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Summary

Conversion Theory on Mutual Induction
Angular Displacement Transducer

Hajime Yawmapa

(Department of Electsical Engineering, Faculty of Engineering)

Measurement techniques of angular displacements occupy very important
position in the process control systems. The numerous kinds of process varia-
bles in the systems, such as pressure, different pressure, flow rate and level
etc., primarily convert angles or displacements, then they are measured by
electrical quantities with the various methods.

The mutual induction angular displacement transducer performs the
conversion from amguar displacement to electrical quantities, which consists
of the semi-toroidal or circular shaped core and the semi-toroidal solenoid
coil with primary and secondary windings. The primary windings are con-
nected series and the two secondary windings are connected counter-series
each other as well as two sectional type linear differential transformer.

When any angular displacement is given to the core located in the semi-
toroidal solenoid coil, it induces the secondary output voltage proportionl
to the angular displacement.

Many angular displacement transducers, such as a hall-generator, heat
conduction, resistance (potentiometer type), photo-cell, code plate and elect-
romagnetic induction, have been developed till quite recently from the various
countries, The outline of their principle of operations and the characteristics
are introduced in the second chapter.

In the third chapter, analysis of the conversion characteristics made by
using modeling methods of flux distribution on the core of the mutual induction
angular displacement transducer and its experimental results are described.
The shapes of the flux distributions on the core is assumed as rectangular,
parabolic and sinusoidal.

The limitation on the linear range of the output voltage and on the
constancy of the primary inductance are theoretically analyzed by the above
mentioned flux distribution, and satisfactory coincidence is obtained with the
experimental results.

Improvement of the linearity of the output voltage by the magnetic field
compensation and the asymmetrical winding methods based on the modeling
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analysis are also discussed in this chapter.

In the fourth chapter, the theoretical equation of secondary output
voltage on the mutual induction angular displacement transducer is derived
by the quantity of the coupling factor which depends on angular displace-
ment. ;

Frequency characteristics of the transducer, and comparison of the
different transducers, which have different winding constructions and core
materials, are checked in this chapter.

The transducer is able to measure electrically the mechanical angular
displacements from 0 to 50 degrees with the linearity -+ 1.0 per cent at the
exciting frequency 1 kilocycles. 1 minute (=0.0167 degrees) of angular displa-
cement is detectable in the vicinity of electrical zero point characteristics by

DC output signal.



