WELK | REFERENCE GUIDE

Vacuum Pressure
Transducers

A practical guide to vacuum pressure transducers, covering the reader intent, the
relationship to vacuum pressure transducers, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Vacuum Pressure Transducers

In industrial process control, the precise measurement of pressure below
atmospheric levels is critical for safety, efficiency, and product quality. Vacuum
pressure transducers are specialized electronic devices designed to detect these
sub-atmospheric pressures and convert the physical force into a standardized
electrical signal. Unlike standard pressure gauges that provide a visual readout,
transducers enable automated systems to monitor, record, and react to vacuum
levels in real-time. This guide explores the fundamental principles, technological
variations, and practical applications of vacuum pressure transducers within the
context of industrial level measurement and process automation.

Understanding Vacuum Pressure Measurement
Principles

To select the correct instrument, it is essential to understand how vacuum is
defined and measured. In physics, a vacuum is any space where the pressure is
lower than the local atmospheric pressure. However, "vacuum" is not a single state
but a spectrum that ranges from atmospheric pressure down to a perfect vacuum
(0 Pa absolute).

| Pressure References

Vacuum pressure transducers typically operate using one of three reference types:

1. Absolute Pressure: Measured against a perfect vacuum (zero pressure). An
absolute vacuum transducer will read approximately 101.3 kPa (14.7 psi) at sea
level when exposed to the atmosphere and 0 kPa when in a total vacuum. These
are essential for processes that must be independent of changes in barometric
pressure.

2. Gauge Pressure (Vacuum Gauge): Measured against the current ambient
atmospheric pressure. A vacuum gauge transducer reads 0 at atmospheric
pressure and moves into negative values (e.g., -100 kPa) as vacuum increases.
This is common in simple suction applications.

3. Differential Pressure: Measures the difference between two distinct pressure
points. In vacuum systems, this is often used to monitor filters or to measure liquid
levels in pressurized or evacuated vessels.
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| The Vacuum Scale

Industrial applications generally categorize vacuum into three levels:
Rough/Low Vacuum: 101.3 kPa to 3.3 kPa (1013 mbar to 33 mbar).
Medium Vacuum: 3.3 kPa to 10-1 Pa (33 mbar to 103 mbar).
High/Ultra-High Vacuum: Below 10! Pa.

Most level measurement and process automation tasks involving vacuum pressure
transducers occur within the rough to medium vacuum ranges.

| Core Technologies in Vacuum Pressure Transducers

The method by which a transducer senses vacuum determines its accuracy,
durability, and suitability for specific media. Three primary technologies dominate
the industrial market.

| Piezoresistive Strain Gauges

This technology utilizes a silicon or metal diaphragm with integrated resistors.
When vacuum is applied, the diaphragm deflects, changing the electrical
resistance of the circuit (the Wheatstone bridge). Piezoresistive sensors are highly
sensitive and provide excellent linearity, making them ideal for low-vacuum
applications where precision is paramount. However, they can be sensitive to
temperature fluctuations and require internal compensation.
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| Capacitive Pressure Sensors

Capacitive transducers measure the change in electrical capacitance between a
flexible diaphragm and a fixed metal plate. As vacuum pulls the diaphragm, the
gap changes, altering the capacitance. These sensors are known for their extreme
robustness and resistance to overpressure. Because they do not rely on bonded
strain gauges, they are often used in corrosive environments where ceramic
diaphragms can be employed.

| Thin-Film and Thick-Film Sensors

These sensors involve sputtering or screening resistive materials onto a substrate
(usually stainless steel or ceramic). They offer high long-term stability and are
often used in high-pressure vacuum applications where the sensor must withstand
significant mechanical stress or vibration.

Role of Vacuum Measurement in Industrial Level
Sensing

While vacuum pressure transducers are standalone instruments, they are integral
to hydrostatic level measurement systems, particularly in closed-tank
environments. In an open tank, the liquid level is determined by the pressure at
the bottom of the tank relative to the atmosphere. However, many industrial
processes occur in sealed tanks that may be under vacuum to lower the boiling
point of a liquid or to prevent oxidation.

In a vacuum-sealed vessel, a standard hydrostatic sensor cannot accurately
determine the level because the "head pressure” (the pressure in the gas space
above the liquid) is not atmospheric. To solve this, engineers use differential
pressure measurement. One side of the transducer (or a second transducer)
measures the vacuum in the headspace, while the other measures the total
pressure at the bottom. By subtracting the vacuum pressure from the total
pressure, the system isolates the hydrostatic pressure exerted by the liquid
column alone.
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For engineers designing these systems, reviewing the technical specifications on
the Main Page of an industrial instrument manufacturer is a vital step in ensuring
compatibility between vacuum sensors and level transmitters.

| Technical Selection Criteria for Engineers

Selecting the wrong transducer can lead to premature failure or inaccurate data.
Use the following table and criteria to evaluate vacuum pressure transducers for
your project.

Criteria Description Industrial

Standard/Requirement

Measurement Range The span of vacuum the e.g., 0 to -1 bar (0 to -14.5
sensor can detect. psi)
Accuracy The maximum deviation from 0.25% to 0.5% Full Scale (FS)

the true value.

Output Signal The electrical interface for 4-20 mA, 0-10 VDC, or
the PLC/DCS. Modbus RTU
Wetted Materials Materials in direct contact 316L Stainless Steel,
with the media. Hastelloy, or Ceramic
Process Connection The mechanical fitting. G1/2", 1/2" NPT, or Flanged
Operating Temp The range of the process and -20°C to +85°C (-4°F to
ambient air. 185°F)

| Media Compatibility

Vacuum systems often involve vapors that may condense into liquids inside the
sensor. If the media is corrosive (e.g., in chemical processing), a stainless steel
diaphragm may require a specialized coating or a ceramic sensing element.
Always confirm that the internal O-rings and seals are compatible with the process
gases.
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| Environmental Protection

In wash-down environments or outdoor installations, the transducer housing must
meet specific Ingress Protection (IP) ratings. IP65 is standard for most industrial
settings, while IP67 or IP68 is required for areas prone to flooding or heavy
moisture.

| Installation and Maintenance Best Practices

Proper installation is as critical as the sensor technology itself. Poorly mounted
vacuum pressure transducers are prone to "zero drift" and mechanical fatigue.

1. Orientation: Install the transducer in a position that prevents moisture or
condensate from pooling on the diaphragm. In vacuum lines, mounting the sensor
above the process line allows any liquid to drain back into the system.

2. Venting: Gauge pressure transducers require a small vent to the atmosphere to
provide a reference. Ensure this vent is protected from water ingress and clogs.

3. Sealing: Use appropriate thread sealants (like PTFE tape or specialized gaskets)
that are rated for vacuum. Even a microscopic leak can introduce atmospheric air,
skewing the vacuum reading and potentially contaminating the process.

4. Electrical Isolation: To prevent electromagnetic interference (EMI) from pumps
and motors, use shielded cabling and ensure the transducer is properly grounded.

| Calibration Cycles

Vacuum sensors should be calibrated at least once a year. Because vacuum
measurement is sensitive to atmospheric changes (for gauge types) and
mechanical aging, a zero-point check should be performed whenever the system is
opened to the atmosphere.
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| Limitations and Operational Risks

While highly reliable, vacuum pressure transducers have specific limitations that
must be managed:

Overpressure Events: Many vacuum systems occasionally undergo cleaning or
pressure testing. If a sensor rated for vacuum is exposed to high positive pressure,
the diaphragm may deform permanently. Look for sensors with high overpressure
ratings (typically 2x to 4x the rated range).

Temperature Sensitivity: Vacuum measurement involves very small physical
forces. Thermal expansion of the sensor housing or the fill fluid (in diaphragm
seals) can cause significant errors. Always use temperature-compensated
transducers for processes with wide thermal swings.

Cavitation and Spikes: In liquid vacuum systems, sudden valve closures can cause
pressure spikes (water hammer) that can shatter ceramic diaphragms or rupture
metal ones.

| Frequently Asked Questions (FAQs)

Q: What is the difference between a vacuum transducer and a suction sensor?

A: In most industrial contexts, they are the same. However, "suction" is often used
to describe the flow-related vacuum created by a pump, while "vacuum
transducer" refers to the instrument measuring the static or dynamic pressure
level relative to a vacuum or atmospheric reference.

Q: Can | use a standard pressure transducer to measure vacuum?

A: Only if the transducer is specifically rated for "compound" pressure (measuring
both positive and negative pressure). A standard positive-pressure-only transducer
may be damaged or simply return an error signal if exposed to a vacuum.

Q: Why is my vacuum reading changing with the weather?

Welk Reference Guide 7



WELK REFERENCE GUIDE Vacuum Pressure Transducers

A: If you are using a gauge pressure transducer, it is referenced to the local
atmosphere. Changes in barometric pressure (due to weather or altitude) will
change the reference point. For processes requiring high stability regardless of
weather, an absolute pressure transducer is recommended.

Q: How do | handle condensation in the vacuum line?

A: Use a siphon or a small catch-pot (drip leg) before the transducer to collect
moisture. Additionally, choosing a transducer with a flush diaphragm can prevent
material build-up in the port.

For technical assistance in integrating vacuum pressure transducers into your
specific industrial level measurement project, it is advisable to consult with a
specialist. You can explore a wide range of compatible sensing technologies and
engineering resources by visiting the Main Page of Welk's technical database.
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