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Abstract

Nowadays, The three-phase AC induction motor (IMs), are
widely used in industrial applications. In IM-driven systems
requiring high control quality, the field-oriented control
(FOC) method is often applied. In order to use the FOC
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control structure, it is required to identify the generated
magnetic flux of the motor accurately. In this paper, the
authors deal with the method calculate magnetic flux of
Induction Motors using real-time microcontrollers.

1. Introduction

For specific applications that require operators or researchers, intervention in the control structure to customize the technology
process is necessary. C2000 DSP with an open structure, strong computing power I3 and competitive price opens up the
prospect of building a complete control structure for the 1M motor. With the permanent magnet (PM) motor, [*421 the magnetic
flux of the motor was pre-formed because the rotor is made of permanent magnets. Therefore, it is possible to implement the
FOC control structure when the angle of magnetic flux is precisely determined. The magnetic flux of the IM motor is formed

when the motor is powered.

2. Methodology

Equations for the flux of stator and rotor is shown in equation (1).

\"S = LSiS + Lmir
\"I' = Lmis + Ll'il'

In which:

)

Lo=L,+L, and L,.=L,,+L,. Ls is stator inductance, Lm is mutual inductance, Ls stator inductance, Lr rotor

inductance, Lm mutual inductance, Los and Lor are stator and rotor inductors, = is stator current, and i is rotor current. The
IM motor in this study is a squirrel-cage induction motor, so the rotor voltage is zero. Therefore, equations for the stator and

rotor voltages are as follows:

. di .
U = Rs"s+ “dr +ers':bs

0=R,i,+ d:: + jow 4,

O]

O]

In which w, = w, — w, with o is the slip velocity, ws is the synchronous velocity, and o is the rotor velocity.

From (1), (2) and (3), we have:
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dys

u, = R.i .+ ar +jwsp
. AP, .
0=R.1,.+ dz + jw, P, 3)

P, = Lsig"i_ Ln:'.:r
Y, = Lpis+ L.,

Eliminating the rotor current and the stator flux from (4), we obtain a set of equations describing the motor on the coordinate
system dq as follows:

dizg 1 1-ay. .
= (gt o) ea T weleg
1-a 1-a : 1
+ o ra + W U
g _ i — (L_ 1;”) ;
dr Wstsa = \Gr. ~ 1, ) =9 4
1-o . 1-a - 1
- T w‘[prq + J_:}‘[prq + J_Lsusq
dy,, 1. 1, :
?ﬁ - E leg — T_,.Iprd + (ws - w)lprq
dy,, 1. : 1,
dt ¢ = E lsq - (ws - w)Iprd - T_F_Iprq
Selecting the rotation system dq with q axis perpendicular to the flux generated by the rotor, we have yq = 0.
Substituting yrq into (5), we have:
digg 1 1-oYy. . 1-g - 1
- = (J_TS + J_Ts) Lsg + Wslgy + J_T?_Iprd + o sa (%)
di . 1 1-ah . 1-o g 1
?iqz —lslgg — (J_Ig-_ JE_)lsq_Twlprd +a_Lsusqr (6)
dg,g 1, 1,
ot =g tsa 7 Vra ()
1. g
0= ;Isq - (ws - w)‘[prd (8)
From this, we determine the torque equation and the equations for calculating and controlling rotor flux:
3 ..
My = Ezp (1 - J)Ls‘[prdlsq (9)
and
0=i ,+T3md_; 10
= lma + L Lsa ( )
0= Tpipmg — isq (11)
Ima = Yre (12)

Li'i'!

Thus, isqis to control flux, and isq is to control torque.

The magnetic flux model is crucial to motor control. That is, the magnetic flux model provides all state variables for motor
control. It also provides the coordinate transfer angle for the voltage and current coordinate transformations. For
microcontrollers, the ability to perform calculations depends on the sampling time. As a result, selecting of the microcontroller
and the control algorithm directly determines the control quality of the drive system using the IM motor.

Equation (8) is used to determine the rotor flux. Therefore, the formula to calculate the magnetic flux becomes:

1. 1
Wra =Lp, (E lsd _EIprd)dt (13)

To apply to microcontroller easily, the above equation is discretized as follows:
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i isd(k - 1) (14)
~(1-F)¢ralk—1)

e

|

Yra (k) = Ly

The condition for the equation (14) to be exact is that the dg coordinate system must be in sync with the rotation angle of the
rotor flux, and the d-axis must have the same direction with the magnetic flux vector. This leads to the need to calculate an
accurate angle of the rotor flux. Based on equation (9), it is easy to determine the value of the synchronous angular velocity as
follows:

1

T
W, Lo +z @ (15)

Discretizing the above equation, we get:

1 igg(k-1)
w(k+1)= E;._ft.k_l) +z,0(k — 1) (16)

Experimental results are shown in Fig 1. The error between the two values is the angle error of the synchronous magnetic field
and the rotor flux.
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Fig 1: Experimental results of measuring the magnetic flux angle

3. Conclusion

Experimental results have proved the calculation ability of algorithms for magnetic flux models of three-phase asynchronous
motors of C2000 series microcontrollers. The construction of an accurate magnetic flux model allows implementing the FOC
control structure for the IM motor.
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