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SUMMARY

I. Title

Development of the Altari—-Radish Processing System

II. Objects and necessities of the research and development

It is estimated that the amount yield of the radish in Korea are about 1650
kilo-tons per year and 20% of these are the Altari radish. The cultivated
areas are come up to 1,500~2,000 ha on a nation wide, and over 50% of these
areas were located at Seosan, Yeoungam, Pyeongtaeck, Whaseong and etc.,
regionally.

Amount of the Altari radish kimchi productions processed at about 100
manufactures are reached as much as 85% of the amount of the kimchi
output in nation, and the Altari radishes are processed 900 M/T per day into
various kimchi throughout the year .

It is expected that the ratio of the Altari radish kimchi to the food exports
of our nation’s would be increased gradually by year, but the lack of
mechanization techniques necessary for working processes of the Altari radish
leads these procedures rely on man labor at present.

The working processes of the Altari radish for kimchi are achieved by such
processes as grading - trimming leaves - peeling radishes - cutting leaves -
cutting root tail - washing, and the most difficult one among these is the
peeling process. But the mechanizations on this process are insufficient and,
therefore, mechanization techniques for automatic operation are not established
yvet. These were caused by the shapes that the Altari radishes are irregular
and smaller than common ones, and by some difficulties, as the characteristics
of the Altari radish kimchi, that the peeling should be succeeded without

damaging to radish leaves at peeling process.

M. Substances and scopes of the research and development
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On this study : A processing machine and processing line that feasible to
commercial production were developed by the synthetic study on the
processing systems before kimchi preparing, to contribute to reducing cost and
sanitary production of the Altari radish kimchi on factories and others.
Amount of the output and processing status of the Altari radishes of the
Korean were surveyed and analyzed, and the required machine and devices
were developed to establish the mechanization of the pre-treating working
process. Especially, the development of the peeling device, which is the most
difficult one to mechanization with the shapes of the Altari radishes, is the
essential field on the development of the processing system. The objective
developed equipments were radish leaves and root tail cutting devices, peeling
device and washing device, and these were designed and manufactured and
the optimum conditions of these were verified through the tests. The
automatic processing machinery and processing line that is synthesized with
each device were designed and manufactured optimally with a composite of
the field data surveys and fundamental tests results, and the problems were
supplemented through the performance tests. The establishment of the model
for the processing line and the indication of the direction on the commercial
production were performed through the applicability verifying and economic

analysis of the mechanically processed Altari radish for kimchi.

IV. The results of the research and development and the

proposal for practical use
On this study, to contribute to reducing cost and sanitary production of the
Altari radish kimchi on factories and others, a processing machine and
processing line that feasible to commercial production were developed by the
synthetic study on the processing systems before kimchi preparing. The
results of this study were as follows.

Section 1 Results of the research and development

1. Development of the devices and machines

_11_



A. Study on the optimum shapes of the peeling blades for the Altari

radish
To investigate the optimum shapes of the peeling blades for the

mechanization of the peeling works that were important to automatize the
processing systems of the Altari radish kimchi, the -circumferential and
longitudinal peeling tests of the Altari radish were conducted. The peeling
tests, as the peeling speeds within the range as the blades were not vibrated
but digged the skin of the radishes and could be continuous operation, were

carried out with the peeling depth and width of the blade at 2 mm and 10 mm,

respectively. The results of the analysis on the peeling resistances were

summarized as follows.

1) At the circumferential and longitudinal peeling tests, the effects of the
shape of the blades to the peeling resistances were displayed higher than
those of the peeling speeds and the effects of the rake angles of the blades
were higher than those of the blade angles among the blade factors.

2) The peeling resistances on the longitudinal peeling were lower than those
of the circumferential peeling, and in that case, peeled surfaces were
processed cleanly. At the longitudinal peeling, plane type peelings could be
fitter than those of the groove type peelings for mechanization.

3) Actually, the peeling of the Altari radishes were performed on longitudinal
and plane type, the optimum peeling conditions of these case were the
peeling speed was 0.2 m/s, blade angle was 20° and the rake angle was
60°, and the peeling resistance of each blade showed as 15 N at these
conditions.

4) The peeling resistances according to the lapse days after harvest were
exhibited as increased gradually to the stored days, and the freshness of
the Altari radishes were maintained within 4 days after harvest, the peeling

operation, therefore, could be established in these duration.

B. Optimum shapes of the radish leaves cutting blades

The conditions of the cutting leaves that essential to develop of the Altari
radish processing were revealed. As the results of the cutting resistance tests
of the leaves of the radish depending on the variation of the shear angles of

the blades, the optimal conditions of the blades for leaves were brought out as

_12_



the thickness was 2 mm, the blade angle was 25° the shear angle was 40° and

the cutting speed was at 0.5 m/s, respectively.

C. Optimum shapes of the root tails cutting blades

The conditions of the cutting root tails that necessary to develop of the
Altari radish processing were confirmed. As the results depending on the
shear angles of the blades, the optimum conditions of the blades for root tails
were showed as the thickness 2 mm, the blade angle 20°, the shear angle 30°

and the cutting speed was 0.5 m/s, respectively.

D. Washing effect on the high pressure water injection
This study was conducted to inquire into washing aspects according to the

injection pressure with construction a high pressure water injection device

fitted to washing for removing soil or sundries on the surface of the radishes
and fine roots. The selected injection nozzles were Teejet ones that feasible to
use for washing the materials. To high density injecting, 3 nozzles were fixed
with intervals as 3 cm on the nozzle base horizontally (vertical of the nozzle
hole), and then, high pressured water injected on the rotating radish which
1solated 25 cm from nozzle and fixed horizontally and vertically to the base.

Tests were carried out with the injection pressure as 5 kgf/cn’, 10kgf/c’ and

15 kgf/cnf, and the results were summarized as follows.

1) There were no significant washing aspects according to the injecting
directions, pressures and duration within the possible limit of the
mechanization as washing time was testified at less 30 sec. and injecting
pressure was at less 15 kgf/crf.

2) It was impossible to remove the fine roots and soil or sundries by high
pressure water injection to the double-head drum type rooted radishes
(kinds of Sinjin and Namgang) among the kinds of the Altari radishes, for
they had many thick fine roots on the radish and many grooves on the fine
rooted place.

3) It is possible to wash cleanly at 30 sec. and 15 kgf/cn by high pressure

water injection to the kinds of straight rooted radishes.

E. Development of the peeling machine

_13_



This study was performed to design and manufacture a peeling device that
were convinced of the possible ways with some plan, and to inspect the
optimum peeling methods of the Altari radishes with tests, and to develop a
practicable machinery. The results were summarized as follows.

1) The planned peeling method was with blade belt, brush and rotating blade,
but the peeling works were not established so well and the troublesome
like adhesion of the chip on the blades and the difficulties produce the
blade parts were come out on this type of the peeling device.

2) The peeling operations of the rotating blade type peeling devices were
completed without needs to cleaning, and it was considered that it would be
possible to practical mechanization for it’s construction was simpler than
the other methods.

3) The prototype peeling machine that applied the peeling device modified by
the rotating blade type peeling devices, and composed by radish leaves
cutting device, radish root tails cutting device, transferring device and auto
control device was developed.

4) With the developed peeling machine, it could be operated to leaves cutting,
root tails cutting and radish peeling as the operating speed as 10 sec. per
each radish in regular sequence by only putting radishes on the processing
line by a man. It was credited that this peeling machine would be possible

to commercialize.

F. Development of the processing line of the Altari radish

Automated processing lines of the Altari radish processing which possible to
be mechanized and organized such operations as leaves cutting, root tails
cutting, radish peeling and washing was developed, as the level as the
commercialization.

The peeling device was improved with the performances of the prototype
machine as noted former section, the washing device was developed with
applications of the swirled water washing and the water flow transferring
method, the control of the processing lines were applied PLC control devices.
This processing line was designed and constructed in maximum considerations
of conveniences of the operator, easiness and cost reduction of the machine

manufacture, accuracy of the operation and merchandise of the outputs. The

_14_



processing line manufactured as a prototype was one raw peeling method
mounted only one raw of peeling device, and then, operating efficiency was 9
sec. per each (128 kg/h), rate of successful peeling was 98%, and the other

operations were conducted perfectly.

2. Study on the effective system

A. Status of the production and processing of the Altari radishes
The results of the surveys with the status production and processing of the

Altari radishes though the data, questionnaires and field investigations were

summarized as follows.

1) It is proved that the cultivated area of the Altari radishes were 1,500~ 2,000
ha and productions per year were about 330,000 M/T, and it was estimated
as 20% of the common radishes productions (about 1,650,000M/T) in our
nation. The rate of the Altari radish kimchi output compared with that of
the overall kimchi (radish + cabbage) was showed as 8.43%.

2) The employed labors to work for kimchi processing in manufacturers were
3.5, and the continuous processing time was 5 hours on an average, and
they processed kimchi 200~500 kg per day.

3) It is surveyed that the working efficiencies were around 12.5 kg/h - person
on Altari radish processing by labors in manufacturers, and working speeds
of the person were calculated as 1.5 min./each - person based on the weight
of one Altari radish was as 315 g.

4

~

At present, the kimchi processing manufacturers are maintaining such lined
processes as the orders as carrying in the raw materials — grading/
selection — salt water preparation — salting — washing — dehydration —
condiments preparation — blending (materials + condiments) — packaging
— storing and ripening. But most of these operations, except transferring
on lines were done with belt conveyer and carrying works were with

manual wheeled carrier, were depended upon labors.
B. Physical properties of the Altari radish

For the mechanization of the peeling processes on the Altari radish

processing for kimchi, the characteristics of the Pyeonggang and Sachul radish
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kinds, such as the geometric shapes, compressive strengths of the root parts,

compressive strains, surface hardness and shearing stresses of the leaves and

root parts, were measured and analyzed. The results were summarized as
follows.

1) The dimensions of the Pyeonggang radishes on average were appeared as,
leaves length as 325.4 mm, radish root length as 102.4 mm, head part diameter
as 49.8 mm, mid part diameter as 51.9 mm, bottom part diameter as 50.3 mm.
And in case of the Sachul radishes were showed, leaves length as 283.1 mm,
radish body length as 94.3 mm, head part diameter as 33.2 mm, mid part
diameter as 29.9 mm and bottom part diameter as 48.2 mm, respectively.

2) The weight of one Altari radish include leaves was surveyed as 320 g on
average.

3) For the Pyeonggang radishes, the vertical compressive strengths were
ranged 83.8~171.7 N/cr and horizontal compressive strengths were
distributed 113.0~191.7 N/er. And for Sachul radishes, the vertical
compressive strengths were ranged 91.3~168.3 N/cr and horizontal
compressive  strengths  were  distributed 1326~1869 N/cr. The
compressive strengths were affected by loaded directions rather than
locations of the radishes.

4) The shearing strength of the connected part of the Pyeonggang radishes
was 100.6 N, and that of the Sachul radishes was 103.4 N on average.

5) The maximum surface hardness of the Pyeonggang radishes was 52.1 N/cr
and that of the Sachul radishes was 67.8 N/c' on average, at the depth of
1~2 mm on both kinds of radishes.

6) The torsional moment to remove leaves on radish was 152 N-cm/crf at
rotational speed was 8 rpm, and this torsional moment was decreased

rapidly from 5 days after harvest.

C. Study on the optimization of the processing line

To investigate the optimum processing line, to research processing
procedures and working methods of the Altari radishes through the field
surveys and questionnaires on manufacturers and sales rooms of the kimchi,
these studies were performed to establish the processing procedures and

orders suitable for mechanization, and selected adequate machineries and
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devices to each processing procedure, and conducted the economic analysis on

the developed machine. The results of the studies were summarized as

follows.

1) The peeling work speed was brought out as 90 each/h - man (40 sec/eac
h - man) calculated by daily handling of the Altari radish for one labor on
kimchi manufacturer and 10 of house wives.

2) It was realized that the effective lined operating process of the Altari
radish processing were constructed as follows. Those were, primary
selecting (by labor) — removing inedible parts (leaves, stems) ((by labor)
— loading on the operating line (by labor) — cutting of the leaves and root
tails — peeling — washing (swirled water) — transferring (water flow) —
temporal storing bin — chain belt conveyer — salting water bin — taking
out (by labor).

3) It was considered that the possible processing procedures on mechanization
before blending kimchi were processing lines and washing line, that is, the
processes of the leaves cutting, root tails cutting, peeling and washing.

4) The differences of root lengths of the Altari radishes that had same
cultivated area and come out periods were proved about 30 mm at 95% level.
It was regarded that mechanical processing, therefore, should be processed
with 3 steps by grading of lengths of the radishes, and then, the accurate
peeling would be accomplished with decreased losses of those.

5) Tt was concluded that sanitation and taste of the mechanized processed
Altari radishes kimchi were same nearly compare with hands made, and
those were suitable for manufactory of kimchi as the short term ripening
and storing kimchi.

6) Developed Altari radish processing machinery with one raw peeling method
and two raw method that compared with hand processing method, it was
analyzed that the break-even yearly working days were 28 days and 19
days, and the break-even yearly processing amount were 28,700 kg, 32,400
kg, respectively.

7) It was concluded that this developed processing systems could be presented
as a commercial model based on the results of the studies and evaluations
of the concerns of the kimchi manufactories and experts of the food

machineries.
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35 39.5 9.1 3.64 16.5
10 36.9 98 3.92 15.3
45 34.7 10.4 4.16 14.4
50 32.9 10.9 4.36 13.8
55 31.3 11.5 4.60 13.0
60 29.9 12.0 4.80 12.5
65 28.7 125 5.00 12.0
70 27.7 13.0 5.20 11.5
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A d A 5ol 125
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CPUS AAsGth wlo]~H =9 HEy|s RE 32E 2HT AgFAs
Comfile TechnologyAtell Al A FS=Z A #ste] FAwjst= A FPLC AE<
SB-65RE& AF&-3FSith.

¥ 9% Comfile TechnologyAtell X FFAFSZ A=ste] dwjsts A FPLC
AFe WEFAS UeEd Aoz A% FHE 57HA FFolth

# 9. Comfile TechologyAte] L AFPLC 4

Al %8 CPU = =4 = 7](W.H.D)
SB-14R TPC32 8 6 92X75%45
SB-22R TPC32 12 10 102x87x45
SB-30R TPC32 8 6 102x87x45
SB-36R TPC37 20 16 140x102%50
SB-65R TPC38 28 26 190x135%50

AAH TinyPLC ¥ A3 SB-66RY 5A4 #42 vt 2t}
- 4418 PLC (CPU+H|o] 21 =+SMPS)
- DC24V 918 28%, RELAY =39 263 W%
- AC 857264V 19
- LCD, SGN 14 ¥xE 127}%&, SlEAE
- RS 232/485 4 =& W (A%4)
- TPC38 AH& (12000 2=%)
o M=A¥ PLC : =& W 22 128KByte
o ¥WEA IJOXE 687, 808 #H7|X
0 E}Olﬂi,ﬂ%lﬂ 747y 2567 (9= ©9))
0 o] 10247 KEEPZ &l o] 2567

o HolE 9 1049 =, 28 ZEE 7|5

—~
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o 10HE 8x1d ADAWE W
o 10ME 2x1d DAZHE W

o 16HE 14 748 WA

SB-65R<& 4 Mhzo Zz=a9 Fu5z ZE5HEm, 1 20890 5 msZ2AH o
g PLCSH wizb7bA 2 ddo] Y tholo] a7l & Abgsle] Zmags e,
PCe RS232C X ES dAdsr verms 2 ZYUH"ES & 5 gvh. TPC3S
CPU ¢ 9 <lg#o]~E 68719 /O LEE 71X glov}, SB-65RS ol &
/O%F 5475 93¢ Qe do] 28 + dvs v AFTS As 5V 949 28
A, DC Eeo] £9 267802 FA3tL vt A7 AT TzaRe Z¢4

ol A, Aol AHE HEVFE 3

18 90. SB-65R A}zl

W) ¥ bE7IAY 4 - &Y A9 A

E 102 e ABIA Aol gl Bed 458 AAE} ANES
UE Zlelth e 3o Avish E9Y, AuY a5 By
Aol - e PuEAA RPN 2P Al o F Fold

’ =
CHIRAA, 7HEE Pl FAMES o8 49 470, AvFeh ddie
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selal vlolam ~90A 2] 5 F 279 o] Basm, 9L 6
9 FES Sdwols Wnwe e 4o mEE FE] @ 2
dol A% Y 5 1079 Aol Baw Ao AUt WA ¢ - F9

HAA e JiaE aelste] SB-65Re] 7HE Adetrtar e Aot

g = Al A 9 9 = 9
5 o] 5LE 2 7 o]
5 oold A4A L 29 A olF9A HA
A
23 A cylinder| v E 9% g g sol (317 : 2
, Al B
wal A cylinder| RE2A93H &1 sol (37 : 1
L _ A1 -
T4 =9 cylinder| BHEZ2S]H &1 sol (8}7)) : 1
= ]_ .
aste A )1 E 229 %] G sol (8}7)) : 1
cylinder 31
} ) N A solBHd) @ 1
FAE B AR | G E2A 3 2 g o]
A9 S AR R
_ _ AARAAYAAA 1
g wy | 2Esd SEIRRR L 2
A 2} FAHE
A FAIHE
1] A A SFAIHE
712-E 24l FAHE
A5 Wkl =
=
RN | EuE 294 AT !
2]

9) HE& PLCY ¢ -9 ulx
¥ 112 AA""E dAd PLC SB-65R2] CPUSl TPC 389 ¢ - &8l o
Ad g A M e 4= wixo] el veERA Ao)u)
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% 11. TPC 389 & 7ls % F 7F&7|Ae d== wA

Ads | HA | &9 WAd 7% 1A dEE v A
1 +5V Power | AL4Yd o=}
2 GND | Power |Z12}e= vz}
3 DRX | Input |U*=2=8 RXtHA}
4 DTX | Output |TF&2=8 TXA}
5 RX Input |HE8E418 RXdA
6 TX Output | H& 548 TXHA}
7 485TE | Output |RX485 %4187 2%
8 VREF | Input |A/D& 7|44
9 P0:0 /O |YEEHXE(YH) APAF(FAER)
10 PO:1 /0O |dEEXE(YHE) AAFTE(FARH)
11 P0:2 /O |YESHXE(YFH) 71+ E g A (pbs)
12 P0:3 /O |dE8HXE(YH) 1] A A (pbs)
13 P1:0 |Output |EJALEXE(EY) FolE Y
14 P1:1 |Output | ALETE(EH) FX3 EHY
15 P1:2 |Output |EPALXE(EH) A9 Zg 3] d BH
16 P1:3 |Output |2 ALXE(SH) A RzFx EH
17 P1:4 |Output |EJALXE(EY) of H]
18 P1:5 |Output |[EPALXE(EH) of 1
19 P1:6 |Output |EJALEXE(EY) of ]
20 P1:7 |Output |ZHALEXE(EH) o v
21 P2:7 /O |dE8HXE(YH) s i ls
22 P2:6 /0O |[YEEXE(YH) Aty 5 s
23 P2:5 /O |YESHIXE(YFH) FH A1 3%
24 P2:4 /O |[YEEHXE(YH) FAAG] A3
25 P2:3 /O |dEEXE(YHE) A 33
26 P2:2 /O |YESHXE(YH) Hadg A3
27 P2:1 /O |[YEEHXE(YH) FAEY AR
28 P2:0 /O |dEEXE(YHE) FHEY 33
29 PO:7 /O |YEHILE(]F)

o]%e_:]‘ _‘IZ_E.

30 P0:6 I/0 (‘;_éﬂ%g%] o)
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s HA | Y W4H7] s A o] G =] 28
31 PO:5 /O |dE=8xEEE)
32 | P04 /O |d=HEXERE)
33 P5:7 | Output | ZHALIEE(EFH) o1
34 P5:6 | Output |EHALIE(EH) of v
35 P5:5 | Output | EHALIE(EH) A3 R zFA AR
36 P5:4 | Output | ZHALIXE(EH) 2bu]| B A8haE
37 P5:3 | Output | ZHALIXE(EH) FHEY
38 | P5:2 | Output |ZHALXE(EH) Bl Ay Ashzs
39 | P5:1 | Output |ZHALXE(EY) AAG2 A3FEF
40 P5:0 | Output |ZHALIXE(EFH) AT AR
41 +5V | Power | A=t
42 | GND | Power |Z18}$= ¢zt
43 DAO | Output |DAZE®E A& EEQ
44 DAl | Output |DAZ® A& XE1
45 | P7:0 | Input |YHALIXE(IH) FolF A2 AlA
46 | P7:1 | Input |YHEALEE(IH) Pr A

R e EN=s)
47 | P7:2 | Input |YHEALEXE(IH) T A (25
48 | P7:3 | Input |¥FHALEE(YH) T3] A2 X AA
49 | P74 | Input |YHAELIE(YH) T3] $1A AlA
50 | P7:5 | Input |YEALIXE(YH) ofj 1]
51 | P76 | Input |YEALIE(YR) of 1|
52 | P77 | Input |YEALIE(YLR) of 1|
53 | P4:0 /O |Y=HxEMEH) FHAG 24
54 | P4:1 /O |Y=HxEMEH) T34 23}
55 | P4:2 /0 |[YEdxERE) A3 B 2R &
56 | P4:3 /0 |[YEdxERH) A3 B 23R st
57 P4:4 /0 |Y=8xE
58 P4:5 /0 |Y=8xE
59 | P46 /0 |YEHFXE(EH) of H]
60 | P47 /0O |Y9EHEXE(EH) of H]
dEAEXTE(} G R

61 P3:7 Input H7 <lel)
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As | B8 | =" HAgE 715 A o] % =] 2§
, T A8 E (o] T =L
62 P3:6 Input CHE <12)
| D8 EE (o Z 1
63 P3:5 Input CH5 912)
| FHEEE (o E 1
64 P3:4 Input CH4 <]2)
| JHARLE (=L
65 P3:3 Input CH3 <12
| D8 EE (o Z 1
66 P3:2 Input CH2 91%)
| FHEEE (] E 1
67 P3:1 Input CH1 <12
| D A8 EE (o] =L
68 P3:0 Input CHO 912)
69 P6:7 | Output | ZHPA LT E(SH) ofH]
70 P6:6 | Output | ZHALIXE(SH) ofH]
71 P6:5 | Output |ZHALELE(EH) of H]
72 | P6:4 |Output | ZEHALIEE(EH) of 1|
73 P6:3 | Output | EHALXE(ET) oy
74 P6:2 | Output | EHALIXE(SH) of v
75 | P6:1 | Output |ZHALIEE(EH) of H|
76 P6:0 | Output | EHALFIE(ET) oy
77 | P8:3 | Input |YHALXE(YH) of| 1]
78 P8:2 | Input |YHALEE(YH) o H]
79 | P8:1 | Input |YHFALFE(YH) of H]
80 P8:0 | Input |YHALFE(YH) o H)
Z) ANz -8 3=
a9 912 SHAA G Ase] oY 3|E2xolty. A= FIF o]F o T}
FoAol BFeA AT F JA=H 198 Farel A, T AHFH
2 fxm N4 W A AR AR FAE et Agstanh SR A4
dEs| == AUgel 2HAA] AEgAd oW S AAL] F2H o] ONH o

DCZzlo]

]

=
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215
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o4
A/
i1t

Hd, ONA Adds} 72 deid 33
93, &eleols WEE OFF 89 o493 uEsslA7) 45
MEzglA 4AE CPUSIA gof Sol 7479 29 F8 EE g A9 24
$71 g AEZ olgSATh of WAAY WAL R FEAAE A% vhol2

2 29% AAE FU9 e TS,

+24V

DC 24V Relay

Auto switch

| =0 = |||

Proximity sensor

— +24V
a4 92449 st E
. ol&d 3§ —
a9 91, AN Y 32w e
po2av AC220V bozav
Air cylinder
Manual Manual \ Auto
Auto
McB

DGC24V Relay DC 24V Relay

OUT(24V) Out(24V)

Selector b 3
\ switch TPC38 x g\:l{g&gor \
TPC38

W LT i Q.

]

ol @ 1l
Air compressor

a9 93, AdY tE dRE a9 94, B FE I EE
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2t DC Rela
29 A5 o] &dte] FE ot
e P32 s JeERA Rolt)
=90 98} DC Relay7} 2Hs 37

Rolth, Adt= 25 %
PLCO ¢& Azre zE
ZAEAA olo] AdHE 7h
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AN 2S

P2:1=ON: 8E&&

P5:4=0N: ATI23350L
P5:5=0N: d 82 X5t SOL

P2:1=ON : AT 54l

MO:4=0: 4L RoI 2 H

MO:4=1 : 4TS5 SON
[

P4:3=0ON : 3| 2 X atdl A= MO:5=0: Ma 2 Zot2AEH

MO:5=1: 3|2 EMSON




—0O

P5:2=0ON: ®2|3 & SOL |

P1:1=ON: R 83 2E &

P7:4=0N: & T Al & A S g:agpééaogq‘ Bt MS

P5:2=0FF : 22| 2 & SOL

P1:1=0FF: &3 2H 7é’Kll

P4:0=0ON :
HEQ2MBUH H B
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E 12, AHZA 9] A

A A7} A B3z 0] 1920%574%550 (mm)
FEIVExA Zxzo]l | 1860%400%550 (mm)

A Ak 600W, 4/5HP, %A : 404 /min, 4= 0] @ 18 m
) f 2 125 PVCH) 3

FAACLZFAZ) | 748 (mm)

7h skl EEARe HEol hEE e o 7|2 BYTIE HEEte] AFT

At A=A sl 4538 A=A

W Aol AR Sz o]l FEste] AR AL F ST

=HEZ} 29% AoR ddkdn

th A% AYsES 207/Fe2 &% AA, F 7F
2

& A5 Frter1Ae] AdeE T/ES TEE
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o e T A Ve 8

1) gerel R A A%

Lere) AmEE e AFHoR 1500~2000hag AA sk glov], Ao
2E A7), 9, A%, Ad £oR & 482 Bt 2F 2%, A4, o
o, s, WeElel A A% A 50%% Al shart

F 13, e A A

98 99 2000 2001

A | g | A | S| A A SE | A | AR
Hha) | (%) | Aha) | (%) |Hha)| (%) | A(ha) | (%)
A=+ | 2,344 | 100.0 | 1,407 | 100.0 | 2,143 [100.0| 1,411 | 100.0
AL | 10 0.4 5 0.4 0 0.0 0 0.0
BAHl 35 1.5 67 4.8 6 0.3 2 0.1
| 32 1.4 15 1.1 0 0.0 2 0.1
°o1d | 31 1.3 19 1.4 30 1.4 19 1.3
21 0.9 0 0.0 0 0.0 17 1.2

681 | 29.1 458 325 | 629 | 294 | 386 | 27.4 | 34
124 5.3 96 6.8 114 | 5.3 72 5.1
91 3.9 52 3.7 91 4.2 85 6.0

o\ | o | ot [tfo| 2
of | oo | S| e | 4N

= }\1}1\—]:’
5 278 11.9 118 8.4 407 | 19.0 | 320 | 22.7 got
636 | 27.1 311 22.1 | 431 | 20.1 | 243 17.2 | 1%
357 15.2 230 16.3 | 362 | 16.9 | 227 16.1 | 9<

24 1.0 31 2.2 23 1.1 16 1.1
9 0.4 0 0.0 41 1.9 12 0.9
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AddEe] 4L 148 5585 Abgste] degFs 1AL LT
el o] Adg el i) AAstint. o] wf AAFe A A vrEo] Z
Fo] £ 70 mol L, ASAE S4590 wet uH|= 3 mm, Zdo] Fdste £8
o] £& 33 m, ZE 72 90° 121 stF AdERE g HAW! 5 m/min
o2 gt 4% A4 daE, Age oA B AddyA Folth

2}) ¢ErE R &

ZAHd = EAEAMV|(TA-XT2i, Stable Micro

7
Feo Hogd WA
A (penetrometer) & ©l&3tA=d, A4 2 me T

Systems)9] #JAHH

(probe)S 0.2 m/se] £E2 FHAA 5 m7tA AFAA LElg 9 THAEES
SA3IA T o] A9 bR Ade ¥HAEE 84 FAHsY dEEFY Ax

o} w23,

g5 93 HEHEWMES a7 &) 1" 114 - 11604 H= vt
o o] ANFGAE Akt FAGA gl LERE o BEE AL
FAHe FUZo] AAS F ZE Mo wal FHo] A HA B RE

7tegd AAE B8 2=4(load
celDE AIHEF sQrt 2=dd 7zl I F2EHQ 4718 T3 2E

gl #e dolEola ARFH-AANLRS Foto] gs WEksto] HFH A

il

Items Specification
Motor 6W, 1800rpm, 1 : 180
Speed controller 17 10rpm
Test bed 220%X220X330mm
Load cell 30kgf
Dynamic strain amplifier DPM-700B, Kyowa, Japan
Data acquisition & control system System 10 k7, daytronic, USA
Program Quick-BASIC
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=

17. &epe] (379 =71
Part [ L1 | L2 | L3 | L4 | L5 | DI | D2 | D3 |Weight

[tem (mm) | Com) | CGom) | Gom) | Com) | Com) | Com) | Cum) ()
Max. 368.21129.2|1104.1| 70.5 | 55.6 | 56.4 | 58.1 | 56.0 | 465.0
Min. 261.3] 86.3 | 63.4 | 45.0 | 39.8 | 43.7 | 44.5 | 43.3 | 215.0

Average [325.4(102.4| 79.9 | 54.5 | 48.9 | 49.8 | 51.9 | 50.3 | 320.3
S. D. 10.2 | 13.7 | 12.6 9.3 5.1 4.1 4.0 5.2 73.0

i 18, dEE T A7)
Part { L1 | L2 | L3 | L4 | L5 | DI | D2 | D3 |Weight

Item (mm) | (mm) | (mm) | (mm) | (mm) (mm) | (mm) | (mm) ()
Max. 312.6|127.01118.0| 56.7 | 30.0 | 38.5 | 33.1 | 59.8 | 412.2
Min. 2456 67.5 | 54.8 | 26.5 | 13.2 | 25.2 | 22.3 | 43.6 | 203.5

Average [283.1]| 94.3 | 82.8 | 39.4 | 20.7 | 33.2 | 29.9 | 48.2 | 306.3
S. D. 14.6 | 14.6 | 15.2 8.2 4.2 3.2 2.7 3.5 56.4

EFE] o] A s g
Aol Feslty o Hi dAHL 408 arolon, 35~45 ar Abolol Al
o] 78%7F & EstAtt Fig. 19 JFFolA F4e Hxt == 11.2 ol 3
8~16 cm ® el Al 95%7F EEEFA o, 8~10 cn®l RI=7} 40% = 74

g Ko
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E 19, dEEFEDY AW A5 E B S5HYEE
Max. Compressive strength )
Item Rupture deformation(mm)
(N/cnf)
Part D1 D2 D3 D1 D2 D3
Max 171.7 156.2 133.4 5.2 4.5 4.7
Min 103.7 83.8 84.5 4.0 3.2 3.6
Ave. 133.6 113.0 109.3 4.6 4.0 4.1
S. D. 23.4 24.4 15.8 0.3 0.3 0.3
% 20, SEEFED FEYE A5 E 2 S5y
Max. Compressive strength )
Item Rupture deformation(mm)
(N/cmt)
Part D1 D2 D3 D1 D2 D3
Max. 176.3 191.7 176.1 4.6 4.7 4.6
Min. 113.0 116.1 127.3 3.7 3.6 3.9
Ave. 143.8 148.3 155.3 4.2 4.2 4.3
S. D. 21.4 22.3 18.9 0.2 0.3 0.2
& 21 0 Ao s HFAEY EAbEA AR (E )
Source DF SS F value Pr
Direction 19 26274.5 3.37 0.0006
Position 2 725.2 0.88 0.4210
Error 38 15570.3
Corrected total 59 42570.5
E 229 E 23S AbE To] WelRol U@ ReE 4EAY A% Ui 2
o, AW =T E 91.3~1683 N/orw, FHWE AFHE=+ 1326~186.9
N/enel 3Z3-9 0.
E U= A Fo) Aatel e g6 we BAS Folus] 9@ BARAe
A2 B Fof sds A9E YT
oldel AxolA, AbE Fo] AT Hpke HA T gFAE vl &
A g A9 129 Nai, 4 W@el 49 53 N 4% 2A dehgon,
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E 22, QERIFGHDY FANF HERE D GHAYY
Max. Compressive strength .
Item Rupture deformation(mm)
(N/cr)
Part D1 D2 D3 D1 D2 D3
Max. 168.3 155.8 146.5 5.0 4.7 4.8
Min. 105.4 95.4 91.3 4.1 3.8 3.7
Ave. 146.3 129.6 118.6 4.5 4.1 4.2
S. D. 20.2 23.2 14.8 0.3 0.3 0.3

H
22
oflt
oft

F 23, LEHFAD) Y] RN dEAE R

Max. Compressive strength )
Item Rupture deformation(mm)
(N/cm)
Part D1 D2 D3 D1 D2 D3
Max. 180.3 181.2 186.9 4.9 4.6 4.6
Min. 135.4 132.6 134.1 4.0 3.8 3.9
Ave. 150.6 152.1 160.5 4.3 4.2 4.2
S. D. 21.4 22.3 18.9 0.2 0.3 0.2
3 24, WY YA dig hEAES EAhEA AAAHE )
Source DF SS F value Pr
Direction 19 17036.8 5.04 1.12E-05
Position 2 926.1 2.60 0.0869
Error 38 6752.1
Corrected total 59 24715.1
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Shearing energy
(N-cm)

Knife travel at max.
shearing(mm)
27.0
11.6
17.2
3.6

- 150 -

(N)
114.6
86.0
100.6
9.8

Shearing force
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