2E2| #hzel BT % ARESHH0| st ARt

Tilling Load Characteristics and Power
Requirement for Rotary Tillers®

Choi, Kyu Hong - Ryu, Kwan Hee

Summary

This study was carried out to investigate the effects of the tilling depth, tilling travel speed and soil shear

stress on the tilling load characteristics and power requirement for rotary tillers.

The results obtained from the study are summarized as follows.

The average and maximum PTO torque increased as the tilling depth, tilling pitch and soil shear stress
increased. A multiple linear regression equation to estimate the average PTO torque in terms of the above
parameters was developed.

The ratios of maximum PTO torque to the average torque were in the range of 1.17 to 1.65 for the various
tilling conditions tested. The variation in PTO torque increased greatly as the tilling pitch and soil shear
stress increased, but decreased as the tilling depth increased.

Power requirement for the PTO shaft increased with the tilling depth, travel speed and soil shear stress,
but decreased slightly as the tilling pitch increased. A multiple linear regression equation to estimate power
requirement for the PTO shaft in terms of the above parame.ers was developed.

The specific power requirement for the rotary tiller was in the range of 0.008-0.015 ps/cm2 for the various
tilling conditons tested. The specific tilling capacity decreased as the tilling depth and soil shear stress
increased, but increased with the tilling pitch. A multiple linear regression equation to estimate the specific

tilling capacity in terms of the above parameters was developed.
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Table 1 Physical properties of soils in the experimental fields
Soil Soil A Soil B Soil C Soil D
Seoul National
Location of field Tap-dong Guwoon-dong | Univ. Farm Tap-Dong
USDA soil textural Silt Clayey
o Silt loam(SiL) Loam (L) Sandy loam(SL)
classification Loam (SiCL)
sand(%) 21.6 39.2 54.8 6.5
Sieve
silt (%) 54.0 4.0 35.8 64.6
analysis
clay (%) 24.4 16.8 9.4 28.8
Moisture content d. b. (%) 39 35 30 28
Bulk density (g/cc) 1.1 1.2 1.4 1.1
Internal friction coefficient 1.42 1.13 1.16 0.78
Shear stress (kg8/em?) {(Normal
0.50 0.42 0.37 0.52
stress=0. 2kg / cm?)
Date Nov. 2 1983 | Nov. 5 1983 Oct. 25 1983 May. 25 1984

Table 2 Specifications of Rotary Tiller Used in tne Experiment

4 -Cycle Water Cooling Diesel
Type
(Dae-Dong)
Power
Continuous rated output 8ps /2200 rpm
Tilter
Weight 327kg
Weight 83kg
Tilling width 60cm
Number of tines 18
Rotary
Shape of tines Japanese-Rotary tine
Radius of tines 25cm
Driving method Side-drive
Tines rpm at 2300 engine rpm High (rpm) 347
Low (rpm) 235
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Table 3 Coefficients for Engine-Performance Prediction Equations.

No-load c. . . Speed range (rpm) Coefficient of
engine speed Max. Min. determination (R?)

2300rpm 0.89327E-04 —0.47151 611. 86 2300 2170 0. 99858

2280 —0.86654E-04 0. 31810 —275.53 2280 2100 0. 98476

2260 —0.64848E-04  0.21957 —165. 32 2260 2100 0. 99706

2240 —0.40366E-04  0.10689 —36.994 2240 2100 0. 99972

2220 —0.90927E-04  0.33195 —228.94 2220 2050 0. 99264

2200 0.93192E-04 —0. 45436 548.51 2200 2000 0. 99946

2000 —0.99689E-04 —0.01678 73.33 2000 1850 0. 99974

Table 4 Combination of the Experimental

Variables and Investigated Items.

Variable

Level

Investigated Items

Soil shear stress

(Normal stress=0.2kg / cm?)

0.27kg / em? (SL)
0.32kg / em® (L)
0.37kg / em® (SiL)
0.52kg / em® (SiCL)

Gear

setting

£ 18 AAI(1—H)
E# 28 #AA(2—H)
E% 28 #A(2—L)

Tilling depth

S5cm, 8cm, 12ecm

PTO shaft torque
PTO shaft speed

Engine speed
Tilling speed
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Table 5 Power Required for the Power Tiller to Travel at No Rotary-Tilling Load

Gear setting Travel speed(m/s) | Power required(ps) Remark
1—-L 0.42 1.10 Equipped with
2—L 0.61 1.73 rubber tire
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Table 1. Comparisons between Measured and Predicted Values of Average PTO Torque and

Average PTO Power.

Average Torque Average Power

[Tiller | Tilling | Travel | Tilling | Torque| Investi- |Predict- Invest-| Predic-|

Soil L . . Error | Error
ear |depth | speed |pitch | ratio |gated ed igated |ted
. (%) (%)
setting| (em) | (m/sec)| (cm) (kg. m) | (kg.m) (kg. m) | (kg. m)

1-H 56 { 0.40 7 1.39 7.60 6.69 |—11.9| 420 | 371 |—11.7
2—H 5.8 | 0.64 1 1.28 9.34 8.97 |— 3.9| 516 | 558 4.3
2—L 4.9 | 0.61 16 1.64 | 10.22 10. 34 1.2} 3.8 | 3.38 |—12.2
Silt Loam |1 —H 7.3 | 0.41 7 1.37 9.12 8.80 |— 35| 4.97 | 4.8 |— 1.8
$=0.37 2—H 9.1 ] 0.61 11 1.24 14.73 | 13.24 |—10.1] 7.90 | 7.27 |~ 8.0
(kg fem?) |2—L | 7.8 | 0.60 | 16 1.47 | 14.87 | 14.09 [— 52| 5.5 | 506 |— 8.7
1—H| 13.0 | 0.41 7 1.30 | 15.80 | 16.25 2.8| 8.47 | 8.40 |— 0.8
2—H| 12.7 { 0.53 12 1.18 | 20.33 | 18.40 |— 9.5/ 8.8 | 831 |— 6.2
2—-L| 11.4 | 0.65 17 1.27 | 20.59 | 19.25 |— 6.5| 7.68 | 7.61 |— 0.9
1—-H 7.0 0.40 7 1.35 7.78 7.77 |— 01} 421 | 4.22 0.2
2-H 7.1 0.57 10 1.35 9.67 | 10.42 |— 1.8] 5.21 | 5.48 5.2
2L 6.4 0.61 16 1.49 | 11.74 11.56 |— 1.5} 4.32 | 396 |[— 8.3
Loam 1-H 9.5 0.41 7 1.28 10.06 | 11.00 9.3] 5.33 | 5.8 10.3
§$=0.32 2_H 8.9 | 0.5 10 1.32 11.76 11.75 [(— 0.1 6.16 | 6.47 5.0
(kg /em?) [2—L 8.9 | 0.63 17 1.37 | 14.01 15.29 9.1 5.16 | 5.47 6.0
1-H| 12.0 | 0.4] 7 .30 | 13.70 | 14.23 3.9] 7.17 | 7.43 3.6
2—H| 126 | 0.59 12 1.23 | 18.15 | 17.54 |— 3.4 | 9.28 | 859 |— 7.4
2—-L | 1.9 | 0.61 17 1.30 | 18.66 | 19.17 271672 | 710 5.7
1-H 4.8 | 0.41 7 1.32 5.73 4.20 (—26.71 3.19 | 2.62 |—17.9
2—-H 6.0 | 0.58 10 1.33 8.03 7.27 [— 9.4} 4.37 | 4.55 4.1
2—L 6.5 0.61 16 1.41 10.71 10. 96 2.3 3.9 366 [— 8.3
Sandy Loanm{1 —H 8.0, 0.41 7 1.28 8,27 8.34 0.8 4.50 | 4.60 2.2
S =0.27 2—H 8.1 0.59 11 1.30 9.38 10.49 11.8 | 5.11 | 5.71 11.7
(kg /m?) |[2—L 8.2 | 0.60 16 1.33 | 12.18 13.16 |— 8.0 | 4.59 | 4.60 0.2
1-H | 1.2 | 0.43 7 1.20 | 11.76 | 12.47 [— 6.0 | 6.40 | 6.81 6.4
2-H| 130 | 0.62 13 1.19 | 16.95 | 17.84 |— 52| 887 | 860 |— 3.0
2—-L | 123 | 0.60 16 1.20 | 18.04 | 18.46 [— 2.3 | 6.60 | 7.13 8.0
1-H 5.7 0.36 7 1.43 7.78 7.77 12.2 | 4.29 | 4.38 2.1
2-H 5.9 0.53 10 1.35 9.67 10.42 1.5 5.47 | 5.70 4.2
Silt 2-L 5.4 0.55 14 1.54 | 11.74 11.56 17.5 | 3.85 | 4.58 19.0
Clayey 1—-H 9.3 [ 0.35 1.33 | 10.06 11. 00 10.1 | 6.45 | 6.49 0.6
Loam 2—H 8.3 | 0.49 1.25 | 11.76 { 11.75 |— 6.4 | 7.24 | 6.97 3.7
S =0.50 2—L 7.6 | 0.52 14 1.35 14.01 | 15.29 0.9 5.37 | 5.60 4.3
(kg /em?) |1—H [ 10.6 | 0.35 1.37 | 13.70 | 14.23 1.7} 7.06 | 7.29 3.3
2—-H| 10.3 0.41 1,22 |18.15 | 1754 |- 8.0 836 | 7.54 |— 9.8
2-L | 10.8 0.48 13 1.20 18.66 19.17 |— 7.6 | 7.07 7.37 4.2
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(Refer to Fig.3 for the symbols used)
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Fig, 6 Relations between Tilling Depth and Engine Power Requirement for Four Types of Soeil.

(Refer to Fig. 3 for the symbols used)
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(Refer to Fig. 3 for the svmbols used)



MEBRXABRGPEE BO% H2R 1984#F 128

Hisict
BY fRREE () @ B5Me nesla gue
< BHE BHE 212 2 4 MBSl 27
w2k Ao BERINLE Fshe ZAgke] Jepgon
EgF 247 R oh2a AL BERE e
Efiket,
Q =3. 7081 —0. 20714D +0. 08943P —2. 34355
(R?=0.95012) -++reereeenserrvrunnirenianianna. (26)
714
Q : BN fF¥ #XR(a/hr-ps)
D #&(m) (5~13em)
P #4 512 (em) (7 ~16em)
S I BERETC] 0. 2kg/om® Aeh ] B oF ByHES
(kg/em?) (0.27~0.52kg/cm?)

4. B U W

< KRS BHBERE ART 29ue B
By BHR, BT EE, SEla] 9 1 WS
o gHbot AR, WEHT Y FE R o
e BEL BE sl MR Ht, Bt B
it HWE Mt 471A BBl wiEs
o 2 FERE chgat 3] BRI

7t PTO®S| 35 % BK 523+ BHED, om)
BE AP, em), EF WEREN(S, ke/om?) o]
S7HET5 Fobshs Adko] vebutes, PTO#2)
¥y 223 (Tp, kg - m)+ o8 BRFR ¢ =g
s 22 B HEKoE #FEd 4+ ddd

Te =—9. 4646 +1. 2925D +0.50674P +-14. 499S

v PTOR:S] EQ A (¥ Eedel oyt BK
B2 HE): 1.17~1.6524 BHZfFE teHol
wtel AfFEBho] A% Ao Jebytod, Bk &
Fhatell whel zt4sle K@ #E 2o B9k 8y
HESIo] w5 Frbsle el vebutel

oh. PTO® S| (S, keg/em?) FTEE)SI(Pp, bs)
& BHE(D, cm) ETEE(V, m/sec) I +HI¥ g
ol wel Frbshe Wbl B S A (P, )7t 5
AEFE 053 gaste Ao Jepyton, ohg

s 22 HEE FERCR HEY 5 Asich
Pp=—5.2098+0. 61816D +11.578 v —0. 25837P
+7.12558
2. B HeEh -2 0.008—0. 015ps/cm?0] G0, #4
ol F7kdoll =leb Wdloizt 8 — 9am o] Akell A
+ #iksls @RS Jvebdch BHY fERER
(Q, a/ps-hr)2 BHE(D, em)3 1% MRS (S,
kg/em?) o] & 5 EEMO T M 4, BiE
A7 T4 b AL Jelyed, o5
e B HEACD #EY 4 dgich
Q =3. 7081 —0. 20714D +0. 08943P—2, 3435S

5 A X Mt

1. fhEdh 1981 8K Edelo) fH F3(Y
RSl A3 L MAME H2380 (REHR)
37~43,

2. WM. 1980. BHBER TEERS hHam
Frttoll A3 PR, AL AR UK $6 8§ 227~224.

3. &8 &3CE 4 1979 B9 xEEM
B Biede RRs mERERReSE4 (1)
1-~-23

4. BES, WEE 1981, vy Pl A}
E S| By ARSEA v A B,
BRRRESSE 6 (1), 60~72.

5. ®HILE, 1866. T + 57 20 £, ik
L OBHRtERET 9T % ST REEBILTIZT
&. 86~103.

6. WHIE=, H$FE #. 1968, e -2V 54
it h 1t L TEHH BT 2R BIRE T
# 25. 61~64

7. B 1959, m—x ) ABEFC L 5KHA
THOB B 5 RBRAUBIRE, WA KE
3(1).

8. Jun Sakai, 1977. Some Design Know-hows of
Edge-Curve Angle of Rotary Blades for Paddy
Rice Cultivation. AMA. Vol. 3(2) 49-57.





