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A Technology for Online Parameter Identification of
Permanent Magnet Synchronous Motor
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Abstract—Accuracy of the motor parameters is important in
realizing high performance control of permanent magnet
synchronous motor (PMSM). However, the inductance and
resistance of motor winding vary with the change of temperature,
rotor position and current frequency. In this paper, a technology
based on circuit model is introduced for realizing online
identification of the parameter of PMSM. In the proposed method,
a set of nonlinear equations containing the parameters to be
identified is established. Considering that it is very difficult to
obtain the analytical solution of a nonlinear system of equations,
Newton iterative method is used for solving the equations. Both the
simulation and testing results confirm the effectiveness of the
method presented.

Index Terms—Online, PMSM, parameter identification,

parameter measurement, electric machine theory.

I. INTRODUCTION

ERMAGNET synchronous motor (PMSM) has been
widely used in various fields because of its high torque
density, simple structure and high efficiency [1]-[2]. The
research on the parameter identification algorithms for PMSM
has been motivated by improving the efficiency and reliability
of control system. It is well known, the motor parameters are
important factors affecting the performance of motor control.
However, these parameters may vary with the change of rotor
position and environment. For example, the winding inductance,
L, may vary with the rotor position; the resistance of motor
windings, R, varies with the change of temperature. PMSM is a
high-order, strong coupling, nonlinear system with complex
mathematical model and many control strategies depend on the
precise parameters of the motor. For instance, Field oriented
control (FOC) depends on the establishment of mathematical
model of motor, which needs the establishment of stator
resistance, motor flux and d-q axis inductance; direct torque
control (DTC) requires motor flux to estimate the torque, etc.
The mismatch between the control parameters and the actual
parameters during the motor operation can affect the closed-
loop characteristics of the regulator, resulting in the motor
operation instability and performance degradation. Therefore,
knowing precisely the parameters is very important in the high
performance control of PMSM.
In recent years, different algorithms have been developed for
the parameter identification and measurement, such as
Extended Kalman filter (EKF) based identification approach,

Manuscript was submitted for review on 11, May, 2020;

The authors are with Machinery institute, University of Shanghai for Science
and Technology, ShangHai, 200000, China. (e-mails:1160934915@qq.com;
bichao@usst.edu.cn)

Digital Object Identifier 10.30941/CESTEMS.2020.00029

model reference adaptive system(MRAS) based approach,
recursive least square method and artificial intelligence(Al)
algorithm [3]. In applying the measurement approach based on
Extended Kalman filter, Taylor series is used to linearize the
nonlinear model of the motor, and state equations are used to
describe the relationship between input and output. This
approach needs complex matrix and vector operations, and it is
difficult to design the algorithm for multi parameter
measurement. [4] The basic idea of MRAS is to take the motor
body as the reference model and the equations containing the
parameters to be identified as the adjustable model. Under the
same excitation input, the two models have the same physical
output. Combining the output error between the two models and
the adaptive law designed based on Lyapunov theory or Popov
theory, the parameters are identified when the error tends to
zero. The structure of the algorithm is simple, and the result is
easy to converge, but it is difficult to be used in multi parameter
identification/measurement of missing rank [5]-[7]. In recent
years, Al algorithms are increasingly used in the parameter
measurement, but the huge amount of calculation required by
the complicated algorithm limits its application [8]-[9].

This paper presents an algorithm from PMSM circuit model
for realizing the online measurement of stator inductance L,
stator resistance R and inner power angle & between the phase
voltage U and phase back-emf. The algorithm focuses on the
real-time detection of the parameters in the process of motor
operation. The voltage equation and power equation containing
the parameters to be identified are thus established based on
PMSM theory. In the equations, as the 3-phase current and
voltage are symmetrically sinusoidal, the amplitude of U and 1
can be obtained from the analysis of real-time values of the
voltage and current. Besides, as it is difficult to get the
numerical solution of nonlinear equations, Newton iterative
method is used to obtain the numerical solution of the equations
quickly. The identified parameters can thus be obtained from
the solution, and then used in the motor control. These “real-
time” parameters can reduce the control error induced by the
variation of the parameters significantly. Both the simulation
and testing results show the effectiveness of the mentioned
method.

II. PMSM MODELING AND PARAMETER MEASUREMENT
METHOD

A. Equivalent model of PMSM

In the analysis, the voltage, current and back EMF are
assumed to be sinusoidal. The equivalent circuit diagram of
PMSM is shown in Fig. 1.
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Fig. 1 The equivalent circuit diagram of PMSM

where, U , I , E are the phase voltage vector, phase current
vector, phase back-emf respectively and R, X =2awL are the
resistance and impedance of the winding.

According to the equivalent circuit diagram, the phase
voltage of PMSM can be expressed as follows:

U=I(R+jX)+E (1
The voltage equation at d-q axis is:
U=E+IR+jl,X,+jl X, . 2)

According to the voltage equation at d-q axis, phasor diagram
of PMSM can be built in Fig. 2.
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Fig. 2 The phasor diagram of PMSM

In Fig. 2, ¢ is the power factor angle between the voltage U
and current I; and § is the inner power angle between U and
back-emf E.

B. Measurement of stator inductance, stator resistance and
inner power angle 0

According to the phasor diagram, the voltage equation at d-
axis and g-axis can be expressed as:

{ U,=Usind=I,R+X,1,

€)
U,=Ucosé6=1 R-X,,1,+E

And the current equation at d-axis and g-axis are:
RUsino+ X, (E—-U cos9)
- R +X,X,
7 X,Usind—R(E—-Ucos?)
! R+ X, X,

d

4

For the surface mounted PMSM L, =L , using U as the

reference, the voltage equation can be expressed as:

U=I(R+jX)+E
=I[Cos(¢)+ jSin(@)][R + jX]+ E[Cos(J) + jSin(-0)]
=1-[R Cos(¢) — X Sin(@)] + E Cos(5) ’
+ J{I[R - Sin(¢)+ X Cos(@)]— ESin(0)}
&)
Two equations related to the real part and imaginary part of
the voltage can be established as follows:

{I -[R Cos(¢) + X Sin(p)]+ E Cos(5) =U ©

1-[R-Sin(¢)-X Cos(p)[+ESin(0) =0

As three equations are necessary to solve these 3 unknowns,
an equation related to power angle can be established and used.
The active power absorbed by PMSM from power grid is
P=mUI cos ¢ . Part of the active power is the copper loss

produced by the stator winding, and the rest is the
electromagnetic power P, including iron loss and mechanical

loss. According to the phasor diagram, the active power can be
expressed as:

P=mUIcosp =m(Ul,sind +UI, cosd) . @)
Combining (4), the active power can be expressed as:
P=m(UI, sin6 +UI, cos 5)

E(-E- i . (8
( E R+U(chos[25]+xsm[5]))+m12R (8)
R +X

=m

Equation (6) and (8) constitute a nonlinear simultaneous
equations with three parameters to be identified. The voltage U,
current I, power factor angle ¢ and back EMF E can be known
from the real-time value of the current and voltage. By solving
the equations, R, L and 8 can be obtained, and then used in the
motor control.

III. ALGORITHM FOR SOLVING EQUATIONS WITH
PARAMETERS TO BE IDENTIFIED
A. Calculation of voltage, current and power factor angle

In the operation of the motor, it is not difficult to get the real-
time value of the 3-phase voltage and the 3-phase current. The
3-phase current and voltage of PMSM are sine waves with
phase difference of 120 °, which can be expressed as follows:

u, =Usin(p)

u, =Usin(f-3x) . 9)
u, =Usin(f+37)
i, =Isin(a)

i, =Isin(a—3x)
i, =1Isin(a+27)

(10)

The following results can thus be obtained from these
instantaneous values:

U= /%(uf +u§+uf) s

)
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I= /%(ia2+i,f+if) : (12)

Suppose the sum of the product of three-phase in-phase
current and three-phase in-phase voltage is SM :

(13)

SM =u,i, +u,i, +ui =%U[COS(p ,

The sum of the products of current and voltage of different
phases is:

DFl=u,i +ui, +u,i =%U1(\/§ Sinp—Cosg) , (14)

DF2=u,i, +u,i, +u,i = —%U](COS¢+\/§Sin¢) 15)
Define

k1= Biang-1)
SM 2 (16)
DF2 1
K2=——=—(—/3tanp-1
o 2<I p-1)
t =(1+2K1)/~/3
an @, = ( )\/_ amn

tan g, = —(1+2K2)//3
Then tan @ can be expressed as follows:

_ tanq)l +tan¢2 _ ic(ua _ub)+ia(ub _uc')+ib(uu _uu)

2 \/g(iaua +iu, +iu,)

(18)
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Fig. 3 The parameter measurement control system

In this way, the parameter measurement control system can
be built as shown in Fig. 3.

B. Method for solving the nonlinear equations
It is very difficult to obtain an analytical solution of the third
order nonlinear equations. In authors’ research, Newton
iterative method is used to solve the equations. The basic idea
of Newton iterative method is to linearize the nonlinear
equation, and then use the results of the linear equations in the
next iterative step. The equations can be described as follows:

SR, L,0) 0
f=|f(R,L,0)|=|0
fi(R,L,95) 0

(19)

Suppose x =R, L,5]is the solution vector of the equations,
applying Taylor expansion of /" at x, =[R,,L,,5,], and taking
its linear term, the following equations can be obtained:

SRy, L,,0,) R —R, 0

f=1 LR, Ly, 6,) [+ (x| Li =L, |=]0 (20)
f3(RosLo’§o) 51_50 0
where,
A
OR OL 0o
19) 0 0
ren-| L L L @
Lo/
|OR OL 00 |
Newton's iteration formula is:
Rk+1 Rk fi (Rk H Lk ’ é‘k )
Lia |=| L =[S GO /(R LLS) | (22

5k+l é‘k f;(Rk,Lk,é‘k)
When k=0, x, =[R,,L,,5,] is the initial value given. An
error A = x,,, —x, is set to decide when to stop iteration. If the

set error is small enough, the approximate solution x, can be

regarded as the solution of equations. Newton iterative method
has fast convergence speed, and when the given initial value is
close to the actual value, only a very few iterations are needed
to obtain the solution.

IV. SIMULATION AND TESTING RESULTS

Both simulation and testing are used for verifying the
effectiveness of the algorithms introduced in the section- III.
The parameters of the PMSM in simulation are shown in
TABLE L.

TABLE I
Stator resistance 2.875Q
Stator inductance 8.5mH
Rotor flux 0.3Wb
Pole pares 4

In simulation, the setting frequency is 50Hz. Three-phase
current is shown in Fig. 4.

Phase current(A)

t(s)

Fig. 4 3-phase current

The amplitude of phase current can be calculated according
to equation 12. In order to verify the effectiveness of the
algorithm in obtaining the amplitude of phase current, phase
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voltage and power factor angle, another approach related to ' ' ' ' : ' ; ' '
Fourier series is used for comparison. The results of two a“" ffi“"]ﬁc" _m:‘s‘“““ )
. . . = Actual resistance
different methods for calculating the current amplitude are % ;| _
Q
shown in Fig. 5. g S —_— S—
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L = Amplitude calculated by instantanecous value of current -
= Amplitude calculated by Fourier serious % 261 7
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Fig. 5 shows that, it is effective to obtain the amplitude of %
current through the instantaneous value of the 3-phase current. & 260 |
The voltage amplitude and power factor angle obtained by  Z 54} _
. (="
formula 13 and formula 20 are shown in the figure below: 5
: : : : : g2 1
< 1801 [=== Amplitude of voltage(V)]] ok i
& leor | 0 002 004 006 008 0.1 012 014 016 018 02
3 1of T 1)
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o Fig. 10 Identified and actual value of inner power angle
o L 4
g 100
= 80 1 . . . .
g el | According to the simulation results, the maximal error
: . ; : ’ between the measurement value and actual value is less than

0.1 0.12 0.14 0.16 0.18 0.2

& 2%. The average error of inductance is 1.63%, the average error
t(s

. . o . . .
Fig. 6 Amplitude of phase voltage of resistance is 1.55%, and the error of inner power angle is 0.3°.

All these show that the proposed technology is good in accuracy

[}

80 I I I ' B I — rl =1 | in the online measurement of the parameters of PMSM.
P, — Pow actor ang; . . . . . .
& 0f . The testing experiment built is shown in Fig. 11. The motor
g" 6ol i is a 200W PMSM with surface mounted magnet on its rotor. In
8 the test, the amplitude of the driving current is 0.65A.
S 50NV" =
°;’ 40 -
=]
~ [
o . . ‘ , . ]

>\ e

0.08 0.1 0.12 0.14 0.16 0.18 0.2
t(s)
Fig. 7 Power factor angle
Fig. 8 to Fig. 10 show the identified amplitude of phase
current, phase voltage and inner power angle.

95T === [dentified inductance | |
:g = Actual inductance
g of —
g
Q
235 r_r'
(=]
;9; 8 Fig. 11 Test bench used for online parameter identification
In the experiment, the identified parameter value of an

0 002 004 006 008 01 012 014 O,Il 6 o1s oo  clectric period is taken and compare with the value measured
t(s) by LCR. The test bench used for measuring with LCR is shown
in Fig. 12.

Fig. 8 Identified and actual value of stator inductance
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P Stepper motor

Fig. 12 Test bench used for offline parameter measurement with LCR

In the online measurement, the phase current and line-to-line
voltage are shown as follows:

T T T T T T T T

Current(1A/div)

1 I I ] 1 I I ] 1

t(10ms/div)

Fig. 13 Phase current

Voltage(5V/div)

t(10ms/div)
Fig. 14 Line-to-line voltage
The online identification results are shown as follows:

Measured and identified value of stator resistance
Measured vaule Identified value

0.14

0.12

0.1

0.08

Stator resistance(Q2)

0.06

0 60 120 180 240 300 360
Electric angle(°)

Fig. 15 Measured and identified value of stator resistance

According to Fig. 16 and Fig. 18, the average error of
resistance is less than 2% and the average error of resistance is
less than 1%.

Error of resistance

Error of resistance

3.00%

2.00%

1.00%

error(%)

0.00%

-1.00%

_ 0,
2.00% Electric angle(®)

Fig. 16 Error of resistance.

Measured and identified value of stator Inductance
Measured value Identified value

0.051
0.0505
0.05
0.0495
0.049
0.0485
0.048
0.0475
0.047
0.0465
0.046

Stator Inductance(mH)

0 60 120 180 240 300 360
Electric angle(®)

Fig. 17 Measured and identified value of stator Inductance

Error of inductance

1.50% Error of inductance

1.00%

0.50%
2 000% AL S poA—S A
5-0.50% 0 %0 W 18V 240 [300 360
m -1.00%

-1.50%

-2.00%

-2.50%

Electric angle(°)
Fig. 18 Error of inductance

V. CONCLUSION

Knowing the accurate values of the motor parameters is
important in PMSM control and applications. However, these
parameters vary and change with many factors and are difficult
to be measured accurately, not to mention the online
measurement. The technology proposed in the paper can
simplify significantly the procedure of the online measurement,
and the accuracy of the results are good. In the measuring, only
the real-time values of the current and voltage are required, and
all these are not affect the other operations of the motor
controller, and this is important to realize high performance
control in many applications. This paper uses the model of
PMSM to construct a nonlinear system of equations with
parameters to be identified. Using numerical method to solve
the equations, the parameters can be obtained effectively. Bothe
the simulation and testing results confirm the effectiveness of
the measurement method presented.
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