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78X90X56.3mmO| 1! Ethernet& 0|-&5t0i AFE Ll S4lsto] HOIHE H&EY T+
ACH WA B EEZ ZZ W2 Photroniit2l Photron FASTCAM Analysis& A5

[H

=

ZY¥2 ARRI At2| ARRILITE 1000 Plus 17HE AtESHR L. ARRILITE 1000 Plus=
1,000 watt S2AH TS ALESH] T05 JUEY Al 28 AloFE MSetot

a8 36 =0% Ftm2r 2y

E 4 ARRILTE 1000 At2F

Specification(ARRILITE 1000 )

Manufacture ARRI(Germany)
Power 1,000 Watt
Operation AC
Color temperature 3200K
Light output in LUX 14528(3m, 21°)

E 5 PFA(Photron FASRCAM Analysis) AF2F

Specification(Photron FASRCAM Analysis)
Manufacture Photron(Japan)
Version 1.2.1.1

# 6 FASTCAM ULTIMA51 A}2f

ke

Specification(FASTCAM ULTIMAS512)

Manufacture Photron(Japan)
Lens C mount standard (Interchangeable)
Maximum resolution 512 x 512(0.262 megapixels)
Native resolution 512 x 512pixels x 10bits at 2000 FPS
Light output in LUX 14528(3m, 21°)
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Specification

Weight

0.85kg(1.91b)

Dimensions

77x122x294mm

Measurment Rate

480,000measurmants/s

Resolution

0.050mm

Volumetric Accuracy

0.02mm+0.06mm/m

Scannig Area

275x250mm

Light source

7 laser crosses(+1 extra line)

Software

VXelements

Certificarions

EC Compliance, IP50, WEEE
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_L351n93a3 - L3C0893w3 + L4Sln94a4 + L4COSQ4(U4 - 2811’192&2 + L2C0592w2

. 2 . 2 . 2
L3COS€30[3 - L381n93w3 - L4COS€4O!4 + L4Sln04w4 - - L2C0392a2 + LQSll'leCL)Z
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=X, Y ®Rx, £ ¥ IIFEE 37| Qo ME o2 5 7o HIAHEE ALE
- ZSA 24 70| Solid works 8 HIO|HZ A= 23HAME T
- x4 27je Bt 35 ¥ FASE HoE HIEE MYSIS
1. 23301 21
ik AEE | SR
2Rl (8) | A B C D ,
X Y deg/sec | deg/sec
94.3| 139 | 94.3 | 139 | -177.510 146.826 741 9365
94.3 | 141 | 94.3 | 141 -179.086 148.079 741 9366
118° 94.3 | 143 | 94.3 | 143 | —-180.888 148.968 742 9367
94.3 | 145 | 94.3 | 145 | —-182.473 150.205 742 9369
94.3 | 147 | 94.3 | 147 | —184.175 151.256 742 9370
Angular Acceleration vs Time
— Sngular Aocelration (degfsec?)
. 1500000
: 10000,00
w
= 500000
2 0.00
o
T 500000
=
s -10000000
=
& .15000.00
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Angular Acceleration vs Time
— Angular Acceleration {deg/sec?)
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g 10000.00
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& 5000.00
=
[}
B 0.00
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= - 10000.00
=
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= SMMOM ZHHRE 9 = 120°2 A Y
Y #1xl, & ¥ JIEEE Y| /sl MZ2 CHE 5 719 @IE 2 ARE
=4 B2M 7F&0| Solid works 212 H|O|HZ ALEEO 2SsHAME Tl
g 2ol Bt 3% 2 FASE HoE HIEE MYsIS
® 12. 232 21t
ik AEE | SR
2teel )| A | B | C | D )
X Y deg/sec | deg/sec
94.3 ] 139 | 94.3 | 139 | —-173.510 152.915 755 9526
94.3 | 141 | 94.3 | 141 -177.187 151.031 753 9533
120° 94.3 | 143 | 94.3 | 143 -180.888 148.968 755 9541
94.3 | 145 | 94.3 | 145 -182.804 149.674 753 9526
94.3 | 147 | 94.3 | 147 -179.653 158.057 753 9551
Angular Velocity vs Time
Angular Velocity (deg/sec)
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=X, Y ®Rx, £ ¥ IIFEE 37| Qo ME o2 5 7o HIAHEE ALE
- sA 24 70| Solid works 23 HO|HE AL =0 2SaiME T
- xg 27fe] 27t HE Y FASE HoR BIEE MRS
E 14. 23alA4 21t
ik AEE | SR
2Rl (8) | A B C D ,
X Y deg/sec | deg/sec
94.3 | 139 |94.3 | 139 | —-177.382 147.031 779 9843
94.3 | 141 |94.3 | 141 -179.113 148.034 779 9841
124° 94.3 | 143 | 94.3 | 143 | -180.888 148.968 780 9844
94.3 | 145 | 94.3 | 145 | —177.754 157.278 779 9869
94.3 | 147 | 94.3 | 147 | -184.595 150.581 779 9845
Angular Velocity vs Time
Angular Velocky (degfsec)
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X Y deg/sec | deg/sec’

94.3 | 139 | 94.3| 139 | —-176.786 147.979 791 10002

94.3 | 141 | 94.3 | 141 -178.612 148.850 791 10003

126° 94.3 | 143 | 94.3 | 143 | —-180.888 148.968 791 10018

94.3 | 145 | 94.3 | 145 | —-182.586 146.720 791 9996

94.3 | 147 | 94.3 | 147 | —184.204 151.210 791 10015
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710f MA

(1) =g
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710{C 15T, 7|0{D 60TE TASI0{ ZH&H| 4112 7A
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ox=Ho| & JlofulE 161

7|0{A 710iB 710iC 710D
25 1.5 1.5 1.5 1.5
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J1=H x| ¢ 21 784 @22.5 @90
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- (wi/55)  (cm) (mm) Q=7 T A 2 A
A A 71AIA A 8.0 58.6 25.5 1.63 16.2 48.2 64.4
mHE 7| A
}A Ch
lac (A w2 5.9 43.2 18.4 1.53 9.1 22.5 31.6
Fa3 1A A A 5.0 30.0 13.3 1.53 3.8 8.2 11.9
3 ﬂ?ﬂ%él 7.5 52.8 21.9 1.48 10.5 37.7 48.2
=5 Y2 6.8 47.8 22.0 1.76 12.3 29.4 41.7
JM% 6.8 48.9 21.7 1.54 12.0 37.0 49.1
o s} 6.9 49.4 19.9 1.54 11.2 30.9 421
SIREES 6.7 50.3 18.9 1.41 9.3 33.8 43.1
iy 6.6 42.7 17.6 1.47 8.0 27.0 35.0
5 6.6 45.7 18.8 1.46 9.4 29.3 38.7
u) vy 6.2 40.2 16.5 1.50 7.1 19.3 26.4
A 5F 6.6 45.3 22.1 1.57 11.5 31.0 42.5
HAFZT 3 6.5 44.6 22.0 1.71 9.8 25.7 35.5
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- ~ of 2 == T4 T4 S(9/F)
= /= (cm) (mm) =4 - | A
- LA J|AH™-A 9.2 95.0 70.4 3.47 187.2 164.4 351.6
AR H
SHA J|H YA
B R _Iﬁl 8.3 84.0 63.4 3.60 133.8 116.9 250.7
FHA J|AAEA 7.8 73.5 53.3 3.53 80.5 71.2 151.7
HE Q™A 8.8 87.2 64.7 3.41 142.3 147.2 289.4
3 d2= 7.5 78.5 68.4 4.60 1711 84.0 255.0
e s 7.9 83.4 64.3 3.80 140.6 107.1  247.7
ey 8.1 84.0 65.4 3.86 149.7 106.2 255.9
ofL A 8.1 86.1 62.9 3.51 137.4 116.2 253.6
=1 8.5 87.8 64.7 3.46 145.6 136.2 281.8
Fat 8.4 84.9 64.0 3.46 142 1 122.4  264.5
S 8.4 84.5 58.0 3.49 109.5 94.8 204.3
AR 9.8 84.2 63.6 3.05 124.6 145.4  270.0
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HEIX 9.0 87.5 57.3 2.91 117.3 196.8 314.0
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H 36 Y 5 THH[AFF
Item Specification
Model / Company / Nation R—3000 / CAS / KOREA
Length / Width / Height [mm] 1000 /1000 / 90
Maximum load [kg] 3000
I,  WAHAE= 55 T2 A4S O|FASL AR MS Al 1:5, HAR 512 A
1.2 2 Zetol| FA7F AE=EAct Fdo| FAIE AE=EH M52 (€0 JU A
gtof| £ FE AMX[5t0] BEE StE2 MU Z o|SA|FCE O ZIf AR st A
552 A8 S O|FU2L AR AS Al 122 Tt FH7F HE= Ut AR Ch=F
A= 388kg o|en], HAIEIL st4st0] &HA| EXMIE =X = 22X HAREE A
&5101 2t Al M52 2&o| U0 BEE stE52 MU ZE 0|SA|7|= ghote| HETL E
eets =elstyct
SR YT 2 SH
1200
1000
BOD
amars =5z ARAA ARk ARAZAT{a0k) ATALSO S 11064 £ 5 240 S110k
B E T kg) BEZ(kgy mEXHkg) =EER(kg)
a8 116 2A4 &4
O &as Al
AR XM= Al 2t 20| Hate ElolYo ASsofof siot S3, ¥u 52 E3
o7} 20| & Wl ZF & ¥ ™AL ZUHAEO et FE22 IA 27FX[0|ct. SHb=
etul 2F0| H=ts| FE 2 = JA FEH XX Hets| o|sst= Ao cfE st
L= F&0| o|F0{X|= Ez|olof| cts Eczlo|7} AZ=IAS wf FA0| MI|X| &1
CtS Eczlolz Mest # & XI7HX| o|ssk= Zo|ct. o[t Zo| Efo|/}nf ZH 22|
FstE Eelsty| 2[5t HX|E Ao MI7|ZEHE SHA2Z ALSSH0] HIXIHAE
£ Zl&stct.
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Torque
-3

£

£

o
Output

B.SFC.
g

00 HREEC : 5
0 ———————————

1200 1600 2000 2400 2800 3200 3600 4000
Engine Speed {rpm)

Al ds FM(Model: 3TNM72)

Transplanting Power

mechanism Qutput \

transmissien
|
Hear axle

differential box

L

Front exls
differential bex  Forwsrd spesd

© Transplanting

transmmission differential box
8 125 7|0 g2tA =2jol2 zlel

¥ 38 SEHME A|AH MA Hp
Component name Parameter Condition
Engine Torque and speed Fixed
Belt and pulley drive Diameter of pulley Fixed

Stages Number of stages Check different stage efficiency

Gears Teeth number Take 20 trails for different gear
Gear box and diameter ratio

Shaft Shaft diameter Consider materials and diameter

and material
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Lh) SEMY ARG S 2 AIB0IM it
- HEg YEO|0|%| 7|of A malo|ElE MY

g9 37| S MY MY

Determination no. of stages Determination gear ratio

Configuration design Determination gear type and size

2 126 HE|O|0|X| 7|ofetAo| AMAHA R}

Determination drive line Check the gear mesh

Calculate the torque Calculate the speed

ad 127 £2 2 E3 AN 5 EE

Determination the criteria of power loss Selection the technique of measure loess

Calculate the efficiency based on this power loss Make a model for power loss simulation

[ol

=
= L

g At

fol

a7 128 = &4 8

=
- Ml 7|0 gAEsE 470 ool AFZER 7M. o3 =32 oA HAHAU S = &
2 Me
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Coupling
Shaft
Bearing

Gear

. Gear Mesh
Wheel Power Phaft
Transplanitng Power Shaft

=
- £otof| mE &2 o

AEEE 710f 2ER SOl s 3 Jeg2 ghs
— Churning losses
- I1SO TR 14179-2 g 3 ghyAloz &4l HAt

3 7.37fngxn3xD4'7xL
- Ag><1026

a

- Windage losses,

By, =n*°(0.16d, +d *’b" "m0 x g x A
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— Sliding friction losses,
Fy(x) = () x w(x)

w(x)

G

b

H1(x)=0.0127log[ ]
Hy %V (x)xV; (x)2

— Rolling friction loss,

Fy(6) =107 %, (x) x F (x)

— Total loss,

By=2 Byt By + F () + Fy(x)

K

39 AtEE Bt

Element diameter

Rolling force

Sliding force

Contact line length

Sliding velocity

Rolling velocity

Face width

Root diameter

Outside diameter

Module

Gear—box space function

y@«S\&Qvgﬁqb*@@&

Oil mixture function
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of) 2/of ¢ J|of Edjole] 81 =&
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SR

2 131 KiSSys
7|4 ot 2

7 130 KiSSys 3D AlE3o|d =H

el

# 40 KlISSaya2| &8 Hitol| AFSE Bt

Properties specifications

Driven gears young module 258.51 GPa

Driver gears young module 258.51 GPa

Gear—box young module 200 GPa

Thermal conductivity 50 [w/(m=*K)]

Total housing area 49980 mm?2
Housing wall thickness 5 mm
Ventilation N/A

Efficiency (%)
Power Loss (W)

) T8 No. of Gear # Torque (Nm)
No. of Gears ° P Torque (Nm)
a8 A 2|0 &Ll s =glojlEe
j_E:I_I 132 OIM D'”}IL‘l% X|_H|_|'&|IO._| E% = 33 I'I TTA 1= — |' |— |
MUHEAo| Ead AAl
Tl o= =
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HE) Of4 MAHAUE 58 X 53 &4 ALt
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%
NE

Swaﬂ? Tj U }I}
A 1 E 0
| @

7 134 KiSSys 3D Al=afojd =H

2 135 Kissys
AL ol z=d

100 30

80
S £
2 I
8 2
£ % 5
m 10

20

0 0 o

12 T & 9
No. of Gears "y Torque (Nm) No. of Gears ® Torque (Nm)

T8 136 04 miFLE MetHel &8 a8 137 SH&A
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i
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m
Nout nin

140 MA |4 =2fol2 2tol

stieny E3 MAM(TRS605, FUTEK

- 22 Si YASH(2E)D 22| A HHUS Atolo] £3 ML x|

- HA HFUBe N SS(pmlol wEl e A, A4, HF 0 £37 53

-60 rom % 0.13 m/s MZl HZolAM = 1.2 Nm, Z2 -0.965 Nm % ZHA
0.0623 Nm E3
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TRS605
7000
7000

Model name
Maximum, rpm
Maximum

torque, Nm
Weight, kg
Resolution, bit
Rated Output
(RO)
Material

1000
2.9
+5 VDC

Aluminium

(Housing), Steel
Alloy (Shaft)
150% of RO

T2 141 FUTEK torgue sensor

Safe Overload

Al &
= =3

O8 142 2EHZ| A HHAYESS E3 £H

#* 42 2HZ| A HAHES =, FHx 9 EF

Operating speed of the planting hopper, rpm

Parameter

30 40 50 60 70 80 90

Maximum

0.7938 0.8881
Torque

0.9858 1.1993 1.2518 1.2892 1.3253

Minimum

Torque -0.3006

-0.4179 -0.6326 -0.965 -0.867 -0.8723 -0.9007

Avarage

0.0802 0.1323 0.0155 0.0623 0.0167 0.0888 0.1319
Torque
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Displacemant [mm]

Tisplacesest (mm|

=] s (=) T AL =
L) FZol thet 33 A H=Z2Y oS
N S| © AN o =
- AlAEe HiOY &4, B3, A gFEEs SEAY
- 103 ALE FEE ALt
o = Lmin Lmax
e i) 100 -+ Cy Ey
1 ! i
0,85 = o = 90—
050 i = i) : \"-
Bl ™ e — ?U—
a_3n - £ |
=2 - E'm |
1 e ™ F 50—
TR 1 = 1
B . 3 %
=050 E— Eh) :
-0 80 = " — 20 ]
gl ® i J IU';
T T T | R 1 L i
o & 2 & 3 & & 5 e
Azmisl directics ¥ s}
8 143 4
588 = Lmin Lmax
100 e
e
4o 20 Y
m... \II.
2.9 =] 1 \
740 = # ] T
1.8 = % Eﬂl | Eﬁfﬁ"'ir
4 i 37
a.ma [ E a0 —
a—] iﬂ‘—
=a.8 = 2{,,.-
1,40 =] R W
° LI ST TR B BT S S PSS
Aaiad direstien ¥ (] Askal dlreeties ¥ Dus] Service life [h]
8 144 A HAUE 83 2 2oy
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TS 2ZE MODELING =M
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SPECIFICATION

RATED VOLTAGE DC 12 VOLTS

TEST VOLTAGE DC 13.5 VOLTS
NOLOAD(HOT STATE) SPEED 79£6 RPM
CHARACTERISTICS CURRENT BELLOW 5A
RATED SPEED 58+6 RPM
CHARACTERISTICS(40kgf-cm) CURRENT BELLOW 9A

STALL(COLD STATE) SPEED MIN. 230kgf-cm

CHARACTERISTICS CURRENT BELLOW 40 A
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Bl ATZEREEeE, AR 7|0 Hola, ARl SHE, XX Zd S22 7LMSH
Ct

% 51 %y} A7) AR A A EEA A AL
A% 630
71 271 AZ 535
(mm)
FTA 980
2 & 5 E (W) 120
A7 3] 4% % (rpm) 600
7]
FH ) E A (kgf-cm) 89
2] 3L7)0] Aol Z8 A9l #35
BRECE S 2¥ ZE
TFZ+A 2] (nm) 77~174

708

585

492
980

150
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- FE237|9 B 452 3228 Ezo] M2|FoM 7d, Z2dH S0l & A=



I 54 %E F7] B AS 24}

. A= gdxd & MHE(g/F) oeE

He| L2 B _

12l (mm) (mm) =2 T 5 A (g/emd) T/R

sl oA et 2.9 2.1 2.9 0.06 0.04 0.22 0.32 2.1 4.2

BRlz+8a] oAH et 2.9 2.1 2.9 0.06 0.04 0.20 0.31 2.1 3.9
BrOf E+EEE] X2 2.4 2.0 2.9 0.07 0.04 0.16 0.27 2.2 3.0

stEgkEl Egof 2.9 2.5 3.7 0.10 0.06 0.22 0.37 3.2 2.9
¥ ZARY 20204 10" 8YU(mE &= 272)

- dAl M Re g, @4, 74, 7o g MAI 2 el AMY XM FAM T
ZieL 2 MHES, 22RE= EE Ezo| Me|FolM JHE Zieni, T/RE &
gt Egflo| MzlFolM THE LS

55 A M R s =A}

- A= gxd & MHE(g/F) 2z

el e T .

121 (mm) (mm) = A @A (gom’) 7

se3] of x| gt 3.6 4.6 57 026 022 139 1.88 8.8 6.1

SR g8 X at 3.7 41 4.9 0.32 0.16 1.33 1.82 10.6 4.7

B0 E+EEE] ARX| 2 3.5 4.3 5.3 0.33 0.17 1.34 1.84 10.9 4.6

stEdkEl EgQf 3.0 3.7 4.8 0.40 0.17 1.05 1.61 13.2 3.1
% ZEAY ;2020 112 42 (TE T 54

- MdA M o 57 Efo] M U AlESSY Heldss el YA 2 g E+e|
oMY X2l ol M 2zt 24.4X105 cfu/g, 26.7X105 cfu/ge 2 71 MU

X 56, A A g3 B Al Y TAE

7} Ego] A W(x10° cfu/g) g 4EE(R)”
e A 24.4 3L.1
A4+ o)A 55.6 23.3
vl E e oA 26.7 33.3
s Ego] 33.3 26.7
¥ x[AMY 2020 119 17 (TIHE = 54Y)
obml @ o#E| o7 O AlSoW W HE % £
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Input torgue calibration
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Hopper drive torgwe calileration
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[(RE] = il y
o
LA ’ i
i ,.."'. i &
0 = 1o 15 n = L1 35 40 Ll 4 I " L e
Tanqued m) Farapued m|
(a) &= E3 HA (b) 2H TS5 E3 HA
O3 167, Zz|=golMd ZDf e =
— Dt arajes (Sm ) — Happer drive shall sriqoe | e Urigrad speed (rpm lapat forgue (Naj <= Hepper drive shaf) nrgee | Ym) Inpt speed {rpm)
- " i o
R . A it o b
u 4 4 0 B NIT e WA < 18 4 G R v TN
P S e WEE
lIlE.".‘ '*E ij:
i “} §»
i H
i §
Tl J'.; T
" I "
L] n dF [ I:I"le:" (B1] 148 (1] 1= " ;8
(a) Ezllo] Zh=f (b) E&flo] o] ZH&f
T8 168, €= ¢ s 35 EJ FF 24 Ji=
¥ 57 . A" Z3
Eefo|(SEAMAL Input Hopper drive
Input rpm E3 72 © oo
i 75 torque(Nm) torque(Nm)
X 29.2 21.0
JlsE3
0 31.2 21.0
X 27.3 13.2
74 ZHEJ(FSA)
0 28.7 18.9
X 0.2~27.3 0.8~13.2
EJXZE
O 1.2~28.7 3.8~18.9
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3) MAIE 2% PROTO M=% o =g
7hH Z=HAE EAH A
(1) 88 Mz HA
otul 2EZ2 EFO|oA FE = 2 0l HHE FHXD 2 0o|& HAHI} 1L
5to] HEZ 0|& AlAZFCE HE 0|& &2 2 0|& A 29| stadet mf 25
= HE Z otFt ANFHFE= AeS olH ofEr Al FEHO| 252 =8 &30 9
of HE Z7| Ho 2 O|EsIX| (=& sicl. S&Ee MMA2 HAast 182 2 0|
S A A5t Al A™X|LE 2 @ BstE 2EAIZID =2 HE SHMS oA
otul | HIF orEtEX| Ralf ZFel elo| =HUCE . o|E sHEsSH| 25l TS
FHMo| AL JtEs F FZo| B0l EE(SOLTARP) M2 S 0| Zst0{ M == ALCt
¥ 58 % 4%
P w9
7 (Thickness) 0.55mm+0.02mm
% % (Weight) 635g/m'
2] ¥ (Base Fabric) knit P/F 1000Dx1000D12x12/inch)
L(Warp) 170kg/2.5
¢l %7 = (Tensile Strength) arp g/ocm
W (Fill) 170kg/2.5cm
L(Warp) 36k
o147 = (Tear Strength) arp £
W (Fil) 36kg
} L(Warp) 12kg/5cm
A 27 = (Adhesion)
4 esion W) | 12kg/5em
W g+4 (Cold Crack) -20°c
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o HX| AH H FUH 2ol wE HA Al HY 24

2N
o AAXZT = FIEQl 0.24m/s2 MA™stD FZHAEZ|of w2t AREE 3 pmE
MYt} 2A S
62. T2zl A% @2 rpm
ARgE | 22e
ABZIET0f | ARIIRET7|0f | AR S| Of AHDIM (F7HH %) TES | e
(rom) (cm)
12 28 24 24 279.2 18.5
| 23 24 20 36 14 19 14 28 24 24 325.8 15.8
= 12 28 24 17 394.2 13.1
14 28 24 17 459.9 11.2
1591.6 884.2 651.5 12 28 33 17 542.0 9.5
14 28 33 17 632.4 8.2
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YHEL(mm)
e M e

- = A

Z7HHE] : 8.2mm Z7tAE| : 9.5mm F7HA2 : 11.2mm
Al A A A ALA ﬁig‘g AlAlAlA \ n;?gn A A
OO « 2 IOy S RTATEWILAYR)
£ -. E S Y W T Y
o \ ok
310 , % 10 | [
> 5 o : > 50
0 100 200 300 400 500 600 ’ [; 10‘0 2(;0 3[‘1’) 40‘0 50‘0 5(;0 ’ i} 100 200 300 400 500 600
X# (mm) X8 (mm) X2 (mm)
F7HAE] : 13.1mm F7tA2| ; 15.8mm F7HA2| ; 18.5mm
AL A I~ A ﬂﬁ a ~ ~ | ﬂi?ﬁ Pary N Jay
/ TNV \[/ N F oy LN N /NS B el I [ O T
VAR 14 % Eo 1\ 1 \{/ E 4 TV [N [
AV 1V Sl TV AST Y %l \ I/ W/ \
B 7 L S Y v
0 100 200 300 400 500 600 ! 0 100 200 300 400 500 600 ! 0 100 200 300 400 500 600
XS (mm) X2 (mm) X (mm)
a8 202, AR& F=2HAz| HA
o HZH EAM ZH1 FZHAHE| 15.8cm, 18.5cme Al XN €2 2 AF g <M
=8 =5
o FZIHE| 8.2cm, 9.5cm, 11.2cm7F HAIZIY Al O|AIXIMZ} 25 & Ho=Z
chHE
o ZEZHAHE|IZE 20cmoOlEZ LAXIHIE MSS=E =l Ao EtdolA  FZHAZ|
18.5cm= Hel AIEEX| 22 A2z T
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O SEoistm (/e 8
8) S Al&E oMM sS4
7hH 3™ ot B
(1) FAHASA ALt
ME M2 7|14 */IgS st 29 & ARSAN oHMo| 52 des 0|
Fch CG(RAIZA) &E A4 Hwst Mg 2tE 8, ¥8 £ S5 M AL
o Algeflo|dnt B2 otdd EAel FRs CHAO|ct, LE=ZE FZT|H Q| AlHE
ME gwe M2 Dol et 28 TA 22t o3 Eof MAIEAEHCH
E 63. X2t FU|AY e Adxz &3 A A3
Rollover angle of off-road agricultural Machinery Lateral rollover Reference
Left Right
Tractor mounted baler system 19.5° 19.5° Hong et al., 2017
Chinese cabbage harvester 32° 30° Ali et al., 2021
Tractor mounted onion harvester 26.74° 38.07° Choi et al., 2017
Tractor mounted Chinese cabbage harvester 33.2° 45.6° Jang et al., 2021
Terrain vehicles (Honda Rubicon TRX 500) 41.3° 33.7° Ayers et al., 2018
Off-road utility vehicles (Polaris Ranger) 46.2 37.7° Ayers et al., 2018
Lawn tractors (Kubota BX2200) 40 36.4° Ayers et al., 2018
FAEA(CG)2 =AM MA 20| zIFst= 7Hael X|®™o|ct Oz 20| CG
o MOo|E AHitstn zhEtshy| s 2mb ™MAIZ|e| JizkMel mHEo| f+EEQUct ™
XN 45 Xl CGIZF ALt=[AUCt O ChE Xt A BEES Sl AlARIS CG
S JlaEich Ol mEH AP-YAR AlAHES Z2E 9 2logel HE Y 2
% 55, T2E o 2|0 FHlolAe wY, T2E U 2lof Y& Hal, FASEE
3™ SIX[7HX|2] Hel, 3™ SIXZFEE FASAUTXIL] Helz2 7= Uck 2 A
TolME 48 AT Lo YA AIAHO CGHES 1SO 20129 O/ AT wiof
2l AlAsEE EE (Chowdhury et al., 2020)
(a) (b)
- (] ] - ° |
WR, WWRE
W, CGy sz _CGS_ CGT
- I ] ] 0 |
Gy T WL, WL,
WL, WL, CGyg
1 - / WS I, s 7| Ta
L, Ls
a b [ Ly
e f
a9 203 &y A4 Alad 29 Jjgs SHE(a) 2 A% (b)
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ut YA FE2 AE=H XFo| BEAMEAZ] 2ol CG AL oM A Al
280 sttel FMZE ZhEEACt FAT| o|FE 4F Aol 2 2x= CG E
E Aust7| flsl A E Zol 2t=of Aot okl FAES2S 242 XAFn St
Y4 ALHESl CGE ZdEshs ol AFEE=IEL o[2X ME ZIE= CGS ZHE(XS,
YS, Z8), FAEI(L1) R HEZ(y)2 Zetet A2 ALEsto] ZE ATt

Xy= (Wypt Wym) X L) | Wy

Yy =Xy Xtand— (Wig/map X (L1 X oS5+ (ry — 1)< siné))+ Wy X sind
Zy = (Wi X Wypy + Wy X (W4 Wo)/2 + Wiy X (Wi + Wy)/2) [ Wy,
Xo= (Wom+ Wsp) X L) [ Ws

Ye=Xg Xtand— (Wip/gap X (L X 0S5+ (ry — )X sind))+ Wy < sind

Zg=(Wsp X Wepy + Wapy X (W + W) /2 + Wapy X (W, + Wy)/2) [ W)

¢=tan (L, — XX W, +2Ygx L))/ Zgx (2L, X cosy—2 X sinvy)+ THx (W; X siny—3Xsx cosy+2Ygx siny)))

=1

E 64. FAFTHCG) Al AlgEE 2 2 2G5 A By
Mass of four-wheel vehicle (kg) Mass of four-wheel vehicle with transplanter (kg)
Mass of left front wheel (Wyeq) 250 Mass of left front wheel (WsE+) 78
Mass of right front wheel (Wye2) 237 Mass of right front wheel (Wse2) 64
Mass of left rear wheel (Wyr1) 32 Mass of left rear wheel (Wsr1) 411
Mass of right rear wheel (Wyro) 56 Mass of right rear wheel (Wsgro) 405
Total mass (Wy) 575 Total mass (W5s) 958
(2) glater g Beksk M Zte A4
Liliedahl §(1989)0| 215t 3 MXIE ALt T AHF oF =8 28K (Xcg)
I XM 2| =2 WEH(Zceg)dl U= X MK 22 FAH SAS ALtstct
O|AH2 I1SO (2015)dlM M=t Aul SLUsH FHSA AHAo|UCH
_RL
cg W;
Ar=r,.—ry

n—r,)
tan>\1 L/
Ar
tanAy 7
A=A — A,

Wil —R;'L  R;'Ar
~ W;tani B W,

ch =r.+h
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XC
Longitudinal stability angle = tanl(Z—g)
cg

. _ f TW
Lateral stability angle = tan (Qchg)
¥ 65. T I Azt ALk ARgE W 17], Ao, @
Annotations Unit Mass conditions Normal (Kg) Lifted (kg)

Weight, W; 1,265 kg Transplanter
Wheel base, L 120 cm Weight in left front wheel 198 124
Wheel track 140 cm Weight in right front wheel 153 95
Front wheel radius, r 32 cm Weight in left rear wheel 385 464
Rear wheel radius, r; 47 cm Weight in right rear wheel 409 462
Front tread width 8 cm Transplanter + Operator
Rear tread width 15 cm Weight in left front wheel 230 149
Front & rear tire radius diff. 7 cm Weight in right front wheel 187 120
Force under the front axle, Rf Weight in left rear wheel 397 481
Horizontal distance between the front 120 (TOL)| weight in right rear wheel 411 475
and rear axles when lifted, L’ 121 (TO)

122 (T) Transplanter + Operator + Load
Height of the lifted vehicle from the 89 (TOL) Weight in left front wheel 246 164
front axle to the ground, n 90 (TO)

91 (T) Weight in right front wheel 203 136
Weight of driver 80 kg Weight in left rear wheel 401 487
Weight of specified load 40 kg Weight in right rear wheel 415 478
Height between trans. to ground 48 cm

19 204 BA 23(a) AAE 23(b)ellA 72 ol
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HE8 &
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AT EQ0{(Recurdyn VIR4,

~&E FunctionBay, Gyeonggi—do, Republic of
Korea)& Aot ful MAlD|o| 2lutsk 3l Sdter Mx 2tz & Z-s7| {6l Al
sdo|ldS FHIUCE olz{et XS 2lsl Fu ™MAZ[e] AlM x[£=of w2} 3-D
DS ZM™siict 2t melolee= AlSHEHo|ME Al&sY| Mol &AZELofa
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(4) 2| =2 2H =4l

AFE AFZH(CGV: XV, YV, zv)ah 2kmk HAL AAEI(CGS: XS, YS, ZS)9 CGe &
HAZ ALEol0 AHLEUCEH ALER S 575kg2 2 0| SF2| 84.70%, 15.30%
74 HebR| et SHtRoff s 2t2t X[X|=[AcCt. AHIF = XtEe| ATl EFo =0|
HA Aol EES HAYESIFNan, Lut™dAl7] AARS & 5 HZF2 958kg2
2, 0| & 14.82%7} 2HdtFoll, 85.18%7F SHtFofl 2= ACH R 2AF XpFeo
I HiF b Fut MAIEX| Alo|e| AZH|= 22t 51.33:48.671 36.36:63.64%,

54.93:45.071} 50.37:49.6322 Zt xtF0| He| HAEO|JUCE AFEXRHXV, YV, ZV)
o CGV ZtE= 495, 370, 625mm, ub™AIERX|(XS, YS, ZS) 2| CGS #tx= 242

71
587, 215, 621mm. AIE X}Zol| ™MAIEE FIlst & CG7I Fe(Fe £ ZA )2z
ZhabEl 57| $ET| B H e

O|SstHA XX AT ZE0{ESYCt. EHEO
Fo| tfst AFAME FAFSH Zopo #HEEQICHJang et al., 2021; Hong et al.,
2017).
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Stability angle ()

Stability angle (*)
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(c) Asphalt road with high speed e X e Y Asphalt road with low speed
3
? Vehicle Vehicle
2 2,
o g l I
— ‘ — | \ \ .
L 2 r 1 1L i
£ | [ | i @0 W I“‘ H' LI
1 T Rl W,{ th ! HHIJ I ! Ii !V‘W- || i {111 ek
=1 (RSSO UEN = PN LT RIRA
s -2 - I , s | \ Tl
w | v =~ |
3 : -4
- 0 20 40 60 80 100 120 - 20 40 60 80 100 120
3 2
- |[Transplanting unit | N
o1 0 _
= D N AL ﬁr,—l Transplanting unit
= S 2 .
gt ' | £ \
£ e Wil £ | |
= -3 | ‘ : ‘ 7 -4 !
4 | ! -5
0 20 40 60 80 100 120 © 0 20 40 60 80 100 120
Time (s) Time (s)
22 200 5 L AKeIA ) Pk AV BA A 24 A $AA (), MEF B (b), ofABE
=2
ISO 16251-2(2015)0f w2H, Mz ZtE2o| & Hel= Ciet LZ2E ZHUE
ArEoll 7| =3k0d 15°01 A 45°7kX| ctstot. ot gh=at =29 7|4 Jks2 15°
ojgtel ZAL=It S & ct 2 AT ME ZE= 31°0AM 51°7HX|2] HLE 7t
Mot 55t =7l Hetz ols of 4°9 Ztx Xto|7h ZHEERICE Ayers 5(2018)2
MA 2 u|AE zolM ofe] RE2E 59l Aol S0 obYME HAEHD &
obstel xj@, MOl Ee|, exes ggalE A, M2 © 2ol tsl 6-7° 2T
X0l E H ULt
L) 2.3.2 &ls EIt
(1) 2= Hioly 25 A|AH
ol#l ATolM b MAD|e] MEAS AT NN, SHMUL HMA AR S
oldct. & 47iel 3%F JIEEZAH MA(model: 356A15, PCB Piezotronics Inc.,

Depew, NY, USA)E AlS3st0o{ ClaFst
A Ao dEE= TS

Hixlo =t Atoll ofx|=

|
—

Py

—
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Act

NI cDAQ-9178; National Instruments, Austin, TX, USA)7} Al2E|
National

(model:
z=g L7 sl LabVIEW ZE T2 (ver. 2018;

S Lz FTZFES
instrument, Austin, TX, USA)0| MEE=[QUCt s FF7|2| AfMlet A2 5 &
of 2ek=lof A2n{, Ctx d8ol= Hole =% A[AES JietE, 0|5 =% ZHX|
AREL MM BEX[ZF LHEFSH EY
66. I& & T 54 du F AT E o] T2 A
ltem Model Image Specification
Acceleration 356A15 Sensitivity (10 %): 10.2
sensor mV/(m/s?)
Measurement range: £490 m/s?
Frequency range (£10 %): 1.4 to
6500 Hz Resonant frequency: = 25
kHz
Broadband resolution: 0.002 m/s?
rms
Connector C4P5M3BP Shielded, lightweight, FEP cable
cable 4-socket plug, IP68 rated to triple
splice assembly with (3) 1-ft
coaxial cables each with a BNC
plug (AC)
Data NI cDAQ Timing accuracy: 50 ppm of
acquisition 9188 sample rate Timing resolution: 12.5
device ns
Internal base clocks: 20~100 kHz
Regeneration: 1.6 MS/s
(multi-channel)
Software LabVIEW NI Instrument,
2020 Professional development system
(64—bit) for Windows
NI recommends 1 GB of RAM.
| Operator seat I I Input power | (a)

t
Tri-axial #-channel
o ol |

accelerometer |—*| data logge

! |
| Onion transplanter |

Operator seat

Conveyor belt
Dibbling device

Power source

1 A A(h) AR, ALA A 2] AR (e)

a8 210. wlolH F3 Al=(a)e] &5 tholo]ad, oy 3
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High

Driving speed
Low

~ Asphalt roa

Load condition
Unloaded
Loaded

Operating status
Static
Dynamic

B
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m
U
| -
B S
0
=
=

Driving surface
Soil surface

Unpaved road
Asphalt road
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2631-5:2018
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Merstshy| s & 23 Al =2l International Roughness Index(IRl)= 3 =™
of HEZIE MUsty| flall M MANM2ZE AZECHDU &, 2019). IRl && B2}

= T(De et al., 2019; Ahlin et al., 2002)0l 7|Z=3l0f, O] HAFOA £=2
e E7/ok| Qe MElE XZEMH L= 2o HEY|IE ALSIQUCE otz 4
FS

= 2 7 wWEkZF)el WBV Atole| ZAE LERHCE

ro kM

Sy

v 1/2
1 010 (%)

ISO 2631-1:2008 EZof| =M JtF 7tE2| & S AM88 Als =& HIt
st= 9 = ZHA(8)) % Vibration Dose Value Method(VDV)el 5 ZHX| 0|
AUCE AB) XlF== JtE mms JHEEE 15l FHEO, 07|M JtF JtEE9
1/4 rms= A &2 Al VDVE Adtst= O AFSEICH 5 9 25 8A|ZE &
F7| ¢ WBV &= "Ulstnd, £=&E =7| HOo|Eol st Fu= JtE ZEHE

X ZolloF etch. ofzf ol A(8) R VDV X2 LHAZ QotstACt.

Zzxstof (58] R HE 3), 25 =A g0 Y AU A4 g9 £ F IR g
Hoz EHYeCt 07| g2 ZE & ofefloll 2HAXIE ot U= IX|IE LIEL
CHEF, AL AMAo 7i58 MYstes HHE A|E, Suof, & 3 &l ¢4F M
= U2 A AHAEZ, KM, A Kol wEb SHEbXo], 2 AZber Al E 2N
sk7| sl Ml JHX] 2EF =7| ISR b2 AtEstch g 2™ elXteE 2F° 55
ool s MY, ozt mEY, HE = ool I EE 2F 2T U AE-U5H
of Wgte 1nefstol FHeotct
¥ 68. WBV % #&d WAAS #Hrtslr] 9g 1ISO £+
SO standards Equations for vibration evaluation
2631-1:2008 Daily exposure value A(8) Vibration Dose Value (VDV)
1 ¢T 1/2 T 1/4
Sye = [?Jﬂ aﬁv(t)dt} vdv,,, = f af‘u(t)dt}
0 0
T expiiy s
A(S)s = Ks’ SWS \/eT—;) ’Ud’US = Ks' ’Ud’U,U’,S \/ﬁ
A(8)=max[A4(8),,A(8),,A{).] VDV(8)=max | VDV,,VDV,, VDV
2631-5:2018 Daily compressive dose value Risk factor
/6 A Ar1/6 6)1/6
C 5 6 ! n [S N A A ) )
A _ dyn,i A_ d YmSd—S5,,
+,. \1/6
St = (Zs;“ﬁtﬁ) S4 . =6.765MPa—0.067MPa (b+
1 mj

- 178 -



(5) AR s =%

HAZ| B2 (AHolo] HE 3 C|E22 Zx|)o s 2T E HT=2 HIISIGECH
MAIE JlEg 37|& SO 5349-1:200101 w2l AASHYCE HH 71 75T (AS)
= M JHe Hat = Zio| o2 AMSIH D, 2 AFoA= ofef A2 0| =25}0]
ASE H A5t CH

HU
n
O

Q
0t
_)'-|_|
U
10
e

C
N
0
Rl
O
-
M
>
M
o
(@]
o
S5
2
kO

o
m
<
30

kl
rroox m

T&E0| FHEA #2 T AUch. ol R 2 A S5 o F
25| ol 52 & |lch wetM F29 Zs0| BhEE= olwet tiat 2hSof o[x|
P2 olslistr| Qs el AHEY UL (PSD)E ®E ZAMsHof oot o|eb st

|
of olole ®eh(AlZt H of Fobs HH)o| X olcHBrigham, 1988; Kaksar
S, 2013). 2 AFolM= FFT(Fast Fourier Transform)7} Ol2{st SX o2 ALZE|
Ach FFT= AMSE e ZHel(AlZE = S7ZhHollM Fos ddoz HEsiH L}
O gz #HeEsts Al ghHo|ck(Cochran 5, 1967). WE=  FFTZE
gich me] AHEZ UL (PSD)= ol2fsh Atz
AHEZ F2afs0| Ch2 AlZE AE o{X|e] 2%

H E&0| ZcHYoungworth &, 2005). & o170

non—stationary A& M e
M Aol Ee| ARSEICE PS

ol Fulg HEHE Ofof

Eﬂ O

M= Welche| SH&E MIOHE " FH7|(Welch, 1967)E Sdll PSDE ¥2A2H,
2t 71=2| SZtollM ?%E' 1000 DFT ZQ2lEe| MIMEd 600742 HO|EH7t =H

O
L2 AtEetch ackg, 2 PSDE 7IS0M MZ ChE 2zZ4
ol ol HteteElct. 7|FE JtExkel S4 oy A
ol =

o
E{7F o Elch ALEE DFT2F PSD 3412 otz =41t

= 1000742 H|o|E

o a2 Fo|7|
|

0

ol

=
H M=o =

.
1 N—1 77’271'L.
X(f)zﬁzo:[N]e Nof=0,1,2 -, N—1
n=>0
a2
PSD= —215

E69. ¥4 W A T 5 AT AWA AE wF $E L HHweF T
Vehicle / implement * WBV ms? * A(8) ** RA *
S.P. Sprayer 0.53 - 0.69 Exposure Action Low: < 0.8
Tractor—ploughin 0.73 - 0.89 Exposure Limit 1.2
ploughing : : Value: 1.15 ms High: > 1.2
Tractor—trailer transport 1.05 - 1.32
Tractor—cultivating 1.2 - 1.49
All-terrain vehicles 0.85 - 1.39

* Scarlett et al. (2005) and ** De et al.(2008)
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H 70. ¥ =% H7E 98 AHRE WEES 7], B9, &9
Notation Definition and unit
s, Root-mean—square acceleration in the vertical direction (ms™)
% Vehicle speed (kmh™)
Sws Weighted root—-mean—square acceleration in the s—directions
ay, Weighted acceleration
T Signal duration (s)
Ks Weighted factor associated with the direction (Kx = 1.4, Ky =1.4, Kz = 1)
Tosp Daily duration of vibration exposure
75 Reference duration set up to 8 hours
A(8) Calculated as the highest value of A(8)x, A(8)y, and A(8)z
T eas Measurement duration time (hr)
VDV(8) Highest value of VDV(8)x, VDV(8)y, and VDV(8)z
SJA Daily compressive dose value
g4 Compressive dose value (MPa)
Cyn.i Sum of peak compressive forces acting on each disc level (N)
B Vertebral endplate surface (mm?)
ty; Daily exposure period (hr)
b Duration of the exposure measurement time (hr)
N Number of exposure days per years
n Number of years of exposure
S,,ﬁ Ultimate strength of the lumbar spine for a person of age b+ years
szl{a“ Mean value of the compressive—decompressive force divided
by the area if vertebra endplate
R4 Risk factor
o~ 27/ N A primitive N root of 1
N Memory length
x[N] Discrete—time signal
f Discrete frequency
Af Obtained frequency from FFT
ag Root mean square of acceleration of the obtained frequency (/)
As Average weighted acceleration
Ay or Ay Ay Weighted acceleration at X, Y, and Z translational axes

(6) SAX =4

of eA7tel &A FA=2 Minitab 19.0 A mZ|X[(ver. 2019, Minitab, Rd State

Aol-Sl_I- al

Ch A

=
olx|g HMH5t7| sk A
ackg D
£ =32 ANOVA 242
95%2| A2 %

2 ALZ3I0 S EUCt

ALESH] 2

ZollM Tukey2l O =4t

MATLAB R2015a AT EQ0{(8.5 H{HA

gk Welche| &S 7|ttt =
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%7] dlolefs xS0l HMx2lS AAlS

R of Ml Al AL AMES 7+ gl

olelolele] WA EE HAES AASIY
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Stict g+ x
=42 ALE35I0| =2kel5HRIch

MathWorks, Natick, MA,
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X2,
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WM Ziel M2 o2 8 50
x

M
Ay

0
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-

ANOVA
st7| <

WBVE &7}
735t =20 MEi=[Qict ot

ofn
700

L&Al

2 LIEFGCL

0l
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44

} =7)o] WBV ¥

S

-

N

o
™

m

71.

HojF= t5 ANOVA

P—value
>0.05
<0.05
<0.001
<0.001
<0.001

F-value
1.670
3.070
13.260
45.070
24.320

Adj MS
1.821
3.343
14.423
1.087
21.772
11.749
0.483

3.343

14.423

33.722
Transplanting part

4.348

3.642
21.773
11.749

Adj SS
Whole body vibration

DF
31
got

Source variation
(8) WBV =&

Driving surface
Operating status
Load condition

Error
Load condition

Driving speed

Error

DF: degree of freedom, SS: sum of square, MS: mean square.
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J8 213.

Vibration exposure (ms2)

mTrial]l ®Tral2 ®Trial3

15

10

w

(a)

........... I N I — _ELV,

v J \ $ Z} AN X ¥ Z J \ X }‘ Z J A X }: Z F % v Z ")

Soil_Static Soil Dynamic  Unpaved Static Unpaved Dynamic Asphalt Static =~ Asphalt Dynamic
Unloaded Unloaded Unloaded Unloaded Unloaded Unloaded

(b)

X Y

X

Z

k)( Y ZJ X Y z X Y L Y Z X Y
Sail g’taﬁc Soil D:’nggmc Unpaved Static Ilﬂpﬁ!@siqu‘i@@,l}; Asphalt Static  Asphalt Dynamic
Loaded Loaded Loaded Loaded Loaded Loaded
MAA (@) 2 A4 (b) 2ANA e 7 EW 2 AE delel da) LA 24
Z4% A% =F ELV: =% A% 3115 ms?)

ChHS #+= ISO 2634-5:2018 Z &0 U2 WBV =& HIIE Eo{&ECt ZAXLS
Liol= 40MIA 2 X[ 10 St OPE g 8A|.7_F s o =dE sHelolApct &
A T HYUAL| XM= OF 322 ZFO 8 E AMACE ISOoAl A=ZE SHAR
(%2 (RA < 0.8), 25(0.8 <RA < 1.2) ¥ =3 (RA < 1.2)Z} H|W5l0{, RHA
= BE 78l zY, 59 =rElet M EH(F, E W F HZZE T2)oM
ZHEE F A2 RAZE 1.360(%%7| i Zol =2 4 g =22 A= HEMRCEH

F 72. ISO 2634-5:2018°] w& Risk Factor (RY) F%

Driving Opera Lo;;l;j RA factor for lumbar spines according to the 1ISO 2634-5:2018
surface sms conditions ~ 112/ L1/L2 L2/L3 L3/L4 L4/L5 L5/S1 RA
Soil Static  Unloaded 1.50 1.51 1.52 1.54 1.52 1.47 1.54
surface +0.16 +0.11 +0.08 +0.13 +0.09 +0.02
Loaded 1.58 1.62 1.65 1.67 1.65 1.57 1.67
+0.07 +0.16 +0.12 +0.17 +0.15 +0.07
Dyna Unloaded 1.55 1.57 1 . 6 0 1.62 1.61 1.54 1.62
mic +0.12 +0.10 +0.11 +0.13 +0.12 +0.07
Loaded 1.56 1.55 1.53 1.53 1.53 1.50 1.56
+0.09 +0.05 +0.07 +0.06 +0.08 +0.05
Unpaved  Static Unloaded 1.59 1.59 1.61 1.62 1.61 1.55 1.62
road +0.05 +0.05 +0.10 +0.12 +0.10 +0.10
Loaded 1.56 1.56 1.57 1.59 1.58 1.52 1.59
+0.08 +0.09 +0.06 +0.09 +0.08 +0.08
Dyna Unloaded 1.65 1.63 1.62 1.63 1.61 1.57 1.65
mic +0.16 +0.15 +0.15 +0.10 +0.11 +0.07
Loaded 1.60 1.58 1.58 1.58 1.57 1.54 1.60
+0.13 +0.08 +0.05 +0.08 +0.08 +0.09
Asphalt Static Unloaded 1.55 1.53 1.52 1.53 1.51 1.47 1.55
road +0.09 +0.06 +0.05 +0.05 +0.05 +0.04
Loaded 1.43 1.49 1.51 1.45 1.47 1.42 1.51
+0.05 +0.03 +0.09 +0.03 +0.05 +0.03
Dyna Unloaded 1.47 1.53 1.50 1.49 1.47 1.35 1.53
mic +0.09 +0.10 +0.03 +0.03 +0.01 +0.01
Loaded 1.48 1.49 1.52 1.48 1.50 1.36 1.52
+0.11 +0.08 +0.11 +0.01 +0.07 +0.01
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o & ZHA(8))2 otF 8A|IZE 2RI E =™E "HA s &S LIEHDe,
07|M s MZTF gHVDV)2 25 sete| & s &S LIEtlCt chekst F
o mul, 2E A, ®5t mA 2 FY &5of oish clekst 1ISO 2Y Yo
Az s =& dlwrt ol Eol 2= o Jct FHE 2 ZSoict st &
S dejel 515 xol dish ¥ EHolM EE 24 242 st S £
Mol w2 MA 25 =oAL A8) =& & F5F =oAL VDV &9
TS EM Atolofl ®elolst Xfol= YAEX LUCEH O F IHK| =HE M <elsta,
ISO 2631-1:20082 7|&2=z &tz A 2 ZE Z710] WBVO| AESH A3 F
ALt 18O 2631-1:201801 =M, N E ZE 2o tsf =2 dd 2 7tsd
o| 2o, wolo|st xtol= ZHEEX| AUCEH YA F7io| A2 O[S F&20o sl
2F ZAHolofol| =2 S E0| 7|5 NHRAE=E Z X}0o|E EXCE
¥ 73. F5 A, 32, 3 SR 0UE AF =& £ 54 I
Target ISO Operating Load Driving surface
standards status conditions Soil surface Unpaved road Asphalt road
Static Unloaded 12.27 b 15.87 a 14.23 b
A(8) Loaded 11.57 a 13.77 a 13.11 a
(ms™)  Dynamic Unloaded 15.31 a 11.77 b 12.39 b
2631-1: Loaded 14.05 a 10.43 b 10.68 b
2008 Static Unloaded 2510 ¢ 31.09 a 27.36 b
WBV VDV Loaded 19.61 b 26.77 a 25.55 a
(ms™)  Dynamic Unloaded 28.23 a 23.19 b 2512 b
Loaded 21.34 a 20.57 a 20.91 a
Static Unloaded 1.54 a 1.62 a 1.55 a
2631-5 R Loaded 1.67 a 1.59 a 1.51 a
2018 Dynamic Unloaded 1.62 a 1.65 a 1.53 a
Loaded 1.56 a 1.60 a 1.52 a
Driving speed Load cond. Conveyor Dibbling part—1 Dp'gﬁll”zg
Ts 5349-1: As High speed Unloaded 11.85 a 3.18 b 3.35 b
2001 (ms™) Loaded 8.30 a 1.87 b 1.67 b
Low speed Unloaded 9.02 a 1.33 b 1.81 b
Loaded 718 a 0.78 b 0.84 b
WBYV: whole body vibration; TS: transplanting section; ® > ¢ 2& oA A& & F2= F93

zol 5 YEFH (p<0.05).
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WBV T=&2| PSDE EO0{ECI CHE Fof gt PSD= CHE MAMS=Z FA|Z|0f
Ct. x52 Fuf yE2 23 2AAY(dB/Hz)MlAM PSDel HtstEl &=
LtEHHCE = A =of ofer WBVZI nZ etAl gt(ISO 2631-1:20080 &
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74 2E BE MF ALQF

OPERATION MOTOR SPECIFICATION

CONDITION TORQUE (kgf.cm) | REVOLUTION (rpm) CURRENT (A)
NO LOAD - MIN. 70 MAX. 5.0
RATING 20 65412 MAX. 10.0

MOTOR GEAR SPECIFICATION
GEAR PROFILE INVOLUTE
TOOTH PROFILE FULL DEPTH
TOOL
PRESS PROFILE 20°
MODULE 2
NUMBER OF TEETH 8
REFERENCE PITCH CIRCLE DIAMETER 016
OUTSIDE DIAMETER 221.6_ s
SHIFT FACTOR +0.5
ROOT DIAMETER 913+0.05
SPAN NUMBER OF TEETH 2
SPAN MEASUREMENT 9.765+0.05

ag 221. &s 2EE Aol
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55 AR 2] ZFEYH (mm)

= +71%: 1,200 =
| A1 1,114
. 2{CH: 1,314
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¥ 75. ZX MAM(A.C.F ASSY) A}2f
A.C.F ASSY SPECIFICATION
HA et DC 12V
SEM et 2 DC 10~16V
A 235t 2mA(min)~200mA(max)
PE M71M | 2002+ o|A+ 203 o5&
Z|AX | 2002t3] of A
L &l KSR 1034 3& B3=2 U&5& A.
Merdst DC 12V AR5t A i ™ 0.15V, L+ F 0.25V 0|5t ZA.
Mol X gt CHRI2} 2| Z7F L chXpet cHXFZHOFFALERA]) Hedx a2 8Q O|Af
dsEH2EH? | 0°C ~ 60°C
Lo HAXMZ F25t0 KSR00152| DI AlE = HAXNSHES THEE A.
SE2EHe -15°C ~ 70°C
HE2THP -40°C ~ 85°C
CHAL QI &L = CIMZUE 8+0.5kgl 2, 30+5% O|AaF E&5e A.
HE 5357 M8 §F Oe2la T2 A,
(3) 2 #Hel =4
- MAZES Hels =8 =2 fXZ 43mm 2 =Ho| Jlss5tH, ZE 2279
Hel= 2Y T oY oM = £2told =H & &off 57mm BHE =Ho| Jtsg
of w2t F5 ZXHzl =& Hel= 1,200mmE 7222 #2A 1, 114mmEEH




5 F3 AAH 22X 23
EE =Z A Fzo| otk QAE EHX|S| 95 UXIE 2EE xiesto] &
FEFo Mol EinL 2x mo|Zof 25A U EE 4EAE 0| &5t09 M ZE.

Slgt MMl AHELE ON =242 2, 2 MAlel ON 7|Zol 2=
10° Ol4f A5 Al 3sec ¥ AYste M} 18 B2=2 MYsUSH, MY

ASEE OFFe =d2 =, < /.‘i M7t EJ\IOH 10sec 0|M OFFoll ?Ix|7} =X

F5 F35S 2t Mo XNs2ETF &M3eteH 2 XtEs =& 2ol Hels
Z3k 2t MM J|FESR B, 2 ZH 40° HololM HofE. L5z, £ RE{o| %
= delay AlZF2 300m/s otch 2°4 S| ™ &t

of 2DE|E
Atg me 29 s Al S0l MA A P BE ON MeiS 3% X Al A8
8 moo| FYED, S0l MA A, ® 2F OFF AeiS 10 ®X Al A8
o oot HAEe MME o Ao xe 22 £30° 9.
of 2T2|FE t{S0| MA OFF Al (OFF & CiS0| MA watoz Bojzl &
) CHAl LI5S0l A7 ONOl B m7bx| BiH wWero= 200m/s ohch 2° 4 A
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Read FEELER(): // EE0| HA e HE,
Comtrol Onion TR J/ CiE0| Hijof mE Z@R0] BF .

Control Bzepl): // %hg =¥ 75 TY HHs 25 LE.,

MEHe ¥IEE 2C e,
void, Control Omion TPvoid).
i S
L.

uitESpesd = 1000,

switch [state stearing) {4

caze STEER_IDLE: J/ Stop. Auto-stesring.
bielfdrive = 0.,
itGAngle = 00,

Timer STEER = 00

HiAmenna | &8 Amtenna RI{
[ Keep this state for 3 s=c.,
i"!Timsr IDLE} {.,
state steering = STEER_STRAIGHT...
Timer IDLE = 1000,
run_beep = 1
Timer b.:—_'lE =T,

Timer, IDLE--.,

Timer DLE = 300,
La

casz STEER_STRAKGHT.,

ag 225 2 3E 9 &

(4) Mo 22 74

- Hof A|IAEI2 CAN S48 7|ttez Fd=A20] CAN S
Asts B2 MolZ7|S0l MZ HolEE F1EE o MOoZ7|S
AN 84 ZEEZZ
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KAFZ-02EF6N24

Item Unit Remarks
KAFZ—02EO6N28
Flange mm 60
Rated output W 200
Continuous Running Duty % 100
No. of poles 8
Rated speed r/min 3000
Maximum speed r/min 3500
N-m 0.64
Rated torque kaf-om 653
Maximum torque N'm 1.2
kgf-cm 13.05
Rated current A 12 +10%
Rotor inertia x10"'kg'm” 0.161
af-cm-sec?® 0.164
Elec. time constant ms 2.13
Mech. time constant ms 1.09
Rated power rate kW/s 25.94
Momentary maximum current Ai,— ) 34
X10~*V .\ /min~! o
Back EMF constant per phase Vo /Krpm 2.04 T10%
Torque constant N'TT]/A(S) 0.053 +10%
kgf-cm/A 0.54 +10%
Phase resistance Q 0.061 +10%
Phase inductance mH 0.13 120%
Insulation class B
Vibration class V=15
Oil seal O/X
Brake X
Totally—enclosed
Structure
self-cooled
Supply voltage Vo 24
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N
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1o
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0z

. oF == 27 27 YH S (g/F)

T (oH/=) (cm) (mm) /EE=H a &= o = x|
47 A 9.53 a 92.30 a 35.90 a 1.76 a 0.66 b 34.83 b 105.56 a 141.04 b
6x=A 9.87 a 90.14 a 41.91 a 1.82 a 1.03 a 56.42 a 123.20 a 180.65 a
8= A 9.47 a 88.49 a 37.25 a 1.88 a 0.711 b 39.68 b

102.60 a 142.99 b

¥ ZAF 2021, 4. 16., DMRT(5%)

- 7 HILHET[of] 7|58 MBS 6x4/0| 7tE LSsUZ
#* 89. T HH=ETV|o HESY
au of 2 =5 22 22 YH S (g/F)
= (O} /3) (cm) (mm) RS = e o x|
4= A 9.73 a 98.21 a 56.77 b 2.90 a 141 b 117.22 a 138.28 a 256.91 a
64 9.40 ab 9.40 ab 62.32 a 2.94 a 1.65 a 140.95 a 126.79 ab  269.39 a
84l 8.93 b 90.11 b 51.75 b 293 a 1.23 b 87.14 b 112.19 b 200.56 b
¥ Z=AFY 1 2021, 5. 3., DMRT(5%)

90. 7 H|tf F7[2] S4
au oF X! 27 2 YH S (g/F)

(oH/=) (cm) (mm) /EEE a T o A
4754 7.87 a 88.03 a 76.88 a 4.36 a 0.81a 24112 b 106.66 a 348.59 a
64 713 a 71.83 b 81.18 a 5.36 a 0.93 a 292.60 a 75.20 b 368.73 a
84 6.87 a 81.13 a 66.42 b 4.83 a 0.89 a 175.59 ¢

73.21 b 249.69 b
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9. 7 A 252

2 = &E52(kg/10a) HletE Z2FE8
of 72 z 27 AR Fof 27 2g g7 A (%)
4724 7,270 ab”’ 1,201 b 45 a 8,515 (100) a 0 0 61 0 61 7.5 a
6x=A 8,719 a 649 b 71 a 9,439 (111) a 0 0 81 193 274 9.4 a
8= 4l 6,010 b 2,886 a 62 a 8,957 (105) a 0 0 27 0 27 9.6 a
¥ 2 37|(F A4, cm) : HT(=8), ET(=6, <8.0), &=7(<6.0)
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715 () Ta(mm) & (mm) olE Chs Yot
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8% 282.0 b 86.0 a 81.1 b 9.3 a 4.7 a 2.5 a
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Onion transplanting mechanisms: A review
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Daejeon, Republic of Korea
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Abstract

The objective of this study was to review the research activity and developments on
transplanting mechanisms for onion cultivation. The literature was reviewed for handheld,
semi-automatic and automatic onion transplanting devices and their respective mechanisms
used for onion transplantation. Handheld onion transplanter devices used a simple
structure mechanism consisting of two jaws pivoted at the bottom of the seedling guide
tube and can be open and close by pressing the hand lever. Finger type and plug type
transplanting mechanism commonly used in semi-automatic onion transplanter. Semi-
automatic onion transplanters are either walk behind or tractor driven and an operator need
to concentrate on manual feeding of seedlings inte the planting hoppers. Fully automatic
onion transplanters consist of seedling picking and planting mechanisms. These automatic
transplanting mechanisms involve a continuous process of seedling extraction from the
growing medium cell tray and punching into the soil at required depth and planting interval
respectively. Pin type and pushing bar type pickup mechanisms have developed to extract
the onion seedlings automatically and place at pre-defined position. These mechanisms
are comprise by grippers, manipulators, and end effectors. In recent studies, 4 bar and 5 bar
seedlings pickup mechanisms were investigated to evaluate the motion trajectories and best
possible combinations of the link bars. The wheel type, rotary type, and linkage type planting
mechanisms have been developed to depasit the onion seedlings into the soil. Transplanting
rate, efficiency, and accuracy of the automatic onion transplanting mechanism is significantly
better than the handheld and semi-automatic onion transplanters.

Keywords: Onion, handheld, semi-automatic, automatic transplanting, picking
mechanism, planting mechanism

The omion (Allium cepa L.) also kmown as the bulb onton 15 the most widely cultivated and
consumed vegetables acToss the globe. The omon culfivation area i the werld was 2.4 million ha
m 1996 and it reached 4.9 million ha m 2016 and the changes m onion production was recorded 50
million tons i 1996 to %0 million tons in 2016 (Hanci, 2018). Ching is the largest onion producer m

Precision Agriculture Science and Technology 2(4] December 2020

- 223 -

6720088
&lS5N | 2T13-5632



Lf.

2021 Intermational Conference on Green Agro-industry and Bioeconomy I0F Publishing
IOP Conf. Sernes: Earth and Environmental Science 924 (2021) 012014 doi: 1O TOBR/M TS5-13 1524410012014

Turning stability analysis of a 12-KW self-propelled riding-
type automatic onion transplanter to ensure user safety

M Chowdhury'”, M A Gulandaz’, § Kiraga’, M Ali', M N Reza’,
H J Kwon®, D H Lee™* and $ O Chung'*

'Department of Agricultural Machinery Engineering. Graduate School, Chungnam
MNanonal Unmiversity, Dasjeon 34134, Eepublic of Korea

*Department of Smart Agricultural Systems, Graduats School, Chungnam National
Universaty, Dasjeon 34134, Republic of Korea

*Tonyang Moolsan Co., Ltd , Tksan 54576, Republic of Korea

E-mail: sochung@con.ac kr

Abstract. The lateral turming stability analysis of the self-propelled riding-type wpland crop
machmery is an important issus as the cultivation lands are usually uneven, and cause seveare
work-related guries, even death In this study, the lateral turning stabelity of a 12-EW salf-
propelled riding-type automatic onton transplanter was analyzed for ensuring the operator’s
safety dunng transplanfing operation. To evaluate furning stability, the center of gravity (CG)
of the developed ocmion tansplanter was determined theoretically. Then. a simulation was
camzad out to idennfy the lateral fuming stability angles using the RecurDhyn softwrare, and tha
resulis were validated through tests. Rollover angles in the loaded and unloaded conditions
ware also checksd. The statistical signitficance of the replications was deternuned by a one-vray
analysis of ~varance (ANOWVA) According to the physical dimensions of the omnion
transplanter, the mathematical rollover angle was 34.5°. The average simulated rollover ansles
ware 41 9% De to the symmetrical strueture, a 4.5% mming difference was obsared betneen
the right and l=ft side furmeng, and a 3° angle difference was cecurred dus to the varnianon of
load condittons. The rollover angles fulfilled the ISD (Intematiomal Orzamzation for
Standardization} standard. The fndings of this study would be helpful for the manufacturers to
ansure operator safety during the upland crop machinery operation in uneven and sloped lands.

1. Introduction

Omnion (Aflfum cepa L) 1s one of the major industnally marketable crops widely cultivated in different
countnes of the world [1]. It contains several types of finchonal components such as carbohvdrates.
proteins, vitamin C, B6, folic acid, sugars (glucose, fructose. galactose, and arabimose), minerals (Ca,
Fe, 5), flavoneid, antioxadant, and polyphenol components, which act as an altemnative of medicines
and promotes health [2, 3]. It can be consumed as a raw and also in cocked condition. The cultvation
area of omion was 2.4 million ha in 1996, which became 4.9 million ha in 2016, and the production
mereased from 60 to 90 million tons by this 20 year [4]. Drespite this, the culhvaton rate of onion is
decreasing m many countries, such as Korea (1.41 muallion tons in 2010 to 1.17 million tons m 2020)
[5], due to labor imtensiveness, aging of the farmers. high labor cost. and low mechanization rate. The
conventional method of omiom tramsplantation meeds 1235-260 manhrha™, which is very labor-
mtensive and nen-efficient [6]. The semi-automatic and automatic transplanting mechanisms are alse

Ir@li} | Content from this work may be osed mnder the terms of the Crestive Comimons Abrsbution 3.0 ficence. Sary Further distribatson
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Theoretical analysis of velocity, acceleration and torque
calculation of a five-bar onion transplanting mechanism

K Rasool!, M Alil, M Chowdhury!.2, HJ Kwon?, K M Swel, and
S O Chung!?

| Dept. of Agricultural Machinery Engineermg, Graduate School, Chungnam Mational
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Daejeon, Republic of Eoraa

*Tonyang Moolsan Co., Ltd. Gongiu, Republic of Korea
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Abstract, The seedhing transplanting mechamizm 13 one of the key components of onion
transplanter. Therefore, kinematic analysis of the transplanting mechanizm 15 helpful to calculate
the operational efficiency and performance of the device. The purpose of this study 1s to perform
thearetical analysiz of a five-bar mechamism to caleulate the velocity, acceleration and input
drong torgue as well as to select the appropmate combuamation of hok bars for smooth
transplantation of omion seedlings. 3D mwodel assembly of the mechanism was theoretically
modelled and its motion was simulated by using commereial sofivrare. The five-bar mechanism
15 comprised of a dovmg link, driven lmk, connecting hink, shder and the fixed slot. The
motement of the slider was constrained to follow a fixed slot pathway, -hich was the
combinaton of a straizght line and a circular path aleng the dnven hnk bar. Four number of
simmlation tozals were conducted with different lengzths of link bars for the selection of the
appropriate lnk combination and respective peak velocities and accelerations. Driving torgue
was calculated at 30, 20, and 50 rpm speed of the diring link. The simulated +elocities and
accelerations of the end effector in “X° and *Y" directions for appropriate link combination were
found as 0.36 misec, 0.73 mfsec and 4.5 mfsec®, 4.7 mfeec’ respectively. The required driving
torgue were obserred 3.8 Nm at 30 1pm to complete the coe cycle of cmiom seedling
transplantation. The outcomes of this study would provide a sigruficant reference for the
walidation and development of an efficient transplanang scheme for onion transplanting.

1. Introduction

The onion (Affium cepa L) crop 1s one of the most widely grovwn. mgested and highly demand
vegetables around the world. Low pungency yellow omon 15 preferably grown i Korea because it has
better storability as compared to the red cultivars [1]. In general, the early and late harvesting fimes for
onion are 135-153 amd 1635-173 days respectively. The conventional method uwsed for vegetable
mansplantation is labor-intensive and imefficient which needs 185-260 man-ho'ha [2]. Research and
development of phug seedling ransplanter were started in the 19205 [3]. Overall transplanting efficiency
depends on the mechanism type used in the transplanter. These limitations i the transplanting efficiency
S Consent from this wark may be esed ander the terms. of the Crestive Commaoss Altrbution 3.0 licence. Any Further distribation

- af this work muast maimtin sribation o the anthon(s b and the Ede of the work, journal citation and DOL
Foblished uniler licence by IOF Publishing Lad L
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Abstract: The purpose of this study was to develop a Kinematic model of a gear-driven rotary
planting mechanism for a self-propelled onien transplanter. The kinematic model was simulated
using a commercial mechanical design and a simulation software package, and was validated through
an on-site performance test. Torque and acceleration sensors were installed with an input power
shaft and hopper jaws, respectively. Through kinematic analysis and simmulation, the appropriate
irzngrh combinations for primary, connecting, and planting arm were determined as 90, 70, and 190
mm, respectively. The diameters of the driver, driven, and idler gears in the primary arm were 56, 48,
and 28 mm, respectively. For the secondary link, the diameters of the driver, idler, and driven gears
were 28, 28, and 56 mm, respectively. The length of the planting hopper was selected as 190 mm
and remained constant during the kinematic analysis. The maximum magnitude of the velocity and
acceleration of the planting machanism were determined as 1032 mm /s and 6501 mm /5%, respectively.
The power consumption was measured as 35.4 W at 60 rpm. The single- and double-unit assembly of
the studied rotary planting mechanism can transplant &0 and 120 :—'aed.l.ing.-'..l"mi.lu respechively.

Keywords: agricultural machinery; onion; fransplanter; planting mechanism; kinematic analysis

1. Introduction

COmion (Allfum cepa L) 15 one of the most popular vegetables, used throughout the
vear in all manner of condiments and in all households, espedially in Asian countries.
It contains several nutritional components such as carbohydrates, proteins, vitamin C,
Ba, folic acid, sugars (glucose, fructose, galactose, and arabinose), minerals (Ca, Fe, 5),
flavonoids, antiocddants, and polyphenols, all of which function as alternative medicines
and as methods for promoting health [1,2]. Onions can be consumed in a raw or cooked
condition. Yellow and green onions are often used as ingredients in traditional cuisine
in sputh-east Asia. Hence, the demand for onions is high all over the world. In 199,
omion cultivabion occapied 2.4 million ha of land globally, which increased to 4.9 million
ha by 2016; during this period, onion production increased from 60 to 90 million tons [3].
Diespite this, onion coltivation rates are decreasing in many countries. For mstance, onion
production in Korea declined by 426,223 tons (26.7%) in 2020 compared to 2009 [4]. The
primary causes of declining onion production are a scarcity of farm labor and the lack
of mechanizabion in transplanting operations [5]. Mechanized onion transplanters are
therefore required to solve issues in production and help both small landholders and older,
more established farmers.

Mickines 2021, 9, 183, https:/ fd i omg /10,3390 machinesS9{R01 53
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Abstract

Seadling transplanting mechanizm is ome of the key components of onion transplanter.
Therefore. kinematic analysis of different ironsplanting mechamsm s helpful w0
determines the operational efficiency and performance of the implement. The purpose
of this srudy i to develop an omon seedling transplanting mechanrem by simulating and
unnlyring the parameters of differemt tansplanting mechanisms. Three  diffcrent

finger type plaisting mechaniam with pashing type seedling extmetion
from the cell tray, five bar tmnsplaniing mechanism with pin tvpe seedling extraction,
snd four bar transplanting mechanism with clamp type seedling extraction were
sonsidered and simulated using SolidWorks software. Selection of the appropriate link
combination was done by condocting five numbers of trials for cach mechanism with
different lengths of link bars. The simulated velocitios and scoelerations of the end
effectors for cach mechanism in the “X° and Y’ ducchions for appropriaic link
onmhination were found L (K] mser, 0% nmsee, 036 miseg, 0.73 T SCE, 29 misce
1.27 mesec and 3.9 misec, 1.6 misec’, 4.5 misec’, 4.7 misec’, 1.3 misec’ 6 misec
respectively. The mavimum secdling extraction mates were found as 60, 60 and 30
seedlings per minute, respectively. The finger type picking mechanism with pushing
nype senddling extraction condd he concidersd e approprnte pickang mechamem fior
onion u.v:dlm; transpluntation of 60 rpm speed of the driving link. The outcomes of thiy
stady would provade significant reference for the development of efficient tramplantng
scheme for onion transplanting

Key Words: Cnion. Secdling, Trnsplanter. Kinematic Analysis
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Abstract

The demand of the oo planter s incrensing In Ko pwchanization rate ol the

transplantion & less thun 2% ~ 3

Seedling tmansplaming mechanism 8 the key component of
anion mmnsplanier. Therefore, kinematic analysis of transplinting mechanism is helplul w deenmine
e opertional efficiency and - perf
develope ki

mance of the implement. The purpose of s sudy & 1o

atic. odels aned n areifysis of thee Qe tmmplnting e, v

har transplanting. mwechanisn with pushing type seedling estraction, five bar trnsplantiog. meclsanism
will) pin type seedling, exmction, and foue b mnsplanting mechansm with clamp iype seedling

fiware, Selection of

estraction were Considered and their fctives were simulited siog commercis

the appropriate fink combination was done by conducting five mmbers 6 frils for cach mechanism
with different fergahs of Tink bars, The' simulicd veocitis snd acederstions of the end effedor for
K and

e weclunin i the revtions for appropriae link combination. weee foud w03

ey, 05 M, 0%

mvace, 120 musec, 137 mpsec and 39 e, 16 misecd, 45
misec2, 47 nvsec?, T3 misec?, 726 mésec? rspecively. The maximum seediing exmetion. rates
were found as 6, 60 and 30 scedings per mimse, nespeciively. The five har trmsplinting

mechanism with pushing tvpe seedling extmction coukd e consideied a8 approgriste - picling

mwchaninet for onion seedling transpianticn ot 60 rpa spoed Of the drving ik

Keywarids

Kinemarie analysis tansplanting nechanism onion seedling five bar
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Turning stability analysis of a 12-KW self-propelled riding-ty pe automatic onion
transplanter
M Chowdhury '7, 8 Kiraga *, M A Gulandaz". M A, 1.1 Kwor®, and § O Chang'?
! Department of Agricultural Machinery Engineering. Graduate school. Chungnam
National University, Daejeon, Republic of Korea
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University, Dagjeon, Republic of Korea
Tonyvang Moolsan Co., Ltd. Gongju. Republic of Korea

E-mail: sochung/iienu.ac kr
Abstract

The lateral turning stability analysis of the self-propelled riding-type upland erop
machinery is an important issue as the cultivation lands are usually uneven, and cause
severe work-related injuries. even death. In this study. the lateral turning stability ofa 12-
kW self-propelled ndmg-t}rpe automatic onion transplanter was investigated to ensure
safety during transplanting operation. To evaluate turning stability. the center of gravity
(CG) of the developed onion transplanter was calculated theoretically, Then a simulation
was carried oul o determine the lateral tuming stability angles wsing the Recurdyn
software, and the results were validated through tests, Overturning angles in the loaded
and unloaded conditions were also checked. The statistical significance of the replications
was determined by one-way analysis of varance {A’\IOVA) Considering the physical
di of the anion tr . the th ical overturning angle was 32.5 degree.
The average simulated and validated overturning angles were 42.7 and 36.5 degree.
respectively. 4.5 degree turning difference was observed between the right and left side
turning, and a 3 degree angle difference was occwred due to the variation of load
conditions. The overturning angles satisfied the [SO (International Organization for
Standardization) standard. This study provided useful information for ensuring the safety
of the upland crop machinery for uneven and sloped field conditions.

Keywords: Onion, transplanter. lateral twrning. stability angles, user safety

Topic: AGRICULTURAL ENGINEERING



- =Y Working speed analysis of a gear—driven rotary planting mechanism of a
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2 EZ (Abstract)y
The developrment of @ nding te opion transplanter could be effective in improving
- the mechanization rate in onion cultivation, where the working speed analysis plays a viml mle
W &
and derenmines planting performance « s 1o sefect a
suitable working speed of a 12 kW self propelied nding-iype sutoniatic onion transplinter for

efficient  planting of omon  seedings  with minimum  domage, The proposed  tansplanting
mecharism consisted of six asembling units of picking, conveyors, and mtary planting
mechanism, where every rotary planting unit needs 3 continucus supply of onion seedlings at
certiin mate for uniform and upright plansation, To enable the smooth collection and plantation
of onion seedlings, anulysis i working nijectory model of the
planting mechanism, virtual prowtype stmolation,  an dation fests ushig a physical test
beeach, In the mathematical model analysis and simulation, the suitable otional speed was
found as 60 rpmand B was able o tanspliot 60 and 120 seedlings min using the single and
double unit assembly of planting mechanism, respectively, A 130 mmy's forwand speed of the
transplanter was preferable in fenms of secdling uprightness and low domage, A forward speed
of 130 mms with a teesplanting speed of 120 seedlings/min was preferable in e of
achieving a high degree of secdling uprightness, A field test using the real prototype of the
onfon transplinter would by necessary o verify the accurmcy of these findings,

7] 21 =(Keywords)
Field machinery,
performance and eff

nion transplantee, planting mechanism, working spéed analysis, planting
oy
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