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In the field of industrial level measurement, the mechanical integrity of a sensor is
as critical as its electronic precision. For engineers and facility managers, the term
"end flex" refers to the behavioral dynamics and structural requirements of flexible
probe ends, particularly in guided wave radar (GWR) and displacement-based
systems. When measuring levels in tall silos, deep sumps, or agitated process
vessels, rigid probes are often impractical. Flexible cable probes become the
standard, but they introduce unique engineering challenges regarding how the
cable terminates and moves within the medium.

Understanding the mechanics of end flex is essential for ensuring long-term
reliability in industrial automation. This guide explores the principles of flexible
probe measurement, selection criteria for various environments, and the critical
installation factors that prevent mechanical failure.

| Measurement Principles of Flexible Probes

To understand why the flexibility and termination of a probe matter, one must first
understand how guided wave radar and similar technologies function. Most
systems utilizing flexible cables operate on the principle of Time Domain
Reflectometry (TDR).

|Time Domain Reflectometry (TDR)

In a GWR system, a low-energy electromagnetic pulse is generated by the sensor's
electronics and guided along a probe—in this case, a flexible stainless steel cable.
When this pulse reaches the surface of the medium (liquid or solid), a portion of
the pulse energy is reflected back up the probe to the electronics. The device
measures the time of flight to calculate the distance to the product surface.
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| The Role of the Probe End

The "end" of the probe is not merely where the cable stops. In many advanced
configurations, the sensor monitors the "End of Probe" (EOP) signal. If the dielectric
constant of the material is very low (e.g., certain oils or plastic pellets), the surface
reflection may be weak. By tracking the signal reflection from the very end of the
cable, the system can utilize "End of Probe" algorithms to calculate the level even
when the primary surface reflection is lost. This is where the stability of the end
flex becomes vital; if the cable end is swaying excessively or is not properly
weighted, the EOP signal becomes unreliable.

For a comprehensive look at various measurement technologies, including radar
and ultrasonic options, professionals often consult the Main Page of industrial
instrumentation catalogs to compare probe types.

| The Engineering Significance of End Flex

In industrial applications, "end flex" describes the degree to which a cable probe
can bend or move at its termination point without causing signal noise or structural
fatigue.

| Lateral Force and Agitation

In tanks with heavy agitation or side-entry filling, the medium exerts significant
lateral force on the probe. A rigid rod might snap under these conditions, whereas
a flexible cable can "flex" with the flow. However, excessive end flex can lead to
the cable hitting the tank wall or internal structures (like ladders or baffles),
creating false echoes.
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| Tensile Loading

Flexible probes are often used in solids measurement (silos). As the silo empties,
the downward "pull" of the solid material (grain, cement, or plastic powder)
creates immense tensile load on the cable. The end of the probe must be designed
to withstand these forces. Manufacturers like Welk design these cables with
specific break-load ratings to ensure the tank roof is not damaged if the cable
becomes trapped in a collapsed bridge of material.

| Practical Selection Table: Rigid vs. Flexible Probes

Choosing the right probe involves balancing the need for flexibility with the
requirement for stability. The following table outlines the typical application
boundaries.

Rigid Rod Probe Flexible Cable Coaxial Probe
Probe (End Flex
Optimized)
Max Measurement 6 meters (approx. 20 30 - 75 meters (98 - 6 meters (approx. 20
Range ft) 246 ft) ft)
Agitation Resistance Low (prone to High (can swing with Medium (outer tube
bending/breaking) flow) protects rod)
Viscous Liquids Good Moderate (coating Poor (tube may clog)

may affect cable)

Solids/Powders Not recommended Excellent Not recommended
for tall silos

Installation Space Requires high Can be coiled for Requires high
overhead clearance transport/install overhead clearance
End Stability Fixed Requires weight or Fixed
anchoring

Welk Reference Guide 4



WELK REFERENCE GUIDE End Flex

| Installation Considerations for Flexible Ends

Properly managing the end of a flexible probe is the difference between a
successful installation and constant maintenance headaches. Engineers must
consider the following factors during the design phase.

| 1. Counterweights and Centering Disks

To minimize unwanted end flex, a heavy weight is typically attached to the bottom
of the cable. This weight keeps the cable taut and vertical. In some cases, a
centering disk is added to the weight to keep the cable a fixed distance from the
tank wall, preventing the probe from swinging into the side of the vessel.

Metric Specification: Weights typically range from 0.5 kg to 5 kg depending on the
cable length and fluid density.

Imperial Specification: Approx. 1.1 lbs to 11 Ibs.

| 2. Clearance Requirements

The probe end should generally terminate at least 100 mm to 150 mm (4 to 6
inches) above the bottom of the tank to avoid contact with accumulated sludge or
the tank floor itself, which could cause a dead-zone reflection. If the probe must be
anchored to the floor, a specialized tensioning end-flex kit is used to allow for
thermal expansion of the cable without it going slack.

| 3. Nozzle Geometry
The transition from the transmitter to the cable at the top of the tank is just as
important as the end flex at the bottom. The nozzle diameter should be large

enough to prevent the cable from touching the sides of the nozzle, which would
create a massive "near-zone" interference signal.
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| Limitations and Risks

While flexible probes solve many problems, they are not a universal solution.
Engineers should be aware of the following risks:

Cable Abrasion: In abrasive solids applications, the constant movement of material
against the cable can wear down the stainless steel strands. Regular inspection of
the end flex area is required.

Static Discharge: In certain powder applications, the friction of the material against
the cable generates static electricity. The probe and the transmitter must be
properly grounded to prevent electronics failure or explosion risks in hazardous
zones.

Minimum Dielectric Constants: Flexible cables, especially single-lead types, require
a medium with a dielectric constant ($er$) usually greater than 1.6. For materials
lower than this, the end-of-probe signal tracking becomes the primary
measurement method, making the stability of the cable end even more critical.

| Frequently Asked Questions (FAQs)

Q: Can | cut the flexible cable if it is too long for my tank?

A: Yes, most flexible cable probes are designed to be field-shortened. However, the
user must re-attach the end weight securely and update the probe length
parameter in the transmitter's software to ensure accurate scaling.

Q: What happens if the cable touches the tank wall?

A: If the cable makes contact with a metal tank wall, the electromagnetic pulse will
short-circuit at that point, causing the sensor to report a false level at the height of
the contact. This is why managing end flex with weights or centering disks is vital.

Q: Are flexible probes suitable for hygienic applications?
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A: While available, they are more challenging to clean than rigid rods. For food and
beverage or pharmaceutical applications, a polished rigid rod is usually preferred
unless the tank height makes it impossible. If a cable is used, it often features a
PFA or PTFE coating.

Q: How do | choose between a 4mm and a 6mm cable?

A: The 6mm (approx. 0.24 inch) cable offers higher tensile strength and is
preferred for heavy solids or very tall silos (over 20 meters / 65 feet). The 4mm
(approx. 0.16 inch) cable is standard for most liquid applications and shorter silos.

| Conclusion

The concept of end flex is a vital consideration in the selection and installation of
level measurement instruments. By understanding the mechanical forces at play
and the physics of signal reflection, engineers can specify systems that provide
accurate, maintenance-free data for years. Whether dealing with the high-tensile
demands of a grain silo or the turbulent environment of a chemical reactor, the
proper management of probe flexibility ensures that the automation system
remains robust.

For technical specifications on GWR sensors, ultrasonic transmitters, and other
level solutions, you can explore the Main Page to find the specific instrumentation
that fits your project's environmental constraints. Choosing the right termination
and flexibility profile today prevents costly downtime and mechanical failures
tomorrow.
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