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Fig. 5 Saw—type blade A (left) and B (right) (Lee et al., 2007)

ZIAA WA Qe o B4 WAHS F83 AF4E AdF EAEA
T} Kang et al. (1997)2 B2ty A& o] &3t x whAlo] &3k <

= A3t = LPGAREo] 100 kg/ha olstollM= B4 xukA]7]
7k, 100 kg/ha odelA= Aed Fx=dA717F o & HAadE 7t
= AES YH} T3 Kang and Moon (2001) 2 AFE4S o] £3}9]
=4 Fx BA T 4 ol&s A9 Thsds BTl B3 Kim
et al. (1997)> A77} Fx9 oy =715 AustAY A5 Lotst
A Skethe Ae ATste] d71E ol &st %ﬂ’a WA 7 7hs skt

e
BT ShAIRE ZIAH AN olefel wlwAd FHol dyEE Ag7h
A&H A k= AoR wop VAA AR of ‘ﬂOH A7E &) o] FoiA

_‘IO_



SEAEA A= 20109 ol AR o Sl AEAxT] 2F=
Wit (Fig. 6). 25 24 Ax7s A9 $9=

= shAA AxE ste FdHE F2 FoAME Fdol TheskAnt, Fx
3;4 H

S| Sol el EAIZE AT A AxTV]= svE Azxske W

W Fo| 3

Joy

2 g Aoz A9 FHo| AYA Axdd v Adw

Fo] EAs] =T P& HolM 2 £8F 5 o 7]

B A9l § gakd JA AR Ee] astel T3] FAL o]

Atk FAS FHe Uudeld] Zelsadizd T o &Ho] @
: 2 A4S S ¢ vneA Fro] g Qow
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Fig. 7 Un—weeded region shown in the center square due to

slippage of the crank type cultivator

7 AFHE BAZ AL, 0.4 m/s oo FLANE Az Bow
A AAS A ®aaw Adel AFHAP} WA BYS BYo
2H4 Az Aol A9 vehbA gtk Hol Aol i o gy

At (Fig. 8).

Fig. 8 Trace of hoeing blade tip with forward speed 0.3 m/s (left)
and 0.4 m/s (right)
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3. Almx 3 U

7h Azxd 2A gEbE

2 ATelAe AzdE ARAozE 2Ed g gol AR HHOw
FUe wuvel §AUT EH & AZYE REY Ui go] Aase
Ozl ol Haslel 49 + YRS AASCHFig 11, sl o
2= F vl JRe] Alzde] FAEo] glom, HAaadE ufd Alx
G A AR () E HEST B Orue Alxd 3 fiz Aol

2 Heolgsh ge) vwd 44 3

Fig. 11 Rotary weeding blade attached to disk

Fig. 119 93 19 402 2 7oy 48 A7 sehvet Fig
129} @tk AzgY £& 7 Zolo] et EFORRE W= wkgo] det
4 5 9o, ol Uxad A5e A Az A4 Be] gom

W oole] shebnlE 2 melshd sort
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I'g

Soil surface

Fig. 12 Design and dynamic parameters on the rotary blade
rry - radius of the points denoted F and M (mm)
Lry : length of cutting part (mm)
O v ¢ installation angle (¢ )
o : angular velocity of disk (rpm)
v, © translational velocity (mm/s)
dr @ target weeding depth (mm)
@ry - initial angle of point M (° )
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A7 ShekElE s % 6% BsA shehuE 2, A shebnle 4w
QAT Bl el Uaa0) AeE (), 4219 A%

(vpola, AA FetvnH+= Hx Alx Zol(dp, &9 4ol (Lpw, HAaA
974 (Rp), SollA A58 0 pyolth.

,((QEZEEIEIEZEZ

Fig. 13 Trochoid trace of point F on weeding blade

Fig. 13& Al&E#lo]A ZellA A

ol FHow Xt} Eiiol

nHAAA AHEES Al & w fgaa ﬂﬂ

Hog 3ALES A v

Aol avl= AlolEEolE A tEY. B 0&?—4 is@sé EE%FM

xﬂéﬂb EE%FM s HE ARV BsEA =S Fal
71<__ <

x =
&
,
B
52
=
HHJ
ﬁ

T
E
>4
H
do
1o
jaeA
1o
1o

2 99 B ge ARe 4 (D pe

z(t) = Reoswt +v,t, yt) = Rsinwt ..............co..o...... (1)

where, z(t),y(t): x or y—coordinate of point
R : rotation radius (m)
w : rotational velocity (rad/s)

v, © translational velocity (m/s)

t : time (s)
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Folw AYHE AES FHso] 3
<l

= R
AH oz Eolw AgHE WEe] WAEAe I/

\I
-~

Ol
o

Aol s vd Aoz Bk Fek EFfol= A

=24 st= W [SO 5349:18 wgc),

u @
om e
9
9

rlr
o)

et 2pAS AF AR e ostel gk

D Azxdy} 2333 A

3 Az
Az7)e] de AANES Delsto]

of

3FOE A Alxdo] F
10 mm=E A&t Az

, o faze] v e Alxdol
< Fig. 14¢} 24

Fig. 14 Rotary disk and weeding blade assembly, side view (right)

and front view (left)
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Azxd Ads S& AR Azxd: BAY  dridd KT-400
(Kawashima, Japan) el F2Felgict, #2]7]19] <z TB43 (Mitsubishi,
Japan) AFCoxE 24 @r]E Aot} dzxls x3He #E]7]e] Fo A
94L& Table 13 Zt}

oft
|

Table 1 Specification of KT—400 weeding cultivator

Item Content
Model Kawashima KT—400
Size 100 x 47 x 97 cm (LxWxH)
Weight 10.3 kg
Mitsubishi TB 43 (1.25 kW), 9,000 rpm
Engine Air—cooled, 2—cycle, gasoline engine

42.7 cc of displacement

By derldls F 4789 yaarr A

2y Zel YH]= 300 mmE
I e 838t golstth tyAavE F2

. 4
f m&e Fig 159 2ot

Fig. 15 View of test weeding cultivator
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Fig. 16 Test site for hand vibration measurement

B9 ZAEA (Spectrum Tecnologies Inc., USA)Z =43t Al ¥4
B AEE 954.6 kPaZ, 1Y &S 27.8%= YHEwt EAGLS
National Instrumentation Center for Environmental Management
(NICEM) ol 9]#|3lo] ulsiA 715 (UADA, 2013)°l wet #43 A3}
Table 20 YebH A3 o] mabd SESIH

1o

Table 2 Soil texture of test site for hand vibration measurement

Sample Sand (%) Silt (%) Clay (%) Soil Texture
1 27.06 67.49 5.45 Silt Loam
2 23.25 71.32 5.43 Silt Loam
3 36.92 59.18 3.90 Silt Loam
4 22.68 72.32 5.00 Silt Loam
5 33.30 62.22 4.48 Silt Loam
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Fig. 17 Experimental plot design for hand vibration experiment

, speed: Slow, Medium, Fast)

(installation angle: 0, 4, 8°
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=
H dFoAE 3F 7MEEAQ 3273A1T (Dytran Instruments Inc.,
= AtH(Fig. 18). i3 7H&E5EAle SEE i
THEEE 9ol I At #em E¥siv, 59 &9 dd2 x5 10.35
mV/g, v& 9.94 mV/g, z% 10.25 mV/golt}. |l #h X213 Abof
AR gEye] TR E m/s? FHE FYHES Fch

;«'O
o

Fig. 18 Tri—axial accelerometer, 3273A1T (Dytran, 2013)

olgd®E 7 ATE Wo} UXY AT E wWasty vhds ATAYE &e
dolg 43 AH]= NI 9234 %% (National Insturments, USA)S &
3l tH(Fig. 19). o] EE2 XA (NI cDAQ-9178)9} &4 #=3t,

G 255 USBE Fdl mERCE Hddh= 9gg stk NI 9234 BE

Fig. 19 NI 9234 data acquisition module (NI, 2013)
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Table 3 Specifications

of data acquisition module for

vibration measurement (NI, 2013)

hand

Parameter Content
Model NI 9234 Compact DAQ
Channel 4
Sample rate 51.2 kS/S
Analog input range -5 ~5YV

Measurement type

Accelerometer, Microphone

[kl
i
I
juit]

2 LabVIEW 2009 (National Instruments, USA)E &§&

Mkl th(Fig. 20). Z2I3L dole 3 FnjoA 2l dHolE

@ A= moFn AY JuE ol

’

FE = A

Frequency-Domain
0.1+

Amplitude

Alg

aAn

sine [

Fig. 20 Measurement program based on LabVIEW 2009
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5) A& =4 Wy 9 dlole A3y (SO 5349:1)

o2 AdHE & 1ES S8t dolHE Agshe
EEele 27k4 Feje] Exkolt AN
Fig. 213 2 “Handgrip” FEjo|t}.
A&EAE Fig 217 2& Huz Ao SANES 42AS o] &3
E£71e Alolol] Y| ES Fig. 229 o] dEol H-2a3ich

(A

i)
2
%0,
&
T
)
oflt
2
P
N
1o
o
iy
o o

Fig. 21 Coordinate system of “Handgrip” position (ISO, 2001)

Fig. 22 Accelerometer attached to handle
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AR 7 NETER 15% ol AdHor], BE NHT 2AL
Sal F2 #1529 dolHwe F83Ack 129 dolel: sht
o 2fEy FHz FolAtk 7 AW F 2079 dolEE ANEYy
2 gstel shbel AdEYS P, 1 F BEel WA 6.3 ~ 1,250
Hz8 ~#EgS 1/3 SE8 9 by 24709 F55 9 2o sjdah
AEE e TANY. FRsEw A vAE 9] vErg 7} F
S MR 4 ()9 2ol 5 71EAE Fael Tag
a, ZJ(I/VMQ}”)2 ......................... (2)
where, (. : root—mean—square (r.m.s.) single—axis

acceleration value of the frequency—weighted
hand—transmitted vibration (m/s?)
W, + weighting factor for ¢ th 1/3 octave band

a,, * rms acceleration measured in ¢ th 1/3 octave band

(m/s?)

Fat4 74ER = 1SO 5349:1004 AFet o, 7zt Fasds A

0.958¢4 #HA 0.00295¢] A= o] Foj# Qitt. 12.5HzelA Aol 75

A% yehal uFades 1 7k A7 Foli Ad e Fak ThE
A

HEEQ o = 2 ()3 go] FET

_ 2 2 2
a,, = \/ahw,,x F ) T (3)

where, a,, * vibration total value of frequency—weighted r.m.s.

acceleration (m/s?)

i,z Uy G .+ Values of @, for the axes denoted x, y

and z respectively (m/s?)
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T 7S VMEEE G835t 1Y AE wE23H0 AR)E TE A=
o, 14 AF =52 35 A AMS-S 7I$8 % ot ths o'
=
T
A(8) =y, ?0 ......................... ( 4 )
where, A(8) : the daily vibration exposure (m/s?)

a,, ° vibration total value of frequency—weighted r.m.s.

acceleration (m/s?)
T : the total daily duration of exposure to the vibration

ay,

v

T, : the reference duration of 8h (28,800 sec)

B s =271 (D) T 7IAE AHEsk= AFEY 10%7F A
Zol dg w71x 9 713FS ou|sit). o= 2 (5) % #o] 1Y AF ==
FS &3l T

D, =318[AR) M. (5)
where, A(8) : the daily vibration exposure (m/s?)

Dy : the group mean total (lifetime) exposure duration

(year)
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Sko] o] Eol A9 AEF e A 2T 2 APelA 9 AA T 7t
T 7FEEE dluskit. FAA48l= R 3.0.1 (R Foundation for
Statistical Computing, Austria) = 23191, THAS S0 =
gk Et e =27 7 IFEE vlaste] 7|3te] drpby Frkekl =

A selakt.
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Az7] Al Wk AR 7
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[Ho

Jo

sfo] AAsg o, A

S
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(RDA, 2004) 9]

==
1l

~
ﬁo
i

)

o
J # J
ZO

ol
<M

1,150 kPa® v}E}

71 (USDA, 2013)°l uhg} mARA FEo|A ALk

E ¢l Ao 7 ey (Table 4), A% 7|5+ T4&L 14% %}

ok

=

0

als
Ho

A

o

0

=
s

Soil Texture
Sandy Loam
Silt Loam
Silt Loam
Sandy Loam
Silt Loam

weeding performance

Clay (%)
2.19
2.72
2.42
1.89
2.38

site for

52.87
52.63
41.06
57.24
— 81 —

Silt (%)
36.41

texture of test

61.40

44.41
57.05

Sand (%)
44.95
40.38

evaluation

Furrow

Table 4 Soil



Al A2 A3 A4 A5 A6 A7 AB A9 Al0
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10
cl c2 c3 c4 c5 c6 7 cs co Cc1o
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
El E2 E3 E4 E5 E6 E7 E8 E9 E10

Fig. 23 Experimental design of field test for weeding performance

Al A7l 400 x 300 mmE ¥ oL, == AL AldT ES A
2k o)lZ V|FEo g AT U #xo ELE At Alx &Y & e
PHo 7 el AldT e Fxo EFE Aol 2 (6)8 Ho] Axs

dstlal Bt Ax&s AAtsiTh

oo
to r

2af

o I/Vc;ftercultivatmg)
W,

efore cultivating

Weeding Ratio (%) = (1

RDA (2004)¢] mW=w, AZEL 80% o)ito] Hojof =2, Ho Alx

& Agste] B Azl o]F WHs=A FaAstArh
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Er =xra—
_—
Weeding blade

(a) Installation angle: 0°

— e of v BN

—
Weeding blade

(b) Installation angle: 15°

Fig. 24 Simulation result when translational velocity was 0.4 m/s,
disk angular velocity was 350 rpm, weeding depth was 30

mm and disk radius was 145 mm
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Fig. 25 Trace of two points F and M on a blade

X,r + Trace gap between I and M on soil surface
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Fe} Mo #AlF2 4 (e Edz Algtel izt =2 yepd 5

X, 7F BAEE 3 AR o)lgE T Ao

ot = VI F it =2 Ly g S0 e (7)
L, ,c080 .0
By = sin Ve, (8)
s
where, All variables are shown Fig. 12

Feol Mo] E¢F 3del &3 o del= A gAa=a w4, 7] $94 7
Haz 445, Az dolol weh ek, 2z 4 (9), 4 (0% P&
=3
dp—rp, _,
tp= (E—arccos . Jw (9)
dr—r
ty= (E—arccosu—@ﬂu)af1 ......................... (10)

2 s

where, tr * time when point A reach soil surface (s)

t,; - time when point B reach soil surface (s)

The other variables are shown equation (7), equation
(8) and Fig. 12
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21 (9 A0)olA FaR AlZEE 2 (Dol sy, X5 T8k 4
(1Do] Fx¥r.

D,
Xy = rpcos (wty) +v,tp— 1,008 (w(t,,+ %))—H@M ........................ (11)
where, tr : time when point A reach soil surface (s)

t,, - time when point B reach soil surface (s)

The other variables are shown equation (7), equation
(8) and Fig. 12
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Fig. 26 Hand vibration spectrums in the y and z axis
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2) Xy ARk

Azx717F 156m AdE Ade wf 49 AZH2 Fig. 270 vebdl vpe} 2
o] WE" £XLoA 16.1 ~ 224 s, ‘T HEoA 244 ~ 304 s,

uR” HRolA 317 ~ 59.5 sE dERgTh whE oA Hd &
L AR CFRY HrelM Y HA e AVJL 2's, TR FrolA
HAdl 2o Al 2R HEAM L] Ha ~Q AR 1.3 sE UERS

Q o
b, ol 22 7 £5 delA Hol 28 A HA A9 AZEY Ao
© 6.3 s, ‘T EFEE 6 s, ‘=R 5 278 s)ET #
ot wEkA S e AJE T v R o] mE o] Ertste] 7F Al

= XA[F‘(E]— ahv% Z]I;S H]JJ—E]'(/)%&E]'

=

7t Age] wWE sk 2 Azt 2 AAEEE MEoR TE X,
= Table 53 Zth 07|14 t]Aa 3% % 350 rpm, Alzd
Abo] Al 10 mm, YA 4L 145 mmE skdch A% 2

¢

ST -1-"0
o] e Alx zlolE Hst= HES o] glolv] “HTOH EEXZH
ol At Az Zoldl 30 mmE & £ AT B AP JEA

o]7] W&o AZx zlo]E WF=A] 30 mmE 3HA| u.-;OPE = A e S
Ay & AA FA4¢E Zo] 10 mmE AAtel &gttt X2 wrF A3,
ARNEE7 22 A9 X7F 228, Asl and Singh (2009) ] <19}
Dewangan and Tewary (2009) ¢ ol % A A 37 e

_40_



S

_41_

(F)

(M)

Fig. 27 Speed of cultivator with three kinds of speed
(S: Slow speed, M: Medium speed, F: Fast speed)



Table 5 Result of calculation X, ,with six factors

Installation angle Forward velocity Xy
¢) (mm/s) (mm)
328.95 —1.5948
300 —1.5369
321.89 —1.5807
493.42 —1.9239
0 515.46 —-1.9679
568.18 —2.0734
669.64 —2.2764
753.77 —2.4448
742.57 —2.4223
375.94 0.0745
351.29 0.1336
473.19 —0.1586
597.61 —0.4568
4 614.75 —0.4979
600 —0.4625
847.46 —1.0557
842.7 —1.0443
802.14 —0.9470
252.1 2.2454
297.62 2.1180
295.28 2.1246
543.48 1.4298
8 559.7 1.3844
583.66 1.3174
857.14 0.5519
887.57 0.4667
931.68 0.3432
— 42 -
e A 2
=
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3) XMFﬂ' Apyy o] A

AdS T3l 78 T Ve HEEE X8 FEe o 2708 aE
ox R, eakE BASH] fdE 10 ~ 90%E] W)l sk
EICI= R, %%5‘}115P(F1g 28).
11
wml .’ . . : —'i Negative Group (Xyr < 0) ‘
5 f
g 5 : s
:—é 8.5 L4 - ® ¢
& 772 .o / Positive Group (X > 0) ‘
"r L ]
65 * =
G
3 = 1 3
Kue (mm)
Fig. 28 Result of X,; and g,
X,77F 0Kt & A 5o t& dolEExrt Hud 7HE5E7 A U 2

Ao ABTF EASFAL. o oA AP A T AF FA
A Aol ul$ A JERET (p<0.001). AT oA AR T
o NPT A dolEE BANE A3t e APTe 5
BaaA FAL, A A F A ABFE o#AE 392 )
SR, BEe DA% FE8] Rl ol 4R E BFT + etk

_48_



Table 6 The group mean total (lifetime)

A

XMFOﬂ l:q—E]— H]ﬂéﬂi‘/’}ﬂr(Table 6)

2 % 5 AArk ol
W] whyshy) g
& ¢ 5 ek

exposure duration

depended on X, and daily using time (negative group:

X, < 0, positive group: X, > 0)

daily using time

negative group

positive group

(hour) (year) (year)
1 8.96 10.5
2 6.21 7.3
3 5.01 5.89
4 4.3 5.05
5 3.82 4.49
6 3.47 4.08
7 3.2 3.76
8 2.98 3.5
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oA EFE ol HAAS T3 A A5 ALFE ELod B
s AA s e TheAel =& RS Flsglth webs A&
Azxd T 7FF 2 2% 455 71K 8° Alxdz AdS s Ax 2
A &, Eol dEIAY vt A9 Z2 B JE =E2d fFxe A
Z9 Zo7 FAH3A 1, o] Kim and Kim (2007a) 8] Ao x= FUe
zrox Frie vk ok Ax A A¥E AR AxE&S F 88.93%
(£5.75) 2 Yebwa, ol #EX5THY 58 FAAxY] A4 7= ©
ot Aoz yetgt AldTE AxE Ay Table 73 2, Alx
A9 BH5e A= Fig. 298 2tk

Table 7 Result of weeding performance experiment (%)

1 2 3 4 5 6 7 8 9 10
95.24 9216 96.61 89.29 94.87 78.43 88.71 86.84 86.89 84.44
84.72 8529 9412 80.95 94.44 9231 9348 96.72 97.44 88.10
84.09 93.33 98.25 89.86 95.24 91.04 9423 9149 9324 88.89
7742 7222 91.18 8391 90.14 8571 88.46 84.78 81.71 91.11
89.33 90.54 92.96 9559 79.03 82.09 84.21 8571 93.18 86.54

Ol &=~ W DN~

% Row is furrow and column is experimental spot of each furrow
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Before Weeding After Weeding

= SRR i =] . P%

b1o .

Fig. 29 View of test site, before and after weeding
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2t Ha A4 A

Table 8 Simulation variables and their values for determination of

the minimum installation angle of blade

Variables Range Interval
disk radius 100 ~ 200 mm 50 mm
forward velocity 100 ~ 1,100 mm/s 200 mm/s
disk angular velocity 250 ~ 400 rpm 50 rpm
—_ 47 _




100 mm m0-5 W5-10 m10-15.m 1520 m20-25 m25-30
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2. 3 g
N El
0250 [
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Disk angularvelocity (rpm) 400
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=
g
300 a
350 0.1
Disk angular velocity (rpm) 400

Fig. 31 Recommended installation angle of weeding blade,
according to disk angular velocity, translational velocity

(up) and disk radius
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Fig. 319 Ea) Axge Hx Axzte

=
4 ~ 27", 150 mm & # 3 ~ 15 ,200mm%“112~10°‘d7ﬂ\%
ot Q9T A AAAEEL Uaz Ao 484, Paz AASE
Pt AeSE, AxNY ARSI MEFS ALE AL & 5 U

Webd Az BAT W 8§ A5e £EOR Uid WAL AA F
A9, Ak AR 29U 5, ol wet BUeF FH9 £
2 29 & ok w@ WE AUEES dske A9, ol At wWe
Uad HA4EE 2R do] Ah ANFEE FU F U

Input Variables Value Reference Calculated value

Forward veloeity (vt, mm/s)
Disk angular velocity (w, rpm)
Weeding depth (d, mm)
Disk radius (r, mm)

F-M distance (x, mm)
Installation angle (0, degree)

400
350
30
145
10
10

Rotation radius of M(mm)
Initial angle of M (rad)
Time of F on soil surface {sec)
Time of M on soll surface (sec)
x-axis of F on soil surface
x-axis of M on soil surface

143.6016027
0.068633032
0.024988803
0.02721024
98.31312996
96.88653943

XME (f)

1.4266 |

Fig. 32 Calculator spread sheet(Excel 2013) for determination of

the minimum installation angle
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A Study on Rotary Weeding Blade Installation
Angle for Reduction of Hand Vibration in

Working Type Cultivator

Kwon Tae Hyeong

Rotary type walking weeding cultivator is suitable to organic farm
in Korea because of its light weight and small size those make old
worker and female worker use it easily. However walking type
cultivator transmits hand vibration to workers, and it causes
musculoskeletal disorder. Hand vibration is generated by engine
and working part that compacts soil. In this study, a theory about
soil reaction depended on installation angle of weeding blade was
drawn. After that, verification of the theory and evaluation of
weeding performance were conducted. Also, finding installation

angle for reducing hand vibration was studied with the theory.

Six parameters that forward velocity of cultivator, angular velocity
of disk, radius of disk, weeding depth, length of weeding apparatus
and installation angle of weeding blade were selected for this
study. Width of weeding blade influenced soil reaction, but it was
not considered because it concerned with the number of disks and
overall weeding width. Therefore width of weeding blade was

excluded from the parameters. For verification the theory,



experiments were performed for verification the theory and
weeding performance. Vibration experiment was performed
depended on ISO 5349:1, and three type disk (0, 4, 8 of
installation angle) was used. Weeding performance experiment was

depended on Rural Development Administration guideline.

Using dynamic analysis computer program, motion of weeding
blade in soil was analysed. According to simulation, if trace of
blade edge was behind trace of another point of same blade on soil
surface, the back of blade pressed virgin soil and the cultivator
received an unnecessary upward soil reaction. The case that
weeding blade passed vertical angle with center of disk did not
influence upward soil reaction. Therefore soil reaction occurrence

could be judged by index (X,;) which calculated by z axis of two
traces on soil surface. If X, is smaller than 0O, unnecessary

upward soil reaction will be occurred.

X, was expressed by six parameters. In vibration experiment,
X, was calculated by forward velocity and installation angle in
each experimental spot. Vibration total value of frequency -—
weighted r.m.s. (a,,) was compared with X,,. According to T—test,
two groups that positive group (X,,>0) and negative group
(X, <0) had significant difference (p < 0.05). In aspects of the
group mean total (lifetime) exposure duration, positive group was
17.53% bigger than negative group. The result of field test
accepted the theory. In weeding performance experiment, weeding

blade of 8° installation angle had 88.93% weeding ratio that was

higher than standard of Rural Development Administration, 80%.



Installation angle was concerned with cutting angle of tillage blade.
Therefore bigger installation angle brought about hight energy
consumption. While bigger installation angle caused higher
possibility of no occurrence unnecessary upward soil reaction. The
minimum installation angle of trade—off between vibration and
energy consumption was found according to the theory. The
minimum installation angles were different in disk radius, disk
angular velocity and forward velocity. When disk radius 100, 150
and 200 mm, minimum installation angles were 4 ~ 27° , 3 ~
15° and 2 ~ 10° , respectively. In this study, a spread sheet
program which calculated X, was developed by Excel 2013. The

program could be utilized for finding minimum installation angle for

reduction soil reaction, and it could be reduced hand vibration.

Keywords : rotary type weeding cultivator, hand vibration,

weeding blade
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ZAEIH o] ¥ (rigid tine cultivator) <°] Qth. T8 HAL7]= EHEHO H
Fo® Q3 1998l 959,976t 2011del= 667,897t = H-G7}
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el A= Ax7= $8%, 49%, 2HHY 9 FE7E Ao,
AA oA ARget7loll= F-A e JEivt gk 589 (Fig. DO B¢
e ESES 22 olwE A BA T EFANAMY Al wiiel

Aol of e,

Fig. 1 Riding type weeder (DONGYANGTECHTOOL, 2013)
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AR Ax/E ALY AEAelM AEHT Ak AT oS
e BE 3 QRE AURISOR FAARIG AL W A

Fig. 2 Horizontal disk type weeder (HANSUNG T&I Co., LTD.,
2013)

7] FEleh frabek Bel7] (Fig. 3)= oMlobs7iAl 5 45 2% &7
Fefell A Al BAEE shal ok SHAIRE sl &gt R el A 83l
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o7k =l F7kell A&st7] o9, durbAe]l 200~300%H 2.
BAIG FELe] el A ARES] el el gl
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SR, 02, olgeey Aol B
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A g-o] golstl. F A= 20 kg WZE 74
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Fig. 4 Mini—size cultivator (BaekDoo Machinery, 2013)
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2™ Jones et al. (1995, 1996) FxE EY WA 1 cm 4% &
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7ot 9 ATE HEd, 3
AsASl e AN AS 9

Ao, £ 1 e ae A2 AP Aol AHL,

Sl E S Al st FAAZRVE NEstal ol E HrkskE AT

= e, Kim and Kim (2007a) & B3E #e)7]e] Fashs 252

2 SAARTIE NEsta AeAds S8l Frksksiv AR SAA
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shhar ST <>l ATE FAARIE AAZ
Aleh= W o w}a} uﬂ7}d OHL /\}Eﬂi = 4 Utk Kim and Jang

%78‘1%137]% oAEA &st=Aol et A= WFE v SATh Lim et
. (2002) 2 M FA= Arbe 2% SEA RV A AFEAIZI F
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!y 00.7
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e 59 A7E A Won et al. (2008)2 FHAZX7] AHeld5E
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hoe) ol Ax7|¢} Wl Fo #=e dxuxtdoz Agsto] A& 45

g 7 Ax7|9 des Totkdith o] Ao E ZE S Ao
wpeb vy Friekeledl, Aso] G #Ee] Afols Fxe digk A
geo] £7] wEo| Ax719 &7} veksitbn Ak £E Az o
T A gy AEES AxV] AR & ade B o St Sk
t TS ggo® s Afdde VAAZRE dF #AEo] E45 BE
T dgolE Byl e dixTtel vlE Bdte A3E A
o] AFE T ZAAZY [x WAL oA st uiel o] AFgel
oJgt Aol Avk= A, #wel wet FxEFE e o] tEve A
5& <4 4 3tk Kim et al. (2006)2 #71% ¥ A Al EAA He
Tz S WAl FAAx7] ol eAdE HESIY A=,
ol Ax3F Fol wet 1 AAE ARG, ol FAA x|
g3t AFE Y FExE SN E AFE JHATF Stk AE B
ATE Lee et al. (2007) =ollA Abgsts SAAR7IE Ndatdla, A
xd FF 9 AXEEE Axayst 27 A A 5 AT A
o 543 A9 5498 B (Fig. 52 AL sed, Alxd A7}
Z}ZF 15 mm, 30 mmo|Pa, AFxades 543 AV St A2
At A AFEL FAAZRY] ATV AZH Gl #wsk Ao gk
HA 43, Axdoly Fx F 55 st g AE = A7 7



Fig. 5 Saw—type blade A (left) and B (right) (Lee et al., 2007)

ZIAA WA Qe o B4 WAHS F83 AF4E AdF EAEA
T} Kang et al. (1997)2 B2ty A& o] &3t x whAlo] &3k <

= A3t = LPGAREo] 100 kg/ha olstollM= B4 xukA]7]
7k, 100 kg/ha odelA= Aed Fx=dA717F o & HAadE 7t
= AES YH} T3 Kang and Moon (2001) 2 AFE4S o] £3}9]
=4 Fx BA T 4 ol&s A9 Thsds BTl B3 Kim
et al. (1997)> A77} Fx9 oy =715 AustAY A5 Lotst
A Skethe Ae ATste] d71E ol &st %ﬂ’a WA 7 7hs skt

e
BT ShAIRE ZIAH AN olefel wlwAd FHol dyEE Ag7h
A&H A k= AoR wop VAA AR of ‘ﬂOH A7E &) o] FoiA
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SEAEA A= 20109 ol AR o Sl AEAxT] 2F=
Wit (Fig. 6). 25 24 Ax7s A9 $9=

= shAA AxE ste FdHE F2 FoAME Fdol TheskAnt, Fx
3;4 H

S| Sol el EAIZE AT A AxTV]= svE Azxske W

W Fo| 3

Joy

2 g Aoz A9 FHo| AYA Axdd v Adw

Fo] EAs] =T P& HolM 2 £8F 5 o 7]

B A9l § gakd JA AR Ee] astel T3] FAL o]

Atk FAS FHe Uudeld] Zelsadizd T o &Ho] @
: 2 A4S S ¢ vneA Fro] g Qow

Fig. 6 Horizontal shaft type weeder (left) and crank type weeder
(right) developed by Rural Development Administration
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Fig. 7 Un—weeded region shown in the center square due to

slippage of the crank type cultivator

7 AFHE BAZ AL, 0.4 m/s oo FLANE Az Bow
A AAS A ®aaw Adel AFHAP} WA BYS BYo
2H4 Az Aol A9 vehbA gtk Hol Aol i o gy

At (Fig. 8).

Fig. 8 Trace of hoeing blade tip with forward speed 0.3 m/s (left)
and 0.4 m/s (right)

2 Lol o $2 o
WE SRS o B AR FA 2714 gLk et by
B ARSES AR FFol AR gt H@d Az AA
S8l ol shet
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H3E 7| , e T e wiRZHA R AR A7E A EAQD &
ol T A7} Atk (Ragni et al. 1999). #g]7|9] e
A Al Az 249 T2 dd dAysta, AT MF =
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A5 218k 3L, Noh and Park (2009)2 w3 #e]7]e] %S ISO
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Fig. 10 A typical rotary cultivator blade showing design
parameters (Beeny and Khoo, 1970)
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}

=
Fom 7t aael A @il weh A st B2 YEpd Tl skl
U (Fig. 10). 7= 52 dol2 A% zdolol #ofstal, 1,= 3 Holz

_16_



olA™ ZE A Azt FEIL FARR

!

=0

o Beeny and Khoo (1970)2 Z&do] &

ofi

)

o mEbA] ARdo] B

o
=

J—

_17_



3. Almx 3 U

7h Azxd 2A gEbE

2 ATelAe AzdE ARAozE 2Ed g gol AR HHOw
FUe wuvel §AUT EH & AZYE REY Ui go] Aase
Ozl ol Haslel 49 + YRS AASCHFig 11, sl o
2= F vl JRe] Alzde] FAEo] glom, HAaadE ufd Alx
G A AR () E HEST B Orue Alxd 3 fiz Aol

2 Heolgsh ge) vwd 44 3

Fig. 11 Rotary weeding blade attached to disk

Fig. 119 93 19 402 2 7oy 48 A7 sehvet Fig
129} @tk AzgY £& 7 Zolo] et EFORRE W= wkgo] det
4 5 9o, ol Uxad A5e A Az A4 Be] gom

W oole] shebnlE 2 melshd sort
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I'g

Soil surface

Fig. 12 Design and dynamic parameters on the rotary blade
rry - radius of the points denoted F and M (mm)
Lry : length of cutting part (mm)
O v ¢ installation angle (¢ )
o : angular velocity of disk (rpm)
v, © translational velocity (mm/s)
dr @ target weeding depth (mm)
@ry - initial angle of point M (° )
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A7 ShekElE s % 6% BsA shehuE 2, A shebnle 4w
QAT Bl el Uaa0) AeE (), 4219 A%

(vpola, AA FetvnH+= Hx Alx Zol(dp, &9 4ol (Lpw, HAaA
974 (Rp), SollA A58 0 pyolth.

,((QEZEEIEIEZEZ

Fig. 13 Trochoid trace of point F on weeding blade

Fig. 13& Al&E#lo]A ZellA A

ol FHow Xt} Eiiol

nHAAA AHEES Al & w fgaa ﬂﬂ

Hog 3ALES A v

Aol avl= AlolEEolE A tEY. B 0&?—4 is@sé EE%FM

xﬂéﬂb EE%FM s HE ARV BsEA =S Fal
71<__ <

x =
&
,
B
52
=
HHJ
ﬁ

T
E
>4
H
do
1o
jaeA
1o
1o

2 99 B ge ARe 4 (D pe

z(t) = Reoswt +v,t, yt) = Rsinwt ..............co..o...... (1)

where, z(t),y(t): x or y—coordinate of point
R : rotation radius (m)
w : rotational velocity (rad/s)

v, © translational velocity (m/s)

t : time (s)
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Folw AYHE AES FHso] 3
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rlr
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Az7)e] de AANES Delsto]
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< Fig. 14¢} 24

Fig. 14 Rotary disk and weeding blade assembly, side view (right)

and front view (left)
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Azxd Ads S& AR Azxd: BAY  dridd KT-400
(Kawashima, Japan) el F2Felgict, #2]7]19] <z TB43 (Mitsubishi,
Japan) AFCoxE 24 @r]E Aot} dzxls x3He #E]7]e] Fo A
94L& Table 13 Zt}

oft
|

Table 1 Specification of KT—400 weeding cultivator

Item Content
Model Kawashima KT—400
Size 100 x 47 x 97 cm (LxWxH)
Weight 10.3 kg
Mitsubishi TB 43 (1.25 kW), 9,000 rpm
Engine Air—cooled, 2—cycle, gasoline engine

42.7 cc of displacement

By derldls F 4789 yaarr A

2y Zel YH]= 300 mmE
I e 838t golstth tyAavE F2

. 4
f m&e Fig 159 2ot

Fig. 15 View of test weeding cultivator
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Fig. 16 Test site for hand vibration measurement

B9 ZAEA (Spectrum Tecnologies Inc., USA)Z =43t Al ¥4
B AEE 954.6 kPaZ, 1Y &S 27.8%= YHEwt EAGLS
National Instrumentation Center for Environmental Management
(NICEM) ol 9]#|3lo] ulsiA 715 (UADA, 2013)°l wet #43 A3}
Table 20 YebH A3 o] mabd SESIH

1o

Table 2 Soil texture of test site for hand vibration measurement

Sample Sand (%) Silt (%) Clay (%) Soil Texture
1 27.06 67.49 5.45 Silt Loam
2 23.25 71.32 5.43 Silt Loam
3 36.92 59.18 3.90 Silt Loam
4 22.68 72.32 5.00 Silt Loam
5 33.30 62.22 4.48 Silt Loam
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Fig. 17 Experimental plot design for hand vibration experiment

, speed: Slow, Medium, Fast)

(installation angle: 0, 4, 8°
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=
H dFoAE 3F 7MEEAQ 3273A1T (Dytran Instruments Inc.,
= AtH(Fig. 18). i3 7H&E5EAle SEE i
THEEE 9ol I At #em E¥siv, 59 &9 dd2 x5 10.35
mV/g, v& 9.94 mV/g, z% 10.25 mV/golt}. |l #h X213 Abof
AR gEye] TR E m/s? FHE FYHES Fch

;«'O
o

Fig. 18 Tri—axial accelerometer, 3273A1T (Dytran, 2013)

olgd®E 7 ATE Wo} UXY AT E wWasty vhds ATAYE &e
dolg 43 AH]= NI 9234 %% (National Insturments, USA)S &
3l tH(Fig. 19). o] EE2 XA (NI cDAQ-9178)9} &4 #=3t,

G 255 USBE Fdl mERCE Hddh= 9gg stk NI 9234 BE

Fig. 19 NI 9234 data acquisition module (NI, 2013)
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Table 3 Specifications

of data acquisition module for

vibration measurement (NI, 2013)

hand

Parameter Content
Model NI 9234 Compact DAQ
Channel 4
Sample rate 51.2 kS/S
Analog input range -5 ~5YV

Measurement type

Accelerometer, Microphone

[kl
i
I
juit]

2 LabVIEW 2009 (National Instruments, USA)E &§&

Mkl th(Fig. 20). Z2I3L dole 3 FnjoA 2l dHolE

@ A= moFn AY JuE ol

’

FE = A

Frequency-Domain
0.1+

Amplitude

Alg

aAn

sine [

Fig. 20 Measurement program based on LabVIEW 2009
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5) A& =4 Wy 9 dlole A3y (SO 5349:1)

o2 AdHE & 1ES S8t dolHE Agshe
EEele 27k4 Feje] Exkolt AN
Fig. 213 2 “Handgrip” FEjo|t}.
A&EAE Fig 217 2& Huz Ao SANES 42AS o] &3
E£71e Alolol] Y| ES Fig. 229 o] dEol H-2a3ich

(A

i)
2
%0,
&
T
)
oflt
2
P
N
1o
o
iy
o o

Fig. 21 Coordinate system of “Handgrip” position (ISO, 2001)

Fig. 22 Accelerometer attached to handle
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AR 7 NETER 15% ol AdHor], BE NHT 2AL
Sal F2 #1529 dolHwe F83Ack 129 dolel: sht
o 2fEy FHz FolAtk 7 AW F 2079 dolEE ANEYy
2 gstel shbel AdEYS P, 1 F BEel WA 6.3 ~ 1,250
Hz8 ~#EgS 1/3 SE8 9 by 24709 F55 9 2o sjdah
AEE e TANY. FRsEw A vAE 9] vErg 7} F
S MR 4 ()9 2ol 5 71EAE Fael Tag
a, ZJ(I/VMQ}”)2 ......................... (2)
where, (. : root—mean—square (r.m.s.) single—axis

acceleration value of the frequency—weighted
hand—transmitted vibration (m/s?)
W, + weighting factor for ¢ th 1/3 octave band

a,, * rms acceleration measured in ¢ th 1/3 octave band

(m/s?)

Fat4 74ER = 1SO 5349:1004 AFet o, 7zt Fasds A

0.958¢4 #HA 0.00295¢] A= o] Foj# Qitt. 12.5HzelA Aol 75

A% yehal uFades 1 7k A7 Foli Ad e Fak ThE
A

HEEQ o = 2 ()3 go] FET

_ 2 2 2
a,, = \/ahw,,x F ) T (3)

where, a,, * vibration total value of frequency—weighted r.m.s.

acceleration (m/s?)

i,z Uy G .+ Values of @, for the axes denoted x, y

and z respectively (m/s?)
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T 7S VMEEE G835t 1Y AE wE23H0 AR)E TE A=
o, 14 AF =52 35 A AMS-S 7I$8 % ot ths o'
=
T
A(8) =y, ?0 ......................... ( 4 )
where, A(8) : the daily vibration exposure (m/s?)

a,, ° vibration total value of frequency—weighted r.m.s.

acceleration (m/s?)
T : the total daily duration of exposure to the vibration

ay,

v

T, : the reference duration of 8h (28,800 sec)

B s =271 (D) T 7IAE AHEsk= AFEY 10%7F A
Zol dg w71x 9 713FS ou|sit). o= 2 (5) % #o] 1Y AF ==
FS &3l T

D, =318[AR) M. (5)
where, A(8) : the daily vibration exposure (m/s?)

Dy : the group mean total (lifetime) exposure duration

(year)
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Sko] o] Eol A9 AEF e A 2T 2 APelA 9 AA T 7t
T 7FEEE dluskit. FAA48l= R 3.0.1 (R Foundation for
Statistical Computing, Austria) = 23191, THAS S0 =
gk Et e =27 7 IFEE vlaste] 7|3te] drpby Frkekl =

A selakt.
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Soil Texture
Sandy Loam
Silt Loam
Silt Loam
Sandy Loam
Silt Loam

weeding performance

Clay (%)
2.19
2.72
2.42
1.89
2.38

site for

52.87
52.63
41.06
57.24
— 81 —

Silt (%)
36.41

texture of test

61.40

44.41
57.05

Sand (%)
44.95
40.38

evaluation

Furrow

Table 4 Soil



Al A2 A3 A4 A5 A6 A7 AB A9 Al0
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10
cl c2 c3 c4 c5 c6 7 cs co Cc1o
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
El E2 E3 E4 E5 E6 E7 E8 E9 E10

Fig. 23 Experimental design of field test for weeding performance

Al A7l 400 x 300 mmE ¥ oL, == AL AldT ES A
2k o)lZ V|FEo g AT U #xo ELE At Alx &Y & e
PHo 7 el AldT e Fxo EFE Aol 2 (6)8 Ho] Axs

dstlal Bt Ax&s AAtsiTh

oo
to r

2af

o I/Vc;ftercultivatmg)
W,

efore cultivating

Weeding Ratio (%) = (1

RDA (2004)¢] mW=w, AZEL 80% o)ito] Hojof =2, Ho Alx

& Agste] B Azl o]F WHs=A FaAstArh
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Er =xra—
_—
Weeding blade

(a) Installation angle: 0°

— e of v BN

—
Weeding blade

(b) Installation angle: 15°

Fig. 24 Simulation result when translational velocity was 0.4 m/s,
disk angular velocity was 350 rpm, weeding depth was 30

mm and disk radius was 145 mm
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Fig. 25 Trace of two points F and M on a blade

X,r + Trace gap between I and M on soil surface
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Fe} Mo #AlF2 4 (e Edz Algtel izt =2 yepd 5

X, 7F BAEE 3 AR o)lgE T Ao

ot = VI F it =2 Ly g S0 e (7)
L, ,c080 .0
By = sin Ve, (8)
s
where, All variables are shown Fig. 12

Feol Mo] E¢F 3del &3 o del= A gAa=a w4, 7] $94 7
Haz 445, Az dolol weh ek, 2z 4 (9), 4 (0% P&
=3
dp—rp, _,
tp= (E—arccos . Jw (9)
dr—r
ty= (E—arccosu—@ﬂu)af1 ......................... (10)

2 s

where, tr * time when point A reach soil surface (s)

t,; - time when point B reach soil surface (s)

The other variables are shown equation (7), equation
(8) and Fig. 12
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21 (9 A0)olA FaR AlZEE 2 (Dol sy, X5 T8k 4
(1Do] Fx¥r.

D,
Xy = rpcos (wty) +v,tp— 1,008 (w(t,,+ %))—H@M ........................ (11)
where, tr : time when point A reach soil surface (s)

t,, - time when point B reach soil surface (s)

The other variables are shown equation (7), equation
(8) and Fig. 12
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Fig. 26 Hand vibration spectrums in the y and z axis
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2) Xy ARk

Azx717F 156m AdE Ade wf 49 AZH2 Fig. 270 vebdl vpe} 2
o] WE" £XLoA 16.1 ~ 224 s, ‘T HEoA 244 ~ 304 s,

uR” HRolA 317 ~ 59.5 sE dERgTh whE oA Hd &
L AR CFRY HrelM Y HA e AVJL 2's, TR FrolA
HAdl 2o Al 2R HEAM L] Ha ~Q AR 1.3 sE UERS

Q o
b, ol 22 7 £5 delA Hol 28 A HA A9 AZEY Ao
© 6.3 s, ‘T EFEE 6 s, ‘=R 5 278 s)ET #
ot wEkA S e AJE T v R o] mE o] Ertste] 7F Al

= XA[F‘(E]— ahv% Z]I;S H]JJ—E]'(/)%&E]'

=

7t Age] wWE sk 2 Azt 2 AAEEE MEoR TE X,
= Table 53 Zth 07|14 t]Aa 3% % 350 rpm, Alzd
Abo] Al 10 mm, YA 4L 145 mmE skdch A% 2

¢

ST -1-"0
o] e Alx zlolE Hst= HES o] glolv] “HTOH EEXZH
ol At Az Zoldl 30 mmE & £ AT B AP JEA

o]7] W&o AZx zlo]E WF=A] 30 mmE 3HA| u.-;OPE = A e S
Ay & AA FA4¢E Zo] 10 mmE AAtel &gttt X2 wrF A3,
ARNEE7 22 A9 X7F 228, Asl and Singh (2009) ] <19}
Dewangan and Tewary (2009) ¢ ol % A A 37 e
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(F)

(M)

Fig. 27 Speed of cultivator with three kinds of speed
(S: Slow speed, M: Medium speed, F: Fast speed)



Table 5 Result of calculation X, ,with six factors

Installation angle Forward velocity Xy
¢) (mm/s) (mm)
328.95 —1.5948
300 —1.5369
321.89 —1.5807
493.42 —1.9239
0 515.46 —-1.9679
568.18 —2.0734
669.64 —2.2764
753.77 —2.4448
742.57 —2.4223
375.94 0.0745
351.29 0.1336
473.19 —0.1586
597.61 —0.4568
4 614.75 —0.4979
600 —0.4625
847.46 —1.0557
842.7 —1.0443
802.14 —0.9470
252.1 2.2454
297.62 2.1180
295.28 2.1246
543.48 1.4298
8 559.7 1.3844
583.66 1.3174
857.14 0.5519
887.57 0.4667
931.68 0.3432
— 42 -
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3) XMFﬂ' Apyy o] A

AdS T3l 78 T Ve HEEE X8 FEe o 2708 aE
ox R, eakE BASH] fdE 10 ~ 90%E] W)l sk
EICI= R, %%5‘}115P(F1g 28).
11
wml .’ . . : —'i Negative Group (Xyr < 0) ‘
5 f
g 5 : s
:—é 8.5 L4 - ® ¢
& 772 .o / Positive Group (X > 0) ‘
"r L ]
65 * =
G
3 = 1 3
Kue (mm)
Fig. 28 Result of X,; and g,
X,77F 0Kt & A 5o t& dolEExrt Hud 7HE5E7 A U 2

Ao ABTF EASFAL. o oA AP A T AF FA
A Aol ul$ A JERET (p<0.001). AT oA AR T
o NPT A dolEE BANE A3t e APTe 5
BaaA FAL, A A F A ABFE o#AE 392 )
SR, BEe DA% FE8] Rl ol 4R E BFT + etk
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Table 6 The group mean total (lifetime)

A

XMFOﬂ l:q—E]— H]ﬂéﬂi‘/’}ﬂr(Table 6)

2 % 5 AArk ol
W] whyshy) g
& ¢ 5 ek

exposure duration

depended on X, and daily using time (negative group:

X, < 0, positive group: X, > 0)

daily using time

negative group

positive group

(hour) (year) (year)
1 8.96 10.5
2 6.21 7.3
3 5.01 5.89
4 4.3 5.05
5 3.82 4.49
6 3.47 4.08
7 3.2 3.76
8 2.98 3.5
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oA EFE ol HAAS T3 A A5 ALFE ELod B
s AA s e TheAel =& RS Flsglth webs A&
Azxd T 7FF 2 2% 455 71K 8° Alxdz AdS s Ax 2
A &, Eol dEIAY vt A9 Z2 B JE =E2d fFxe A
Z9 Zo7 FAH3A 1, o] Kim and Kim (2007a) 8] Ao x= FUe
zrox Frie vk ok Ax A A¥E AR AxE&S F 88.93%
(£5.75) 2 Yebwa, ol #EX5THY 58 FAAxY] A4 7= ©
ot Aoz yetgt AldTE AxE Ay Table 73 2, Alx
A9 BH5e A= Fig. 298 2tk

Table 7 Result of weeding performance experiment (%)

1 2 3 4 5 6 7 8 9 10
95.24 9216 96.61 89.29 94.87 78.43 88.71 86.84 86.89 84.44
84.72 8529 9412 80.95 94.44 9231 9348 96.72 97.44 88.10
84.09 93.33 98.25 89.86 95.24 91.04 9423 9149 9324 88.89
7742 7222 91.18 8391 90.14 8571 88.46 84.78 81.71 91.11
89.33 90.54 92.96 9559 79.03 82.09 84.21 8571 93.18 86.54

Ol &=~ W DN~

% Row is furrow and column is experimental spot of each furrow
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Before Weeding After Weeding

= SRR i =] . P%

b1o .

Fig. 29 View of test site, before and after weeding
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2t Ha A4 A

Table 8 Simulation variables and their values for determination of

the minimum installation angle of blade

Variables Range Interval
disk radius 100 ~ 200 mm 50 mm
forward velocity 100 ~ 1,100 mm/s 200 mm/s
disk angular velocity 250 ~ 400 rpm 50 rpm
—_ 47 _




100 mm m0-5 W5-10 m10-15.m 1520 m20-25 m25-30
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T
@ 25
oo
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i z
I 11 &
5
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5 10 5
= 2
= =
=] ]
2. 3 g
N El
0250 [
300 e
350 0.1
Disk angularvelocity (rpm) 400
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&
= —
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w £
5 =
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2 ki
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T
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oo
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2 z
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W
=
g
300 a
350 0.1
Disk angular velocity (rpm) 400

Fig. 31 Recommended installation angle of weeding blade,
according to disk angular velocity, translational velocity

(up) and disk radius
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Fig. 319 Ea) Axge Hx Axzte

=
4 ~ 27", 150 mm & # 3 ~ 15 ,200mm%“112~10°‘d7ﬂ\%
ot Q9T A AAAEEL Uaz Ao 484, Paz AASE
Pt AeSE, AxNY ARSI MEFS ALE AL & 5 U

Webd Az BAT W 8§ A5e £EOR Uid WAL AA F
A9, Ak AR 29U 5, ol wet BUeF FH9 £
2 29 & ok w@ WE AUEES dske A9, ol At wWe
Uad HA4EE 2R do] Ah ANFEE FU F U

Input Variables Value Reference Calculated value

Forward veloeity (vt, mm/s)
Disk angular velocity (w, rpm)
Weeding depth (d, mm)
Disk radius (r, mm)

F-M distance (x, mm)
Installation angle (0, degree)

400
350
30
145
10
10

Rotation radius of M(mm)
Initial angle of M (rad)
Time of F on soil surface {sec)
Time of M on soll surface (sec)
x-axis of F on soil surface
x-axis of M on soil surface

143.6016027
0.068633032
0.024988803
0.02721024
98.31312996
96.88653943

XME (f)

1.4266 |

Fig. 32 Calculator spread sheet(Excel 2013) for determination of

the minimum installation angle
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A Study on Rotary Weeding Blade Installation
Angle for Reduction of Hand Vibration in

Working Type Cultivator

Kwon Tae Hyeong

Rotary type walking weeding cultivator is suitable to organic farm
in Korea because of its light weight and small size those make old
worker and female worker use it easily. However walking type
cultivator transmits hand vibration to workers, and it causes
musculoskeletal disorder. Hand vibration is generated by engine
and working part that compacts soil. In this study, a theory about
soil reaction depended on installation angle of weeding blade was
drawn. After that, verification of the theory and evaluation of
weeding performance were conducted. Also, finding installation

angle for reducing hand vibration was studied with the theory.

Six parameters that forward velocity of cultivator, angular velocity
of disk, radius of disk, weeding depth, length of weeding apparatus
and installation angle of weeding blade were selected for this
study. Width of weeding blade influenced soil reaction, but it was
not considered because it concerned with the number of disks and
overall weeding width. Therefore width of weeding blade was

excluded from the parameters. For verification the theory,



experiments were performed for verification the theory and
weeding performance. Vibration experiment was performed
depended on ISO 5349:1, and three type disk (0, 4, 8 of
installation angle) was used. Weeding performance experiment was

depended on Rural Development Administration guideline.

Using dynamic analysis computer program, motion of weeding
blade in soil was analysed. According to simulation, if trace of
blade edge was behind trace of another point of same blade on soil
surface, the back of blade pressed virgin soil and the cultivator
received an unnecessary upward soil reaction. The case that
weeding blade passed vertical angle with center of disk did not
influence upward soil reaction. Therefore soil reaction occurrence

could be judged by index (X,;) which calculated by z axis of two
traces on soil surface. If X, is smaller than 0O, unnecessary

upward soil reaction will be occurred.

X, was expressed by six parameters. In vibration experiment,
X, was calculated by forward velocity and installation angle in
each experimental spot. Vibration total value of frequency -—
weighted r.m.s. (a,,) was compared with X,,. According to T—test,
two groups that positive group (X,,>0) and negative group
(X, <0) had significant difference (p < 0.05). In aspects of the
group mean total (lifetime) exposure duration, positive group was
17.53% bigger than negative group. The result of field test
accepted the theory. In weeding performance experiment, weeding

blade of 8° installation angle had 88.93% weeding ratio that was

higher than standard of Rural Development Administration, 80%.



Installation angle was concerned with cutting angle of tillage blade.
Therefore bigger installation angle brought about hight energy
consumption. While bigger installation angle caused higher
possibility of no occurrence unnecessary upward soil reaction. The
minimum installation angle of trade—off between vibration and
energy consumption was found according to the theory. The
minimum installation angles were different in disk radius, disk
angular velocity and forward velocity. When disk radius 100, 150
and 200 mm, minimum installation angles were 4 ~ 27° , 3 ~
15° and 2 ~ 10° , respectively. In this study, a spread sheet
program which calculated X, was developed by Excel 2013. The

program could be utilized for finding minimum installation angle for

reduction soil reaction, and it could be reduced hand vibration.

Keywords : rotary type weeding cultivator, hand vibration,

weeding blade
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