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I. Introduction

In electric power assisted steering (EPAS) systems an electric machine is connected to the mechani-
cal steering system to reduce driver’s work by generating torque in the appropriate direction. Electric
actuators have great advantages compared to hydraulic systems. Steering properties can be changed
on-line according to vehicle speed, quality of road surface or other significant parameters. They are
also environment-friendly, because of their higher efficiency and because they do not contain envi-
ronmentally harmful hydraulic steering fluid. Nowadays three phase permanent magnet synchronous
machines (PMSM) are used in EPAS systems. In PMSM type of machines rotor position information
(angle between rotor permanent magnet axis and magnetic axis of stator winding) is essential in mo-
tor control application, because without knowing the exact rotor position the required torque cannot
be generated [1]. In conventional applications a position measurement sensor is dedicated to deliver
angle position information. There are different methods to omit position sensor [2],[3]; in this paper a
method using inductivity measurement is described.

II. Measurement method

To estimate rotor position without a position sensor there is no need for hardware modification,
only the motor control algorithm should be modified. Sinusoidal voltage output signals should be
superponed with short (∼ 50 μs) measurement pulses. 6 different pulses should be generated. 3 if
one of the three phases is connected to UDC and the other two is connected to GND. Other 3 if two
of the three phases is connected to UDC and one is connected to GND, as it can be easily seen in
Figure 1a. The 6 different pulses are the measurement signals of three different resultant inductivity
of the machine phases. This inductivity values are varying as a function of rotor position, but their
sinusoidal components phase which is depending of rotor position are shifted with ±2π/3 radian. From
current answer to the voltage pulses resultant inductivity of the machine phases can be calculated using
(1), where Δu is the measurement signal amplitude, Δi is the current answer, Δt is the measurement
pulse with. To estimate rotor position using inductivity change of the stator phases a specially designed
electrical machine is needed. Inductivity varies as a function of rotor position almost in every type of
PMSM. But if this phenomenon is not emphasized during design period, inductivity change can not
be measured in automotive environment. In the test environment inductivity variation is 30% and
approximately sinusoidal as a function of rotor position (2), where L is the resultant inductivity of the
machine phases, L0 is the average constant part of the inductivity, Ld is the amplitude of the sinusoidal
part of the inductivity, γ is the rotor angle, ϑ is the phase offset. Main disadvantage of this method is
that inductivity varies two times faster as the rotor angle. This phenomenon can result π rad failure
in position estimation. Main goal of research was to improve an existing position detection algorithm.
For this reason a measurement environment was built to test new implementations.

L ≈ Δu

Δi/Δt
(1)

L(γ) = L0 + Ld · sin(2γ + ϑ) (2)
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Figure 1: Electric circuit of motor windings and current response in different angle positions

III. Building a test environment

Efforts to build a test environment using dSpace Autobox hardware and MATLAB/Simulink software
was also done. Main advantage of Autobox hardware is that Simulink models – which are previously
used for simulations and calculations – can be compiled to its target processor language and run real-
time, directly without extra programming work.

Autobox board is based on a Power PC controller, contains A/D measurement card with 20 A/D
converter, PWM controller card, and other hardware for I/O functionality. Setting up real-time mea-
surement in Autobox environment was a challenging job, because voltage step signals are usually very
short pulses. A/D converters are also not suited for such high speed signals. That is the reason why
each channel is captured by 4 A/D converters; each of them has different conversion start phase. Using
this solution current answer for the short measurement pulses can be captured.

IV. Conclusion

Main goal of this paper was to present a driving method for permanent magnet synchronous motors
without using a dedicated position sensor. Main advantages of the method are:

• sensor cost can be eliminated,
• weight and volume of the construction can be reduced.

Main disadvantages of the method are:
• it can have π failure in the position measurement,
• generates hearable noise,
• it requires more computation capacity,
• not tested thoroughly in safe-critical applications.

Acknowledgment
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