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ABSTRACT
In synchros and resolvers, brushes, and slip-rings produce a lot of noise in the output signal. Compared to encoders, the application of such position sensors in precision control systems is restricted because of their low accuracy. In this paper, a novel scheme of a brushless synchro is introduced. In this scheme, the primary and
secondary windings are mounted on the stator, and the stator magnetic ﬂux passes a certain path in the rotor with
inducing voltage in the secondary winding. In this paper, a software method based on simple look-up table is used
to enhance accuracy and reliability of the output signal of the proposed synchro. The operation principle of the
brushless synchro is clearly described in the paper using a ﬁnite element method (FEM). The number of turns
for the stator coils is calculated by a method based on desired harmonic elimination to have a sinusoidal magneto
motive force. Some prototypes have been fabricated, and two experiments have been implemented in order to verify the theoretical concepts and to evaluate the accuracy of the fabricated synchros. Results show the proposed
brushless synchro has high accuracy. Copyright © 2015 John Wiley & Sons, Ltd.
Received 26 October 2014; Revised 3 July 2015; Accepted 1 September 2015
KEY WORDS:

three-phase brushless synchro; E-shaped stator; harmonic elimination; accuracy improvement

1. INTRODUCTION
Flexible and accurate motion control is impossible without precise information about the position and
the speed. Controllers use devices called transducers to measure the position of a motor shaft [1, 2]. On
the basis of the physical design, these angular transducers can be classiﬁed into two main groups.
The ﬁrst group is optical encoders [3]. In this group, phototransistor or other light-sensitive electronic
device counts lines on a transparent disk. Mainly these encoders generate two or three output signals.
The second group is synchro/resolver. Both synchros and resolvers employ single winding rotor that revolves inside ﬁxed stator. In synchros, the stator has three windings oriented 120° apart and electrically
connected in a Y-connection. In Resolvers, the stator has two windings oriented at 90°. In operation for
both synchros and resolvers, the rotor winding is excited by an AC reference voltage. The magnitude of
the induced voltage in the stator windings is proportional to the rotor angle. Nowadays, most of the machines such as aircrafts, satellite antenna, and machine tools make use of synchros/resolvers as costeffective angular position [4] and speed [5] sensors for control purpose [6–8].
Compared to the synchros/resolvers, the optical encoders are much more complicated, of larger size,
and expensive [9]. Furthermore, optical encoders have some restrictions in operation. For example,
synchros have operating temperature of 55 to 175 centigrade, while operating temperature of optical
encoders ranges from 0 to 100 temperature range. Tolerable shock level for synchros is 50 (G’s), while
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