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Study on the Improvement of Rotary Blade
— Tilling Load Characteristic Analysis of the Three Kinds of
Rotary Blade —

day ooy 2z
S. S. Kim Y. S. Lee J. K. Woo

ABSTRACT

Using the soil bin systems, this study was carried out to investigate the tilling load characteristic for the three
kinds of Japanese rotary blade and the possibility of common use for power tiller and tractor rotary.
The results obtained from the study are summarized as follows:
1. At all tested soils, the average and maximum tilling torque of all tested blades increased as the tillage pitch did.
2. The torque requirements of newly designed and produced blade was less than that of blade which has been used
on power tiller and tractor rotary.
3. The maximum tilling torque of new ONE were decreased 7%, 10~11%, 27% in comparing with another blades
at clay loam, loam and sandy loam, respectively.
4. According to observation of the extent of soil adhesion on blade and the contact aspect of blade, new ONE is
the most excellent of all tested rotary blades and till smoothly not to compress the untilled soil.
From the results of this study, the newly developed blade(new ONE) proved to be good tilling load performance
and had a conclusion that it is possible to use it on power tiller and tractor rotary in common.
F9.3-o}(Key Words): 732+ 8 EA)(Tilling Load Characteristic), 91 ZEokZ(Soil Bin), 53 HALgd
(Japanese Rotary Blade), 34} & A (Shape Factor), = E}2](Rotary)
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Fig. 2 Shape factors of rotary blade.

Table 1 Analysis data of shape factors
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Fact ower
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Table 2 Classification of soils

Soil Sieve analysis (%) | USDA soil textural

bin | Sand | Silt | Clay classification
1 72| 512 | 41.6 | Clay Loam

I 276 | 46.0 | 264 | Loam

m 56.5 | 275 | 16.0 | Sandy Loam
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Fig. 3 Block diagram of measuring instru-
ments arrangement.
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Table 3 Experimental design

Variable Level

For power tiller (K1),
New ONE (K2),
For tractor (K3)

Type of rotary blade

V1 =36, V2 =353,
V3 =58

Tilling speed, V

(cm/sec)

Number of revolution of
NI =233, N2 =339
rotary shaft, N (rpm)

Type of soil S1, ST, SIm
Tilling depth, D
g Gep DI =15, D2 =12
(cm)

4 HWRAYBE

7t. 4 2 »| X|(Tillage pitch)
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Table 4 Tillage pitch at each combination of
tiling speed (V) and no. of revolution
of rotary shaft (N)

Combination VINI V2N1 V3N1
Tillage
9.27 13.65 14.94
pitch, (cm)
Combination VIN2 V2N2 V3N2
Tillage
6.37 9.38 10.27
pitch, (cm)
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Table 5 Measured avg. & max. tilling torque data

| Pitch KID1 K2D1 K2D2 K2(T) D1 K3DI1
ol ©m | Tug | Tom | Tog | Tos | Tog | Tosx | Twe | Tosx | Tag | T
637 |25.031839.388625.5635 | 36.1982 | 22.1073 | 33.0078 | - - - -
927 |30.3491|51.6184 | 27.4246 | 48.9597 | 23.7025 | 37.2316 | — - - -
(@ | 938 |37.261652.1501 |34.6030|51.0867 | 27.1587|40.4520| - - - -
SI | 13.65 |37.527553.7453|33.0078 | 53.2136 | 31.6784|48.2979| - - - -
1027 - - - - - —  [30.0833 | 48.4280 | 423131 | 53.2136
14.94 - - - - - ~  135.1347 [ 50.0232 | 42.5790 | 53.7453
637 |26.6270|41.5155|22.373133.0078 | 17.3217|25.0318| — -~ - -
9.27 |30.0833|51.6184|27.6905 | 45.2376|19.1827|31.9443| - - - -
() | 938 |324760|52.6424|31.4126 | 44.7259|22.9049|37.2616| — - - -
SO | 13.65 |39.3886]53.2136 | 30.0833 | 50.5549 | 25.5635|43.1107| — - - -
1027 - - - - - — 26,6270 | 35.6664 | 39.3886 | 53.2136
14.94 - - - - - —  [26.8929 | 47.8963 | 42.1731 | 53.7453
637 |21.3097|28.2222120.5121{29.8174 | 17.8534|23.9683 | — - - -
927 |27.4246 | 51.6184 | 223731 35.6664 | 26.0953 | 36.7299 |  — - - -
() | 938 |31.1467|43.1107|30.0476 | 39.3886|25.2977 | 31.9443 | - - - -
SII | 13.65 |38.0592|52.6819|31.9443 | 45.7693 | 34.3371 38.8568| — - - -
1027 - - - - - — 1213097 | 29.8174 | 35.1347 | 50.5549
14.94 - - - - - ~ [27.158738.3251|39.9203 | 52.6819
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35
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Fig. 4 Tiliing torque varied with tillage pitch.
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Table 6 Max. tilling torque decreasing ratio at each soil

SI So S
Pitch K1Dl- K2D1- | K3D1-K2 | KI1DI1- K2D1- | K3D1-K2 | KID1- K2D1- | K3D1-K2
itc
(cm) K2Dl1 K2D2 (T)D1 K2D1 K2D2 (T)D1 K2Dl K2D2 (T)D1
cm
K1D1 K2D1 K3D1 K1D1 K2D1 K3D1 K1D1 K2D1 K3D1
X 100(%)| X 100(%)| X 100(%)| X 100(%)| X 100(%)| X 100(%)| x 100(%)| X 100(%)| x 100(%)
6.37 v 8 v 9 — v 20 v 24 - A S v 20 -
9.27 vs v 24 - v 12 v 29 - v 31 A 3 -
9.38 v 2 v 21 - v 15 v 17 - v 9 v 19 -
13.65 v i v 9 - v 5 v 15 - v 13 v 15 -
10.27 - - v 9 - - v 33 - - v 41
14.94 - - v 7 - - v 11 - - v 27
For Effect of For Effect of For Effect of
For For For
power tilling power tilling power tilling
tractor tractor tractor
tiller depth tiller depth tiller depth
Remark vs vs vs
Vs change vs change vs change
New New (New
New (New New (New New (New
ONE ONE ONE)
ONE ONE) ONE ONE) ONE ONE)

Table 7 Max. tilling torque decreasing ratio

R245/R230 R256/R230
Soil

55 /62 40° /1 62°

S I v 7% v 7%

S 1 v 11% v 10%

S v 27% v 27%

For tractor For Power

Remark vs tiller vs

New ONE New ONE

230 245 256
Rm. mm

, £718 U EAWE S PAE O] ALEY A E
62 55 40 3 PreE NS AFEY 0 % FEL W 10~

ANGLE. de
° 1% 2] 2 e o 27%2 ekt
Fig. 5 Avg. & max. tilling torque varied with Bl QA EQHEA O HE A
rotation radius(R,) and shape angle
(&) BAENE FETECH 1, 2)2 g9 Ao &9
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Photo 1 Front face of blade for power tiller Photo 2 Rear face of blace for power tiller

Photo 5 Front face of new blade Photo 6 Rear face of new blade

~399 -



FFFANAGTHA A2H J4E 19974 124

Rao] 4% 4RD, SE§ FAECAR
e giol gl HAM R EAHYD AW 2 IR
AR FFHALL, ALEA S, Ol o
Fto] RS EPVE He 9 Ao R
En FEYUES B LF] b ¥
fol v 3¢ EFE 4EFHA %u EFL B

Aoz wodr

o
SN}

o
8

M g9 s des FAE
Atstn A7 8% EDELOR FE5 7
ZAH87] 8 AFEFZANM FLEIE 2
dAI4g okt 23 gt
L ZANEGIFAA 34 B2 359 AL
o E ALEIAE 3 A AN F A
of wtel FLEAE FrEAY BE EGRUAA
AE74 4 ERE L FAFA e g 2P
2 AEE AL Fed B-EEASL Fgk

2. B¢ E3E ALY A7 Forse] we A A3
F7hste ARojglon, A Edx ALHA5}
6.37cmol A 927cmzZ F 13 wel 43 AR
7} olF B2W A F7tol whel A3 Fob &
Aol F&FE FLEAL Agod, Md g
2 A% MA(15em — 12em)dto] A @& A 9~
29%% HUEL Z28&-E Vet

3. BdE Ad BAeHAY o, HANFH F
Fzho} 2 Hd B9 Aolg AN A, A
EdE gAntgo) AALE Frtstn, 4440 A
AFE 28, 404 4 EDHE FAEUY
ALE) A E3 222 AUYEL 9 7%, FE
A of 10~11%, A1FEY o 27%= Jebtch

4. AN B9 RageE ALEo] M BT
o, EAEE FAE, BV HAEY £o
2 Bk R o] At B AWR ESH
9] AEAHE AMEEo) 71 REHA & R0
o] F& E%S F6R] o Eokg A% Ao

wdEHAY.

% o BN

Al

-

10.

11.

—400—

o

Vel NBFRRRE MY FLEe Ferat
$o) $FAUANED Fa), 34 EFTHe
5 333 ASYU)E FEse), Edg

2ele)ol = AL 75t D BerE

Yo

!

ot
o
re

1

- S, REA, HEMUIR, BRI, 1984. 2 9E 7
BHizAlA"o) FrEgh el v)A e BE RRE
XBmE e A 94 A 2% pp. 37~47.

- AAE, FAY, P, Hgl. 1990, FEAH
o 9t Zetal e BHERY & 4
- ZaFe] g% FHJYF - BRAEFERE
&3k A 153 A 33, pp. 177~185.

LAY, HA4QA. 191, T2 FRAY g =
ete] A9 YN BREESMESR
A 163 A 3%. pp. 211~218.

AR, FHAA. 1993, el F&gY vhRof
o AT HEBEEESREEI A 183 A 15,
pp. 15~20.

2 BTER Nl BT W RBRXEREE
% A 9798 A 23. pp. 27~36.

AR EFEE. 1985, AT A KS BT §
d3E78 Aed € A4

. BA BEEBEE. 1969. IT BEEBWR K
7 7. pp. 466~473.

- BA BREMEE. 1984, Bk BB ¥
7 7. pp. 425~437.

. Saki, J. 1977. Some design know-hows of edge-

curve angle of rotary blades for paddy rice
cultivation. AMA Spring. pp. 49~57.

Hai, L. V. 1983. v %-J#t5 A %M B L 0kt
Bk A AMAE MBI H

Hai, L. V. 1984. Design-theories of Japanese
rotary tilling blades for paddy field. JICA Lecture
Text No. 2. Tsukuba, Japan.



