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Abstract. The permanent synchronous motor drive system incorporates magnetic
bearings to perform speed control and balance rotor control between the two sta-
tors. The paper designed a system to perform adjusting motor speed sensorless
based on measured current and voltage components. The electromotive force
(back-EMF) generated in the stator is estimated by a High-Gain observer. The
angular position and velocity rotor is calculated through the a-f3 components of
the back-EMF. The motor drive is built in a vector control structure based on the
rotor flux. In which based on the Lyapunov stabilization function, the dynamic
surface control method is used to calculate the axial position and speed controller
of the motor. Simulation results show that the proposed controller and observer
are fully capable of meeting the system control requirements.

Keywords: Magnetic self-bearing motor, Back-EMF, High-gain observer, dy-
namic surface control.

1 Introduce

In recent years, the motor with integrated magnetic bearing has been increasingly stud-
ied and applied due to its advantages compared to traditional ball bearing [1]. The motor
has the magnitude of the air gap between the stator and the rotor is constantly varying,
affecting the motor parameters and increasing the nonlinearity of the target. To deal
with this problem, the control process needs to separate the channel between the torque
generating the rotation and the force acting the axial position. Hence, based on the prin-
ciple of control based on the rotor flux, the current iq controls the axial force, while the
radial current iy controls the torque [2]. Dynamic surface control method is used to
design the axial position controller and the motor speed control. This is a technique
applied to nonlinear system objects, applied to grip control and stability for the system
[3]-[5]. Therefore, this method is very suitable for the subject in the paper. The Dy-
namic Surface Control (DSC) technique features Backstepping and sliding multi-sur-
face control (MSS) [6]. However, it has added a first order filter to overcome the prob-
lem of explosion of term.

During the control process, the control loops need to convert the coordinate system [7].
This leads to a need for accurate angular position information of the rotor by sensors



that measure the rotational angle. This increases costs, increases size, affects the me-
chanical strength and maintains equipment maintenance. Therefore, methods of replac-
ing speed sensors with calculation techniques are studied and published more and more.
In the published works on non-measuring rotation speed control for synchronous mo-
tors, two approaches for estimating the angular position and rotor speed can be given
(81, [9].

This article presents a High-Gain observation based on the back-EMF electrodynamic
reactivity estimation, it has the advantage that the rule of observation is simple, easy to
design, and there is no project using HG observers for magnetic motors. Although [10]
uses a similar observational structure, the hydraulic system applies. The paper proposes
a drive system using a vector control structure, in which the HG observer estimates the
back-EMF value from the stator current and the reference voltage value, thereby calcu-
lating the Rotor angle position and rotation speed.

The feasibility of the proposed methods is demonstrated through simulation of the con-
trol system without speed sensor on the software. Simulation results show that both
position response and speed response follow the set trajectory in fast time. The system
is also stable to the coupling effects of the two control loops.

2 Mathematical Model

The permanent magnet synchronous motor incorporating the axial magnetic bearing
has the structure shown in Fig 1. The motor structure consists of a rotor and two stators
[1]. The torque T that rotates the rotor is the sum of the two component moments and
the F axial force that stops the rotor from moving in the z direction is calculated by the
difference of the two axial forces. To design the control system, the mathematical mo-
del of the motor is shown on the dq rotating coordinate or a4 static coordinate system.
For L’sq and L’sqo: the d- axis and g- axis inductance per gap unit; Ly: leakage induc-
tance; g = g0 £ z: clearance between stator and rotor; go: clearance at equilibrium posi-
tion; z: displacement. Voltage vector equation of a stator on the o coordinate system
is given as:

U, =iR, + L di /dt + E, 1)
The inductance is presented as [1], [11]:
L,=3L, /2g+L;L, =3L/2g+L, @)

Where is the stator current vector, Us is the stator voltage vector. E; is a sine function
and is expressed as components on the af coordinate system as follows:

E, =-|An| @, 5in6,; E; =| 4|, cOSE, ©))
With we is the rotor speed, 6. is the position of the rotor flux vector. From (1) we have:
dig, /dt =—Ri,, /Ly +ug, /Ly -E,, / Ly
{disﬁ dt = —Rjicy / Ly +Usy / Ly -Ey /L, @
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Fig. 1. The structure of the motor
We have the equation for calculating the total torque and total axial force as follows
[11], [12]: F = 4Ky T = 2K/, )
3 Design dynamic surface controls

The motor's rotation equation can be written as follows:

T—T, =J.dw/dt orcanbe writtenas o= (T -T,)/J (6)
According to (6) we have: @=i,.2K; /J-T /J =M., —N 7
The definition of a sliding surface is: 21 = @ - o, (8)
The derivatice of z is: 7, = 0 -, = Mi, =N -, 9)
According to DSC, virtual control signal: i, =,z /M +(N +@,) /M (10)
Choose a factor ¢, > 0. The signal controls iq through the filter which is the first-order
filter to obtain the reference signal iqref : i'qref = (iy g )/ 7, (11)
Choose time constant z,,>0. Set: Q =g —lg (12)
Suppose a Lyapunov candidate function is as follows: V =z} /2+i~q2 /2 (13)
In order for the speed loop to be controlled asymptotically, then the derivative of V:

Vv :zlz'1+i~qi~q <0 (14)

According to (14), the time constant satisfies the following inequality:
r, <¢g, /B’ (15)



where B >0 is a maximum constant that ‘i'q‘ <B.

According to (5): Z=(F-F)/m=4K_i,iy/m-F/m=Pi, -Q (16)
Definition of sliding surface: S =z + Az (choose factor 1 >0) a7
Calculations similar to the speed controller, virtual control signal are defined [10]:

i, =Q/P—-A2/P—c,sat(S);i,y = (iy —iye )/ 7, (18)
Choose ¢, > 0, 7,> 0 and the time constant should be satisfied: 7, <¢, / A’ (19)

Where A is a maximum constant that |i'd| < A. The position control loop will stabilize

after a finite time with z approaching sliding surface S.

4 High-gain observer design

From (3) and (4) we have:
€y = _V“m'a)e sin ae = _Lsa d(;i_ Rsisa +Ug, = ha
‘ (20)

dig . )
e = |Am| @, COSE, :_LsﬁT_Rslsﬂ +Ug; =hy

The derivative property equation for es. and ésﬁ according to the HGO set is written
as follows [10], [13], with1/ ¢, and 1/ ¢, are the coefficients of HGO:

fsa = (_Lsaisa - Rsi.sa +Ug, _éAsa)/‘("a = _é:sa /ga + ha /ga (21)

€y = (Ll —Riig, +U, —€) e, =—€,1e,+h, 1 ¢,

The definition of the error between the actual and the estimated value is as follows:

esa = esa _esa;esﬁ = esﬂ _es,b’ (22)

According to [13], we have the following values satisfying the inequality:
6., | <e V|6, (0)] +&,.0, ©)i]6,] <7 [6,(0)|+ 4.0, (1) (23)
From (20), the values e, and e,z are harmonic functions, so the coefficients Hamax and
h, existsuch that: |h,|<h, and ‘hﬂ‘é h,.. (24)

Thus, the smaller the coefficients e, and e, the smaller |&,, |and >

are blocked by

the smaller bounding regions |€,, (0)| and

€ (oo)| . Then, the smaller the value &, and

&5, the faster the rate of convergence of the estimated value follows the real values ey,va
ey of the back-EMF. From the output signal of High-gain observer, the values of the
angular position and rotor speed are calculated as follows:

6, =arctan(-E,, / E,;) (25)



&, =|E2, + E I 2y (a)or: &, =da/dt(b) (26)

Note that if the speed is calculated according to (35a), the value of the speed depends
on the linkage flux Am, which is influenced by the ambient temperature. If used accord-
ing to (35b), the speed is more reliable, especially in the medium and high-speed range,
but is affected by process noise.

5 Simulation and result

The parameters of the motor include: phase resistance is 2.6 Q; the air gap between the
stator and the rotor is 1 mm; the rotor mass is 0.28kg; the moment of inertia is 10.6x10-
6 kgm2; the amplitude of the flux flux generated by the permanent magnet is A, = 0.022
Wh.

When the set speed is 4500 rpm, at the moment of 0.65 s the load torque affects the
system. Fig. 3 shows that the estimation speed is very fast with real speed value and the
error is negligible.
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Fig. 3. Speed response when set value is 4500 rpm under the influence of load torque

Fig. 4 shows the response of the two current ig and iq, where the iq current at the begin-
ning has a large value to accelerate the motor to quickly reach the set value, then the
value drops very small at the end of the transition mode. Fig.5 shows that when the load
is applied, the back-EMF component on of the observer adheres to the back-EMF com-
ponent of the motor very fast and few errors. Thus, in this case the HG observer esti-
mates that the components e, and e, have a sinusoidal form, with the same amplitude
and following the observed value.

When changing the speed setting value from 2500 rpm-3500 rpm-1500 rpm in Fig. 7.
Estimated speed is still capable of adhering to the real speed. The components e at the
output of the HGO continue to be the same sinusoidal form and follow the motor Back-
EMF. Changing the speed setting value does not change the estimation time of the
monitor.
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Fig. 4. Current response ig and iq
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6 Simulation and result

The paper presented the control system without measuring the rotation speed for syn-
chronous motor with integrated magnetic bearing, calculating the dynamic surface con-
trollers and designing the HGO unit in the system. By taking the input signal to the
observer, the reference voltage and stator current perform an estimate of the back-EMF
electromotive force as the basis for calculating the position and rotor speed. The system
works stably at medium speed range upwards, in which the interaction between axial
position control and speed control has also been limited. However, the peak phenome-
non caused by the visual disturbance affects the quality of the output speed.
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