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Abstract- Estimating the speed and position for the permanent magnet synchronous motor (PMSM)
based on active flux observer is the objective of this paper. using active flux concept, the Interior
Permanent Magnet Synchronous Motor (IPMSM ) dynamics model can be described as an
equivalent surface permanent magnet synchronous motor (SPMSM) model .A robust
modified integrator with constant input is introduced . The effectiveness of this observer of IPMSM
is verified by simulation results.
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1. INTRODUCTION
HIGH efficiency, high torque/inertia ratio, superior power density, rapid dynamic
response, simple modeling and control, maintenance-free operation and many other
advantages made PMSM the most widely acceptable electrical motors in industrial
applications. Generally two most important types of PMSMs: The PMSM with Surface
mounted magnet (SPMSM) and the PMSM with Interior magnet (IPMSM). In the SPMSM,
the magnets are found on the rotor surface (the d-axis and q-axis inductance are equal, ) and
there is only magnet torque produced. In the IPMSM, the magnets are buried in the rotor
(with different d and q axis inductance )and both magnet torque and reluctance torque are
produced [1] [2][3].
Recently, some approaches have been proposed to unify the models of AC machines for
Sensorless control purposes. The concept of extended FEM have been introduced by [4].
it's the first attempts which consist to develop a new mathematical model for IPMSM
suitable for both Surface mounted magnet (SPMSM) machine and Interior magnet
(IPMSM) machine. The object is to estimate the rotor position and speed of IPMSM from
the Extended EMF in a similar way to SPMSM. For the same purpose, the authors in [5]
propose a simple model of IPMSM based on the fictitious flux, this new model is treated as
an equivalent of SPMSM.
Another approach that can be taken to simplify the model of IPMSM called the active flux
concept proposed by in [6]. The active flux concept is introduced here. Using this concept,
the IPMSM dynamics model can be described as an SPMSM model and also , makes it
accessible to automated design methods. The “active flux” concept which “turns all salientpole rotor AC machines into fictitious non-salient-pole machines” represents the torque
producing flux,
In this paper a unified state -observer for Sensorless control of both SPM and IPM
machines in the stationary frame based on an active flux concept is proposed. The rotor
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position could be calculated directly by using the concept of active flux and under
parametric uncertainties. a modified integrator algorithm with constant input is introduced.
This paper is organized as follows. The next section presents the model of the IPMSM in
the (d, q) rotating coordinate. In section III we define the concept of the active flux . In
section IV an unified State -Observer of PMSM based in active flux concept is developed
to estimate both rotor position and speed. The simulation results are presented in section V.
2. IPMSM MATHEMATICAL MODEL
The IPM model will be used because we can easily have the SPM model by using

Ld = Lq

.

The voltage equation of IPMSM in the (d, q) frame is given as [4][7][8] by:

u d   R + sLd − Pω Lq  id  0
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Where

u d uq
,

: voltage on rotating coordinate

id , iq : current on rotating coordinate
R

: stator resistance

s

: differential operator

Ke

: EMF constant

ωr

: mechanical rotor speed

θ

: rotor position at electrical angle.

Ld , Lq

: d-axis and q-axis inductance.

P : number of pole pairs.
The mechanical dynamics of IPMSM is given by:

J
Where

ωr
dt

= Te − Tl − fω r

(2)

Tl is the load torque, J and f are moment of inertia of the rotor and friction

coefficient, respectively.
The torque equation can be expressed as

Te =
where

ϕf

3
P(ϕ f + ( Ld − Lq )id )iq
2

(3)

is the rotor flux.
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3. ACTIVE FLUX CONCEPT
The “Active flux concept or the torque producing flux” introduced in [6] , is, by definition,
“turns all salient-pole rotor ac machines into fictitious non-salient-pole machines”.
Let us now simply define the active flux as:

ϕ d = ϕ f + ( Ld − Lq )id

(4)

The active flux vector is same direction with the real rotor flux vector ϕ f and the d-axis
current

id . So, the required rotor position can be obtained from its estimate in the same

way as is done for the SPMSM [9].
According to (4) the torque

Te expression can be described as follows [9][10][11][12]:
Te =

3
2

Pϕd iq

(5)

So, the active flux , by definition , is the torque-producing virtual flux which multiplies the
iq current component on the d axis in the electromagnetic torque equation of ac machines in
the rotating reference frame (d, q).

Figure 1 Vector diagram of active flux in dq reference.

It appear the linear form of torque which can be controlled directly by

iq when ϕd is fixed.

The voltage vector equation is given by:

us = Ri s +
According to (6), The Stator Flux is:
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ϕs = ∫ (us − Ris )dt

(7)

The stator flux expression is only related to stator resistance parameters.
The expression of active flux can be written as follows:

r

ϕ d = ϕ f + Ld id + jLq iq − Lq (id + jiq )

(8)

Then the active flux is [9]:

r

r

ϕ d = ϕ s − Lq is

(9)

This equation shows the simple relationship between active flux and stator flux where the
only motor parameter which can be affected is the q-axis inductance. Substituting stator flux
estimation equation (8) into active flux equation (9) we obtain:
r
r
r
r
ϕ d = ∫ (u s − Ris )dt − Lq is
(10)
In the two-phase fixed reference frame (α, β) we obtain:

ϕ dα = ∫ (uα − Riα )dt − Lq iα

ϕ dβ = ∫ (u β − Riβ )dt − Lq iβ

(11)

4. STATE OBSERVER BASED ON THE “ACTIVE FLUX” CONCEPT
The active flux observer design is based on the following model (Figure. 2).
According to Figure 1, the components fluxes

ϕ dα and ϕ dβ

can be written as:

ϕ dα = ϕ d cos θ

ϕ dβ = ϕ d sin θ

(13)

Then , from the equation, the rotor position angle can be calculated as:

ϕ

dβ
θˆ = arctan ϕ
dα

θˆ = arctan

(14)

∫ (u β −Riβ )dt−Lqiβ
∫ (uα −Riα )dt −Lqiα

(15)

where θˆ is the estimate of θ .
The rotor speed is obtained from a rotor-position:

ωˆ r =

dθˆ
dt

(16)
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ωˆ r =

ϕ dα ( k −1)ϕ dβk − ϕ dβ ( k −1)ϕ dαk
T (ϕ d2α + ϕ d2β )

(17)

where ω̂r is the estimate of ωr and T is the sampling time, and the index k-1 in (17)
denotes variables delayed with one sampling period.

ϕd

Eq (17)

ω̂ r

Eq (14)

θˆ

Z -1

Figure 2 The position-speed observer

5. RESULTS AND DISCUSSIONS

Under Simulink/Matlab software, the proposed control scheme has been simulated in
closed-loop. in figure 3 is shown the proposed control scheme when the optimal behavior of
the drive system is realized by set the d-axis current to zero (id=0) . A load of 5 Nm is
applied to the motor at t=5s . The simulation results are obtained using IPM motor where
the parameters are indicated as following: R=4.95 , Ld=0.04159 , Lq=0.05706 , J=0.010,
P=3, f=0.00204, φf =0.4832. The value of modified integrator constant input is 0.5.
Figures from 4 to 15 are given to demonstrate the efficiency of the rotor speed and position
estimation in the wide speed range, So, as we can see that the estimated rotor speed shown
by Figure 4 and the estimated rotor position shown by Figure 6 at nominal case (a) tracks
respectively the actual rotor speed and the real position quite accurately at high or low
speed. We note also that the speed error in Figure 5 is very small.
the Figures 7 ,8 and 9 show the active flux estimated, back EMF estimated and
electromagnetic torque respectively at nominal case . Very good performances are
obtained.
The stator resistance variation test is introduced to verify the robustness of proposed
observer. Figure 10, 11,12,13, 14 and 15 show the simulation result at ±50% Resistance
variation which confirms the robustness of the proposed sensorless control.
We can conclude that the observer provides good estimation of the rotor speed with and
without load. The ripple observed in rotor speed and torque when the motor is in load can
be avoided by optimal design of modified integrator for integration algorithm.
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Figure 3 Block diagram of the vector control scheme with Active flux observer

Figure 4 Actual and estimated rotor Speeds.

Figure 5 Speed error
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Figure 6 Actual and estimated rotor position

Figure 7 Active flux estimated

Figure 8 EMF estimated.
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Figure 9 Electromagnetic torque of IPMSM

Figure 10 Actual and estimated rotor Speeds at +50%R

Figure 11 Speed error at +50%R.
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Figure 12 E torque , EMF and rotor position at +50%R

Figure 13 Actual and estimated rotor Speeds at -50%R

Figure 14 Speed error at -50%R.
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Figure 15 E torque , EMF and rotor position at -50%R

6. CONCLUSION
This Paper presented a Rotor position and speed estimations method based on the active
flux observer .It is more simple than other method and suitable for both SPMSM and
IPMSM. A modified integrator for integration algorithm is introduced. The simulation result
demonstrate the efficiency robustness under parametric uncertainties for wide speed range of
the proposed observer .
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