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Design and Application of Performance Test Bench for
Rotary Tiller Components

ZENG Rong'? LI Dongdong'®> ZHU Yinghao'> XIA Junfang'’
(1. College of Engineering, Huazhong Agriculiural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Multi-factor and multi-level machine-soil interaction experiment is the basis of structural
design and determination of optimal working parameters for rotary tiller components. Existing indoor soil-
bins have the disadvantages of backward control and measurement methods and inconveniences in
replacement of blades rollers. At the same time, the problems of uncontrollable soil environmental factors
exist in field experiments. In view of the above problems, a special intelligent test bench for performance
test of rotary tiller components was presented, and its design principle, control mode and measurement
method were expounded. The test bench consisted of a test trolley and a track system. The test bench was
composed of the test trolley and the track system. The test trolley integrated the functions of rotary tillage ,
soil leveling, soil compaction, and tillage depth adjustment. With relatively independent functions, the
test bench can realize rapid replacement of rotary blade rollers. The track system was assembled by
multiple sections, for which the total length can be expanded, the height can be adjusted and the position
can be moved. Electric drive mode was adopted in driving, rotary tillage, and tillage depth adjustment of
the test trolley. Taking PLC as control core, radio frequency LoRa communication control technology was

used to achieve wireless control input, which guaranteed the convenience in operation and maintenance of
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the test bench. The debugging results showed that the forward speed, rotary tillage speed and tillage
depth can be adjusted continuously, which were in ranges of 0 ~ 1.17 m/s, 0 ~ 340 r/min and 0 ~
30 c¢m, respectively. Multi-measuring functions were completed in the test bench, such as forward speed,
working torque, rotary speed, and power consumption. The test channels were designed to be extensible.
What’ s more, wireless data transmission mode was adopted to realize wireless connection between sensor
data and computer. Power consumption experiments of rotary blade rollers were carried out on the test
bench. Taking forward speed, rotary speed and tillage depth as the experimental factors, and power
consumption as experimental index, the rotating perpendicular combination experiment was conducted on
standard rotary blade roller. The effects of the three factors on power consumption were studied and the
In addition, the

comprehensive experiment was carried out on combined rotary blade roller with the index of power

regression ( equation ) of the experimental index and factors was established.

consumption, and the effects of width and installation angle of the helical blade were analyzed. The above
experiments verified that the presented test bench can meet the requirements of multi-factor and multi-
level experiment, and the good adaptability to different rotary blade components.

Key words: rotary tiller components; performance test bench; control system; test system; power

consumption experiment
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Tab.1 Performance parameters of test trolley

ZH HH
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BE B/ kg 1 000
72| WK ) 2 F/ kW 3
JEBE 9K 2 2 F/ kW 11
HEGR R 1 0K 3h 2y %/ kW 2.3
BN ERE/ (m-s ") 0~1.17
e B J1 4R/ (remin =) 0 ~340
BEVE TR BE T U/ em 0 ~30
L VR 1815 5 L/ em 0-~15
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Fig.5 Flow chart of logical control
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Tab.2 Performance parameters of measurement system

I P fiE 2 5L
W A 55 7B — - - — — —
= R A H A CH) Rk KA AT R BRIERS
5~ 15 kHz($f1%)
75 440 1 IR s CKY - 810 500 Nem +0.5%FS +15V(DC)
60 pulse/r( 55 )
TiE s 4 1t 2% E6B2 — CWZ5B 12 ~24 V(DC) 1 000 pulse/r
LK P LA NI cDAQ —9184 10 ~30 V(DC) 4
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NI 9361 . V(i’}:) LAt 1 MH, 1 MH, 8
e 4L ST AR | Vi
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NI 9205 HLAE $ 1t 250 kHz 32
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Tab.3 Coding of test factors

i 14 )4 e ke WHER 1 Hij 3
x,/(r-min’]) x,/cm x3/(m-s’1)
1. 682 300 18. 00 1.00
1 284 16. 38 0. 88
0 260 14. 00 0.70
-1 236 11.62 0.52
-1.682 220 10. 00 0.40

x4 HBRTEER

Tab.4 Experimental design and results

s ZES PEML e Py /KW

FYX4 X Xy BIW B2 B3R FHE
1 -1 -1 -1 1.909 1.993 1.954 1.918
2 1 -1 -1 2.827 2.760 2.575 2.721
3 -1 1 -1 5.788 5.634 5.958 5.793
4 1 1 -1 4.470 4.849 4.593 4.637
5 -1 -1 1 2.163 2.032 2.244 2.147
6 1 -1 1 3.946 4.167 4.267 4.127
7 -1 1 1 5.912 5.825 6.078 5.938
8 1 1 1 7.096 7.369 7.656 7.373
9 -1.682 0 0 3.148 3.212 3.409 3.256
10 1.682 0 0 5.398 5.178 5.025 5.200
11 0 -1.682 0 2.607 2.803 2.694 2.701
12 0 1.682 0 6.331 6.543 6.428 6.434
13 0 0 -1.682 2.537 2.649 2.950 2.712
14 0 0 1.682 5.284 5.370 5.695 5.450
15 0 0 0 4.103 3.875 3.955 4.178
16 0 0 0 3.696 3.694 3.803 3.731
17 0 0 0 4.131 4.239 4.218 4.196
18 0 0 0 3.611 3.739 3.831 3.727
19 0 0 0 3.694 3.794 3.861 3.783
20 0 0 0 4.017 4.295 4.216 4.176

iz ] Design-Expert £ Xf 3% 4 il 56 &8s oE 47
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P, =3.96 +0.46X, +1.4X, +0. 67X, -
0.31X,X, +0.47X,X, +0. 16X,X, +

0.097X7 +0.22X; +0. 045X; (5)
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Tab.5 Variance analysis of regression equation

FERW FHM O AmE HHEM F P
MR 39.28 9 4.36 25.99  <0.0001""
X, 2.94 1 2.94 17.48  0.0019*
X, 26.73 1 26.73  159.19  <0.0001**
X, 6.09 1 6.09 36.28  0.0001**
X, X, 0.78 1 0.78 4. 67 0.056 1
X, X, 1.77 1 1.77 10.57  0.0087*
X, X, 0.19 1 0.19 1.16 0.307 6
X; 0.14 1 0.14 0.81 0.3895
X; 0.68 1 0.68 4.05 0.0720
x? 0.03 1 0.03 0.17 0.684 8
% 1.68 10 0.17

e 4l 1.39 5 0.28 4.83 0.054 3
iR 0.29 5 0. 058

S 40.95 19

T e R 22 B3 (P <0.01)
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Fig.9 Combined rotary tillage roller and experimental
helical blades
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Tab.6 Experimental design and results

G JI%E b/mm  HA o/(°)  IhEE Py/kW
1 25 25 4.475
2 25 35 4.084
3 25 45 3.711
4 25 55 3.900
5 30 25 4.914
6 30 35 4.238
7 30 45 3.819
8 30 55 3.906
9 35 25 5.061
10 35 35 4.344
11 35 45 4.080
12 35 55 4.052

X bR g kAT 2 i LA R 2 X
SRR R AEA SR B UG TR
P, =4.018 +0. 113 7b -0.568 20 +0. 018" —
0.037 3856 +0.220 16° +0. 106 1670 +
0.683 6b6° +0.077 46 (6)
AE S JI 98 4 % A By A il T an 1 10 f s .
H AR BN, e iR 25 17 07 fl 5 3 5 AR
435124 0.004 569 % 0.047 59, #4438 F 0; & &
B R E R BT A 0.997 7 F10.988 3, 144
T L, BER G ROR BT, 005 J7 72 6B 98 4 1A Th 46
B ] T 5 2 % A Z 1A AR AL

THEP,/ kW

35

0
25 yed!
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Fig. 10  Fitting surface
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