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15 psi.  Since gauge units are typically used to measure much higher pressures (i.e. in the
hundreds to thousands of psi) the changes in atmospheric pressure are overshadowed and
do not create any measurement error.  In the HVAC industry, gauge units are utilized to
monitor steam pipes, water lines, and refrigeration lines.

The final method of pressure measurement is called differential.  The differential
pressure unit is so named because it measures the difference between two input pressures,
one of which is the reference.  The reference can be a constant pressure, such as vacuum
or atmospheric pressure, or a continuously changing input.  Differential pressure
measurement is very common in the HVAC industry.  The reference pressure varies
according to the application.  For flow detection or controlling pressure in a room or fume
hood the reference is usually atmospheric pressure.  A pitot tube connected across the
input ports of the differential unit and immersed in an airstream can be used for flow
measurement. By placing the inputs on either side of a filter or orifice plate a differential
unit can be used for blockage monitoring or flow control.

Sensing Methods

Over the years numerous technologies for measuring pressure have been
developed.  Our discussion will be limited to bonded strain gauge, piezoresistive (PRT),
capacitive, LVDT, and quartz oscillator.  Each technology has its own strengths and
weaknesses.  The key design parameters of accuracy, long term stability, operating
temperature range, and price are discussed to give an overview of strengths and
weaknesses.  This information is used to identify which type of pressure transducer is best
suited for a particular task.  A table comparing all of the technologies is included at the
end of the section.

Bonded Strain Gauge

The bonded strain gauge is one of the first technologies applied to measure
pressure.  They are used in higher pressure ranges from 10 psi to 50,000 psi.  These
sensors have filled a niche in the market measuring the pressure of wet and/or corrosive
inputs.  Bonded strain gauge transducers differ in three categories, the bonding method,
diaphragm material, and the type of strain gauge.  The bonding method affects stability
and temperature compensation.  A weak bond will degenerate over time, creating offsets
and nonlinearities.  To be compatible with corrosive inputs the strain gauges are bonded to
inert diaphragms made of stainless steel or ceramics.  Stainless steel is not a perfectly
elastic material and if not designed correctly will tend to lose its original shape.  Ceramics
are more elastic but can not withstand some corrosives and very high pressures.  The type
of strain gauge affects the magnitude of the output.  A higher output provides a better
signal to noise ratio.

The basic manufacturing method involves building a diaphragm, attaching it to a
substrate or fitting, and bonding strain gauges to one side.  A pressure input causes the
diaphragm to bend, stressing the strain gauges, creating an electrical output.  Adjusting the
diaphragm thickness changes the measurable pressure range.  The strain gauges are made
of many different materials, metals and semiconductors being the most common.  Different
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two millivolts.  Temperature compensation is difficult over large spans because the
temperature coefficient is large and the curve changes slope as the temperature drops.
Typical sensors are compensated from 0 to 70oC with +/-1% full scale drift in this
temperature span.  Silicon is a very elastic material, a property that ensures these sensors
have low hysteresis (+/- 0.005% FS) and repeatability (+/- 0.1% FS).  Stability is affected
by silicon degradation and the high amplification required for a useable output.
Improvements in manufacturing technology has made the stability of piezoresistive sensors
quite good.

Capacitive

Capacitive technology has many of the strengths of bonded strain gauge and
piezoresistive sensors together in one package.  Capacitance sensing has a higher gauge
factor than any strain gauge.  The amplification needed for a useable signal is contained to
a minimum providing excellent stability.  Capacitive sensors can measure pressures as low
as 0.5 inches of w.c. and as high as 10000 psi.  Temperature drift is held to changes in the
physical dimensions of materials.  The silicon and ceramics used for the sensing element
are very elastic and hold their shape well.  Capacitive sensors are generally larger than the
PRTs and strain gauges and somewhat more expensive.  They are very versatile sensors
which are able to reach both very low and very high pressures and are also able to sense in
corrosive environments.

Capacitive sensors use a deflecting diaphragm to sense pressure.  The diaphragm is
one plate of a capacitor.  The substrate forms the other plate.  The capacitance changes as
the diaphragm deflects under the pressure load.  The thickness of the diaphragm is
carefully controlled, the thickness determines the pressure range of the sensor.  When the
sensor is made of silicon the plates of the capacitor are heavily doped regions within the
substrate.  The use of one material keeps temperature coefficients equal and drift to a
minimum.  A ceramic sensor usually has gold plates screen printed on the substrate.  The
temperature coefficients are tailored such that they match.  The electronics for signal
conditioning a capacitive sensor are more complicated than the other technologies.

The temperature effects on capacitive sensors are small and can be compensated
from -30 to 125oF.  Typical temperature effects on zero and span are +/-0.5% of full scale
or better.  Combined hysteresis and repeatability errors are less than +/-0.03% of full
scale.  Non linearity is 0.1% of full scale.  One drawback of a capacitive sensor is it will
have a slower response time than other technologies.

LVDT and Quartz Oscillator

Both of these technologies are very accurate and sensitive, and tend to be
expensive as a result.  Many instruments built using these technologies are laboratory
grade quality.

An LVDT sensor has a diaphragm or another structure that deflects under a
pressure load.  The LVDT then measures this deflection.  A LVDT can measure tiny
deflections very accurately.  LVDT’s have a much higher sensitivity than strain gauges
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Product Specifications

ACI provides two types of pressure sensors to its customers, the low differential
unit, ACI/DP, and the gauge pressure sensor, ACI/GP.  True to our creed, when
developing our products ACI spends a lot of time choosing the correct technology to
achieve our design parameters.  The design parameters reflect the need of our customers.
In each case the chosen technology reflects customers needs first and cost second.

ACI/DP

The ACI/DP is designed to measure low differential pressure.  To meet this
specification ACI chose a capacitive sensor with a ceramic substrate and sensing
diaphragm.  Capacitive technology provides a high output and signal to noise ratio.  The
ceramic substrate is nearly elastic and has no degradation over time improving the overall
stability of the sensor.   A capacitive sensor also avoids the temperature drift problems
associated with PRT’s while still being competitive in price.  The DP units are offered for
sensing ranges from 0 to 0.25 inches of w.c. (+/- 0.25”) up to 0 to 10 inches of w.c..  Two
separate diaphragms are milled to exacting specifications to cover the pressure ranges.
ACI also designed electronics able to produce jumper selectable spans.  With each
unidirectional DP unit there are four possible spans, the bi-directional units handle two
spans.  By moving the jumpers the user can select full span, 80%, 60%, and 50% of the
full span.  The bi-directional units have 100% and 50% of full span selectability.

The low pressures measured by these units can cause problems for other
technologies.  At such a low pressure the diaphragm displacements are also small, leading
to problems with signal to noise ratio.  Our capacitive sensor has been designed
exclusively to function in the low pressure realm and works very well.  The transducer is
temperature compensated from 50 to 104oF.  In this temperature band the temperature
error is less than +/- 1% of full scale for 2 inches of w.c. and higher, and less than +/- 2%
of full scale for less than 2 inches of w.c..  Non-linearity of the transducer is +/-0.3 % F.S.
based on a best fit algorithm.  Because of the excellent elasticity of ceramics hysteresis and
repeatability are +/-0.03% of full scale.  The ACI/DP is mounted securely into a plastic
housing.  Brass fittings are used for pressure inputs.  The long term stability is excellent.

ACI/GP

The ACI/GP is a gauge pressure transmitter designed to measure medium to high
pressure ranges with wet inputs.  In the HVAC industry a gauge pressure unit must be
able to measure corrosive and wet inputs.  ACI chose a bonded silicon strain gauge unit to
accommodate corrosive inputs.  Measurable pressure ranges vary from 0 to 25 psi up to 0
to 5000 psi and the output is a linear two wire 4-20mA current.  The sensing element is a
silicon strain gauge bonded to a stainless steel diaphragm.  The diaphragm and fitting are
all milled from one piece of stainless steel.  There are no welds, seals, or o-rings that could
fail.  Any input compatible with stainless steel can be used.  The silicon strain gauges are
bonded to the stainless steel permanently using a proprietary sputtering technology.  The






