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A Forward Speed Control of Head-feed
Combine Using Continuously
Variable V—belt Transmission

—Combine Load Characteristics—
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Summary

This study was carried out to obtain the information needed in the development of forward speed
control system and the improvement of combine performance. The effects of variety, grain moisture
content and forward speed on the combine load characteristics were investigated through experiments.
The results of this study are summarized as follows.

1. A data acquisition system was developed to measure the engine speed and the torques and speeds
of the threshing cylinder, clean-grain auger and tailings-return auger. The system consisted of transdu-
cers, signal conditioner, interface board and microcomputer. The system accuracy is better than + 2.3%
full scale.

2. Linear regression equations were obtained for the torque, speed and power requirement of thre-
shing cylinder for different paddy varieties, grain moisture contents and feed rates.

3. The maximum value of relative frequency for threshing cylinder torque decreased as the increase
in feed rate and moisture content. The range of torque fluctuation was 1.2~3.7 and 1.2~ 1.9 times the
average and maximum torque, respectively. The maximum value of power spectrum density (PSD) ap-
peared to be about 11 Hz regardless of paddy variety, grain moisture content and feed rate.

4. The speed of tailings return thrower decreased rapidly at below 900rpm, and it fell to near zero
about 3 seconds after that time. When the travelling of combine harvester was stopped immediately
after sensing the overload, it took about 7 seconds for a full recovery of the no-load speed of tailings

return thrower.

1. % &R

Agy Fupedg AL deANE e A
REH SAAY HHEEA REHA L, AHHA

% B, fFtERE Mk S3dAM AF 8 77
vl F3] AP Ejo] fow, 2 AR 83}
Hol Al #s 3 Qv H2 & =58 AT
ok ¥ KE dmise Fukelel Bgol 3

* BERILBISERT IcRER R
* o+ ASTKBH REAR BRTSH



V- E SEEERE fRY aRE Sulle) ETEE WE(1)

st Jon, B¢ Tde A oM &
A &Fo] £olF A5 Ao Al2¥oe] 8 FH I
it

FUHAME FE, o Fxol, FFH) Al
oo ¢ AT Ayt =i AR, 014
243} GA ¢l ol2x &3z ok gy F
upRle] FYP&x Aof, 3} Aof, TFF A
Bl % A7 ol 34 v} glo, 53
ol} e Ao Alxd Jhel] QA T EF
AUF 4 2479 #BH BESF AvEKS R
e Agstel A% $dd vl F g FAjo)
AR, AF7AA olol i@ Al=7t giich

FulRle] IAAEL A71F o2 Aol mpa
3, Be QS &3 Fujrt 598 B9 ofy
2}, A BAT A 2HE 5770 285 7] g
o e A2 X} w2 g Hol T YRE TS
o] &g ol g2 ASHY Boe vpol 2 FF
HE o] &3% dAE Aol 48L 533
=d B} F&3Folg ¥ 4 Ut

5 Agy Fupgle] #8 Sl Fa8 A
T BTheE ¥ 3% HEHHERY EIE
LE AT L5 F EA B 44 €39
Ao #£8A Y NLFe AT E & F A,
ol B o ds L A¢ I7AR &
g ick 2y Fugl e F9, o 3, g, A,
A AR F 7150 A2 g8 FEER 2%
slof A3, By iR EEd A9 3lae
3t V-ETL o] A& FAA 7847
© #HEHRoIER o] FE A= 9
L s B3g Aoz gadr.

watA o] AFoMe Fulgle EFAE A
AL AT Bh Mtk A2de NLEta, olg
o] 83l FF, ¥5E, FF L] FulY AFH

Mol v Ae 4 dYFo e FERoEHN

4% PR AFHE A% 712 ARE Q1A
STk,

2. #H H FiE

7t AEEE|

Adoll AL 8 ST 3R Su(eE
MC1950) ol e, ZF AlA F-&& 93] oo
 Zo] FY F2AAY d5-& B3

A9 #EEe 99 1H9% 77 99
fROM o3 FEHEE Hol glev, ¥ =
g o)EF (013 1MF) Y EaE FA3Y) A5
o FTW 3 FLE 2719 EE FF3)
o, o] FY7 V-EEE F3ho Bz Zy Yol
FAE dze FUE 1% ET9] B4F0)
LEFRE TEAIESE s olwf Z} F9]9
AEdde HYAH FIHA

Lt ZSYEX|

1) E3 =3

€355, 1%, 29 393%(0l3 29%) B
AE A8 A3t & o) 2EHQ Ao
A& AT B3 BHRBE A LA BAT
K 290] 02E7I H=8 F&7]9 FiBE 2
A3ln, gATe S E ol 83t EaE /HHE A
Hr|2 R 285 e A0 €9, 57,
A/D ME71E AA vloj a2 P FE o Y=
£ 3o RIERE Ak

E1& &% 434 FA3g Jeld Zlon, Ex
WS QA= 51 BN +0.65~+2.
30% FSelsich

Table 1. Regression equations obtained from the calibration curves for torque transducers.

Ttems Regression Coeff. of Accuracy
equations determination (% FS)
Threshing cylinder Y=1279 X 0.9993 + 2.30
Clean-grain auger Y=50836 X 0.9999 +0.66
(1st auger)
Tailings return auger Y=5.1427 X 0.9999 + 065
(2nd auger)
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Table 2. Estimated error of the speed measurement.

Rotary encoder Max. Time Accuracy
Items resolution range base (% FS)
(pulse/rev) (rpm) (sec)
Threshin, 200 470 1.0 +0.13
cylinder
Ist auger 0.1 +1.28
2nd auger 100 1400 1.0 +0.09
0.1 + 0.86
Engine 100 2700 1.0 +0.04
0.1 +0.44
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Table 3. Details of the experimetal design and agronomic data of the paddy used.

Varieties Chuchung Samgang
(Japonica-type) (Indica-type)
'88 ' 89 " 88 " 89
Exp. date Oct.18 Oct.21 Oct.17  Oct.23  Oct.27 Oct.17 Oct.17
Moisture Grain 17.7 16.6 220 17.0 155 16.2 19.2
(%?t\g.rll)t) Straw 55.0 46.6 67.8 494 474 48.3 66.3
Forward speed 0.31~0.66 0.42~0.66
(m/s)
(Feed rate, kg/h) (545~1270) (775~ 1590)
Investigated Torque (N—m)
items Speed (rpm)
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Table 4. Regression equations for representing the load characteristics of threshing cylinder:

Vaireties

Chuchung (Japonica-type)

Samgang (Indica-type)

Average torque (N—m)

speed (rpm)

Tc=—60.269+0.075 FR

Rc=473.1610—0.1067 FR

Ts=—19.124+0055 FR

+2.431 GMC
(R*=0.9277) (R*=0.9543)
Rs=460.1470—0.0093 Fr
~—0.5948 GMC
(R*=0.7992) (R*=0.4096)
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