was carried out under the same conditions as the test conditions of the
small model. In the case of actual Chinese cabbage, 25 out of 30 Chinese cabbages were conveyed to
the target point under the same conditions as the model cabbage test of similar size.
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WN.C. : Width of Natural Condition
HN.C. : Height of Natural Condition

WI.C. : Width of Tied Condition
HT.C. : Height of Tied Condition

Fig. 1. Chinese Cabbage

Table 1. Investigation of Physical properties of
Chinese Cabbage

N.C. T.C.

Cultivar
W(m) | Ham) | kg | W(m) | H(m) kg
Goreanji 464 | 357 2.5 190 302 1.8
Jangmi 608 | 352 2.3 | 206 336 1.7
Albaeki 759 | 346 | 3.8 | 235 | 303 2.9
Satnorang 737 | 379 | 3.9 | 219 | 359 2.6
Dongpung 273 | 395 | 3.7 | 220 | 356 | 3.1
Maeryuk 556 | 325 3.8 185 259 2.8

nduction Motor
for Conveying belt

Angle
Adjustment
Unit

!
= \Root Holding Dewce\lnserﬁon Device

Fig. 2. Simulator side view and front view
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Table 2. Calculation result of Conveying Speed

Conveying Belt Angle (@)
25° 30° 35°

Conveying Speed (V)

0.15 % 0.166 % 0.173 "% 0.183 "

Driving
Speed

(Vo)

0.2 % 0.221 % 0.231 % 0.244 %
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m : Mass of Chinese Cabbage
g : Gravitational acceleration (9.81 %)
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Table 4. Detailed specifications of the model Chinese

Cabbage
3D Model Type
Variety

Large Medium Small

Height (m) 340 300 260

Width (mm) 230 210 190

Weight (kg) 2.6 2.0 1.8 o o

Fig. 10. Front and side photos of the simulator
2.45 HiE EQ| Ax| MA| Table 3. Detailed specifications of the simulator

B9 A= i3] Aull 7EZo] 300 mn ~ 400mm7HA] Variety Specification
chokst AL vEsle] whA] ] 370E 300 mn, 350 m, Size(L x W x H) 3800 x 1370 x 1220
400 mn Zl_y_;]l a Hx]t};_ Py o]EE 0}_93\1 —L-ﬂo] o 1:4__]_ Power Source electricity

= = = Size(L x W) 400 = 80
OIESIES Fig. 9% o] AL, E, A2 u Spindle — e
Fo Zuol4 B pelo) feyos Qs 7lgon T e v 3
. . astic Ratio 3.
2, 1A AA g Angy agste] dds] 1YH HjF Tensioner Spring 85 m, 18 @
B, wE7 TlgolAE Aol et 4 A= SieL W) 3425 40 m
‘6‘]—93\1'4— Conveying Adjustable Angles 25° ~35°
Belt Surface Material Polyurethan
i A i conveying Speed 0.15% ~ 0.2 %
MOVIng Direction Root Cutting Blade Dia 270 mn, 3T
300~400mm ) AC 220V 90W
Spindle .
) Induction @5:1)
hinese Cabbage Motor Comeving Belt AC 220V 180W
Model (Reduction onveying be (25:1)
ratio)
Cutting Blade AC 2(?2)8\/1)60W
[ [T [~ |Spring
. —m 8 __Rail
oot Holding Device nsertion Device _
) ) ) 37HA] 2Y ujSe} gjuoll A Auligt &3 v 302
Fig. 9. Input device schematic
1% olgstol QM 9 Ack AR ol ARE Wgs
ek 2% o] T 49 B RS SR,

2.4.6 BiZ === AIZ2{0|E
Fig. 102 AR AlEolE ] ARdolar, AlEdo]

Hol A AL Table 33 2tk AmS9 sjas  ou 49

A 59 29wt AR Fig. 112 w5 Belo)
Hole el Aoz, 2% wxe] 49 ¥

C AT 4o SALE o)k WMEQ| ol 4LEL Aofuy ¥ 10 m EEEA 4 m ARIAT. 7 Ao} 24
o ola3 Iy mars 7 23 ohgat Pk

9e olgdte] 2T 4 A3, FHE A

(DS2-500N)& o}g5to] o o] ME} 58 17 /vy

o= 319 HghS 9F 75 NOo& 2459t o4 HE .,_--- -‘ Al ]

REE HE 27] 3758 150 NI} o] &5 o)A I Appropriate— §

[TEE &S 1 iﬂo}oﬂ Atﬁ E39] 40 % ~ 60 % C;;:gg

%ol Al RTASS 223 AZS AASIYL) )

Fig. 11. Appropriate cutting range

474



3]

A=}

AEFolEE o3t HiFsE 8314

251 Qg 3 22| HE A
l%H HEE ANE FAH 4 40, 9°, 14°(°]—‘—
HE 74 25°, 300, 35°) 37FA] 24T EQA&
0.15 ‘%, 0.2 %, 27HA] 274& Agsta, old &=
9P BAT A4 S velsiett A8e 37
3 22 ol gslo] A IS st BAT 7, 4
Hshtk wawe 242 Agete] Bel Ad Be
Aok, AW F, Fig. 129} 2ol Wawle] Zwet
UES /12oR 49 olw Zgslgth. 59T 24
o4 2 WiZ ol g% vl AL APsieict
+
Base LWuﬂing
o - Blade
Fig. 12. Measurement and display of cut angle
2.5.2 HiF 0|5 AlE
ABe 3714 2 ol SUshe kolg W A

oha, £ SE0} old SEk o U B Ak A
Holq Adsirhn Beke 242 whgste] siert
w9 ujE AL 63 U 5, 33] o)y ofd WEY B
7HA] o143t A9 SR FRsRE ol TSt &
B Rl old U g AHe] A8 AR 29 27
HjZ0] A3t o]& 7L Hidsio] AJBle Aysieih

3. 2y A 1%
3.1 HiF =29 AL 2t
20179 APt AFzAIA 471 A HF9] 471 5l
gt 2AF 23S Table 500 Uehfigich. £2 185 ~
306 m, #°l= 251 ~ 432 m, A 2.6 ~ 4.6 kg®E =
BEAAL, dEY2 EFEHL ﬁ? oA A =

=X

At HYYE zu6k= 231 No| &35t

Table 5. Investigation of type and size of Chinese

Cabbage (2017)

Cultivar (Region) W g(m?n) e
Chungwang (Haenam) 210 251 3.9
Chungwang (Taebaek) 185 263 2.1
Cheongpum (Oeseo) 264 307 3.4

Bulam Plus (Oeseo) 306 432 4.6
Hwipalam (Jecheon) 245 385 2.6
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Fig. 13. Cut surface of model Chinese Cabbage

Table 6. Cutting angle of model Cabbage root

Variety Test 1 |Test 2 | Test 3| Average
Angle +15° | +11° | +12° +13°
Large
Cutting height | 23 mn | 10 mn | 15 mn 16 mn
Angle -10° -13° -11° -11°
Medium
Cutting height | 11 m | 14 m | 15m | 11 m
Angle -13° | -12° | -13° -13°
Small
Cutting height | 14 m | 12 m | 12 m | 13 m
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