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Abstract: With the increasing importance of energy conservation emission reduction, the
research about how to improve the operating efficiency of asynchronous motor has become a
hot topic in the field of high-performance transmission. Among many efficiency optimization
algorithms, the control method based on loss model (LMC) is widely concerned because of its
clear physical meaning and fast optimization speed. The core of LMC is to ensure that the
instruction of optimized flux can be accurately controlled which can realize the complete
decoupling of the torque and flux in the FOC. Based on the model of asynchronous motor
considering iron loss, the paper deduces the flux expression of asynchronous motor and
proposes an improved flux observer. Finally, the feasibility and effectiveness of the proposed
control strategy are verified by simulation and experiment.

1. Introduction

Asynchronous motor has been widely used in the field of transmission for its advantages of simple
structure, high reliability and low maintenance cost [1]. Asynchronous motor can achieve high
efficiency near rated load. However, its application is limited by its low efficiency in light load
condition. With the increasing importance of energy conservation emission reduction, the research
about how to improve the operating efficiency of asynchronous motor has become a hot topic in the
field of high-performance transmission.

The research on the optimal control of asynchronous motor efficiency has been for nearly 40 years.
Among many efficiency optimization algorithms, the control method based on loss model (LMC) is
widely concerned because of its clear physical meaning and fast optimization speed [2]. The core of
LMC is to ensure that the instruction of optimized flux can be accurately controlled which can realize
the complete decoupling of the torque and flux in the FOC. According to the basic concept, the
accuracy of flux observer based on the voltage model is greatly affected by stator current and other
parameters. In the actual operation of the motor, the sensor error, electromagnetic interference,
sampling error and other problems often lead to DC bias error in current sampling. In the integration
process, small DC bias will lead to integral saturation, which will become more significant if no
improvement measures are taken. In terms of the current research situation, scholars tend to ignore the
existence of iron consumption. However, the iron consumption of induction motor is actual existence.
In addition, scholars usually use a first-order low-pass filter instead of a pure integral link to eliminate
the cumulative influence of dc bias, but the low-pass filter will produce amplitude and phase errors of
flux observation. Especially at low speed, the error of stator current sensor detection will be more
serious due to the large stator resistance pressure drop [3-5].
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This article obtains from the loss of induction motor model, and sets up the flux observer
expression considering iron loss of voltage model. Furthermore, the paper optimizes the flux observer
based on the voltage model and adjusts the cut-off frequency of filter online. What’s more, by the real-
time compensation caused by amplitude and phase error, the flux observer is within the scope of the
motor at full speed all have ideal effect, and improves the system performance. Finally, the theory of
this paper is verified by simulation and experiment.

2. Research on improved flux observer of voltage model considering iron

The control core of the optimal control strategy of asynchronous motor based on loss model is to
control the flux of asynchronous motor with optimal flux instruction. In order to consider the actual
running condition of the actual motor, it is necessary to deduce the flux observer of voltage model
considering iron.

a)rgprﬁ
Rs Lls Llr - ° Rr
— Y'Y Y fWW_O_:,_
+ —> <“— +
Isa ira
Vsa IFea l RFe H I-m l Ima Vm
_ a)egomﬁ _
RS LlS Lil‘ a)r¢rg Rr
+ —> <“— +
Isﬁ Irﬂ
ieep | Ree —
o el fule
+
_ DePra _

Figure 1. Mathematical parallel model under static coordinates considering iron loss of motor

In Figurel, is, and i are the current of stator a. p axis. I« and i, are the current of rotor a. f axis .
V. and Vg are the voltage of stator . [ axis. @ma and @mp are the main flux of o P axis. lrea aNd irep
are the iron consumption equivalent winding current of a. B axis. According to the equivalent circuit
diagram in Figure 1. The flux observer expression can be deduced as follow:
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In a similar way:

0. = [ (Voy —Riisy)dt
L, . i
Y (¢sﬂ - Lo-lsﬂ) + I‘IrIFeﬁ
b ©

It can be seen from the above equation that the integral link plays a crucial role in the relation of
magnetic flux observer. However, in the practical engineering, electromagnetic interference, sensor
measurement and error will lead to dc bias in the pure integral link. DC bias will lead to integral
saturation in the integral process of pure integral link, which will lead to system instability.

In terms of the current research situation, scholars tend to ignore the existence of iron consumption.
However, the iron consumption of induction motor is actual existence. In addition, scholars usually
use a first-order low-pass filter instead of a pure integral link to eliminate the cumulative influence of
dc bias, but the low-pass filter will produce amplitude and phase errors of flux observation.

The following is a simple example to illustrate the problem. For example:

« .2
y =IlOsm(?ﬂt)dt

?;

(4)
Add 4% DC bias to the current integral link:

' [ aosing2®
y' = j (10sin(==t) +0.4)dt 5

The function with DC bias is added with a low-pass filter of first order:
10sin(2z t/ T) +0.4—1/ (s+ @)~ y? (6)
The ©=0.7 is cut-off frequency. The low-pass filter is added according to the open-loop voltage
model. as shown in the following figure:
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Figure 2. A Low-Pass Filter to example waveform

As we can see from figure 2, using pure integral link, when add 4% of the dc bias, saturation
phenomenon appears in the waveform. After adding a first-order low-pass filter, the waveform
eliminates the integral saturation phenomenon but in phase and amplitude compared with the original
waveform there are still some errors. Therefore, it is necessary to making appropriate compensation
for the phase and amplitude.

To solve this problem, this paper adopts the low-pass series high-pass filtering method and
compensates the amplitude and phase of the filtered flux. The specific realization principle block
diagram is shown in the figure below:
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Figure 3. Consider the iron loss of flux observation principle block diagram

The compensation strategy shown in the figure are for the amplitude and phase errors caused by the
low-pass and high-pass filters.
Passing through the low-pass filter, the obtained flux is advanced of the actual flux in phase.

@ :—arctan(ay )
- a)CL (7)

According to the above formula, the angle needing to compensate is —(90-¢.)<
However, the error is @n in phase to high pass filter.

¢, =arctan(“e+ )
e 8)

Therefore, the angle needing to compensate is —@n.

Meanwhile, comparing with the actual flux in amplitude, we can get the relation as follow:
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It’s obvious that the parameter of amplitude compensation is as follow:
, 2 2
M L= (a)e * a)CL)/
“ (10)
Being similar to low pass filter, the compensation of high pass filter is as follow:
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In conclusion, the total phase compensation is —(90+@u-¢)< Meanwhile, the total amplitude

compensation is \/(a)ez +al, )\/(a)e2 +ad) o[
We can obtain the following derivation formulé to phase compensation as follow:

e ) = cos(90+ ¢, — ) — jsin(90+ ¢, — )

_ 1
@l )l + e,

Combined with amplitude compensation, it can be easily obtained that the total compensation to
flux observer is as follow:

(13)
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In order to ensure good filtering effect, the paper selects cut-off frequency which is synchronous to
frequency’s change. That is to say i =AL®e, OcH=AHWe.

By simplifying the above equation (15), the corresponding compensation formula can be obtained
as follow:

@:a + j(”:ﬂ =lo,, A=A 4;)+ Dsp (A + A1+ j[¢sﬂ -2 A4) — o, (A +A45)] (16)

In normal conditions, A =2\n. According to the literature [6-7], we can know the best value of A is
0.2~0.3. Meanwhile, the lower limiting value is 1 rads/s, which is to avoid larger timer constant when
the motor’s speed is in lower velocity values.

3. Simulation
The parameters of asynchronous motor are shown in the table:

Table 1. Motor parameters

Viated: 1287V Rs: 0.223Q
Liatea: 88A Rr: 0.103Q
Praea: 160KW Lm: 43.8mH
Npaed:  2520rpm Li: 1.58mH
Npeak: 4723rpm Ly: 2.076mH
fraea: 84Hz p: 2

Neated: 93%0 Temax: 1335N.m
FluXraea: 1.4Wb cos®: 0.86
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Figure 4. The differences between the HPF+LPF with compensation and without compensation

As shown in the figure above, the asynchronous motor runs in the low-speed section and the high-
speed section respectively. In the high-speed section, the motor has entered the weak magnetic
condition. Considering the waveform of the compensated and uncompensated flux linkage, it is
obvious that the phase and amplitude of the flux linkage are greatly deviated without compensation.
After the addition of phase and amplitude compensation, the observed flux of the motor can accurately
track the actual flux value of the motor no matter in the link of low speed or high speed of the motor.

In order to further verify the accuracy and stability of flux observation of the voltage model
considering iron consumption after improvement, simulation software is used to record the flux
observation effect when the motor speed changed from 600rpm to 2100rpm.
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Figure 5. The comparison between the HPF+LPF with compensation and without compensation when
motor’s speed is up

In the figure above, the left side is the comparison of magnetic flux observation waveform of the
motor in the process of lifting speed from 600rpm to 2100rpm without adding amplitude and phase
compensation. Meanwhile the right side is the comparison of magnetic flux observation waveform of
the motor in the process of lifting speed from 600rpm to 2100rpm without adding phase and phase
compensation. It can be seen from the figure that in the process of motor’s speed growing, the
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improved voltage model observation considering iron loss can accurately observe the motor flux. In
addition, the phenomenon of non-integral saturation appears.

4. Experiment

In order to further verify the method proposed in this paper, DSP+FPGA programming and virtual
instrument monitoring are adopted based on the test platform composed of actual induction motor and
two-level IGBT inverter. The dc voltage used in the experiment is 1650V, and the motor parameters
are the same as mentioned in the simulation. In this test, DA is used to display the actual speed and
rotor flux of the motor.

Figure 6. The motor for testing system and the equipment to save waveform

As shown in the figure below for asynchronous motor at full speed range, the motor’s frequency is
5 Hz. 20 Hz. 70 Hz and 120 Hz. It’s obvious that the optimized flux observer mentioned in this
paper is normal and its feature of sine is preferably. What’s more, the track of rotor flux is round
which is no integral saturation phenomenon and no drift phenomena happen. Moreover, when the
motor speed reaches 120Hz, the motor is already in a weak magnetic region. At this frequency, it can
be seen from the figure that the track area of the rotor flux is significantly smaller than that of the
constant excitation region. In this region, the flux observation still has good stability performance.
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Figure 7. Flux estimation of motor in full speed range

In the process of test, we find that there is a problem worthy of attention which when the motor
under the magnetic field of negative reverse rotation, due to the synchronous angular frequency of the
motor and motor speed are negative, low-pass and high-pass filter transfer function is positive pole. In
consequence, the system is divergent. Therefore, the two cut-off frequency must remain positive.

The left side of the figure shows that the zero point treatment is not considered. It is obvious that
the system become divergent from stable. However,when the zero crossing point is processed, the
motor can still ensure the stable observation of the magnetic linkage even when it is reversed.
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Figure 8. Comparison of flux observation between with and without conducting in zero point

In conclusion, the improved voltage-model flux observer method considering iron consumption
mentioned in this paper can accurately observe the flux on the rotor side of the motor, and obtain
better dynamic and problem performance within the full speed range.

5. Conclusion

In this paper, the improved voltage-model flux observer method considering iron consumption
mentioned in this paper can accurately observe the flux on the rotor side of the motor, and obtain
better dynamic and problem performance within the full speed range. The feasibility and validity of
the theory in this paper are verified through simulation and experiment.
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