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Development of Sesame Shattering

Machine with the Rotating Cone
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SUMMARY
I. Title

Development of sesame shattering machine with the

rotating cone

IT. Objective and Significance of the Research

The action of anti-oxidation of anti-oxidant in sesame seeds
slows down the aging process of human body, and linoleic acid
prevents arteriosclerosis by removing cholesterol in blood vessel.
Sesame seeds which have forementioned benefits are used broadly
among people as seasonings after being processed as oil and

processed sesame seeds with salts.

The area in Korea wused for sesame cultivation was around
20,000 ha prior to the 1970s, but the size of the area and the
volume have increased to 40 ha and 32,000 tons in 2000. Korea
ranks 15 in the world in terms of the size of the cultivation area
of sesame, but the productivity per unit area 1is quite high so
that Korea is one of the top 10 countries in the world in terms of

sesame production.

There are several developed machines which can be wused for

sesame cultivation namely seeding machine with plastic film

mulching, cutting and binding machine, shattering machine,
separator, etc. However, the machine that «can  shatter the
detached pod from stems coming from cutting, drying and
shattering process and separate the seeds from other things



arising has not been developed yet. Moreover, threshing machine
which has been developed and distributed can be used for rice and
soybean but 1is not proper to wuse for shattering of sesame seeds

since ripening is not consistent.

Shattering machine that we intend to develop through this
research, has different wusage, principle and function from the
thresher which detaches the grain or kernel from stems of rice of
soybean crops, in terms of its structure and theory. There are
three ways to shatter sesame seeds. First 1is impact  type
shattering  work  which has been performed traditionally using
Doriggae(traditional stick shattering device) or stick. Second and
third are threshing work which has been wused for rice or barley. If
you shatter in these ways, you shatter first and dry crops and
conduct second and third round of shattering. Therefore, you
usually be faced with many difficulties in shattering the pod

detached from sesame stem whenever you harvest the crops.

Therefore, we intend to develop a machine which can shatter
the pod, having seeds detached from sesame stems. The machine
developed through this research composes of impact type shattering
device wusing lever crank mechanism and rotating corn shattering

machine that can shatter the pod detached from sesame stem.

Together with this machine, rain proof drying stand 1is necessary
to be developed. The traditional way of shattering sesame seeds
from the pod 1is that first you have to dry a group of bundles
collecting 3-4 bundles together. One bundles consists of around
15-25 plants. When properly dried sesame pod starts to open, a
farmer spreads out tents or thick plastic sheets on the field and

then hold a sesame bundle on the one hand and shatter the pods

,10,



by hitting the dried bundle with a stick on the other hand.

But the problem 1is that in August and September when sesame
is cut and dried, due to seasonal rain and typhoon the bundles of
sesame are liable to fall and wet so that the seeds are lost and
soil is mixed with sesame stem. Consequently, farmers come to

miss the appropriate shattering time of sesame.

Such damages, in turn, decrease the quality and yield of sesame
seeds drastically. For some extreme cases, farmers give  up
harvesting because they loose the chance to conduct shattering

work as sesame bundles rot due to prolonged rain.

In order to resolve above mentioned difficulties occurring in the
course of drying sesame bundles after harvest and to prevent
deterioration of the quality as well as minimize the loss of sesame
seeds in the process, We developed rain proof drying stand to
make bundling and erecting work for the solar drying more
convenient and prevent bundles from falling by typhoon  with
strong wind and rain. The most epochal point of this rain proof
drying stand 1is that farmers can complete the harvesting process
only by conducting 1 round of shattering wunlike conventional 3-4

rounds.

IMI. Contents and Scope of the research

After the government implements direct payment for field crop
cultivation as a counter measure for the rice industry in Korea,
cultivation of field crops increases and therefore, it 1is expected
that sesame farming will also increase. Then it leads to the need

for mechanization of sesame harvesting such as shattering work.

,11,



To  mechanize  shattering work, it is necessary to develop
automatic shattering machine which shatter even the pod detached
from stems by significantly improving shattering work performed in

a traditional way by using a stick.

In addition, it is necessary to develop rain proof drying stand to
prevent the loss of sesame seeds in the process of harvest and dry,
to make the process of tieing and Tholding up the Dbundles
convenient and to prevent bundles from falling by typhoon with

strong wind and rain.

Thanks to the development of shattering machine and rain proof
drying stand, farmers can complete the reaping process only by
conducting 1 round of shattering work unlike conventional 3-4

rounds.

The detail  contents of the development to achieve above

mentioned objectives are as follows:

1. Designing and performance test of rain proof drying stand for

sesame.

2. Research on the method of applying the principle of rotating

corn to sesame pod shattering

3. Development of impact type shattering device wusing crank

lever mechanism
4. Development of high performance sesame seed blower

5. Performance test on 1impact type shattering machine using

rain proof drying stand

6. Patent registration of rain proof drying stand and sesame

,12,



shattering machine

7. Transfer the technique to the firm and supply the developed

machine with farmers

8. Comparison of germination rate and seedling growth of

sesame in terms of shattering methods.

9. Comparison of shattering performance between conventional

and mechanized works.

IV. Results of the Research and Suggestion

for the Application

To mechanize the traditional process of shattering work for
sesame, we developed a machine that can shatter the pod detached
from stem. In order to complete the process of shattering with one

round, we designed and developed rain proof drying stand.

Results of the Research and suggested application of sesame

shattering machine and rain proof drying stand are as follows:

1. In order to calculate the optimal size of a sieve required for
sesame seeds selection, we used 6 types of standard sieves from
KS standard No 6 ~ 14 in the experiment. According to this test,
the standard sieve No.8(size 2.36 mm) was determined as the

optimal for sesame seed selection.

2. Conventional shattering work for sesame seeds required 23 to
4 rounds of shattering. But, if rain proof drying stand was used,
sesame bundles could be fully dried regardless of weather condition

and 1 round of shattering whether it was by hand or by machine,

,13,



was enough to harvest. By using this stand, 2/3 of labor could be

saved compared with the conventional procedure.

3. One rain proof drying stand could hold 44 sesame bundles.
One bundle was 84 cm diameter and comprise of 21 sesame

plants. It needed three drying stands to cover 100 Pyung(330 m2)

4. In case of drying sesame bundles by tieing and making them
stand in field, sesame seeds by natural opening of sesame pod are
liable to be lost. The result of the test using rain proof drying
stand showed that the total loss of sesame seeds during the dry
period, accounts for 5% of the total production. It means that if
rain proof drying stand is used, 5% of sesame seeds can be saved
because shattered seeds by natural opening can be collected wusing

by the stand.

5. The practicability and efficiency of rain proof drying stand for
sesame seeds were recognized at sesame cultivation farms, so that
the contract of technology transfer for commercialization was made
with Gwangjin Corporation. Then, this Corporation was selected as
one of the designated ventures by Gyeongsangbuk-do and is

promoting distribution of this machine in main producing districts.

6. If machine shattering was conducted at the conveying speed
of 84m/min of side-hit shattering machine with horizontal input
system and 18 bundles/min of input rate, relatively more inert
matters such as detached pods or cracked stems were occurred

than when the work was conducted by hands.

The percentage of shattering of machine using side-hit impact
shattering method with horizontal input system was 90.3% at the

1st round, 6.4% at the 2nd and 3.3% at the 3rd round.

,14,



7. At a test trial of the side-hit shattering machine with the 21
bundle/min of the input rate, when the sesame bundles were
inputted reversely the shattering performance of first round was
98.5 percentage, which was the 2.7 folds than that of horizontal
input. The performance was calculated by excluding the seeds

which was shattering by detached pods from the stems.

8. When the side-hit impact shattering machine with vertical
input system was used, 97.2% of sesame was gained marking very
high efficiency in shattering at the 1st shattering process.
Subsequently, at the 2nd and 3rd shattering, the percentage of
shattering was 2.8%.

9. According to the test, shattering was able to be completed
with 1 round by using machine on the condition that sesame plant
was fully dried for enough time by wusing rain proof drying stand,
while conventional measures required at least 3 rounds of
shattering. Yet, there will be 2.8% loss if harvest is done by one

round shattering using this shattering machine.

10. Working hour of shattering using by rain proof drying stand
was shorter than that of the conventional. Shattering machine by
the drying stand could shatter more than 90% the sesame seed
by one round so that it reduced the number of shattering rounds.
Work hour of shattering per 10a was 18 minutes and 13.9 hours
n shattering using by the stand and the conventional,

respectively.

11. Drying wusing by rain proof dryin stand improved the quality
of sesame seeds, resulting in add 1,000 won value per kg seeds,
and increased the yield by 1lkg/l10a by collecting the naturally

shattered seeds. In addition, sesame farmers are not needed to

,15,



bundle the sesame plants and elect by four bundles in order for

the conventional drying

12. Mechanized shattering resulted in increase of sesame farm
income by about 720,000 won/ha by reducing the operating cost.
Letting the prices of shattering machine and drying stand are 2
millions Won and 6 millions Won, respectively, if the farmer
cultivates more than 10 ha sesame, it 1is possible to get to the
break even point of purchasing costs of two machines in the first

year.

,16,
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. ¢+ d—2cdcose, (2-9)
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24 (h—a)?
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® L= P(S— e

(S+ eN’=F+(S—en?

N 2

T 2-7)
_ 12

L=S+ ef=S+E ***************************** (2-8)
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P1, P2, P3 : FR3, FHFs @ FHH5)
Pt : Tripper 53 (kW)

frozsee 54 BAAS

W +HEE o]99 FFHE FTHF(kg/m)
v W E 9 &% (m/min) 1 A o]o] &= Zdo
Qt : W (E/hr) Pm : 28 &% (kW)

1) Fabric Z#Wo]o] WE S FA ALt

= le+lL1+ lL2

Aq714 t: WE FFA (mm)
t, + AA FA (mm)

2) Fabric Zwolo] WES] F&F ALl

Wy=A{ f,+ (t;+t,)x1.25}xB
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A4 W = MES % (kg/m)
Fo i AR FH(kg/m?) B WEE(m)
3) HES] HAASF

T,<b
Fmax

HE GFAAF S. F= (kg/cm)
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2. Bucket Elevator
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6.35 6.35mm
5.6 5.60mm
5 5.00mm
4.75 4.75mm
4 4.00mm
3.35 3.35mm
2.8 2.80mm A 2 =
2.36 2.36mm
7] 9]

2 2.00mm
1.7 1.70mm
14 1.40mm
1.18 1.18mm
1 1.00mm

)

L=

a9 2-5 ¥4
2 2 [mm]={25.4[mm]/mesh}-& 3 A A [mm] --—--—-----—- (2-9)
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AufA A (dha) | 52.8 49.4 44.3 435 44.2 35.0
F(kg/10a) | 520 49.0 72.0 71.0 54.0 34.0
ARFEE) | 217 24.0 31.7 310 23.8 12.0

# 20039 A7) AMEA L AT (5P

1990 ol F Az AWlFe FT/HIL oy FFHFLS EFI =9
I, 531 et FEAT Hhe, FHol EFsa g
F SR Qs FA AFELS vid gobAd 1990 el 83% ©]
Aol 1996 ol = 34%7F % "ol A T},

oy

- 194 -



GEW LMARE W BAE ATEA P gold olwel Ak A,
N3A 5oz anhsd 344 5 dFTFANAE AARANA iAo
= AN FARAL AEAG T8 BAS Bol s Aol Ak Aol
Ne 243 #9349 AZ47} 21 £ABAG FARA] o] o7
Mo $EE B2t Aold $948 FYtor ¢n WI e g

=
AEE ABA EAAES @
o AEA Adol a7Hn 3

Foz Ty A AFEL 0%l "ol Ao FHT. GEA AT
A BoplAE Blel A Ae AEF 44H A AnANAze

gEg T I A7 FAE 9% B B =¥Ho] a7HI Utk =
FA A AYAME FAH 4R 584 & F4 FA AFE FY
2 Ausrte 252, Yozt e nEZEY AR AvE 53 7R A
TS 98l ALEH ALY B4l st AT
E11-2. A= AN ZHTEFH(EHE)
1998 1999 2000 2001 2002 2003 2004

6,731.0 6,731.0 6,731.0 6,731.0 6,731.0 6,731.0 6,731.0
(61,000) (61,000) (61,000) (61,000) (61,000)

* ()= ST XY TUARY. 20045 =S TN AR

’

A= FHE) TR (HEH)
1998 48,003 39,251
1999 51,345 42,947
2000 56,500 41,418
2001 57,377 34,064
2002(P) 38,656 21,524

- 195 -



92 el A

HZ 57 ('98~702)F <t

143 &

5}7) 2 g

1981 E(7.6%),

ol =
1l -

743 & (29.3),

A2 FdE9oH MMAEZ HY oA

T

=(57.6%),
(5.5%)

=
s

M, F, 13 geow AuuAdl

3

Dz

BN

R

ol

2 2uf o

=)

ol

a4 W, AR, 3,

TAIZ 20034

[S]

= =
[y

(e}
R

]

o
o B

s
<

i
N

o)

T
r

M

r

Hr

N

%
o
Nfo
mul
ol

0

B8

K
-

i8
ofp

el
Hir

9

)

2
A7 Ao AMEAS FRF FA FUAGI T}

549} 470

930.9hacll

“

Hlp

—

0
!

T8

= ¢ =

gl o1 4]

7152 8 ve H4A8F 23kl A

7 A v =

-

ol o}

= 7+4

[sig
=

3l of

o=

" FA

]_

A
a8y kg sl ot

Tor
o
]
o

&
B

NI
)

—

0

T

-

il

oy
o
™

H
4r
Mo

W

o
1o
N

) .f
Ho

FA A= B

w3

71 Al 8w

3

H]

35 A}l

ﬁo
%

s}

it

=0

™
gnu

ol

e

w2} A

- 196 -



i

4l

1
=

S

e

AE AR ANAFLA

5 FA ol o

A 54 2

248 A4

1—7]]]

|

o

o
of
X
i
™

—
o

-

3L
o

Ao
el
~o
B

—
o

p—

o
o
A

o

—_—

o]io

S
pul

o BgsnA o},

2=
=

7]

A A sddFG el

Z

2 o

s

7174

zAot. 28 2 et 99

Fuboh e

[

[N

dol ool w

o}l %]

T4 BTz

N

__.o‘_
ot

Ho
]

N

)

R

A

24 el

oz
=

)

7h ak&

zHE

al

sl

=]
=

20 A 1AsY Ay Az Bt

=

ot
G

Y

fuy.
o
o
-

it
)
™
!
<r
B

‘_lr”
Gl
o

Nd

e

e

3

“g ol 9

7)1 &

7] Al 8}

A=)

T

=]

3}

=
=

REEN

R

i

k)
pil

9]

&)

o

2+ 71 Al

i
3

k)
pil

[e)

j=

37 98 o

ZA}E

o

ol d <

g

ol

2|
o

AL slal A

L ET RN

1o

o

B!

.
o

ofo
o

m
To!

oF
el

Mo

Ho

1o

o

SR

e

- 197 -



+d

o

=)
B4

wol, 4%, 29

d F39

g9

do =z

3) = 1A=}

I
o
3}
=)
o]

E i M oo o
OH X K= i
B3 o = ] = ~
N o) W E & T
TR = ool ® ‘=
ToE RO TR %0
W = oo PN Ko<
oy R ~ o
E| AT ° I = ol
—_— S Y o W/ w o
T 3 ﬂw RO = O T A
~ Op ‘mwﬁ LO o) - —_
—_ Bo =) J 0 .
a 1@ Ty S | o el mla mﬁ - H
1@-0 o —_ ~ < — o >
= ) 0
. =T 24|24 | 352 &%
T =& - ™ | & ® o E v
- w T |F|E S - T op
ol oy P | = [° Wl® G .
=0 = ° < 03 | o W5 L
x ~ ET : T Iva o AT X KO
XA ™ N B
e AR B B Em_ =B N Ty
0 _ — 0 — = E E —
= O | e D T T o2
pint mu 1oH vy S o+ ~O o ‘Wo
o = B % N R o R
. —_— o 1_mh X = A Nlo ol N o X
R = . DN -
m’l Lvﬂ. X &o O_ ]WVI T80 Og Kt .MW
T X K - | da B ar < X
e M WH — _m o X E = o MOB
s O X ° o X 4 W= i
m = N N T clly!
my — = I n = o P
- K = a A =P
i - = R W T
K n R = qr X B oo
7o = 3 : o -3 o o
X o = <z 0 TNE L oawE
ajo —_ i B ey £
< 03 — N < ' ON B T R

- 198 -



Au e FAA g4Ey J2EAHd 2HoE Fe Fadd NPK A&
BZEo] gl=2 o 3o, gz ALEHA 16-18-18% 10aY 4%
(80kg) 713 % 89} A3 200kg A XY}

MEZ BFow ZewW B Iz wARDE FAY P FYH o
#3293 EAHE o3t 4PN 2HY HYL B

]

Ae4E FAN A% 2988 422 24 AT one AMBAL 7
Aoz AAH F7 AN NI AME o] AL FIFn FEE
Hgow FAAAL Bt

g :E el wEAl AzAE Agscl dhE Aol Utk SAMde £y
MY ERt Aeds EdE ta "old 274%0 PA%L guyel v
si7h gelEy Ao FHE ol 9 Ee gxwa AENI} o] AxAE

Nde 59 s ol FolE Ty Aiﬂr Aol A9 gl
Ag Azl A5 FANIL NEA

_
AN
&
3
fu
rtl

30 cm, &=

£S5 50cmZ 49 HA TFF3YH.

4

- 199 -



B
)A

Mo
H

o] = of

A=
=

A1 4

gk

7kl 9] %

=

[€)

FHE AsH 2

71ts F A9 7HA

Gl
2=

=

[©)
-

B

—
o

0

ol
Mo
Him

"
Hr

el

3

A

2=
T

% o

19703 o)

=
=

%7

=

=} 7

c,]g~

)

I

= H

wol A=

& Aol A

=
5

A}

Mo

ol
wr
o

o

E

ZO

@A 7+ A

ol #7]

B
i

2 74 o) A

v

SAZ TE o7 1994

-

i=]
=

A
R

_]

N %

—_—
o

i+
o

W

Hi

e]
He

EH

KA

0
o

A7 1R

M

——
o
~
70

<4

T
r

He

=A<

S
T

AR R o = A g

(kg/10a)
96

=5

PN

=

Njo
T™H
nd

(g)

247g

(%)
4%

2

1

9.

2

7.5

(cm)

115

ogel

\ﬂl

o 2t

[O

N

]

<
=4

el

£3

ojr

1
B

e

HO
Mo
il

w5

o
o
oF
i

o

-
-
JX:O
N

—_—

o

o

N

o
K

el

of

&

o}
Mo
=y

o

o

" OAAR, 9

oL

(¢

2 Y Bk

g
E7kAA AHE

|

H

€

3l

3
L

o]

glok 2H ey

)

5%

EERY

gle dAold. dA

7 o)

N

Ho

59 25

1

da) 2Eed FE) BFol
o 2719

oM 6¢

=
RN

st

S

3% A7E 59
- 200 -

17]]]

s

s A o



"

=y

—
o

o
w

F 3ok

o

2 3

=
=

stof 9]

S

g 577 E %F

wK

4

—_—
o

<
el
oy
X
ofp
4r

;oT

)

AT

;Ot

N
|
N
o

o

St At

X 9

Al
=

A Al 2 A

A

53| 5 WAEE & o

H

AN

—_—
o

=

=0

TR

el
‘mo

N

sl

55
G
W

37 7}

jird

p—

0
X

[e3]
2R

o

=

St AT

<=7 A
[e)

84
A A

1=

]

E_
tel 53] A A

]_

5

FAH7 = 6¥

St At

o]

Al

—_
o

2ad vhesrt Bold

3} 7]

ol A A o

s 7

R

A&

}

344 1,0008) & 3

;O‘_

B

—_—
o

W
iy

N
)

Jr
o

xr

A 717F A7leolm 2 9¢Y

p—

T

WEZ 23707 ¥ A
- 201 -

393 o} 3



. £
A
N
N
ol
&
o
ok
g

o, felel &
ATt

23 358 44 F £ AT A3 2003

] KN
H =
ZHZFo0 =2 38k/10a, 20049 58kg/10as S

FA e Hote b AHEHR wRVMARZ FEY FFoAT =2Y 4H
'B2AhY A -AZEAY AFG(rEE)A w(IR)ZY HFu e

2o SU—-=7] ® ¥y 7#Y E3tof Bd HAFo

SEE 10712Colx, FHLe 25727Ceold. ady
FME 18720C Axeor HFHozZ FAA wolslrz EFAqE=E AL
ATh FAFL 12714CAHE HlmE =&

s
- =1
FAY RAN RALFE Lopgo] ¥

A7 E2AE Ao HwAH e BG4S
Aol FEwet wolge BAZE BE A3
%]

dlolg-o] 10% v 9o Z wj$ vy 459 o]

- 202 -



b ot

tof 23] dAs

3|

i
-

29

of

2} 1008 &

=
o

ofE ~ ~
= o o
& A 4
1..._wE n_mo Jymo
% B " "
=" < ) © |
M wm SRS SIG|R|G|g|E X
mﬂ
) T oo BT do
oF ¢ |7 % R
< z° 4 o <
mw " Afr
st —_ n_mo
N
% " Mo "
T o e e o0
=[5 S|3|8|5|8|5|8/5|8| 4
ot
T N Nd
mo pe o
Nd " P
. o = = o =
\O
S o o o o o ()
XE S|4 8|59k
WHW BB GRENCY
D
R
B/ W S S

FH A

ki3

o

1—0]]

Z

%

okt ohwk 20039 zHe 7

= 7144 EE

ENL R
oF 74

A 8) A

-
R

uk
=

o o

47

#)
2AbE ek e

FE- A B (1999 ) ol

=
o

il

H] 3]

drol g o = 2004 o

oL 31

g

%29

Np
B

oy
ﬂ%o
_zo
~/

_Zt
Ho

o)
o

il

Agow Abgel i

shel =

B

A4S o %

o5 A

W o

Al A A F e wE ¥y AEH

T

LR 5o T

I} ol

S
=]

o}
gLtk weta 714

L
pu—

e

2714

7+ 10

s

s
Gob Fow %

ol &

=
=

FA

S

A7 EA

=
L

W oA&, wolgolA o} 7

o
+

o
‘_ﬂo

B

el

- 203 -



7hR Foll= o %ol

FE11-6. A8 7A=Y 2 A VS 47
ae| B9 | A ZAAA (Y. )
| gE (6116210 [7. 1711 [721[8 1] 811 [821 9.1
a9 24(cm) | 162 | 246 | 353 | 488 | 59.3 | 70.7 | 819 | 942 | 1027
03 SO ESON | 27 | 64 | 102 | 185 | 265 | 283 | 304 | 345 | 367
- A 24 | 171 | 239 | 368 | 479 | 587 | 706 | 811 | 936 | 1022
g4 | 25 | 63 101|183 | 263 | 285 | 30.3 | 342 | 365
. 27 | 224 | 313|456 | 609 | 762 | 924 | 107.7 | 109.1 | 117.3
o4 - 4 | 42 | 103 | 186 | 264 | 362 | 483 | 587 | 627 | 663
- A 24 | 216|321 | 452 | 613 | 769 | 931 | 107.2 | 109.7 | 117.4
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