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Development of Rotating Cone Type
Seed Garlic Separator
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SUMMARY

I Title of the Research

Development of rotating cone type garlic separator

II. Objective and Significance of the Research

The garlic, one of valuable condiment vegetable, has been increasing
on demand with the increase of processed food and meat consumptions. The
production cost of garlic in Korea is much higher than that in China, so
it is required to reduce the production cost for improving
competitiveness, In special, it is essential for the prompt bulb
separation to mechanize the seeding operation in large-scaled farming.
Therefore, it is necessary for the development of high-performance garlic
separator to prepare bulb promptly right before seeding.

Compared with other farm operation, the garlic separation is very hard
and suffering work and has the with deteriorating working condition as
well. Therefore, it is highly needed to develope the separator to save
the labor force. Furthermore, garlic seeding has to be operated during
rice harvesting period, and then in this period labor intensiveness is so
high that labor-saving method has to be established. The mechanization of
garlic separation has to be first accomplished to save the seeding labor
force because garlic separation is the main labor-requiring work among
seeding operation,

To improve separation performance of the existing separator by



continuous roller , it is considered. that roller gap and rotating speed
were properly modified. Moreover, it requires additional driver due to
adapting belt conveyer system, which should increase manufacturing cost
of the separator. Thus, in order to develope the separator with low cost
and high performance, it is need to be established novel separation
method.

This research was conducted to develop the high-performance garlic
separator using by the principle of rotating cone with a low cost.

Objectives of this research in detail were as follows:

1) Elucidation of optimum condition of principles of rotating cone by
factorial performance test

2) Development of rotating cone garlic separator

3) Supply garlic farmers with low-cost and high-efficient garlic
separator

4) Transferring manufacturing technique of the separator to smaller
manufacturer which is located on chief producing district of garlic.

5) Establishment of production, distribution and maintenance systems

which were able to promote the practical use of the developed separator.



II1I. Contents and Scope of the Research

Developing procedures of garlic separator using the principle of rotating
cone consisted of optimization of design parameters and test and
improvement of the separator’s performance. On the basis of determined
optimal design parameters and improved performance, we manufactured the
suppling garlic separator with working drawing by Korean industrial
standards) and transferred the technique and the drawing to supply garlic
farmers with a low-cost and high-efficient garlic separator.

Detailed contents and scope of this research were as follows:

1. Determining optimal condition of the design parameters such as height
and angle of the inner and outer cones, rotating speed of inner cone to

maximize the separating performance,

2. Investigating the separating capacity of the separator and

quantification of damaged bulb,

3. Comparison of the separator operation with manual operation for bulb

damage degree observed with the naked eye and microscope.

4, Designing and manufacturing of input hopper and blower.

5. Manufacturing low-cost garlic separator with high separation

performance for practical use of garlic farmers,



7. Drawing and equipment of standardized working drawing for easy

maintenance and repair.

8. Transferring the manufacturing technique and working drawing to the

firm for the efficient supply of developed separator to the farmers.

9. Registering the principle of the separating and the separator in

patented invention and in utility model, respectively.

10. Comparison of the separator operation with manual operation for

separation performance.

11. Comparison of the separator operation with manual operation for

field performance of the bulb.

12. Cutting the managing cost of garlic farming through the mechanization

of garlic separation.

_10_



IV. Results of the Research and Suggestions for the Application

1. In this research we developed rotating cone type garlic separator
which is suitable to field application. we elucidated the optimal
conditions of several factors that affect the efficiency of rotating
cone. So this results can be applied to development of other agricultural

machinery,

2. This garlic separator can be manufactured by any manufacturer because
it equipped KS(Korean Standards) working drawing and be supplied with the
farmers at a low price due to low production cost. In addition, the
equipment of working drawing make it easy to maintain the supplied

separator,

3. We elucidated the principle of rotating cone which was registered
patented invention(no.1999-003456) and manufactured supplying garlic

separator which was registered utility model(no. 0249179).

4, After manufacturing the separator we gave a trial performance in
public, Farmers, agriculture expertises, reporters and machinery makers
were attended in this trial. The farmers had rated the separator’s
performance very highly, so we borrowed the separator to farmers and

finished the adaption test on the field.

5. We transferred the technique to Hanseo engineering co. which is one of

- 11 -



attendants at the trial performance, so production and distribution

systems of the separator were established.

6. With the supplying of this separator to garlic farmers, they were able
to reduce production cost and to increase farm profitability. And the
labor force saved by the mechanization of garlic separation was able to

be used into other farm operation.

- 12 -
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Table 1-3 Biological characteristics of garlic
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Table 1-4 Bitanical properties of various garlic classes according

to planting area
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Table 1-5 Mechanization progress for garlic cultivation.
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Fig. 2-1 Conceptual diagram of garlic seed separating process
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Table 2-1 Specification of the V-S motor

3"0L e A7
A&7 1HP(0. 75kW)
F 34 220/380V 4=

+ 5 AF 2.5/2 A
57 F 3} 60Hz
I3 1.0
®E 7%
3 A4 1710rpm
7M&EEEe] | 150 ~1500RPM

#188.4
|
i
$

1IHIAIU\I'

/i

/
4-2 MOUNTING HOLE

[

’ BEARING NUMBRE
v.s
\ MOTOR e :A YT o ]x.:) llnl—b-l
OAD | 52082z 620521 22937 2P

L
s = s =
UNLOAD | 520422 £20G477 B77£0.0085 PR ECH
4 A Zi0d 78 ¢ [39]

SHSREMA T & -EG"!]!#X ;‘PEQ

A~ A VIEW

Fig. 2-2 Front and side views of the V-S motor
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Table 2-2 Rotating speed ratio of prototype #1 for performance test.
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27 HE Ue ¥AA3Y 33 AWH LR TP
Table 2-3 Grades of garlic by sizing
£33 27 (AL, cn)
T :
Eq of % &
ki b 5.00]%¢ 4.0~5.0 3.0~4.0 2.0~3.0
ek 5. 50} 4 4.5~5.5 | 4.0~4.5 3.5~4.0
Table 2-4 Specificationé of rotating inner and outer cones
w4 | 430l | U327 | FAKDF | viERTF
HFFE (H)[mm] | (Ai)[deg]| (Ci)[mm] (Co) [mm]
DR 700 79 50 30
A5 B 550 80 50 ‘ 30
BENC 400 81 50 30

£ 2-4014 Uehd uleh go| ¥RE A, B, Co 37 WrlE TAst A
NP #ustAh of W TRl wE¥e BT PAW Ao ol
tleA dEstden, slstebd wake Td 2-33% ok AR dxd, 9
Q39 UZdols nhsel &g 3437 $stel shore AE 35, 7
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15mel 374 §44 YT 2FE FHsigch
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Fig 2-3 Sectional view of rotating inner and fixed outer cones
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Fig. 2-4 Prototype #1 of the rotating cone type garlic separator
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Fig. 2-6 Photograph of V-S motor and control unit
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Fig. 2-7. Diagram of V-S motor control circuit
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Photograph of performance testing
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Table 2-5 Design parameters of bucket elevator type hopper
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Fig. 2-15. Blower with turbo fan.

Fig. 2-16. Photograph of blower in prototype #2 of garlic separator
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Fig. 2-17 Prototype #2 of garlic separator
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Fig. 2-18. Photograph of prototype #3.
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Table 2-8 Specifications of improved garlic separator prototype #3

A E 719 b dF
seme | $¥7 |z o | T T
deiolg | $5F | IHIAF
Al 220V
2536rpm | 868rpm 85rpm 865rpm 430rpm
1790rpm
i EA L AR 2671
2] w o] & dz|welg 1313 —14~15% 4 rpm
2 w2y x|y
Qepuoley| s & o K &
238(n} 182 210 501 192 277 312
E</min) 180 198 467 195 246 351
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Fig. 2-20 Photograph of developed garlic separator
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Front and side views of developed garlic separator

Fig. 2-21
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Table 2-9. Specifications of rotating cones of developed garlic

separator
L= 13 >
ARE | 9z _Fu¥ _H=®
‘ UHLF | S  FYR | UREF | U F | wigR
H I g
217 B 7= | 93 | WA =
730 360 230 65 580 25
730 360 230 65 600 35
4 3% 7 730 380 230 75 530 600 35
(23z7]) | 740 340 230 55 580 25
740 340 230 55 590 30
740 340 230 55 600 35

e

1

\—

=]
)|

100

=10

It

Pleg& 30 un 1% (& HA 15 mw)

it 15

2 E 0 (ME T 20

HS 30 m 4% (HE ZH 26 an)

Fig. 2-23 Design drawing of rotating cones for developed garlic

separator
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Fig. 2-25 Part of device for gap size between inner and outer cones
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Fig. 2-26 Upper and lower flanges of outer cone
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Fig. 2-27 Upper and lower flange of inner cone and flange cover
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Fig. 2-29 Design drawing of blower in developed garlic separator
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Fig. 2-31 Shaft of bucket elevator in developed garlic separator
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Fig. 2-32 Detail drawings of bucket elevator in developed garlic
separator.
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Fig. 2-33 Schematic diagram of power transmission for developed garlic
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Fig. 2-34 Drawing of motor base
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Fig. 2-35 Blower of developed garlic separator
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Fig. 2-36 Detail drawing of damper in the blower of developed garlic

separator,
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Table 2-10. Specifications and performance test results of developed

garlic separator

T e X 5% B3
AHE A g 220718 9 58 I AR
53 ZH gha 220V, 30}
37 7}21400m X M Z 750mm X &©]1700mm
ANA 74 wE-dejdold, 4FEe R, AR, AU Aol
HE 2P o Y FFY dF4 I BE [ YUF
AHLF &= 100 ~400rpm ARYA] 2 A
] 7) - o 2| o] B W14 207Y, 2rpm ikl =23
TEFE 100~20070/82( 1~2%/8) AR ZA |
z2HaL 90 ~95%
71t AL, A7, ol A HA

Fig. 2-37 Photograph of performance testing for developed garlic

separator
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Fig.2-38 Sectional view of outer cone
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{c) Lower guide pin of outer cone (d) Upper guide pin of outer cone

Fig.2-39 Photo. of prototype #5




(a) Outlet of garlic (b) Outlet by-products

(c) Blower (d) Damper controller

Fig.2-40 Photo. of prototype #5



(c) Feed gear of ouet cone (d) Feed gear and handle

Fig.2-41 Photo. of prototype #5
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Fig.2-42 Front and side view of prototype #5
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9% A 8T AWl FEACE Uuse AFaz Aatel
Zgols £oAE 35, 7 15m F4 F48 LE IS sl BEe

A A ke &4 FAHIEF AFTE AFsHct

Table 3-1 Specification of inner and outer cones

NAE | AzNY 93 bt ot LT
AAF U [RAR[LF [T EF
WEIS A %l gn gz |23 | 97 | ug | 23
91> o] | 700 | 330 | 230 | 50
- | 550 | 294 | 394 | 50 | 530 | 290 | 30
3 o | 400 | 358 | 458 | 50
580 | 25
127] ] 586 | 28
o & F
eqey | 700 | 340 | 230 | 55 | 530 | 592 | 31
-Tewe 598 34
604 | 37
23 7] 700 | 340 | 230 | 55 | 530 | 590 | 30
337 730 | 340 | 230 | 55 | 530 | 600 | 35
730 | 360 | 230 | 65 580 | 25
730 | 360 | 230 | 65 600 | 35
] A2t | 730 | 380 | 230 75 600 35
437 ) 530
wj&Hodsr| 740 | 340 | 230 | 55 580 | 25
740 | 340 | 230 | 55 590 | 30
740 | 340 | 230 | 55 600 | 35
527] | 287 | 730 | 340 | 230 | 60 | 530 | 570 | 20

T AFTOA A 45 &5 2 L EA, 1T AFT|oA nhe
ZEeE AT HA L3 /A AJFE T3] Hste] Vs BE ¥ §



571 AogA L sty T2 SEE Aolsigirh

°l o] 3d 4332 Ho) HALE 400rpml = lo] AAFl, 2 3
4 W97} 150~1500rpm, 2E] &3o| 1 PSQ VS RE|E HAsldct. =3
5 AM 455§ FEF AelY T Azle 80m= slglon o]3
£ Ale 7101E o8 AJole FHAY T ohleEl u& FAA £F
I Aol AT € £ 3leER FIFTUNOEA 3 AU M0 AHES}o
A 2283 g TFHE it A5HY HyAs: FFHHEFS) A
2] 2.501% dAS HALF] L7} nhsd 22 Hed nAs A&
2353t Ao 4F ALEE FHSI=F sk

2371, 3%7], 487 7
gl w3l dewolE 2 HALE FYUSS AT oM AFHEE %

stolch.

lo ) ri

2. A7 BE5EAE YT 2 2 Uy
7} BFAR=E

FAANEZAM GAFA dEvkEI TAFYA 2 nhed AHste] Az

o] sl AH&3tgich. QA7 Foksd] Eol(H) FelfelA nhed £
DR 7 golE, FHEW)2 Suhsd A S5 FF3 S uvehdch =
3 Bulgd] gol(h)e HIFAATE FHE0lE T2 H(w)2 & 7
< AT Zelrh ol FA uhsd &4 Aol AHEshr] Hol F£3] A
d A= F FH3CL

BAMERA 12 A|Z7]o] AHEH vhed 242 F3-2¢9 Zonm, 23, 3

3, 43 A Z7]0) A12H nhse EAE ¥3-33 Zrh



Table 3-2 Physical properties of Namdo & Uisung garlics used prototype #1

r Garlic bulb Separated garlic
Variety | Weight Width | Height | Weight Width Height
(g) (mm) (mm) (g) (mm) (mm)
Namdo 47,2 54.77 38.17 5.10 21.67 30.27
Ueisung 40.15 49.16 37.76 5.17 19. 86 31.84

Table 3-3 Physical properties of Namdo and Ueisung garlics used in
prototype #2 ~ #4

nhs FHuhs (™)

L
of

i
S

BA | FE | P31 QG ARARA | IF | gl (7 - &7
(g) | (m) | (mm) | (EA) | (m) | (mm) | (mm) |57 (mm)

o] [39.20 54.7 | 33.4| 7.5 4.7 18.8 | 26.7 4.40

—

¥ | 5 |28.08| 47.1 | 25.8 | 6.5 3.9 17.1 | 23.6 3.16

20.63 | 42.0 {22.1| 6.8 2.8 15.1 121.9 2.20

F>

o} [45.97| 50.5 [ 36.6 | 9.0 4.9 18.5 | 32.2 3.28

¥AY | F |[25.61 ) 42.1 | 31.7, 8.1 3.1 16.0 | 27.5 1.84

16.51 | 34.4 | 28.4| 6.5 2.5 14.1 | 24.4 1.28

P>

A HF |30.34] 45.5 | 30.2| 7.5 3.7 16.8 |26.4| 2.74
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Table 3-4 Experimental working conditions of garlic
separator (prototype #1)
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@ Following shaft @ Plug block & bearing @ VS motor control panel
@ VS motor ® Frame ® Horizontal support @ Upper flange
Inlet guide @ Fixed outer cormn Shock absorbing rubber
@ Sprocket @ Rotating inner corn
Fig.3-2 A rotating cone type garlic separator (prototype #1)
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Table 3-5 Experimental working conditions of garlic separator

(prototype #2~#4)
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Fig. 3-3 Prototype #2 of garlic separator
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Fig.3-5 Prototype #4 of garlic separator
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Fig. 3-6 Separability of garlic bulbs with feed rate and shaft speed
for A type
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Fig.3-26 Separability of garlic bulbs with garlic size for various

rotating speed of inner cone.
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ZAo| wE FF2 E 3-83 Zrh

Table 3-7 Specitications of garlic separator (prototype #2)

-~
T

A

F d# 3
AT AES] TIA} 220V, 60Hz, 4P, 2HP(1.5kW), 1800(1500)rpm
FAE A LA, AA T 89 = 20m/min
o 2AELUTIE ¢ t=15mm Hs=35
RS DEES , o =
< T )& HSS t=1.5, ¥ 7+= 55, wigH 2% 30
Hax | g A UHFESF A= v
FALSE 1600rpm: 400rpm =4:1(400rpm 13 )
H3 1274
W 3| AQdEs} ~xeY gy | 154 : 2584
ahs2 3| deiuols | AVREISD I SUuts A4+ | 4670(AF)
z R s 2 /E] 11571 (2. 28kg)
3 T AHE 23]Ax Az gAY 2534 50rpm
AZZIY | Exx Angay FJALTR 8:1
Table 3-8 Wind flow rate by damper regulation
7 = Ay 23 Y olF A
%‘ -—li‘] 7“—7—7'] E] Omm 2mm 4mm 6mm 8mm 10mm 12mm 14mm
ots wj&F
(1208 X S0H) 1) 6 lo9 |20 [3.0 4.8 5.6 |68 7.0
E% (»*/min)
¥ wj&+
1028 X 1150H 1, 7 113 |19 |20 [3.6 4.5 |47 |4.5
2% (»*/min)
9y 23
125W X 1250H 5 4 |58 |3.4 |14.6 [19.4 [19.6 [20.6 [21.9
% (m*/min) ‘
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23 A R0l A= o] diF4 A7)0 #AGe] thsE 4688 AP e
2 w3 dejuolE e T FASte] o] HWAdt £:AHE FHs1Act.
4= 12t 2E 20.5kg S Z 1,03470 24 T HoA wAdzwoleo] 2ste]
FEe T Ao FUE AR BIFHE 4242 108 2771 485
olrh. mhehd w3l-dejdolE T el ¥ nhs Hiel AIAHFEAA 1
T2 1007 & 13e] FEeEe 2 s¥22 AAFA
E 3-9¢ Zeon, FA FHIeH AW 4 6,797/ FolA 178 Ee Feol
9352 vf¢ =A UERUYI lom, 2F ojiog Felgo] 1.8% 1231 &S

o] 5,25%% L}E}IC),

Table 3-9 Separability of the prototype #2

Z A
FE 1% 2% | 2F ol | &AE
(1AF=} 103470)
zZ270] | 6,326 41 1270 35370 6,797%
=2 &%) | 93% 1.3% 0.5% 5.25 100%

A5 4. 3% A B AE 21 4 2

Y,

X

2% AR7)elA e uheFEe]z]e] AAAA Al&Rle] SR Ao 2A
Aztslol AFAHl FAHACE FIAY oM E wl, w3-deyo]E o

g% mHs FY3} LeulolE wEHeld FUW nhie] YT TUL= v
dFEelre F¥ TYTE FYHD HALFTY Gz HolBol 2 nby
3} uIEoel ste] HEW uhmo] YFFe st FuAIN nhe} ¥ -
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2] - 71 47 nhsuigsot e E E2drh ol T 23 AF7IY
5 A EAA HEA wA-deldels FE3 T ol%E
A 23 ANk J1Ae] A} FHAY A FiEe] 3 A
A A= e 53] 22 ARl = uhsd] Ao e AFAH ol
2}, WY 33 AERTA = 3}@_-,-.4 oj&& ST i BAVL HIHLoR
AAF T ol T 3= AJRF71Y Alg2 E 3-103 Zth

Table 3-10 Specifications of garlic separator (prototype #3)

T ¥ | A
53 &2 1790 rpm
a4 2400 rpm
=8 Agd 3FH
Az Hlo] el & 85 rpm
LFHISH 430 rpm
H3 4 26 7}
HA Aol
2| wlo] ¥ 4 rpm

utetd Y Fhiol oste] si&Fe] gl 2 Jhs el whebAd HA-
de|doly Tl TS mhed] ¥E& FFHL=E 4 FFsiL E43M)
Aste] E 3-112} Zo] nhs it A=l tiste] F5dE F2d 42 At
glrh. 4628 RHgAtell= IAB e B¢ B A7]o oiste] 4628 G
2ol 20kge] UFHIL £ 7= 13, § 7= 7l Seixirh whd ¥
AP Bt A7)ol tiste] 24kge] YBEH, £ A7 127 F 37] 83, o
37] 630] d¥H= ReE A&k

-~
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Table 3-11 Total weight and coutained number of garlics per carring box

2 Fitat=h(462ElE) zZh2 R 212]H)
=3 320W X 480L X 300H 320W X 480L X 16H
[kg/box] | [EF= 7l/box] | [kg/box] | [uls 7W/box]

& 21.2 1,299 12.2 733

= 19.3 681 11.1 403

1= 21.3 435 12.8 266

Ej 21.3 345 12.2 195
= B 20.6 - 12.08 -

3t 4 24.1 1,221 14.1 706

=] 2 24.8 831 14.0 471

3 oj 24.3 629 14.2 368
PAuks HF 23.6 - 14.1 -

Table 3-12 Incoming rate of garlics to bucket-elevator for prototype #3

unit : weight[kg/min], quaytity[EA/min]
13] 23] 33 4% B

E3[23| 74| 42 | 74|43 | 7 [ 43 [ 74 [+8] 7A [+

c} | 2.0 50 [1.86| 46 |2.18| 51 |1.95| 48 | 2.00 48
W= £ 12,39 8 |2.29, 74 |2.25| 78 [2.34| 81 | 2.32 80

4 |2.20| 106 [2.11 | 104 |2.06 | 97 {2.35| 98 | 2.18 | 101

] [2.57| 65 |2.65| 69 |2.45| 58 |2.34| 58 | 2.50 | 63
$tx]| = [1.98| 67 [2.46} 80 |2.15| 71 |1.81| 58 | 2.10 69

4~ |2.47 | 122 [2.28| 110 |2.21 | 108 |2.15| 107 | 2.28 | 112
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Fig. 3-27 Separability of garlic bulbs with outlet clearance
for prototype #3
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Fig. 3-28 Separability of 2 fragment garlic bulbs with outlet

clearance for prototype #3
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Fig. 3-29 Proportion of damaged garlics with outlet clearance

for prototype #3
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Table 3-14 specications of garlic separator (prototype #4)
7 & 2} %
Z1A 27] 1375(L) X 735(W) X1638(H)
Y 2H 34 1765rpm
o_]jt‘ zd = v_)\ 225
P T_Til_éil T rpm
3718 AF 2444rpm
dejHolH & FHA 80rpm
M7 4 217}
H 2~ o e]uo]E
dejHlolH &% 2rpm
AR A T % 6~22 [m*/min]

- 140 -
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t] 293%F, ¥ 23443, & 228 AFAH sl A FH AL

Table 3- 15 Incoming rate of garlics to separator

£z ERk ek
= 3 94 | 2 | 2 0| & | =z

A] Zbek [} /hr] 6,180 | 7,860 | 11,160 | 7,320 | 10,800 |11, 400

TUE [kg/hr] 309 228 190 293 224 228

100 0o
90 90 .
Uisung
80 80 4th prototype
70 70
€ N
= €0 c &0
8 £~
£ ;Q 50 2 X 50
= £
£5 0 Namdo — B a0
-2 4th prototype -5
B g 30 S %30 —o—Large
c —O—Large ca .
8 %20 . £ %2 —A— Medium
€ @ —A—Medium 5
s a2 -B-
es " - gE 10
a o -]
[ o . " N
19 21 23 25 27 29 3 19 21 23 25 27 29 31
Outlet clearance{mm) Outlet clearance{mm)
(a) Namdo (b) Uisung

Fig. 3-30 Separability of garlic bulbs with outlet clearance
for prototype #4
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Fig, 3-31 Separability of 2 fragment garlic bulbs with outlet

clearance for prototype #4
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Fig. 3-32 Proportion of damaged garlics with outlet clearance

for prototype #4
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Table 3- 16 Capacity of separation of human beings and a prototype
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A
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Tk R}
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Fig. 4-1 Photograph of ceremony for the performance evaluation
of developed garlic separator

Fig. 4-2.photograph of rest operator for the performance evaluation
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Fig. 4-3 Photograph of test operation for the technical agreement with
machine manufacturer

Fig. 4-4 Screen capture of An;dong MBC TV News describing technology
transfer ceremony
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Fig. 4-6 Screen capture of An-dong MBC TV News describing
technology transfer ceremony
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Fig. 4-6. Screen capture of An-dong MBC TV News describing
technology transfer ceremony

Fig. 4-7 Screen capture of An-dong MBC TV News describing
technology transfer ceremony
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