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Background

« Soil compaction is one of the factors often
limiting crop yield

» Measurement of soil cone penetration is the
most popular way to estimate the level of
soil compaction today

 The instrumentation for measurement of
soil mechanical impedance on-the-go has
potential to be useful for site-specific soil
management

Previous Design

Tool Bar

Travel Direction
———

Strain Gage

200 mm M

Field Test Farm Progress
] 7 Show Site (1998)
(Tipton Co, Indiana)
Highly
Compacted Area
(Low Yield)
- Boundary
Seil Resistance (Ibf)
<650
_Normal 850 - 699
Soil Conditions —_| [ 700-749
High Yiel 750 - 799
(High Yield) ; e
2 ] = 500 Feen +

Objectives

» Develop and test a prototype system for
estimation of soil impedance by measuring
the degree of bending of a vertical smooth
blade while it is pulled through the soil

 Use an array of strain gages to differentiate
soil resistance at various depths

» Use GPS and standard mapping software to
create multilayer soil resistance field map
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Vertical Smooth Blade
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Analytical Solution

g - strain, um/m
p - superposed pressure, MPa
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Laboratory Calibration
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Analytical Solution

¢ - strain, um/m
6 Yab p - superposed pressure, MPa
i p E - module of elasticity (207 GPa)
Zz 2 p a - distance between sensors, mm
E b‘g h(g b - thickness of the blade, mm
h - length of the blade, mm
Y - arm of the bending moment, mm
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Analytical Solution
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Numerical Solution

ANSYS Graphics.

Initial Field Test

Field Test

*‘1:_; Purdue Agronomy

[ Research Center

Field 34 East
(08/30/99)

1000 ‘ : ‘ ‘ ‘
goo | Lt 29 gy g
gear gear ear ear
2 600 {4 g gea .
2 vertical Strain 1
3 400 ‘ ——Strain 3
8 2001 —Strain 6
(]
——Strain 7
g 0 i rain
-200
-400 + +
0 100 200 300 400 500 600
Time, s
Individual Field Pass
5 v
4.5

2 oo b =S (25-30 cm)
ofe L]
=S (15-25 cm)
S (0-15cm)

B

e C(25-30cm)
e C(15-25cm)

Soil Resistance, MPa
N ¢
N o
L
S
(]

L]
15 e YRRV AL\ C (0-15 cm)
1 e==Turn Around
0.5 14
0

0 30 60 90 120 150 180

Distance, m




Conclusions

Vertical smooth blade can be used for
differential soil resistance measurement
Analytical and numerical solutions showed
similar results, and laboratory calibration
was done with R?=0.99

Field test showed that vertical blade allowed
measurement of integrated soil impedance

Determination of top soil resistance is the
most problematic (sensitivity is below 40%)

Future Development

« Investigation of higher range strain gage
measurements

« Modification of crop residue cutting
mechanism

» Improvement of data acquisition system
(reduce noise)

 Additional field experiments (compacted
versus loose soil)

» Comparison of field data against high
density cone penetrometer readings
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