STATOR FLUX ESTIMATOR
Stator flux estimator can be obtained from D, Q components:
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Where usD, usQ are D,Q voltage space-vector components referred to stator reference frame. The same for IsD and isQ. Rs  is the stator resistance. These components are constructed based on stator currents isA and isB as follows:
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Figure 2.6.  Inverter switches:
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Table 2.1. Inverter states
Inverter states are defined as follows:
	State
	Interruptor state

	SA=1
	S1  CLOSED
	S4  OPEN

	SA=0
	S1  OPEN
	S4  CLOSED

	SB=1
	S3  CLOSED
	S6  OPEN

	SB=0
	S3  OPEN
	S6  CLOSED

	SC=1
	S5  CLOSED
	S2  OPEN

	SC=0
	S5  OPEN
	S2  CLOSED




FLUX ESTIMATOR:
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Where   y  and Ud≈108 VDC. T: Sample time
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Where:
Lm = Magnetizing inductance
Tr=Lr/Rr. Rotor time constant
Rr = Rotor resistance.
Lr=Lr1+Lm rotor self-inductance.
Ls=Lm+Lls stator self-inductance.
Lls=Stator leakage inductance
 = Rotor flux D component
  = Rotor flux Q component
  
Lr1 is the rotor leakage inductance.  stator transient inductance. Lr1 and  are estimated  in base of following equations [9]:
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- - e W Figure 3.21 shows (he schematic of the six switches of the voltage-source inverter A
L] and the values of the switching functions are also shown together with the

and the speed of the stator-flux space vector is obtained as appropriate switch positions.
| R The stator-voliage space vector (expressed in the stationary reference frame)
g (3.1-58) can be obtained by using the switching states and the d.c. link voltage Uy, as
v

In these cquations  and 1 denote the direct and quadrature axes of the stator-flux-
oriented reference frame respectively. Equations (3.1-57) and (3.1-58) can be used
1o estimate Wy, and [, from uyp, tyg, i, and iq as shown in Fig. 3.20(b). The
angle p, is then obtained by the integration of wp,. This angle is fed back into a
transformation block, but it is not necessary to use two transformations to trans-
form #,p nd lig into 1y, and 1, and also iy and iy, into i, and i, This follows
from the fact that in the two voltage equations above, y,— Ryfy, 2nd u,—R,jy, are
present, and thus it is possible to obtain these in a single step from 1,y —Ryi,p and
tq— R by the transformation exp(—jp,) as shown in Fig. 3.20(b).

It is also possible to estimate the stator flux-linkage components by using
low-pass filters instead of pure integrators. In this case 1/p is replaced by
TKI+pT) where T is a suitable time constant [see zlso eqns (3.3-5-(3.3-7)].
Such a fiux-linkage estimation scheme is shown in Fig. 3.20(c). To obiain
accurate flux estimates at low stator frequency, the time constant 7 has to be large
and the variation of the stator resistance with the temperature has also to be
considered. It is an advantage of using the flux-linkage estimation scheme shown
in Fig. 3.20(c) that the effects of initial conditions are damped by the time
constant T. Obviously there will be a phase shift between the actual and estimated
fux linkages, but increased T decreases the phase shift, However, an increased T
decreases the damping.

‘The estimation of the stator flux-linkage components described above requires
the stator terminal voltages. However, it is possible to have a scheme in which
these voltages are not monitored, but they are reconstructed from the d.c. link
Voltage (U,) and the switching states (S,, Sy, Sc) of the six switching devices of
2 six-step voltage-source inverter. The switching functions (S, for stator phase sA,
Sy for stator phase $B, and S for stator phase sC) are defined as follows:

=1 when upper switch in phase sA of fnverter (S1) is ON and lower switch (S4)
is OFF

§,=0 when upper switch in phase sA of inverter (SI) is OFF and lower switch
(54) is ON
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#,=3U (S +aSg+a*Se). (3.1-59)

A simple proof of eqn (3.1-59) can be obtained in various ways, but only onc
technique will now be discussed, which is a direct consequence of the physical fact
that the stator line-to-line voltages of the induction motor (output voltages of
the inverter) can be expressed as u,,=U(Sy—Sp), ttpe=Uy(Sy—Sc), and =
Uy(Sc=S,). However, the stator phase voltages (ine-io-neutral voliages) can be
obtained from the line-to-line voltages a5 1y = Gty ~ e, 3, ths= (it — 11, )13,
1= (1, ~t,)/3. Substitution of the expressions for the line-(o-line voltages into
the stator phase voltages gives

ua=(U,28,~53=S0), =N (=S, +285—50),
o= (13 o(= Sy~ Sy +250).

Thus by considering that &= (2/3) iy +aty+a*uc), finally eqn (3.1-59) is
obtained. These results are now summarized:

1,4 =Re(f,) =4U,(25,—S3—Sec), (3.1-60)

n=Re(@i,) =4U,(~ S, +28,~5c), @.1-6)

tie=Re(af,) =4U,(~S,~ 5, +25¢). (3.1-62)
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Fig, 321, Tnverter switches and the switching functions. v
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