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where, Mw = Wet — basis moisture content
W,, = Theweightof wateramong the € gredients

W, = Theweightofdry € gredients

(c) - (d)
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Ngsio] EEY obsel BAASE SN =X YE0|Z BAIS Al ()2 Zon MHE
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€
p= (2)

where, yu = Poisson’s ratio
e = Longitudinal Strainof garlic

e = Transverse Strainof garlic
2

F
o = 0.8255 K2/3(—) -+ (3)

where, o= Strain of garlic [mm]
K, = Physical properties of garlic [m*/ V]
F= Force on garlic|N]
R, = Radius of garlic(=ialradius the creasing direction)

_ 08255 F(1—p?) 5)
- a3/2*R1/2

E

where, E = Modulus of elasticsityof garlic

N
b

Al MEE2 GX|g ob=0| AlgE BH&

= 24 S
&gsto] HotEAlsE S5 MEs s¥714 ME=
Qo

|
g
mr
1o
02
[m]
Mzt
X
-
rir
o
=)

0
L1

5 H, AHQ2IAS MEUSIYCH MopEAS SA2 A (6)

p, = tanf - 6)

where, u, = Static friction coef ficient of garlic
tanf = Tangent value using the £ at which the garlic first moved

1. Garlic sample

2.

3. Upward gmidance stick

Friction materials

8 = The angle at which the garlic first moved

oY

A

a8, #3548 YolEAS
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st on, A7 SAIEES EM2 of2ll ELf ZCl ROUAIEE2 45kWE MAF MOE &8 At
FA obs 87| AMETIE 0|85 FRBER} ZIEE 20022 YUSHE, &24AE 5o $£rMs
o HE " 59 J|AN A2 EMoICEH FREE 50 rome of ZHE 32°21(14°, 17°, 20°),
ol&2tx 55° mW =& £{I 32%9(35, 40, 50 rom)EE 307He| otsg Felstod ots Hatk Y
=2 &AM I8 ZAlelFen, C|XI2 MR ZHE7[(DL134, YATO, China)2t &4 3HA
(DT-207LR, SHIMPO, Taiwan)& Al&35t0] =& 3XEEet Z4tEE EX™sICE
E. MY ZTANE SAIEE 24 (F5 0 OAM)
—— B TZ=0| (mm) 37.08+2.31
=3 i
ol 5 &4 (mm) 63.63+3.21
A
&E =7 (mm) 28.71+12.74
. TR sidsE 2 Z4r 53 AR M
T & et N
Measuring range 4x90°
Measure unit °, %, mm, m, IN, FT
Accuracy +0.1°
Dimension(LXWXxH) 58%x32%x58
Weight 71g
Usable temperature 0~40TC
Storage temperature -10~50TC
Measuring range 6~99,999rpm
Accuracy +1rpm
Digital display LED
Memoty time 4min
Measure unit rom(m/min)
Dimension(LXWXH) 167X63%X50
Weight 445¢g
Usable temperature 0~45T
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E = M E5YH otse 2 44 o 248 5™
MEf & EZ 2 A (g) Z0ol(mm) Z(mm) =Zoto| 4=
Mean 49.24 42.09 48.09 6.67
oA Std 7.52 3.08 2.91 0.65
< Max 68.14 49.43 53.33 8.00
stx| & Min 37.57 37.19 42 .28 5.00
= Mean 40.62 36.49 4416 7.23
Crot Std 6.07 2.43 3.11 0.80
=< Max 53.03 40.19 49.71 10.00
Min 31.32 31.40 37.54 6.00
Mean 72.91 47.45 63.67 9.60
o Std 9.98 3.72 412 0.61
Max 98.71 55.94 72.29 11.00
Lhx| o Min 46.69 41.59 53.26 9.00
= Mean 83.01 38.87 62.20 10.47
CH A Std 15.62 3.00 5.10 0.85
Max 124.73 44.90 74.00 12.00
Min 52.26 32.40 53.60 9.00
E £ MM EE5Y olse g4 Fu F
M el 3 = 1l (um?) 2 = (kg/m?3)
Mean 61.01 74510
Std 13.82 18.58
oM
Max 80.29 767.97
5HX| &4 Min 48.57 722.46
Mean 58.88 779.24
Efof Std 12.03 22.13
Max 71.83 809.8
Min 42.85 758.11
Mean 87.72 860.41
L Std 8.96 90.88
Max 100 987.00
T Min 78.88 777.92
Mean 90.5 933.97
CH A Std 15.45 161.474
Max 112.33 1124.55
Min 78.88 729.73
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asies NPSEZ RPNV
S/red 1 d% D 5
T 7
H$ C 4
HE C H+ D RULA &%
4 5 5
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mr
+

A
I

Q

OWAS &s&= 2

REBA H= 6

ZACHH BES

RULA &% 6
Action Level 3

E. sl x| A ols $=F 2 OWAS 24
AM A E1S] LA
=o a
20° ol #&EE 2
ot of7 ofed 1
o5 1 ?
<10kg 1
E. gl X =4 ol =7 =Y REBA 24
KA He A T KA He
-20° ~ +20° 2 = 20°~45°
20° +5& 2 ofzf T ~60°
LOIU S Al 1 &5 HE&
O| A& 0| of
F<5kg 0 &ol O
s
3 H+ B
C dSHT REBA H==
6
E. zt4] obs +E A RULA 24
KA M A 22 KA M
10°~20°0| &+
20°~45° 2 = R
=l
100° O At 2 =5 20°~60°
-15°~15° 2 ciz| o3 &gl
UM 7=
Z| i X[ 74X 2 H4+ B
H £ &
_ pARSIpS| Elj-”
5l £ 2kg Ol 0 ZEA8HE | =€ 431 0
= 5t T 2t
TAME KA
== AI- L= }' ﬂ 1 oA D
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C H+ D RULA &%
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A A
OWAS HEES 2 RE_BA Mg 7 RUI._A SRy
E=RCHA B Action Level 3
E. G5l X9 2uk 3l OWAS 244
R R4 z= RAASN
=0
52| 20° o|&r FEE 2
ARX| oFZt {7l ofel 1 5
5HX| & 2 EHIR 2
== <10kg 1
E. o5 x| 2ot st REBA 24
LA F 2 XA =i A 2 KA =i
EE 20° ~ 60° 3 S\ 45°~90° 3
0~10° 75 100° oAt £
= Iz}
= . 1 olzi & . 2
ct2| oty ol 1 &= ol E2 1
2H/8 F<5kg 0 &Zto| =k 0
He A 2 H+ B
HE C HE=FF REBA =
6 1 7
E. 5 K| 28 3t RULA 24
AR 5 NV g A KA g
10°~20°0]| &t
A 90° o| &t 4 = | 2
¢l
olel o 60°~100° 1 =S 20°~60° 3
&= -15°~15° 2 Ch2| od &e
s JlE
csugy | 2007 1 H+ B 4
HISH
24 A 4 /eAms | T20 0
2kg &
i 27 2kg O ZeAred | 29 43 of
IE:II/_?_}"EI_JF _I_'” ;kg | 0 ‘:TJ\I'o:l 1
S = Ab
ZeAlEd | D™E XA
S/t8d 1 H% D 5
T A
B C o
d3% C =% D RULA &%
5 5 6
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[=]
SRETICRY

0

(3) FAX|e] EQF EM(EN, &£, Cone Index S)
X~ A

=5 g
X oAb FAK 2E S8 Zolol w2l Bl M 22 Cone Index

- Cone Index 548 Z1f, 47tX| 53
ZO0HX|= AR LiEtGen] 3uts A S ot WHdteE 7IE22 Yol = 30| 5cm 2 0|0 A
26.63 N2 J7I& %2 Aoz LIEtgen, ofd o/ EF0| 15 cm Z0ldlAM 89.07 NeE Ttz
= LIEtGc =5 EQF ghegof U Hell HE £33 oM ofd EF Y UM 232 EY
ME 17 % ~ 19 % Afole| gto2 FUsHH EEEJYSL} chef chf ZFo| EQA0|ME= 12.44 %
2 g0 W S8=Ren, & HXl 2 220 H2l= AR ZAEUCE Jt¢E &5t &
22 =¢ T = Es MASlor 2 A= ECHEICH
E. il = EF E2F Cone Index
=dll 2= &% obE Cone Index [N]
5cm Z!0| Cone Index | 10cm Z 0| Cone Index | 15cm ZO[ Cone Index

om 20 22 26 22.67 30 30 36 32.00 46 42 64 50.67

2| 26 20 24 2633 26 42 42 3667 | 50 48 34 44.00

am 32 36 40 36.00 40 40 50 43.33 52 44 48 48.00

6m 30 30 30 30.00 32 40 36 36.00 34 40 46 40.00

&m 24 30 34 29.33 34 38 40 37.33 40 40 44 41.33

0om 1 o 24 o4 2333 | 38 34 30 3400 | 46 42 48 45.33

tem | 3 26 26 28.00 | 26 30 40  32.00 | 34 38 44 38.67

Lam 18 22 26 22.00 30 30 30 30.00 34 30 48 37.33

16m | oy 26 26 2533 | 32 36 38 3533 | 52 50 70 57.33

20 26 24 23.33 36 36 36 36.00 64 50 50 54.67

53 24.8 | 271 28.0 | 26.63 | 32.4 | 35.6 | 37.8 | 35.27 | 45.2 | 42.4 | 49.6 | 45.73

. 9MH o|MH £F E2F Cone Index
o|M o|MEZ Ol= Cone Index [N]
5cm Z0| Cone Index 10cm 20| Cone Index | 15cm Z0[ Cone Index
TE | 1&p 2&F 3A o | 1A 2R 3R o | 1RE 2%F 3R 4o
=X =X =X o =X =X =X o e =X =X =X oS
- o -/ o - o - o - o -/ o -/ o - o - o

Om 68 68 58 64.67 70 68 66 68.00 92 90 94 92.00

am 54 48 48 50.00 68 66 68 67.33 86 88 92 88.67

Am 50 68 60 59.33 76 76 70 74.00 96 94 94 94.67

6m 54 44 56 51.33 68 70 62 66.67 90 90 82 87.33

8m 58 66 64 62.67 74 80 78 77.33 80 86 84 83.33

om | g 64 62 6267 | 64 66 70  66.67 | 98 86 88  90.67

12m | 54 58 66 59.33 | 66 72 64 67.33| 88 92 92 90.67

14m 54 54 70 59.33 60 62 62 61.33 90 82 90 87.33

em | 5 42 46 46.67 | 66 66 68  66.67 | 92 88 86  88.67

54 44 52 50.00 60 60 60 60.00 84 92 86 87.33

m | 56.0 | 55.6 | 58.2 | 56.60 | 67.2 ( 68.6 | 66.8 [ 67.53 | 89.6 | 88.8 | 88.8 | 89.07
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=4
:
0
:
0

ZZ E2F Cone Index

chef ek EF oOls Cone Index [N]

5cm Z!0| Cone Index | 10cm Z 0| Cone Index | 15cm ZO[ Cone Index
TE [ 1A 2Rt 8% uo | 1A 2% 8AF - | 1AF 2% 3R o
£ £ 53 °-[3¥ 5 5 <°C |58 58 53 °°
971 30 40 26 32.00 | 38 40 40  39.33 | 64 56 58 59.33
;%”QJ 40 30 22 30.67 | 30 30 32 3067 | 66 56 66  62.67
30| ee 38 28  33.33 | 56 42 44 47.33 | 56 54 56 55.33
g% 36 30 32 3267 | 40 58 56 51.33 | 58 72 101 77.00
871 a0 28 36 31.33 | 32 40 52 4133 | 74 68 38 60.00
om | s 32 38 36.00 | 32 32 30 31.33 | 54 60 52 55.33
1] es 30 24 2733 | 28 32 30 30.00 | 42 52 48 47.33
Ul s s 30 28.67 | 38 48 46 44.00 | 76 66 80  74.00
1;?9_1 42 38 48 4267 | 66 44 56 55.33 | 58 56 34 49.33
L 28 28 26.00 | 42 32 40 38.00 | 86 64 68  72.67
%’gl 32.8 | 32.2 | 31.2 | 32.07 | 40.2 | 390.8 | 42.6 | 40.87 | 63.4 | 60.4 | 60.1 | 61.30
. 249 thM 23 E2F Cone Index
9 M Z3 ol= Cone Index [N]
5cm 20| Cone Index | 10cm 20| Cone Index | 15cm Z!O[ Cone Index
T2 1RF 2%F 3% o | 1R 2% 3R o | 1A 2% 3% o
£y 53 53 - |58 5 5 “°° |53 53 54 °-
5% | 78 78 66 7400 | 78 74 72 7467 | 112 116 92 1006
a0 12 20 54 2867 | 58 58 64 60.00 | 78 104 78  86.67
A% | 42 38 46 42.00 | 62 56 54  57.33 | 80 94 74 82.67
5% | a8 36 36  36.67 | 58 54 56 56.00 | 68 64 80  70.67
g“?l# 36 36 32 34.67 | 46 58 52 52.00 | 70 120 62  84.00
| so 36 34 40.00 | 60 58 52 56.67 | 72 84 68  74.67
2| ae 48 44 46.00 | 56 68 58 60.67 | 96 90 102  96.00
ﬁ;ﬂ 38 40 42 40.00 | 58 62 54 58.00 | 76 68 64  69.33
o | s2 50 64 55.33 | 64 72 64  66.67 | 64 70 76 70.00
1;539_1 48 58 58 54.67 | 72 72 72 72.00 | 82 90 74 82.00
S| 44.0 | 440 | 476 | 45.20 | 61.2 | 63.2 | 59.8 | 61.40 | 79.8 | 90.0 | 77.0 | 82.27
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E. FMXE EY g8
o HE23 £ g (%] o SHEE £ gxE [%]
T 12 £ 2% 58 3% £F g T2 1% £ 2% £ 3% £F g
om #ZH| 16.95 17.91 17.39 17.42 om #zH | 17.19% 17.62%  17.63% | 17.48%
5m P2 | 18.44 17.68 19.17 18.43 5m #Z | 20.35%  19.70%  20.05% | 20.03%
Lom 2244 2119 215 21.71 1M | 17.87%  17.66% 18.07% | 17.87%
1;‘?;1 21.27 23.31 22.14 22.24 1;91 19.46%  19.19%  18.61% | 19.09%
HA| A 9 9 9
i 19.78 20.02 20.05 19.95 Ho 18.72% | 18.54% | 18.59% | 18.62%
m PE] ZIX EOQF BIAL [0
S FFES EY A58 (%] g3 HME3 ES BT E [%]
At 13 24 23 24 33 2H 5t 7= 12 58 2x 59 3i £F g
Om 7t | 12.53% 12.21% 12.81% 12.52% om 7t 15.75 17.44 17 16.73
5m 73F | 13.51%  13.28%  13.11%  13.30% sm #zH | 16.78 17.77 16.48 17.01
%97131 12.42%  11.83%  11.36%  11.87% 1;991 17.03 16.36 16.69 16.69
}—IZL—)?]} 12.19% 11.83% 12.22% 12.08% 1__;91 18.44 18.78 18.56 18.59
S| 1266% | 12.20% | 12.38% | 12.44% E] 1700 | 1750 | 1718 | 17.26
- 322lE AUME S5t 8 2N FZE ots Mol ELE 2A4 20t HE EF, 2ld EF, oM,
3o MufELo| EA2 AAX[FO| 2mm O|ste| 7t 12 &0 MEJl 25~37.5% &w&
YEZ TEEQAcCt oM EFo| wg0] RUE o EZO Mul EUe| Zefcs HEE
37.5%~50% Zetstl A= AMYER FEEJ2H o|of w2t SHE J(ANL Al otE, Al H
TEol| 2t7| ctE 7| F0| HEee Aoz HttEo oY JHEE et 2 AFoM A 7[&ES
HElgol Aol thY EZo EF EME S5 Lsliof @ AR TChEICE

A Ea A

AT SEAEaAm

Pl ]
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(5) =& Layout ¥ FF Matching AH
7t 3, ol%, dgs sxs HY
u]

- 45kWE A4

1(0cc
Max 600r pm
‘ 2 '-:_.] I --..-- —_ =

T2500
Max 4B5rpm

- A7 HZH &M% (pm) ¢ 2600
- 24 252 98 RYUBE MY
- RUBE Abe

TAHRLE

WAoo )] S0 |63 E0 |00 fRed | LE0 R E00 § S0 | S | A
L 4 [EREEARENENERN B ERE
il TE | TeE) 1S0e | 155 | 963 | 166 | 174 | 153 | 194 |08 |eer
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- RYRE 3M$ AL
* J|O{HZ R AL 2600%13=33.8L.

017|M, AE 3[HM=4=(rpm) : 2800, 7|0{HZ &2k cc) : 18.
* RU2E 17HE 22 {2 33.8/3=11.3L.

- PTO #& BOX #& &4
* PTO BOX &=5H| © 2272.4%111/256*14/46%14/46=91.2rpm.
o7|M, AR HA 3 ™M==(rpm) : 2600, =& PTO &= 3 ™=(rpm) : 2272.4.
PTO &2 Z2| PCD : 111, PTO #+& &2| PCD : 256.

91.2*16/16
=87.2

22724111
/256=285

985*14/46
=299.8

(6) MXIgQo|MAEo] YDES gt
oh) MAROIM Hof B2E
#A AN
S A ME AD Input
Zedb i ) '
[ —— . 10
Quiput BLDC MOTOR
bt A el
By g Aot Contreller =
Output BLDC MOTOR - wffﬁ-
LRl
s Eﬁ‘ﬂﬂ' 1 Input )
1
+E 237
ON, OFF
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(7) %4 MEFS SHHO YD2F W

7h MEE FHE

1. #HE E 39 @ Oemn

2 A7 40. TERH

3 F8 HESY 41. M3|2E

4 02 HE=ZH 42, BRSEEIAIES)

5, HX HESH 43, FRLE ASED

6. ZIA9E 44 USHREL 221X

7. JABAYHAYK HEZE BHE) 45 ZIZHEHEE| ~2x)(Zh

8 EAK(EEOjA) 46. I2AY B AR R(EIZE, EE)
9, ESAQKHELRE) 47, HHiH

48 RUS(E T

49. BEE(EFE )

50. SES2E(HY)

51. SEEERE(MY)

52. AbE 3 2|23 or AEAY B AK (T8

10. ESAE(E, ofE))
11, Fes BHEMHE
12, 2 TEHMHE
13. HEHE

14, PHEHARIXRIAlE)

15 SHY o[ A% PHEHAQR(EE)

16. PHEAR K| (=T 221X B 53, Kp5HlA

17, BZAYX(EUE) 54 +=HE0|RE(CIZE WM ZHAHE])
18 YZEALIX|(TRSALS) 55. 7|Et

19, @EAE|(AEIE) 1. ®a2go|

20. YEKIAEH 2 nEa gl

2) &gl =a0l
3) HX, 25 ol

21, HEEASE =
2 HelsE e

23 B EE zh 4 228 20|
24, BEINEMZI =7) 5) AEtE 22|
25 BEIK(EU=0IEE) 2. Elojy

26, H|E{2](12V100AH) 3. MESMY

27. MM 4 FZE F=

28 BAAMEZ 5. EiHdy

29, ZAp (DA 57, ®E St

30, ZFEHA(IE) 1. ofel st

31 ZEAMEE B 2. A sy~

3z ZEMAEE zh 3 FHEE LA
33, RITAEIEEE) 4, PE oL

34, AT=ZH M) 5 AFEEHS TR Mot 3 A "I LA
35, HRHFHEIN 6. F LA

36, YT (2 USHAYK) 7. -HHEE Aolg
37, HWEHZEHE| sob
38 YTEIRHE HA)

HDMO3,/4-3-
ABPT-PF3fE

FC-400S(PT1/4) "\

Oir@ B2 MY

[-‘VP'I B RI4NEG | HUNE

$UR 4N &

!’-:u:l I T e " p s
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(9) %7 M Fx| e Aol 3 AR AT A U £
7 obsel EW AAS H28H517| 98 0jSRe @
-S4 Y Al HBE Obsel BUES 3D TRES I
g2 2349z J|YsFUct

A{(Rocky—DEM)

0.036
Y (m) 0.00976
00221 X (M)
“0.000517
-0.0165 - . ~0.0231
06206 -0.000107 -0.0208
Z(m)
-0.0307 |
Vi
Zm)
0000776/
//
A
7
00323
-0.0344
\\
\
N
£
\
N
™ AN
-0.000132~.
\
Y m) N
N

/0.0368

N
Sy /b.oo1a2
00342 00339y (s

S
=
ol A =|QAct s Al ZEHE =2
oasop 00199 Z(m)
Y (m) 000918
0 bz0r ~0.0doi67 00204
X (m)
(b)
0.0591
Y (m) o.0116-
0.0437 Z(m)
\‘\-ﬂ.mun
000384 0.00175 o,ofi?n
X (m)
(d)
=34 ohsel 3D ZHA:

Namdo, and (d) Daeseo



- of=2| F7|= MellElo] Z=ALE FAX|E X}Rol| o|AHsk] JHE 2 A (2L=5cm)zt JHE &2
(M=3cm)2 2 FE351Fon 0|25 5= AMES J|E2XQ FMETOl SIEHE AT 279|
2

METE 50 rpmez AF
st o|Aatel =HEZ AXIHE5HA (Rocky-DEM, Rocky INC, USA)E =8 35t0
=

g i Oots0| £
REE (y ¢&gel Holgh) =0l2f nt=2| S EM352n O 23t M(8cm) A7[oA 4
2 19 ea%l 20 F 0 7

Eloj@2E =0/ 5.9 ~ 7.3 cmZ 2450 FTAX|AM $FE oisg ez s¥e o 1
700l e FlolR2= gtel welolgt Xtols LIEA] e 1AHE T JHHES M E35H01 of
tol & 2{stoi =

0|& Al 7.4 cm %OIE Flol 22 HEH2 2 AFYst Al Afo[=of| hHE FAH X
7

Particle <01>

= Partickes Count (Study 01 - Parbdss)

L

B
&
!

w

Particles Count {<ind=>}

8. ots 37| M(Bcm)ollA el XA Sl A

Particle <01>

= Fariides Count (Stdy 01 - Parides)

Particles Count {<ind=> )

T (s)

a8, ots 37| 2L(5cm)ollAM e XA SHA

L}) ol&F FE2 A A Hey £&
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- wajolel ®Mofelxtel 4ot £ES maistol 274l MofelAE 3HES 2 EASHE 19(32)8 &
MefEEE BRI SICH Ol ROfQIRLe] Wato} Ok Ol% THOIA RO that £X U0l
2 HolLbs HES 245Y| 8t Agujx =AM oK 2ol DEASS DAt ANl MHE

TYSIOAL Bt

¥, CHHM 7|HE 288 A

El
=
|4
>
ol
nx
e

Combinations of factors

Test no. A &T 0|2E Zfg

(m/s) °
1 0.1 14
2 0.1 17
3 0.1 20
4 0.2 14
5 0.2 17
6 0.2 20
7 0.3 14
8 0.3 17
9 0.3 20
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— HMOf{QIRIR} ()Y RS54 @ﬂr obs 37] 2L(5 cm)el Z 7HW AEEUel 7 HE
0.3 m/s O|&F Zt= 14°0|M Z4& ek Aol gfel 6 m = XM=0| 2.3 cm & 57ea
#@: £Z 0.3 m/s O1B% 2T 17°0/A

x4 in|
2 2MEFAD, 03 7] M(3 cm)e 7&—?— gHm Agdzzel
7bE okg Aol gl 11 £0| 5.8 cm Z|A =0| 3.0 cm TR 59eaE A =[UCH.

Factor 2L (5¢cm) M (3cm)

Test
no. T8 Zx oEFE ZZ max min FEZE max min FHH

(m/s) () (cm) (cm) (ea) (cm) (cm) (ea)
R1 0.1 14 7.3 5.9 20 7.3 4.6 19
R2 0.1 17 7.4 5.9 20 7.4 4.7 17
R3 0.1 20 8.0 5.8 20 7.7 4.7 17
R4 0.2 14 6.0 4.2 40 5.8 4.5 41
R5 0.2 17 5.8 4.4 39 6.1 4.7 39
R6 0.2 20 5.4 4.7 38 6.5 4.6 39
R7 0.3 14 6.0 2.3 57 4.4 3.9 57
R8 0.3 17 5.8 3.0 55 4.5 4.4 59
R9 0.3 20 5.8 2.9 54 4.7 5.0 57
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(10) 2ZEQ o E 0|28 =954l A (RecurDyn)
o #EE PES

Ji
o O
Mk
=
e

- RFlex siAS &35t0{ ots 87| E &8t +8 AUA w20 ofet 71& FF e k=2t 2|22
ZiElo| 25t &5 &Ml E8 @uolojolct Al 2 ZHolof= mel X E24of 2|5t
S3H0| ME=O0f rpm #FO0| MPEECt olmf ots & 7<|'F_4F—P9| q=, %E—MI EI?_F Hs2=z 25t

stC

H
o271 gl stct ool 2ofstod m =7t E
HzZ2 LtEHEECH ofof| w2t 3185 Hz Olst &I&
oz BEME|C}

o v N 9 >

Impart  Contad  load  Pressure Contour ExportData Merge Make RF| Import RFl Contact Contour StrShape Export  Modal  Pressure  Beam

R DEBSS-&-"|d - RecurDyn V8RS - [Modal_sprocket_221027.rdyn]

g K2 f »8$ %3 & o $ ¢

Fixed  Revelute Tramsiste ~ || Spring  RotSpring  Axal o Solid  GesSur GeoSph GeoCyl  SurSur  ESurSur  SphSur  CylSur  Sph.Sph SphoCyl  SphBox  SphTerus

Marker  Ellipsoid  Cylinder -

"R Modal_sprocket 221027.rdyn X | [}

|| Time = Initial State

| General | GraphicProperty |  Oric
FEinfa. RFlex Node Scope.

Input File Name.

| olect\F5+E7 hand\Madeling\Modal_spracket 2.fi| |

seq | sel | Frea Damping Ratic 5
1 o.00 1.e-002

2 |[ |ow 16002 3
: [ oo 1.e-002

s || |06 Tie002

s |[ |08 T.e002

s |[ |oot 1.6-002

7 |[ |2s0a833 1

s || 2042958 1

o [V Eezis i 0

©Mite  @ninaton  @uaming

- Animation

Mode Seq |7 Frequency(Hz)
Scale Factor |1 - I:I
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5$& AF4 ols 7 $EUF A" 2ot

Ok 7| ACHR o|SHTo w2 2451 &MER ST Zoh 2482 0|38/ E 35
rome M 6.67 ~ 10.0 % HHZE LIEFGS0], 40 rpm¥ @ 10.0 ~ 13.3 % HF 204, 50
romg mofl=, 10.0 ~ 20.0 % HZ LIEIGC.

AAE2 ol&2E 35 rpmeY M 11.1 ~ 17.9 % HLIE LIEIGSH, 40 rome mf 11.1 ~
19.2 % H¥ 20y, 50 rom¥ moll=, 22.2 ~ 45.8 % HIZE LIEFGC}

&M F AN f £42 35 pm¥Y ©f ZE obs0| ZEIHE glo] J|HA o &MO=Z LiE
o
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otso 7|AN £4u ZIfEE e o 0|EEES 35 rpm OISR &S 0
ol&%Eo| e $7 SleE 2T Qold Ust ols BAo| WY Aoz metE
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Oj£F 02220 ME &4

_90_



=
=

A
=

- ol EE T AZet o|&F Hkol wE Ystg, &

m £450| 8.89%

ol
=

7} 35 rpm

AL AL
E i
S = L

of

M2 gtoz utetgch

PG
=]

0] 5.55%=2 7}

o
=

t

S

of SF Rl ZHEo 147 1 Y

(e-Ne)
I —

t

S

A
pu g

F

Z
(=1

22.22

25.93

45.83

15.38

11.11

19.23

17.86

22.22

11.11

10.00

10.00

20.00

13.33

10.00

13.33

6.67

10.00

10.00

: 307

<+
I

ol

uk

11

55

50

40

35

=3

[I[e]
ar

I

o wE

H

N}

F

{F
B

ke (%)

Li=
—|I-o

30.00

43.33

43.33

16.67

16.67

10.00

13.33

0.00

3.33

: 307

<+
gl

ol

-

13

13

20

17

14

50

_91_



—_a
=2

(loss ratio), Ol

£
)

==

2 E(debris mixing ratio), &A= (damage ratio)S LIEI:

|

il d

2l

ol
gr
o
od

270 rpm¥ of 7|AN &Aooz

Ens
-

H

10fA 2% o|gtez LIEMGOD], Tz

ol 1.11%=2 7}

il
1o

<

=
=

AEE 70 rome mf &4k

PN
=

0.2 m/s, 0.4 m/sollM =

Ju

o

&0

0.00

1
1
0.00
2.22

0.00
0.00

1
1

ol

sr

0.52
0.00
0.49
1.99
1.53
0.78
1.60
0.00
0.80

__o._._

(%)
0.53
0.79
0.76
0.98

0.6
0.63
0.92
1.71

0.51

.
R
4

32.10

10.01
8.056
8.81

5.98
6.68
23.75

12.24
25.87

ae

60
70
80
60
70
80
60
70
80

H__
NI
60 &
Kk —

0.2

0.3

0.4

—_a
=2

(loss ratio), Ol

£
1o

==

2 E(debris mixing ratio), &A=& (damage ratio)S LIEI:

ZosR 2,

PN
o

T 70 rom¥ o 1.54%2 7}

PN
=

<+

pll
ol
r
IH
ol
Ui
ol

__o._._

22 St

£ 60 rpmollA 0.35% 2 7+&

Rl 4
= ]

0.4 m/s, =

A
=4

10A 0% = LtEFRCE.

0.2 m/s, =&EX 70 rpmo| 7}

o

o
=T

£
1o

=
T

ofu
83

o
r

ol
10
0
ol
Kl
ujo

M
<
oK

i

50

2.22
0.00

1
1

0.00

1
0.00
0.00
0.00

3.62
1.09
4.43
2.53
3.52
3.66
0.35
3.88
3.24

il
ol

__o_._._

(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

_

<M R
4

3.59

1.54
5.13
6.67
3.85

7.44
10.51

3.85

5.90

are

60
70
80
60
70
80
60
70
80

H__
dqr @
=
K-~

0.2

0.3

0.4

_92_



W™ T ol
.__Eﬂouo_u_u%Lu.
Fﬂ%%m
_U__Aﬂh_l_l_AL
._ae__.:.__%eﬁ_.
I
E:.._O_HMHEN :
I mmlo 7 it
mﬂfﬂu._./mﬂ .ur._m_:_.__%_rﬂ
AE el o < : AE
: 1 K~
.r7._u4_.._m_1 % o_a
ol m I+ Rl Kl T i
_ = RI ®I K K Al e !
2 o Sk i |
H.&@o_emov mm_#m_l L
@aa§4% SZaw
mo H w : Kl o Io Jn_._
4+ﬂﬂ__ T 0 Eo%q.x_
AEWL.I._J_AO : u
T __MOMwu._w_ u_wﬂoumwA_.
_ WK 5 0% @4_6%
_u_xm_x#momgl H
o ._Q_T_A .ArHo__oto.:.
@Mﬁfo_etgﬂ < OF uuEE_E__om
Auz_.._r___ﬁm_wWM ; NHE_E%
n___4o_é_._6n_ : 3 :
Fx_u_ﬂon:._omﬂo - I_._ol__o
m%m_.y__bolz% _.I vl_.mo
- NEFED o_n mem%
w__owATuomM_ %DHIom_E
4.___@@:_20_3__;___ |n_%E|E
.n_v.axn_Aol |__A|J|_._._
alonﬁm_x@%m_% n_”_mpﬂm_m
(@] lq.__x_._uﬂ._lﬂ_ W_._._I._MEED
I,Mo,mu N n_u___mlr.
Rl _aa_mmf i
Ao_o opom_. _._._oml
_ ATAo:_o Mlxaﬂ
of RO a&.rﬂ_._._ MAEE_E_U
~ 7 2 o 5w OF ; Atmwo
o Ioﬁ_m._.r : EE
o [— _A =~ __o___._._ - | |___._._ m_x |
mmaumaiozﬂ ID__EEL..
& In ol 5 ° H |
)A_.mr%mn_m_:o __o_;._n_m_.mm
© = O”m:._._ memM.rH_ﬁ__o
/..|\7_ R 8 o _._._L|__o._ ic
o_/uu_u_u/n
Mv.__ll_h_.u_.ll.l.A._lo__O
u_.oT_._oE_E
wmem.mmw
F__E_
__H_A._m__r.nw_.

_93_



tof A A A et

ey AR

M

chain tension2 AHSA|

=
=

Hx 3

n

10l

45 chain X%

[=
=

X

tod 71 ¢

=7}s

=
=

EExE3

M=ol

ol

2 21510d chainZ} sprocket 5t

Al

7

—_—
1o

Lol
o =

t
!

1
A
(=]

A

[
[

e sl e 2 A

k=l

6d

=]
SEL]

2 Zelo| ez

off ot

S|
A

r
IH

Ll
oK

1o

A A
|5 MA

Lt)

7t2 LA phret.

2 E2ME 2

- =

=

o

_94_



=

=

A

XN M
= =

—

ELE

At

cCh. 2x

(o]
A

of =X A et MA|

Jte Dest

Ed|
=
4

1L
[=]

A
(il

q

7| A&

XK
T

AlZ20]

=

=
=
S

ol

7
=

| AIZ ololEl BE HA
Z|

imi
7 223 & &3t

o
H

L

=

C
=

|

H

2

q

A
—

2ol

A = 74

Al
PN
=]

= obsg

| A

- 3

30
Kl
1
o

pal

100
-

<

Lt
A
Lt
A

(%) ones Bunoajon

0| O[F0{%|

Aoz LtERGCt ojm of

242 78.174 N2 2 LIE}

[

[

=
=3

St

9

[ Simulation impact force Awvg (Daeseo)
—=— Callecting ratio by Test no.

7t
| CH
Testno.

Z|

=

=)

oif Z!

O

oS50l
off 7t

[

=

|M=E 50 romoll M ds0] 7t f5HA LE

140
120

k=1

(N) @210 108dWy)

S|IMEEJt WESTS
78.174

b

=

2]
96.4 %, =4 O|2E 0 %, Ot

2| 74 0]0j 2]
Algalola Al 2el

=

=
=
=

x
=

Operating time (s)

=
S

|
|

A
an

=

£ 0.22 m/s, del E2 7Ho]of

| CH

E
Bl

=]
Z|

AFod
Xl

=
S

—

0 010203040506070809 1 1.11213141516171819 2 21222

Ct. Ofmj

Ct.

BBBBBBBBBBB

() ety Aq 83104 19eduy xew

xr
jifd|
1o

—_

~

R

ol

ol
00

T

[¢]

Jo
0

i
<

=

[—

Sol ot

iz
=

=30| e FHE 3

i ct.
75.95 %9 &2 L}E}CE,

St

°

Al

1 85.24 %, HE :
1 9.205X + 2.906 —> £AE - M

1 =9.293X + 85.24 —> FTE - UM
X

Al
AY

<
Ju

o

ol
i

p

 <0.002, 0.0002% o=

I =
=K<=}

Al LEFTCE B A

Lt
=

AN = O
T‘:é;"“é’t

i

Hd

=350|

CH A

)

Al

=
10

Kl
_I_Mu
ol
of

I
Kl

<

M
=

<
ol

Hi
H
aa
04
Kl

A==t

=Mz 2l

__.A_._._

F o}

C

~|
Iz

71 Z1A &

KI
<+

2t oks

to{ of

o ohs 47|18
o

o
=Mz 2l

ol e

|..

o

Wl
xr
jifd|

_95_



Z. £30| o7 =2 E Mo 0|xl= HE
EF35t
H| ZFESE A=
s [ EE& AT A% t(p) Flo) e
B SE )i
(Ak=F) 85.24 1.948 43.758 o
=g -9.293 2.954 -0.359 -3.146 0.002 0.027
Z. £30| o7 =2E Mo 0|xl= H&
. x=&35t
HEZS = =
4 | EEZE AT A% t(p) Flo) R
B SE yij
(AF) 2.906 1.009 2.881
SE 9.205 1.530 0.592 6.017 0.000 0.592
*p<.01, " p<.001
- £t EF0| ot 22l0| Msd| o[x[= &S LotE7| 25t 2 FEM S MASIUCE ‘S 2
2 87| = EL £AE Mo des ol ZHolch’e It 2 MYSiRct £ 20l wE
STR7|8 FRE, &4 Z2F 32N 23, Relotk| 2AH LERCE ol otsRRT| As
E5o| Hdekg Xl MM E 5 o2 Fost Aoz HEhEICh
E. ol £ 20¥ AE nizfo|g
Rotative velocity Working velocity Collecting ratio ]
Test no. Loss ratio (%)
(RPM) (m/s) (%)
1 0.2 82.14 5.37
2 60 0.3 90.71 2.78
3 0.4 84.31 11.11
4 0.2 73.86 4.07
5 70 0.3 94.02 23.33
6 0.4 76.48 10.0
7 0.2 76.25 2.22
8 80 0.3 84.50 10.37
9 0.4 74.97 7.78
E. Ol=37| &5 29lo] =X &0 o|x= H&
®F3}
H Z = 2~
LS 1L AS A= t(p) TOL VIF
B SE B
) 74.971 | 5.050 14.846™
£3299 1 7.167 5.831 .245 1.229 0.338 2.957
2299 2 15.736 | 7.142 .345 2.203™ 0.548 1.826
2299 3 9.337 7.142 .205 1.307 0.548 1.826
2299 4 -1.112 | 6.519 -.029 -.171 0.460 2.174
2299 5 19.048 | 8.747 .302 2.178™ 0.697 1.435
2299 6 1.506 6.519 .039 231 0.460 2.174
2299 7 1.275 8.747 .020 146 0.697 1.435
£3299 8 9.531 6.519 .250 1.462 0.460 2.174
Fp) 1.797
D 0.095
adj.R? 0.086
Durbin-Watson 1.253
p<.01, T p<.001

Reference group :

g
il

EQ29%l«parameter 9(0.4 m/s * 80 RPM)
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E. o587 £ 2°2lo] &480 o|xl= gt
= Ml AT J;uij t(p) T0L VIF
B SE g
(&) 7.778 | 3.121 2.492%
Zxgol ] -2.407 | 3.604 | -.137 -.668 0.338 2.957
&£xgol 2 -5.000 | 4.413 | -.183 -1.133 0.548 1.826
%599l 3 3.333 | 4.413 122 755 0.548 1.826
&5 99l 4 -3.704 | 4.029 | -.162 -.919 0.460 2.174
£5929 5 -2.517 | 5.405 .000 .000 0.697 1.435
&5 92 6 2.222 | 4.029 .097 552 0.460 2.174
&£xgol 7 -5.556 | 5.405 | -.147 -1.028 0.697 1.435
£x 99l 8 2.593 | 4.029 113 643 0.460 2.174
F(p) 1.262
p 0.281
adj. R* 0.03
Durbin-Watson 0.993
(20) AIE "It EHES HME XAF- $HT| Pilot HA

~ 15 AIZT] AR "ot Al Obs0] 2o Yok 2
o} ZE BPS WY TYsI0 22 YI2E 2ME AHMERD, £7
S2 ABS 2Tl JHSSHES BUD, XY o227t ZRE ZIX
of chg Yool Ftejo| AWBI SHUCH T FY Al Bt Tz
A He MB350l $7E OIS AH MY 4 YT SRD $RLE
Mol seol HE= 27| WE0| 1000 mmIt =HE S MA KA
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- SNE b2 MENFS AX EY w= 04Tl Sd HAF HES MASICH 13 AIRT|E
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1,640 kg, 5 1,490 kg2 2 otz HEt Z0| 2= SHEZEH|= 5

47.6 %2 LIEFGCE

. SEEEX = A1
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A= 1,640 52.4
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- 2 7|thE $EZ0| 110 om o S8AFY XA ofsAI|2 27 HMolol ol SHE 2
O|&ZXE &l TYUHSZ 0|&50 Hot=lof Eof HYote= +=0|1 Ol $£2E 95.7 %0|C}.
ok i
C A E7
e By HE5
5o 10 em
FEE 155 em{ =E 30 cm)
- FAEE ol
- e T 5(1/4), ¥ A&
- Zejo el dH(eA 19, 4 29)
AlHAd A
- Rl e == 0.31 n/s
- IR 95_7 %
(50 m 5°3H) 1T 13 23] 33| gt
-"Fl'?]- 3‘-?-}{}{1.:} 115,14 114, 18 11504 114 8
o] =2 7% (k) 486 | 5.82 .96 5.2
8. obsSEy| B 7 M5 ot do
- 2 7|t =& =0l 110 cm ¢ S3XFd =& A o372 F=xA o osl =xE= ==2 0|
SLXE Soll FH2Z 0|EH Hstx/of Edof| YHot=El= F=0|1 7[AH ZH2F M3|A|ZL2 8.6
so|ct
Al E
C A e ZaYE
C AHEE HE§h =
bR
- 713 5 A3 Az 8.6 s
-7 E 5 A E A 8.6 s
2. Mg A A
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7 EZol 110 cm o S8XFH T4 0ks$A7|2 Al o8 +HE A2 015
£ Sofl 22 0[S =0 Yst=of EWo Yotz 7#x0|1 XASEAI™ 58.5 min/10 aolct
Adzd
- ER R
_.-g_.” |1|_|-
TEEA W55
5% 10 cm
5% 155 em( &% 30 cm)
FA g U=
Ry TR/, ¥ AS
-2kl g (&4 19, d¥ 29)
A% A
HEAYS=E 0.31 m/s
AT EANE 58.5 min/10a
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2) Handle® =Zt52 xt2ke| 2zl & M3, Xt £ MO Jts otesE7| 7.
y

FUHHE ClAlel2 =2t Handled Fd =27 JHg

=

LE) A&l MF ZAF 3 T o[l &M S 25l 29 & MY o=z 2N,

ChH =t ZAF5 £ ol Mo HAME 25101 4.8 £, RUAI 5 £ MXo=z =M

3) X} 72 o|MHO0{7} LSSt Crawler type 58 XIF4A olsZ7] 74,

7h) IR &3 441 kW EIX| 2A.

L) Ms|2 = Soft turn, Brake turn, Spin turn 8.

ch) =& M3|etd 1,095 m 2.

(2f&tx M3}

7h AKX 2 23 20| st £=F 7| XEEXIME O EHR| 7|29l DSC(Dynamic stability control)
e 2 Aol 7|e Ve Sol FrEAY 28 2dE Jts.

L) A feolM JHof Here S5 AAeFd 2 XsE Moot 7hsst A|lA” Jlg 2 ADIE 5
7|8 5 Jls.

ch U4 C|Xiel S M S5 Handled Fd =2t Jjeb2 S5l M X2 He|ME Fo|1 XI8F
A AAEIS M5 0|E.

(Zley M3}
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(BHx o
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ols 8 2ol £22%= =EHI} AZHS sixiel 90% o|Ah AzZhe = QY| 2o M7| 52
ol 7tksst Zt& Afuf Mito| Hzin AZMS SMANE = AUS
oM BER F obs 7| Atgs FA oA
& M3}
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S B0 2 52 2H 2 Il
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7|(prototype) & &-Zsto{ =T E MEZEZ(0|E55%) 35, 40, 50 rpm
14, 17, 20° =ZolM M5 HAEES AMASUCH &Has 9 g™z X

dEg st en], Al 2o, ZARE 14°, o|EHX 35 rpmollA ZHE
Etwtct ol otsE7|E &8¢ ots £8 &Y =3 ¢t ots Yots

E 8.89 %= LtEFRLCY.
(AHEI =27 E/20213 2 EISWE

45w FA FAojF 5§ AFH vEH7] AEE A% HGHE
a2Ax3
Factorial experiment of collecting part for development of 45KW class
electronically controlled riding type self-propelled zarlic collector

ol age” i oy’
Yeseul Lee'  Younghwa Kim'  Norse Kans' Sanmghee Lee’
s aaz oy ey
Seunghwa Ya' Hyconjong Jun' Younkoo Kang' Minecon Choi

sy SUTYAstY SUTHY
'Deparment of Agricultural Engineering, National Instinge of Agricultural Science; RDA,
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"I).,-punmum of Homiculiural Crop Research, National Institute of Homticuluml and Herbal
Science, RDA, Wanju, Korea
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Characteristics of Garlic just before Collection by Cultivars
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Conclusion

o 20| HXO0|E, F3o| WA

@ = Transverse deformation of garlic E=Modulus of elasticity of garlic

- £ IPEOIN CHES SF0| S S| Slsto] £TRE 2%t

[ 1R 2 R Ot JIE A7, 2E Olisub teeth) S 7t HAH0]
b - M) g P— T2 NOIxE 27 JHsei| 47t o= ojxo go= £xE
e - 8 1 5 050l on 52 o Y SUES 2AATI7| 96

17141, £, = Modulus of elasticity of garlic ©17]4], o= Compression stress of garlic EHd7|%, 30| 2 EF 71EC2 ME MHO| O|FO{XOF & A
oz Mg

Ry = Radius of garlic &= Longitudinal strain of garlic Acknowledgement

F = Force on garlic
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dgto2a = ABo #2E 7| ZXNRE MAISHICH
A A% NS e ok 7] 0137 QANY 4

a8, ot

Factorial Experimental Analysis of Garlic Collector with Rocky-DEM
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Seok Ho Kang' Yeong Su Kim' Hyung Gyu Park! Yong Gik Kim'
Seung Min Woo! Yu Shin Ha'?"
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!Department of Bio Industrial Machinery Engineering. Kyungpool National
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FE(Abstract)

O WEHEeR 2% & LA AzIEE B8 UHol 2RSS qlch & AFE ot
A Arde] 7|A18t Ao YHLE Rocky DEM UAL AlEajolde Fo)l ois $7%7] o]$5e Al
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M), AlE 2¢loRE A% & 3 2F0 (0.1, 0.2, 0.3 m/s) oj$y LE 32FE0E (14, 17,
20') MAstdct. 2 7H8] @99 3 ~Fo] TE 9 1A] (RI ~ R9) ZHAA o]d8e] YR AHF 8
HE A¥stEen, I Fdaz AlE 299 e oHeel fARY 24 §F fe w018 E4sich
B b obe 739 o 8 &9l& R3 (0.1 m/s, 20')00IA 7MY E%en] (oHs 2Lt 8.0
cmi OHe M: 7.7 cm). R7 (0.3 m/s, 14')00A 713} W& ZHo® URERGCH (2Lt 2.3 cmi M: 3.9
cm). Obg 2AHE 27 4571 YR S5 718k HOoE YEPRD (oHg 2L Min 20 ea, Max
57 ea UHg M: Min 17 ea, Max 59 ea) UMy 27| f30 T8 $EFL He #0919 Aol @
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EE dAsiQlch g2 93 2¥E &N SIHE d¥sed, Ald oy ks &35
XY oM 252 dGsIC ReE & 33 g & 273 AdS T™ASIon, AR
o, FHEE 0.3 m/s, FEEZ 70 rpmOlAM F&E 95 % Ol4, &£4E 3 % 0jgtez
EfLt d™E 22 & 2H z7dez EotElch

45kW A Aloid 58 AFA vhE3lr] =2R45AE (1)
Performance evaluation of 45kW class electronically controlled riding
type self-propelled garlic collector (1)
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Analysis of Working Conditions of
Garlic Collector through Particle Analysis
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Yushin Ha "2

I Machinery

P
2 Upland-Field Machinery Research Center, Kyungpook National University

National University

In order to analyze the proper working conditions of the garlic collector, simulations were carried out for each factors of the garlic collector
operation velocity and chain roller conveyor rotative velocity of collecting section based on the agricultural machinery qualification standards.

Introduction

« Garlic harvesting work, which is collected in the form of bulbs after
cutting the stems.

Although it is still being done manually, the research step is low
compared to digging and stem cutting machines.

Therefore, the performance test of the garlic collector, which is the
development step, based on the agricultural implement test
criterion, was carried out for the purpose of deriving the optimal
working conditions.

Method & Material

0O 3D modeling and based on the agricultural
implement test criterion.

For the simulation, | selected Rocky-DEM, which can realize the
shape of garlic as it is.
For garlics, Uiseong, Danyang, Namdo, and Daeseo cultivars were
sselecte.
Considering the resource width of 1.2m of the garlic collector
according to the agricultural machinery certification standard, the
working velocity was set to 0.22 m/s, 0.25 m/s, 0.27 m/s, which
enables 10a, 11a, 12a work in 60 minutes.
The rotative velocity of chain roller conveyor in collecting section
was set to 35 RPM, 40 RPM, and 50 RPM, which can collect 100,
120, and 150 garlics in 10 seconds based on 1 stroke of 3580 mm.

(b)

(a)
Figure 1. Analysis results setting zone: (a) The point where the collecting count
starts, and (b) Setting the direction in which loss occur from the collected zone

Ge = i; x 100 1)

G
Where Geg is garlic collecting ratio, %; Gc is the number of garlics in
collecting section, EA; Gy is total garlics primally contacted
with the collecting section, EA.

Gir % % 100 @

Where Gy is garlic loss ratio, %; G, s the number of loss garlics
to loss occurrence setting zone, EA.

obs 48t

=2

| 48 7|&2

o|H

Result & Discussion

[ Results of simulation using particle analysis

+ Garlic collection simulation results by velocity factors, rotative
velocity of 50 RPM and a working velocity of 0.22 m/s, the
collecting ratios were 98.4, 85.5, 100, and 96.4 % in the order of
Uiseong, Danyang, Namdo, and Daeseo cultivars (Table 1)

* Also, the loss ratios were 1.5, 16.9, 5.2, and 1.8 %(Table 1).

Table 1. Collecting ratio performance results by the working velocity of the garlic
collector and the rotative velocity of the collecting section by cultivars
Collecting ratio (%)

Test no.

Uiseong Danyang Namdo Daeseo.
1 891 839 %07 989
2 89 839 919 933
3 8.9 806 866 944
4 939 753 %88 %01
5 936 753 %03 958
6 %62 833 %86 873
7 984 855 100 964
8 %22 827 889 910
] 984 827 907 891

Table 1. Loss ratio performance results by the working velocity of the garlic
collector and the rotative velocity of the collecting section by cultivars
Loss ratio (%)

Test no.

Uiseong Danyang Namdo Daeseo
1 33 167 100 43
2 12 77 33 24
3 12 133 12 44
4 39 77 25 27
5 13 214 15 0
6 40 187 42 0
7 15 169 52 18
8 17 164 [ 0
9 16 179 20 41

Conclusion

+ The slower the travelling velocity of the garlic collector, the higher
the collection ratio.

+ It is analyzed that the higher the rotative velocity of the chain roller
conveyor, the higher the collection ratio appears.
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REVIEW ARTICLE

Trends in Recent Research on Development of
Garlic Farm Working Machinery: A Review

Hyung-Gyu Park, Yeong-Su Kim', Seok-Ho Kang', Seung-Min Weo', Yu-Shin Ha'*"

Department of Bio-industrial Machinery Engineering, Kyungpook National University, Daegu 41566,
Republic of Korea
“Upland Field Machinery Research Center, Kyungpook National University
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Abstract

I this review, we focus on the review of the case study of garlic farm working machine for the
development of the garlic industry, Among the working machines used for garlic cultivation,
garlic sowing machines and garlic harvesting. machines, which have a relatively high stage
of research and development, were selected and reviewed, The physical characteristics of
garlic and garlic stems were investigated and used as basic data in the development of garlic
planters and garlic harvesters, A seeding bucket with a diameter of 29 mm and a depth of
4 mm was designed based on the weight, length, width, and thickness of the parlic seales
80 - 85 degree conditions were suggested. In addition, through a factor-specific test, it was
suggested that 13 mm of the diameter of the hopper entrance 1s an appropriate condition
for sawing garlic. However, it suggested that the opening and closing of the hopper inlet
was not excellent depending on the soil condition. Among the physical propertiés of garlic,
stress and elastic modulus were used as basic data to reduce the damage and loss rate of
garlic at harvast. Through the moisture content and cutting force of the stem, the maximum
stem cutting force required when using a 45 degree cutting blade was 7144 N, the cutting
energy per unit diameter of 3.13 Nem/mm, and the maximum pulling force 196 N were
reported. Research on the development of a garlic planter and a garlic harvester was
reviewed, additional research lacking in the cultivation process was suggested, and a garlic-
related waorking machine that was urgently needed was considered. In addition to additional
research to which additional varieties are applied, development research on a garlic stem
cutting machine and a garlic collector is presented,

Keywords: Garlic collector, Garlic farm working machine, Garlic harvester, Garlic
planter, Garlic stem cutting machine
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Objective: The purpose of this study is to analyze the workload and harmful factors of

Corresponding Author
the musculoskeletal systern by conducting an ergonomic assessment by investigating

¥u Shin Ha
Kyungpaok National University, the factual survey of the manual garlic collection task
of
Lo il it Background: Tack (improvement based on ergonomic assessment i the current trend

Engineering, Upland field Machinery
Research Center, Dacgu, 41566
Emai 1 yushin?2dnknu.sc.ke

Far this purpose, it s necessary to analyze the level of workload through ergonamic
assessment when collecting garlic manually,

Method: For the assessment of musculoskeletal risk factors in the manual garlic
collecting task, RULA, REBA tools, and 3D SSPP were used for assessment. For the
marual work, people visiting the garbic farmland were photographed, and addinonal
task postures were assessed by filming reenactments through interviews, Correlation
analysis and ANOVA analysis were performed to analyze whether the worker's body
information and the welght of the handled things dunng task had a redative influence
on the workload (LAAS, L5/S1 compression force) for each postures

Received : August 16, 2022
Revised © November (4, 2022
Accepted : November 14, 2022

Results: As a result of RULA and REBA assessment of manual garlic collecting task,
the Risk level was found to be "High® and "Very high', During the dynamic simulaton
using 30 S5PR the workload (L4/L5. LS/S1 compression force} was found to be the
highest in the task posture in which the lower back was bent or twisted, and the leg
and wunk were the mest burdened. In addition, the higher the height and weight
among the body information, the greater the work load, and there was a statistically
positive comelation, The greater the load applied to the hand, the greater the workload,
and a statistically positive correlation was found

Conclusion: The results of statistical analysis based on the ergonomic assessment
of musculaskeletal hazard investigation RULA and REBA assessment and dynarmic

Copyright@2022 by Erganamics Society of
simulation showed that all manual garlic callecting tasks required improvement in

Korea. All right reserved.
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Trend in garlic agricultural industry using
characteristics of garlic: A Review

Hyung-Gyu Park’, Seok-Ho Kang', Yong-Gik Kint', Ye-Seul Lee', Na-Rae Kang', Yeong-Su Kim",
Daniel-Doayum Uyeh™, Seung-in Woo'™, Young-Hwa Kim™, Vu-Shin Ha™*

‘Department of Bic-industrial Machinery Engineering, Kyungnook National Universtty, Daegu 41566,
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“Unland Field Machinery Research Center, Kyungpaak National University
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Abstract

This review focused on research about the development of machine and technology
application utilizing the characteristics of garlic. In the garlic industry, the properties of
garlic are mainly used for geometric properties, mechanical properties, physicochemical
properties, and biological properties. When developing a machine, the design s made by
determining the machine's specifications through the geometric characteristics of garlic, The
mechanical part where the impact is penerated by contact with garlic is designed by utilizing
the mechanical praperties of garlic, and at this time, it is designed so that the impact can
accur within the allowable stress range of garlic. Among geometrical properties, density is
used as a refative factor in thermal and electrical energy analysis and mass transfer analysis.
In particular, it is used for drying characteristics analysis. The physicachemical properties
of garlic are Important factors that determine the quality, and by controlling them, the
competitiveness of the garlic industry can be secured, Physicochemical properties act an the
human bady to bring biological benefits, and can be classified as medicines beyond food.

m Keywords: Biological properties, Characteristics of garlic, Geometrical properties,
cm Mechanical properties, Physicochemical properties.
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