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SUMMARY

I. TITLE

Development of a Precision Broken Rice Separation

Process in Rice Processing Complex (RPC)

II. OBJECTIVES AND RATIONALES

1. Objectives

Subsection I: Improvement of the conventional broken rice separation process

Evaluate the present status of the broken rice separation process in RPC
and establish necessary strategies for the improvement

Subsection II: Development of a precision broken rice separation system

Develop a new precision broken rice separation process and necessary

equipment for RPC use

2. Rationales

Rice is one of the most important agricultural commodities in Korea. Since
the first Rice Processing Complex (RPC) was introduced in 1991, they take
a major role in the postharvest processing of rice in Korea.

The RPC is a facility constructed for the collective postharvest processing
of rice by which more dependable, labor-saving, and cost-effective
postharvest processing of rice made possible. Other than the basic

processing equipment, many new breeds of equipment continue to be
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added in the processing line of the RPC on specific purpose to improve
the final product quality. The broken rice separator is the equipment used
for the removal of broken Kermels, chaffs, and foreign matters from the
milled rice.

Milled rice products rich in broken kernels result in sticky texture and
poor overall eating quality when cooked. Such products also have less
appealing appearance to most consumers.

Results from many previous studies indicate the domestic milled products
would record quite low scores due to their broken kernel content if
grading is done according to the international standards for rice. While the
international market price for milled rice is strictly related to the grade,
most Korean consumers generally believe that little relationship exists
between the market price and the grade for domestic milled rice products.
It means a rice product priced high does not necessarily guarantee high
quality, and such situation would easily result in the loss of consumer
credibility for the quality of domestic milled rice. This will eventually lead
to the weakening of the domestic rice industry sector as the trend of
global free trade for the rice product becomes stronger.

If a more strict criterion would be provided and enforced for the allowance
of broken kernels in the domestic milled rice products and also if a more
precise separation and removal of broken rices in the processing lines of
the RPC were made possible, these problems will be solved.

This study was performed, therefore, to develop the necessary equipment

for a precision broken rice separation in RPC.
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III.

SCOPE

Subsection I: Improvement of the conventional broken rice

separation process in RPC

First Year

m] Evaluation of the present status of the broken rice separation process in

RPC and establishing necessary strategies for the improvement

Study on the milled rice grading standards of major rice producing
countries

Physical properties measurement of rice pertinent to the broken kernel
separation

Evaluating the present status of the broken rice separation process in
RPC

Investigating the status of broken kernel content in the domestic white
rice products

Second Year

w] Evaluation of the present status of the broken rice separation process in

RPC and establishing strategies for the improvement

Study on the technical information of broken rice separators

Evaluating the present status of ‘the broken rice separation process in
RPC

Investigating the status of broken kernel content in the domestic white
rice products

Establishing a new definition and classification scheme for the broken

rice kernels

Subsection Il : Development of a precision broken rice separation

system

First Year

@ Improvement of the rotary sifter broken rice separator

Performance test of a pilot-scale rotary sifter broken rice separator

_12_



@] Development of the indented cylinder broken rice separator

- Experiment on broken rice separation using a laboratory indented
cylinder separator

Second Year

@ Development of the prototype indented cylinder broken rice separator
- Design and construction of a prototype indented cylinder broken rice

separator
- Performance test of the prototype indented cylinder broken rice
separator
@ Development of the precision broken rice separation system
- Design and construction of a precision broken rice separation system
- Performance test and final evaluation of the precision broken rice
separation system

IV. RESULTS AND RECOMMENDATIONS

1. Results

Subsection I: Improvement of the conventional broken rice separation process

1. The definition of a broken rice kernel in the Korean standards is less
tight than the Japanese and the U. S. definition. Also, the Japanese and
the U.S. grading system for milled rice according to the amount and
composition of the included broken kernels are more detailed.

2. Analysis of the amount and composition of broken kernels in the milled
rice products marketed domestically showed that the weight percent of
the kernels longer than 3% of the whole kernel was 93.5%. The weight
percents of the broken kernels whose lengths were in the ranges of
Y~ YU~Y% %~2 and %5 ~% of the whole kernel were 0.3, 2.8, 2.7,

and 0.6%, respectively. According to the Korean as well as the
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Japanese standard, the amounts of broken kernels included in domestic
milled rice products were acceptable. However, the composition of
broken kernels was quite unacceptable with respect to the amount of
small brokens.

3. Almost all RPCs are using the rotary sifter in their broken rice
separation process. Analysis of the samples collected from the outlets
of the separator showed unsatisfactory results in terms of separation
accuracy and precision. |

4. The average length, width, and thickness of the domestic milled short
grain rice whole kernels were 502mm, 293mm, and 2.03 mm,
respectively. The average bulk density and thousand kernel weight
were 7453 kg/m® and 20.46 g, respectively.

5. A new criterion for the definition and classification of broken kemels
was suggested as follows to motivate more strict quality control in

terms of the allowance of broken kernels in the milled rice.

"whole kernel” - longer than 3.75 mm

"semi whole kernel” 25mm ~ 3.75mm

"broken kernel” - 1.75mm ~ 25mm

|

"foreign matters” shorter than 1.75 mm

Subsection II: Development of a precision broken rice separation system

1. Laboratory study on the basic characteristics of an indented broken rice
separator showed that the effects of trough angle, cylinder speed, and
their interaction on the separation efficiency are statistically significant.

As cylinder speed increases, trough angle also has to be increased

_14_



appropriately in order to prevent a rapid drop in separation efficiency.

2. Regardless of the indent shape and size, and feed rate, the maximum
separation efficiency was recorded for the low speed (17rpm) and
medium trough angle (37.5°or 60°) combination treatment for the
laboratory indented broken rice separator. The maximum efficiencies
were in the range of 60~70%.

3. Indents shaped differently as Us type and Si type showed virtually no
difference in terms of the separation efficiency. Therefore, in
commercial applications, it might be desirable to adopt the S; type
indent because of its better manufacturability and easier maintenance.
For a successful separation of the broken kernels 2.5 mm long, indent
size should be set slightly bigger than the actual kernel size. An indent
of 3.0 mm could be recommended for this purpose.

4. Feed rate of the rotary sifter separator did not affect the separation
efficiency. As the speed of the gyratory motion increased, the feed rate
also increased. At the feed rate of 900kg/h, treatments with the shaft
speed of 200 rpm showed 10% increase, 15% increase, and 3% decrease
in the overall separation efficiency, purity of brokens, and degree of
extraction of brokens, respectively, than those with the shaft speed of
160 rpm.

5. Rotary sifter shaft speed of 160rpm gave 9% point lower separation
efficiency for large broken kernels, but 30% point higher separation
efficiency for small broken kernels, and 8% point higher separation

efficiency for fines than the shaft speed of 200 rpm.
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6. The prototype indented cylinder broken rice separator is designed with
the double deck configuration where the upper cylinder has small size
indents for the broken kernels and the lower cylinder has large size
indents for the semiwhole kernels. A conveying screw was installed
within each receiving trough of the cylinder to remove the collected
kernels. Changes in the cylinder RPM, trough angle, and the degree of
body inclination are possible.

7. As the feed rate increased, the combined separation efficiency and the
combined degree of extraction of semiwhole and broken kernels rapidly
dropped, the combined purity slowly increased, and the degree of
extraction as well as purity of whole kernels were maintained over
05%. Regardless of the feed rates, the maximum separation efficiency
was recorded for the cylinder speed of 35rpm and the trough angle of
37°. Estimated maximum efficiencies for the feed rates of 400~800kg/h
were about 70%.

8. As the cylinder speed of the prototype indented broken rice separator
increased, its capacity increased and the trough angle also needed to be
changed appropriately. Among the operating conditions used in the
study, the optimum combinations of the cylinder speed and trough
angle were found to be either (35rpm, 37°), (451pm, 55°), or (55rpm,
73%).

9. The best operating conditions of the prototype precision broken rice
separation system was as follows.

Rotary sifter shaft speed : 160 rpm

- 16 -



Indented cylinder speed and trough angle : 35rpm and 37°
Milled rice products processed by the precision broken rice separation
system at this condition showed remarkable improvement for their
broken kernel contents over the conventionally processed ones - broken
kernels (£ < 25mm) decreased by 90%, semiwhole kernels (2.5 < £ <
375mm) decreased by 50%, while whole kernels (£ > 375 mm)

increased by 7%.

2. Recommendations

Subsection I: Improvement of the conventional broken rice separation process

The results regarding the present status of the broken rice separation
process in RPC could be used as a job training material for the employees of
RPC. The new criterion suggested for the definition and classification of
broken kernels also could be used as reference information for policymaking.

Subsection II: Development of a precision broken rice separation system

The precision broken rice separation system developed in this study
does have the potential to improve the efficiency of the broken rice
separation process currently performed in the RPC. If it is introduced
to the processing lines of the RPC, the domestic milled rice will have
more competitiveness through the strict quality control in terms of the
allowance of broken kernels. Commercialization of the prototype indented
cylinder broken rice separator will be tried in conjunction with the company

participating in this study.
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HY Wnje A "AAFHRE dAAEY Ao weEt TN 3
Me & 7led 8471 EAE AoAN ZYe AS A S3HE &9
NNed d+2A7 S ESY A FFAU A AEITAHY 584
o] qEAHL A 7Y, T Ade 7E deo] v HE A, HA A
ol 2ElE AZHY 2L BUAE ALSE AL JBHoR §IA
Fo. =, A £ I AAAEA 2E A (wire mesh)E gty oz
T2 A2QA2 st NAE Ad AEHE Ao FHFo|t. oYyt
G4, AAHE, 24 e AEAAE FAY Fo] ofyn ZHojo]7] of
ol Mo ddes dolE MEAJAZRZ & A¥AAdHo] =UFHE A
&g Ao,

ole, & dAFdAME ¥IFTHAMEHL (RPC) HAnHAETAHY &3 &
A3 FH FEY0 AEe FA nFE FAHSA, AYE FRY HoA
AAFAH QlojA, Zol7l& 37 AF oldoZ HuE AFAAdA A,
Egs € F de Ve HvE AEsnA Ao

Ju



23 AFAL

8 ZU FAE AAFE (FEFAESEARAY, 200000 ostA A
ad7le gdn) (gAY Zdole 1/2 mine R, 168mm T=A 4 FRH)
g A#u (168mm 2EAE A& Y, 141mm 2EA Hode FHE
U An dutAd EE2Q A didAng aH0e EJE A4A 5%
% oldt 2 gAEcz wAA}T Y. 19953 R EHE FF EAAE B

FAE F59 HPFE EHoz AAAGA 4F ALAANAET =
dHAow oF Y& FAE EFFEHTAC AAFHAAEUY, 29 BF

A7 1.7mm e 2EH o AFF Aoz AYstd o1 EYE A
2t 5%, 7%, 10% oW & 5, 4 130z FFRAEL 0.

nzZe A$LE Mgty EdFd wg FFBVAEL 05 ALSA i
otk £ EA A3 ALTEAHAL (FGIS)Y ZHAZIEd 93 v =
78Rz Uy, o o GAY Zol9 3/401dE EF AHIIE EFH
o5 12 Axd wa ¥ FHFE UL AESHA FF49 EYE
g 53& #Asxn gt (GIPSA, USDA),

FZAEMLATH 983 ZAAE (Kim and Kim, 1998)e] @ =4
ZY £F WulE F FGISY 7R #3d FARAL AL o, AAH
3 d&Agde £48 7Foz: 543 EFU 15FeIded 48% £

-}

|

AP EY AEE ANEZ AR A oE VIFLE & A 1570
24, 2570 314, 3530 184, 2¥x 4% F °l&7t 3HIUY. £F
BAY EF3 BujstE e ABR|AE wF $e A2 ZAH T
Yol 5HE & SFA @ 2wz £ 27 YE dAF 5
FaeE st AFEH, o5 B 9ARA FIFEEN H3 3lE 97 4,



53] vl= gl g BPHEE ZFAT "Bart 9t Aoz AHAFHYY.
a4, A EE U HZFFAGAAMNE Zete A ZH (rotary

sifter) 471 & Hojddd A& Add (F 5, 1995).

2EFE A ZHY AERE #99 AN M3 &F (gyratory motion)
St 6~89 9 HEAEY o2 F4HFH Qo (32U A4

3, 1998). FYAE7 Doy HAASE sA¥oz EREs =3, 2

o

18 e ol EA, 2~38e M ¢AY, 4~62dXNE dHn), 7w
AME 2409, 8GdME uZ 2 2L gois Hdd.

REY ANZHE ZEHo2 Wo|] 29 uTe ARFTHAN 249
A7HFE JdEEE EFdE F9e FUdoE stE Hu A, YN
°|E &3 U2 REH o], vF, 7)g o)L AWEE FAZ R
=+
F, 1978).

SAHEG A9 e AdH Zol TP o] Aot F HEAAQ A
T, dwtdez g ®ol AgHE MWrl:= & AW (indented

o2 AZtEv (Araullo et al, 1976; Food Agency, 1995; £ E#

[‘lo

separator) 2 & A 31t (Posner and Hibbs, 1997). & H¥7 = =29
dolg F HYAAE ¥3, Y4 EAHA AW s, HALS
(cylinder) o &% ® T HAAW (disc) 9 F= Wol ¥ F (indent)
o @719 mdel wek Aozt 1 TUFY Lot He IY e Aol
) H AT (#3357 A3, 1998).

459 & M7 (indented cylinder separator) = 5 Aa= HAVE
VAY FHE (rough)2 2 T4 gt HALEY 32 Hads o
4 279 Rge FFo) BojH YH, T2 HAAFY YR
FHR Zolst B TP § 40 $28) SoIsky] BRo AR ou

ol
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A 3HE Zoof FoA WA s} trough® HojA A, Hejzt A
2ge & 2o @A ENA BEr] WE 4 s 45 W2
A "ol watd, #& TYL troughdl FAHH, 1 THE UTF
& e 27 Zoz oFHol FATY &, dde oHAA W (F
&, 1990).

453 & MAdd dF¥L F= AAE WS gAL, N T AL
ARPEY HAALE, trough® HAZE, 283 indentd E ¥ A7

2 a4 Act (Grochowicz, 1980). A E Y52 3A&EE = YA F &

0%

e 949 271G dARA 2 g EFHH AF K@z F
gAY 71& 38 (Grochowicz, 1980) ] @H2d 31%& 9453 & A
W7o did Ko MYE 053~0557 AAIE A7 glew, 43 7
g8 gaez 1458 958 & HNYVE ARE AE, K He=
7Ztzt 03~035% 047 AANHNY. A48 453 & AE71y A fd=
K #te ¥$7F 0.04~0.092 A A= AT

453 & A7 Hudde A A7 & qAREA g9 dF 73
s9lom (Hao et al, 1987, Hitoshi et al, 1979; Ritsuya et al, 1979), 77|
RS FZo] doly| Yo HrjHde] AU 7= Folrr] S

A3d gdahdel UsS L e

E Axe nZEFgAF RPOY &4 29 2 U #8947 A

A 239 #d, ‘A4 72 AuddE g AoM, 2ol

Z 33 57 o4des HAug ALsA MY, BIdH 2 F e Ve

dule] Ag"e AFALe BEx=2 dn o A7) FRE 2457 4
g AF7|te 2de2M, Fa AFHNEH dFEAE E 1-1F% 2o
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E l-lL 74 We 2 g9
> guide BY EARAG 7)eAE
3, AE
o o 1:]_ 2 TE,
¢ BAANNENE |y 20 2027 wug vaaa 249
Mg e .
g A ot o
axme gu |» FURPC AuddTYst Au
ESEIEG AezA - AE 2 AXPE 24}
(2000) > #E UMNAEY Y ELYE 24
2Efe AL P FO|ZE FE ZEle AZH sHuHd|
Hujddz)e AL | AREY Az A9
459 & > 4EUE AFY F HErE A4S
Huddze) Ag | Huide 49
> HrdEy) B JeARY 37, HE
B dEs1¢ | > @9 RPC #o)8F A% Hulg 7)&3
e A AE
24 7} > FE ANAFY H9F Y4 =4}
ZzAge #E (b $FEY 2 FLHuNEE AL
A% Ar) Z1Et A 44
P HOlZE FR AFY F Hujua
2A9E (@ 258 & NZEL) A, A
(2000 | HAmadzle A |p Bo|ZEFRE A5Y T HuHE7)

NAE] A5

U8 TE
AAdHr)ad
system & i

ZEle] A|ZE} 958 & HuHdr)9
9=/ 8 9% RPCE

A Hu] Ml system 2] A, A=}
AAHn A8 system 2] ASHY, FF
g 7}




H2a Y Aojdg 332 HE=E /g 7I=dS

q1d A S

% WoAEd Rekr)v EQE Ao At FoREAA FE o
dsstEs A4e FA o E, A7 FHE 22 HHHW ¢
AAA Hujst aA Astdch A AFEHAE #E2Y, W /5 o
A Ee Agr]) EY9d B8 ARFEAE S EFHUG. £ 07
AE Bzt AAEY 9] FAAP I 2u A BN FA Y7
of, A HujAF] dF B o IFAF FFRYN AFEH, o=
B8 924 gd O AR AR dast e A2 AHHUY,

ol ¥ FAEL, A9 Hn AYE Hot t] FAY AEHSA Hol
715 3~4/M9 AFE HASE, o AFEE HL&A H9E HAE - ¥

AAH & F gdod sidL Aok, 2y, o} & MM dARG
< FUF Hrddriesd FALNEY Mdo] dPHojof & Aol
old) £ AFdME, ALguAdrie AEe A8 BFEAFR N x2A
g2 FEE EE2 3o, (DHuAEH 38T Ve £ & A% F
8 F7tge An FIFEEY FAF 4, (28 RPC A dEFTAH
Aduje) A ZAL Q) AnAEy BF¥EE vdEe 24 54, WARALAA
AEe 98 4n 7NE - AF AR ¢ A7 E TSI

A2d & 44 Fe 7152 4o E=28F &4

Aujdg 7& v Adsd AAbdG & ZP F2 IT7HEY 40
A1E3 Ao, adxn Yug AANTFAF AARHE =%t ARG AH.
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AvlzlE 2 Aue] AAFAR - A EFTAAEY F2HHA
9 x5 T8 g, &, o=, F5, A7, &F F 67179 AR
2 A=Y, $AYdY JE 0T AEE FAHog Hu, £
3t At
Fave €SN E FABYL Yr AAFATHE A4S 2,
24271 (qAn), 37 (&40, o&dd A Hoe v #ol
{48y,
P 2R4e7] =KSHE e Z7] 1.68mm¢el EF 2EF o dod,
1 Aot gAY Hodeld 1/2 9wl H Y

> ZRE7 =KSTHE AFE 27 168mm<e EE 2EAE F3H3A R
Aw 271 141 mm Y FF 2EA Yo d= 7 FE

P oJE=KSTE AF 27 1l4dlmm<d EF 2EA o & F9 9
o A AE FHE A (oFF AE A7), nA, &, F2 A F)

o] 71Ed med Sfquety B¢, I Zolrt 4AH HTHY 1/2
o] 3tQl Gl REH{rIZ ERHSH, v=L &Y Hdde)9 3/4 9
3, dEL 1/4~2/390 98¢ 2% AU =2 R Jgo. W, -y
gte] SUiAr Wu] (dukAl FF)e did AATFFH (F 2-D& /e
(A 2L A7) (&)Y & E4&E 42 5.0% 2 0.0%=
TR At ole AFoRTE B9 Wu AAFA (E 2-2) 49
15 EEFF v=9 v AAFZH (F 2-3) 49 15 vjdd 5 3
= FAAT, Ao 2L A HAE A A E A, 4H &
ol #F ety 74L& vuy sed HolHdy A4y, £, &
gutete] HojsIFE F474 EZFY 2/ FEWAE AT €EL2 47
(1%, 2%, 59, w39, "=FL& 70 (1~6%F, )2 oK AEFs
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At

E 2-1. @39 U & (ddA FF) AA04 (FE, )

fﬂ- Iz

T AT =T
244, 98l g, o
5—‘}')-‘]1 % M}-E‘-7] o] =
(%) 2" Z}"}Fl %} 4}3}7‘ ,4;47] - % lﬂ =T
) Z} A ) =
=3 (%) | A | FNY (%) (%) (%)
(%) | (%) ? °
34 | £FEF |150] 60 | 20 0.1 50 00 |37%| 378 | 00174

T 15kg 9 dF

dE9 AS, v e g8 v HJFSFL HuFld 2AE
AR E23E FY7EF MEHA gF F OF A 23 94
2449, o F, 71E2FA @ A & 9n) AFFH (F 2-2)2
AR o2 S-guetet FAte A, B o AEsd sFH 443% 7]
EXE 232 Ad. =, =4 dH g oo dME FEHTL FH
Foz FEIY &dF uF, F3, BT, EY T F2 & AAFE=
st Zzte) FAFAEL 24, #Edn v, dBAdAME L8 AL
dats 2EZ 29 F5F THA @ AHAY 7FHEES HAAE st U
A Argyd JEFANFEH 90dd Fitel A, AAMHer FE
2o F7IEd nE FAAFAEE AAE d=d, o 7jEdd 4@
EA A EEFTE 979 9 EQLS 47 3% o8l 5% o, I 9
Z 7459 4.
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E2-2. Qo) Wn HAFE

2444 2 a9 1FE %
T -

B e !l A9 g o0, (4 o9

o 60| 2 g oo

- %) 1 06) |2ag (%) & (%
15 [18FE | 160 10 1 0.0 5 0.0 0.0
2% |28EEE 150 20 2 0.2 10 0.0 0.1
9 [TYUEEE| 150 | 25 4 0.2 15 0.0 0.2

TAY - 1558 9729 Zhzte] F9)d) Hata] ofek B2 A,
o]F=Y R o] Eo] 50% o) EUH A obd A

Al=e) ol o FRE 4 (USDA) 487139 GIPSA  (Grain
Inspection, Packers and Stockyards Administration)sl A 238 7 A}
4 (F 2-3) we 7y SFeE EFHY, FYE, FYE, v YR
EF AYHEE 3 ER AAEEo] vEEe] glon = WA
7tEEos F2 4uHE %A A9 (Second Head Milled Rice), 4 4
7] (Screenings Milled Rice), %Z v (Brewers Milled Rice)ol o & 7 A}
A HA ARE Aol SR, v A, HE A AA 9A
H 2el9 3/4 o5t Ggd Bt oY}, ¥ 2-39 Wn PAFH F
Ad e 7IFAAH BEo Moo 98 4 UA: AP o]
238mme F AZE A 65 A o A HE Ze] (VYR B
GHdg Holo o 48%9 #H)E REE FHo o] JPEYA B @
Wy dFE 71ES AL YL ¢ 4 U,

l
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¥ 2-3. ulZ wo] HAFI
5 435
E} = =},
o u]
L e L 5EAW | sEAH | A9
’ - Zr} -

W [erea a9 gus | FEH g e gana | B2 ae w
e oo | (B | OO | 0 | g (00 FHRE | RAE | 0|06 |4
FH\ |7 5000) ° CARRENCS 2Rl (%)
15 2 1 05 i.0 2.0 4.0 0.04 0.1 0.1 - 110
2% 4 2 15 2.0 4.0 7.0 0.06 0.2 0.2 - 20
35 7 5 25 4.0 60 |150 0.1 0.8 0.5 - 130
45 | 20 | 15 | 40 | 60 | 80 |250| 04 2.0 07 | - |50
5% 30 25 6.0 10.0 10.0 | 35.0 0.7 3.0 1.0 1100| -
6% 75 {5 15.0 15.0 15.0 1500 1.0 40 20 100 -

(@) A7) 1~6 TFFA 28A Bae A (b) =28 Fo] 15% o4 A (o)
co | BBl B R, '&EHEJ A, 2DHE A (Dol U= A () o] EA §Fo]
T 019% oA A () Ao AY FL& upTu ¥ Ta2FUY 2 2, AU w4

B5e] 27) o4 A (g) 71Ek AAS| Z@o] ¥ A

D 524 24 5/64ine] 99 AEs

= ¥4 0.091in9 oAz FHE

2) 6EAH AR 6/64ine] ¥ Aw sl 5 U=

T ¥4 0091in9] ARz 74E F

3) 624 F73 6/5/64ind] 9% AEEol & UE

o] B U+

&A

A

A&

A

7 0032in®] =

TEr Hojy F$ Ad, A7 Ao 39 A AHS 4%

=9 A9, dd7 ALY

x), AEY

 ZAEI ntYgFoz B,
= 9EgE A3

AN g

7t A4 B§dF #AELe Agn|

o]

A A

(EX)et =3,

7 0051in®] S#H FHe]

7 0051 ine A3} 7ol

Fetdd ot A3Pg WAL A9 (H

ol EL

T, v v A Bo] Aujeta
FAE AL HAF AP BEXEAN, B 2-49 ZL

Zta o, difng Lnd dd o= g 2o,



P aiAT=F AF 20mm < FZ A Yo Fol U= Ao, 1 Ao
7 A9 4ol 2/371 H& REy)
PadE=F AF 20mm< F2AE 5482 ¥ 4 10mm =
= A #el dob = A
ol FL ne Fo E 2-49 Hu EYLE JEE E3
b, 259 AmBE JE2L $edete JFEF A uxy SFzolgu
Bz,

.{

ke

¥ 2-4 FF%9 GAF & EA)S FAFA

_ 2ol o2 FHiugx g7 (%) | & (%) B

o

# R e fwealanaaa T 60 [en | B
(%) | (%) | (%) | &/ke| /kg T TEd s | 7

= = -3
S| g 3.0 1020015 0.02 10 4

s, " 40 1025020 | 0.02 20 6

150 15 165|145 B4
25 g 6.0 {0.300.20 0.02 30 8
35| " 8.0 {035/0.20] 0.02 40 10

67 % : A, AR, &, ¥, BF, BA

A 3% & RPC MO[MEIH ME ZA}

RPCAA AAZ #4983 9t gmudzds) dddotsd Fg44n
#5¢ 402 AFEE AYY A2 Y RPC % 502 L Ag¥e o

W, dA3ke] “RPC Hmdd F4 . du] HejxA 2= A2 HEX

i
o
oy
(1%

£24% AR 4EA) 24 2924 g £ T 3
MEG B%Y WEH 3 9 EAAgS HEX 424 g4 At 3
Sol #n2 $23Ac 47 5029 RPC 3 42 AW HE5a, 4



A o] FEQlse fa¥d, Aojddri2REHY WEE, 2dn HF
FEQ W AEE TS ol HH EYFHE EHFeo=HN AP

RPC #ujdd g9 H5& =ASAT.

L ZW #3909 48 ES)4H

A= 24% e RPCE ¥8ate] 53 & A% £F #3590 % 2keg ©
23y 429 o8 AR 500g& AP F, oJF ASTM 148 (e

TEa7 14l mmzE A3t AA o]lE& AASGAG. &, A A

F22%H 5, 4, olF IT9 % /g oJEAL SULE Nd, AAE
F, 0 Agozny 488 g8 AF HAAAE 30g & AAFAG

Ao Ay £FE FdAdHA 49 A& AHEsq SUdom AL
W, 714 4482 AEsE AA/NEE b HEHed, F @
9 o7t gAY HAFZHo] (F 50mm)9 1/4~1/3, 1/3~1/2, 1/2~2/3,
2/3~3/4 R 3/4 o] 5T R EFI F, AANANRY F FTFN A
zZt 9 FHHE AT 4¥L 3EcE HASGAH.

FU AT AE5H0 AR 24389 H¥ EQQSH SAERS B 2-56%
2otk FFuz AA AlE FAY 935%E I Zolst &4y Zold
3/4 o] 4 BLEE TAH ANeH, dAHY Lo 1/4~1/3, 1/3~
1/2, 1/2~2/3 B 2/3~3/4°] sl3s= Zolg 71 L€YY THv= &
Zt 03, 28, 27 2 06%2 @8 A o AB2FY =, &, 7=9
Hu] HAFH wep A7) Tl 80 AR 2489 FF& 438 B
kom, 2 AR ¥ 2-6% FUH

E 264 & F dXe] 3l HE3NH Y EdAE=E 374 d

2o 712& ALAUE 9, 499 FAGAAN: 5T w3 FEUY.
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AN

, @39 AAtFdd A 288 #dhu JFE 0% OEE 24 F
224l FAZoINe, d&E AAFAANY AA ADY &Hn 7 F
(5/10/15%) 2.2 = A AR 24" 9 54% (1338)7F 153, 42% (108)7}
Tw, 223 14T FIFF o AAHAY A ARG w2 A
AATTAZ H8E A5, 94 @37 B 7Fd @ FFHGE B
AAE EA. F, vz Wn AAFANNY AA H¥Y G848 I F
(4.0/7.0/15.0/25.0/35.0/50.0%) @& o AA A& 2489 21% (53)7} 1
T H, 54% (134)7F 254, 283 YA 25% (63): 3532 #3439
At

Ly, e IREr] FHH 71E (00%)E A& A, AA 243
g AN F 23 4 A% §AFoZ AAHUD, A& AAFHANA
) ¥ o] ol FHH 7IFE (0.0/0.1/02%) o BAY HALE o
¢ AR davt dydEd. 28, 0Z Wn AXNFAGAN Y 654 (4=
238mm) THE 7IE (0.1/0.2/05/07/1.0/2.0%)& A&~ B3 A,
AA A8 24499 79%2 19"l T2, 283 UvA 21% GAE A
39 9% 65 F2E BAFHJUT. WA, B A7 HE2EFA Y
MAEEAR g delME, Wl F AP AA FHu o] ojy
AL 2Q4H, §3) ALY 28 Fe g7 AANE 2 F
H& Fojorut stgle A EY.
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¥ 2-5. T FEYn ANE9g AYE EYAH (F%E9,%)
- A9 do) AF

1.40~1.75 mm| L75~2.50 mm | 250~3.25 mm | 325~3.75 mm,| 3.75 mm o] 4
RPC =\ |  (&4m) (o) | (12~23L) | (/3~34L) | AL
A7) 27 0.30 2.49 1.84 0.87 9451
A7 A 0.44 388 157 0.86 93.24
A7 % 0.09 2.19 418 0.33 93.21
A7) 58 0.33 15 112 0.54 06.46
BT 0.03 341 313 0.4 92.98
#9449 0.12 3.30 398 058 92.02
23y 0.19 261 3.26 123 92.71
A 4 0.33 170 145 0.43 96.09
FdEd 0.63 287 1.69 0.75 94.06
235w 0.40 2.47 2.33 0.60 94.20
2229 0.81 5.34 466 055 88.64
2229 1.04 2.90 2.16 0.77 93.13
AGEA 0.03 3.41 3.13 0.44 92.98
Agal 0.20 2,64 252 0.72 93.93
A 0.15 371 3.14 0.44 92.55
AE A 0.38 591 7.46 0.81 85.45
ARAE 0.34 1.41 1.09 0.45 96.70
SEE 0.04 2,02 223 0.26 95.46
Agas 0.06 2.82 331 0.45 93.35
Aged 0.01 116 165 0.40 96.77
A 1.0 375 3.40 1.10 90.69
AREH 0.08 117 1.60 0.30 96.86
A5 0.59 2.35 155 0.57 94.94
ZER 0.16 251 324 0.33 93.77
g 7 0.33 2.82 274 0.60 93.52
£xuA 0.31 117 1.42 0.25 2.67
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E2-6 @, AR, 6= o ZAARA F A9 EQ 58720
e W 50 AR ESF Hu
IEEN em A As e 0% 73 HgA
5 lana | anan| __ |lmaal oo laaa A
©) | 0 | TF | op | TH* | g | EHE| T
RPC (%)
A7 %7} 25 0.3 &4 4 1% 55 28 |2%/%
A719 A 39 0.4 Lig] 5 1% 6.8 43 | 2%/%
A7l F 2.2 0.1 44 6 2% 6.8 23 | 2%/%
74 7| Rt 16 0.3 3 3 15 3.5 19 ! 15/6%
g 34 0.0 4 7 2% 7.0 34 | 25/%
AR 3.3 0.1 T3 7 2% 8.0 34 |3%/%
F9gd 2.6 0.2 3 6 2% 7.3 38 | 35/%4
A4 1.7 0.3 LIl 3 1% 39 20 | 15/6%
g5 29 0.6 &4 5 15 5.9 35 |25/59
=gEd 25 0.4 T3 5 15 5.8 29 | 2%/%
Fu2Y 53 08 | &3 10 2% 114 62 |3%/%
=559 29 1.0 33 5 15 6.9 39 |2%/%4
g4 31 0.0 34 7 2% 7.0 34 | 25/%
Ay 26| 02| @7 5| 1% | 61| 28]|25/%
ey 37| o0z| &4 71 25 | 75 39 35/%
HEAA 59 04 | £84 13 3% 146 6.3 | 35/5%
HAEAR 14 0.3 4 .3 1% 33 18 | 15/6%
A5olg] 2.0 0.0 Lig= 4 1% 45 21 | 25/%%
AT 2.8 0.1 33 6 2% 6.7 29 | 2%5/%4
Aged 12| 00| wa 3| 1% | 32| 12| 15/6%
A 38 1.1 3 7 2% 9.3 48 | 3%5/%
A%E7 12| o1 #= 3] 15 | 31| 13| 15/6%
A5 24 06 | &7 4| 1% 5.1 29 | 2%/%9
AEET 25 0.2 A 6 2% 6.2 27 | 2%/%F9
r QR FAAPEY % FH) BE2W ¥ 37 168mm AE EAsGE 2L ) ol
S olEs AT g AEE B9 Aol AAAGSE FE God b 2

AR % e $FL 0T wy
& 742 g 429E 9o 5FY

"T"
=

AbAAMe] P AM A L6

,4»




2. Aol ddr] B9 UeAEe AY EULH

Audd7] £ HnAge HY EYLHE SN AHI AT 7 F
Holo] Y EQRH ZAAAG e 7Y E T FAHUTG. 4
ndgrie ddn &F 2 249 EFNM £ AREEY Ao £E
ZAtdle Al EAWYS Apgstged, ASTM EEA #30, #18, #16, #14,
#12, #4109 6740 A (AE =Z71E 22 059, 1.0, 1.19, 1.41, 1.68, 2.0 mm)
E 2% Ro-Tap AB7IZ 16 &7 I8 F 2z A 99 ZIFA=R
TS &4, o254 H HHAE 2oy NPT H EXEE FIAAH.

Aujddr] 5 Yo g Fo Hd EUALAE SH3E AAes ¥ 2-7
B Zgon, FEFHEZ AA NE FAY 929% = 2 Zost ¢HY 2
o] 9 3/4 o] YYEE FAFH AU =, ¢AdHE Hel9d 1/4~1/3,
1/3~1/2, 1/2~2/3 B 2/3~3/49 & 33t dol& 713 ¢ E9 FTFY
T 47 05 29 30 2 07%2 #3dA, ¥4 2] AF dF HF &
B0 F9 AY &Y FFu (F 2-5 )9 03, 28, 27 ¥ 06% &
HaPE o, 58 A= oA Hrddr] AbEd ma 2k 4
Hol AARE AT F AAH. dEkN, FF FLHudEeAded A
S faME AA dRES RPCAM AEdx 1e Zeheg AZH 4o
Ad7e AHA w9 Z71E ARZEAY ofd ©d & FH9 HudErE
ALt 2 Ao & Adg vuy £ e F4H 4¥e 28
Ao2 AgEn.

E 2-79 A5z HEH =, 48, uFo HYu HAFRA w ARG
Aejddr] 54 WA g TFE2F3E & 2-83 gAY AN & F
Axol, AW T HuAAIE AXNA & BF YUY Ay ELAEE
g3 d&EY 7EE HERWUS W, HdHY FAHAME A =T

|}
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@ +EolUY. =, #29 AAFANNY A B4 AE (50%)
ozt 169 7 1490 BAFoINow, Are) AAFANH AA 4
A9 TR FE B10/16%)02E WA AR 1699 56% (98)7 1S
2, 31% (GA)7 257, 193 28%e) SYsHoz BAAAY. A
dAE T AATAE A8 A9, 94 #23 Qpe) FAo o
SFRUE $e ARE oo &, 02 4o A4FAAAe BA 49
g8 ZlE (4.0/7.0/15.0/25.0/35.0/50.0%)0] wWE W A A& 1649
6% (18)7} 154, 63% (108)7} 25 &, 28932 UYHA 31% GAH)= 3%
FoZ #AHAY,

aEy, #329 FAes] g4 71E 00%)E 8% A A 169
9 NE F o7 2800 YAFo BANAN, AL AAFHA Y
W oolsle] ol® @il AFE (0001026 G BAE ASE o)
FAG Aast AR B@, 0)F Ao AATFAN A 65 (6238
mm) EHE 7 E (0.1/02/0507/10/20%)8 4EHH BAE 2%, A
NE 1649 69% 1140 S92, 2231 duA 31% (3= A5

TEe 6572 BAHY .
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E 2-7. H4mAds] 59 Wn 98 9 49 EALH (3%, %)
we AY 2ol AR
1.40~1.75 mm| 1.75~2.50 mm|{ 250~325 mm | 3.25~3.75 mm | 3.75 mm °|¢
RPC BN (&dE) | () | (12~28L) | (3~34L) | (ALl
A7 R 7}t 0.03 341 3.13 0.44 92.98
A7l A 0.24 1.29 0.84 0.62 97.01
A71H9F 0.11 1.87 2.69 0.19 95.14
A7)
AR 0.03 341 3.13 0.44 92.98
749
¥4 0.12 1.63 1.99 0.51 95.75
3 A 0.40 1.49 1.52 0.76 95.83
Fgrd
FdEd
Z5e% 1.92 6.60 6.15 0.96 84.37
=534 0.98 2.40 2.0b 0.70 93.87
a4 0.09 294 3.72 0.31 92.34
A 0.52 1.76 161 0.98 95.14
M
A5 A 0.40 5.18 7.48 1.37 85.57
HAELE 0.24 257 291 1.43 92.85
EERE
A5 0.14 3.03 2.93 0.33 93.57
Aey 0.06 1.60 2.54 0.53 95.27
A= 2.18 4.60 3.68 1.22 88.32
HAEE7 0.14 2.52 2.15 0.36 94.82
A5t
PERES
g It 0.48 2.89 3.03 0.70 92.86
X FH=x} 0.66 1.48 1.69 0.39 3.67

- A1 -




£ 2-8. @7, dE, 1T ¥Yn AANFA F AY £ § &7 F
nE A ddr] £ %o 459 EFH45F v

N e o% A4 A8
5 lane | asan, o 9w Al o, laa A 9]
@ | @ | % | e | THF | g | THE | T

RPC 1 (%)

A 7127} 34 00 | 3 7 2% 7.0 34 | 25/%9

7143 1.3 0.2 pig=! 2 1% 30 15| 15/6%

A7l F 19 01 LI 5 1% 5.0 20 | 2%/6%

Arw

ZaFT 3.4 00| €3 71 2% 7.0 34 | 2%/% 9

a2

a9 16| 01l w4 1] 1% | 43| 18] 25/6%

EREpT 151 04| @3 35| 15 | 42| 19| 25/6%

Fdn

2dsd

=53¢ 6.6 1.9 | £33 13 59 156 85 | 3%/%5 4

znzy 24| 10| @4 15 | 61| 34]|25/%9

"PEY 291 01| @A 25 | 77| 30 |35/%9

Aag 1.8 05 Lig=] 1% 49 23 12%5/%

e

AEZDA h2 04 | €4 13 59 14.4 56 |3%/%4

AEAE 2.6 0.2 3 . 5 1% 72 28 | 3%5/54

e

AT s 3.0 0.1 34 6 2% 6.4 32 | 2%5/59

g 1.6 0.1 L] 4 1% 47 1.7 | 2%5/6%

AgAE 4.6 2.2 @4 8 2% 11.7 68 | 3%5/%

HAEEA 25 0.1 33 5 1% 52 27 | 29/%9

A%l

4587

+ QB Ay 2 He @2d £ 27] 168mm ME $FHaE EAL v o9
o ol 22 AAHY, ol§ HEY AF 47] WrAEE FFE FHA F U
+2RY F e FFL S vl AA AN HAYY A A 2 6534 SHE

< 47 N A8AL A9 Y
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3. ArjAd7o A Add HdE9 dol £F

Ao AdA e e 79 230 70 FIEF AREY Ho] &
¥ zAE A BAYE AESAded, 28 2-1 3 o] ASTM EFA
#30, #18, #16, #14, #12, #1049 671 A Aw =271= Z2ZF 059, 1.0, 1.19,
1.41, 1.68, 20mm)E 239 Ro-Tap AB7IZ 158 A3 F, 7

A e FFAE FTHE 54, o2RY HHANE dolg HEFTEH &

24 2-1. Ro-tap A %7

Ao dEze] o 79 240 2744 FIAE JHANREY 4
o] BT 44ddEe 472 ¥ 2-9 € ¥ 2-103 Y. THFAEZFE
#de FA4 W A e 2 27t 1.68mm °]4 25mm 3, &
vl 2 do)rl 14l mm o)A 1.68mmolstdd, ¥ 2-9¢ 2-109 2
HEe gAFger oo RFFHUG. 1Y, £HF% AR olg= A
Hojol & AEo AU AR HAEHIL YLTE ¥ F ANeH, 579,
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2 Zol7b 1.4~168mm <l B AsMnEe] dYvz B EHHd:s &
Aol stHAATD (29 2-2), B, fuddr] 4240 2704 5348
AHANRE M 23, 27t 1.68mm ool dHn2 EFo
°F & A} Zoj7t 14mmojstdA o]& Foz RFH O & AE0
Bo) Ao A&E2 € & AAT (2¥ 2-3).

Foreign material 49%

Small broken kernels 43% Large broken kernels 12%

ad 2-2. dHr 27 WEEY 744

Large broken kemels 12%

Foreign material 49% Small broken kemels 43%

a4 2-3. &40 2 WEEY T4



¥ 2-9. HuddEr] ddn 704 A AP Aol BE

(F FHl, %)

SE A9 2ol A+ 47210} do]
00~ | 059~ | 10~ | 119~ | 1.4~ | 168~ |20mm| €32 EEAH
RPC = . [0.59mm| 1.0mm [1.19mm| 1.4mm [168mm| 20mm | o4 | (mm) | (mm)
A71=7h | 000 | 000 | 055 | 556 | 34534 | 3652 | 2283 163 | 025
A71dA | 000 011 | 066 | 1185 | 5307 | 2919 | 412| 148 | 021
A7l | 000 | 000 | 043 | 749 | 4970 | 3332 | 907] 154 | 022
A71%u | 000 | 000 010 | 017 | 640 | 1859 | 7474) 190 | 0.18
ZLFF | 000 000| 012 ] 170 | 3529 | 3650 | 2639 166 | 024
Q82| 000 000| 010 074 | 1869 | 4723 | 3324 174 | 022
989 | 000| 000| 035| 306 | 3202 | 5350 | 1100, 162 | 021
2gM2 | 000 000| 012 | 368 | 5244 | 4068 | 308 153 | 018
Zgd®ol | 000| 021 | 038 | 418 | 4811 | 4385 | 327| 154 | 019
g%d | 022 027 | 064 | 764 | 5207 | 2424 | 1493 154 | 025
zu79 | 000| 133 | 2909|1103 | 4177 | 3859 | 930 151 | 027
‘zuazy | 000| 009 251 | 3110|6599 | 030 | 000 132 | 012
AF24 | 000 | 000| 000| 127 | 3757 | 5275 | 841 161 | 091
Agsld | 000 | 071 | 061 | 88 | 7452 | 1404 | 127| 142 | 0.16
¥y
AEAA | 000 | 000 | 054| 858 | 5081 | 3411 | 49| 151 | 020
HERS | 000| 000| 012 078 | 2471 | 4444 | 2096| 171 | 023
AEolal | 000 | 002 | 031 | 448 | 3969 | 4960 | 591| 157 | 020
AGFE | 000| 026 | 022 414 | 4855 | 3613 | 1070 156 | 022
Zhhis
AdAZE | 000 000 | 000| 110 3041 | 3729 | 31200 170 | 024
AREZ | 000| 000| 000| 05 | 2192 | 4857 | 2895 172 | 022
AET | 000| 006 | 028| 674 | 5640 | 3528 | 124) 150 | 018
A%8Z | 000| 000| 023| 696 | 6389 | 2789 | 110] 147 | 017
g # | 001 014 | 051 | 599 | 4266 | 3535 | 1526] 158
®EZWA | 005| 031 | 076 | 661 | 1652 | 1297 | 17.31] 0.3
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¥ 2-10. o7l A0 SFdM s HHe Hold B E

(Z 4, %)

Ay do] AT

gz dol | 2ol
00~ | 059~ | 10~ | 1.19~ | 14~ | 168~ [20mm | ¥ =BT  EEAH

RPC @ \_0.59mm| 1.0mm |1.19mm| 1.4mm [1.68mm| 2.0mm | ol | (mm) | (mm)
A71=7t | 005 | 764 | 3576 | 4613 | 1035 | 006 | 000 | 110 | 0.9
A7ldA | 212 | 1513 | 1216 | 2243 | 3443 | 1253 | 120 121 | 035
#4714% | 000 | 000 | 88l 5066 | 3655 | 398 | 000, 111 | 0.6
A71%e | 000| 046 | 083 | 942 | 57.37 | 2349 | 842 | 149 | 023
997 | 011 | 122 | 236| 971 | 609 | 2381 | 182 | 144 | 021
2989 | 000 | 226 2390 | 1798 | 3151 | 2434 | 000 | 105 | 030
299 | 013 | 847 | 1199 | 1608 | 2304 | 2501 | 1519 | 141 | 0.40
M3 | 174 | 4475 | 1231 | 2274 | 1845 | 000 | 000 093 | 033
F9®Ra | 000 000| 011 | 1142 | 3891 | 4636 | 320 | 153 | 020
359 | 630 841 | 751 | 2171 | 4845 | 567 | 196 | 123 | 033
2829 | 066 2358 | 3923 | 3137 | 516| 000 | 000 098 | 024
2229 | 063| 556 | 2185 | 5548 | 1639 | 000 | 000 | 114 | 019
AGEH | 000 | 228 | 236 | 1440 | 5044 | 2812 | 240 | 144 | 024
AgEd

Aty | 148 | 416 | 995 | 2379 | 5970 | 000 | 093 | 127 | 023
HE A

AEAE | 000| 39 | 798| 2116 | 6248 | 448 | 000 | 130 | 033
Weola] | 076 | 918 | 17.38 | 4235 | 2696 | 248 | 089 | 117 | 026
Ag?S | 091 | 1570 | 1036 | 2247 | 4910 | 147 | 000 | 118 | 030
Agsed | 000 048 | 080 | 598 | 6377 | 2760 | 128 | 147 | 0.18
AR | 000 | 147 | 276 | 2350 | 6998 | 229 | 000| 133 | 0.15
AEE7 | 046 | 1028 | 568 | 2573 | 5636 | 149 | 000 | 124 | 026
AEriel | 425 | 957 | 2120 | 4187 | 2261 | 050 | 000 | 111 | 0.26
AEBLZ | 075 | 877 | 2368 | 5172 | 1438 | 068 | 000 112 | 021

g & | 093 833 |1268 | 2673 | 3898 | 1066 | 1.70 | 124
EZWA | 157 | 10.11 | 11.00 | 14.83 | 19.82 | 13.43 | 356 | 0.17
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a4y AouagI 2BE OE =42 &F

Zuy RPC 98 % HEZA Z¥, E3¥2 43 =4 f3940E 4
Astd Z2aatm Qe L A ANeH, dFEY BS FIH dE

Fxn Yot £, FENFAH AZANYEY £9 A3 (FESA DA, 2000,
Sgvatd A Aun YE BEEF B A, 4o, F, FA4 & 7
FaH B4 EFd w2 AolE FAY # Jdus FWE 43 @
g A, Mool AdBdE 249 FAL A 24F 9 RPC ¥EA +H3
e HE 2R $EUOE QAR o FFY FE 8ol st
wo gAPe AdFA & 4o FHELE 29 2-49% 2L §
A8 M A3 (image analysis system) (35 A &, 1998) & Wn &47d 9
Qe AL F, o2RYH o], F FA, £, ¢RAS T2aY 9
# Adstd FPaAn. FAENANE CCD 7t (Sony XC-711),
Zoom #=, RGB ZUH (Sony KX-14CPl), A #H, 24 4 %3 ¥
gz FAsged, FukAzl Qs 73 23d 4 2089 9n SdH
3} HAE 71FE AS A Ade F, o9 dFS ASEAAUG. IS
AL AA AF Aozt YrE, BAL & FAG. 2AFAYHE LS #Y
o] AN A5 Zz 712, A2 9w JAES HS5F F, photoshop =
ZIAL ol &3t e #HaHx 1lecm e Zo]E Ao BAATFE
sk Wn e AL CCD 7HetE 48 d"Hsto o] 23 Ae
TIF #42 AFsdI9. A3Y #YL photoshop T2IaP22 9 &
o wWule) §&4g wold thg, Matlab 5.1 2 ZES o (Mathwork Inc.)
g A g wWoje do], A, &, £, @HFE Adss TS
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FASAY. 48 v s 7 o] ddY [00HE Ao 3WE A

2 oarddE 47 JaHn 24 oddE Wn ddYy ARF, A

ElE ¥4 &8 7IE BEAREZAN A, AASAY. AEdF L F3Y
2 2% 90 gAY 100089 FAE NS ALY n, HELE
o] A= 1Y 2-49 ZE AEEULE ZHAA (Seedburo model 8800

Computer Grain Scale)& At&3tslon, ARe FF7 2 &L 10g
BA/135°C/24M 79 FLEH LR 5 A%

A48 #EE g 2o ddde o), F FA, 4, 24 F9
Z1gtsd £4 2 718 71 EAAY FA3EH%E ® 2-11% RGN
u dAdge] doj, E, FAY BTFAE Zr7 502, 293, 2.03mm A, &
T (1996) o) Bad U AwtA Wu 55F 9 do], F, T4 BHEAQ
493, 280, 1.76mm % F&JIEFH FEANFTHY A7 (1995) % ¥ T P2
W, & Aole v dddy. AEFT JA 7€ d7ZAs & Aol =
fAAT (£ 5, 1990).



e

Lo .....f.uMH..
o
33

A

'S

S|
]

H
Uy

}b]_

Camera Adapter

3}

Monitor ||

4.

©

o4 2
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E 2-11. AT 59V HAXY BdE 7)ssy 289 7e B
EA A
[*) S8 A B ox

gz A 7384 A PO S
Zlo 3k - = Z 0 3
REC . | )| o) | oy |35 ) |ty || ® | e
B7127b 487 | 285 | 199 | 171 | 1161 | 1072 144 | 1928 7470
B71dA | 499 | 291 | 200 | 171 | 11.92 | 11.30 154 | 2010 7555
3719 | 523 | 293 | 200 | 178 | 12.22 | 11.90 154 | 19.78| 743.1
71| 485 | 283 | 198 | 1.68 | 11.69 | 10.87 155 | 1885 7423
29T | 528 | 297 | 212 | 178 | 1234 | 12.12 16.1 | 2240/ 7415
2989|520 298 | 212 | 174 | 1227 | 11.19 162 | 2268 739.1
SEHY | 491 | 290 | 199 | 169 | 11.77 | 11.02 155 | 2048 750.8
FHAAE 494 | 291 | 204 | 170 | 11.85 | 11.18 151 | 20.39] 7495
FEFA | 497 | 291 | 206 | 171 | 11.87 | 11.24 152 | 20.75| 7513
SEEH | 493 | 289 | 200 | 171 | 11.79 | 11.06 154 | 2028/ 7405
SHS%| 502 | 287 | 198 | 175 | 11.90 | 11.28 158 | 20.37| 1757.2
SESH | 496 283 ] 201 | 1721 11.84 | 11.17 157 | 20.26] 7419
a4 | 505 | 293 | 202 | 172 | 1205 | 1156 159 | 21.22| 731
Agsid| 493 | 289 | 200 | 171 | 11.79 | 11.06 156 | 19.80] 7369
AGEd | 498 | 288 | 202 | 1.73 | 1147 | 11.17 16.1 | 20.39| 7755
AEAA| 506 | 293 | 204 | 1.73 | 12.00 | 11.47 156 | 2048 7416
AEA{| 503 289 | 202 | 1.74 | 11.93 | 11.33 1562 | 2054 7431
AFolgl | 507 | 290 | 204 | 1.75 | 12.00 | 11.47 153 | 20.07| 736.4
AETE | 493 | 289 198 171 | 11.79 | 11.15 147 | 1931 7342
Adsd | 491 | 291 | 204 | 169 | 11.81 | 11.10 146 | 2017 7469
AERF| 49 | 288 | 204 | 1.72 | 1156 | 11.15 146 | 19.83| 7447
BEEZ | 490 | 297 | 203 | 165 | 11.88 | 11.23 155 | 20.15| 7454
AETHR | 490 | 297 | 205 | 165 | 11.92 | 11.30 155 | 2094 7343
BEET| 497 290 | 202 | 171 | 11.85 | 11.18 153 | 20.13] 7524
q 3 | 499 291 | 202 | 1.72 | 11.88 | 11.26 154 | 20.36| 7453
FFHA 011 | 003 | 0.04 | 0.03 | 021 | 0.30 05| 085 9.1
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As5a MY MoMEE /8 Mo 71F - A2 43

2Ae 4 A2 Fg Mg MY Y A9 EFH} A R 3
Ao =y SEWD Y Ay EJHEE 1Y 2-6F Zol T, FEHA
=9, 94 S, &, m2e Hu slgezry 2 e A
ES FEY F dAH

o] Huls @AY Yolo] ¥ ol YL FAHY, dHF Ny

Ey

u

I

Yo FFdolt SmmAECNEE, o]t 375mmol F7dEd. dE
3 S FS, A Fge 24z Gdd Zold H g % ols
dotelm, old ALdE F£AE 33mmS 25mmeolt d&9 o F
712 agln $gugd 2470 71FdE 1.68mmeE FA7 FIEA
A& E R 3.

aAgA g F dFe], FW FEUUE 33~375mm WA £
= YL 06%, 1.75mm o3t ol £aE HHL 03% Hrol EHH
o] A ow, HPEY ZoE T gAY A9 L 25mmE F
do=z 3 do.

wetd, B dFgHE 2o 375mmE IELR #3YEH Ade 7
2ao], do] 375mm oA WHS SHAPoR AU E, Y 4
ool Ao 71ES B Bsstd RPC WnAEFe FAR3AY F4&
FE8 A Zdelst 1.75mmol3dtel HPL o2 FEH, Ho] 175
mm~25mm ¢ "L HAuE FgsAn. oo uwa, AP Az
9 AFY 25~375mm Aol 9 MPL Aol A AT

-5 -



B o= =
CH440! 1.68 ~2.5mm (1/2L) CHAWO§ 2.38~375mm (3/4Ly HE 1.68~3.3 mm (2/3L)

A 40| 1.41 ~1.68 mm AHM0] 2.18~2.38 mm 0|8 <1.68mm
0% <1.41mm UXE0| <2.18mm
0| 2 A 0] —E%@E’é aFY

0 mm 14mm- @ 3.25mm @ 5 mm

| MOE@EIIZ SUSE | . .
‘ﬂmﬂﬂaamﬂwl

I I I ]
0.5% 2.9% 3.0% 0.7% 92.9%

0 mm 14mm- @ 3.25 mm S mm
[ HMOIEEIE®HE | | ]
| | ]

S EEHE R | 2.8% 2.7% 06% | o3s%

a4 2-6. A2 HAvdde A& 4 A0 7E L AF
Hed & E

NEEgALd RPO AN 8831 e Hraazgey Ade =
#, T AmAES) S EYFAE 2ok o ALA B 9@
712 AF2A, (DFL 0Z At Mo SITEE L AATH 9
M -HE, (2 FA FEYNS A8 EQHEH 24, 3) P RPC 47
AEFAY AHZA, WHAFHdG BAY ngs) BH 24 AAs
91, 2 2%E B oE sd Zuy 459N ALY TIBAAN AL
F Ax 48 NEe 28 AAGAY d7EAAE 2%sd e
2o,
L #mAE 9 49 94 £dgo 8 $yYP 7hL, B
W1g EEEY 71E 2 0INa 15T ALY sFo) mAY A

EAQAT, A9 F AME A Y. 23, v Y B
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e g, 43 EYE Aol g wn AF 5F MA A
A gkt olgl @ ALAE FHEY dEH uxo A HEZY
g o, o] £l FF & Y E WS BRI F3& H &3
1 dudxn wddr.

2. ZU F5Un AE A, FAY Zoj9 3/4 o]FQd F¥Ee] A
Aste F& FAUE 935% v, &AY Ao -4, K~
B~2% 2 %~3%d APl ZolE s ELdE FTHu = 474
0.3, 2.8, 27 2 06%°lojA, P59 Zole 256mmE FHLE

2 2259 g 49 EJAE @2 FTH FF5NH AF9

e Bz dEY JFES HEY A, HEY FF WAAME

nEgerd £t 2H Y, %9 ARET] JIE, dBY oE

e 71, n=e 634 BAE /NFEe] H&E AL, IH AT
Hu AF TF2 Wy EFeA.

3. A9 EE RPCAAME #Huaddduz Zete AZHE A, AHE
g1 dew, 2geE AZH Ag4de EAE HAFAE AXE
Y rod spring 8] H& 5 FZ9 #dE Rk ZEE AZHI
g3 HP A AAAEE dFE %N FEL FYAG.

4, = H5uun &g o], F, FAE #4Z 502mm, 2.93 mm,
203mm ol o, AE2AEe} WPFL 7427} 7453 kg/m’ L 20.46
g ol A,

5. RPC #uojA &9 EA44Y FA4E =324 @3 Hr9 A9
g NEe v Basod gy 22 H49 JEHR AFE 43, A
Al 3t o

- K3 —-



XK
gAY
”ﬂ u] "

" o] J%H

Zol7} 3.75mm o)<l w g
4dol7t 25~375mm ¢l 1 g
doj7b 1.75~25mm ¢ 1 ¢
Aozt 1.75mm ol 3kel =) §



N3z S8 B Mgv(el MoudE 54

q1d M

A4 ZUeld GAdEE A dRrE He ASFFAAE RPOH
Axg A & =4, A4, 24, ¥d, 23 5 F& F A7 o
AA3 Yok, o] B F WMo E{IH Ae A, vA R R
& AARZ 98 A AEFAd= Zete] AZEH} AEHE, A 47
2ddME 71E e AZH Hfruddre AudEdss i,

e, 2ty A zZE Huddrie Az i A243A 2
W AlE 590 o Hr E94E 2A 23 ¥AE AAEd TR
Sz wdd £ "41 28 AZHY @9F AgvorE A2F5AdA
AAG Hu 71ET AFd N2xE E ALD4uAEdTAY 7N FA
7t vtz RAzEd. weld, Andde o8 aRFolgn gD 4F

ol

Y T AE7E Agsad ZE AZEGY 27 AE = 9F53F
A7) o] &% Abgd 9% mo AEE Hrjdde ds Y Ao nd
Ao

ol APAL UEY F AAVIE ALE Audd 48 $4H AA
st & M¥9 7|# mechanism & #ofsti, @043 4¥28345 44E
TR Ao AEFAL 4 9453 F AudEr AFEFY AL AF
Ag2 g&3uA FAG.
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H2&

HEdE HEE

U H

IR e

b, 94%¥ &

A A& € Labofix '90 (2

U

rlo

Y &
71,

HHEQ AlYe

A7)

2% 3
H9AT 23 Aolw 45 wHA:
A 7)ot} Labofix’ 902 43 A
A, FHE 59 G HUFE
E 3-13% 24,

g g8 ArEe Mole

-1)2 59 Schmidt AGAF Ao =
RAoe=m 39 A¥g4ds 4
AE 4dEHgE7] 98 F
zt3 sloh. Labofix'909] ¢

# 3-1. Labofix '90¢] A9
Specification
|y =27 1250 X550 X970 mm (L XW X H)
T 75 kg
2~28%9 0.37kW (3 .phase, 220/380 V, 50 Hz)
Aelsd 50kg/h (for wheat)

0°, 2°, 7° (3 steps)

AE9Ee 34 A284E | 0mpm
HELE 27| 373X ¢ 245 mm

29 3204 ssel B NRE FAFA OF @A s 2wA=2 T
Y=o, O Az Nae FUFe 2dsn, @5 AFFA LA
NRe #d8 FUL gIA HE @ AR U o2AR UZ 5
M e B4 FY, AASE B/ AEYY 9 FEe 23
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3k}, 244 A (pre-cleaning sieve) @< HEIH TL o]EA9 AAI

AgsHEH, B d7dME ol AT HHE dPsd. L8 dF

r)‘

Al (fine screening cylinder) ®& AEUFE A 9 Zd o AM
ANaA, A E Al #F B dFqME olF LHEAZ HH

2 438% A&

a3 3-1. dP4d e 94F¥ & dE7 Labofix ‘90

Labofix ‘909 & M ¥ = 49 Zol9 Holg o &3 HEE 3
39, sldae AddEH vayg FAF (rough)e 2 759 g, 3

AA59 4F Hude AT g FE HAF Je=d, F=°] 3

s

©

AL Yre TRdd 2ol L TRL F 2o 9A3) St
e QFo o= AL AP Folok FM WAt} troughZ Fol
A Aot 1 TPE F Lo $AI SN By @R A
o @A, B THL troughdl £A
Zoz o&sol Y7ty e, 4o
o)A A B},

Trough ¢ 2HL 4% A daf & 7° A= BAA Jdon, £33
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trough EF e AFFA7 Ao A5 FA8 TP 488 o

£552 5o AT %, troughd) 9 71275 2HUST 2A%os

| .

= AT Hd&Es B¥H) FoF FAFAAE

N

A AT AP trough ¥ W FAYYAE AAE 5 A=, o
o

AX I 3,
AT dsFE 4% FEERHY A9 A Fi5

©
3
)

(Starvert-iG5, LG Industrial System. Co.)& #&Aste ZdHo] 7lsdx
£ 3.

19 3-2. 4¥4E& ¥94%8 £ 4¥7) Labofix '908 WH F=

@ Inlet regulation for continuous feed; @ Vibratory conveyer ;
@ Pre-cleaning sieve (interchangeable); @ Baffle for air quantity
regulation; (O Potentiometer control throughput; ® Fine screening
cylinder; @ Trough angle adjustment; ® Trough; @ Indented
cylinder; (@ Broken kernel outlet; @ Whole kernel outlet



. 9 AE7] (rice sizing device)

E AgdME FY98, dE49F Edoz wEd Az, 1d8x
troughZ FAFH] WEd A8 4n F7F R LEEE AFs 574
ok Bom, olF ¢l 219 3-39 9§ A¥7] (Grainman, Seedburo
Equip. Co., U.S.A)E AH&38t AT,

23 3-3. 4 4497 (Rice sizing device)

] Myl E Al B (plate sieve)d ol &M 2% WuAFE T I
n FHES 2AYE 4 JEE 29d FXNEA U= FFA (USDA)Y
Az w3 gtk (USDA. 1976). & A7l 499 F4F Had Al
2E 717] A 71" 8% s A @ A& vudAH HHA @
. A B HGA Fo Z7EG AL AP T o A QA H o,
Ng7t ¢A43 v&Ed 5 A 3 FA4, A8 48 A2 AR
9 HYE ELQF Aol skt

E AQdME 63 A = (6P)F 01355 A # (0.13B5P)& AEREH,
6P¢t 0.135PlE= Z+Z 238mm 9 3.43mm AR Y FE HA4AH U9

6PE U &, 0.135P: T4 EE EEses FHoz ALY de
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N
-IN

ol B d7dAM Add Sdddn =AW, a1 FEAdA A

.

9 F& dojl= ZZ 375mm ¢ 25mm AR T AlF FEYRE =
Abg A3 (M 2%34)d mEd, 325mm ~ 3.75mm B9 ZolE #
oo g4 &7 dEd 0135PE AE¥ S8 Eelde
g7 gleeet agsdy.

2. 484 =

AYo) YoF ANEE RPCAA 73H A2 B, $59L s
20008 AR AAN In) EF9) EAAZAE 9AQ. & 120kg o) 7
AR 7l 112kg & 2ol gt AFARY 2AE I, $
M 120kg 9 FYANR BEEF Z EFE O 122dA 27 125 9
ERARES AAHAY. o 12719 FBEAZ EYHo] Y= dAY, =
GAY, H9 Fe Q Wz BEMG A, @AY 9721%, TAAY
2.6%, A5l 0.19%9) 48 2At 47N Hrle Y& Y AF
FEWNE 2AF A (A2F32)) wa) AFE AYEd o= A=
2 EdAZuE A4A7 WEoE AZHAG. dARY Hn £9
g0l YT How &9 RPCAM A¥FT It HTAHA AnhFL 3
43 g¥EE F Ao BaRd, iy FHg E ANE AR AP

E¥sto A, €AW, Ave EAHEE 47 95.2%, 26%, 22% 2
zA3d Ao d&, oA FHE ARE Tkg¥ T 16719 Fo=2 UF

%, 4748 $AE MLBA Yol LN HAsAY.
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3. 4% 4
7oAdd 4ge F= AR

T Al S F= QAL vSH 2ol AA AR £FEH

O 958 & A7 #23F 84 FdE A=A
indentd] Z7]9} A%, indent®] ¥ X DX, cylinderd 2733 Ao,
cylinder®] 3} A+, cylinderd) # 2

@ AdUAY A B#dEE AA
A7) A, ntdAF, EAAY BEE, &

@ FZETxdd BAE AA

Eqlw MW A7 cylinderd AAlZL%E, troughd] 71&7], ¥4 fane

47 7 AREL § Hdel BgHoz JEL MAAD T F ¥

S AFY g 2/ B 5, 449 49 72 4FY & ¥YUE
Aggezn 449 2719 A, indentd) MALE, stFAF $9 2
Az AR nPErh E, Ad7] EA Y AAEE 2°2, FY9 F3
FE 71Fo g8 ARt AAHR GE FELR, HEARL & e
F 8% B¢t % 7kg 9 ANE SAHES o dFE AdAA ©
gA, B AdFAME FF%, 499 A, trough BAZE, indent 3
719 RdE AddAA= /}iﬂ‘.EPS{iE}.

1 3%
TEEFE 489 & Ad7Y AYEFH 2HE AAREAN, AxAAA

ur3l Labofix '909 M & #F L AATF 50kgol7] A olg 7IEe=

oL
©

oAl

o) #zg AFAAT. 47 FAE Do) AWA AN gl
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HolE 480 75Y Ao woata, N2F 50kg # Bkg s FFP

9 FEo=2 AAT

2) 4999 A

ddd e JAFE trough 4= A4 717 T8¢ AdAa F9 3
U=z q4AAY, &£FFA AF Ke=ME &3 gAFE IJdss &
AdA datel H&a e dAdEIA FHY HAAAE LEFoEN 78
F o, Ase 449 dHd Foq1 F £Ho 43 e 3 A
2g A o2y Hel FH o& 33 troughZ FAH o 3}
B2, dd99 Ho AEEE AHAAN A HFEHE M ™o F
dEte Folop e x4 galA 4 3-DF 2] EFE 5 Yo

mRCa) < mg ...................... (3—1)
R, &* 7 n* R,
K 2 2 S0z T (3-2)
B-2)4 A FAF ne& g go] EAAY,
300 K& oy e e _
n | R, (7pm) _ (3-3)

4714, n=ddd9 HAF (rpm), K=¢F &Y AF, R.=AdH9
BH73 (m), g=FY7ME 5 (98m/sY), o = 4999 Z& X (rad/s)

FAg B ggez @ F Hdd g AFE FIAxA A A9
Fopg 4 AA7 WE, HAY K@#e HAsd (3-3) Je=zry A
Aol A4E AASF n g ARV WS TS, B, FHo wa
A n&g 958 & 4279 A54 959 § 4979 9@ J3 K
el wast 47 ga AAHS U= sgn

71& &% (Grochowicz, 1980)d] w=w &8 953 & HAdEr|o o
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& Kgt M2 053~0557k AAY A7k Qow, 23 Aas fa
o2 n5§ 45Y T HU/E ALY 4% K@ WA 27 03~
0.35% 047t AA AU A48 25 & MY A= K@ke
A7t 004~0092 AANSUT oJFE AFHE AJAME A &5
A A5 qaM At AN WER A old B AFAHE K9
A9 #A 1% H2 goz AAY 004 AoldN 44 +F9 4dAd 3
452 49, 492 9830 £5%8 A4 K7 1% 0047 HES
= 4an HdsE (3-3) 4L &M F¥ 4 slE=d, 22 86rpm
# 17rpm 02 ANH R, 2y, duAY 23 86rpme) 2, HAS
27 UT A 4% W2 599 g3Ee ANas nA 44w8x e A
2 E troughZ Soi7h MalE Aol Uewth watd 4y Ad A
9 80, 60, 40, 20%° A Fs = 69, 51, 34, 17rpm & HdFFTFo= A

93 A

b

3) Trough 9 Zt =

Trough 8 Z =+ AAt9 Ao T #do] 3. £, 4999
A9 QA troughe Z=E A Addsoryr & M A9
AdAds g 08T F g, A @3-t FJAsdes dd99 & & &
o]zt L AR JatEA gxm Fol HEH U F AT 45 @A
A7 yE 25 AT K d#A] 2 oo

y= sin P (K) e s r e e e e e e e e e (3-4)

A A Ng 22 HE3o troughd & AV dE YHa F
g7t HEY. dudd QAL F £ AL JAV od nFgd F A
Az A8 g ZF, A2 FH&se YE #AE 2N FEE
Holy) wEolch, A A5, A dd F & 547 AL YA



B2 M2 9& udd AAE FASA € A7 WEY AdY W
Y7o ntFH AR FoRREH W (XE, QRS FL o
FH Sl B Aot EAEA Aok B, 28 3490 B0l FA
olgd A= dHdFoz dHM EEH JHIFEL A Hu=Z,
troughd Z= & ZAsdE r &L 2 (3-4)9 dIdEgxE ¢ #AAo}
g},

ddd 9 AL AAREA 45 & A7 SAIYH HY
o AEA o]lgL Y 3-49A B Xo] 2AEWA olFH At waly,
trough =9 FEO2& 2AEAAA 449 e AP, AFFAQ
Labofix '909] troughZtE z=d & 75° tAC 2 71538 Y7 Q& A

of Ab&8 4719 8@ 15° 375° 60° 82.5° At}

Vo cos’Y

a9 3-4. dFY @A 3AdZ y 9 troughd B 9 #A



4) Indent®] Z7|%} =%

453 & A9 AEH%E indentd WEHQA FHoa2E a9 3-5
o e wLFH (Us type), %73 (S: type), 95 F (S2 type)d] Al 7t
A7 slow, olE &9 FaN AFE AEAY FEY 7E§SH 549
d& 24", 2y 3-59 EAE W D7} £9 diEXFE ALEHH,
Aol g g Aede ol AV EerAN GAHY HAHolE
olgtn ¥ w, td&H e A& AEEH.

=2 =Llw ... -
W—-31, D 2W (3-5)

G AE AP v o] Fo A7 EYLE 7] 44 &HH, £
SAY, Ane Ao @& w Y Aol FA el 375mm 2 2.5 mm o]
71 WEd #EEF (Us375 Us25 F A w43 (5,375 S5:25)
T HAE AEAY. 4FE (529 B$e A¥EeHE $HeAT Fo
53 dAel wun fAr] wWE dFodME AJAHRT (LT
<, 1987).

V

N\

N

W %D"D

a e a
|1 I N I N

% : % 7 zzz4242

7
<Us type> <Sytype> < Sotype>

=]

NN
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Ty £S5 7 HAEY T L Labofix '90 A ZRJAZEE EA9 3
A FAG Aold, w3y F AEAdFL FUdA AR, 39AH
9 ATt 25mm &9 AS, T2FHol 8337 /cm’, B THL 574
/em® 22 < 16799 eo]E EQA:, 3.75mm £ A$E TEFH ol

3.22 /cm? g7 Ho] 311 M/ecm® £ 2 A9 Uy,
U, A8 AHg

F71 dgAAst s wet offe RS F 38439 4¥E HAE4A
oH, 2432 9 =2gH a7, 283 FFFE ATE 3o 4 A
el 489 A9 troughZt5E 802 zHE 3R 9 4X4 8914
doz HAsA.

£ EY (Us, S x 9 A7) (25 3.75mm) X FF % (25 50
kg/h) X 4489 33 A4 (17, 34, 51, 68rpm) X trough Zt5E (15,
37.5, 60, 82.5°) X 3¥t 5 = 3843

THERE d4d7] Wr2e daFse] ARE F FIMNEY 3 F
A% =EHEAT #ed 3§ F5E 280 1Y EFEFHY
HEZE AF FAT ©&, ol28eH £ & ANaE 125g4 23 HAY

oo Hust FAHHC qFEEQ trough 2EXREHE wEFEL 28 B #
HE ANEE AFY A5, 2dFol Ho AHANA 88T T HA F

AZoz2FEH 126g9 EXANEE AANQTG. 9, trough FAEY FF
o] 1kgoldd A5t 9 125¢g4 238 EXANEE AFNA.
TARY FE 125g 22 AP ofe o] A=Y F&  AE7AA

AFERE W, HAe BENZAE A7 WEOINAT. F, 4 AE7] A @

- 66 -



o BHEd B & ol vs BAalol & ArFo] WolAA AW A=
A2 W EHAAGT FF Ao Asda EHAY) FFo] 2
A oA A =AY,

AdA s AFsd dtdos ASHE FAE, €5, 4d82&L o

Uk

AE7NZ2 ZAF trough FAE L ¢34 &+ WEEY &Add, €44
F, dre EQdF Adry] FPL5Y SHYE, SAH, Ao 244
23 d& Asd g& Adsgdd. o #, dddF F4 A7)t 25
mm ¢ HFAME trough T2 o], ¢4 72 ¢dEA
T¢AHe] MEHY, F9 Z77F 375 mm ¢l AYAAME trough E78
t drs 23AYe], gAY 72 Ao MEHE AolnZE
o] neldtd Z A UM FALHR «EE TstAH.

Ey = % X100(%) + - « ¢+« o0 v e e e e e e e e (3-6)

Ey= 8399 #A%
W o= ddsld $98 2399 2% (g

W =¢d49 27 WEE 5 €489 3% (2)

Py = &dd9 ¢
K =¢34y 27+ 29 +% @
W = ¢3dAd 27+ s T ¢3¥89 TF (2)

Eg = % X100(%) - + + - e e e e e e e e e e e e (3-8)
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B = d4d79 F9ld A9 FF (g)

B, Trough ¢AHE 5 AHY FF (g)

Py = _& Xx100(%) + « + = « o o e e e e e e . (3-9)

Pp = H4d9 €&

T = Trough FAEY % (g)

B, = Trough #AHE % 489 % (g)

dirf oz d¥rie AEAT Hrie ddAds S UEY 5 = vy
Ars F93te 2 @& vz 2ZA g 2 a7 il 9%
FEF s AEEHe, FANFFgol B Wrd EUFH A=
AHE &Aooz £, AAsS AF AnAEYg FEHL Eolnn
ol MmN, o) AN EXE AFsstdg YEd F o,
1o ddojets 2HTH A A& FANY & Y& @

Aol ¥4 23k 7€ Bde 93 ¥ UdFF AL HES 2
#, & d7FdAE 9Ed Fol AHgHE: HAdies A9y
(Kuprits, 1967).

7 ={EwxEgxPg}x100(%)

............ (3—10)
=( LR 1 Bl) 100 (%)
7 = A¥EE
Ey= 9499 47
Es = 499 542

Py = A4 ¢



H3d HEY B ME7Ie #HE - == &Y

2 12870 AA APAYNMY 2HP +AL, ¢HY =5, 47 F7
& 49 o5, HEES ST E2 Ao, 2 Bd v 2y
EoA Uss S, & &9 gelg 7R 71524, 27 2P 5
288 za, £9 279 25mm % 37B5mm T o 71E A F7e
At i3 Fo= 23%9 71524, 42t 3%l 25ke/hr 9% 50kg/hr
guat. =8 715 St 4dg AA5E dehdL, AE trough®

thu

Z4eg a9, 194 4429 £H8L FAH HIPL o5 2A59

2 %9 17, 34, 51, 68rpm 3 15, 37.5, 60, 82.5° & 9|7 ¥,

[on—y

4AY AL (degree of extraction of whole kernels)

Adr) Edad a9 ddYel troughZ 2% FAHA ¥ 2
e gdy 272 AU MEEdd &3FE AL AAA &
. E 3-20l4 B & %], dutgoz dAY #£AEL trough Z4E
e, 95 AASEAE At g 2d. 9% A&
=9 troughZE7F ¢AY FAGA ds 2 23§ dA & F 3
A&, troughZto] & A$o dolre HY FAEL 947 JA&E
e A FA$HA Gn A ZE AHAA 95% °o]de dAF #F&
1.

gAY FA&0] trough Zrel wHsd F7E AL, troughztel AW
AEY%E Wde o gz dAg 77 AAF Wz ZR E97
trough 2 &€ 71540 Zolgry] EL2 AZdy. ¢34 A%

troughZ= 79 o8 g v AAAE 25mm 2ok 375mm 9 &F& A

rr
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$82 W % AF JAEEA 450U nsuns edd FHE WY
d¢ W 0% @AsA e

$AY £A8% 9F FAFE ¥e BAE $AE9 was vaA
FHE ough 2t 15°9 375° M) APARE FHOEZ MG (2
B 3-8,3-9). #A%° A3 ¥FE YAEES A5 17pm o AEH),

E A ZA 95% ol FAE

to

Rt SAYY FAES d¥
459 HdAEEE EHNZLSE Aoz paRsd, 4ddy A
£E7 AXNY GPLE oo ¥AHN ANEZ HELE W 549
48 F9 9¥E uH Aol oFAA & A U troughE B0
A Hol wAY dyoz Andy. AUy HHEES 99 A5 g
el wulE BAE woughZol E A NE Tha FBA Fg=d], )
2 RqAEs H49%F WHd Had dFWgos AssHges
trough 7te] 2® o]So] AAE trough 2 Yatste Sojg Bge 3
dH7] WEozZ AP,

38, troughzk 15° 2 375°91A Us-3.75 Si1-25, S1-3.759 A&}
trough 2 60°0 A S1-25-F2% $1-375¢ HeoHE, An HA&EQ
68rom ol A4S £AE #o) Slrpmol A FHT A MY +A&TH ¢
£ NA&E e wuld A HPEA XY (F 3-2). 9F A4S
27 68rpm ) AYAE 25 VR YAY nYSe] 1402 Ay
Jte A B3 E9A AeA Hol =Y % B Ay o YA
Ygd ANE EAREY, 2RHoz NAYE WAd Pud 932LF
o2 AFsE F AAI Mg Ho 68rpmolNeY FAY FA&] 51
rpmol W& 28d AW Row AR,

Indent o 2ol WeHE AHoE FFHETE DLHFAAN &7
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de FAL 0. 22gYS 2¢ 3-59 HAFWUEAN BRol AF
AALFoRe indentBol FAol 71719 A8 AT HEdy £ R
g48 A7t 7P waE st old W& H7E FS ALRS
e P ®uto] ol T SAYE Fol THH o HA Y
Bzrd .
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E 3-2. g¢dHe FHE (%)
Treatment| U725 | Us=25 [Us-3.75|Us=3.75( $1-25 | S1-25 |$1-375|$1-3.75
-F1 | -F2 | -F1 | -F2 | -F1 | -F2 | -F1 | -F2
Al | 994 | 95| 92| 93| 94| 95| 98| 977
A2 | 993 | 992 95| 97| 96 1000| 95| 97
SUTAs | 999 | 999 1000 1000] 1000 1000 | 1000 | 1000
A4 | 999 | 999 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Al | 98| 95| 879 | 87| 979| 98| 672! 576
A2 | 965! 976 99| 977| 972 981 | 949 968
a3 | w4 | 96| 96| 97 96 | 97| 96| 97
A4 | 999 | 99| 98| 1000] 99| 1000| 999 | 1000
Al | 942| 90| 540 | 477| 783 | 631| 632 397
A2 | 948 | 94| 80| 90| 95| 99| 74! 719
B as | s | w1 971 980 978 | 983 | 9.1 | %0
A4 | 93| 97| 988 | 988| 95| 97| 95| 992
Al | 94| 928| o17| 928| 95| 6| 87| 9.1
A2 | 97| 97| 92| 90| 9%4| 97| 97| 90
a3 | 2| 96| 970| %9| 69| 95 %68 | 973
A4 | 987 | 989, 90| 988| 90| 92| 989 989
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Degree of extraction

Degree of extraction

[B S1 052 @ S3 8 s4

100%

20% I

Us-2.5~ Us—2.5~ Us-3.75- Us-8.75- S81-2.5- 81-2.5- 81-3.75- $1-3.75-
F1 F2 Fi F2 F1 F2 F1 F2
Indent size and shape, feed rate
29 3-6. ¢AY AL (trough FE 15

100%

90%

80%

70%

Us-2.5~ Us-3.75- Us-3.75- S1-2.5- 81-2.5- S1-3.75- $1-3.75~
F2 F1 F2 F1 F2 F1 F2
Indent size and shape, feed rate

a9 3-7. AY ¥AEL (trough Z+= 37.5%



2. #3YP £ % (purity of whole kernels)

ol M A& vig o] FHHY FALL YR AL AdE »
AedA dAAcz 228 o3 FENUAY. 28y AL FdEx
TcZ27F A A =5 dde] F HAYdn FrherlE o Y,

WY o5 E 3-39M9% 2L g¢g B, gAY 2430
4 ad4rig dgFel 4 27 giEd BE5 gAY £59 7 g E
W 2o AE7] 5998 FAA gH ol AAsdE v go] 952%
cug, gdY €59 Ad, H&, Aol 2 99.7%, 95.4%, 98.4%
= AF#2HYH, ZE AFd ZA i Ao)E ARAT AFHA F A
ol olHAYE AL & & AR,

Add099 3Ad&E, indentd) R =7 2 FFFo] AP &%
o mAE FFL HFE guxn B Agt 2y 3-83 3-90A B F
UKol troughZte] AAFE AP ¢EE RolAT, o= trough &
o] 7% FUHLE T ¢Ado] trough® BE FAH 754 L o}
A& g, AHe] troughZ FAHA &3 SAY 72 2F v2d &5

T B0 Zold LAY WAoo EgPy)
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¥ 3-3. g¢AdY &= (%)

Treatment Us-25 | Us-2.5 |Us-3.75|Us-3.75| S51-25 | S1-2.5 |$1-3.75|5:-3.70
-F1 -F2 -F1 -F2 -F1 -F2 -F1 -F2

Al 9.5 99.3 9.0 98.4 98.8 98.5 9.2 98.4

A2 99.6 99.2 99.0 98.6 98.8 98.4 9.1 98.4

> A3 99.4 99.1 97.8 97.0 98.8 98.5 96.1 98.4
A4 9.1 98.7 9%.9 95.5 98.3 98.2 9.4 95.8

Al 99.7 9.1 994 9.0 99.2 98.6 99.6 9.6

A2 99.6 99.1 9.3 99.0 99.1 98.8 99.6 994

5 A3 994 99.0 98.6 98.3 98.6 98.4 98.6 98.1
A4 99.2 98.6 96.2 9.8 98.2 98.4 95.5 95.5

Al 9.1 98.9 99.0 9.1 99.6 994 99.3 99.3

A2 9.1 98.8 994 0.1 99.3 99.0 99.4 99.5

>3 A3 98.8 99.0 99.2 98.8 99.2 98.7 99.3 99.3
A4 98.7 98.8 98.3 98.1 98.7 98.4 976 97.7

Al 98.6 98.6 97.0 96.9 98.6 98.5 97.7 98.0

A2 98.6 98.9 9.8 96.9 98.0 98.5 97.6 979

>4 A3 984 98.6 9.9 97.0 98.5 98.3 972 98.0
A4 98.6 98.5 96.6 97.0 98.4 98.2 973 98.0
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|BA1 OA2 A3 BA4]
100%
99%
> 98%
5
n.
97% i
96%
95%
Us-2.5- Us-3.75- Us—3.75- S1-2.5- 81-2.5- S1-3.75- 81-3.75-
F2 Fi F2 Fi F2 F1 F2
Indent size and shape, feed rate
2% 3-8, ¢4Y ¢ (4% IAEE 17rpm)
100% r
99% I -

Us—-2.5- Us—3.75~ Us-3.75- §1-2.5- S1-2.5- 51-3.75- S1-3.75-
F2 F1 F2 F1 F2 F1 F2
Indent size and shape, feed rate

I4 3-9. 849 ¢ (4% A4S E 68rpm)
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3. 449 A& (degree of extraction of broken kernels)

E 7= RPCY AF 4EQ #5949 3 49 EJFE &9 A
& Ag Ex2 g 4N 458 & A 3
old, Eqledmz Ry Ad, FAsMU ¥ EAL g Aok £ 47

AqHE ZdolE 7oz 3o APS FAY (L >375mm), TAAH

=

(25mm < ¢ < 3.75mm), 9 (£ <25mm) 9 Iz BEFe HH
e oln) HARY: (M2F 44 F=E) wEbA, ot 22 AH FAE
Ao A, trough #AE 5 ¥ F%#2A Bs< indentd 277t 25 mm
9 Wi v 2o Fo)A %, indent7t 3.75mm Y WE FEAHA A7
g &% %ol "4

EB =% XIOO(%)

Es = 439 A&
B = ad79 ¥98 #4389 3% @
B, = Trough A% % #4¥9 3% (@

999 #A%e ANHo 2 wough® 7ol HeHFE EobH 15° o
37.5° FEAN BEY v A= A& &ol verh AL wough
Zg 375 ojgoz aW, 4% WA FozFH Has: HAE B
A ARHol YA trough Aol HY Gt WA E 4F 4F
4o ARe AYA FLsy] dEos AZET 49 A& tough
2 e wld WAL 9% AWEEs =8, Fe 449 A9
4gas AegdN U8 F=AAG

HY FALd dE 9% AA&= F¥S 29, JHEE7 17rpm
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A Slrpm AA F7tse B¢, $AEL A Wiy JAAY £ gt

& F7 FAE EQAR, Hu4£EQ 68rpm A 238 ZAdd H
He AL 45 HY2A 34mpm = Slrpm AN Hds = Yot
F AN FdEdd HEYF HgALSES E52 5987 4
T Wed HEZ3e HF7 BobA o B 49 HHo Fo THE #
AA g =, AN AEAR F 2 P £FL v E FugE o
Y YAEEI T HASE olEC] 4% 9F49 ¥ Ja tHHAL 5

#at= A7t FIGEE, trough 2 AA FAHE S99 ¥ gob A
T S HnHEQ 68rpm oA HAE FALC) 23F FAE AL FA
4 FAEANAM ojn] A o)FdAde sA% A2 HzE}

9 B4l 4 FAL HAE dFL U B}, T =
717 256 mm @ A%, 2RFFAMY Y FAL] 7PN FA
R AT o= dF AAY FAZ ddWAH F £ Mg o]
7b 0] 28F Faz BRAY AAR gud 3 F9 S5 A B
d3tA AP 375mm A7 2LFY F Y B 7Y F YE L A S
& AeEs e AE FALY A7 A A& ¢ 5+ U

9 arzl= 375mm 7t 25mm 2o ] & #H7 £ALE 290 o
= FdEd E03le AHEY do| EXs} Q@A AgE B & 9l
=, &34¥ 2ol9 3/4 o5 "PELE APz Y o, A2 24
AA Ee vt Zol I AF FE3W9 A8 248 2 dol} 14~
1.75mm, 1.75~25mm, 25~325mm ¥ 325~375mm YW £3+=
HHEC 227 03, 28, 27 % 06% EolUEe HAe= ALY =, A9
g dFEEE &¢AE 219 1/29) 25mm do)9 vPsSeon, gAY 2
°)9] 3/4%1 3.75mm Z°19 P YL HYed, F9 A9 vk Lol
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HAEE& &l 2 7o g5 %Y o] A&7 dd. =¥, 3.75mm &
< 25mm FEd AAA Zost o 7] HEA e & o HHol
278 ©]4 E0Z &EFo AAA ¢ =, 3.75mm &FL2 Zo]7}t 3.75mm
o]dtdl EE HYES EIUFLE 7] fEd, dFd FHY ddo] o
g 7HA AAZ F

Ap

o £49 F fo) 27 ol 49 4, Ex 149 &
FALTH RS Aot due F

1

of A €0l F UReEE FHA
€0°] FolFdnE AZdAH.
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¥ 3-4. Y FALE (%)
Treatment Us-25 | Us-25 |Us-3.75|Us-3.75| S1-2.5 | $1-2.5 |51-3.75 | $1-3.75
-F1 -F2 -F1 -F2 -F1 -F2 -F1 -F2

Al 74.1 61.9 79.2 64.5 3L.7 18.8 84.4 65.4
A2 789 60.4 80.4 68.4 374 194 80.4 67.4

o1 A3 70.0 52.2 49.0 39.2 23.1 10.9 16.5 22.8
A4 454 30.2 10.5 7.3 9.7 5.3 34 2.7
Al 83.8 56.1 88.5 83.3 59.0 354 94.1 95.6
A2 80.6 537 87.2 79.5 54.3 32.1 92.3 87.1

5 A3 69.2 51.8 716 65.7 28.6 16.3 69.4 60.3
A4 52,7 28.0 230 20.0 8.0 4.0 25 1.7
Al 52.2 46.3 88.1 0.2 82.0 785 90.2 93.1
A2 5b.7 404 889 81.5 64.3 48.8 91.8 92.2

53 A2 47.3 46.9 83.9 7.2 57.8 356 87.6 8.8
A4 36.6 39.1 65.2 67.9 270 151 56.1 496
Al 41.7 36.5 43.8 422 26.1 244 56.3 62.5

s4 A2 33.7 378 356 389 15.1 179 50.2 584
A3 26.5 30.1 29.1 35.8 18.1 139 45.1 58.8
A4 219 24.2 274 36.1 148 12.8 420 56.5

...80.._




BSi [0S2 1S3 BS4]

100% r

c 80%

60%

40%

seererersvere
presetatsisies

Degree of extractio

20%

0%
Us-2.5- Us-2.5- Us—3.75- Us-3.75- S1-2.5- S1-2.5- 81-3.75~ 81-3.75-
Fi F2 F1 F2 F1 F2 Fi F2
Indent size and shape, feed rate

23 3-10. 49 #A& (trough 4= 15°)

53 WS4

100% r

n

o
S
®

60%

40%

Degree of extractio

20%

0%

Us-2.5- Us-2.5~ Us-3.75- Us-3.75- S81-2.5- 81-2.5—- S51-3.75- S1-3.75-
F1 F2 F1 F2 F1 F2 F1 F2
Indent size and shape, feed rate

a3 3-11. #H ¥ AL (trough 4% 375°
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4. 3¥ £ % (purity of broken kernels)

AHe FAE FHos = 959 £ 4479 452 wvy o,
trough &} A FAE £ vz 44 €25 94 Faso Jusd
trough 8 & 49 HHo| #AHNSE, 849 =& 2L %] trough
2 FAIUE 3@ Aol oA BrlEe oFd.

otz e} Zo] FYgHE HYY £EE troughEB FAHAHAE $4Ad¢ge <
of W ZA WEAY. B AFANN TR APHBe FEHL 2o
Aol £08 9AHAM AU e F agHoz My, B 4

)

1} 9052 trough2 #YHE FWPY Fol o Hes=E F4
Aw, UM% gough® FAYel A ARG Sz A9 A A
FAEGD oA 44 FTH ML ofg Aoy,

Pp = -2 100 (%)

Pg = 439 ¢
T = Trough A9 % (g)
B, = Trough ¥A% % 4499 3% (p)
ddo ¢ HHY FALAE w2 trough ZHEd) ¥ 3 & Q).

&, trough Zto] #& o A9 FALL =%AY €=+ Fxed,

Hr

49 #ALL AW $E7 0= RE trough FAB HY Baro)
obye SHYE o] TEHo ATE AL gu et WE trough 4 E
7t M 499 AL RYAY £E= ERXE, o= trough B
SAE AA AR AoFe AW 2 dRBo] APolh: AL =@

o wH3M Y FALH =7 FAA A JdEdE M AR
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shg A g Aot
9% FddEE7 Al @ ABY ¢E= gaAEd, 53, 2L

trough Zr= (17°9 34" A e 459 dAd&EE7 7S A48 €%

A48 gast AL ¥ 5 AT FAA olv] AFPR0l UF 3
A4E7 Adol Beh 999 SALE gased, ot E LR F

-—

o f¢AYol troughZ FXL o7t %ol 3 Bolde gneyg.
3, 48 FALL FASES AAE A ¥ fAAAY &3] T
4. dAHecz 9% AL AAY troghE FAHE HHY
Y& AFE FAEAYN AP F& d§ & Fo2 FUEs] HEd 2
T Y ¢xE Faddn 444

Indent 8] 2 g0 welyE ANHoz TLEFFAAN Y =7 =X
o, 22FEY Ag, Fo o ddde] R Aol w7 Fd vl
A og dol, A trough® FE FAHE %o AYY HEo
2 AzZtdd.

£9 271 375mm7l 25mm B2k ¢ & &EFE BAed, o=
drl £AE] Aeold 71AF Aoer AHAY.

TEFHo & AYdA dAFH22 HH £ ol FAY, 1 Al
nujgtng FFFo ¢xd WAL 9¥L 18 2AA FL& Ao BAG

"l



# 3-5. #A€EY £E (%)

Treatment| US™28 | Us=25 Us=3.75 Us=375| $1-25 | $1-2.5 | $1-3.75 | S1-3.75
Fl  -F2 | -F1 | -F2 | -F1 | -F2 | -F1 | -F2
AL | 685 70| 80| 818| 480 413 | 497 565
A2 | 689 590 | 886 99| 637 652| 87| 920
s | o7 wz| 9| ws2| 6| 922 91| %2
A4| 907, 91| 9%9| %5| 94| 91| M2| 959
AL 323 425 264 | 212 32| 21| 119] 107
G, A2 | 304 299 601 6L1| 272 235| 462 557
A3 | 679| 709, 98| 93| 550| 534 81| 904
A4 | ss0| 842 s45| o65| 728 71| e46| 763
AL 137 182 80| 74| 68| 40| 103 6l
A2 178 142 87| 206| 209| 188 150| 138
> A3 322 314 573 661 325| 297 | 308 | 443
A4l 34| 07| B2| 77| 88| 45| 85| 738
CAL| 88 92| 20| 27| 59| 78| 155 237
a2 e 93| 21| 27| 70| 69| 28| 358
YA | B0 147 33| 37| 94| 96| 414 sis
a4 242 306| s70| 81| a7 | 28| 2| 707




1

Purity

Purity

[BA1 OA2 OA3 EA4]

00%
80% |
60% |
40%
20%
0% LEB , .
Us-2.5- Us-2.5- Us-3.75- Us-3.75- S1-2.5- S1-2.5- S1-3.75- S1-3.75-
F1 F2 Fi F2 F1 F2 F1 F2
Indent size and shape, feed rate
ag 3-12. dY 5 9E9 dALEE 1Trpm)
[BA1T OA2 BA3 BA4]
100%
80%
60%
40%
20%

0%

Us-2.5~ Us-2.5~ Us-3.75- Us-3.75- 81-2.5—- 81-2.5- S$1-3.75-
F1 F2 F1 F2 F1 F2 Fi
Indent size and shape, feed rate

23 3-13. 48 ¢£x (9%9 Idd45 % 51 rpm)
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43 HFEE B ME7|e Mgassg =y

e 4¥L F9 ¥4 27, a8 TEEL ITFE s 7 G
thal ddo 3 A9 troughZEE 8008 z2+= 3R 4x4 2914
oz dAFHATG. AP d& HEES #52 ¥ 3-69 Heyo
B, SAS el 9 BARNIG AHE ¥ 3-77 Ted, MEELA o
AT HAEEY troughd =9 @557 2 Z3RLL 1% FFA

LERRIOEET LS

£ 3-6. dEEE (%)

Us-2.5 | Us-2.5 |Us-3.75|Us-3.75| S1-2.5 | $1-2.5 |$1-3.75|S1-3.75
-F1 -F2 -F1 -F2 -F1 -F2 -F1 -F2

Al 504 432 64.4 52.4 15.1 7.7 40.2 36.1
A2 54.0 3.3 70.9 62.0 23.7 12.6 71.0 61.9

Treatment

o1 A3 64.1 470 484 385 227 10.1 16.1 9.8
A4 412 212 10.1 7.0 9.3 5.0 3.2 2.5
Al 26.2 235 20.6 149 203 9.1 15 5.9
<o A2 23.7 157 50.8 474 143 74 105 470

A3 46.7 36.6 64.8 60.5 15.7 8.7 60.9 4.3
Ad 453 23.5 19.3 189.3 5.8 3.1 1.6 13
Al 6.7 8.1 3.8 3.2 44 2.0 59 2.3
A2 9.4 55 22.7 219 12.8 8.8 10.0 9.2
A3 14.9 145 46.7 50.0 184 104 24.3 36.1
A4 195 216 47.1 52.1 13.1 6.9 47.7 36.4
Al 3.3 3.1 8.4 89 14 1.8 75 13.3
A2 3.0. 33 9.2 10.2 1.0 1.7 12,6 19.8
A3 3.3 4.3 10.2 124 1.7 2.2 18.1 295
A4 0.2 7.3 155 20.7 3.2 31 26.7 395

S3

54
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X 3-7. A¥E& gEY B MR

Source d. f. S.S. M. S. F-value
Block 7 0.9575 0.1368
Treatment 15
RPM (S) 3 0.9228 0.3076 22.13"
Angle (A) 3 0.2774 0.0925 6.65™
Interaction (S X A) 9 1.0950 0.1217 8.76™
Error 105 1.4593 0.0139
Total 127 4.7120

1. TroughZt=9 4% JASE7L AEF5 & A= 9%

¥ 3-69 XAEEE& & troughd=¥=2= 249 3-14, 15, 16, 173 =
o, 9% ALY =E 1Y 3-18, 19, 20, 21 7 o] AL

JFEAA & F UK, troughd =9 AT Hd£E e uF 3§
o2 &, troughZto] 15° & 375°¢|¥ 17rpm 9 3 A& =7} 60° 9]
A 34rpm 9 AL E7 825°° W S5lrpm 9 AHE&E = AEBEE W
A fEsdd. 4749 HALsEEEE, dAEE/E Trpm ol¥ 375° 9
trough 2t =7}, 34rmpmeold 60°9 troughzd%7F 51 =& 68rpmoldH
82.5°9 troughZdt=7F AE a4 fFaAstdd. wetM, troughd=E =2
A 23% JHZ E AE7E FEEot & A%, A= 94 AHA
8 F7IAIACkR HHE &) AstE HAY F Jesd 4»dr.

Hn AMAE gL 9 E4F 27, 28 FEFd @AY ©#L
ALEE (17rpm) & F3 trough = (375° =& 60°) 7 28d A&
A degd (B 3-8). 1 AdE&e Ay 27 £F A EA A9
FAgo AdHos EFFAY 25mmF oY= BF 60~70% ¥
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o =& & 244

£ 3-8. ¥F A+ 17rpm (S1), trough 2+ 37.5°(A2) 2 60°(A3)
Mol o 2z A7), TELY MEES @

Us Si
Treatment 25 ‘ 3.75 25 3.75
F1 F2 F1 F2 F1 F2 F1 F2

S1-A2 540 3B37 708| 620 | 23.7| 382 71.0| 6i9
S1-A3 64.1 | 47.0| 484, 385 227, 201 161 9.8

E 3-894 EXol TXFY 26mmEF (Us-25 9 A$dw Ju 3§
3 YEd A zdo] @, ot 4@ 7AF Aol ofdr}
FAEY. 4848 £EA 24" €M o 2¢FY 25mm ES A
3 ddo 7t 94 FgHAed, 48 2U)de 4 HE7E NS
AT 9 A# £ 2 HAEE ddo] Aol FARHY. o] A,
AR w4 dele Ae] YR A7 &, o]F AgdAes Hg
¥ AVE Ad UFrgdz g Ade 94 A5 FEH g 7
AdE A7 FEE B2 ALt olg e 4y A
9 zol7t APA A o= AEe AFgL wWHEAE JBI ARG F
RAT - FAE & AdBANe £93 wHgdUe Aol Az
thooldeg mFo B oo, ddagd B 9F AAEE9 trough Z
59 #HA 2L 17rpm, 375°F 1 #ad,

A o ojn 2ARK], AAEE FF 17, 34, 51, 68

rpm < 1€ F@A AAE FAH A4 K go2Ryg 4 33)9 9
s Z2AHAT A B3 AN & F AKo], AWUFY Ao AAWA &
K &2 24 3871 9alA A5 golaol v, was, 484



§ & 4278 f4oz dod B A72AE scale-up 3, 45
E guids) ARES) Adol Hgana, ArlY HAEEE A
Fe A g FE oA AFH AA Ao ¥ Roz AR

#
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80%

iciency
)]
o
R

40%

20%

Separation eff

0%

80%

ncy
[¢)]
(@]
R

40%

20%

Separation eff

0%

Us-2.5- Us~3.75—- Us-3.75~ S81-2.5- 8§1-2.5- §1-3.75- S$1-3.75-
F2 F1 F2 F1 F2 F1 F2
Indent size and shape, feed rate

a24d 3-14. MYEEE (trough Z+E 159

Us-2.5- Us-3.75- Us-3.75- 81-2.5- S1-2.5- S1-3.75- S1-3.75-
F2 F1 F2 F1 F2 F1 F2
Indent size and shape, feed rate

a3 3-15. A¥ & & (trough = 37.5°)
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80%

Separation efficiency
o [»)]
(] (]
R R

n
o
R

0%

80%

)
o
R

40%

Separation efficiency

n
o
®

0%

mS1 [0S2 [S3 ES4|

. t
[Rotoriesesesestesssiriels

Us-2.5~ Us-2.5- Us-3.75- Us—3.75- S51-2.5- S51-2.5- S81-3.75~ §1-3.75-
F1 F2 Fi F2 F1 F2 F1 F2
Indent size and shape, feed rate

29 3-16. AEEE (trough Zt= 60°)

BS1 OS2 BS3 BS4

Us-2.5~ Us~2.5- Us-3.75- Us-3.75- S81-2.5- 81-2.5- 81-3.75— S1-3.75-
F1 F2 Fi F2 Fi1 F2 F1 F2
Indent size and shape, feed rate

a3y 3-17. A¥MEE (rough 4% 825"
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80%

o)
S
®

Separation efficiency
5
*®

N
o
®

0%

80%

o
o]
®

Separation efficiency
5
R

n
o
R

0%

[(BA1 OA2 DOA3 EA4]

Us-2.5- Us-2.5 Us-3.75- Us-3.75- S1-2.5- 81-2.5~ 81-3.75- 81-83.75-
F1 F2 F1 F2 F1 F2 Fi F2
Indent size and shape, feed rate

a9 3-18. HdEs (4% IFAEE 17rpm)

[BAT OA2 BIA3 EA4]

Us-2.5- Us-2.5- Us-3.75—- Us-3.75- 81-2.5- 81-2.5- 81-3.75- $1-3.75-
F1 F2 F1 F2 F1 F2 F1 F2
Indent size and shape, feed rate

Y 3-19. AHEE (9% 3dA4A4 %= 34mm)
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80%

o
S
ES

Separation efficiency
n Y
(@] [en]
R R

0%

80%

o]
=]
R

Separation efficiency
N o
o (e
R =3

0%

[BS1 OS2 BS3 ms4]

Us-2.5- Us-2.5~ Us-3.75- Us-3.75~ S81-2.5- 81-2.5- S51-3.75- 81-3.75-
F1 F2 F1 F2 F1 F2 F1 F2
Indent size and shape, feed rate

29 3-200 d¥E8& (2% 3d&Ex Slrpm)

[(BA1 OA2 BA3 ®A4]

Us-2.5- Us-2.5- Us-3.75- Us~-3.75~- S1-2.5- S1-2.5- S1-83.75- §1-3.75-
F1 F2 Fi F2 F1 F2 F1 F2
Indent size and shape, feed rate

a9 3-21. AdEESE (2% A4 5 68rpm)
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2. Indent 243 A7) @ FFFo] MHEL 9= o

Indent 243 27], 283 FFFL FT2 Heso HPAZe) ¢
Howz, dvrHed EA4EMYE (Analysis of Variance) L&M= 45 H)
w7t 27bsdtt. mE A, indentd 2 Y, 27|, a8x ¥F %Y Aolst
AEEEY MAE FFL paired t-test 2N FFsP=d, E 3-99 2

23 E e

# 3-9. Indent =¥ 7] R TFFN dd t 23 45

Mean
d.f. difference Std. error t value
Indent shape 63 0.1071 0.0174 6.138"
Indent size 63 - 01234 0.0227 - 5.449™
Feed rate 63 0.0343 0.0089 3.8%6"

7}. Indent & A3 =27]

£ 3-69A 256mm 2719 &F#4 3.75mm 279 FL ALE g
o AEEE FEe MEdd, APHo2 375mm FNAMY HEE S
XU BAAEd, t AAE F A 1% FFAM DA F9He) AA
HAT (& 3-9).

A717b 375 mm Y F9) AEEEO o EUW RE 25mm Fo H 4
A" A€ %7 AEAT AZ Y. QoA o] UPE ueg}
°] 3.75mm && A84¥ WE Zol7t 375 mm °lEY BE HHo] ¥
hdel 99, matA, g e Mdol A8 /1A AMNE F S ¥
Hd = A Hol g2 v £FALE 7| F A

E 360 BRFY (Us) T3 B39 (S) F¢ A8 8 A 29 A
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HEE s vlusd, didy AHges TdFde HEHREE0] ¢
= L B9 g 9@ NdEse Aoe t AA
A3 IA, 1% FEAA F9Adel dAFIJT (B 3-9). ¢2¥H &L
b2 E Zo vEl N Fo A4 AAS HEe #4% 23 R AA 9
AA EH3] fFEdEE Hol 7] wWEd, ¥ Hold HAEELEE B
Aolgt 44 od&d.

a8y, ¥ 3-69 A¥ZHAY E 3-99 FAEN 44 2 9 AF
Ho g #Aojorwt =4, olv AXR e EAR I 26mm F
o A%, A A AgE THFY F A4FH 7Y F 459 ¢4
M3 (cm® 3 indent MFE ztzk 83370 SAHE FAZHe] oF 1.7w09
el 7t EAS A7 Witk wetA, o] TL Aol H & FAdI] A
Al EF FY A3t ARE FY ZVIEE ALAEAH.

¥ 3-10. Indent = dig F71 t AA A7

Mean
d. 1 difference Std. error  t value
For .
25mm indent 3l 0.1436 001569 9.154
For
3.75 mm indent 31 0.0706 0.03727 1.894

¥ 3-109 & =Z71E t 234 239 2o, @uy 3 FY A5t A
9 FdWE 3.75mm £ A5, £ Y Aol MAAEY F= ¥
A= Arde] waAY. ®=3, ® 3-109M4 2 FAHel AHE

flo

25mm &9 ¥4 T AMELEY Aoyt 459 @AW 7 T AT
b k7] dEoluud, ¥EEd F34 w4y F o= AEag

Aol7t ARG AL 4 A
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et A 498 w2 4%5F F HAnddr] ALe nHE B
H, EEY F& AF dolx 2 FA HAust AF Yol Fol FFHY g
ol 4840 ¥un ddEy. ¥y, w7y Fo FeE,
Adds 993 29 F ATE o 8 AFRT £ J9A 38
BEEE & Sl = dEESd UAE JiwdEE wddd. B9,
Holol £ e HAHEY 27t 26mmE FAHoE F2 EXH
°f g17] W&l Zo] 25mm °]3te mPez HgE Hfue AHA A
€% &9 A7+ 25mm Ede 43 2 3.0mm FE7F ooz Hru}
O 233 d¥e) 7hsstdz dddH.

i
b\
2
)
é

. 3%

A A8&E ¥ £ 25keg/hr (F1) 9 50kg/hr (F2) A &=d,
S0kg/hr & d¥ &AL Labofix ‘909 Hol A &Foldct. FF%F o
€ HEE &Y AE 1% FEAA FdAe) AFHAJSH (E 3-9), M
MESE FES YEY E 3-68 RudgxE TFFo] 25kg/hr g # 7t 50
kg/hrd oo ®isf Aoz AR L] A & A& ¢ &+ Y.

ANsda & 8

FEE TR HAndEEFRN ALY F YE FH)RE FE 4%
EF A7 AR AA 2 AF o vz AdFEA, A4 4 ¢
TY & HErE ol&dtd Hudd 4¥E AANFHIY. 4F HASE,
trough Zt =, indent 7|9 B, THFFE 8ALo=2 st dAHY ¢4
€% =, JH FAEY ¢ R AEEEE ZASAY. T A7
4342 %%y ot 2o,

- 96 -



A EgYd U 9F AAE£E9 troughZt=e] E5EH 2 UE
8L 1% FEAN FAol AAHNY. 4F FdHE7 AAWA
trough Zt= A 2o wal HA3 FrAA Ak HBa &9 A3
b #AHE A2 vERY.

CH3D AdEe e F£9 24 A, ada FFA BARN)
ge FHAEE (17rpm) & F7 troughdE (375° & 60071 =
e HAeldA vergen, 60~70% MY & FE HAG A
HEgd B3 9% A& woughZd =9 A %L 17rpm,
37.5°8% 2 #edrl,

LR EY B 97y 2 o AEAEEY Aoy AU wmEA, 4
A AYE 72 9T F HAnAEr] A dgHE AFl
43 fA - 257 3EG g EE AHGdE o) FAY A
o2 Azt Zo] 25mm olde P HA AW Ao AEF
Z29o A7 25mm E9E %7 £ 30mm BEZF Hojofw ¥
Aoz wodth

L EFEF B HAEELY Aot 1% FTAA Fdol ARFHRN

on, FTFFo] A o AutHoz HAAEL U
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Hazg " Hojdd Al2d"e 74 U MsEHII

q1d M oA

FEaYEe o 2L A dFFHoq AN Y= nFEEALF
AM +=F=HD Ao, A= =4 AAANN Fad AP dnjPaai Ay
4 AuAdadgder e £ 3ded, 4 AAFdAE FLE HPANLE
Fi 3o AU AAFAAAME e AL, AnAARAHANE 4
Pl A Ade] oo, dvjEe AAEL dAnEerig Asn, e A

L

AL Zete ANZEHE Pd BE A ARBAGN 2= A
de71g 2Ase v JPolu Y & Mid ez £%F 9n
Ee AZAZD A T A AEE Ta3e 48 A%
2esues NH2N A2 AdolAu He &% WS A,
duiFgr)e du)g gREx g ¥E u3FY Ao AELEL o
£ate] Egae, 2ete] AZEHE A4ug HuS Do o9 o &
o2 d A9 AF £5L o4 FPdE Adold. nIZEFHYA
AN A4 A4 A 2Ee AZEHE A &% @ d=zgw »
5 8% (F we A2 TA)o B, Aus} ghAu), 24n P 0B
o 4352 2P Uk 2eke AZEHY A9 FHH A A5 S
9% BAFe A 45 5 NA4FR ¥4y magd 2 JEg 7
b 22y A9 o FAYAE A AZ aBFozANE MM
@ ¥ Frb ks o) EAot
$7b 95 FAME ¢x . wey
g5A HEY 4 Y= AdY AREo]

L
oy

to

el
A Aae 2EHoRE A8 ¢
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S +9,

Al e Zo] zte] awtez F o FLUFHA ARY +F Jd& A
M7124c 9538 & A7 Ao v =4 AddXM=
ot 74A] o] MW7zt ol &HA gn Yo 1 olfFE ABEE ToY
el g Fo] Hm mrio)w, Wnleo] Hfu HEE T HH HA R &
A zA0 T A 7] WFolvh. F #Wuo Hu HAdE HE
53 & Adrst AdHe 1A g7 fEer #oEy. sHFe] adl
AL dF A4 AAZN o= A= AZT & A& A= B4 4y
W @9 o wskel A AdErE dA o] o&Ha 7] #HEY.

B Aqde ADHu)AdA2gd e MEdr] A3t e8] A =Zget
PEE T A7y NFAEFEE AFs, @A AFFAAYZAN &l
ol g9 3 Ut ZEg AZHE AL 4o ErFHER AL F
A4 A £xd B2 A% B4 FY8tn, 9453 F A= 2A
Aztel AR WE A5 £AE P 22z AA A =2
o] ety AZEG 4F8Y & A7 27 A2 HAE 28 &
e B9 Add ALgrddAaded A& BN

H2FH =ZE2 AZEH MOIME2 AIEE Y Y H4s54E
1. 288 AZH ARF AA

A4 AZHez nIFZFAZAA AEHR dE 2EH A ZH
(rotary sifter) #v] Ad7|= 8d ¢ 2ton/h & %ol R &g ZE
AZE S 24 QA2 713 T8 AL AGe A7|olw BF (AT
29 HNE £33 o Av AEHI e ATLS AAATAH,

o] AtZtAwte 2= do]l g9l diFd A Hdie] ojEHoz ErteFe
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o sty Winj= Aozt A FAY £ ) wiEe Fe =27)9
Zo osta] AYE FAY F A7 PRt weky B AgFos
Ad 43L& Tt A ety AZE HAY Aoz wuaauy.
ayrg 2 AYdMs 2ee AZH T2 24 A/ AFA #H
AEo HAEEY e MHEE BHE S8tz s

1E 4-13% 4-2& A" ZEY ANZYH AR Y A5E YD 93
o A% Y50, 24 4-3& 7 AAE UER Rolg. A ¥
ol ol &5 A= NF 28 &% 8P Fxojn], 24 AA 4FL 9
st NEA BHFY JAEE Aol & AMHE F 3.

2. g 9 =y

43 A Hojes A wFFHAUZAN HEo) 500kg F 2 v
S50kg & TASA =AM BEHE Ynje A EYL M2F 34
F2) A @ FASES I AYG. B 4-1S FAARY Hu E9]

& dEtd Aol

£ 4-1. FAARY 47 Y&

G-y &7 dAu &7 | 240 &7 | A &7

¢Hd TEAH o 7] a4 v o7

>3/5mm | 25~3.75mm | 1.75~25mm | 1.4~1.75mm <14 mm

91.0% 5.2% 2.4% 0.7% 0.7%

ddHds Hd F5& 1800ke/h (F2) 9 1 %9 900 kg/h (F1), A%
A AAFe] 22 A5 Ad FH45 200rpm (S2) F 2R 80%
160 rpm (S1) o) o8t 3wtHo=z v, 22y HAF7 FrdsE

Aol g Fol Fas7] WEY HAAF SlAME FFE F29 4yo) B}

fir
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A

g 2ME A9 Nas FAZ] BE #x
4 ET7dAE TF€ F1Y A ARTFE F 6%, 98dA, F2d 9=
108, 158014 30274 % 187, ddn 27FA4E $9e Az |
A ¢& @ EFF F 9FFL AARReH, F7

AAG NEe AR BEE G HEd, ¢dyHd sa4dde A3
oA gt ol gMAvIZ AEIFPon, dAug 47 R WA
Ro-tap A& 7] (28 2-1) & 102 A &3ste] g, Adsdd.
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ot 2]

[

138}

L_'Il_lﬂﬂ
IZ.'II_'JI:U

=g

HEH

bk LURRIARLINERE 4]

BN

1. = pas ; 240rpm

2. Lower Bl aietela
Ay siau mﬁ: rod7t

i Ry 2

S

RE2P mm 7I#AN Yl

230

1200

EEE AZH A7 ga=
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a1y 4-1,

T T T T Tl

we| =9 Aa | 2q|sw|uz

Nz Sur Ry [ T
ux A | 47| o= [gewsde]
sp




1 mm
e 7]
reQ2 eunARA e [* =]
2z el

=2etg A ZH A A7) AR 2HE
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a3y 4-2,




29 4-3. zEg AzH A9 o8
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3. 4d 4 s B4

E 4-2¢ APAIY Hdagee Hogelw, 1¥ 442 o2 EAEF

At

¥ 4-2. A4¥Aed 33 dEEs (%)

Effi. : b e ,
Tmt. e e i E4
F1S1 375 16.6 34.0 62.0
F1S2 47.3 25.1 35 54.0
F2S2 44.8 24.6 33 51.3
100%r
m 900 kg/h — 160 rpm
0O 900 kg/h — 200 rom
80%F
1800 kg/h — 200 rom
> 60%}
c
)
S
0 40%}
20%rI

0%

2¥ 4-4. AdPAYE AT AEEE
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AN el 7|E E€ AEESE Irsly 1 Hoge t&a g2,

E1 = D11 X D(23)(23) X P(23)(23) + « « + -« « « « « v o (4-1)
E2 = D22 X P22 + + + v o o v v e et e e e e e e e e (4-2)
E3 = D33 X P33 + + « = « o o v o v o vt e e e e e e (4-3)
E4 = D44 X P44 + + « = + « v+ o v v v v v e e e e e (4-4)

q7]M, El & dAA JA¥EE, E2, E3, E4= 44 ddv], 440, o
o) d¥AEEE 9uisty, DI1E &AY EFAMANY Add AL,
D(23)(23) & W Ari g L4vE FEA ¥ TLE A2 HAHAS
el A AL, D22 dHv] FFA49 dln) £AE D3BL 44

Bl E7A e 247 £AE DMU4E A ETAMY nRYd FALE,

B ok 29 4-62 AFAHE A9, 2409, i3 749
HEFe Uetd Aot ¥E€Y FEHd WEHY LS H5H

2 Uetya gled, oA FHFE0] dEA L 9¥E FX g=
AL AAEG, ¥ JAF7 22 Ao vste WEFo] didgn &
TAME 30%, &40 2794 E 50% AE 9 2& Ao Ugya ¢
vH, %8 JAFdME FL YAET ot AGRY & JAE B
IEd9s RAE gudg, 2 A7 3 & dAFAdAE AZ2 F ME
B0l ot 7€ Bag dA= AR Badd.

e
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Efficiency or Ratic

100%

B 900 kg/h — 160 rom [ 900 kg/h — 200 rom

80%

60%[

LI

40%

20%

0% E1 D(23)(23) P(23)(23)

a9 4-5 Ao e AA NEEE, FAL L &=

- 107 -



Throughput (kg/h)

401

301

101

B 900 kg/h — 160 rom
O 900 kg/h — 200 rpm

B 1800 kg/h - 200 rpm

19 4-6.

D2 D3

A4EAHgE didn, &40 2 AR 27 F &P

_.108_

D4




H3d €23y 2 Ao|ME7] AIHE WY % Y54HE

1. 988 2437 AzFe 2A

A%% & 4d7 (indented cylinder separator) & T Zeo]9 ol
g ol g Mg Fysu, 19 3-29 o HAALF, AEd dAE
We Vg A%, BEYY, FERY So2 7HEY. AAYTY 4F
Hol 94 2ok FE0 #oqA o] FEo HE T AT

g Wz FFFA ozt e AL F Ho W 8IS AL

J&

A%o o= FE HAF Folor F4A FAF (trough) &2 HojA v,
Aol7k 71 ZYL T £o] 443 SojA Eaky]l e AFo] A
£5d 98 daistd 9% Y oA dolxA gk wakA, B I
de A5 $A9Y, 1 Tde Q5L e FFEOE oo %}
Apzhe] wel, Aol ot

rr

458 & Hur)9 3714 F8 AEA AdHE T Zo], HEE
&, AYd5Ee g AdAEd & A2FHEH, & A7 B2
AP 2 AP TR 959 § A9 d¥dda (A3 €48 o=
3t} olE FF L AAAAEY AAZE offe Zo] A8t AT

2 800kg/hr &} Ho|ZE X 48y £ HfuHArE dAFAH

7o E9 3%

AEsEs Tg9 R 240 wep 929, 959, 933, €€ 93
T BAGYS P £ Az AErise] AHEH AR, 7HEY
o, AZH, WrtrA 57 g& FLHA EA HEA A= 5%

2

HRE g&d P4 & ZHPA e BHE F o] BAE T2



ol $YFORM JHUBE ANsRE FAo £F& ¥ Atk ¥
AFol AR H)RE TR AFY & ArHEs) ) HIAAE W
A%Y Fo) 2P A34Y 472%S UL B9T o, AE

7tola AeE 548 w7do HAZsdn Adsgde A R e
|

N

1lA Adsta Qe &9 Y= Fr-Fojoh (29

Tz g g HHAT) W w7 Yo Be AT AL

A4H9 Aol Uk, oo
Wt Fo A4 7+ ¥ Ars BeE 4Ysd BAS) EAsH,
HHoT Fo AR AN DGeH 2L T FFY AFASL 747 4
83tel 2 ¥ 2718 QA 9 WAL AYEES Eoly] HHA n

T U EE¥E ez WAEY (29 4-7). Adde st F oA 33 ¢

IEEAe] FA= 3mm o]t or st

o M2g W% ue 9 A4 d2¥H BE 9y ge Yoz

2 A7 ARY goZE FE YFY £ HuiAAs g &9 AA
< A4 dAd #59 HAusE (FAF dol9 1/2 olsh) # " F9 4
71E (@d ¥ 2ol 3/4 oj3h) & 2AZ 25mm % 3.75mm E A&
Jed, oleL #4Z dHEF Wn SAYY HF 2ol 5mm 9 123
/4l AFTt. 2y AE A e Zod BT E BN dxn
(A24d 342), dsfn 1.75~25mm) 3%, 23~25mm 27|71 743 &
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k7] W&e 25mm & XA Bk £ Ao fAS2Z, 30mm 7t © A

Fattha wds o

%
| e

a9 4-7. &9 wER § WAE

. AdTY 27 (AAH 4o])

AT Holes %7 F duddErd 8+dHE AHHdsEH Q
(kg/hr) & 95 WA A4 29¥937 HP5 ¥ gr(kg/(m° - hr)) 22
2y 24"y Hol2E 7R 4FF F HrHEUY EE AHYTEH Q
¥ 800kg/h (Hol2E FR)2 AAHHeH, gr e HELdE ETE 4
oo FAgu, 9% e gHHAGed &9 AT, 4% HAEE 9 @
FE2 FAY F A, diFHoF A 93ty Ao, £ W=
A e A gr=550~600kg/(m®- hr) A= Fo] Ba=doy, ¥n|
g Adgaoz 3= B AFdME 782 R8st 500keg/(m” - hr)

2 AAsAc A4 AZL dY HAE7Y FF 1lm AR B
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AHAT B A4 E Agsd 800keg/hrd HoZE F2 UEFYH Z
Aol dE7 g Aol EAoln, FA 3mm ¢FuE B RAS o=
B ozx il §o wE dAHA FFY EA dES 038mE
AAS AT o)) dAANE=ZRH ALFTY Zo] LS v Po]
dHE A

_Q _
S=-L=2¢RL ... 4T

L Qler . S00/50
- L=%2R.L T 3x(0.19) ~ 1-34m

gt YTy AAAE

4358 & 47 d Y€ U5t YHYE UGN 9459 Zdo|wgFS
et o), wWEHolok tRE FF Ao FX ¥ Y59 HNEA HAY
T2 ¥ dia BAAA 2AY dort Qo gRrEe FS o
5° A AAZE F3u g B dFdAE ALEY AR FolE =
A 7testEE A AAAdFT AAZol 0~5 HHNAM BAHEE
AT =3 AT offd
A& AAs A,

di

29 5L 98}EE =28 F

rir

i3

=

W95 HASE

Auje] Fgts FA AAYY 377 A HW HALE U
E &0 Bol7 Ant YHBoE IS 2n A% F & T
Ho} Ad A7}

A48 mgd A5 KA 10 Wy AWEEE AoH] F&y
Zol AT, 492 A A5 YANWEEE 10 o5 A4 K

E7HeSA €9, 5, 9489 dAdAESEE FH o

e ABFoEAN FoIAA Hed, 2 0.15~067 Y #FEe] 2n
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ro
pau
o
!

Hu o dE&F FE& AzgaAME Hd 08 AAE 7T

H1
i
x
2
e

EuEn v ofzfe] AL K=1 o W dF dA A&
Aol

K = -mRc.o”
mg
Rca)z Rc 7'(21'12
- g - g 900 ..... (4—8)

E AF7|Y 95 A A &5+ oF 69 rpm AEEZ A4HE v, o
F A%E7] (1hp/1720rpm)dl Z&4] 30:11 9 ZA&715 R3S 959
Y 3FdAELEE 573rpm o] HEE AAEAY. =3, F5 AHHE
o

15719 AY Alolel B3t Ho NHEE oA Bk Wo] s}

rN

=% AT
2. 459 & My AFEY T2 L AL

Az 958 & AdrE 29 322 Hol Udxd, AgdE vt
3mm< 97 £ 5L FFPR, sddFoE 277 375 mm Q P
T8 £ 95e AFXHAYG. A AHEE 97 3mm & 5L 2
o] 25mm ol&¢ #r A@goln, ke 375mm & YFL Ho] 2
5~375mm ¢ @AY (FR7FozE AP, nIIEANE
uol7] Wi B dAFdMNE Fodges @YU S; A2 54 #
z) Adgolth 1Y 4-8L 45Y & Hudds) AAs e F2E Ye
3 AMFxolo,
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C) VI8 TOFDIIOIITITErNIDN;

; —]

JTT77777707777 ]
o7

.y

VI TN NOSINTNSESDNN.

(Il L PPl 7777777

I A
® \\\\\\\\\\\\\\§3
@

VISP IR NIy
VSIS SLTISTLL SIS IS IS TS S ILLT IS EL LT LSS IS IS

N

[ ANANNNDDRNN

NMUURNANNNY

LIS LS IS LY ST HLIL IS LTS TITS IS S IALIL SIS ALY,

I\

a9 4-8. 9F8 & A7 AFEY AFE
OQAR7 298, @ 3% =2 3A, @ trough, @ trough
4= 233X, Q4" 49 7, @FAE 47 #HE
screw conveyor, @ otd &A1Y &+, @ SAYH o
screw conveyor ‘
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AddEe AFE 95 TEZEEHY HAQA FH4 QHH
(Starvert-iG5, LG Industrial System. Co.) & # &3 o X Ao 7158 &

£ %93, trough®) ZAEE ZE ZAFA (@) A 60 F o=

2

o7t 7tsstek. ey, AdE A 8E screw conveyor(®)d] ol@lA &
2 WE5" screw conveyort AMYFTE Fo nAHHO U7l W
AEA59 slad&xel FA3A 3
2 Uegd Aot 29 4-9= 9F
EdHolH, 1Y 4-10& A7 9

AdY. ® 43¢ 479 Fa A9
E A7 AF7]e A5E U

3
23 Wy AEdE Aoy,

¥ 4-3. 9%F & AuHddr] ANFIY A4

Specification
4y 27 1500 680X 2100 mm (L X W X H)
T o ke
A 3 phase, 220V

Starvert-iG5 (LG Industrial Sys. Co.)
¥ H Input : AC 3 phase 220~230V /50~60 Hz
Output : AC 3 phase 220~230V, 1.9kVA, 5A

A A =4 ¥4 0~6°

AEdEe 34 3A&EE | 30rpm

AAAF A7) 1350 X ¢ 245 mm

A Fo] 4T 27 W8 3mm, 3.75 mm
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-

o

4%

Y 4-9.

y /7SS
lw ¥, A—A B
PP I T T I I 7 I 77 T 777 Z 7 2L .
A
ISV Fsi )
1]
KI % | o52P
4 ]
| 0 o4 I
| BT i ‘\\I -
SOOIV y
J B ® K m
IS PNy Isi PSS oNNs 2

&\\\.\\\\\us\\.\\\\\\\\\\\\\\ IS SITS SISV, 7

“\“ _~ - A 7 8AD

4 Z

9 “

\\ e i mm] 1
i 3% wa B | o |v2
wiisia weiAnytw fane & aniown wvw

1500 CHIECEKE] -thr._:J
1 | =«




S

2 7]

A7 A

-

LRk

10

oY 4
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3. 48 2 gy
AYARQ Wrs Zele ALE Ado) AFLE AoA A Fo Alg A

Aot B2 502 234 M YLl gata 3 9id | BE AYo] 8

2 wnitt AR EUYES 2R A5 WS v Lo IES HYT. E 4-4

= TAAEY A1 EYLEE JERA Aol

E 4-4. FIAARY H7 EYGE

2§ T8 Y o
> 3.75mm 2.5~3.75mm < 2.5mm
91.0% 52% 3.8%
A8 &

& 34F (F1;400, F2;600, F3;800kg/h) & A 72 AAs
3, 459 HA$ 3FF (S1;35, S2;45, $3;55mm) I YA EF9 ZE 3
TE (AL;37, A2;55, A3;73) & 8322 & 39 aqagos outy
AT F3,S3 € A3 FELS 953 & A7) N9 A dA &2
o] o}.

& Aed AR £38 AAHL AF T (@AM U A= W A
dulolg (@E Tl A7 39 (D2 o$H3, ¥+ F 944Y
7% TU9HE 27 (@E WMEd NBEE ol 22 F Ao (@)%
A devoldE Fal 9N AF sHZ od®T (1Y 4-11 2=),
A5d T 234 W& d9 237 (@)AAE 2 &9 Hns £
AstAzl AF 28 (@AM AN=R7] 29 (D)2 AEE o588 o R
Aol H (@A 2ZF4 4 £dstoq dus 3 2 =2 Q0.

M7 ZHE2RH AUY9F WRE ANE9 Flo] ARE F, E94
B 550 43 AN4AHYN =2HAG: BYEHE 108 T3y gA
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d 4, T¢AY &7, d7 EFEFH AMEY AHAE AFEGAH 2
T F3 ¢ F2 £EdAMe 580t ¢4y 27d44A4 202 T, 43H
2749 Hu EFAME IE B ARE FIRARL, FL FE£AM4E 10
£ 32 1080d g4y EFAAE 402 5, 4149 279 A4
EFFAAE 28 B¢ ARE FPFAG. FHE NEE T EF]F HF,
gAY E7dA FHE AEE 125g8 F AE BN E AREA A
A3, THAHA Ho 7NN FHE ANEE 2 1256¢g4 T H A

ddt. #7E2 AP E4E AEE 2¢ 7R ¥ JQAETE AE

O

3o, gAY, E4AY R Ar & FASAT.

1 gedel v/ 2¢ gote
A
<]
y o
N
4
® g ] N
. — ] N /@
\ /® <
\ —
® N
N - S
&1 < @ /®
@ ISR TITISONITIEY ] ‘:
oy
0 o
® - ] L
p/
L/ | L~

a9 4-11. A&7, A8 o4& 3 dadely R A% 55 7H9
5 e
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A 4% 242 989 AL8 o9 75E 4% 219 2ele) A=
Hel 4d 4% BN 334 ALdE AP $Ae Aol gge &
olsb 7|z AF aekH HolTh

E1l = D11 x D(23)(23) X P(23)X23) - - - = « - - = - « « . (4-1)
E2 = D22 X P22 + + + ¢ « v e v e e e e e e e e (4-2)
E3 = D33 X P33 + + + = o o o e e e e e e e e e e (4-3)
E4 = D44 X P44 + + + + « o o v v v e e e e e e (4-4)

q714, E1& dA Hdd §& E2& ¢AdH
g HdE F&E 99w, DIIL &dH &7
D@323)E FHAHAA drs FEA G F
el el FAE, D2 FEAYE FTAMY Fo4
Ao 7MY A FAHAEE, PE T8 £dE 7|50
2AHEe] oulE dol A A g A =3 D223 =AY EF 74

Mo}, D323 HuE oA EFLAEH Hne FF FAEE on e

F, P212 849 27449 F wiEFd A SAH F v, p23:

TEAYH 7MY F EF N Hn F v, P31 #n FT9

Mol F wMEFd did HAYE F n, P32 Hu EFAMYg F wE
2l

# 2999 2o vE Juay,

b EF 959 3 AF Y trough BAZGY &9
a4 4-12¢ ¥FE€ 3 5FY ¥ HdE &S 89 AHER uE
d Aol AA T BALH 4% HAFE 45 HLo] wWe A
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yetdn e, & sasds #A™e Aize EAss Aoz #e
9. S1 $£ZdAE Al 4=, S2 $FAdME A2 45, S3 FEAA =
A3 Z+E7F e A4S Holn Utk A2 #EHAM RY S2 £E°] F
Ao ZEdte AL F4E ¢ £ U 22 Adez A Al FEAA

o) AAZA 1 o4Y FEAME AL Tl F2d3

rir

Ss1

M

lo
HU

3l dus A3 £Z014 B9 S3 420 A AL

=
9. ole# olft AALs 2@ A¥e) Frhstd F & 2o UE

rr

R

g7k o ¥ 4A7A 82 & A7) dEojt. d¥ &9 HAA
= S1A1 2AA 70% A== detta Jen §2, 83 FEL2 Ay
7t g A AAGAA dEYE ¥ E&o] 65%, 58%E A
A paAsE AFE Bolxn vk w A, B APdAH 89 HH =3

2 SiAl o wddrd, 28y AASF EFE N & o) F7HE )

fEo| AR LT AWM E dAZE 14 AL HAIde AR
Baga Qo
a3 4-13€ 43 AN FTFEL 3 FFEANAY A Hu9 F

gl e Ueua it od® @Y =7k Fhsd 429
B F AANTY o7t Ao} Fo #78) BojtA RaE ZHoAE
Aol 27 WMo & AAAA @A + dvte AL dn@r

E 45 YA o BAEN AFE dud Rt FFA F
F&, 299 HA5st A4 RFEE nEY FY4e BT gov, T

89 A5 2Le] wjg & AR vt U
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Efficiency

100%

80%

60%

40%

20%

0%

- Al ~& A2 - A3

S1 S2 S3

Y 4-12. 49AEd TEE 3439 JF MAdES
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£ 4-5. d¥A g g

Source d.f S. S M. S F value
Total 26 1.0139
Block 2 0.1233 0.06165 36.9%x
Treatment 8 0.8638
S (rpm) 2 0.0777 0.03887 23.30%x
A (angle) 2 0.1762 0.08808 52. 79
Interaction (S*A) 4 0.6099 0.15248 91.39%x
Error 16 0.0267 0.00167
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—8— A1-D(23)(23) —a&— A2-D(23)(23) —e— A3-D(23)(23)

- & - A1-P(23)(23) - -& - A2-P(23)(23) - - - A3-P(23)(23)

100% e
AL el o

N, .
80% | - . A
60%
i<
3
@
40% |
20% |
0% '] [ 1 A L
St s2 S3
RPM

18 4-13. 49 A TFE 35-ENdHMY A g0 57
Ba#%

AL&H ¢E9
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. TE&9 a3

O 4-14F 899 HFH =71 SIALNA FH & mE dERE,

FaAdA Are 5 FA& R £E2F UEd Aok, FdH &0 T
ol we B8 FALLE $YdF AFoR FA2AAT £EE 92%°A

96% = o7t F7hata AUtk AW W4e FAW NA HE FAZ

re

44 HAYg FF&Lo] EATFTUE AL MM Aoz AddEH

it

2 & d9vle §9 AARG FEe dojg Jxst Fo Bold FE

&
4F £ AFE ALe] FoAEZ Hurt F Fo 59
4 ggo] wolXA domA FAL] HolAA Hu. FAHE Ru=
AL & AAEY & Zold 4t AFALRES F Fo S97HA
de Fol Bude AL dudy. @A HAY FHFeolY HIYFE &£
o AFdE AXFTE & S 502 & d= Y HA9E HAe ¥
FEo)g. FEAHA & 59, FLEE Hd Hust A9 e BedAe
B&d AFse T d5d 2FE HAue 100% F Fo=2 974

a

4

Aol d oy o33 & AART Zdol7t 47 & dA= X MH
Ho] AALD FEo] FetARZ o ALdE FALLE 100%) A=, A
e FFol wWig Howk & @ otz A dge] obd Aol AX A
dE JtsAdel xol €5 wWg Rold F U wd=2 AdEgdd 4
7t 95 el mg B Afde FEFHoR A9 HuEe HEF
3, A diido] ofd Ao AR HEE HEL vW$ FHE Aok wWErH
o] Bfdle #AEL RolAY £x& Wy =A € 7)30]14.

AlZt71e] AA AeEl&FL 800 kg/h oA & HHY EQdL =2
Hol7] wjEd A&# o]F2 HPFL 600 kg/h A=EE FH A,
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100%
D 9
80% |
o)
K
. ©60%
(@]
>
(&)
c
(b}
S 40% | & £
L —— D(23)(23)
20% |t -o— P(23)(23)
O% 1 1 [l i 1
400 kg/h 600 kg/h 800 kg/h
Feed rate
a9 4-14. HH =7 SIAINAN FF L WE HPEE, =93

# 4 B £AL 2 &%
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- @ - P31 - -k - P32 - % - P33
—e— P21 —t— P22 —¥— P23
- &% - D3(kg/h) —@— D2(kg/h)
100%
80%
60% A= \ -
o
I -
e
40% / |
) s .=
.a I
20% Le
. 1
el .
____________ e
0% I B} R 1 1
400 kg/h 600 kg/h 800 kg/h
Feed rate
23 4-15. HF zAQ SIAlIANA FFE&A wE 4 - st

o F IR HE
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30

25
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15
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Throughput

(kg/h)



a9 4-15= A A9 A £79A S1A1AAN FF & w
TEAHER An FFAMY F MEFA F STl o SAHY
HE el Reln, addA e 49 2w
Mol WEFe TFE F/Td we YA Fostn g 2t
THA-Y 74U ofdde] WEFL 600kg/holA FRAE Yeyn
of S7tgl wWe v HEAFTA Gy HddH

&
A S Anst S¢dy 85U hRAdd A HdEr] gEgoez 24y

M

e
A
)
e
1>
L
2

O o] 4L otADdAN FSAYF v & (P22)o] FasA Hn Fo
Hl & (P23)o] S7HEAAM & & At WA ojddo N FaAPTF
7h ol o Hm e v go] FISA HW F MEFo HoxA HE
d, ol 94838 & A4d7 sy Fee A" dAE] duy 4
H71 A&, 34 9 AAEE A4 sdadx Fgdgol 7
2t o 2 Ay FAE 23 goeng FZoZN X wjZFol Ao

HE 3 #e ZASA ",

H4E ZE2 AZEe HEBY E MojdE)| ¢
Alagel 4597t

AAAR AN DL HgFoln vz A7FAQA Zee] AZEHSG &
EFoly Aol e 458 & A 2o /1A ARG A
LR BT RY. 19 4-16 S 2EME AZEH Ao 958 § Hd7)
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