Solids Analyzer

A practical guide to solids analyzer, covering the reader intent, the relationship to
solids analyzer, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In industrial process automation, the term solids analyzer encompasses a range of
technologies designed to quantify the physical and chemical properties of bulk
materials. While chemical composition and moisture content are critical, the
fundamental analysis of solids begins with accurate level and volume
measurement. For industries dealing with powders, granules, and ores, a solids
analyzer system provides the primary data required for inventory control, process
safety, and logistical efficiency.

Measuring solids presents unique challenges compared to liquids. Unlike the flat
surface of a fluid, bulk solids form cones (angles of repose), create dust clouds,
and possess varying dielectric constants. This article examines the core
technologies used in solids analysis, their operating principles, and the engineering
criteria for selecting the appropriate instrument.

| Understanding Solids Measurement Principles

To effectively analyze solids within a silo or bin, engineers must understand how
different sensing technologies interact with the material surface and the internal
environment of the vessel.

| Non-Contact Radar (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar is currently the gold
standard for solids level analysis. The instrument emits a continuous signal with a
changing frequency. The signal reflects off the material surface and returns to the
sensor. The frequency difference between the emitted and received signal is
proportional to the distance.

Modern solids analyzers often operate at high frequencies, such as 80 GHz. This
high frequency allows for a very narrow beam angle (often as small as 3 degrees),
which is essential for avoiding internal obstructions like ladders or agitators. Radar
is largely unaffected by dust, temperature fluctuations, or pressure, making it ideal
for cement, flour, and mineral processing.
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| Guided Wave Radar (GWR)

Guided Wave Radar utilizes Time Domain Reflectometry (TDR). A low-energy
electromagnetic pulse is guided down a probe (usually a cable or rod) immersed in
the material. When the pulse reaches the solids, the change in dielectric constant
causes a reflection.

GWR is highly effective for solids with low dielectric constants or in extremely
narrow silos where non-contact signals might suffer from excessive interference.
However, the mechanical pull-down force exerted by moving solids on the cable
must be calculated to prevent structural damage to the silo roof or the sensor
itself.

| Ultrasonic Level Measurement

Ultrasonic sensors analyze solids by emitting acoustic pulses. The time taken for
the sound wave to bounce off the surface and return to the transducer determines
the distance. While cost-effective, ultrasonic technology is sensitive to air
temperature changes and heavy dust, which can attenuate the sound signal. It is
best suited for stable environments and non-dusty materials like plastic pellets or
coarse aggregates.

| Laser Level Transmitters

Laser-based solids analyzers use the speed of light to determine distance. They
offer an extremely narrow beam and can measure through very narrow openings.
However, they are highly susceptible to dust interference, as the light beam can be
scattered by airborne particles. They are typically reserved for specialized
applications or clean environments.

| Practical Selection Table for Solids Analysis

Choosing the right technology requires balancing material characteristics with
environmental conditions. The following table provides a comparison of the most
common technologies used in a solids analyzer setup.
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Technology Typical Dust G EVEE] T[] Best
Accuracy Resistance Application

80 GHz Radar +=2 mm Excellent 120 m Fine powders,
cement, tall
silos

Guided Wave +5 mm Excellent 75 m Low dielectric

Radar materials,

narrow bins

Ultrasonic +0.25% of Moderate 30 m Coarse solids,
range open pits,
liquids

Laser +10 mm Poor 100 m Narrow chutes,
non-dusty
materials

Electromechanical £10 mm Excellent 60 m Occasional
inventory
checks (plumb
bob)

| Engineering Considerations for Solids Installation

The physical properties of the material significantly impact the performance of any
solids analyzer. Proper installation is the difference between a reliable system and
a failed project.

| Angle of Repose and Surface Profile

Unlike liquids, solids do not seek a level surface. When a silo is filled, a cone forms
(filling cone); when emptied, a depression forms (emptying cone). The angle of the
slope is known as the angle of repose.

To obtain a representative volume measurement, the sensor should not be
mounted in the center of the silo (where the peak or trough is most extreme) or
too close to the wall (where signal interference occurs). A common engineering
rule of thumb is to mount the sensor at approximately 1/6 to 1/3 of the silo
diameter from the wall. This positioning provides a measurement that closely
approximates the average volume of the cone.
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| Mounting Position and Beam Angle

When installing a non-contact solids analyzer, the beam angle must be considered
to avoid internal structures. For example, if a radar has a 10-degree beam angle,
the "footprint" of the signal expands as it travels deeper into the silo. If this
footprint hits a reinforcement beam or a ladder, it will create a false reflection.
High-frequency 80 GHz radars are preferred because their narrow beams
significantly reduce the risk of detecting these obstructions.

| Nozzle Design

The mounting nozzle should be as short as possible. If the nozzle is too long or
narrow, the signal may reflect off the internal edges of the nozzle before it ever
enters the silo, creating a "near-zone" interference. Ideally, the antenna of the
radar or the face of the ultrasonic transducer should extend slightly past the
bottom of the nozzle.

| Environmental Limitations and Challenges

While modern instruments are robust, certain environmental factors can limit the
effectiveness of a solids analyzer.

1. Extreme Dust: While radar can penetrate dust, extremely dense clouds (such as
during pneumatic filling) can still attenuate the signal or cause noise. In these
cases, air purging systems are often used to keep the sensor face clean.

2. Acoustic Noise: In ultrasonic applications, the noise generated by filling (e.g.,
rocks hitting a metal chute) can interfere with the sensor’s ability to hear the
returning echo.

3. Condensation and Buildup: Moisture in the silo can lead to material buildup on
the sensor face. If the material is conductive or has a high dielectric constant, this
buildup can "blind" the sensor. Self-cleaning PTFE covers or air purges are
recommended solutions.
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4. Static Electricity: The movement of dry powders can generate significant static
charges. Instruments must be properly grounded, and in many cases, ATEX or
IECEX certified for explosive dust environments (Class Il, Div 1/2).

|Frequent|y Asked Questions (FAQs)

Q: How does the dielectric constant (DK) affect solids analysis?

A: The dielectric constant determines how much of the electromagnetic signal is
reflected back to the sensor. Materials with a high DK (like moist coal or metallic
ores) reflect signals very well. Materials with a low DK (like plastic pellets or dry
wood chips) allow much of the signal to pass through, resulting in a weaker
reflection. Guided wave radar is often better for very low DK materials.

Q: Can a solids analyzer measure volume or just level?

A: Most modern transmitters can be programmed with the dimensions of the
vessel (height, diameter, cone shape) to calculate volume. However, because the
surface is not flat, this is always an approximation. For high-precision inventory,
multi-point scanning systems may be required.

Q: Is maintenance required for non-contact sensors?

A: Generally, non-contact radar requires very little maintenance because it has no
moving parts. The primary maintenance task is checking for material buildup on
the antenna, which can be mitigated by using a dusting shield or an air purge
system.

Q: How do | handle measurement during pneumatic filling?

A: Pneumatic filling creates extreme turbulence and dust. It is often recommended
to use a radar sensor with advanced signal processing (echo tracking) that can
distinguish between the moving dust/material and the actual rising surface. In
some cases, a damping filter is applied to the output to stabilize the reading.



Solids Analyzer

| Conclusion

Selecting a solids analyzer requires a thorough understanding of the material
properties and the physical constraints of the storage vessel. While ultrasonic
sensors remain a viable option for simple, low-dust applications, high-frequency
radar has become the industry standard due to its precision and reliability in harsh
conditions. By considering the angle of repose, the dielectric constant, and the
internal silo geometry, engineers can implement a measurement solution that
ensures accurate inventory management and process safety. For more technical
specifications and to explore specific sensor models for your application, you may
Review product options and application support on our Main Page.



