TECHNICAL WHITE PAPER

PRESSURE SENSOR i
WATER DEPTH CONSIDERATIONS

Measuring water depth using a pressure sensor means measuring the weight of the water plus the weight of the
atmosphere. The atmospheric pressure is ~ 100kPa and 10 metres water pressure is ~ 100kPa.

There are two ways of measuring this pressure:

e Using an absolute pressure transducer referenced to a vacuum to measure the combined weight of the atmosphere and water
(say 0 to 200kPa)

e Using a gauge (gage in US) pressure transducer referenced to atmosphere to only measure the weight of water (say 0 to 100kPa)

Warning #1: Pressure transducers specify their error bands and accuracy as a percentage of their full-scale span. This means that an
accuracy of £1.5% of FSS for 100kPa is +1.5kPa, which is +150 mm of water. Other errors due to ageing and friction (stiction) will add to this.

Warning #2: Using an absolute transducer implies knowing the atmospheric pressure along with its ADDITIVE errors. Atmospheric pressure
changes +5% (500 mm water) plus altitude changes (which could be zeroed out). So ignoring atmospheric pressure compensation IS NOT
and option. Measuring and subtracting the atmospheric pressure would be feasible, but could increase the error range up to +450 mm of
water over 10m.

Warning #3: Using a gauge transducer requires one side to be open to the atmosphere. This requires a vented cable (if the transducer is
under the water) or a coupling tube (if the transducer is above the water). Both introduce potential errors due to moisture ingress and stiction.

SUMMARY

e With an absolute transducer, the measurement begins halfway (or more) up the transducer’s span (at 0m depth = 100kPa, at 5m = 150kPa).
This means that a 5m transducer must have a span of 15m (10m atmos + 5m water) and the error is therefore three times as much when
compare to a 50kPa gauge transducer.

e With a gauge transducer, there is need for a vented cable and desiccant and sealing, which is a significant cost and source of problems.

e Using a coupling tube (like in a bubbler system) connected to a gauge transducer located above the water may be an option, but accuracy
will reduce due to increased ambient temperature variations (could be compensated)

UNITS AND CONVERSIONS

Standard Atmospheric Pressure (at sea level) = 101.325kPa (1013.25hPa), 1013.25 mbar, 14.696psi, 760mmHg, 10.333m of H,0, 33.9ft of H,0
Atmospheric Pressure Span = 87kPa to 108.5kPa (21.5kPa variation = 2.192m H,0)

Atmospheric pressure reduction due to Altitude = -1.2kPa/100m altitude (-1.220m H,0 /1000m). Atmospheric pressure in Denver, CO is ~ 80kPa.
1000mm water = 9.806kPa

SELECTING A PRESSURE TRANSDUCER

The MPX series pressure transducers used to date have good performance with about 1% to 1.5% off FSS total error band. This error is
further improved by calibration and selecting the pressure span to match the expected water depth. Over a limited temperature range
(which water usually has) it's possible to achieve an error of around +0.25% of FSS during two years of use. This appears to be the minimum
acceptable level of performance.

LONG experience with various other analogue ceramic and stainless steel pressure sensors has failed to improve on the performance
achieved using the MPX series. In most cases these sensors are just as difficult to install and are usually (much) more expensive.

PRESSURE SENSORS MECHANISM

All pressure transducers use a silicon strain gauge (in a bridge configuration) as the measurement element. This strain gauge is bonded to a
diaphragm made of ceramic or stainless steel or in some cases directly etched onto a silicon wafer diaphragm. The (water) pressure pushes
against the diaphragm and the strain gauge measures the amount of deflection (strain) in the diaphragm caused by the pressure

being applied.
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Mechanical errors occur in:

e The linearity of the pressure vs. diaphragm deflection

e The linearity of the diaphragm deflection vs. the strain gauge output (resistance)
e The temperature stability of both

e The mechanical stability & ageing of both

Electronic errors occur in:

e The measurement of the strain gauge bridge (low mV signal)

e The temperature stability of the electronics

Starflow (and other water depth sensors) improve these errors by adjusting for zero offset when out of water and at a full-scale reading,

thereby choosing a best “straight line fit” through the composite error band. In water the errors are also less due to limited temperature
change.

Digital instruments perform error correction over a wide temperature range using a multi-term polynomial rather than a “straight line” fit. This
technique can significantly improve the temperature errors in the mechanics and the electronics. The mechanical linearity errors can also

be mapped (by multi-point calibration) and form part of the polynomial correction. Mechanical stability errors are more difficult to model and
correct as they are due to the number & span of deflections and long-term ageing.

DIGITAL PRESSURE SENSORS

In more recent years, these digital error correction techniques have been embodied in an ASIC connected directly to the strain gauge. These
transducers are very small (a few mm square) and produce a serial digital output (usually 12C). By miniaturising the strain gauge, mechanical
errors are reduced and the integrated correction ASIC allows for automated calibration over temperature and pressure ranges.

CONCLUSIONS

e |tmay be difficult to achieve accuracy using absolute sensors, even when remotely corrected for atmospheric pressure.
e All sensors are mechanical and non-linear with secondary temperature and ageing effects.
e Digitally pressure sensors are an improvement over the analogue MPX transducers.

e The sensor must be mechanically protected from dirt and other deposits that will damage/distort the diaphragm. The sensor needs to be
interfaced to stilled water so as to reduce the velocity vs. pressure effect. The water interface section of the sensing “chamber” needs to
be serviceable.
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