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The global electrification industry represents one of the most significant shifts in
modern industrial history. As the world transitions from fossil-fuel-based systems
to electric power, the demand for sophisticated infrastructure—ranging from
battery manufacturing plants to renewable energy storage systems—has surged.
Central to the success of these facilities is the precise control of fluids, chemicals,
and raw materials. Industrial level measurement instruments are critical
components in this value chain, ensuring safety, efficiency, and consistency in the
production and distribution of electrical energy and its storage components.

For engineers and procurement professionals operating within the electrification
sector, selecting the correct instrumentation is a matter of both operational uptime
and safety compliance. This article provides a technical overview of level
measurement technologies and their specific roles in the electrification industry.

| Core Level Measurement Principles

Before selecting a device for an electrification project, it is essential to understand
the physical principles governing different measurement technologies. Each
method has distinct advantages depending on the medium, vessel geometry, and
environmental conditions.

|Radar Level Measurement (Time-of-Flight)

Radar level meters operate on the Time-of-Flight (ToF) principle. The device emits
high-frequency microwave pulses (typically in the 26 GHz or 80 GHz range) that
travel at the speed of light. When these pulses hit the surface of the medium, they
are reflected back to the sensor. The distance is calculated based on the time
interval between emission and reception.

In the electrification industry, radar is preferred for its non-contact nature, making
it ideal for corrosive battery electrolytes or high-temperature chemical reactors
where contact-based sensors might degrade. High-frequency 80 GHz radar is
particularly useful for narrow tanks or vessels with internal obstructions, as it
provides a focused beam with minimal interference.
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| Ultrasonic Level Measurement

Similar to radar, ultrasonic sensors use the ToF principle but utilize sound waves
instead of electromagnetic waves. A transducer emits an ultrasonic pulse that
reflects off the liquid or solid surface.

While cost-effective, ultrasonic measurement is sensitive to the medium's
atmosphere. Changes in temperature, pressure, or the presence of heavy vapors
and foam can alter the speed of sound, leading to inaccuracies. In electrification
applications, these are commonly used in water treatment facilities or for
monitoring cooling water levels where conditions are relatively stable.

| Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column at the
bottom of a tank. According to the formula $P = \rho \cdot g \cdot h$ (where $P$ is
pressure, $\rho$ is density, $g$ is gravity, and $h$ is height), the level can be
determined if the density of the fluid remains constant. This technology is widely
used for deep-well monitoring and large-scale storage tanks for raw materials in
battery precursor production.

| Magnetic Level Gauges

These instruments utilize a float containing a permanent magnet that moves with
the liquid level. As the float rises or falls, it rotates magnetic flaps or triggers a
reed chain transmitter on the outside of the chamber. This provides a clear visual
indication and a continuous electronic signal without the electronic components
coming into contact with the process fluid. They are highly reliable for
high-pressure vessels in power generation cooling systems.

Welk Reference Guide 3



WELK REFERENCE GUIDE Electrification Industry

The Role of Level Measurement in the Electrification
Industry

The electrification industry encompasses several sub-sectors, each with unique
requirements for level instrumentation. For more comprehensive technical
specifications on industrial sensors, visit the Main Page.

| Battery Manufacturing and Energy Storage

The production of lithium-ion batteries involves complex chemical processes. Level
meters are used to monitor:

1. Slurry Mixing: Precise level control in mixing tanks ensures the correct ratio of
active materials, binders, and solvents.

2. Solvent Storage: Many solvents used (like NMP) are volatile and require
non-contact radar sensors to prevent contamination and ensure explosion-proof
safety.

3. Electrolyte Filling: High-accuracy sensors are required to manage the storage
and dispensing of sensitive electrolyte solutions.

| Mineral Extraction and Processing

Electrification relies on minerals such as lithium, cobalt, and nickel. The extraction
processes—often involving brine pools or acid leaching—require level sensors that
can withstand highly corrosive environments. Hydrostatic transmitters with
specialized diaphragms (like Tantalum or PTFE) and non-contact radar are the
standards here.
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| Power Electronics and Infrastructure

Large-scale energy storage systems (BESS) and high-voltage transformers often
require cooling systems. Level switches and transmitters monitor coolant levels to
prevent overheating, which could lead to catastrophic failure of the electrical

infrastructure.

| Technical Selection Criteria for Engineers

Choosing the right level meter requires a detailed analysis of the application. The
following table provides a general guide for technology selection within the

electrification sector.

Application Requirement Recommended Technology

80 GHz Radar (Non-contact)

Corrosive Chemicals
(Acids/Bases)

Small Mixing Tanks with
Agitators

Large Water Storage/Cooling

High-Pressure Steam/Boilers

Powder/Solid Silos (Lithium

Carbonate)

Overfill Protection

Guided Wave Radar or 80

GHz Radar

Ultrasonic or Hydrostatic

Magnetic Level Gauge

High-Frequency Radar

Tuning Fork Level Switch

Prevents sensor corrosion;
high accuracy.

Ignores surface turbulence
and internal obstructions.

Cost-effective for stable,
non-volatile liquids.

Robust mechanical design
with clear visual backup.

Penetrates dust and handles
uneven surfaces.

Reliable point-level detection
for safety redundancy.

| Installation and Maintenance Best Practices

Correct installation is as critical as selecting the right technology. In the
electrification industry, where precision is paramount, engineers should adhere to

the following guidelines:
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1. Avoid the "Dead Zone": Every sensor has a minimum measurable distance
(blocking distance). Ensure the sensor is mounted high enough that the maximum
liquid level never enters this zone.

2. Nozzle Considerations: For radar and ultrasonic sensors, the nozzle diameter
and height must not interfere with the signal beam. Use a nozzle that is as short as
possible.

3. Positioning: Sensors should be installed away from the tank wall to avoid false
reflections and away from the inlet flow to prevent reading errors caused by
turbulence.

4. Grounding: In facilities handling flammable solvents for battery production,
ensure all instrumentation is properly grounded to prevent static discharge.

5. Calibration: Regular verification of the 4-20mA or digital signal (HART, Modbus)
against a manual measurement is recommended, especially in the first few months
of operation.

| Limitations and Common Risks

While modern level meters are highly advanced, they are not universal. Engineers
must be aware of the following limitations:

Dielectric Constant ($er$): Radar sensors rely on the dielectric constant of the
material. Materials with a very low $&r$ (like certain oils or liquefied gases) reflect
very weak signals, requiring specialized high-sensitivity radar or guided wave
radar.

Foam Interference: Thick, dense foam can absorb ultrasonic and radar signals,
leading to a "loss of echo." In these cases, a contact-based technology like a
magnetic level gauge or a displacement transmitter may be necessary.

Vapor and Condensation: In closed tanks, condensation on the sensor face can
attenuate the signal. Sensors with PTFE-encapsulated antennas or "drip-off"
designs are preferred to mitigate this risk.
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Density Fluctuations: Hydrostatic sensors are calibrated based on a specific fluid
density. If the process involves mixing different chemicals that change the density,
the level reading will be inaccurate unless compensated by a secondary pressure
sensor.

| Frequently Asked Questions (FAQ)

Q: Why is 80 GHz radar becoming the standard for the electrification industry?

A: The 80 GHz frequency allows for a much narrower beam angle (often as low as
3 degrees). This allows the sensor to be installed in tanks with internal pipes,
agitators, or heating coils without receiving false echoes from these structures. It
also allows for smaller process connections.

Q: Can ultrasonic sensors be used for lithium-ion battery slurry?

A: It is generally not recommended. Slurry mixing often involves agitation and
potentially volatile vapors, both of which interfere with sound waves. Non-contact
radar is a much more reliable choice for this specific application.

Q: How do | handle level measurement in a vacuum tank?

A: Ultrasonic sensors cannot function in a vacuum because sound waves require a
medium (air/gas) to travel. Radar, which uses electromagnetic waves, functions
perfectly in vacuum conditions.

Q: What is the benefit of using a level switch in addition to a continuous
transmitter?

A: This is a standard safety practice known as redundancy. If the continuous
transmitter fails or provides a frozen reading, the independent level switch (such
as a vibrating fork) acts as a hardware-based fail-safe to prevent tank overfilling or
pump dry-run.
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| Conclusion

As the electrification industry continues to scale, the demand for high-precision,
reliable level measurement will only grow. Whether it is managing the raw
materials for battery production or ensuring the cooling of massive energy storage
arrays, selecting the right instrumentation is fundamental to process safety and
efficiency. By understanding the underlying principles of radar, ultrasonic, and
hydrostatic technologies, and by following rigorous installation standards,
engineers can build robust systems that meet the demanding needs of the modern
electric world.
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