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AYUS =2y KA L ANED)

g3 | A Modified Threshing Unit for Soya Beans (A.C. Ukatu, 2006)

- Evaluation of a soybean threshing machine for small scale farmers (T. A.
T | Adekanye et al., 2016)

xtoe 4 | Mass Volume Area Related and Mechanical Properties of Soybean as a Function
“®7°C | of Moisture and Variety (T.Y. Tunde-Akintunde et al., 2007)
Zr=E2] | Physical and mechanical properties of soybean (H. Kibar & T. Ozturk, 2008)

xtoe 4 | Mechanical properties of soybean pod as a function of moisture content and
=770 | energy (M. Azadbakht et al., 2012)

x| Determination of some physical and mechanical properties of soybean and
© | maize in relation to planter design (B. O. Soyoye et al., 2018)

Q (29]+=% 1) A Modified Threshing Unit for Soya Beans (A.C. Ukatu, 2006)

(2.1. Literature review)

- &% 8.7-25.0% d.b.9] ¥ WHolo|A] E}AF & 4~ 912 Deshpande et al. (1993)-&
o] 48 wWojoA Fo] Zo]: 6.32-6.75 mm, YH]: 533-555 mm, A=
3.99-4.45 mm ¥t B

- gR7)L Bulel 2519 452 AN O FR% o
2005), QPgAQl A=S Q5] Peg-tooth =3 =ZZ7lo] dis] L8 Fefo
14.3-22.8%21 T sl 600-700 min™'9] 28 &% WS YASH T2l 125t
2710 oish 141.8-214.2 kg/h9] &2 &5 BV

- UACES (2004)+= %2 tooth-peg E=7|0A =
g 28 o] @t 600-750 minT'o] &% ¥

- Mesquita & Hanna (1995)+= tii&9 €327} A
Adget AE(Concave) A|ARS AREotthal Hash, o Ao s AA|
AES AYste =8 2 ¥ (Concave) B35 AlA
types)o] S2jst 7oz UAZ=(Majumdar, 1985; Bartsch et al., 1986: Khan,
1990)

rlr

(3.1. The theories of direct, oblique and eccentric impacts)

- = APt SE5tHA AEste A1IgY 35 wAde BFAol2ta & (Hughes, 1985),
=AY 2F 4 G G AF Aol o 7Pge ZIEAA) 8571 |41 Pt

2740l Kof| ujx]= FF= EAE, IR #A0R HiR|H d

S
T FAY Fr}ol Mg met g oA AEQ

i o
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_L

=

C

P

:;
D

"= Fleosf!
(al (b)
@@ AT AU (b) AAM S| {2| (F, impact force of straight peg P on
soya bean kernel K; L, LO, lines of impact; F', impact force of curved
peg Pc on soya bean kernel; 8, angle of deviation of F; Cy, C; mass
centres of impacting bodies; D, thresher drum)
WOl GA] Pe B3t A0 2 BiRE, FE2 Qo A/ L' A= 004 8oz
7120, £33 Frh 29 ] oat $42e L' wet F2 249, o312 At
A 529 79, FAM0] X Wgos Mg, AL ey ¢e
(1)
o] A Loolo] o] Mk AL
59, O2tA o A9 S5tk SO
Aol &4 Aol Al &%= )Y
A% 54

F' = Fcos#
where, F'is the force of impact of the curved surface.
57
(0]
a»

d
7te/d2 wiAl

- g3 289 71y
delg A8,

of ojsi =704,

549
(2)

EH ZX|e] A4 : (@) rod pegs (P1); (b) dovetail pegs (Py);
(c) rectangular pegs (Ps); and (d) disc (modified) pegs (Pwm)
40 Hast & oAyXls o AR oz FojAl

Ho]
B I

(3.2. The effects of thresher rotor velocity)
NEY= £2 YX7] 2F pegs £ beater?]
ol
=

ey
oz ]

s
5

E}2H O] =
=2 T o

- =
[}

Ezmv2/2



where, E is the kinetic energy in J; m is the mass of the impacting device in kg; and

v is the velocity of the impacting device in m/s.

2 K o] Axtz2 o AJAoA Fo] 7JA, Baruah and Panesar
W g2 2o oux 4] 3 F shto]r] mjRo] 7]E FEuo
%Eéi at 3 &4 B ohet AR YT AAAY

(3.3. Clearance between the peg tip and the concave)

2E7F Y O v2stH, AEY(Concave)E W} vpZ &0 s AAo] YAYSHH,

o] Pe g Alo] oJsf Zol7l

(a) (b} (c)

= X|(Peg tip)2t ME X (Concave) ZtA2| &1t P, peg; K, soya
bean kernel; R, thresher rotor; C, concave: (a) excess clearance;
(b) clearance condition; (c) appropriate for kernel crushing

clearance

2
F=mrw

(3) where: Fc is the centrifugal force in N; m is the mass of rotor in kg; r is the

radius of the circle formed by the tip of the peg at rotor rotation in m; and o is the

angular velocity of the rotor in rad/s.

Fee X7 AW (Concave) W EOA AHzS &7] Tl 94 £& & A==

Aetoll 1gE] @R 23 580
SalstA] kg, £7 2710 B BARAL 7
(1

93)01] _JOH L= IETAS| H}Sl} ol 8.7-25.0% d.be] F

_52_



(3.4. Expressions for some of the terms used for threshers)

(i) Throughput capacity C; in kg/h, is given by

C;t = me/T

feed time, in h.

(ii) Output capacity O in kg/h is expressed as

Oc = (Qb+Qc+Qnd)/t

in kg: and Qunq is the quantity of seeds not dented in kg.

(iii) Seed damage Sq in %, is calculated as

Sd = [(Qb+ Q(’)]/[Qb+ Q¢z+ Qnd)]

(iv) Threshing efficiency n: in %, is given by

n = 100@1‘/ (Qt+ Qnt)

threshed in kg.

QO (29]=% 2) Evaluation of a soybean threshing machine for small scale farmers

(T. A. Adekanye et al., 2016)

(2.2.1. Threshing drum diameter)
- 3 2] g2 AW Yol BB =9 x7o] Wa

(e} [ =2 O

o
il

=
Adsb A8 12 BAS Agstel 2R

_wd
V= 1 L
_ [iv
d= L

(4)

where: Quf is the quantity of crop materials fed into the machine in kg; and T is the

(5)

where: Q, is the quantity of seeds broken in kg: Q. is the quantity of seeds cracked

(7)

where: Q; is the quantity of seeds threshed in kg: and Q, is the quantity of seeds not

(2)

Where: IV = volume of the threshing drum, d = diameter of the cylinder (m),

length of the cylinder (m)

(2.2.2. Determination of pulley dimensions)
- E29| Alpt Tk Ag olgstel 2WY

N\ D, = N, D,

Where; NI = speed of drive pulley, r/min: D] = diameter of drive pulley, m: N2 =

speed of thresher pulley, r/min: D2 =diameter of thresher pulley, m.

_53_
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(2.2.3. Cylinder length)

- A™H Zol= Kepner et al. (1978)0] B9t A2 o] &5to] AR
q = q,lM (4)
Where; L = Drum length (m); g = Feed rate of thresher (kg/s); g, = Permissible feed

rate (kg/s); M = Number of (rows of) beaters.

(2.2.4. Threshing velocity)

- 9T 451 2 nEelo BRES st A0 452 U
- =2 4571 42 2ow Zo| AXAY BAK, 571 42 tow nEajoy Zof
gs] EREA S
_ 2wNr
v, =22 (5)

Where; V, = Threshing velocity; r = radius of threshing drum: N = Speed of shaft in

r/min.

(2.2.5. Force required for threshing soybean grain from the panicle)

- AFLEO] BAbe] B cajo atmEQ} sh| §]Aste] LAl (F)S ubriA|7]
F= mw’r (6)
Where: F = Centripetal force; m = mass of threshing bars; w = angular velocity: r =

radius of the arm of the threshing drum.

- 2= H(Threshing bars)9| A% m2 thg Ao 25l 274€
Mass (m) = density (p) < volume (V)
Where; Volume (V) = length (L) X breadth (B) X thickness (t).

- 24 = (Angular velocity) w& ts A} o] 274 d
_ 27N
Y7760 @)

Where; N = Speed of shaft in r/min.

(2.2.6. Shaft design)

- APRE AAle £ 2 APREV O AbE 9 Bot 20 ¥ A
et Ade BASH] sl 2HE AFRE A S = Ao

- Jeof Zjdket A g AFRE A= O AT o]

- & U stEol AY AU A gl 2= AFZE(Solid shaft)] 749 ASME
(1995) code equatione th2ut o] FojAl

16
TS

S

& = (

)< [(K,M,)? + (K, M, )?] > (8)

Where; d = diameter of the shaft; M; = torsional moment; My = bending moment; Ky
= combined shock and fatigue factor applied to bending moment; K; = combined

shock and fatigue factor applied to torsional moment: Ss = Allowable Stress.
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(2.2.7. Belt and pulley design)

WEo] A dole YE/OIN % =yor §2g Adste o WA 44 UE
3715 ¥1 Qe Aew FHHE, ¥4 x| Zo] (L= o= Zo] FoiA

_ 2
L=2c+157(D—d)+ (Dwd (9)

Where; D = outside diameter of drive pulley (m), d = diameter of driven pulley (m),

C = distance between the centers of two pulleys

ME AEE 08 o] FojAl
N=— (10)

Where; v = belt speed (m/s), N = drive speed (rpm), D = diameter of drive pulley (m).

(2.3.1. Performance indicators)

&2 §8(Threshing efficiency), A|A §-&(Cleaning efficiency), £4 ZX}
H]-&(Percentage of damage seed), @ &A} H]&(Percentage of blown seed),
Ext 24 v]g 2 A 2] (Percentage of seed loss and throughput capacity)
Oh2-1F o] Zo]xl (Mehta et al., 1995; Sharma and Devnani, 1980; Bhutta et
al., 1997, Sessiz, 1998)

el 3 S (Threshing efficiency)

Ws
Ny = 100 — (Vtsxmm (11)
Where; nr = threshing efficiency, Wy = weight of unthreshed seeds (g), Wi = weight

of total seeds (g).

AMA & -&(Cleaning efficiency)

Ny = %x 100 (12)

Where; ng = cleaning efficiency (%), K = weight of clean seed at seed outlet per unit

time (g), Wg = weight of clean seed at all outlet (g).

&aF X} v]-g(Percentage of damage seed)

W
= x 100 (13)

)

Where; Wy = weight of damage seed at all outlets (g), Wi = weight of total seeds (g).

2

opt

A} H]-&(Percentage of blown seed)

% 100 (14)

NI\

B =

s

Where: G = weight of clean seed collected at chaff outlet per unit time (g), A = weight

of clean seed collected at seed outlet per unit time (g).
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= P
- ox} T'__"}‘\:'_]

Percentage of seedloss = (
Wis

Where; W4s = weight of damage seeds, Wy,

H|-&(Percentage of seed loss)

Wy + W,
ds us )><100 (15)

= weight of unthreshed seeds, Wi, = weight

of total seeds.

O (FYd==

3) Physical and mechanical properties of soybean (H. Kibar & T.

Ozturk, 2008)

(2. Materials and Methods)
- 2 229 Jjslete BF AAD) ke 2ol A

D, = (LWT)"33

Where; L = length, W = Width, T = Thickness.

- Uxte] mopol mef A

[ 29| X4 S ]
KA
P LA

k
L 4

o THE(0), YAkl Bm(vV) L YAte] mHA(S)E Jain and

O
Bal (1997)0] M%ste Al A}gslo] ARat

o= (22 B s (2)
7BL*?
V= 6(2L— B) (3)
7BL*?

Y= 3-8 4)

Where; B = (WT)*®

- Ogst a7 £30AM AY AEo] Bu YWx(Bulk density)g Z7AsH] Hsh
Mohsenin (1980)x} Singh and Goswami (1996)7F AQ]st ¥iHo| Atg&", Hu]
U s F4o57] s Fm7F 1,000 mle]il =o|7F 108 mmel Huo L= 87]9]

o g% 87]+= dHolA 5 cm 7HA] AP, 21 F5 £7]

FAE AREE,

=

) Ueg ok Al Zol AMd
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G,— G
Y= 2V1 (5)

Where; y = bulk density (kgm™), G; = Free weight of bulk density bucket (kg), G, =
weight of bulk density bucket with hazelnuts (kg)

- Liquid displacement methods= Baryeh (2001) ¥ Abalone et al. (2004)o] =
Wz AH WS AMste o ASH, of WAL 2 Chil S2ON(CTHS)S

AFg3ET, ot Bol @ F4HI EW o] W g, Ax B AN

O M L.

ol WA WEO B7] WA FYL 2L, b MBS B20] Y3 WY S
AR, £ WA WAl AEe] AX Weg A4

mS + m’lU

=V, (6)

Where; mg = weight of liquid (kg), my = weight of air dry sample (kg), Vs = volume of

liquid (m?®), Vy = volume of sample (m?

- TR A8 FOlA B O] U i 4= A45}7] 98] Uzuner (1996). Zou
Brusewitz (2001), Molenda et al. (2002) %! Mani et al. (2004)2 A& Xt

S AFRSH Ao AFRH &%= 0.7 mmmin o]l AZo] YR opE e
th3 Alof oJaff AAte
o= Y00 (7)

Where; ¢ = normal stress (kPa), N = load applied over sample (kg), A = cellular area

(cm?)

(8)

T= AS
Where: 1 = stretch of cutting (kPa), Ts = strength of cutting (kg)
7= (C+ otgo) (9)

Where; C = cohension

thy = (10)

Where; ps = static coefficient of friction, Fs = strength of friction (N), W, = normal

strength (N)

Q (#9]=% 4) Determination of some physical and mechanical properties of

soybean and maize in relation to planter design (B. O. Soyoye et al., 2018)
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(3.2.1. Size)
27a17] 43l IR o] Aaln Ag ALE

- 7o, Yy % SAY A2F AA

(3.2.2. Geometric mean diameter)

- Tarighi et al. (2011)& QA&st 7|st H+

5
rlo
)
glo
2
lo
>
ofo
o2

(1)

D, = (Lwn)'?
where, D, is the geometric mean diameter, cm; L is the length, cm; W is the width

cm; T is the thickness, cm.

(3.2.3. Surface area)
- BEAL o5 AE AMER
(2)

S = 7TD,]2
where, S is the surface area, cm% D, is geometric mean diameter, cm

(3.2.4. Roundness)
- XY E(Roundness)= 2 A& A18-3F (Jouki and Khazaei, 2012);

(3)

Roundness = Ap

c

where, A, is the largest projected area of the object in its natural rest position, cm

A. is the area of the smallest circumscribing circle, cm

(3.2.5. Sphericity)
&t (Jouki and Khazaei, 2012);

- 3 = (Sphericity)= t}2 A1S A&
LwT)'?
o= VD" .

where, @ is the sphericity; L is the length, cm; W is the width cm; T is the thickness

cm.

(3.2.6. Bulk mass)
- =X A=HBulk mass)2 A= A-&(weighing balance)} A=F Zd(weighing can)<
Abgstol AALE, AFe 2u Helz Sugon 103 WE 3 WIS 73

(3.2.7. Bulk volume)

- A 20 (Bulk volume)= HWHZ AR, EFA(CTH8)2 7|5H LA +F7HA]
54 dYdol 3o 3 A A ELACTHYW W Auclo] Lg, AU
29 9ol 7tetnl, 108 v



(3.2.8. Bulk density)
SAl W= (Bulk density)= SA A= A Fu2 Uso] AL, oii7HR = 109]

Bulkmass (5)

Bulkdensity = Bulkvolume

(3.2.9. True density)

- AR MR 1007]9) ChEFolA A AE 107h9] AE YEE Ao} AW, 107)
MEO Agat Wut FA YT Aol 2™ WY WU Agstel 293
AFL B2 Yol 10709 AZo] Ofat Y=g AN, BES 1002 o] T
Ueg AMstdon], B3 Aasts] s g 1000] chah 33] v=stn AA
Axbe 108 wrea

(3.2.10. Porosity)

- =& A4S s AE A (Mohammad, 2010):

bulkdensity
true density

Porosity = 100 x (1 —

(3.2.11. Angle of repose)

- QFAIZH(Angle of repose)2 Z2}o]y vFA(Sliding box)E Al&sto] ZAEH &efto|d
20l X|pE 0.3 X 0.6 m, & A FANZ I YHRd = Fots, 2
nax|ALY 297 iR "Ados S7ke 100719 Ao tisl 1en e
#Ho| AX whEel, A4, 2HQIYA G W ol =5 4 % oA 540
A8

(3.2.12. Coefficient of friction)
- wle] ERGEE, 97, 2EQA 7 2 o 53 o) g oA kg Al

Atgstod AAFSE (Tavakoli et al., 2009)

pu = tana (7)

where, 1 is the coefficient of friction and o is the angle of tilt, °

(3.2.13. Compression test)

L
A
=
i)
=
(@a]
e
r
Jz ox
ook o
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(3.3. Rupture energy)
- o oA

to] AlAESE (Tavakoli et al., 2009);

9

g AL A8

Lo

)

8

(

where, E is the rupture energy, J: F. is the rupture force, N: D, is the deflection at

F.D,
2

=

rupture point, mm.

)
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E5CE FQ O (eI (sETSEE), 2010 ]

Q (53 3) Bulelel YIR (gH} FFRA7|7LolAE, 2011)

T L
5o e £u% 4 ., Bu9Y YIRS ATY

YRS =S wRGT @7, 471FRI o FAIol Thstof 7] M2 LB} YA mx|S
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T3, EAelB(32)oAE, Al B1l(322)9] ZF Al vl BYW(B22A)S 5 FHORA
9 shel(G21)e] o

DOI'

S35 FQ T (20 IR AIZITI0IAL 2011] ]

31
38 ~39 ] \\ 311 ,37 35 /[36 3)3 301 33

N CI T T T /P?/ I//1/7 ~\\\““‘f55>
313 $1\31

~ 377 3211b
“321Rb
4

3n

313

326
322A 321&)? <j\321R 322A
321La 321Ra

3 4) 23 I2gR|, 220 Fukel SRR
o A 2YY (F)AE. 2015)

2Rgxlo] FA| U o2 EFsh Buelo] DR, 221 Fotel IRYAY FA| A3

ulo] ZjAlg,

B wryel YAl ofo] e @A) FAL, FAL stero] A7) FAR] o] Aoz

!

O B2 AR Al FARA U AL FARAY Wete FejE AL ol
I FARA A A2 FARAES mastel pyuio, Al
IR A2 RS 2UDRo)E BETHo| Y BE 1Y ARo| UES} AAZ
" e 349 axlE @

[ E33X19 X F2 T (FIUS, 2015) ]
100

521 S ERIg 5000
104 5204523 N
522a

524
526
O (53 5) ¥ £ € 238X (°5A, 2017)
gFe T AN AAAE gastel st Aol PHEE F 48 U
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st al;
I (f) 2 WIS ]

ANEE &2

O 2o 228 54 2T A% A o 10 g9 AR AEL A% £ YT o 8.90 g, 5
1% @28 B o 11.01%2 F4= 90, HA FH8S 8.84% Hi 4L
14.69% = 272+ &7 =
[ 2 2% 23 20 (3 15-d) ]
T Az A (@ i P () & (Wh%)
Sample 1 10.00 8.82 11.80
Sample 2 10.00 8.84 11.60
Sample 3 10.00 9.08 9.20
Sample 4 10.00 8.94 10.60
Sample 5 10.02 8.86 11.58
Sample 6 10.02 9.02 9.98
Sample 7 9.94 8.48 14.69
Sample 8 9.98 8.68 13.03
Sample 9 10.02 8.72 12.97
Sample 10 10.02 9.02 9.98
Sample 11 10.04 8.90 11.35
Sample 12 9.96 9.08 8.84
Sample 13 10.00 9.08 9.20
Sample 14 10.02 9.08 9.38
Hat & (Avg) 10.00 8.90 11.01
O 34A= Alg 544, & 589 75 F 12 225t #AE 54, It = AL,
Az A Bt oF 5.04 gJ AlgE 80°C, 24A17F HAxRAIH
O Ax 5 @ TAE oF 465 g2 FFHYUon, ojo] e $Y7|FE srEFe of
7.72% =2 &74=
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n Az A @ Az 5 (@ g

1 2 37 1 92 1A wb(%)

Sample 1 2.50 2.48 4.98 2.22 2.26 4.48 10.04
Sample 2 2.52 2.52 5.04 2.44 2.34 4.78 5.16
Sample 3 2.52 2.50 5.02 2.34 2.38 4.72 5.98
Sample 4 2.56 2.58 5.14 2.38 2.40 4.78 7.00
Sample 5 2.56 2.52 5.08 2.30 2.30 4.60 9.45
Sample 6 2.54 2.52 5.06 2.34 2.30 4.64 8.30
Sample 7 2.52 2.56 5.08 2.34 2.34 4.68 7.87
Sample 8 2.54 2.52 5.06 2.34 2.32 4.66 7.91
Sample 9 2.52 2.52 5.04 2.32 2.32 4.64 7.94
Sample 10 2.48 2.50 4.98 2.30 2.32 4.62 7.23
Sample 11 2.54 2.50 5.04 2.36 2.32 4.68 7.14
Sample 12 2.54 2.48 5.02 2.32 2.36 4.68 6.77
Sample 13 2.48 2.48 4.96 2.26 2.34 4.60 7.26
Sample 14 2.50 2.50 5.00 2.30 2.20 4.50 10.00
B % (Avg) 2.52 2.51 5.04 2.33 2.32 4.65 7.72

O F 2719 A= A Bt F7le 2F 10.04 g, X & Pt 7= 2F 8.95 g2 °F 1.09 g

o
Arol7t A¥stl o, oo Mg 537w a2 o 10.83%=2 5E

T Az 4 (@ z %@ & (Wh%)

Sample 1 10.08 8.90 11.71
Sample 2 10.06 8.88 11.73
Sample 3 10.06 9.14 9.15
Sample 4 10.06 9.00 10.54
Sample 5 9.94 8.74 12.07
Sample 6 9.94 8.58 13.68
Sample 7 10.12 8.88 12.25
Sample 8 9.98 8.68 13.03
Sample 9 10.02 9.48 5.39
Sample 10 10.08 8.98 10.91
Sample 11 10.06 9.06 9.94
Sample 12 10.06 8.90 11.53
Sample 13 10.08 9.10 9.72
Sample 14 10.02 9.02 9.98

B+ @ (Avg) 10.04 8.95 10.83
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3 29 2 A8 & 14709 1F(1~14) 5 RYR I T 20709
g2 ez 542 2AY
O UHFsots A0 AFgd AR = TsAM=AIE7I(EZ20, Lloyd instruments Ltd.,

=
= o
O & B¢y d&sts 542 ¢

Plus 3.0, Lloyd instruments Ltd., AMETEK, Inc., USA)

i
2
ofo
ol
ok
4]
glo

[ ESTHEAIRIDIEZ200 2 =X W ]

+ = Al A T+ & Al A
Force Capacity 20 kN Minimum Load Resolution 0.0001 N
Crosshead Speed Range 88(1)1,[ (§01,5(§)186 nnugn/l/r;nnr; Load Cell Accuracy < 0.5%
Speed Accuracy < 0.2% at steady state | Extension Resolution < 0.1 microns
Travel 870 mm Data Sampling Rate 8 kHz
With Between Columns 404 mm Weight 148 kg
Compression Jig 56 mm dia.
[ 3 =015 AlQ M 28 =3 ]
T A= A (g) A= Z (g) dr2 (wb%)

Sample 1 10.08 8.76 13.10
Sample 2 10.00 8.88 11.20
Sample 3 10.10 9.02 10.69
Sample 4 10.14 9.02 11.05
Sample 5 10.30 9.02 12.43
Sample 6 10.18 8.94 12.18
Sample 7 10.08 8.78 12.90
Sample 8 10.16 8.96 11.81
Sample 9 10.18 8.90 12.57
Sample 10 10.12 9.02 10.87
Sample 11 10.06 8.90 11.53
Sample 12 10.14 9.02++ 11.05
Sample 13 10.04 9.04 9.96
Sample 14 10.20 9.00 11.76

o+ 4F (Avg.) 10.13 8.95 11.65
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Load (N)

O 22U UHNF 54 A HEAY £AS FASY] Yol 2 1§ T 2L 10 g
MBS PA9IR AA, WA A S8 S, IMIIAR 2REY 55 ASAE
$352.2 DEC 92(1983)2 7]£02 10 g, 130°C, 443t 7% WS ©p=2, 7t 189 3
2L 10 g9 FYIFE LS W O 11.65%2 5

O 54 Azt 7t 18 20719 B 2US PAYR 47, oS YO YEINF 573
NS AN B £AL AUIESE L ysiFos MAstel ATe 27, 24,
5 AT L YEA IS 59§ DU YFNUN 2 2ol MY WAl 315 L
A0 ARI-3HE Telme AAto] el 100 NOj 99% J|E 02 S T

[ &=015 =8 A [a] 2t 88 =3 AN (b =X H 2 22 AE XL
ai= = ar o

AR W 24

12

N

372.84 N, qw}
ik oF 360.75 N, |43} 120.88 N, H@3t 203.83 No.2 é@%, wleby 2 2roro)
stzol ols) 7ldlo] WSt W 515 WS oF 20383 Nog mi

Iz = al X XX 24
[ OJE 1, 29 HUL=0E X THols =8 Zit ]
4004'I'I'I""I'!'I']'I'I'I'I' 400‘|'|'|"|''|"|'|'|'|'|'|'|'
375 ] : : —Sample 1 | ] 375+ ! j ! —Sample1 | ]
350 4 | et H 4. . Sl 4 —— Sample 2 4 350 L edes i Ay ] i —— Sample 2 4
B : : : ——Sample 3 ! ! ; ; ——Sample 3
325 4 4 = : ——Sample4 || 325 4 3 - - : ——Sample4 |-
1 1 i i | i ——Sample 5 i | i | | ——Sample 5
300 ] ; ; ——Sample6 | 7] 3004 ' " ——Sample6 | 7]
275 - LI | ——Sample7 | ] 275 Al i B U O o .| ——Sample7 | ]
1 ! ) l —— Sample 8 ! ) ! ; ——Sample 8
250 : : : : : —— Sample 9 - 250 : : : : : —— Sample 9 -
1 : : i —— Sample 10 ~ : : ] —— Sample 10
225‘_ ¥ ey i | A T ——sample 11 [ Z 2B 1+ i 0] T | A T ——sample 11 [ ]
] i 1 | A ) ——Sample 12 | | i i il 4 Lo ——Sample 12 | |
200 ] i i ] —— Sample 13 -g 200 ] f : —— Sample 13
175 4 Ao ; : —— Sample 14 | o 3 175 4 i + :; ——Sample 14 | —
q ; g —— Sample 15 ¢ I —— Sample 15
150 4 P i T [ss sneey e | ——Sample 16 | 150 4 | ——Sample 16 |
] ; | : —— Sample 17 —— Sample 17
125 __ i | | —— Sample 18 ] 1254 —— Sample 18 __
100 4 £ - - . S st ~{ ——Sample 19 | 100 4 | ——Sample19 | 4
1 ] : ! g ——Sample 20 | 4
75 : t : s 75 4 - 3
50 4 T : - e - . - . 50 i = .
57 ; © Group 1 7] 5 Tl Group 2 ]
0 =7 A T T 1 T T R T 0 T Pt T T L | A
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 0 5 10 20 25 30 35 40 45 50 55 60 65 70
Time (s) Time (s)
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[ JE 1, 29 ZHA=0IE & OHOES ZEilak (XL, X, B3a ]
a8 1
T =2 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 206.04 156.28 176.64 177.63
Load at Break 203.98 154.72 176.87 175.86
T 2 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 7.18 12.689
Load at Break 7.18 12.562
a8 2
T4 =2 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 277.67 168.40 207.06 196.47
Load at Break 274.89 168.12 204.81 194.50
T8 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 13.96 28.896
Load at Break 14.04 28.758
[ OJE 3 49 XUL=0ls & Motz =38 Zit ]
400 T T T T T T T 400 T T T T T T T
375 4 ——Sample 1 ] 375 —— Sample 1 ]
350 - —— Sample 2 4 350 _- —— Sample 2 |
325 ] = = 325 ] = =
300 arees 1 300 amee
275 1 —— Sample 7 ] 275 4 ——sample 7 ]
250 ] s 1 250 ] =
Z 25 amieri (4 Z 2251 et [
g 2] ( —gmme |4 g 0 f =k
9 1754 —samplet4 [ S 1751 [ — sample 14 | |
1501 ! —ame T 0] | =
125 . et 125 4 it
| === | E=21E
75+ - 75 4 -
50 i ] 50 ]
25 | Group 3 ] 25 | Group 4 7]
0 0 é 2‘0 ‘ 2‘5 3‘0 3% 4‘0 4% 5‘0 5% 6‘0 6‘5 70 0 0 é 2\0 2‘5 3‘0 3‘5 4‘0 4% 5[0 5‘5 6‘0 6‘5 70
Time (s) Time (s)
[ JE 3, 49 ZHA=0IE X OIS Eilak (XL, X, W3a ]
23
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 303.37 139.12 229.75 229.76
Load at Break 251.75 137.72 223.17 226.53
T & Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 12.23 28.098
Load at Break 10.00 22.136
a2 4
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 372.84 135.37 231.07 232.36
Load at Break 360.75 134.02 228.41 230.04
T & Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 21.61 49.930
Load at Break 21.07 48.133
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=2 =x< = al = x 24
[ 2 5 69 HUHA=O0IE X Mulots £ Zilt ]
400 T T T T T T T T T T T T 400 T T T T T T T T T T
375 i —sample1 | ] 3754 i sample1 | ]
550 =g ] == [
325 ] et 325 Sampled |
300 4 amies ] 300 4 amies
275 —Sample7 | ] 275 4 ——sample7 | ]
—— Sample 8 —— Sample 8
250 3 — Samples | ] 250 J Sampled | ]
Z 25 Sl 1 Z 259 —el
© 200 Tamen ] g 2001 amets ]
9 175 ——sample 14 | 4 9 175 — Sample 14
—— Sample 15 — Sample 15
150 Sample 16 | 150 + Sample 16 [
125 4 it R 125 4 | aamets |
100 4 ——sample 19 | ] 100 [ | ——sample 19 | ]
— Sample 20 | | Sample 20
75 —- 75 ‘ ‘ N
50 4 : ] 50 ] ; ) ]
25 : J Group 5 7 251 Group 6 7]
0 T T T T T T T T T T T T T 0 T T T T T T T T T T T T T T T
0 5 25 30 35 40 45 50 55 60 65 70 0 15 20 25 30 35 40 45 50 55 60 65 70
Time (s) Time (s)
= = < 0al = 22 ZF IF
[ I8 5 69 XHA=0IE X Mots Zdkar (X4, XM, A&l ]
g5
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 303.00 146.95 198.43 192.37
Load at Break 299.97 133.83 195.89 190.45
T8 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 14.79 29.340
Load at Break 15.37 30.106
26
T2 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 257.73 170.85 204.04 196.56
Load at Break 255.15 169.14 202.10 194.60
T8 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 11.21 22.881
Load at Break 11.19 22.610
=2 =  al = X - |
[ I8 7, 89 ZUHA=0IE X Mulots =3 Zit ]
400 — T T T T T T T T T T T T T T T "1 T T T T T 400 N O N N0 O O O O O WL " O " O O
375 ——Sample 1 7] 375 —— Sample 1 7]
350 ——sample2 | ] 350 Sample2 | |
—— Sample 3 — Sample 3
325 4 —— Sample 4 = 325 4 —— Sample 4 —
300 4 s [ 300 4 A T ames
215 ] —omer |3 o] -
250 + ——Sample 9 - 250 ——Sample 9
Z 225 Tamei 1 Z 225 e
g 2004 Tamen (] g 2004 s
9 1754 ; [ —Samle 11 |- 9 1754 ‘\f : - ——Samole 14 |
150 | ; 1 — s::;:m '- 150 A : = s::;zw B
12 | —smr ] e / | =3
103 —E ] w —5%8 |
75 ] . . 75 i ]
50 | | ] 50 | ]
25 ( \‘ Group 7 7] 257 ! | Group 8 7]
0 T T T T T T I“ T T T T T T 0 T |UJ T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 0 5 10 20 25 30 35 40 45 50 55 60 65 70
Time (s) Time (s)
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[ & 7, 89 ZHA=0IE & OIS Eilak (XL, X, B3ah ]
a2 7
T+ B Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 230.75 125.47 179.92 174.99
Load at Break 228.44 120.88 177.95 173.24
T8 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 12.31 22.143
Load at Break 12.55 22.340
= 8
T B Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 230.72 155.65 204.53 206.80
Load at Break 228.41 151.23 202.18 204.73
T &2 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 8.82 18.032
Load at Break 9.12 18.446
[ O8 9, 102 XHA=0l= X OolE =& it ]
400 T T T T T T T T T T T 400 T T T T T T T T T
375 — sample 1 ] 375 —— sample 1 ]
350 —Sample2 | ] 350 ——sample2 | |
325 ] ames | 325 ] = ol
300 e 300 4 ke 1
275 - T 275 4 -
250 + —_ S:ESI: 9 - 250 —s:maz 9 _
Z 25 = il Z 225] e
Q2001 : Tomes [1 7 204 e I
9 175 ; y ( :2“’”":812 1 9 4] :gamp:ﬂ;‘ N
150 3 / H sampie 18 | 150 4 sampie 16 |
125 ] f omets [ 125 1 | e [
100 4 \ i —aanbies0 1007 e [
75 ] H ‘ == 11 75 ]
50 I ! i ] 50 J
25 H } ! Group 9 7] 25 Group 10 7]
° 0 5I 1’0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 5‘0 5‘5 6‘0 6‘5 70 ° 0 é 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 56 5‘5 6‘0 6‘5 70
Time (s) Time (s)
[ & 9 109 XHA=0IE X MoLE Zkak (XA, X, W) ]
JF9
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 228.55 171.95 188.00 185.10
Load at Break 226.26 170.23 186.12 183.25
-, Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 6.59 12.390
Load at Break 6.59 12.266
J2 10
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 261.14 155.11 221.29 229.40
Load at Break 258.53 153.56 218.83 227.11
-, Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 12.06 26.680
Load at Break 12.00 26.259
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= =< al = x
[ JE 11, 129 XY= 2 MoLs =38 Bl ]
400 T T T T T T T T T T T T 400 T T T T T T T T T T
375 4 i —— Sample 1 ] 375 4 i Sample 1 ]
350 1 o [ 350 1 o I
325 —— Sample 4 — 325 Sample 4 -
300 e 300 e
275 7 ot 275 7 -
250 —Samples | 250 J ol sample9 | -]
Z 25 i o [ Z 2] | et ]
3 20 | —omer |l g awd 1] g 1
9 175 | —Sampls}g i 9 175 f 4§amp:e1g -
150 72222::16 B 150 i 75::2:16 B
125 ot 125 4 i e 1s [
100 ——Sample 19 | | 100 4 | I | ——sample19 | |
—— Sample 20 Sample 20
75 ] o 75 4 J
50 ] ’ ] 50 4 : ]
25 Group 11 7] 25 Group 12 7]
0 T T T — T 0 T T T T T T
0 5I 2‘0 2|5 30 3I5 40 4|5 5|0 5|5 6I0 65 70 0 ; 10 1|5 2|0 2!5 30 3|5 4|0 4I5 50 55 6|0 6I5 70
Time (s) Time (s)
a1 al = A7} b1
[ O8 11, 129 HUHL=0IE 2 DHIOHS Zatdt (XL, XM, BHal ]
& 11
<482 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 259.96 157.17 222.94 220.98
Load at Break 257.36 155.60 220.71 218.77
T 5 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 9.83 21918
Load at Break 9.83 21.699
g 12
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 247.07 193.55 224.27 22'7.28
Load at Break 244.60 187.10 221.80 225.01
T =2 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 6.42 14.390
Load at Break 6.65 14.752
= = a x =
[ & 13, 149 XY=0lEs X MUdls =8 Eill ]
400 T T T T T T T T T T T T 400 T T T T T T T T T T
375 ! —— Sample 1 ] 375 4 1 —— sample 1 7
350 —— Sample 2 4 350 - —— Sample 2 N
—— sample 3 Sample 3
325 4 —— Sample 4 = 325 + —— Sample 4 —
300 e 300 4 oo G
sl —gmwe 1] 2 e o
250 - : —— Sample 9 4 250 | ——Sample 9 4
—~ —— Sample 10 ~ —— Sample 10
Z 2254 l —Sample 11 [ & 2254 : Sample 11 [~
g o200 omeia ] g 2007 | a7
CARTCRE TSt | 51754 oamiets | ]
150 — Sample 16 | 150 Sample 16 |
125 - - 125 ot 1
wd —emrl] ] ==
75 4 ’ ] 751 i ]
50 -| | N 50 | -
25 | Group 13 7 251 1 Group 14 7]
0 T T + T I T T T T T T i T T = T T T IF 0 T T T T ¥ T * T T T T ® T T o T T o
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 0 5 15 20 25 30 35 40 45 50 55 60 65 70
Time (s) Time (s)
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[ O& 13, 149 XNHA=0IE X OHUOHS Zukat (X4, XM, BZa ]
Jg 13
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 268.40 125.84 207.89 226.43
Load at Break 265.71 124.58 205.75 224.17
T8 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 21.16 43.999
Load at Break 20.99 43.191
a5 14
T8 Maximum (N) Minimum (N) Mean (N) Median (N)
Load at Maximum Load 219.97 126.23 190.88 193.60
Load at Break 217.77 126.23 189.03 191.66
T8 Coefficient of Variance (%) Standard Deviation (N)
Load at Maximum Load 9.80 18.706
Load at Break 9.68 18.302
[ 2 D=9 mulolS(load at BreaklQl Z1ak XIMa, BHat ]
78 281 | 182 | 183 | 184 | 2185 | 186 | 187
A ThZr (N) 203.98 | 274.89 | 251.75 | 360.75 | 299.97 | 255.15 | 228.44
2 A%k (N) 154.72 168.12 137.72 134.02 133.83 169.14 120.88
o4k (N) 176.87 204.81 223.17 228.41 195.89 202.10 177.95
T 5 15 8 A= 9 a5 10 = 11 a5 12 I 13 15 14
F izt (N) 228.41 226.26 258.53 257.36 244.60 265.71 217.77
BT AR()) 151.23 170.23 153.56 155.60 187.10 124.58 126.23
=k (N) 202.18 186.12 218.83 220.71 221.80 205.75 189.03
[ =015 =T 2 8 2012 Alg; (a) A=01E5 SH0I AIEE 2 22 AE;
(b) ¢=0l=5 =8 2 2 2Y; (c~f) 2012 Mg H ]

THXIAHL Zdh
L

[




Q 7zt 124 20719 & E¥¢e tgrtoz FUEsHE(Load at Maximum load) & 1}y]
ols(Load at Break)s 574 %, &4t & 2% Aleg W= Lotg AldE +38%
O Yots Alg2 UY&sHs 540 AL & Ale FAIE ez HEH A EAES
o]gstol IFE R UoRAIA, Al&9] B2 2= oF 25.0°C, sk of 30%S L75HI
fAlstdon, LED 2 RBW= o 2,100 luxs XI3, Of 12A13F £7]2 o 25 mL9]
=2 55, 4 80AIRF Fif & ot RS HAtet
O 7t 58 ARsIE 54 & ARt Hots Ald At I9 25~313 Zo] Hutsog
L& Fo] PotH= Zloz Uehd, 1§ 2, 5, 6, 109] Hota2 °of 95%= UEd, o5
ol & B¥e tdez 54 oysts(Load at Break)o] ZAutgie 59 doto] 2
T2 UAIA] Zoh= Zloz HHEQlY, &9 o fo % UH, 5t5 AL YA 52
aesto] RIEARI e H4 Aol BoY Jlor wod
[ =0l =58 2 20l A ]
- g RER) g REW g5 126 g7
T | Zob | BA | ot | RA | ot | RA | ot | FAl | ot | Al | ot | Al | ot | FA
A | 19| 19 | 19 | 2 | 20 | 20 | 20 | 20 | 19 | 2 | 19 | 2 | 20 | 20
alo}£(%) 100 9 100 100 95 9% 100
s 158 259 25 10 25 1L 2% 12 25 13 25 14
ot | KAl | ot | FAl | ot | FAl | ™ot | FAl | ob | WAl | ot | WAl | ot | FA
A [ 20| 2 | 20 | 20 | 19 | 20 | 20 | 20 | 2 | 2 | 2 | 2 | 2 | 2
o}-2(%) 100 100 9% 100 100 100 100

(/?"7'“"’
AL EALS S
/]

vre "\a,gk"\?

<&

B
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[ JE 5, 69 2012 AlIE 21 ]
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3 2ul9 E3L YY) AA L AR

O 2 Ao ¥BYL BUIS Aol B BulY FTY AAVE WA, AN

O F 2T UYL FTY ) D3R5 ¥ RA(/min) 2P T2 &0 W
U FRY 2Y U 4 x| Jpsteg M. AR

O 7] YRE AN AErt SYAoY, YR PRl F AR O
REo PH4E L FA PR IFL WY BER MY, 4AY

O 2 BulAl BTy AYY] 24 e FUADI|HA Qu|FAe|Al] F Zulel ABC

L
270 RRE OO YRR P L XS Y, AMdE AAS N, A £ A
AT =2 S L =] =] =] = 1r. O
59 452 £UT £ Yt FUY L SA€ol, IR, I 1 sinte] FBYSL
T 4 QEs Aunz pRolel A

O F BUldl 2ITY JUES uigoR YDYL AY

3 ARE AS AR, 25%
g7 3 81 ZR(ABC 270, 2o »AgjAhe] 2555 ez d4 & 45
L AR, FHARe] RHE F5l 18 €559 RS 22 4 ey,
I Z=5F0] oldgto] ot A2 28 255 £ oJfsts 22 A, 855
2% 553 GAoR Ad2 474 1M 25§ 425 mm, 281 25§ 325 mmeot 5



29 2352 830 x 998 mm,

H Bl EC 830 X 1312 mm,

1

O

A AAAL A
84782 x| A7t 7ts

=
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=0

mmz =

i
=<

Hr
il
o
1o

i

N
o8

ulel 2R

Q3

o] AtgEl EtZOJE RES testo 470

(T2)of]

&
= o

+(T1), 291 &

| =3
= 7

il

(Testo SE & Co. KGaA, Germany)Z ZEE(MI1), 1

Al ZX; (d) testo 470 =2

Kir

ZA(r/min); (a~c) 1At HI™

ol

Fl o}, 400 r/min OJAHEE =

s

10 r/min Wo] QX}7}

L
L.

400 r/min 0O|gofA]

OF
Ol

10 r/min ©]
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Jl 28 208==r/min) =3 Zit ]

J)4 (ag
o% Mo
S ¢ =
— . =
ﬂ_o_.: -
ﬁ_._w 70 T nl
— -
a K = =
oju ) oK
fe —|w|lo|~|m|w|m|wo|w© T p— —_—
VD |lg|lo|d| = | |w | b\ = ()
g|8|8|15|8|2|2|8|8] &« X 0
ul D
o S
(mp g Ko 1
= Ho K S
o | F |2 < | < A o = ._M..
S el R RN R R R P my oo I~
I | O | — |~ |00 | — | __A_._._._ LHW Mw < —
= 1_.1 U —_
- R T S
~ m_nﬂ = 0 ol
R =
Rl o|—|3 ||| | < of i I
MR o | s | ||| | T ] Al —
FS2IRI8I8|8|Z|E o
oju B o oK 0
Ho o = <
o
wl | Ao 5 mo Ik
A5 © | m E) Mo = Ar
= Sl n|22] xS mr ; of i
= I rjlo|—|>~|o || — | — il ._m_aﬁ n.ﬂ/ = _
T = = A
~ __OD ._..__u_.: ~ _— O
o e — ! < =
7 B 5
oo I=r el Bl I Il Bl B I T B — T X o+
Mri |||l |||l |o|o ~ ~p D
— oo lo|lw|lo|m|—= |0 - ol Ar
< |O|=|Jd|N|® ||| s wr wk M a
Hr =
X
L
. . M = tlo =
E =2 ot m
m o H_: H__l ]
~ :,__u _.e _:_.__l N
= 12/8/38/8/8/8|8|8|8 : o
R = e B I B B I o B oo T ARSI R Ho O v BK —
O o) ®)

stod,

[9)

3™ 4 320~380 r/ming 1
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T2 (r/min) Test 1 Test 2
200 Group 3 Group 9
250 Group 4 Group 10
300 Group 5 Group 11
350 Group 6 Group 12
400 Group 7 Group 13
450 Group 8 Group 14

[ 3 Sl 25 &8 Al J88 FH =3 21t ]

Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

T& (Test 1) . . : . . :
200 r/min 250 r/min 300 r/min 350 r/min 400 r/min 450 r/min

A kg 4.44 4.20 4.10 4.22 3.80 4.56

Group 9 Group 10 Group 11 Group 12 Group 13 Group 14
200 r/min 250 r/min 300 r/min 350 r/min | 400 r/min 450 r/min

T8 (Test 2)

24 kg 5.40 4.20 4.22 3.78 3.84 3.92
oot o ke 4.22
[ 2 SHO 23 &Y A 2 MEY 338 ZF 21t ]

T Az A (@ 1z 3 (g & (Wb%)
Sample 3 10.06 9.06 9.94
Sample 4 10.02 9.00 10.18
Sample 5 10.22 9.14 10.57
Sample 6 10.02 9.04 9.78
Sample 7 10.12 9.12 9.88
Sample 8 10.08 9.00 10.71
Sample 9 10.20 9.22 9.61
Sample 10 10.10 9.10 9.90
Sample 11 10.14 9.08 10.45
Sample 12 10.00 9.02 9.80
Sample 13 10.16 9.16 9.84
Sample 14 10.00 9.04 9.60
Hat & (Avg) 10.09 9.08 10.02

O F Fuidl 85 A9 Al 25E A= & 214 #5, B+t oF 4.22 kg, A of 3.78



ZX2 ASAE S352.2 DEC 929] Standard Method
7

71202 10 g, 130°C, 4A]
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=
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[ 2 249 237 &Y 2 a9 WEY 2 53 21 )
Group 3 Group 4 Group b5 Group 6 Group 7 Group 8
T8 (Test 1)
200 r/min | 250 r/min | 300 r/min | 350 r/min | 400 r/min | 450 r/min
A, =2 dto] (kg) 0.250 0.165 0.285 0.390 0.415 0.510
B: ZA&24to] (kg) 3.900 3.880 3.880 3.920 3.400 3.720
C=A+B; &4 (kg) 4.150 4.045 4.165 4.310 3.815 4.230
D=A/C; 8]& (%) 6.024 4.079 6.843 9.049 10.878 12.057
Group 9 Group 10 Group 11 Group 12 Group 13 Group 14
T2 (Test 2)
200 r/min | 250 r/min | 300 r/min | 350 r/min | 400 r/min | 450 r/min
A; &2 dto] (kg) 0.245 0.350 0.555 0.505 0.590 0.575
B; 7AE4to] (kg) 5.060 3.640 3.600 3.180 3.080 3.200
C=A+B; &A (kg) 5.305 3.990 4.155 3.685 3.670 3.775
D=A/C; 8]& (%) 4618 8.772 13.357 13.704 16.076 15.232
+ AR WMWY 2o 9 B 20 L Heo 2
[ 53S9 EY ™0 WE 1X 73 X MEE 29| HIE(%) ]
20 T T T T T |
18 .
16 -
3 144 .
2 1l ]
E 4
o 10 2
£ |
5 o y
_‘E 4
= g4 _
4] ]
1 —a— Test 1 1
24 | —e—Test2|
0 T T T T T T T
200 250 300 350 400 450
Revolutions per minute of threshing cylinder (r/min)
[Q EFE S X OSE USF T D 3 X NSE UE S IIEE HH 2 =5 2]
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s|K4 F7to] et

ne o% 1= [
Sl Ao UER, Test 29] 1§ 129] 9 &4 8 7171 0.435 kg0 2 1§
118c} &He Zoz Yepdon], Audoz 5/t 432 BY
O a4 FZaby ¥ 22 M o|2A BA 2 ¥]&L & 249} oo, Test 1, 29] 200
r/min 25404 o] 274 H]&o] =/ 5SS, 200 r/min ¥ TF 62] 350 r/min
A2l Al W 14.71%9] o] B7o] Hof gt Ho2 55T
[ 23 A $ 238 24 2 90 =3 2]
Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
T+ B (Test 1
200 r/min | 250 r/min | 300 r/min | 350 r/min | 400 r/min | 450 r/min
A; B2l A (kg) 0.250 0.165 0.285 0.390 0.415 0.510
B; 22 & (kg) 0.130 0.140 0.235 0.290 0.340 0.445
C=A-B; o]2A& 2 (kg) 0.120 0.025 0.050 0.100 0.075 0.065
D=C/A; o]2X4 H|& (%) 48.00 15.15 17.54 25.64 18.07 12.75
Group 9 | Group 10 | Group 11 | Group 12 | Group 13 | Group 14
T+ B (Test 2)
200 r/min | 250 r/min | 300 r/min | 350 r/min | 400 r/min | 450 r/min
A; B2l A (kg) 0.245 0.350 0.555 0.505 0.590 0.575
B; 22 3 (kg) 0.180 0.295 0.475 0.435 0.515 0.505
C=A-B; o]24 27 (kg) 0.065 0.055 0.080 0.070 0.075 0.070
D=C/A; o]24 H|& (%) 26.53 15.71 14.41 13.86 12.71 12.17
2350 2Y JFM0 IE LIY 24 20 FH HW
(Test 1 : & 3~8; Test 2 : 8 9~14) ]
06 T T T T T T T
0.5 i
0.4 -
g
% 0.3 4
(1]
=
0.2 - .
014 | —=— Test 1 B
—e— Test 2
0.0 t T T T T T
200 250 300 350 400 450

Revolutions per minute of threshing cylinder (r/min)
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Weight (kg)

Weight (kg)

0.7
0.6
0_5:
0.4 4
0.3:
0.2 ;

0.1+

0.0

T i T

—=—Test 1 (Before) | |
—e—Test 1 (After) |

T T T T T ; T T T y T
200 250 300 350 400 450

Revolutions per minute of threshing cylinder (r/min)

£ Zit 0229 2d M9 FH Bl (Test 2 : & 9~14] ]

08

0.7
0.6
05-:
0.4
0.3:
0.2 :

0.1+

0.0

| —=—Test 2 (Before) | |
—e—Test 2 (After) |

T T T T T g T T T T T
200 250 300 350 400 450

Revolutions per minute of threshing cylinder (r/min)

[ €3 2 M0l ME =+ B €7 HEY Wl (== 2 FH / 3 FAH ]

Threshing ratio (%)

T T T T T T T

|—=—Test 1
|—e—Test 2 7

T T T T T T T T T T T
200 250 300 350 400 450
Revolutions per minute of threshing cylinder (r/min)
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£ &% &
O & Z8I] BXF AlA715 &5t 8% Al Al & B85 4= 243517] sl 14 7|
= 1.4 High Speed Camera,
Kron Technologies Inc., Canada)?] At 3t 7S
O E3S fgr €=74 Mo 500W, 2719 =4 =g XS, 1% 7ot &Y
A== 1,280%1,024, 1069 fpsz 4
O 2XR AIF7] +&2 4 #Y Al &
Atolofl & AtE2 UlE] dA & E552 XA BF dds HEd
O & 7IH2tE &8 B 57

AR AoloflA] olZstn FUSHA FREA| Fokon], AP

L
oX

ol
ok

4m Q9w

et
of,
o

2
0
mjo

& 4T A 1

U ET = = S
Fag proz mUH: 34 do AN EAL WA oUg, ot
AEgRle] 1x 54 U sloiete) sidE A2 mEn, £3 ke S5 T3 A
ol a0 W EfA A 84S TS| Ht Ade &7 AT AR

[ 1= SHHI2t At (Chronos 1.4) ]
Camera Image Sensor
T Ao T Ao

Imaging 1280%1024, 1069 FPS Resolution 1280%1024, 1069 FPS

Memory 32 GB Speed 1.4 Gpx/s
Record Time 16 Sec Dimensions 8.45 mm X 6.76 mm
Lens Mount CS Mount Pixel Pitch 6.6um

IR Filter 650 nm Sensitivity (I1SO) Color ISO 320 to 5120

Display 5" 800x480 Shutter o R 0000 )

i 85

=
ski=
=

£ A g=51k8 &4 (a~c) &
22U

I HO(HZ) X (d) A W £

- -
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14 UsE 0lF 2 &5 U8 X AHS
- DSE olR % PR Y A AE AL

[ AIZD] F2F X JHEE

- NG T ROR b
| @ #Hol,® cH,

//QL“HW"THTW1 ® 18 520, © MA,
A

1 NS4 ® ==, 0 7,
Y/ AL || @ ssw O =2R
A 1] 2 =4
3 - @ iz
il ;)
(1) clFFA: iRl &3 Ao ZXS &AIgE AlAE AAF 2 25
- & A
o F=Z(mm) / FYH(ks/s) 2,075 / 2.5
SIMAI 7 X Z(mm) ®900X1,903

[ HIFHT-2H ZYy& 2H MOIZ ]
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AHECAE
XM= (0.46 m/s) 1= (0.57 m/s)
1%} 2% Average: % 1xF 2%} Average% %
AYULE m/s 045 | 047 | 046 - | 057 | 057 @ 057 | -
@ 20m ST FE=8¥ g 11,600 | 11,400 | 11,500 | - 10,900 | 9,100 | 10,000 @ -
00|, 13,1513} 12,811 120 - |141212113,16,12; 1322 =
HEEXAE, 3| EE) 0.87 0.41 0.64 0.92 1.34 1.13
3009 @EHE BIE BY 0.41 0.77 0.59 0.81 1.30 1.06
HE =
g ojg=d # 0.52 1.36 0.94 0.69 0.24 0.47
@0 &4
®RE A 298.7 |298.82 | 298.77 298.27 | 297.36 | 297.82
o @UFHEH  HAZ|F EOE oM Yol® | 8400 @ 96.00 | 90.00 181.00 | 222.00 | 201.50
i =
g  euIug:s N
u BRI FOf A =S ZE%) | 5500 | 3800 & 46.50 37.00 | 33.00 | 35.00
20 m gt 45 T3 YFHEH(®+@)/300 +@+@)}g - 11,673 . - - 10252 : -

=
TE 7H2ﬁ£‘n & ks oXIA JHetE &
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B o1 78 | 25 B 91 |30 18 B | 93 |60 | 36
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[ ESUE AIZ ]

g5 RISy Value
1 Apgore 0/1]%_‘4-155i3 kgf/cm? :
21-165~170 kgf/cm
2 AR 301/min
3 DIVIDER V/VAF%F apu] 111
JA%YL DC 12V
SOL. V/V Ak (V1) AFg7} DC 12V-14.4V

BARF 2.1A

AR} DC 12V

4 SOL. V/V AL} (V2~V6) AF2AQY DC 12V-14.4V
AR 2.3A

AARL DC 12V

SOL. V/V ARF (V7) AF2AQY DC 12V-14.4V
8ATF 1.6A

FILTER TUBE - #80
INNER TUBE - #40

6 Zaf 26kg

5 FILTER AFQF

B. WH O E 1%} pilot 7|0f &AY

[ ESUE AMIZ M ]

C. 43 AL AL

FPAUCR QUL $ESE BUGUE e Aofgao] mep 2yrole] 4ol
2P B, B AL MUQUE AlFS s7leh 2ol Asto] AASEE. 4
BUALE 2PAlS Poh APH FUYATHE I Zo| AFHol THE 9
g MUY @F REe uoned TYHT WS AU, AgeHd] 22} 17
Hol9lg. EF AYAY Ageluy EdmeY PR JIYo2 A LKL
T, AACe] AFR R AMAo]l Yol Uu MY ABLof ool meYo]
TYH AERINAIL AU AE2SE 45t A AUCY xS Uese=
JAste WA o2 LA} o|2olA. ol wl 43 A, sE £FL AU s
279, Aol Age sl 28,



3% SIS AR SR 51553 L EOARE
A8 | 170 kef/cm? 170 kef/cm? 170 kef/cm® 170 kef/cm?
U &2l | 250 kef/cm? 250 kef/cm’ 250 kef/cm’ 250 kef/cm’
AEZ3 | 118.9+1.5mm 118.9+1.5mm 148.9+1.5mm 148.9+1.5mm
o1&kHst | 5.2 TON 5.2 TON 4.0 TON 4.0 TON
orzEH3} | 4.5 TON 4.5 TON 3.2 TON 3.2 TON
A = & | = UTF5S = UTF55 = UTF55 = UTF55
L] | -5°C~90°C -5°C~90°C -5°C~90°C -5°C~90°C
Qo | 0.2cct]gl/100mmistroke) | 0.2cct]gl/100mmistroke) | 0.2cc0]FH/100mm(stroke) | 0.20c0]/ 100mm(stroke)
HE=CS | 0.5cc0]gH/10min 0.5cc0]2H/10min 0.5cc0]9H/10min 0.5¢cc0]2H/10min
AR | 24 £ =4 2x = 5 =1

- 22 MA : 2.5+0.05V(ADZE 1 AD512+16)/ mAAIA : 2.5+0.15V(ADZ} : AD512+25)

&2 e0]= ON-OFFA|0] & 3 23 (EYUEZH0AM Ao)
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il o e SR
(zAh% ege) | TUT o FRTp—
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ﬂ—?—x}%iﬂﬂ 2 EHE /_\1101 l.—_O]E% %E(—)V\ﬂk] Aﬁ;}o] % 77]_7;] §p=q]
5 ; LED"ES Aol 28 5. 98,95 g 2 ot 47
ASAHEARA] 3 S A S e e
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sha 917] mjRo] BANQ Jj50R mekg,

L. AFF AFAIA| 017 A] Lay-out

Arg AAAOFA] Lay-out2 AAIAL ft& §3{e]msto] FLAdstelar, ofF] 2 shetofA] A|H
w=olo] wet FARHo] HR|E|o] AEZIMA A AAMYE 7IECR »HE AW =o] W2
O] FOJR| =& /oIS, FGAMHS &2 FAdsto] J3 FRE0] ol AEZTANAS] Q
5ol YASI=S Lay-out +/dstlon, FARHe] £ Ao w2t 7|t fBAof 75

o] AFsto] A BATIES T4,

[ XS XM ZX Lay—-out-1 ]
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c. A ARl A] Ao
ALE 23Rl FRIO | EUelE AW AAZES 3R] AERITNMZ A2, o] 4
Abzte] Wity go 2 Bukele SlA7E WA, AU Eukel viElz]o) DC12VE A§st
7]

Hstod lZeole g o83t SV

shejo} ZIES2{o]A] 10bit A/DHSE. AR S o|3% 48 A% 25 DATAZ|E9] 7]
2712 AR Aeel Rt 2 FRY vliLsto] &
wolEMEE ON/OFF Alojstu], AlojAlso] we} 287} Ass]
A, AR HolE &%
[ 0135501 MA ADZ Z& WHS-1]
D : 10bit (0~1023), 0~5V

ofl #1= ol A of| 12| SFAD ol 12 FAD

Mo
)
ax
N
B

Y AD6 3 669

Mo
)
%
N
e

AD2 109 463

)Y

o
e

[ OIF=01 MM ADZt =X WHE-2 ]
z}&(AD6) 396 564
S Z(AD2) 221 221

FAR= 2.83 4.24

[ XtZ TIMIXOEX T2 JHY WHE ]
getLowSide
float slope = (float)(rMax - rMin) / (float)(IMax - IMin);
float intercept = (float)rMin - (float)(slope * IMin):

return = slope * ad6 + intercept

getHighSide
slope = (float)(IMax - IMin) / (float)(rMax - rMin):
intercept = (float)IMin - (float)(slope * rMin);

return (short)(slope * adc + intercept);
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Ltd., AMETEK, Inc., USA)
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x100[%]

mw
mg+m,

!p:

my = the mass of dry material (kg)

the mass of water (kg)

water rate (%)

mw
v
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[ OE8 S8 ]

R Az A (g) Az = (8) &g (%)
a5 1 10.40 9.36 6.70
& 2 10.02 9.30 7.10
= 3 10.00 9.02 9.80
a8 4 10.04 8.96 10.70
= 5 10.00 8.68 13.20

o3 10.09 9.06 9.5

[ 7= 29 AHi(a: 42 b: 102 c: 202 d: 302 e:402) ]

O £R(2)9 FAZLE AS 5%

=2

O RE Ags 7heaty !

X
N

F

Rsto] 9lel et Alao] ¢
(CD-AX/C, Mitutoyo Co., Ltd, Japan)& Atgs5to] £451%Ct.

HHEE a'®R Al(2)% gol sl

()Y HAS 2 WS b 7
6 284 Sa(zel WL e 2o
S=ITab

S= area of ellips (mm?)
a= long radius (mm)
b = short radius (mm)
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[ O8 1(&=2)9 2 H0l ]
351 (2)

S 7} Z(mm) A Z(mm) | Hol(mm?) S 7} Z(mm) M Z(mm) | Hol(mm?)
1 8.62 7.54 51.02 9 8.64 8.27 56.09
2 7.54 8.35 49.42 10 8.25 7.37 47.73
3 8.35 7.65 50.14 11 7.83 7.20 44.26
4 7.65 7.65 45.94 12 8.11 7.67 48.83
5 7.65 8.52 51.16 13 8.60 7.46 50.36
6 8.52 8.64 57.79 14 7.12 7.07 39.52
7 8.64 7.73 52.43 15 7.62 7.06 42.23
8 7.82 7.4 45.43 Avg 8.06 7.70 48.82

[ &8 2(1082)2 3 S0l ]
J82 (10 2)

2 7t2(mm) A 2(mm) 5 0](mm?) 2 7F2(mm) A Z(mm) 3 0](mm?)
1 9.12 8.26 59.13 9 8.96 8.08 56.83
2 8.46 7.71 51.20 10 8.45 7.90 52.40
3 8.94 8.19 57.48 11 8.45 7.82 51.87
4 8.87 7.93 55.22 12 8.62 7.72 52.24
5 8.54 8.00 53.63 13 8.64 7.99 54.19
6 8.89 8.20 57.22 14 8.31 7.65 49.90
7 8.94 7.66 53.76 15 7.14 6.95 38.95
8 8.84 7.71 53.50 Avg. 8.61 7.85 53.16

[ & 3(2082)2 3 S0l ]
53 (20 B)

=i 7} 2(mm) AlZ(mm) | 'Hol(mm?) e 7} 2(mm) AlZ(mm) | ‘Hol(mm?)
1 8.63 7.71 52.23 9 8.18 7.83 50.28
2 8.72 8.07 55.24 10 7.66 7.49 45.04
3 8.77 8.11 55.83 11 8.69 7.90 53.89
4 8.97 8.20 57.74 12 8.62 7.97 53.93
5 8.12 7.41 47.23 13 8.42 7.77 51.36
6 7.49 7.11 41.80 14 8.01 7.85 49.36
7 8.15 7.50 47.98 15 8.9 7.98 55.75
8 8.42 7.68 50.76 Avg. 8.38 7.77 51.22

[ O8 430819 2 HO0l ]
J54 (30 B)

s 7t2(mm) | MZ(mm) | Fol(mm?) T 7t2(mm) | MZ(mm) | Fol(mm?)
1 8.53 8.10 54.24 9 8.27 7.61 49.40
2 8.65 7.60 51.61 10 8.46 7.96 52.86
3 7.85 7.18 44.24 11 8.57 7.68 51.67
4 9.70 8.14 61.98 12 7.89 7.74 47.94
5 8.03 7.75 48.85 13 8.94 8.08 56.70
6 8.55 7.78 52.22 14 8.40 8.01 52.82
7 8.27 7.55 49.01 15 9.21 8.28 59.86
8 9.35 8.15 59.82 Avg. 8.57 7.84 52.88

- 126 -



[ J& 5(40=219 2 01 ]

85 (40 B)

T 7} 2(mm) M Z(mm) | ‘Hol(mm?) T 7} 2(mm) M Z(mm) | ‘Hol(mm?)
1 8.15 7.50 47.98 9 8.82 8.23 56.98
2 8.34 7.68 50.28 10 8.29 7.89 51.35
3 8.26 7.81 50.64 11 8.42 7.93 52.41
4 8.57 8.16 54.90 12 9.31 8.38 61.24
5 8.58 8.15 54.89 13 8.28 7.48 48.62
6 8.55 7.76 52.08 14 8.83 8.25 57.19
7 8.73 7.56 51.81 15 8.93 8.08 56.64
8 8.89 7.94 55.41 Avg. 8.59 7.92 53.49

O U¢=stx &40 AFEE AR = = 8A|F7](EZ20, Lloyd instruments Ltd.,
AMETEK, Inc., USA) @ Qr&X|72 Z=Q AMQFS ® 111} 7ot

[ STHEAIRDIEZ200 2 =X WIS ]

= A 2 73 Al 2
Force Capacity 20 kN Minimum Load Resolution 0.0001 N
Crosshead Speed Range 88? 1t Otol %%% %//?rnn?l Load Cell Accuracy < 0.5%
Speed Accuracy < 0.2% at steady state Extension Resolution < 0.1 microns
Travel 870 mm Data Sampling Rate 8 kHz
With Between Columns 404 mm Weight 148 kg
Compression Jig 56 mm dia.

-

== = =l= =] O =
O 2 €YY YEINE L A =
el A

3 R 2

E9Joj(NEXYGEN Plus 3.0, Lloyd
instruments Ltd., AMETEK, Inc.,
USA)E AME-3SHAT.

O &4 AMlae 72t 258 15719 &
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[ FF(3) 015 & 32T =3 Al (XL, XM, B3 ]
(unit. N/mmz2)
251 (2
Maximum Minimum Average
Avelzamg;z)Area Averaggl\% Load Ultimate-stren | Ultimate-stren | ultimate-stren /AxsgigeeLZ?Sa
L gth gth gth 8
48.82 249.92 6.45 4.46 5.15 5.11
52 (10 B)
Maximum Minimum average Average Load
Average Area Average Load Ultimate-stren | Ultimate-stren | ultimate-stren / Averi o Area
Er gih gth gth 8
53.16 226.66 4.89 3.57 4.26 4.26
153 (20 )
Maximum Minimum average
. Avelag;iz)Area Avera(gl\% Lozd Ultimate-stren | Ultimate-stren | ultimate-stren /AX\QIZiieeLZ?Sa
T gth gth gth 8
51.22 217.21 6.88 3.52 4.26 4.24
154 (30 )
Maximum Minimum average
. Avelz?ngriz)Area Avera(gl\% Lozd Ultimate-stren | Ultimate-stren | ultimate-stren /AX\eIZ?“ieeLZ?Sa
T gth gth gth .
52.88 220.89 529 3.07 4.19 4.17
155 (40 )
Average Area Average Load i AL average Average Load
. I N) Ultimate-stren | Ultimate-stren | ultimate-stren I -
T2 gth gth gth =
53.49 208.59 5.34 2.90 3.89 3.89
[ 240 SEY HF ]
= lgvene | A9E=1 | ApE2 | fous
= 3 71E 941 4 70 446
=
6‘:1_
7 392 7& 367 4 70 831
=
S0 J&(ASE £AT) .367 4 43.865 .831
AAtE S 7| & .666 4 70 618
[ SSBTO B2M 2MEH ]
ANOVA
T =
Ao A B Al F +o=E
-2t 15.529 4 3.882 9.866 .000
-4 2'7.545 70 .393
A 43.073 74
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[ O Al012] LT ]
95% 41277}

B Batol | BFE 0F | goE
sta ol
979416 .229054 .002 .25470 1.70413
. 975369 .229054 .003 .25065 1.70009
- 1.044383 .229054 .001 .31966 1.76910
1.344207 .229054 .000 .61949 2.06892
-.979416 .229054 .002 -1.7041 -.25470
_ -.004047 .229054 1.000 =.72877 72067
- .064967 .229054 999 -.65975 78969
.364791 .229054 .640 -.35993 1.08951
-.975369 .229054 .003 -1.7000 -.25065
Scheffe: . .004047 .229054 1.000 -.72067 12877
- .069014 .229054 999 -.65570 79373
.368837 .229054 .630 -.35588 1.09356
-1.04438 .229054 .001 -1.7691 -.31966
_ -.064967 .229054 999 -.78969 .65975
- -.069014 .229054 .999 -.79373 .65570
299823 .229054 .788 -.42489 1.02454
-1.34420 .229054 .000 -2.0689 -.61949
_ -.364791 .229054 .640 -1.0895 .35993
- -.368837 .229054 .630 -1.0935 .35588
-.299823 .229054 .788 -1.0245 42489
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E1E&=26l-
— =C o

S 20 2 (b IE 28 2K =5
FXI01/0H &2010°c1d 1

E(20-30%) = XIOI 1100 1Kt

=
=

o 580 Aol2 F7] Yste] 1 159t Po| 1

2% 2 N2010C1

S mosh S28(10-20%)

&0 2]

Xl

=
=]

o
=

e ga%) 221 (20-30%) 222 (10-20%)
250 Test. 1 Test. 2 Test. 1 Test. 2
300 Test. 1 Test. 2 Test. 1 Test. 2
350 Test. 1 Test. 2 Test. 1 Test. 2
400 Test. 1 Test. 2 Test. 1 Test. 2

- 133 -



© | © O
Clela|e
N | N N

“op

=

N

i

|
N | O | © D
elelele
N | N | NN | N
O | — | < | —
O — | — | O
N | N | N | N

o

=}

—

ko

|
DO N M
elelele
N | N | N | N

ﬂ

k-

B

]

r|
oo | O | O
0 oW | O
N[O <

“+2(r/min)

<

oK

oK

—_—
[I[e}

el
__A__l
mju

stk

A
A<

Ao A

al A

~ a

=]

3 A=

o

o of

(0]
wm R

Hr go

wv - Mo

9l £ ]

Uk
Uk

oK

Ih
0

o] 2Ai; (c)

IH
L\

oK

tH

Mo

)

b

[ (a),

- 134 -



© 0 0 O

A2 % £RY PAL oolme Fo) WA L ABE AAsIAC,
3a89 ¢ ofef Aj3a 2k,

22A1%o] 79 350 RPMO|A 7] LERdch

S§d gRag agne ogw P

Threshing ef ficiency = %X 100

S= Thekgof grain that fell of f (kg)
T= The total weight of the grain (kg)

[ O848 HAE 21} ]

I51 (20 - 30%)

R | ope | PE | BT | u= ®R | pw | A2
s | 24 | iF | 5F | &g | w2 | 24 | 2 | iF
9 | &a | 3 | @d | o) | k3 | G

2.05 0.81 0.91

2.11 0.63 1.01

2.01 0.63 1.13

)
)
) 2.14 0.68 0.93
)
)

A | oEe | PE | BT | u= I
s | 24 | IF | 3F | &g | | #A | %A | iF
9 | Ga | 3 | @ | o) | k3 | G

2.02 0.93 0.89 0.70 34.6 250(2 2.06 0.96 0.83

2.06 0.89 1.05 0.92 44.4 350 2.00 0.86 0.94

(2)

205 | 095 | 089 | 076 | 368 | 3002) | 206 | 097 | 097
(2)
(2)

2.05 1.10 0.79 0.62 30.2 400(2 2.06 9.95 0.98
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| —®— Group. 2-Test(2)
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an Az A | AX & | 228 s Az A | AX % | 258
(8) (8) (%) (8) (8) (%)
1 4.96 3.64 26.60 4 5.02 3.82 23.9
250-(1) 2 4.94 3.88 21.40 250-(2) 5 4.92 3.5 28.9
3 4.98 3.88 22.10 6 4.96 3.14 36.7
7 4.92 3.74 23.90 10 5.04 3.88 22.6
300-(1) 8 5.08 3.74 26.40 300-(2) 11 5.12 4.18 18.3
9 5.12 3.82 25.30 12 5.02 3.88 22.7
13 5.12 3.64 28.90 16 5.02 3.56 29.0
350-(1) 14 4.94 3.42 30.70 350-(2) 17 4.96 3.86 22.0
15 4.98 3.56 28.50 18 5.08 3.54 29.1
19 5.08 3.48 31.40 22 5.04 3.64 27.7
400-(1) 20 5.20 3.82 26.50 400-(2) 23 5.04 3.72 26.1
21 5.26 3.98 24.30 24 5.06 3.56 29.6
352 (20 - 30%)
o Az A | A 5 | A28 oo Az A | AX % | 258
(8) (8) (%) (8) (8) (%)
1 5.08 4.24 16.5 4 5.08 4.24 16.5
250-(1) 2 5.06 4.22 16.6 250-(2) 5 5.02 4.06 19.1
3 5.02 4.20 16.3 6 5.18 4.4 15.0
7 5.00 4.14 17.2 10 5.02 4.28 14.7
300-(1) 8 4.98 3.98 20.0 300-(2) 11 5.10 4.32 15.2
9 5.14 4.14 19.4 12 4.98 4.06 18.4
13 5.02 4.20 16.3 16 4.88 3.98 18.4
350-(1) 14 5.00 4.22 15.6 350-(2) 17 5.12 4.2 17.9
15 4.96 4.10 17.3 18 4.96 4 19.3
19 4.98 3.82 23.2 22 4.98 4.1 14.6
400-(1) 20 5.16 3.86 25.1 400-(2) 23 5.06 4.14 18.1
21 4.98 3.96 20.4 24 4.98 3.8 23.6
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Threshing bar

Threshing bucket
Threshing bucket support
Power bar

Bean support
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von Mises (N/m*2)

von Mises (N/m*2)

von Mises (N/m*2)
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[ §™ERPMIOI [E SXE9 S8 Zillat ]
(unit. N/m~2)
J& 250 300 350 400
A 4.297e+09 5.140e+09 5.947e+09 6.732e+09
oo 1.433e+09 1.713e+09 1.982e+09 2.244e+09
LS 2.588e+09 3.099e+09 3.592e+09 4.074e+09
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Group
[ 59 &+8 =3 ]

Div Before drying (g) After drying (g) Moisture content(%)
1 5.16 4.74 8.14
2 5.02 4.56 9.16
3 5.08 4.58 9.84
4 5.16 4.66 9.69
5 5.22 4.72 9.58
6 5.06 4.60 9.09
7 5.08 4.60 9.45
8 5.06 4.62 8.70
9 4.98 4.54 8.84
10 5.22 4.74 9.20
11 5.16 4.68 9.30
12 5.02 4.54 9.56
13 5.26 4.76 9.51
14 5.06 4.64 8.30
15 5.32 4.84 9.02
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O FH4E0] BT F yE £ HAME Aglo] FARES HEAZO0, o5 FYol 37
A2RE 2oLe o FAY SHUPL FaslUch APL 2 oW srE2 159 Al
sPstgon], A of2f met ol Yehgrt

O $3 A¥ AT ofel TY(A)et Zol Urhdon], TY(A)-at JAE AF Folt 2He
SPA] gi Zoln], TY(A)-bi 7|V} BRse] IRl MBS Wol S2o] B}
she F7tolo, T(A)-ck BE P40 £T 5 FAL o] ehEstd Alold],
Y 52 5 17 A5L wE H 13(A)-de 2ol uehdn

%0 m}'_,
L g o
oo I
o

o L
52
L
il
o%
=
)
it
R
)
Lo
o

N

pr

1
B
oAl
ﬁ
Ui
1o
olo
i

o
2 1Y
1

ol
-

[ & A4S HAHUS ]

- 0 e
[ Actual threshing machine ]:§> Oesrasion fuastion Sed detiption ]
of the machine

Rotation direction
\“

1 bean pod suppor

og
e
JH
-

Ja

x-gxis directional
movement control valve

yeaxis directional
mavement cantrol valve |
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'-i-___i______

1 g 08 | fy
~ 104 I | | | | ,l
g | £ Jﬂ hfhylj \('l !'. l"?l-ﬂ /tlf
R 054 ' T o4 | th f |
3 ke g j’l el
IJEI-: '. = a2 ]J; !‘il | ,Ii || ! I
i . i I'kﬂ W 'K v
037 i i i 024 ' S
13: : IL i : A4 T T T T
o i) 40 25 252 253 254 255 256
Time (s) Time (s) (sec)
(A) (B)
[ 218+ 2509 XHSE 2 S=€X10] ]
Div Maximum load(N) Load gap(N)
1 1.68469 2.82554
2 1.66228 1.95449
3 1.79022 1.88042
4 1.75332 1.41509
5 1.59821 1.4223
6 2.00795 2.14732
7 1.75313 1.61361
8 2.00795 2.14732
9 1.75313 1.32792
10 1.98774 1.69086
11 2.06659 1.6509
12 2.56611 1.72291
13 2.36921 1.41141
14 1.55024 2.0637
15 1.60008 2.29432
[ 218 3009 XS 2 S=HXI0] ]

Div Maximum load(N) Load gap(N)
1 1.92451 1.76734
2 1.93216 1.75577
3 1.80332 1.35696
4 2.00784 1.75452
5 1.73755 1.68734
6 2.15039 1.69782
7 2.15551 1.8424
8 2.1516 1.90569
9 1.89409 1.78123
10 1.94638 1.81939
11 2.2152 1.87919
12 2.0605 1.8101
13 1.947 1.71356
14 2.04841 2.14355
15 2.25701 1.98731
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[ 2I¥= 3502 ZUiSY X SHAH0I ]

Div Maximum load(N) Load gap(N)
1 2.59185 1.8854
2 2.73731 1.55756
3 2.92694 1.55881
4 3.04935 1.73254
5 3.11554 1.97727
6 3.21386 1.69432
7 3.03812 1.96966
8 3.42194 1.72973
9 3.18341 1.78697
10 2.40178 1.58227
11 2.6011 1.85823
12 2.51623 2.26586
13 2.50243 1.70467
14 2.39184 2.03205
15 2.39845 1.69941

[ 218+ 4002 zUiSE X SHAH0] ]

Div Maximum load(N) Load gap(N)
1 2.99437 1.87322
2 3.18579 1.48875
3 3.17715 1.76259
4 3.20278 1.49574
5 3.07564 2.40955
6 3.4484 2.50932
7 3.27384 1.93025
8 3.19217 1.59171
9 3.05489 1.6671
10 3.03315 1.75267
11 3.00165 1.34882
12 3.10758 1.94001
13 3.09989 1.66879
14 3.17355 1.9755
15 3.16705 1.99719

[ 250 21F%0 A S(Regy S HXI0IBIUE) ]

load(b) || 5 5

3.0

25

o
P
load difference (N)

Maximum Load (N)

N
o
o

o
3}

0.5

o
o
o
o

12 3 4 5 6 7 8 9 10 11 12 13 14 15

Experiment Number
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(1)

]

N
o

o
load difference (N)

N
o
=}

o
3y
2

©
=)
[S]

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Experiment

[ 350 21F%0l AH S Refly? R0l ]

3.0

g 252
k] ©
§ £
€ 15 ©
= kel
0.5
0.0
1. 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Experiment
[ 400 21840 HH SHRegy S=XH0lBIue) ]
35 load(b) | , ,
3.0
z 28 25 Z
el
= kel
§ 10 108
0.5 0.5
0.0 0.0
1.2 3 4 5 6 7 8 9 10 11 12 13 14 15
Experiment
O BE FFolH FHE FF ko] Kok ok HolBy 2}
Ikt 7oz yehdct

= 2 BA517] 95f statistical Package
for the Social Sciences (SPSS) v.26 (IBM corporation, Armonk, New York, USA)& &
TJ2H0{| 4] Oneway ANOVAS A}85}HSIC}

O 25 79| Ajol& &Ist7] sl Scheffe multiple testE AM&stA O, ol |9 &5
0.05 olstz 25kt

O #4 ZAxt 2|ti3-3 2 250, 300 rpmat ¥]w5to] 350, 400rpm 2}2fo] Xpo|7t Ql= Zle
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[ o1F=0 WWE XS 2 2=8XH0] Scheffe multiple test Hinl ]

Load ¢ gap
I Max Load
8 A

3.54
3.0
2.5-
2.0+
1.5+

Load (N)

1.0+
0.5

0.0+ : = L

250 300 350 400
Rotational speed (rpm)

[ 2180l ME 2USH X SHA0 29 ]

Rotational speed (rpm) Maximum Load (N) Load Gap (N)
250 1.944 1.771
300 2.051 1.793
350 2.806 1.802
400 3.145 1.827
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34 NEH0INE 0182 HSS ZttoIY
2K 28 24

0 g58 2ulelo] FAE 23 B4 g old
O AA| AAtE AgER7|oA LS SH2 o|EAU X2 AlLtsH] sto] 8 ==
=8 Solidworks 2020 (Dassault Systems, France)S AHE-5HS T
O 2RMAE Al geolHolA REY FEe SAste] Algeolae At
O w0l Wagh AL, BT U BAXZ o Alu 2ol At
[ AIZdI01M0) AI2E 22X, 38 X 32X MHH ]
Div =X ZR] SBnE
) |
g6 R
5o "\ v
R
: .Iﬂ " L]
3 W S KR
O}E} j};.-*j&ml j
| '-%.a,
l -iﬂr'-l IJ
i e
8
'
JE Bm AR Amm 7R Hrm AR 10mm 1z 225mm
A A 7mm el 40mm el 30mm
A Alloly Steal A el e A Alloly Steal

Q 27K A|Ale] AQ o] &} zro] AT,

[ AIZYI0IM0l AL2E 32X S Xl ]
) &l oA
EhEAs 35833 Mfm* 2
=08l 10,025 g ESE
S (4287 N/m* 2
=2 2= (4534 kg/m*3
bl e N/m* 2
e N/m#* 2
ESHEHE M/m* 2
2 EE A /K
FEEF |0 W/im-K)
] Jikg-K)
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2 e A%

ten, 7

Oll

o]ﬂ

A]

ox,

=
=

A1 58S
a TE

uu ma

tso] glsl 2lagto)
mZ

ATEA 4 4287 N/

3.5933 N/m?, xo}&H] 0.025

3 Apgstact.
ofefo] et o] 107] ABZo

)
@) XIEJ:U]EQJ 7:]
sto] w2 £4stslon]
AU R ZH EH
Rotary Toble Light Weight

stoict.

[ 32Xl 30

Polygo Compact 51 wide|Polyga)

1060 cm
» [
Auto-rotation scanning
Automatic occluskon data

0.5 sec/fscan

130mm

Company name and country @ Ployge inc / Canaoda

Specification
Ohject sire

T 738 Y AlEefoldE AA
453.4 kg/m%2]2 3D scanner(FlexScan3D, Polyga Inc, Canada)E A&
_I"}”E'_ =

Diametes
link with the software, FlexScan3iD

=]
3l(Chang & Yang, 2009)

M 3 Arsto] ALg

31cm

Sran size

Clearance distanoe

O 7] Rl 9 RAl 5L o) me} ol FYEUE
O ojrf ZZX] Yo Mok 2= x| ¢t Ruje} BAZF F4E Q.
[ S2X0 BYLUE )
Div Volume(mm?®) Weight(g) Density(kg/m”)
1 2529.02 1.14 450.76
2 2172.79 1.10 506.26
3 2133.41 1.03 482.79
4 2038.67 0.94 461.08
5 2852.31 1.26 441.74
6 2633.07 1.20 455.74
7 2368.25 1.06 447.58
8 2588.77 1.18 455.81
9 1926.01 0.88 456.90
10 1544.59 0.58 375.50
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o A]%EﬂO]/‘\j LH E 0]7(] 1\18431,} 5015}71] }\—]x-]é]_o:]q_
O Algdold Wl &

Ao w|A] AXE th2A AAstE o, Zx|Do]

35t on], 1 olgjo| FAI
g st ey,

[ AIEYI01M Wol m+AX 371 =&

a
b

O Algole] A< otz Abalat 2ol

A%l 9t
O FAGO| 7L Ao] uylx| gh o2 S0, o)t T} e REu} ulwste S2io)
o] He Zloz sl
O FALT T2 5 0|5 AL A TAAL ol o|F FAde] Sejo] ehyat
g9e o AgHolHe Faste
[ SXIZ SH=H ASH0IM ]

00:00:00:47
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O Ao S Autt offet 2ol Uepey.
O AFEEIt B71EAE SRl o ¥4 S
O Hojg o) 4$ W@ oF 115 Noz s|i4E 7j0] uhe Alolg 2eld 4 giolch
O A0 F% 250 rpmoflA 300 rpme =z S71HS o 7MY w2 7S EXh
O ol% R4 = F7lo] 2 Sxtolt F719HS WolAIY o 0.1 NYER 2 Alo|S &
A & goict
[ NS0l HHSE 2 SEXI0] 2t ]
Rotational Speed Stress (N/m’) Load (N)
(rpm) Maximum Load gap Maximum Load gap
250 8.03E+06 1.04E+01 11.6 1.5
300 7.97E+06 1.89E+01 11.51 2.72
350 8.02E+06 1.92E+01 11.59 2.77
400 8.04E+06 1.95E+01 11.61 2.82
[ AISYI01M 28 T ]
i [ o . i "__"""!‘?--,___-
= N :'" -
p— "J
o ”-
= Al -
g Il >
g ‘-"
g - o 250 RPM
@ 1 L .- - 300 RPM
-~ = +350 RPM
T ™ - - - 400 RPM
Time (s)

O Algeloldt 2ER)Irlol A9 8 Afolt= ofef mo} o] 2latgict
O 250 rpmol A Al g0l dat AEIAolA9] 515 Atole oF 15.3%2 SAE U}
O 22U 250 rpm< A5 Ut R] 3]A20)|A] x}o]7} oF 51.1 ~53.9 %= =] &A= olc},

[ AIEYI0jMat AEYI2THI0IXICl S5 K10l ]
Rotational speed Simulated Load gap Field test load gap Difference
(rpm) (N) (N) (%)
250 1.50 1.77 15.25
300 2.72 1.79 51.95
350 2.77 1.80 53.89
400 2.82 1.83 51.10
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0 AL Z=o] B2 33 57 U

O ZAILO| 7o BE SAEMS wws] Yste] AAY 4ADRI|S ALRIYT
O Ul P o) AEQ AolA| AT o], FHLe 4ES AP Ysto] A3

gR7e) AL 4= 2PstAn)
O FAI2o) AL ofefo] Abxlat et
O Z& A 153 ¥tREQion, A ofgf mef At

[ Z%2 XHoI0l WE XL ] [ SXIE ZZ0WHE S258X10] ]
7 Al
0 5
’ angj:)al(“) ¥
A
u 30
60
[ 218+ 350, 0° 9 XHSH X SHXHO| ]

Div Maximum load(N) Load gap(N)

1 2.59185 1.8854

2 2.73731 1.55756

3 2.92694 1.55881

4 3.04935 1.73254

5 3.11554 1.97727

6 3.21386 1.69432

7 3.03812 1.96966
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8 3.42194 1.72973
9 3.18341 1.78697
10 2.40178 1.58227
11 2.6011 1.85823
12 2.51623 2.26586
13 2.50243 1.70467
14 2.39184 2.03205
15 2.39845 1.69941

[ 218 350, 30 " 2 XS X SHXI0] ]

Div Maximum load(N) Load gap(N)
1 1.107171 1.885029
2 2.867585 1.709246
3 1.263699 1.788593
4 0.111445 1.75408
5 1.764288 2.008475
6 0.79822 2.545321
7 1.846125 2.083739
8 0.953318 1.832058
9 0.495739 2.149223
10 1.362098 1.754858
11 0.68097 1.864607
12 1.323478 1.712097
13 1.369974 1.762589
14 2.112013 1.881027
15 1.740744 2.047241

[ 2% 350, 60 " 2 X|HSE X SHXI0] ]

Div Maximum load(N) Load gap(N)
1 1.561852 1.905442
2 2.029316 1.805761
3 1.989251 1.951769
4 1.954363 2.131188
5 2.077304 2.014065
6 2.098303 1.890391
7 2.691298 2.206442
8 2.154617 1.834232
9 2.866801 2.616151
10 2.494977 1.603134
11 2.553053 1.905076
12 2.391762 2.128041
13 2.815317 2.69496
14 1.991272 1.410741
15 2.451051 1.920469

O SAld Z4=7F 0" A o H+ 33U 1.79 Nog FA=SIH

Q o|% FX|E9 Zt=7} 30°, 60°Cc=2 Z7tst9S o z+ 1.92, 2.00 No.2 Z=7}sH3ict.

O FAdo| Ztert FrKRAE FAL0] WS $ASAL vHPe BAn
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36 WS T M 3 O HIAE

QA4 U gAE =g & o Y= 4y
O g Hd A5=2 ¢ldll a4 & gAld ko] IhE giF oty Rleddg HAsHAH.
O A& =o] 72 300, 350, 400 rpmo.2 AAJstqict.
O FAFe ZFwo] 4% 0, 30, 60°c2 HAstAr.
O & AP A& ZAed&e o 7o g} 2084 58H 5 1003]5 AAISHIH
O Ad Al tiF WSS F71AQ ohidg YAIsH] flsll ofelf ARt o] aldg HA|
AAsHATE.
O Z7MAo2 tiFo] Kok 24s17] 98l offiet o] 271yS HA] & AYS gttt

A: anti shock wall

B: plastic vinyl

C: net

D: threshing machine
E: bean pod support




[ (¥ Oh HI=&Y Zit ]

Rotational speed and angular

Div
300, O 350, O° 400, 0° 300, 30° 350, 30° 400, 30" 300, 60° 350, 60" 400, 60°
Pod 100 100 100 100 100 100 100 100 100
Seed 225 231 250 227 220 240 230 235 230
Nomal
seed 202 219 239 209 214 228 217 216 209
Broken
seed 8 5 5 9 2 3 4 6 2
Missing
seed 15 7 6 9 4 9 9 12 19
[ 918 &5, 2 2K LTUDE WS 1 7415 &8 20 JHT )
1.8 60
1.6 4
c 14
31.2-
2 1.0 1
S 08
o
0.6 4
0.4
0.2 T T T
300 350 400
RPM
F XITdI A Ol —T1I+FILE: kr-nlm = ric 1Tl HIrF AlAl nn 724731 1T Y
@ _1
o
o]
?
5
o
g
&
2
5
O glo] 2L 100219 AF F 2085 JlECE Hasl AT dES st

O gJA&KES] F71d et i+ HyRles S0

- 205 -



Q 300 rpmoj|A 1.83]2 71X =&

O oA A™ollA 350 rpmo] 7MY &2 285 2
0.49]2 7P A2 mhy Q=47 LERIT.

O 350 rpm wAI'd 2= 60704 7MY =2 oh] HlE=4 1.25]2 RGO, 7P o ARl tie&
F8RRI9] 9Ald R R4 == 350 rpmojlA 60" HHHECH

O o] 400 rpmoflA o] Bl=4e= OF 9|74t vlus) A2 Zoz eyt

, 350 rpmOoi|M = SRS Zt= 307t

0 YA4E 2 FAL Aedne Of wobe ¥
_‘:'__

7}
O o4&k 3 FAIE kol o2 o

ol

= O O = O o O — =
U@ NS
O fiF9| Mol WolH e 10 ~ 24°CAA 3T Wobg FIYsHGL.
O woig 93] MR REE 87] o WAl SRS AEH] Tt
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O A4 "iFo Lot offf oAl Ablat #o] Adufish 497t LAystitt.

O mad giF7t & HRoz AR A, dort A3 EA]

O ofof thF ApAlof] AtFHY, 2ty 5ol EAYsH Zotbrt A

O ol HAE ZAupe of2ff mef Ztt

O A tlF9] wolg B 98.39%C 8 UERTE,

O B4 79 FJA&wo mg ot 52 350 rpmoA 98.36%= 71 EA UERLC
0, 400 rpmOoj|A] 71 Ye 98.13% 2 "] WA A EX 5ot

O A HFY SAlE 2o T dot 552 001K 7MY =2 98.9%= 7P =71 5=
o, 600l BlwA 2 97.47%0=2 7t

O md tF9] Wolg 400 rpm, 30704 83.33%% 7Mg =2 ot HF3ES Bt

[ HE M= GIAL ]

M aM ]

[ (HE 20 &0H OIAIIHEH £8) ]
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[ i 20 AIY 21t ]
Foocsor e Are7TA ALY
aTrINEr T ) ‘.:T.T‘;-:'.'__If e
rl._"_,f‘;f.?‘-t';‘-‘_t-f"'-'- 0075
T p e« L9

‘t?-'i;_'"

'P'-‘-l-"".

Wi S
o 42 ¢ O

o N2 < ;'j

[ &0 HIAE Zit ]

Rotaional speed, Angular
Div 300 350 400
o 30° 60° 0 30° 60° 0 30° 60°

Nomal seed germination 200 214 235 208 212 220 213 213 204
Nomal seed

germinaltion failure 2 5 4 1 2 8 4 3 5
ol Seedrft‘zmna“"n 99.01 9772 9832 9952 99.06 9649 98.16 98.61 9761
Broken seed
germination 8 o 5 8 2 3 4 5 2
Broken seed
germination failure 0 0 0 1 0 0 0 1 0
Broken seed
germination rate 100 100 100 8889 100 100 100 8333 100
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“Rls@ A7t 758 Compactd & 8l 7id” SN 3690 S*==XI0l CHoH 3XHA
24 JYEIUS. A= HIE Wl 100% =H8EIA20, TS Al/AIASHHIZHAIH T}
X w¥stglon, AR &2 430 25

L Aled & 38t A58 of & 25 AE-A 71T

2. A58 & I8k # S5|2A

3. A5E oF R 2= ABYX /iE, Lay-out 24

4. 158 AF R 2F ABHA AAE A R HAU-E

5. 01F R 29 AEEY 7l 24 R N

6. Al AIAAIFA] & Aled &2 5 738 ALHE AHYrlexAb H 5524
7. ;A 2F/2E F9Y &5 Lay-out AA H AAE AR
8. /A% A0} AL THE(1)

9. Aoty 1.0m #38 Ae|A|o] A|AR) 7T

10. A&7 Al2E 271 ofE2AlolAd 7HE(1)

1. #+57(3) oy S8y A+ R 551 7|24l 28 H &4

12. #R(3) =4 S4(EE) 242 ¢ 85485 TE(0)

13. #7(3) A 2578+ 1A 24 R 871

14. 3585 oF R 25 AEGR AlAE AR

15, 25 &4 A s A28 A% & J587T

16. AIAIE 71 =25 R 45787t

17. 7HAl &2, 382 738 -5 H 2AF AAS AR

18. 382 & FF AAF A

19. A&/zte »A0] AlA" THE(2)

20. AdejAof Al AR TH

21. A AAAVER] 715 S " F587t

22. A&5g AR 271 ofEYAllE TE(2)

23. FR(3)9 =24 B4(E4E) 245 s g5485 T80

24. +R(Z)1E& I 2ol 02 2545 w4

25. Algdfo]d 283 AMES FR(F3)E Sl BRI d 24
26. AIAIE Z1d 7HAd

27. B 4sAd

28. FAJE A 497t

29. A& /5% A0l AL THH(3)

30. AeJRhg 1.0m olst #38 I AdejA|of A|ARY Jid

31. &b AAA|AGR] 7

32. FFAA S & A A A Ve Ui

33. tiF8& el SAE SHEAS T BHEs T4

34. Algefo]dg ol & g FHIY BAlE SHEA

35. WAIEY] Ao g 33 5YLY

36. i+ mhy¥le Ay o Hols HAE
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(2) 988 A7

A5% Aol7t 7F53t Compact®d & ukel 7ia” ATINLS 360 AT THOH kK0l
M IWEIAS. A= A HHI 100% SBA00], 55159/ 1845 /AHAst/AES}/AY
wopbx] 1000 XIEO CHOH 6820l FTMIE V&Estoion, A% Hee ot 2.

1 £3) 5= 23
2. £ 29 671

3. =8 2% 29

4. stz Wy 49

5. 8 FA] 144

6. 714 AA| 207148 E)
7. 18 FE 324

8. ARie} 271(ujE0 B
9. MR 5 171

10. 7% AF 37

HE 12HA| 2tHA | 7+E A
Mpx| Eo (2020~2021) | (2022~2022) (%)
BCEEZE) 1 1 2
SEEE
A (FH) 5 1 6 10
SE(TAY) 1 1 2
ssiss
A () 1 1 2 15
Mebz|3 55 - 718 X E
(=) 1 2 3
(HISCI) | Alx (=) 1 1 2
SE(TAY) 2 1 3
st
A () 3 1 4 10
SH(TAE) 1 1
TIEHA
A () 2 2 10
Jaz |[SEEAL) 20 20
(HEFR) | (e 43 43
SE(TAY) 1 1
M ==t
A () 2 2 15
sy | SE(EAL) 50 50
(M) | gmy(em) 60 60
ATeniN EA ghd x| E>
SE(TAY) 2 1 3
nEHE
M () 16 16 32 10
SE(THAY) 1 1
Jlsels
A (x) 1 2 3 10
SH(TAE) 1 1
Haarg
HUH(FH) 1 1 10
SE(TAY) 1 3 4
BEHA|
A (5 3 11 14 10
SE(CAE) 9 11 20
A
AH(FH) 30 38 68

- 210 -



<{FILMu MSX|E>
| = oA A -
5o} g2 o [2200A Ml = 2 MEFE AT S EEoe
(FaMsh) ST AR ERS/ER ] Ll ax . 1EH 2CHA| =2
H|Z(%) 7|2 ST ST (2020~2021) | (2022~2022)
, oAz S2UAIE
& &MHl| % 15 ’ =2<5% =2<5% 2<4% 2<2.31%
Yanmar SRS
I A= S2UAE
Mo | @EEt] % 5 ’ =2<3% 2<3% 2=<3% =<0.38%
= Yanmar M
A|64

1 ~ =, = = = = S2AE
ol EAEH) | % 5 Yanmar Z<0% Z<0% 2<2% 2<0.35% e
Me = =
- gotg | % 5 - - 85% 0|4 90% 96% Sl

= = (] (] (=] (] (] g&!
sE ESgos) A&, A E

Al 2 m/s 5 Yanmar 1.5 1.5 1.0 1.5 AN
Ms = min/ oz S2UAE

< ’ < <

Ald Ms 10a 10 Yanmar 25 25 14.5 18.9 RS
_ ol _T'_o|)\|%4

2. FX XA mm 5 Kubota 260 180 260 180 AN
. I o= SIAE

%' olFEF| OFZ | mm 10 Kubota 2100 - 2100 2100 AN

ofl & =
To|AlSH
M s g sm™e pm | 5 - 0~ 35 - 0~ 36 0 ~ 32 Seld
(=T |
= = A=, A
Ms| | M3lerd m 10 Yanmar 1.5 2 1.5 0.7 A=

4.

4 P ol _Tl_o|/\|84
7<Oc> = = Jé — =21, O = [=]
_';u;r 3EY = x| oFed kPa 5 Yanmar 21 23 21 21.5 M

e ERNE
B ESPRS m 10 - - - 1.5 0.03 N
5. ol ala
SeIAE
ofx M obN MIEzt o 10 - - - 5/5 2.3/4.7~4.8
MA

AlE <

(3) MF 2 AWHUMINEHE= S50t MENSI0] 2 slE] SRIAIRE HE HFsloF Ehch

[nfstx] Mot

O ==2=Fde M2 &=X) AR

= = _ N SCIE 0% SEHS
HS = st=x|H SRS PN k=3 = 2hsl 7| 2t H A GES,

= i s = =R | soiemiscip| M | ussny |7191E
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Abstract

Biodegradable seedling pots can contribute to saving of working hours, and prevent
temporary fatigue of plants through a method of planting pots themselves with seedlings
unlike synthetic resin pots in the process of replanting from raising seedlings farms. Also, it is
possible for the ingredients of pots to act as a feeding source in the process of crop growth
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