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Abstract: Problem statement: The present study investigated with the application of a robust control
scheme to improve the performance of a simplified indirect field oriented for small power surface
mounted Permanent Magnet (PM) synchronous actuators. Approach: The suggested model was
implemented using a simplified state feedback with no need to measure the current values to compute
the control algorithm. Results: The current values were estimated by an accurate prediction model
estimated from real input/output data. The suggested control scheme was enabling the possibility to
perform a position controller by using only a position sensor. Conclusion: The performance of the
controller was evaluated and validated by digital simulation using SIMNON package and the
usefulness of the suggested method was proved.
Key words: Field oriented control, synchronous actuator, position control
current instead of a measured one improves the
robustness of the system against parameter
uncertainties. The performance of the suggested system
has been validated by digital simulations.

INTRODUCTION
Field oriented control allows to achieve high
performance motion control with ac actuators[1-3]. This
control strategy usually needs a fast control of the
actuator stator phase currents. This is not easy to
perform for surface mounted PM synchronous
machines since the time constants associated with the
evolution of the stator currents are very small (with an
order of magnitude of a few milliseconds).
One solution which has been widely used consists
of controlling these currents with analogue current
loops[3]. However, unwanted interactions between these
loops can appear which are related to the couplings
existing between the phases of the machine.
Such interactions can be avoided by controlling the
Park components of the currents since it is then possible
to ensure a decoupling of the current loops[4].
This study describes a simplified digital position
control system for a small power rare earth permanent
magnet synchronous actuator. Field orientation is
performed in open loop by using an appropriate
decoupling state feedback to keep the direct axis
component of the stator current equal to zero. This
decoupling feedback is computed with a predicted
value of the quadrature axis current, so no current
measurement is needed and the only sensor used is a
digital position encoder.
Furthermore, it will also be shown that by using in
the decoupling state feedback, an estimated value of the

MATERIALS AND METHODS
Actuator modeling: The Park equations of a PM
synchronous actuator without damper windings are:
dL d
i d − Pω L q i q
dt
dL q
U q = R a iq +
i q + PωL did + K T ω
dt

(1)

Tem = K Ti q + P(Ld − Lq )idi q

(2)

U d = R a id +

Where:
Ra
= The resistance of an armature winding
Ld, Lq = The self inductances of the d and q armature
equivalent windings
KT
= The torque constant
ω
= The rotor angular speed
θ
= The position
2P
= The number of poles
The corresponding block diagram is given in full
line in Fig.1. In this Fig. 1 T is the load torque, J is the
inertia of the actuator rotor and of the mechanical load, K
is the viscous torque coefficient, s is the Laplace operator.
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Fig. 3: Block diagram of the position control
The position controller generates the control
voltage Uq. It comprises a PI speed regulator in cascade
with a position proportional regulator. This structure is
shown in Fig. 3 where the electrical time constant of the
q axis has been neglected.
The controller shown in Fig. 3 can be seen as a PID
position controller (with no derivative action on the
position reference) without compensation of the motor
back e.m.f. Because of this last feature this controller is
very robust[7,8].
It should be noted that the controller shown in
Fig. 3 must to be robust against variations of inertia and
load torque, but also against an imperfect decoupling of
the d axis from the q axis due to uncertainties on the
parameters and to the discretization inherent in every
digital controller.

Fig. 1: Block diagram of a PM synchronous actuator

Fig. 2: Block diagram of the q axis after decoupling

Robustness of the id control: As we try to keep id
equal to zero in open loop, an error on parameter Lq
implies an error on id. This error can be easily
computed in steady state.

The surface mounted rare earth permanent magnet
synchronous actuators which are considered in this
study have very low values of armature d axis and q
axis inductances, which makes it possible to ignore the
electrical time constants Ld/Ra and Lq/Ra.

Effect of an error on Lq: In the case of an error on Lq,
the following expression is obtained in function of the
speed, current iq and error ∆Lq on Lq.
if the decoupling (3) is computed with a measured
value of iq:

Control strategy: It can be seen from Fig. 1 that, if the
d axis current is equal to zero[5,6], the block diagram of
the synchronous actuator becomes similar to that of a
DC machine as far as concern the position control
(Fig. 2). This can be performed in open loop by
introducing an appropriate state feedback (shown in
broken line in Fig. 1). According to this state feedback
the d axis voltage must be equal to:
U d = − Pω L q i q

id =

iq =

Ra

Ra

(5)

iq

if the decoupling (3) is computed with an estimated
value of iq:

(3)

In the proposed control algorithm, the computation
of Ud is performed by using an estimated value of isq
instead of a measured one. This value is deduced from
the rotor speed and from the value of the control
voltage Uq by neglecting the electrical time constant:
Uq − K Tω

− Pω∆L q

id =

− Pω∆L q
Ra +

P 2ω2 L*q L d

iq

(6)

Ra

Effect of an error on Ra: An error on the parameter
Ra does not affect the value of current id in steady state
if the decoupling is achieved with a measured value of

(4)
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iq. It is not the case if the decoupling is achieved with
an estimated value of iq, but the error on current id
remains very small. This error is given in steady state
by the following expression (Ra* is the estimated value
of Ra):

id =

Ra
)
R *a
iq
P 2ω2 L q L d

Figure 6 shows the response of the system to a step
in the position reference from 0-100 Rad and to a
positive torque, equal to the rated torque, at t = 1
sec until t = 1.5 sec. The position response is very
satisfactory.

−PωLq (1 −
Ra +

(7)

R *a

RESULTS
The behaviour of the system has been simulated for
the rare earth permanent magnet synchronous actuator
whose parameters are shown in Table 1.
Figure 4 shows the speed ω, the currents id, iq, iq
estimate and the tensions Ud and Uq. The point of
current iq appearing at the first moments of simulation
is due to the delay caused by the computing time of the
microprocessors.
Figure 5 shows that the response of the current iq
(and thus of the couple) is slower and that the error on
the current id during the transients is larger than in the
simulation of Fig. 4. It is obvious from Fig. 4 and 5 that
the effectiveness of the id control in open loop is greatly
improved by the use of an estimated value of iq instead
of a measured one.

Fig. 5: Simulation of the dynamic behavior of the
system without regulation of current and a
decoupling with a measured value of iq

Fig. 6: Simulation of the dynamic behavior of the
system to a step in the position reference and to
a step in the load torque

Fig. 4: Simulation of the dynamic behavior of the
system without regulation of current and a
decoupling with an estimated value of iq
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Table 1: Synchronous machine data
Components
Number of pole pairs
Power
Speed
Moment of inertia
Coefficient of viscous friction
Torque constant
Stator resistance
d axis inductance
q axis inductance

Rating values
P =1
p = 0.1 Kw
N = 3000 r min−1
J = 2.10−5 kg m2
K = 1.5.10−5Nms rad−1
KT = 0.036 Nm A−1
Ra = 0.852 Ω
Ld = 2.5 mH
Lq = 2.5 mH

Fig. 9: Error on id resulting from an error of 25% on Ra
Figure 9 shows the error on id in function of the
speed, when Ra = 1.25 Ra* for the actuator considered in
the Table 1.
DISCUSSION
During the transient due of the step response, the
difference between the estimated value of iq and its
measured value, which appears in Fig. 4, is mainly due
to the delay caused by the computing time. In fact, in
order to estimate current iq, by the expression (4), the
values of voltage Uq and speed ω are needed. The value
of the voltage Uq, to be applied during the next
sampling interval is given at the output of the speed
regulator.
As is shown in Fig. 4, the measured value of speed
and the estimation of iq are affected by the delay
especially when the rotor speed changes very quickly.
Indeed, computing the decoupling feedback as
given by the expression (3) with the estimated value of
iq as given by the expression (4) instead of the
measured one has the following advantages:

Fig. 7: Simulation of the dynamic behavior of the
system when there is an error of 20% on Ra

•
•
Fig. 8: Error on id resulting from an error of 20% on
Lq; (a): Decoupling with a measured value of
iq; (b): Decoupling with an estimated value of iq

•
•

Figure 7 shows, respectively, the position, the speed
of the rotor of the actuator, currents id, iq, and the
estimated current iq. In this case an error on parameter Ra
does not directly affect the control of id in open loop.
Figure 8 shows the error on id, in function of the
speed, when Lq* = 1.2 Lq, for the actuator considered in
the Table 1. It is obvious from Fig. 8 that the
effectiveness of the id control in open loop is greatly
improved by the use of an estimated value of iq , instead
of a measured one.

The estimation of iq gives a one step ahead
predicted value of the current
The estimated value is less noisy than the measured
one
No current measurement is needed, which
simplifies the hardware implementation
The robustness of the decoupling feedback against
parameter uncertainties is highly improved
CONCLUSION

In this study, a model based robust position control
scheme for a small power PM synchronous actuator is
presented.
It has been proved that the suggested approach
based on the introduction of an appropriate decoupling
state feedback, presents the advantage to have good
391

Am. J. Engg. & Applied Sci., 2 (2):388-392, 2009
5.

robustness properties especially when system
parameters uncertainties occur because the current
values used in the state feedback controller are
estimated instead to be measured.
The simplicity of the controller synthesis and
implementation is proved by the conducted digital
simulation.
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