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a. Front view of testing device
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b. Vertical view of testing device
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c. Right view of testing device
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H5E BOTEIGEREER 1455 1500 THES
1.Tension-compression sensor 2.Four-bar linkage plate 3.Limiting plate
displacement sensor  7.Chain  8.Chain wheel

4.Stubble-breaking disc  5.Mounting frame of stubble-breaking disc  6.Linear
9.Angular displacement sensor

10.Lower suspension pin 11.Lower suspension 12.Suspension frame

13.Connecting plate of profiling four-bar linkage 14.Axle shell 15.Force-measurement frame

B 1 SHEEFILEIE TAERMARRE T LA

Fig.1 Structure diagram of no-till planter soil working tool test device
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Note: 4 is contoured rod on left hinge point; A" is right on contoured rod cutter
contacts; B is by copying lever left hinge point; B’ is by copying the lever
contacts the right twist; F' is upper and lower rod force; G is suffered gravity test
device; R is working resistance of soil working member; C is install a rack
profile with four-link mechanism; D is stubble breaking devices and
rack-mounted position; H is linear displacement sensor and rack-mounted
position; 1.Angular displacement sensor; 2. Pull pressure sensor; 3.Linear
displacement transducer

B2 RHHEAALLE TR E 69 T
Fig.2 Working mechanism of no-till planter soil working tool test
device
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Table 1  Pull pressure sensor calibration data
&5 0

Pressure/N
W
Voltage/V
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[FIEE, € ol 45 i LR A% IR AR e sl A S 5 LS A
KA

200 480 570 780 1200 2180 3500 4100 4850
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HEME, ()
BRI AL RS AR S5t F R R G RO R X
f=0.7281e+0.1034. (3)
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VBRI 2 & 3HORRAS ARER SHENEESE 6H
LR RE: TR EREE S AN
1.Laptop 2.Battery 3.Data Acquisition 4.Transmitter
sensor  6.Linear displacement sensor  7.Pull pressure sensor
displacement sensor

B3 %3hEAr AL TAESRAE MR B 6 L AgR D
Fig.3  Soil bin test of no-till planter soil-working tool testing device

5.Pull pressure
8.Angular
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Note: F| is force on lever; F» is under force rod; R, is working soil resistance test
suffered horizontal component; R, is soil working members suffered measured
resistance component in vertical direction; R is tested working soil resistance
force suffered; L is force of lever arm; Ly is TEsted working soil resistance
force suffered arm; G is SUffered gravity test device; Lg. is test apparatus arm
suffered gravity; N is ground testing device suffered suﬁponive; a is test
apparatus suffered supportive arm; b is by hinging point to the vertical distance
from the center of the disk breaking stubble; ¢ 1s at hinge point B to break a
straight line from center of disc stubble; « is delta angle profiling four-bar
linkage mechanism; f is working soil resistance force suffered direction angle; O
is soi% working parts center
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Fig.4 Force diagram of testing device
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3.1.1 EAE
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Fig.6 Variation curves of stubble cutting depth, four connecting
rod angle, horizontal direction resistance and vertical direction
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Table 2 Data by test of disc residue cutting coulter

g TAEGREE fap ERikF 27 TR KP4 EER | 5w}
Number Working depth An le;; ) Force of Force of Horizontal Vertical Resistant force
h/cm g upper link Fi/N  lower link F5/N component Ry/N  component R,/N R/N
1 3.94 5.61 -928.47 1185.84 258.38 1104.35 1134.17
2 4.07 5.76 -907.50 1213.80 305.05 1099.31 1140.85
3 4.14 5.87 -746.73 1171.86 423.33 1087.89 1167.35
4 3.84 542 -1068.27 1731.09 122.37 1116.56 1123.25
5 4.42 6.25 -1159.14 1800.99 638.76 1064.1 1241.10
6 4.69 6.38 -1005.36 1682.16 673.40 1059.32 1255.24
7 4.67 6.62 -1054.29 1458.46 401.99 1130.05 1199.42
8 4.56 6.46 -900.51 1388.56 485.54 1077.56 1181.90
9 4.38 6.20 -823.62 1283.70 457.90 1064.1 1158.44
10 3.62 5.12 -1194.09 1940.80 746.71 1066.97 1302.31
J{H Average value 4.23 5.97 -978.80 1485.73 451.34 1087.02 1190.40
77 # Variance 0.14 0.24 20552.22 79851.48 38107.69 609.53 3458.91
Fr#EZ Standard deviation 0.37 0.49 143.36 282.58 195.21 24.69 58.81
AP 5 240 Coefficient variation V/% 8.69 8.22 -14.65 19.02 43.25 227 4.94
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Fig.7 Curve of cutting time and horizontal component R,
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Fig.8 Curve of cutting time and vertical component of force R,
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1.Speed control motor 2.Frame 3.Speed reducer 4.Knife disc 5.Torque
speed sensor  6.Clamping pliers 7.Base assembly 8.Pull pressure sensor
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Fig.9 Assembly drawing of cutting resistance test device with
corn residue
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Fig.10 Installation and adjustment of soil working tool testing

device of no-till planter
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Design and experiment of testing device for soil working tool in
no-tillage planter

Liu Yanfen, Lin Jing*, Hao Baoyu, Li Baofa, Ma Tie
(College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Ridge culture can slow down the runoff of rain and prolong the infiltration time of rain, it plays a role on
intercepting rain and protecting soil; furthermore, it could increase the cultivated area, thicken the soil layer which close to
crop root system, make it easy to receive the illumination, improve the temperature of ground surface, benefit growth and
promote the maturity of crops. The corn ridge culture no-till planter from Northeast China exists many problems so far, such as
too large equipment quantity, destroying ridge shape while operating, serious compaction of soil, thicken the plow pan, caused
deterioration of physiochemical properties of arable soil and fertility decline. In order to optimize the design soil work tool of
no-till planter, the domestic and overseas development states of soil work tool testing device was analyzed, and combined with
the situation of corn conservation tillage in Northeast China, the testing device of soil work tool was researched, designed and
manufactured. The testing device could be applied to different farming methods, different ridge distances and variety of soil
working tools. The testing device is a mounted device, which mainly composes of force measurement framework, four-bar
profiling mechanism, pull pressure sensor, angular displacement sensor, linear displacement sensor and soil work tool fixture.
There are two pull pressure sensors installed on and below the four-bar profiling mechanism, angular displacement sensor
installed on the axis of rotation; soil work tool fixed to the force measurement framework with linear displacement sensor on it.
It will detect the up and down displacement change of force measurement framework while testing (scilicet the change of the
entering soil depth of work tool). Given the resultant force of upper and lower link and the gravity of testing device, the
working resistance of soil work tool can be calculated. The resultant force of upper and lower link, gravity, and working
resistance meet at one point, formed a balanced system of force. The data collecting card will collect testing data, which will
be sent to computer in time. Computer software could record data accurately and display dynamic data waveforms. It can
determine working resistance (size, orientation, focus) of the soil working tool, working depth and additional weight of
machines by processing the data which obtained from test results, and provide reference for optimal design of soil working tool.
Through test the working performance of Archimedes spiral disc cutting knife which is soil working tool, concluded that
working resistance for breaking the corn stubble on the root is 1868.38 N, force direction angle is 67.66 degrees, stubble
cutting depth is 7.52 cm, the distance between line of action and center of soil work tool is 4.59 cm, the total weight of devices
and additional weight should be greater than 175.79 kg. On this basis, through analyze the time-dependent graphs of disc
cutting knife working resistance, which include horizontal component of force that against the advancing direction of test
device and vertical component of force that perpendicular to ground, obtained a mechanism that image of cutting time and
cutting resistance when disc cutting knife cutting corn stubble, which laid a foundation and experimental verification for load
specific property of no-tillage planter.

Keywords:. soils; design; mechanical testing; no-till planter; testing device; soil working tool; stubble-breaking disc; working
resistance
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