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Effects of Defect Factors of Combine Header on Cutting Speed of Combine Header,
Feeding Depth of Straw, and Cylinder Speed of Thresher

Y. J. Kim C. H. Choi J, H. Mun

Abstract

The purpose of this study is to analysis effects of defect factors of combine header for cutting speed of combine header,
feeding depth of straw, and cylinder speed of thresher. Measurement system for defect factors was consists of sensors to
monitor the combine operation and VO interface to convert the signals. Cutting speed of combine header, feeding depth
of straw, cylinder speed of thresher were measured and analyzed. The data were collected from three paddy field during
rice harvesting. The tests were conducted at different grounding speeds, lug troubles, and cutter condition. The one way
ANOVA and the multiple comparison tests were performed. The results showed that the measured data were useful to
monitor the defect factors of combine during harvesting. The faults conditions of grounding speeds, lug troubles, and cutter
conditions affected cutting speeds, feeding depths and cylinder speeds of the combine. The data seem to be useful to
analysis the faults conditions of combine header.

Keywonds : Defect factors, Cutting speed, Feeding depth, Cylinder speed
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Fig. 1 Schematic of cutter system.
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Fig. 2 Measurement of cutter speed by driving shaft of combine header (Left : driving shaft, Right : installation of encoder).
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Fig. 4 Correlation between feeding depth and measured depth.

Fig. 3 Measurement of feeding (left) and measured depth (right).
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Fig. 5 Measurement of cylinder speed (Left : driving shaft, Right : installation of encoder).
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Table 1 Specifications of embedded module for /O interfacing

Signals | Module Description

Denth - 4 isolation amplifier

6 P al SCXI-1121| - 0.15 mA excitation, Lowpass filter(4 Hz,
& 10 kHz)

RPM - Up to 32 bit counter/timers
. PXI-6602 .

signal - 80 MHz maximum source frequency

- 1.2 GHz celeron processor

Controller| PXI-8I85 | 10/100 Base ethemet, USB/RS232C port
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Table 2 Agronomic data of paddy used in the test

Paddy data (Average)
Variables Chuchung
’06 Oct. 19|06 Oct. 30’06 Nov. 18

Standing angle (°) 80.5 76.3 652
Total length (mm) 851 855 854
Panicle length (mmy) 18 18 19
No. of straw per hill 16 17 17
No. of grain per straw 97 94 93
Moisture contents (%, w.b) 37.6 30.5 31.0
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Fig. 6 Rug condition used for the test.

(¢) Broken cutter

Fig. 7 Cutter condition used for the test.
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Fig. 8 Schematic of experimental design in the test.
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Table 3 Statistical data of measured values

Measurement
Max. Min. Avg. Std.

Variables

Cutter speed (m/s) 0.85 0.81 0.84 0.03

Feeding depth (cm) 521 4.95 5.12 0.14

Cylinder speed (rpm) 518 501 509 451
[§]
i £
R 2
£
£°
E ol A Teeding depth
& Calculated feeding depth
1r —— Measured depth
0 &
0 5 10 15 20 25 30 35 40 45
Time, s

Fig. 9 Prediction of feeding depth during harvesting.
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Table 4 Statistical data of measured values by standing angle

J. of Biosystems Eng. Vol. 32, No. 5.

Data Variables
Condition Level Cutter speed (m/s) Feeding depth (cm) Cylinder speed (rpm)
:’;Z:“(‘% 80.5 763 652 (:j;) 0.5 763 652 (Z‘i’g) 0.5 763 652 (Zi‘g)
0.0 Avg. 058 057 057 057 515 510 513 513 513 516 515 515
Std. 002 003 002 002 012 013 014 013 369 421 420 403
GT°“n‘ﬁng Ave. 084 083 084 084 512 509 516 512 508 510 509 509
S(I:j,es) 085 Std. 003 003 003 0.03 013 0.3 015 014 416 469 468 451
s Avg. L2 112 111 112 500 515 510 5.1 471 475 4T3 4T3
Std. 0.04 004 004 004 014 015 014 014 377 428 426 410
0 Avg. 084 084 084 0.84 512 511 512 512 510 510 509 510
Std. 003 003 003 0.03 012 012 013 012 417 522 466  4.68
' Avg. 083 084 084 084 511 510 508 510 510 511 510 510
Lug troubles Std. 0.03 003 003 003 018 018 021 019 417 522 469  4.69
(Number) Avg. 083 083 082 083 512 505 499 505 512 516 518 515
Std. 0.04 003 004 0.04 023 027 030 027 418 471 471 453
; Avg. 085 084 084 084 511 495 487 498 512 523 524 520
Std. 003 004 003 003 025 031 035 030 473 526 578 526
Nomal Avg. 084 083 084 084 512 512 513 502 509 510 509 509
Std. 004 004 004 0.04 011 013 012 012 415 470 416 434
Cuter Avg. 0.65 065 066 065 513 511 513 512 511 509 509 510
condition Std. 003 003 003 003 013 015 013 014 467 418 470 452
Broken Avg. 084 085 084 084 354 357 350 354 520 521 521 521
Std. 004 003 004 0.04 016 017 017 017 422 423 368 404
o7 AY&To| wet AASIGITE B3 A& e 2 ol zto] HolApR wkd Tl Pasty EEdAte| olg
o] B AULr ke ), garEe] slAsel ¥82 WEAS(Coefficient of variance)E SVt Q7]H I &
Aol BAGle] GAFe Wole] Wzt U EFWAS Holm g ¥ £ A MR dYHE WY gl 9FE
et X g 4 5 Uk EL*EA A Gre Q7E 1Y
Q17)8)19) s¢to] 73] we) o) B AvEEE 9 Q5] wE uky FA9] el WEt 510 pm,
o} 0.84 misE SAHANL TALA BAGO] FAE W 510 rpm, 515 1pm, 520 pmEE TSI
o] H ¥ XFAXE Holu Qtt. vkE FAE 19 10 Zhdo] Abglef| e P dus s A4 2l v 7
3} go] irzte] I ol 17|12 vhel] #AGle] wo] A% 0.84 misE SO oA A 0.65 m/sE
AV MolZ Holm glon} oly]e| 19 mkto] Zlstn W AnkE Kol ik W FAle A4 Add) o4

53
w»
E 51 g
§ \4§:
49 5
g :
3 2
w47 —a—80.5 8
—— 763 O
—a—e52"
4.5 —t
0 1 2 3

Lug troubles, number

15

6.0

45 |

L I
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Fig. 10 Feeding depth and Coefficient of variance by lug troubles and standing angle.
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Table 5 One-way ANOVA and LSD classification for experimental condition

Variables
Condition Level Cutter speed (m/s) Feeding depth (cm) Cylinder speed (rpm)
F-value F-value F-value
M LSD
(Pr>F) Mean LSD ®r>F) Mean LSD Pr>F) can
0.60 0.57 5.13 - 515 a
Grounding speed 5855.5 0.22 617
. .84 . - 50 b
(m/s) 085 (<.0001) 038 b (0.20) 312 (<.0001) o
1.13 1.12 c 5.11 - 473 c
0 0.84 - 5.12 a 510 a
Lug troubles 1 022 0.84 - 736 5.10 a 8.17 510 a
(Number) 2 (0.15) 0.83 - (0.05) 5.05 d 0.03) 515
3 0.84 - 498 d 520 d
N* 0.84 5.12 a 509 a
Cutter 674.75 670.80 1.90
condition L <ooory 6 b (<.0001) S12 a (0.33) 310 &
0.84 a 3.54 c 521 c

* N : Normal cutter, L : Loosened cutter, B : Broken cutter
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