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Design of Green Soybean Grader for Export

Panmanas Sirisomboon
Theranut Rompopak

Pimpen Pornchaleempong

Abstract

The design of green soybean grader using thickness of pod as a design parameter
to grade the soybean. The soybean pods are controlled by vibration force and side wall of
aluminum rails on the grader tray, to be in the position that the thickness perpendicular to
moving direction on the vibrating tray and the width perpendicular fo the tray surface. The
alumimum rails is made of 90 angle of 1 x 1 inch rail of 1 m. length in parallel with adjustable
spacing. The tray area is 1 square meter. The pod controlled position rail distance is 2/3
of its length (adjustable). The tray support hight is 85 cm. The tray incline angle can be
adjusted by 20 cm. range in vertical direction. This is the hight that convenient for feed
soybean and pick the curled and insect defected soybean pods by hand (the curled soybean
pod is 2.1% and insect defected pods is 2.9 % of the feed soybean pods). At the outlet of the
tray, there is a basket or belt conveyor to collect the required soybean pods. The grader
capacity is 8.1 kg/min. The grader coefficient is 0.94 with the error of 0.02. The grader

need consume electric input power of less than 44 VA.
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d' v 1 1 ) =) J a;
MINN 3.1 aﬂmuﬁndizm'nma ‘]'ﬂﬂﬂﬂ?lﬂaﬁﬂﬂﬂﬁﬂ mpm 1

s | uuin| dn3waa | idn 2 wanlug | dn 2 w&AEn
B o nn. . | % nn. % | nn %
1 1280 | 183 | 1430 | 562 | 4391 | 336 | 26.25
2 1000 | 181 [ 1810 | 456 | 4560 | 273 | 2730
3 1000 | 254 | 2540 | 398 | 3980 | 280 | 2800
4 1000 | 132 | 1320 | 478 | 4780 | 313 | 3130
~ fn 1 wa@n dnau iinea dnide
. nn. % na. % nn. % nn. %
| 001 | 008 | 085 664 | 0271 (211 = X
| 001V | 010 | /067 |.670 1 0019 | 1190 {
| 001 010 | 050~ | 500 | 030 | 300 [-015 | 150
| 14 s 055 | ~550 |/ 030 | 300 | 020 |\ -2.00
A
E/q
M3 3.2 dasaudniszianea g veadamaesdlnaa nqui 2
A [ M su | wu dn | dn3wde | Hn 2 waalun | dn 2 waaEn
nn. nn. nn. % = % nn. | %
1 30.00 1770~ 2901638 | 620 | ‘3503 360 | 2034
2 30.00 1870 280 | 1497 | .7.70. |~4118-| 250 | 1337
3 30.00%, 1820 |/ 21907, | 1893 '|” 6157 3879 | 375 | 2060
4 3000 | 1550 1802491 _365 | 2355 | 379 | 2445
5 30.00 1800 | 272 | 1511 | 412 | 2289 | 477 | 2650
dn 1 wan dnau tnaa dnide
nn. | % nn. % an. | % nn. %
080 | 339 | 400 | 2260 | 040 | 226 :
| 18 | 989 | 165 | 882 | 060 | 321 160 | 856
- | 170 9.34 2.15 11.81 0.50 2.75 1.00 5.49
174 | 1123 | 350 | 2258 | 026 | 168 | 064 | 413
& | 232 | 1289 | 291 | 1617 | 036 | 200 | 085 | 472
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n%\]ﬁ' ﬂ’ﬂ“ﬂ")”N AMNENN | ANNUN ul&. uu.'lvw:'ﬁ ANUMLALLY nm}unlmau ﬂ')’)NLLﬁuzLi’r] i
() () (14.) (NFW) (N3N) (AUN) (NN./9N7)
fn 3 wén 1 1.34 6.40 098 4.15 411 1.03 6.46 1.32
2 1.23 6.22 093 | 363 3.66 099 5.98 . 133
3 1.38 6.51 104 | 463 4,65 1.00 7.60 : 154
4 1.38 6.52 1.0 455 465 098 6.03 ; 146
5 1.36 5.99 0.99 372 3.77 0.99 8.02 ‘ 120
6 138 6.10 1.05 421 426 099 6.16 141
wan| 135 6.29 1.01 4.15 4.18 1.00 6.71 1.38
fn 2 waalugy 1 1.31 5.44 099 3.00 3.00 1.01 5.46 1.40
2 1.29 5.35 093 264 258 1.03 7.08 137
3 1.36 5.60 1.06 348 355 0.98 7.20 156
4 135 567 104\ 1341 3.53 097 6.26 : 136
5 1.36 5.26 0:98, {283 2.90 0.98 5.67 ! 141
6 138 527 109 332 339 098 491 ' 153
) WA | 1.34 5.43 TRUZRR 3.16 0.99 6.10 1.44
fn 2 widendn 1 124 4,95 082 |/ /203 2.03 1.01 5.60 IEEE
2 (¥T 4.95 078 « | 183 1.96 0.99 7.0 | 109
3 1.28 5.06 088 | 244 2.50 0.97 7.91 ! 134
i 4 123 494 090 [ 2M 248 097 5.65 | TR
’; 5 1.26 479 08/ <At 219 097 6.68 f 113
o 6 1.28 479 I (NON 239 097 5.44 131
i \wAe | 1.25 4.91 086 | 221 2.26 0.98 6.39 1.20
idn 1 wée 1 130 411 |5, 092 | 154 157 0.98 8.89 !
2 1.27 398 /- 086 187 0.64 0.95 4.75 ‘
3 1.36 4.15 087 169 174 097
4 136 443 100 184 1.94 095
5 1.38 387 101 169 173 097 .
! 6 1.44 4.09 1.09 197 2.09 0.94
1 \wan | 1.35 411 | 098 1.68 1.62 0.96 6.82
dnwdnay 1 119 4.99 064 | 154 169 | 093 5.52 }
2 117 536 0.60 1.73 1.84 094 5.50
3 1.27 5.63 0.87 2.70 2.80 0.97 5.02 ,
4 1.30 5.46 0.78 245 261 0.94 5.56 g
5 127 4.7 0.73 163 1.76 0.92 4.66 !
6 1.30 5.07 072 2.06 2.25 091 461
WAy | 1.25 5.20 0.72 2.02 2.16 0.94 5.15
Hnuidase 1 124 4.80 086 235 2.45 0.95 7.00
2 1.19 482 0.78 237 2.47 0.96 7.63
3 132 494 099 322 3.28 098 8.47 :
4 133 5.06 094 320wV 882 0.97 667 A
5 133 488 0.96 2.61 2.12 0.98 6.66
6 133 450 098 255 265 0.96 6.54
wan |  1.29 4.83 0.92 2.72 2.72 0.97 7.18 o
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314 3.1 daaudnriiana q

A:dnsmda  B:fn2midalue  c:dn 2 dauEn D : dn 1 wda

E: dnay F : dnse G : dnide (FMmioinuNas)

N

o A

ﬂ' 1 v 4' T = v Q'J ¥
1713197 3.1 nm:lmmmaammzmmunnmmnmﬂa‘lmaaﬁnmﬂszmnma |

TABLE: OF TREATMENT MEANS. FOR WIDTHNESS temd )
(AVE. OF 6 REPS)

TREATMENT RANKS MEANS
T 1 4 1. 346 &
T2 e 4”347 o
T3 1 1.250 a
T .4 5] L:.352 €
T 5 1 1.250 a
T 6 2 1.290+h
MEAN E¥305

In a column, means followed by a common letter are
not significantly different at the 5% level by DMRT.

T1: fn 3 1ida T2 : in 2 wda (nej) T3 : dn 2 wda (dn)
T4 : fln 1 uda Ts : épdy Té : Ane

11
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MINN 3.5 AANNEUNQY tl'ﬁ&'ﬂ'ﬂﬂ!mﬂﬂNﬂﬂlﬂﬂﬂﬂﬂ‘ﬂﬂﬂﬂﬂﬂ’)ﬂizlﬂﬂﬂ]ﬂ 9

TABLE OF TREATMENT MEANS FOR length (cm.)
(AVE. OF 6 REPS)

TREATMENT RANKS MEANS
T 1 6 6.290 e
T 2 5 5,482 d
T 3 3 4.913 b
T 4 1 4.105 a
T 5 P! 5.203:¢
T 6 2 4,833 b
MEAN 5.138

In a column, means followed by a common letter are
not significantly different at the 5% 1lavel by DMRT.

T1: dn 3 ud@ T2 : fn 2 wian (vey) T3 : dn 2 da (1dn
T4 : el 1 11da Ts : fnay Té : #lnse

= ' = P Natfd A Y '
AN 3.6 ANINNTIHURAE uazmmuﬂnmmwena"lﬁvaaiinmﬂs::mnmq 9

TABLE OF  TREATMENT MEANS FOR thickness_ (cm./)
(AVE. OF 6 REPS)

TREATMENT RANKS MEANS
NNl 5 1.007°d
TN 6 1 015" d
T 3 2 0.858 b
T 4 4 0. 975 d
T 5 1 0.723 a
T 6 3 0.918 ¢
MEAN 0.916

In a column, means followed by a common letter are
not significantly different at the 5% level by DMRT.

T1: dn 3 wda T2 : dn 2 waa (ngy T3 : dln 2 da (1an)
T4 : dn 1 uda T5 : fnay y Té : Hnse
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M3 3.7 anihmiineds tazanuuanaiiiedeldvesdngalsziane q

TABLE OF TREATMENT MEANS. FOR weight (gram)
(AVE. OF 6 REPS)

TREATMENT RANKS MEANS
T 1 6 4,148 e
T 2 5 35113 d
T 3 3 2o i
T 4 1 1.683 a
T 5 2 2 018 b
T 6 4 B/ B0 C
MEAN 2,648

In a column, means followed by a common letter are
not significantly different at the 5% level by DMRT.

T1 : AN 3 w@da T2 : Hn 2 wmaa (Ing) T3 : An 2 waa (1@n)
T4 : dn 1 waa T5 : Wnay Té : dnse

M3 3.8 Anmvinieds wazaaanmsiiedsldveadndanlszianda q

TABLE OF TREATMENT MEANS FOR wedight in water (gram)
(AVE. OF 6 REPS)

TREATMENT RANKS MEANS
T 1 6 4,183 e
T 2 5 3.158 4
T 3 3 2.258 b
T 4 1 1.618 a
T 5 2 2.158 b
T 6 4 S Rlkbie
MEAN 2.682

In a column, means followed by a common letter are
not significantly different at the 5% level by DMRT.

T1 : dn 3 1uda T2 : dn 2 wiaa (ne) T3 : dn 2 iaa (1dn)
T4 : dn 1 uda Ts : Anay ) Té : Anse

13
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TABLE OF TREATMENT MEANS FOR time of floating (second)
(AVE. OF 6 REPS)

TREATMENT RANKS MEANS
T 1 4 6.708 bc
T 2 2 6.097 b
™ 3 3 6.390 bc
T'5 1 5.145 a
T 6 5 1468 ¢
MEAN §.302

In a column, means followed by a common. letter are
not significantly different at.the 5% level by DMRT.

T1 : dn 3 ida T2 : fn 2 wdan (vay) T3 : fn 2 wida (dn)
T4 : dn 1.14da Ts : Wnay Té : ine

= ' ' a 1 a4 Aygy v v
AN 3.10 AAIMNHHUIHUID AL Ilﬁzﬂ'l‘]uuﬂﬂﬂ‘n’ﬂtﬁaﬂﬁ‘lﬂﬂﬂm’uﬂﬂ’ll”zlﬂ“ﬂ‘lﬂ 9

TABLE OF TREATMENT MEANS FOR density (gram/cm)
(AVE, OF 6 REPS)

TREATMENT RANKS MEANS
A% 1 0.825.a
T & 6 0,992 a
T 3 5 0.980.a
T 4 3 0.960 a
%5 2 335 a
T 6 4 0.967 a
MEAN 0.943

In a column, means followed by a common letter are
not significantly different at the % level by DMRT.

T1: #An 3 1da T2 : An 2 wida (ney) T3 : dn 2 uda (1dn)
T4 : dn 1 @ T5 : dnay Te : Wnse

14
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MInil 4.1 deyanaaeumanusiseuiiningey

d dq v & dony LI & o ' LA v
ANUSITOU a1y wuHnoafinald WMtnianafiasanIus winvndnng
(rpm) fAnf 2 Kg (@ (® (2)
(min) @ finra AU+ | fAnda (A+daw)
@u+ala) | Wala
566.6 2.034 1675.6 140 300 - 24.4
573.4 1.020 1837.7 190 150 - 12.3
578.1 0.929 1863.7 140 120 - 16.3
p o N g - AN .
M9197 4.2 HAMIAALENGIHADINNTANIAIINS ITOUNAIVRIHIHIN 19U
. g Hq Yo
ANMUSITOU | afilena
(rpm) 17 2 ke. % fala % 14 % indld | % Yzl % AN
4 £y
(min) AT Han
565.6 2.034 83.8 s} 15 8.2 7.0
573.4 1.020 91.9 0.6 7.5 10.3 9.5
578.1 0.929 932 0.8 6.0 8.4 7.0
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M3eh 4.3 Yeyanameumauadalumsfaueniinnuiiseumademisg 578.1 rpm

AvaN naRld wuindafinald wudndnasaruse wmindndia
AAf7 5 kg (® () €3)
(min) i}V fiaHa 37U AAHA
(@u+¥ala) A+lage
1 1.907 4752.2 100 240 - 7.8
2 1.540 4759.4 120 230 a 10.8
3 1.367 4830.0 100 160 e 10.0
4 1.422 4831.4 90 160 - 8.6
Aunin 1.559 4793.3 102.5 197.5 - 9.3
1M IHNA1S Hadaauuuah Walada
= o AAT2 a o Y o V4 o
MI19N 4.4 HANMIAAUND AKABINTANANUISITOVINAIVINILAUNITY 578.1 rpm
s A aq ¥
ATIN nanly
AR Ske | B AnNRe | % HnNlN | % Hnde | % Uziu | % dafe
. Y Y
(min) 14 ADINT nae
1 1.907 95.04 4.8 0.16 2.1 2.0
2 1.540 95.19 4.6 0.21 2.5 24
3 1.367 96.60 B 0.20 2.1 2.0
4 1.422 96.63 3.2 0.17 1.9 1.8
Ry 1.559 95.87 3.95 0.19 2.15 2.05
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U oy Q’ >
dulszansmsaauen 0.94
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wasnunlFlumstlewd (va) : <44
MTATIVABUAUMN gansla

u d'l U ’ 1 -7
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178 112] 1.13) 1.36] 126 132 -138] 0327 51\ 551-3.1| 44 58| 061| 087) 0851 03| "041) 103 3 8 4 5 & 5
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REPLICATION
TREATMENT

TY =

TZ =

T2 =

T4 =

Ta =

Te =
REP1
T1 1,34
T 18
T3 1.24
T4 1{B0
T5 149
T6 b —- 7!
REP TOTALS 7.62
REP MEANS drcet

RANDOMIZED COMPLETE BLOCK DESIGN

(R} = &

[
o

<

TREATMENT A T) =

3 SEEDS

SEEDSLARGE

. SEEDSSMALL

SEED

NO SEED
CURVEPLOT

WIDTHNESS (cm.. )

RER2 REP3
D23 17738
29 1.36
i =21 1.28
de2 7 T 336
oY) 1 82
14+Y9 d . 32
7.86 { /LR
(2 3 Vo83

6

REP5

30
+ 36
.26
.38
27
.33

e e

|
©0
m

(L]
b
—

REPLICATION" (R)
TREATMENT (T)
ERROR

0.06571389
0.06838056
0.01340278

0.01314278
0.01367611
0.00053611

cv = 1.8%
= significant at 1%

level
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T1
T2
T3
T4
T5
T6

REP TOTALS
REP MEANS

REPLICATION

TRE

= e gL O Oy

RANDOMIZED COMPLETE BLOCK DESIGN

ATMENT
T1
T2
T3
T4
T5
T6

U DR I O

(R} = 6

= TREATMENT (T)

3. SEEDS

2 SEEDSLARGE
2 SEEDSSMALL
1:SEED

NO SEED
CURVEPLOT

length/ (eme

REP2 REP3
622 6. 31
o 9690
4.95 3.08
3.98 g, |
5.36 & B3
4,82 4.94
30.68 %} e
5. 14 of I8

o]
1
g
=

3

Q1O+ e C1 O

Do

[N
N

ANALYSIS OF VARIANCE FOR length (cm.)

__=-__..-..._=..=_======_..====..-_.....____-___...-_._-____-__.._....._..——--—--._—__-___—_-__-_

B OO g Or e

+- ©

.99
.26
o 08
.87
il
.88

.50

RS ) I SN N ST p)
<
w0

n
b O
© 0
~ N

REPLICATION " (R)
TREATMENT (T)
ERROR-

1.0405222
15.9591889
0.5179111

0.2081044
321918378
0.0207164
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RANDOMIZED COMPLETE BLOCK DESIGN
REPLICATION (R) = &6

TREATMENT = TREATMENT (T) = 6

Tl = 3 SEEDS
T2 = 2 SEEDSLARGE
T3 = 2 SEEDSSMALL
T4 = 1 SEED
TS5 = NO SEED
T6 = CURVEPLOT
thickness (cm. )
REP1 REP2 REP3 REP4 REP3 REPS
T1 0.98 0293 1.04 2505 0.99 1503
T.2 0.99 0.93 1.06 1.04 0.98 1.09
T3 082 0.78 0.88 0.69 0.¥5 .92
T4 0.92 0.86 C.97 1.00 i R i | 1.09
T5 0.64 0.60 0.87 0.78 D3 ¢.72
T6 0.86 _ 0.78 0.99 0.94 0.96 0.98
REP TOTALS 5y 4.88 5.81 3., N bR52 3,85
REP MEANS 0.87 0.81 0497 0.95 0.92 0597
ANALYSIS OF VARIANCE FOKR thickness (cm,)

Sy DF SS MS F
:::::::=======:===¢===============:=::========:====:======:=======:::::::::::::
REPLICATION ' (R) 5 0.12192222 0.02438444 18.58%x
TREATMENT (T) 5 0. 300672 222 0.07434444 36.65%xx*
ERROR 25 0.03281111 0.00131244
TOTAL 35 0.52645558
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RANDOMIZED COMPLETE BLOCK DESIGN
REPLICATION (R) = 6

TREATMENT = TREATMENT (T) = ¢

Tl = 3 SEEDS
T2 = 2 SEEDSLARGE
T3 = 2 SEEDSSMALL
T4 = 1 SEED
T5 = NO SEED
T6 = CURVEPLOT
weight (gram)
REP1 REF2 REP3 REP4 REPS REP6
T1 4,15 3563 1.€3 4,53 3+FR 4.21
T2 3.00 864 348 3,43 2483 3732
T3 2.03 g /83 2544 2541 2% 14 2::32
T4 1764 3% 1.69 1.84 1.69 197
i 1.54 ¥.[i 8 v ] 3 47 1.63 2.06
T6 2¢ 36 ¥ /3 3/, 2@ D 2 25640 2.45
REP TOTALS 14.861 y3 .0 18,16 17.88 B4.59 16.43
REP MEANS 2.44 2.28 3a0'3 2+98 2.43 2574
ANALYSIS OF VARIANCE FOR welght (gram;

Y DF SS MS F
REPLICATION (R) 5 2.9435667 05837133 17.21%x
TREATMENT (T) IV < 23.9673333 H7334667 140.13%x
ERROR 25 0.8552000 0.0342080
TOTAL 35 27.7660999

significant at 1% level
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RANDOMIZED COMPLETE BLOCK DESIGN
REPLICATION (R) = &6

TREATMENT = TREATMENT (T) = 6

Tl = 3 SEEDS
T2 = 2 SEEDSLARGE
T3 = 2 SEEDSSMALL
T+ = 1 SEED
T5 0 _SEEb
PO FLRVEPLOf
wetghtin water ~1gramd
REP] RBR2 B3 REP4 REPS3 REPS
Ti 1, B & 950 % W6 5 4.65 3,45 4.28
T $.80 2.2 8 ey 3 .€Y P.9¢ 389
TS Z0% Y26 - 2.48 2.1y 2.¢39
Ti iy ——- 0.64 i V' 1.94 1§72 208
T3 1.69 198 4 2 H80 s, 6'% iR 76 LE L
T6 LOr €1 247 JF-28 3192 BR12 269
REP TOTALB 14,835 8/ 18 181352 1819 3 14.47 175503
REP MEAN 2N 2.49 3.09 8 .09 Bl 2.84
ANALYSIS /OF VARIANCE FTOR weight-in'water (gram)
DF S MS F
3 TT2oN9 452 08515894 16.,82%%
) Tt GETNE 4.8803094 S6..i0%x
25 1.2656694 0.0506268
TOTAL 35 29,9261646
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RANDOMIZED COMPLETE BLOCK DESIGN
REPLICATION (R} = 6

TREATMENT = TREATMENT (T) = 6

T1 = 3 “SEEDS

T2 = 2 SEEDSLARGE

T 3= 2 =0PFTSITAEE

Tie®= 1 SEED

13 = NO\SHED

T6 == CURVERLOT

density {(gram/cm}
e P REP2 REP3 REF4 REPES REPS

T 0.00 0.99 1w PO 9,98 0.99 0.99
T2 - 10 1.03 0.98 0. B 0.98 0.38
T3 s 0439 097 9. 5% Oj 97 0.9%
T4 : .38 ® /95 Q.97 0,63 DRST 0.24
T5H o vnns 0. 34 (TE 0554 DRA2 i
T6 ity 0.96 DRSS 049 % o R 0.56
REP TOTALS 1.88 5.86 3.87 X8 58 81 5.15
REP MEANS 0. 81 0.98 0.98 0.95 0.97 0.56

ANALYSI3 | OF - VARIANCE FOR density(gram/cm)

S\ DE S3 Mg o]
REPLICATICN (RWY 3 L/REEY St 0.92458278 1
TREATMENT (T} 3 Ul 1T T28 PrgEr2851+ 1
ERROR o) 0.702230278 0602808811
TOTAL 38 OvIIBI0391
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RANDOMIZED COMPLETE BLOCK DESIGN

REPLICATION (R) = &
TREATMENT = TREATMENT (T)

T1 <. %8> SEEDS
T2 = 2 SEEDSLARGE
T3 = 2 SEEDSSMALL
T+ = 1 SEED
T5 _==NO" SEED
6" _=sCCRVEPLOT

6

time .of . floating (second)

REP2 REP3
SRS 7.60
7.08 T™SNeD
705 gyl
" Vi MISSING
%950 3702
F /i J el
32.00 3 .l 4
6 .33 (23

RERT
T1 - 5 L&
T2 8 ey |
T3 S0
T4 3.33
T3 L 05
T6 AR
REP TOTALS 38093
REP MEANS 6.43
ANYIWS By M=

SV %
REPLICATION Ry
TREATMENT (T)
ERROR g
TOTAL !
cv = 10.1%
** = gignificant at 1% leva
1
T 4 1is excluded from :the

SS
3 . 503 1\WE
b, 58 2ot DG T
8710344737
30.36281358
BEQiy31lsS

R B e B R

REP4 REP5 REP6
6.03 3.02 6,185
6.+26 5.67 .91
5865 6.68 5.44
MIS STNG MESSING MISSING
5 %ad 1.68 4.61
+ 9 B8.88 6.64
3G L7 31869 274785
6~ Q8 68 34 D09
1
f floatinsg (second)
MS B3
1.7006353 4.23%x
3. MHM2917 8.50%x%
. 017237
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