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In the realm of industrial process automation, level measurement is a critical
parameter that ensures safety, efficiency, and inventory accuracy. Among the
various engineering philosophies that have shaped modern instrumentation, the
concepts surrounding "Vega design"—specifically those pioneered by industry
leaders in radar and pressure measurement—have set high benchmarks for
modularity, reliability, and user-centric operation. For engineers and procurement
specialists, understanding these design principles is essential when selecting
instrumentation that can withstand the rigors of chemical processing, water
treatment, and bulk solids handling.

This guide explores the technical foundations of modern level measurement
design, focusing on the transition toward high-frequency radar, modular housing
systems, and the integration of digital communication protocols. By analyzing
these design standards, process professionals can better evaluate solutions from
manufacturers like Welk to optimize their facility’s performance.

Measurement Principles: The Foundation of Modern
Design

Before delving into specific design architectures, it is necessary to understand the
physics that govern the most common non-contact measurement technologies
used today. Modern industrial designs primarily utilize Frequency Modulated
Continuous Wave (FMCW) radar or Pulse Radar technology.

| 1. FMCW Radar Principle

In an FMCW system, the sensor emits a continuous radar signal with a frequency
that changes linearly over time (a frequency sweep). The signal is reflected by the
medium surface and received by the antenna. Because the transmitter is
constantly changing the frequency, there is a frequency difference between the
emitted signal and the received echo. This difference is directly proportional to the
time of flight, allowing the internal electronics to calculate the distance with
extreme precision, often within =1 mm.

Welk Reference Guide 2



WELK REFERENCE GUIDE Vega Design

| 2. Pulse Radar Principle

Pulse radar sends out short microwave pulses and measures the time it takes for
the pulse to travel to the product surface and back. While traditionally less precise
than FMCW in complex environments, modern pulse radar designs have been
significantly enhanced by sophisticated software algorithms that filter out
background noise and false echoes from tank internals like agitators or heating
coils.

| 3. The Shift to 80 GHz

A hallmark of contemporary vega design and similar high-end instrumentation is
the move from 26 GHz to 80 GHz transmission frequencies. The higher frequency
allows for a much narrower beam angle. For example, a 26 GHz sensor might have
a beam angle of 10°, whereas an 80 GHz sensor can achieve a beam angle as
narrow as 3°. This precision allows the sensor to avoid internal obstructions and
measure accurately even in tall, narrow silos or tanks with complex internal
structures.

| Key Elements of Modular Instrument Design

One of the most significant contributions to industrial instrumentation is the
concept of modularity. This design philosophy allows for the separation of the
sensor (the part in contact with or facing the process), the housing (which protects
the electronics), and the communication module.

| Housing and Material Selection

Industrial environments vary from hygienic food production to corrosive chemical
storage. A robust design must offer multiple housing materials, including:

Plastic (PBT): For standard industrial applications and cost-effectiveness.

Aluminum: For rugged outdoor environments and general process industry use.
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Stainless Steel (316L): For hygienic (CIP/SIP) applications or highly corrosive
offshore environments.

| The "Plics" Concept

The modular approach, often referred to in the industry as the "plics" system,
ensures that regardless of the measurement technology—be it radar, ultrasonic, or
guided wave radar—the setup, display, and communication modules remain
consistent. This reduces the learning curve for maintenance teams and simplifies
the management of spare parts.

| Technical Selection Criteria

Choosing the right instrument requires a balance between process conditions and
the technical capabilities of the sensor design. The following table provides a
reference for selecting measurement technologies based on typical application
requirements found on our Main Page.

Application Type Recommended Key Design Benefit Typical Accuracy
Technology

Corrosive Liquids 80 GHz Radar (PTFE Non-contact, +1 mm
Coated) chemical resistance

Bulk Solids/Dust High-Frequency Penetrates dust, 2 mm

Radar

narrow beam

Open Channels Ultrasonic Cost-effective for +0.2% of range
water/wastewater
Small Vessels 80 GHz Compact Small process +1 mm
Radar connections (G1")
High Pressure/Temp Guided Wave Radar Unaffected by steam 2 mm
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| Installation Considerations and Best Practices

Even the most advanced vega design will fail to perform if installation parameters
are ignored. To ensure high signal-to-noise ratios, engineers must adhere to
several physical constraints:

1. Nozzle Height and Diameter: The antenna should ideally extend slightly beyond
the bottom of the mounting nozzle to prevent signal interference from the nozzle
edge. If the nozzle is long, a higher frequency radar (80 GHz) is preferred due to its
narrow beam.

2. Blocking Distance (Dead Zone): Every sensor has a minimum distance it cannot
measure (the dead zone). Design specifications must ensure the tank's maximum
fill level does not enter this zone.

3. Beam Path Clearance: The "keep-out zone" of the radar beam must be free of
ladders, pipes, or agitators. If obstructions are unavoidable, software-based "false
sighal suppression" must be mapped during commissioning.

4. Orientation: For liquid applications, the sensor should be mounted perpendicular
to the liquid surface. For solids, an aiming flange may be required to tilt the sensor
toward the angle of repose of the material.

| Limitations and Common Risks

While modern radar and pressure designs are highly versatile, they are not
universal solutions. Certain factors can impede performance:

Low Dielectric Constants (er): Materials with very low dielectrics (like certain oils or
liquefied gases) reflect very little radar energy. In these cases, Guided Wave Radar
or high-sensitivity FMCW sensors are required.

Heavy Foam: Thick, dense foam can absorb radar signals entirely. If foam is a
constant process factor, ultrasonic sensors or hydrostatic pressure transmitters
may be more reliable.

Extreme Turbulence: Rapidly moving surfaces can cause signal scattering. Designs
utilizing damping algorithms or stilling wells can mitigate this risk.
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| Maintenance and Digital Integration

A core tenet of modern instrumentation design is ease of maintenance. The
integration of Bluetooth communication allows technicians to configure and
troubleshoot sensors from a distance of up to 25 meters (82 feet) using a
smartphone or tablet. This is particularly valuable for sensors mounted on top of
high silos or in hazardous areas where physical access is restricted.

Furthermore, integration into higher-level systems via HART, Profibus PA, or
Foundation Fieldbus ensures that diagnostic data (such as signal strength and
electronics temperature) is available in the control room, enabling predictive
maintenance strategies.

| Frequently Asked Questions (FAQ)

Q: How does the beam angle affect measurement in small tanks?

A: A narrower beam angle, typical of 80 GHz designs, prevents the signal from
hitting the tank walls. This reduces interference and allows for accurate
measurement even when the sensor is mounted close to the wall or in vessels with
internal hardware.

Q: Can these sensors be used in hazardous areas?

A: Yes, professional industrial instruments are designed to meet ATEX, IECEX, and
FM standards. Depending on the housing and electronics design, they can be rated
for Zone 0O (intrinsically safe) or Zone 1 (explosion-proof) environments.

Q: What is the difference between a radar sensor and an ultrasonic sensor?

A: Radar uses electromagnetic waves, which travel at the speed of light and are
unaffected by air temperature, pressure, or vacuum. Ultrasonic sensors use sound
waves, which are dependent on the air medium and can be affected by
temperature fluctuations and wind.

Q: Is it possible to measure the interface between two liquids?
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A: Yes, Guided Wave Radar (GWR) is the standard design for interface
measurement (e.g., oil over water). It relies on the difference in dielectric
constants between the two liquids to identify the transition point.

| Conclusion

The principles of vega design—focusing on high-frequency precision, modularity,
and robust digital integration—have redefined what is possible in process
automation. By selecting instruments that adhere to these rigorous standards,
facilities can achieve unprecedented levels of accuracy and long-term reliability.
Whether you are managing a complex chemical reactor or a simple water storage
tank, understanding these technical boundaries is the first step toward successful
instrumentation. For a comprehensive look at available measurement technologies
and customized OEM/ODM services, please visit our Main Page to review product
options and application support.
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