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ABSTRACT

According to the disadvantages of former shearer cutting load measuring method and its low anti-
interference ability, this paper proposes a new shearer cutting load measuring method based on the current
spectrum. On the basis of load analysis of shearer cutting unit drive system, the theoretical models are
established between cutting load and cutting motor current. Simulated load test to the electric haulage coal
shearer on the motor load simulation test bed in Xi‘an Coal Mining Machinery Co. Ltd Electrical Branch,
and using the wavelet analysis theory to do wavelet decomposition and reconstruction on the test data. On
load analog signal and the current reconstruction signal performed a time-frequency analysis. The results
show that: (1) Cutting current signal in the time domain lags behind the cutting load change. In the
frequency domain the two are corresponding relationship and has a very strong correlation. The correlation
coefficient is 0.8853. (2) Current RMS signal reflect the cutting load change that mainly concentrated in the
t frequency band less than 10Hz. Hence, it is not easy to be interfered by the power fluctuations and coal
impact. The frequency of MG900/2210-WD is 1.63Hz. (3) The wavelet decomposition can effectively filter
the current signal in the high frequency interference. After the reconstruction of wavelet, low frequency

current signals can be got easily.
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1. INTRODUCTION

How to accurately inform the cutting load
changes in the shearer working process is the
important guarantee to prevent mechanical and
electrical components of shearer to be damaged,
realization of adaptive high and automatic control
of shearer and achieve the target of less humanized
and unmanned on coal mining face. In the past the
domestic and foreign scholars has done a lot of
research on the cutting load measurement. The
main methods can be divided into: Cutting tooth
stress analysis and force analysis of rocker arm
cylinder. In the cutting tooth stress analysis, early
in the last century 80's , Britain began to study
roller height adjustment system based on the stress
of cutting teeth (Pick force Steering System).
P.E.Issoire proves its feasibility and reliability in
his research test in the University of Bath [1]-[3].
Then the U.S. Bureau of Mines researched deeply
on the methods, and use adaptive identification
algorithm to process data of cutting tooth stress [4]-
[6]. But because the strength of cutting teeth is not
enough and signal output problems, the system has
been in the research stage and has not yet reached
the requirements of industrial production. Professor

Chen Yankang from Taiyuan University of
Technology of China did the shearer stress analysis
test on the false coal wall [7], put forward the
theory method. But there was no mature product
until now. In the terms of stress analysis in the arm
cylinder, Chongging University, Lei Yuyong had
put forward the control idea based on cylinder
pressure. The principle of this method is that the
different cutting load will result in different
hydraulic pressure of the height adjusting oil
cylinder [8]. But because of the position of the
rocker is different, the height adjusting oil cylinder
pressure caused by the same cutting load will be
different. And there is a need to transform the
hydraulic cylinder of the rocker arm. So the method
doesn’t have enough practical value. For the
shortcomings of previous methods, the paper
proposes the shearer cutting load measuring method
based on the current spectrum. The method
analyzes and processes three-phase current of
cutting motor directly without changing the
mechanical parts of shearer. And compared with
the force measuring sensor, the current sensor is not
susceptible by the vibration of fuselage and impact
of coal, which enhances the robustness of the
system.
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Section 2 gives a load analysis of the shearer
cutting unit. In section 3, we get the relationship
between cutting load and cutting current. Section 4
shows the test platform of this paper. Section 5
gives the parameters selection of load simulation.
Section 6 analyses the current signal in the time-
frequency. Section 7 reconstructs the cutting
current signal using wavelet the theory. Section 8
analyses the correlation of the current signal and
cutting load. At last, section 5 gives a conclusion to
the whole paper.

2. LOAD ANALYSIS OF CUTTING UNIT

As shown in figure 1, its diagram of drive system
of shearer cutting unit mainly includes the AC
asynchronous motor, coupling, bearing and gear. In
addition to the cutting load, the drive system also
has the system inertia load and system friction load.
The system inertia load includes motor inertia, gear
inertia and load inertia. The friction load system
includes bearing friction load and reverse
electromagnetic force load. Therefore following
equation can be achieved:

T -39 7 1 1)
dt

Where T, is the motor torque; J is the system
inertia; w is the motor angular velocity; Ty is the
system friction torque; T, is the cutting load torque.

Figure 1: Transmission System of Shearer Cutting Unit

In the case that the motor speed is constant, then
the dw /dt = 0, the equation (1) can be simplified to:

T, =T, +T, )

3. THE THEORETICAL MODELS OF
CUTTING LOAD AND CURRENT

Firstly, we establish the mathematical model of
asynchronous motor. Here make the following
assumptions: (1) A stator and rotor three-phase
winding are completely symmetrical, the magnetic
potential in the gas gap space meet sine

distribution. (2) Not consider the influence of iron
core vortex in the stator and rotor, saturated and
hysteresis loss. The self-inductance and the mutual
inductance of each winding are linear. (3) This
paper ignores the effect of frequency and
temperature on the motor parameters [9]-[10]. The
equivalent circuit of asynchronous motor according
to the magnetic field direction of the stator under o-
B coordinate is shown in figure 2.

Figure 2: Vector Equivalent Circuit of Asynchronous
Motor Under - Coordinate

In figure 2, Ry, is, ys, Lg, U are the resistance of
stator, current, flux, leakage inductance, voltage
vector. Ry, iy, wy, Ly, Uyg are resistance, current,
flux, leakage inductance, voltage vector which are
converted from the stator. L, is mutual inductance
of the rotor; w, is the speed of motor. Flux equation
of asynchronous motor under a-f coordinate:
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In this equation! Ysar Wspr Yrar Vip ism is[)’a ima il’[)’a
respectively, the stator flux, rotor flux, component
of stator current, component of rotor current in the
a- axis and B-axis. L is the inductance of the stator
and L, is the inductance of the rotor.

Electromagnetic torque of asynchronous motor is
produced by the interactions between current and
magnetic._The stator, rotor flux and the excitation
flux are synthetized by the magnetic field which is
produced by the stator and rotor currents. The same
vector cross product is zero. Therefore, the
electromagnetic torque can be represented by cross
product of the stator and rotor current:

3 0 g
TEZEI‘Ime(ISXIr) (4)

In which, n, is the number of pole pairs.
Equation (4) can also be expressed as:
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3 Lo L
Te :Eanm(lralsﬂ_ISalrﬁ') ®)
Combined with the equation (3), the above
equation can be rewrite as follows:

. 1 .
o = sa lesa
L (7 ) ©)

. 1 .
Irﬂ == rm(Wsﬂ - lesﬁ)

Put the equation (6) into (5) it can be got as
follows:

3 . .
Te = E np (Isﬂl//sa - Isal//s/z’) (7)

Combine the (1) with (7) it can be got as follows:

3 . .
Tc = E np (IsﬂWsa - IsaV/sﬁ) _Tf (8)

Equation (8) is the relationship between the
cutting load and motor current. But the type is got
under condition of the motor running at constant
speed, and type contains changing flux and friction
torque. Therefore, there is a need for further
verification on the equation through experiments.

4. TEST PLATFORM

In order to demonstrate the relationship between
cutting the load current and cutting, The author
conducted a simulation loading test on the motor
load simulation test bed in Xi'an Coal Mining
Machinery Co. Ltd Electrical Branch, sampled,
processed and analyzed the three-phase current
cutting motor. To find the relation between the
cutting current and the cutting load. Test platform
Motor load simulation test table as shown in figure
3.
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’ = Ve ~.
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Figure3: Structure of Motor Load Simulation Test-Bed

In this figure, the solid line is the power lines.
The dotted line is the control circuit. Thick solid
line is the motor connecting shaft. It is can be seen
from the figure that simulated load of the cutting
motor is provided by the separately excited DC
motor. Keep the power of DC motor constant, and
then the motor flux is constant. At this time output
torque and armature current of DC motor is shown
as the linear relationship. Armature current of DC
motor is provided by the DC exchange device. DSP
data processor can get load torque through
controlling the output current of DC exchange
device.

5. PARAMETERS SELECTION OF LOAD
SIMULATION

In the motor load simulation test, the main
parameter is fluctuation frequency of the load. The
previous study shows that cutting load fluctuation
frequency is mainly concerned with number of
helical blade head, blade overlap angle, drum plate
pick and the speed of cutting motor. The traction
speed of shearer has no effect on the Fluctuation
frequency; only affect the amplitude and mean of
the wave [11]-[12]. The load fluctuation frequency
f; (Hz) generated by the number of helical blade
head:

g =N ©
60

In the equation above, n is roller speed with the
unit r/min; N is the number of helical blade head.
The load fluctuation frequency f, (Hz) generated by
the blade overlap angle:

n 2z _nrx

_ N er_Nz (10)
760 B 308

In the equation above, g is the central angle
between the adjacent blades, and the unit is rad.
The load fluctuation frequency f; (Hz) generated by
the drum plate pick of the roller:

_N 2z _nx
° 60 6 300
In the equation above, @ is the central angle

between the adjacent pick of drum plate, the unit is
rad.

(11)

Usually, the value of f; is below 10Hz, as the
low frequency component of cutting load. The
value of f,. f3 is greater than f;, but generally is
below 100Hz, as the intermediate frequency
component of the cutting load. In addition, because
the coal is a brittle non-uniform material, force of
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pick showed as saw tooth wave changes in the
process of cutting. Changes of the frequency
depend on the sticky brittle of coal, development
level of fracture, cutting speed and pick geometry,
generally about a few hundred Hz, as the
intermediate high component of the cutting load. In
the actual work process, low-frequency components
are the main part of cutting load. The fluctuation
amplitude of intermediate frequency and high
frequency components is very small. Therefore, the
test only simulated the low and intermediate
frequency components of load fluctuations. Take
electric haulage coal shearer of MG900/2210-WD
of Xi'an Coal Mining Machinery Co., Ltd as
example, (n=24.4 r/min, N=4, $=0.59 rad, 6=0.31
rad, it can get f, =1.63Hz, f, =4.31Hz, f;
=8.13Hz.

In this test, put the voltage output signal of the
DSP as the control object. Load analog signal
contains the frequency 1.63Hz, 4.31Hz, 8.13Hz,
corresponds to the amplitude of 5V, 1V, 0.5V sine
wave. Time-frequency characteristic of load analog
signal is shown in figure 4. From the figure it can
be seen that 1.63Hz low frequency components is
the main components of the analog signal.
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Figure 4: Time-Frequency Characteristic of Load
Simulative Signal

6. THE TIME-FREQUENCY ANALYSIS OF
THE CURRENT SIGNAL

Studies have shown that frequency components
of motor single-phase current signal do not include
the frequency of the load. Changes of the amplitude
of motor current signal show changes of the load
[13]. Commonly use root mean square (RMS) of
three-phase alternating current to represent the
amplitude changes of individual current. Suppose I,
ly, 1y show U, V, W, three-phase current of AC
motor respectively.

I =+(2+12+12)/3

(12)
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Figure5: Time-Frequency Characteristic of Cutting
Motor RMS Current

Time-frequency characteristic of cutting motor
RMS current collected by DSP is shown in figure 5.
From the power spectrum density can be seen that
value of the RMS current contains multiple
frequency components which include the f; and the
second, third, fourth harmonic; f, and the second,
fourth harmonic; f; and its four, eight harmonics.
The load fluctuation frequency f; generated by the
number of helical blade head is the main part of the
RMS current; also most can reflect the changes of
cutting load. So it requires to process the RMS
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current signal to extract corresponding part with the
cutting load.

7. WAVELET RECONSTRUCTION OF
CURRENT

The RMS current of the cutting motor not only
includes f;. f, « f3 and its harmonic components,
but also has noise signal caused by the time-varying
nonlinear friction torque. Therefore it requires to
filter and then extract the signal of f; frequency
band that can reflect the changes of load fluctuation
mostly. The traditional low-pass filter can’t
distinguish useful high-frequency signal with high
frequency caused interference by noise effectively.
There will be residual noise and useful signal is
filtered off [14]-[15]. Wavelet analysis is that using
automatic transform of scale and dimension to
analyzes and process the non-stationary signals can
save the peak and mutation of useful signals [16]-
[17]. So this paper uses wavelet analysis to find
signal of RMS current that is correspond with
cutting load and extract its features.
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Figure 6: Frequency Characteristic of RMS after Wavelet
Decomposition

Frequency of signal that can reflect the cutting
load fluctuation well is 1.61Hz. Therefore,
according to the sampling theorem, set the
sampling frequency of signal in the test is 80Hz,
and then the Nyquist frequency is 40Hz. In this
paper, use db2 wavelet to decompose the RMS
current signal for 6-layer, and then get 7 frequency
band. It is known that the required 1.61Hz is
located on the 5th layer that is 1.25 ~ 2.5Hz
bandwidth by calculating.

From each layer’s power spectrum density of
figure 6, it can be seen that frequency characteristic
of the 5th layer signal after wavelet decomposition
is the same as the load analog signal. Therefore, use
RMS current signal to do wavelet reconstruction by
using low-frequency and high frequency part of the
5th layer. The result of reconstruction is shown in
Figure 7. As can be seen from Fig, through the
wavelet reconstruction RMS current signal can
reflect the changes of cutting load well in the time
domain.

100

Cutting Load Signal

-- | Wavelet Decomposed RMS Current Signal

Voltage/'V
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Figure 7: Corresponding Relationship of Cutting Load
Signal and Wavelet Decomposed RMS Current Signal

8. THE CORRELATION ANALYSIS OF
THE CURRENT SIGNAL AND CUTTING
LOAD

As shown in figure 7, RMS current signal is the
delay signal of cutting load in the time domain.
Usually, cross-correlation function is used to
describe statistical properties of the two signals in
the time domain (mainly lag).Set expression of two
signals as x(t), y(t), then their cross-correlation
coefficient R (x,y) can be expressed as:

C(x.y) (13)

R(X,y) = V)
® = eoncry)

In equation (13) the correlation coefficient
between the RMS current signal after wavelet

599


http://www.jatit.org/

Journal of Theoretical and Applied Information Technology

30" April 2013. Vol. 50 No.3

N

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A m—
A iil

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

reconstruction and cutting load signal is 0.8853. It
shows that two signals are highly correlated.

9. CONCLUSION

This paper establishes theoretical models
between cutting load and the cutting motor current
based on the analysis of the cutting unit
transmission system of the shearer, and the
operation of the simulation load test to the electric
haulage coal shearer on the motor load simulation
test bed in Xi‘an Coal Mining Machinery Co., Ltd
Electrical Branch. Based on the wavelet analysis
theory, the test data is used to do the wavelet
decomposition and reconstruction,and based on
conducting a correlation analysis of the signal. The
analysis result shows that: (1) the cutting current
signal lags behind the cutting load change in the
time domain. But in the frequency domain, the two
have correlation, and have a strong correlation, the
correlation coefficient is 0.8853. (2) Cutting RMS
current signal can reflect changes of the cutting
load, and is concentrated in the low-frequency band
less than 10Hz. So it isn’t easy to be interfered by
the power fluctuations and coal impact. The
frequency of MG900/2210-WD Shearer is 1.63Hz.
(3) Wavelet decomposition can filter out the high-
frequency interference from current signal
effectively; extract the required low-frequency
current signal through the wavelet reconstruction.
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