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Design and Experiment on Improved Cone Penetrometer
with Embedded Force Sensor
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(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China

Meng Fanjia' Sun Yurui' Wang Congying'

2. School of Technology, Beyjing Foresiry University, Beijing 100083, China)

Abstract; With the aim to preclude the effect of penetration friction component ( PFC) between the
penetration shaft and surrounding material during a penetration process, an improved cone penetrometer
with a mini force transducer embedded in the cone tip was developed. This kind of cone penetrometer
could measure the density of soil and silage correctly. The results showed that the effect of PFC could be
negligible in the two kinds of soil samples. But during the density measurement of the two different
PFC accounted for 32.56% and 34.05%

measurement value of force sensor. When there was no resistance on the cone, the measurement value of

density chopped maize samples, respectively in the

embedded force sensor was zero, whereas the measurement value of force sensor were about 110 N and
280 N. Appreciable error was found in the original test results for chopped maize.
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Fig.1 Schematic diagram of structure of sensor
LEAEF 2.3870 3. 54K 4918480 5. FLRTL 6. BEm RS
MEAS R 7. ONmURE G R AE o 8L sk 9. RISk
N 2 R A TR 7 AR T AR I A R B B 2 kA
AL, L R R A S Ui A
(R +R,)(Rs +Ry) = (R; +R,) (R, +Ry)
" (R, +R,+R,+R,)(R, +R, +R, +R,)

A
&
&

O

U
2 I AR
Fig.2  Wheatstone bridge
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Fig.4 Layout of control system
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Fig.5 Layout of calibration system for mechanics
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Fig. 6  Calibration result of force sensors
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Fig.7 Dynamic calibration results of two sensors
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Tab.1 Information of samples
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Fig.8 Layout of

experiment system
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Fig.9 Results of experiments in sand and loam samples
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Fig. 10  Correlation analysis of results of experiments

in sand and loam
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Fig. 11 Results of experiments in silage samples
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Tab.2 Statistical results of chopped maize samples
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