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Parameters On-line Identification of Dual Three Phase Induction
Motor by Voltage Vector Injection in Harmonic Subspace

Shuang Sheng *, Haifeng Lu *, Wenlong Qu *, Ruijie Guo **, and Jinlei Yang***

Abstract —This paper introduces a novel method of on-line identifying the stator resistance
and leakage inductance of dual three phase induction motor (DTPIM). According to the
machine mathematical model, the stator resistance and leakage inductance can be estimated
using the voltage and current values in harmonic subspace. Thus a method of voltage vector
injection in harmonic subspace (VVIHS) is proposed, which causes currents in harmonic
space. Then the errors between command and actual harmonic currents are utilized to
regulate the machine parameters, including stator resistance and leakage inductance. The
principle is presented and analyzed in detail. Experimental results prove the feasibility and

validity of proposed method.
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1. Introduction

The accurate knowledge of stator resistance is important
in speed sensor-less vector control [1] and direct torque
control (DTC) system [2], which relies on utilization of an
induction motor model and requires almost all the motor
parameters. The mismatch between the actual value and
value used in the speed estimator and DTC system may
lead performance deterioration and even instability [3].
Besides, the stator resistance changes significantly with
operation temperature. Therefore, an algorithm for on-line
identification of the stator resistance is needed.

The available on-line schemes include steady state
model calculation method [4], model reference adaptive
system (MRAS) [5] and artificial intelligence techniques
[6]. All of them designed for the three phase induction
motor can mostly be used by the dual three phase system.
However, this paper proposes a special method only

applicable to the dual three phase induction motor (DTPIM).

By injecting voltage vector in harmonic subspace, a
clockwise rotated current vector can be detected by
transforming the stator currents to harmonic space. Thus the
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stator resistance and leakage inductance can be calculated.
Experiments are carried out to validate the presented
method.

2. Principle of Voltage Vector Injection Method
2.1 Mathematical Model of DPTIM

The voltage equations of the machine in the a-f$-2;-2,-0;-
0, reference frame can be derived under the following
assumptions [7]:

1) The distribution of machine windings is sinusoidal.

2) Flux path is linear.

3) Mutual leakage inductances are neglectable.

The stator and rotor voltage equations in a-f subspace

are:
Us,, R, 0 I,
Usﬂ _ 0 RS isﬂ
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In (1), Rs and R, are stator and rotor resistance, Ls and L,
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are stator and rotor inductance respectively. L, is mutual
inductance. , represents the rotor electrical angular
frequency.

The stator and rotor equations in z;-z, subspace are:

_R 1
" oo
dt| g, _ R |lig, 1 g,

: Ls L @)

R
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dt|i,, Rl

L I‘Ir

In (2), L;s and L are stator and rotor leakage inductance
respectively. The equations in 04-0, subspace are
unconsidered, because the currents in this plane are zero
due to the isolated neutral points of two windings.

While the transformation from original six-dimensional
space to a-f-2;-2,-01-0, Space, it should be pointed out that
the fundamental components of the machine variables are
transformed into the a-f subspace, which is coincide with
the air gap flux rotation plane. These variables produce a
rotating MMF in the machine air gap and thus the
electromagnetic torque is generated. Harmonics with
k=6m+l, (m=1,35,...), i.e., the 5" 7" 17" 19" .
harmonics, usually caused by dead time effect and over-
modulation strategy application, are mapped into the z;-z,
subspace, which is thus called harmonic subspace. As z;-z,
space is orthogonal to a-f space, the variables on this plane
are non-electromechanical energy conversion related.

From (2), the stator resistance and leakage inductance
can be calculated if the voltage and current values in
harmonic subspace are acquired. The problem is how to
generate voltages in z;-z, harmonic subspace.

2.2 Switching Vectors of Dual Three Phase Machine

Define the switching signal S, of phase x (x=a, b, c, u, v,
w).If S,=1, it means the inverter upper leg of phase x
switches on; Else if S,=0, it means the inverter upper leg of
phase x switches off. The switching vectors in a-f and z;-2,
subspace are calculated as below:

szitch=[sa S,H Szl Sz Sol Soz]T
=U, TS, S S. S, S, S,I

Where Uy is the DC voltage, Tg is the transforming
matrix:
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Thus the switching vectors can be plot in a-f and z;-2,
subspace as shown in Fig. 1. Here is a deduced conclusion
that the switching vector of DTPIM is composed of
switching vector of ABC windings and switching vector of
UVW windings. For instance, the switching vector Vgg100
is composed of Vigxxx 0f ABC windings and Vyxxxio Of
UVW windings. The ‘XXX’ is ‘000” or ‘111°. That means
the reference voltage vector in a-f or z;-z, subspace can be
decomposed into two reference voltage vectors of two three
phase windings, thus a traditional pulse width modulation
(PWM) method of three phase induction motors can be
applied to simplify the control program.

a-f3 plane 7;-7; plane

Fig. 1. The distribution of switching vectors in o-p and z1-
z2 planes.

2.3 Voltage Vector Injection in Harmonic Subspace

Suppose the reference voltage User=( U, , Usy) ON o-f
plane is calculated in the motor control system based on the
operation condition, including rotor speed, electromagnetic
torque, and flux and so on, it can be decomposed into the
vector Uy, and Uy, which are reference voltage vectors of
ABC windings and UVW windings respectively, i.e.:

Uref = Uabc + quw )

According to the PWM strategy of three phase machine,
the adjacent switching vectors can be chosen as shown in
Fig. 2 (a) to satisfy (6). Ty, Ty, Ts, and T, are the instants of
switching vectors Us,, U 4, U 4 and Ug. Ts is the sample
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Fig. 2. Composed voltage vectors in a-f and z1-z2 planes.
Uppe e =Ugp T +Ug T, (©)
U =U,T,+U,T,

Once the switching vectors and instants are decided, the
equivalent output voltage vectors of inverter in a-f and z;-7,
subspace are fixed. Noticed that Us,= Us,’, Ug= Ug’, Uyg and
Uy’ are laterally symmetric, U, and U, are vertically
symmetric. The reference voltage vectors of ABC and
UVW windings in z;-z, subspace are composed as the
below equation:

Uabc, T = Uez' T+ U48’ T, %
Uy T.=U,/ T, +U/T,

Finally the output voltage vector U,;,, in z;-, subspace is
composed by U, and Uy

Uzlzz = Uabc' + quw, )]
Based on the geometrical relationship shown in Fig. 2 (b),
U,1,; is vertically symmetric with the error vector of Ug,

and U,. Define the error vector AU:

AU = Uabc _quw = 2Uabc _Uref (9)
= Uref - 2quw = (Ausa ) Aus[i)
And if Uy3,0=(Usz1, Usz2), Yield the below equation:
Ausa = uszl (10)
Ausﬂ =—Ug,

The reference voltages of two windings are derived
combining (5), (9) and (10) as below:
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T FA u . +AU
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2 2
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- u., —Au
u =U /Z—AU/ZZ(UW Ausa, sp S,B)
uvw ref
2 2
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The control diagram of the voltage vector injection in
harmonic subspace is shown in Fig. 3. T(6p) is the
clockwise rotation transforming matrix. 6, is the space
angle between two windings, which is 30 <in this paper.

uéa UVW* uSa UVW*
, . |=T(6) *
usﬁfuvw usﬂiuvw

| cos30° sin30° usa_uvw*
" | =sin30° co0s30° Usp o

(12)

ABC
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uvw
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Fig. 3. The control diagram of VVIHS method.

3. Parameter On-line Identification Method

3.1 Stator Resistance and Leakage Inductance On-line
Identification Method

The stator voltage equation in z;-z, frame is transformed
to synchronously rotated m-t frame as shown in (13) for
simplification. ws is the synchronous electrical angular
frequency.

u

. . d.
sm Rs Iy + @ L|s Iy + L|s alsm

q (13)
Uy = Rs ist - L|s ism + L|s aist

If m-axis is oriented in the direction coincide with the
direction of current vector I,1,, in harmonic plane, i.e. i4=0,
thus yield the function in steady state:
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usm = RS Ism

_ (13)
Uy =—a L|s lim

Suppose the estimated values of stator resistance and
stator leakage inductance are R, and L respectively,

the reference voltages should be set as shown in (14) to
generate a controllable current l,1.z. in harmonic plane.
Here l,1,, is oriented in m-axis, i.e. by =igm .

* A . %
usm = RS Ism
*

st

(14)

*

=~ Lls lsm

u

However, if the estimated values of stator resistance and

leakage inductance are inaccurate, the actual current 1, is
different from the reference value 1,5, , thus yield:

Is ist (15)
ust* = Rs ist - L|s ism

u,, =R i, +o, L

Define the impedance angle ¢ and its estimated value ¢ :

A

@ = arctan wSR—L'S @ =arctan wSTL'S (16)

S S

Combine (14), (15) and (16) yield:

Izlzz* ist = C ist (17)

where C=-— >
R,R

S S

o L2 +RS}

LT |< 0, the conclusions are
IzlzZ|

derived from (17) as below:

1) If ig<0, then tang >tang,ie. §>g¢;

2) If ig>0, then tang <tang,ie. ¢<¢;

3) Ifiq=0, only if tang=tang ,ie. f=¢;

The geometrical relationship shown in Fig. 4 gives an
intuitive grasp of the idea that the impedance angle could
be adjusted by the actual value of harmonic space current in

t-axis. A PI regulator is utilized to adjust the tangent value
of impedance angle in (18).

tan ¢ = tan g, + Kyl +k, [igdt (18)

m m
R [Lsee| ««\:?L‘.S [z ™ f _____ oLl
R [1,1s LI Qe
sz [ =~y Lig[a| Ity ','_ Rs“mz‘ -----
t R Y A g ‘
—0s L | V152
itO(l(ﬁ(D u t 0’_:(27 7 2
I
@ ¢>0 ®) d<o

Fig. 4. The currents and voltages in z1-z2 plane.

@o is the initial value of estimated impedance angle.
When ¢=¢, is=0, R= Ug/ g, R, = Ug/ ign, the
obtained error of estimated stator resistance is:

5 _ sm sm sm sm *
ARs_ s_Rs_i* i - I*I U,
sm
) sm sm “sm (19)
Alg, ut
. k. sm
-

(19) explains that:
) If iy, <ig,”, then R <R ;

sm !

*

.m o then R >R;
3) If ism :ism*lonly if IQS =R5;

2)If g, >1i

Similarly a PI regulator is utilized to adjust the stator
resistance value by the error of actual and reference value
of harmonic current in m-axis. The equation is shown as
below:

R, =Rg +Kpo (i i)+, [ (i =iy )t (20)

The diagram block of parameter on-line identification is
shown in Fig. 5. The ig, is the command value, to control
the magnitude of the current in harmonic plane. The ig;, and
i is transformed from the six phase currents by matrix Ts.
The ug and ug, are calculated in (14) utilizing the
estimated value of stator resistance and leakage inductance.
Then they are used to calculate the reference voltages for
ABC and UVW windings as shown in Fig. 3.

3.2 Dead Time Compensation Strategy

The distorted voltage caused by dead-time effect can
generate 5™ and 7" harmonics in phase currents, which will
be transformed into z;-z, subspace. That degrades the
dynamic and static performance of parameters adjusting
regulator.  Thus the dead-time should be compensated.
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m-t
21-25

Fig. 5. The diagram block of parameter on-line
identification.

As known that the estimation of current polarity is very
important for dead-time compensation, especially around
the zero-crossing point, thus the currents i, and iy are
utilized to reconstruct the fundamental wave of six phase
currents.

[ial ibl icl iul iv1 iwl]T :T67l[isa isﬁ 000 O]T (21)

Because a-f subspace mainly contains the fundamental
part of the signals, therefore the calculated currents in (21)
is approximately sinusoid. Then the current polarity could
be judged as below:

sgnfi, 1= {_1 >0 (x=a,b,c,u,v,w)  (22)

1 i,<0

3.3 Current Command in Harmonic Subspace

There is a problem of the dead-time compensation
method mentioned before: the waveform of reconstructed
fundamental phase currents will be distorted if the relative
angles of six phase currents change due to generated
harmonic current 1,1,,. That will deteriorate the dead-time
compensation performance. Thus the current l,5,, in z3-2,
subspace should be controlled to maintain the phase
position of phase currents.

Suppose the output currents of DTPIM after applying
the proposed voltage vector injection strategy are:

i, =1, cosé@

iy, =1, cos(0—2713)
i, =1,c0s(6—4r/3)
iy, = 1,c08(0 -7 /6)

i, =1, c0s(6 —57/6)
iy, =1,c08(6-37/2)

(23)

(23) shows that the magnitudes of two windings are
different but the relative angles are unchanged. Transform
(23) to a-p-2;-z, frame yield:

l, +1
=1 _2¢0s0
2

Sa

L+, .
iy =————=sind
(24)

il g
2

szl

:using
2

sz2

Or:

(25)

Therefore the current commands in harmonic plane could
be set as (26) to maintain the phase position of stator
currents.

(26)

If the m-axis is oriented in the direction of 1,1, , then the
transforming equation from z;-z, frame to m-t frame is
defined as below:

X X,
ol
Xt z2 (27)
| cosy siny || X,
| =siny cosy || x,,
Where y is the angle of 1,1, , y=arctan(is; /ig1 ).

4. Experimental Results

To evaluate the feasibility and validity of proposed
method, the tests are performed on a dual three phase
induction motor with rated power 2.5KW and rated speed
1000r.min™. The TMSF2812 DSP is used as main control
processor and the switching frequency is 5 KHz, DC link
voltage is 100V.

The diagram block of DTPIM control system utilizing
the proposed VVIHS method to identify the stator
resistance and leakage inductance is shown in Fig. 6.
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Fig. 6. The diagram block of DTPIM control system utilizing VVIHS method to on-line identify machine

parameters.
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Fig. 9. The experimental results of parameter on-line
identification method.
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Fig. 8. The waveforms of phase currents of DTPIM.

harmonics are eliminated since the dead-time compensation
Fig. 7 shows the current waveforms and harmonic strategy has been applied, which can improve the accuracy
analysis in z;-z, subspace. It is clear that the 5" and 7" and stability of identification method.
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Fig. 8 shows the current waveforms of phase A, B, U, V.
It proves that the relative angles of stator currents keep
unchanged with or without applying VVIHS method. Thus
the dead-time is exactly compensated, which improves the
quality of phase currents.

Fig. 9 shows the experimental results of parameters on-
line identification method. The accurate values of stator
resistance and leakage inductance are rapidly acquired in
less than one second. The currents i, and iy also converge
to command values fast and accurate. The experimental
results prove the feasibility and validity of proposed
method.

5. Conclusion

In this paper, a novel method of parameters on-line
identification of dual three phase induction motor is
proposed. By injecting voltage vector in harmonic subspace,
the stator resistance and leakage inductance can be
estimated fast and accurately. This method relies on none of
the other parameters of machine such as rotor resistance
and mutual inductance, and the dead-time is compensated
to improve the identification accuracy. Besides, it is easy to
be programmed and installed in control system to improve
the control performance.
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