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Abstract. In this paper, the principle of model reference adaptive method (MRAS) is analysed
and studied. Aiming at the shortcomings of installing speed sensor to collect the speed signal
and feedback to the control system, a method for speed estimation and parameter identification
of asynchronous motor without speed sensor is presented, And taking the model reference
adaptive method (MRAS) as the main line, the Popov super stability theory is used to derive
and analyse the adaptive law. Finally, the proposed method is verified by MATLAB software
and hardware circuit experiments.

1. Introduction

Nowadays, electric motors play an important role in national production. Whether it is mining or
transportation, they are inseparable from motors. Such as coal mining machines, high-speed rail and
airplane and so on. This makes it particularly important to improve the performance of the motor.
Since the advent of the electric motor, many scientists have been working on the structure of the motor
and the control method in order to make the motor perform better in practical applications. The birth
of the first DC motor in the 19th century opened the door to motor applications. Due to its good
working performance, simple mathematical model, and simple operation, it was active in the industrial
field until the middle of the 20th century. In the 1970s, the industrial field put forward higher
requirements for the use environment of the motor, single-unit capacity, and voltage level. The DC
motor could not be satisfied [1], which promoted the rapid development of the asynchronous motor,
making the AC electric drive have a wide and stable speed range. High accuracy, safety and stability,
high reliability, easy maintenance and many other advantages. In some industrial and mining
enterprises, mining locomotives often use slip frequency control with speed closed loop in order to get
better working efficiency and control performance. The detection of speed becomes an indispensable
part.

The core of the speed estimation is the value of some parameters of the asynchronous motor. For
example, the stator rotor resistance of the motor, self-inductance, mutual inductance. The acquisition
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of these parameter values is difficult to obtain directly, so it is often obtained by parameter
identification.

The asynchronous motor speed estimation and parameter identification proposed in this paper are
based on the Model Reference Adaptive Method (MRAS). Because the model reference adaptive
method has the characteristics of simple algorithm and high accuracy compared with the traditional
speed estimation and parameter identification method, so it is favored by researchers at home and
abroad.

2. The basic principle of model reference adaptive method

The model reference adaptive method can be divided into three structures according to the output
connection method. Among them, the output parallel model reference adaptive method (also
commonly referred to as output error method) is most common, and the basic structure is shown in
Figure 1.
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Figure 1. basic structure.

The reference model is an already determined value, equivalent to a reference value. The adjustable
model is related to the parameter to be estimated, the output value is uncertain, and it needs to be
adjusted continuously. The outputs of the two models are y(t) and respectively, which have the same
physical meaning. The difference between the two outputs is the error signal e, which is fed back to
the adjustable model by adaptive law. When the output of the two models is the same, the error signal
e tends to 0.At this time, it is considered that the parameter to be estimated converges to the true value,
and the identification result is obtained !,

It can be seen from Fig. 1 that the design of the adaptive law is related to the whole system, so the
design of the adaptive law becomes the focus. The design of the adaptive law in this paper is based on
the Popov hyper stability theory. The parameter optimization method was the first method used to
design the MRAS system. The MIT method has a simple structure and does not need to set state
variables. However, the MIT solution cannot guarantee the stability of the system, therefore, the
stability check must be performed at the end. Currently, there are few applications. So the Popov
method is used in this paper.

3. MRAS method based on rotor flux linkage

Analytical derivation of reference models, tunable models, and adaptive laws [4].

Equation (1) is the voltage equation of the asynchronous motor in the two-phase stationary o-f§
coordinate system:

U | |RetLip 0 Lnp U
Ugp | | 0 Ry +Lsp 0 Lop | s )
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The flux linkage equation is:
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From u,,,u. of formula (1) and v, ,¥ 4 of formula (2) :
Viw = 5[ = Rd = oL 0,]
! ®3)

Vg = i_r [[ (Usﬂ - stsﬂ )dt - GLSJ'Sﬂ]

In the formula, O is the magnetic flux leakage coefficient, and® = L=L/ (LSLI_) .Equation (3)
describes the relationship between the rotor flux change rate and the induced electromotive force,
called the voltage model.

The rotor side of the asynchronous motor forms a closed loop, which can be regarded as a short circuit.

Let Ura =Y = O, from Ure ,urﬂ of equation (1) and Via ,l//rﬂ of equation (2) of flux linkage we can
obtain:
1 N L, ;
w = —— - N
PY 1q Tr Via rl//rﬂ Tr sa (4)
1 L, .
pl/’r/} = - T_ lr//rﬂ t+ oy, + T_ 'Zsﬂ

Equation (4) represents the functional relationship between Via , Vg and sa , P, which is the
current model.
Substituting the updated value of the correlation amount in the formula (4) into the following:

. I . ~ L, .

PV, = — Z Via = OV g + E Lsq (5)
A L . AA Lm .

pl//rﬂ = - T_ B oV, t T_ Zsﬂ

Where @,. is the speed estimate, /,,, and §/ rp are the rotor flux estimates.

The error formula for defining the rotor flux linkage is:

e A
o] o] [ .
erﬁ l//rﬂ l//r,B

Substituting P¥,, P¥4 DY Plﬁrﬂ and respectively into the rotor flux error formula can be
obtained (7):

é = p{em} = Ade - W, @)

e,p
It is obtained by Popov's hyper stability theory, V=Ge, where the value of G is related to system
stability. In order to simplify the calculation, take G=I, thenV =€

@, = [yfile, t, v)dr + 1,(e, t) (8)

Substitutingy , W, and &, into Popov integral inequality and decomposing:
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7,0, ) > —y;
Where 7?2 and y? are finite positive numbers with the same properties as 2.
When 4k, > 0, inequality (10) is always established.
tog . kj 2 2 kj 2
[y kx()x(e)dt = ?[X (t,) - x(0)] > Eh (0) (10)
For m(0,1) , the value is as follows:
k.
yi= 5 x*(0) (1)
X(t) = erﬂl)&ra - Qral/}rﬂ (12)
kx@t) = [ fiCe, t, T)dr - @, (13)
0, ¢,) > -yt .
Then /1 707 = /1 can be guaranteed. Calculated by equations (12) and (13) we can get:
Z01( e, 7) = kj (erﬂl/}ra - eralr/}rﬂ> (14)
2
For'l2 (©, tO) , if the integrand is greater than zero, then inequality 1 ©, tO) = =72 must be true, so
take:
f2( & t) = kp <€rﬂl/?ra - eral/}rﬁ) (15)
Substituting f,(e,t,7) and f,(e,t) into equation (8), the rotating speed adaptation law is
é)r = ’](1' .[é(l//r/}l/}m - l//ml/}rﬂ )df +kp <‘//rﬂl/}m - l//ml/}rﬁ> (16)

Switch to the S domain, which is:
. k; . .
o, = (kp + _1> (V/rﬁl//ra o l//ral)”rﬁ> (17)
S

4. On-line identification of rotor time constant

The online identification of the rotor time constant is based on the MRAS method, and the
commonality of the rotational speed adaptive law derivation is that the reference model and the
adjustable model are the same. While the difference is that the two adaptive laws are different"’.

Error equation of state related to the rotor time constant:

e=p

L
r " H i M[ 11 ]{Lz} (18)
0. _i erﬂ 0 - '/}rﬂ Tr Tr Lmjsﬂ

=Ae-F;

If the nonlinear time-varying link satisfies the Popov inequality, the system will approach stability. For

the sake of convenience, directly ask for the adaptive law of —:

r
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1
= Ltile, t, )dr + £,(e, t) (19)

1
Substituting V' = e, W, ,and — into the Popov integral inequality and decomposing, calculated:

r

f.(e, t, o=f,(e, D (20)
1
Substituting f,(e,t,7) and f,(e,t) into 5 and switching to the S domain, will get the following
r
formula:
LUy D LUty =) Wy =) + Lty =) (g — 17,)]
TT - p T : wlsa ~ WVra) WVia = Via! + mlsﬂ Vi) \ Wi = Vg (21)

5. Simulation and experimental verification

In order to verify the feasibility and accuracy of the method proposed for motor speed estimation and
parameter identification, a simulation model is built on the basis of MATLAB software. System
simulation diagram shown in Figure 2.
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Figure 2. system simulation diagram.
Asynchronous motor was used for the simulation, and the relevant parameters are as follows:
Tablel. Asynchronous motor related parameters.

Rated power Py 1.IKW Stator resistance R 5.27Q
Rated speed nN 2850 r/min Rotor resistance Rr 5.07Q
Rated current Iy 2.5A Stator leakage inductance Lls 0.0304H
Rated voltage Uy 380V Rotor leakage inductance Llr 0.0298H
Rated frequency
fy 50Hz Mutual sense Lm 0.394H
Number of pol
wm ér o pee 1 Moment of inertia J 0.02kg'm’
pairs P
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5.1. MRAS method based on rotor flux linkage

In the simulation, according to the change trend of the whole speed under different values of kp and ki,
as shown in Fig. 3, the PI parameter value is determined after multiple adjustments: kp=100,ki=22000.
and the simulation results under no load are shown in Fig. 4 It can be seen that the estimated rotational speed
waveform and the actual waveform are basically coincide, and the rotational speed of the motor is relatively
large when the motor is started, when the motor is fully started, the error is basically zero.
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Figure 3. Comparison of estimated waveforms with actual waveforms in three different cases.
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Figure b. Speed error waveform.

Figure 4. No-load speed waveform.

5.2. Rotor time constant online identification simulation
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The simulation module constructed according to the derived rotor time constant adaptive law[6] is
shown in Fig. 5.
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Figure 5. Rotor time constant adaptive law module simulation diagram.
Figure 6 shows the simulation results of online identification. Similarly, take different values for kp
and ki, observe the trend, and adjust repeatedly to get kp=0.7, ki=39. The reciprocal of the rotor time
constant calculated according to Equation 1/ Tr= Rr /Lr is 11.958 s. It can be clearly seen from Fig.
6(a) that 1/Tr can be stabilized to the actual set value in 1s~2s, and the convergence speed is fast. It
can be seen from Fig. 6(b) that the difference between the actual value and the estimated value is small,

which proves that the online identification result is in good agreement with the actual one.
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Figure a. 1/Tr online identification waveform.
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Figure b. 1/Tr online identification of steady-state amplified waveform..

Figure 6. A online identification results.
Based on the above theoretical basis and simulation analysis, a related hardware experiment platform
was built. The motor parameters used in the test platform are shown in Table 1. The motor is started
under no-load conditions. The voltage and current waveforms are shown in Figure 7. The three curves
represent the voltage rms, the current rms, and the current instantaneous value.
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Figure 7. No-load starting voltage and current waveform.
Figure 8 shows the comparison between the actual speed and the estimated speed waveform. The
actual speed of the asynchronous motor is indicated by the blue line, the actual speed is collected by
the installation speed sensor and obtained after conversion; the red line indicates the estimated speed.
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Figure 8. Comparison of actual speed and estimated speed waveform.

6. Conclusion

Based on the model reference adaptive method, this paper deeply studies the method of asynchronous
motor speed estimation and parameter identification. The adaptive laws of rotational speed and rotor
time constant are deduced respectively, and the relevant simulation models are built. Compared with
the actual values, the estimated values of rotational speed and rotor time constant are more accurate,
and the feasibility of the method is verified. Good results have also been achieved on the hardware
experimental platform, providing a basis for practical application in the future.
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