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Abstract

In order to analyze the effect of sensor structure on the character of grain impulse response, 3-D models of grain

detecting sensor were established and their vibration modal were simulated by using software SolidWorks. It was found that

the dimension of the upper panel was an important factor which influenced the modal nature. With the increasing of upper

panel width b, its natural frequency f monotonically increased, and its relative deformation ratio y quickly decreased at first

and then decreased to a constant value gradually. With the increasing of thickness h, monotonic increasing tendency of f°

and y was received. Then, experiments were carried out by assembling the sensor on a support stand which fixed on the

vibrating cleaning sieve, the results showed that the sensor can identify grain impact signal effectively from vibrating noise.

The time band of grain impact signal acquired using sensor with b of 30 mm width was less than 2 ms which was much small

than the signal acquired using sensor with b of 120 mm.
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Introduction

A combine harvester is a common and well-known
machine for harvesting crop materials. It performs the
basic functions of reaping crop materials from a crop
field, separating the grain from the materials other than
grain ( MOG) and cleaning the grains. Grain loss is
harvester during field

unavoidable for combine

operation, mainly including cleaning loss and

separation loss ' ">, Grain loss ratio is a key technical
index for evaluating the operating performance and also
is the basic design criteria of combine harvester. With
the improvement of automation level, there is an urgent

"4 The

core problem is to research the corresponding detecting

need to develop a grain loss monitor system

sensor, and many scholars are working hard on it in
recent years e

The piezoelectric PVDF film as a new polymer
piezoelectric material has a good sensitive to weak
impact and acceleration. It became a research topic in

recent years because of its advantages such as higher
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sensitivity, higher thermal, chemical stability, and
flexible structures "', By using PVDF films, a floating
raft structure sensor for grain loss detecting of combine
harvester and constructed signal processing circuit will

[8~11]

be developed In this paper, study will be

carried out for optimization of the sensor structure.
1 Model Description of Sensor

The paper selected piezoelectric PVDF films of
50 wm thickness as the material which were adhered on
the upper panels, and their piezoelectric constant was
25 pC/N .

surface due to grain impact, two PET protective films

To avoid the scratching of electrodes

(0.1 mm thickness ) were adhered outside the
electrodes. Upper panels were bolt connected with the
bottom panel. The dimensions of the bottom panel were
length of 150 mm, width of 120 mm, materials of upper
panels and bottom panel were both stainless steel. In
order to reduce the effect of combine harvester’s
vibration on monitoring accuracy, two 4 mm thickness

damping sponges were adhered between the bottom
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panel and the parallel foundations. Because the

selected PVDF film was flexible and lightweight, so its
effects on the structural mechanical properties of the
sensor could be neglected.

Based on the transverse vibration theory of thin

plate, forced vibration differential equation of the panel

[12]
was
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where , w—Tflexibility function

(2)

p—mass density, kg/m’

D—bending rigidity, N/m

E—Young’s modulus, GPa

pu—Poisson’s ratio  h—thickness, mm
F—excitation load, N

Considering the fact that impact signal of seed was

slight, and its impact resonance frequency and

deformation were greatly influenced by the dimension of

the upper panels, in order to increase the response
speed and sensitivity, upper panels with different size
were used to construct an array structure, and each
array unit had an individual signal process circuit
which composed of a charge amplifier, band-pass
filter, envelope detector, absolute value amplifier and
square wave generator " . The upper panel dimensions
were length a of 150 mm, width b of 25 ~ 120 mm,
thickness h of 0.5 ~ 1.5 mm, the material properties
used in the analysis were: Young’s modulus E =
70 GPa, Poisson’s ratio w = 0.27, mass density p =
8 000 kg/m”’.

using SolidWorks were presented in Fig. 1.

Typical models of such sensors created

Fig.1 Models of sensor

2 Modal Analysis and Discussion

2.1 Modal Analysis
LS-DYNA was used in this study for finite element
modeling and computer simulations. Finite element

results were obtained from a baseline FE model.

Higher and lower mesh densities had also been used to
check the convergence of the equilibrium path and the
sensitivity of the onset of the secondary bifurcation. No
significant difference was found. Fig.2 gave the first

mode shapes of the different upper panels.

(© )
Fig.2  Structural deformation graph of upper panels
(a) b=30 mm (b) b=40 mm
(¢) b=60 mm (d) b=120 mm

It can be seen from Fig.2 that structural
deformation of the upper panel was non-uniform, the
maximal deformation was generally appeared in the
center of the panel, and it became smaller where near
the bolted points. So PVDF films should be adhered in
the center of upper panels to improve the grain impulse
response. In order to describe the effects of width and
thickness on panel deformation, a coefficient of relative
It reflected the
different

deformation ratio 7y was defined.

maximal  deformation of panels with
dimension.
2.2 Model Geometry Effect on Modal Behavior

Fig.3 was the variation surface of y. With the
increasing of width b, y quickly decreased at first and
then decreased to a constant value gradually. With the
increasing of thickness h, a monotonic increasing
tendency of y was received.

Fig. 4 showed the effect of width b and thickness h
on the first natural frequency f. It can be seen that f
almost linearly increased with the increasing h, and
monotonically increased with the increasing of 5. When
upper panel width b and thickness h were varied from
25 ~120 mm and 0.5 ~ 1.5 mm, modal analysis
results showed that the first natural frequency f was in
the range of 100 ~500 Hz. This value was close to the
loss grain falling frequency and the upper panel can

have a good response to grain impact.
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Fig.4 Effect of width and thickness on the

first natural frequency

Detecting frequency and sensitivity were the most
two important targets of a sensor. The higher resonance
frequency can improve the response speed of grain
impact and the sensor detecting frequency. The greater
deformation can improve the

sensor  detecting

sensitivity. So, taking the effects of y and f into a
comprehensive analysis, four 30 mm x 150 mm panels
with thickness of 1 mm were used to construct an array

structure sensor.
3 Experimental Results

The sensor was mounted at the rear of vibrating
cleaning sieve for the grain cleaning loss measurement

of combine harvester (shown as Fig.5).

When combine harvester operated with working
parameters, the sensor vibrated at a same frequency
with the cleaning sieve. Grain ejected from the rear of

cleaning sieve and impacted on the upper panel, an

electric charge and voltage was generated on the
electrodes of PVDF films.

grain impact signal was recorded by digital oscilloscope

After signal processing,
with sampling frequency 15 kHz. The results were
shown in Fig. 6. Signal amplitude of high frequency
vibration interference can be suppressed below 1.0 V
and signal voltage amplitudes of grain were mainly in
the range of 2.0 ~4.0 V,

signals were generally less than 2 ms,

the time bands of grain
therefore
threshold voltage of comparator was set to 1.5 V and
grain impact signal can be clearly identified.

4
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Fig.6 Output signals with b =30 mm

Similarity, experiments were carried out using the
another sensor with upper panel width 6 of 120 mm and
thickness h of 1 mm. Grain impact signal were shown
in Fig. 7. Because the natural frequency was higher, it
leads to a longer resonant time.
and Fig.7,
amplitude,

Comparing with Fig. 6
it can be found that under the same voltage
the signal time band can exceed 10 ms,
which will reduce the measurement velocity of sensor.

4
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Fig.7 Output signals with b =120 mm

4 Conclusions

(1) In this study, PVDF films were applied for

developing grain detecting sensor for combine
harvester. Based on the vibration modal analysis of 3-D
the width & and thickness h of the

upper panel effect on grain impact resonance has been

sensor models,
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the
frequency f

received which can be summarized as: with

width b,

monotonically increased, relative deformation ratio 7y

increasing  of natural

quickly decreased at first and then decreased to a
With  the
thickness h, f and y both presented an increasing

constant value gradually. increasing of

by mounting the sensor to the cleaning sieve of combine
harvest and the results showed that the sensor can
identify grain impact signal effectively from vibrating
noise, and the time band of grain impact signal
acquired using sensor with b of 30 mm width was less

than 2 ms which was much small than the signal

trend.

acquired using sensor with b of 120 mm.

(2) Grain detecting experiments were carried out
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