— LVDT Basics

What Is An LVDT?

The letters LVDT are an acronym for Linear
Variable Differential Transformer, a common type
of electromechanical transducer that can convert
the rectilinear motion of an object to which it is
coupled mechanically into a corresponding elec-
trical signal. LVDT linear position sensors are
readily available that can measure movements as
small as a few millionths of an inch up to several
inches, but are also capable of measuring posi-
tions up to =20 inches (0.5 m).

Figure 1 shows the components of a typical LVDT.
The transformer's internal structure consists of a
primary winding centered between a pair of iden-
tically wound secondary windings, symmetrically
spaced about the primary. The coils are wound on
a one-piece hollow form of thermally stable glass
reinforced polymer, encapsulated against mois-
ture, wrapped in a high permeability magnetic
shield, and then secured in a cylindrical stainless
steel housing. This coil assembly is usually the sta-
tionary element of the position sensor.
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The features that make an LVDT environmentally robust are evi-
dent in this cutaway view.
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The moving element of an LVDT is a separate
tubular armature of magnetically permeable
material called the core, which is free to move
axially within the coil's hollow bore, and mechan-
ically coupled to the object whose position is
being measured. This bore is typically large
enough to provide substantial radial clearance
between the core and bore, with no physical con-
tact between it and the coil.

In operation, the LYDT's primary winding is ener-
gized by alternating current of appropriate
amplitude and frequency, known as the primary
excitation. The LVDT's electrical output signal is
the differential AC voltage between the two sec-
ondary windings, which varies with the axial
position of the core within the LVDT coil. Usually
this AC output voltage is converted by suitable
electronic circuitry to high level DC voltage or
current that is more convenient to use.

How Does An LVDT Work?

Figure 2 illustrates what happens when the
LVDT's core is in different axial positions. The
LVDT's primary winding, P, is energized by a con-
stant amplitude AC source. The magnetic flux
thus developed is coupled by the core to the
adjacent secondary windings, S; and S,. If the
core is located midway between S, and S,, equal
flux is coupled to each secondary so the voltages,
E, and E,, induced in windings S; and S, respec-
tively, are equal. At this reference midway core
position, known as the null point, the differential
voltage output, (E; - E,), is essentially zero.

As shown in Figure 2, if the core is moved closer
to S; than to S,, more flux is coupled to S; and
less to S,, so the induced voltage E, is increased
while E, is decreased, resulting in the differential
voltage (E, - E,). Conversely, if the core is moved
closer to S,, more flux is coupled to S, and less to
S,, so E, is increased as E, is decreased, resulting
in the differential voltage (E, - E;).
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Figure 3A shows how the magni-
tude of the differential output volt-
age, Egyur, varies with core posi-
tion. The value of Egyr at maxi-
mum core displacement from null
depends upon the amplitude of the
primary excitation voltage and the
sensitivity factor of the particular
LVDT, but is typically several volts
RMS. The phase angle of this AC
output voltage, Eqyr, referenced to
the primary excitation voltage,
stays constant until the center of
the core passes the null point,
where the phase angle changes
abruptly by 180 degrees, as shown
graphically in Figure 3B.

This 180 degree phase shift can be
used to determine the direction of
the core from the null point by
means of appropriate circuitry.
This is shown in Figure 3C, where
the polarity of the output signal
represents the core's positional
relationship to the null point. The
figure shows also that the output of
an LVDT is very linear over its spec-
ified range of core motion, but
that the sensor can be used over
an extended range with some

reduction in output linearity.
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The output characteristics of an LVDT vary with different positions of the core.
Full range output is a large signal, typically a volt or more, and often requires no
amplification.  Note that an LVDT continues to operate beyond 1007 of full
range, but with degraded linearity.
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