Cip Cycle Time Reduction

A practical guide to cip cycle time reduction, covering the reader intent, the
relationship to cip cycle time reduction, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the modern processing landscape—spanning food and beverage,
pharmaceuticals, and chemical manufacturing—efficiency is measured by the
ability to maintain hygiene without sacrificing uptime. Clean-in-Place (CIP) systems
are the backbone of this hygiene, yet they often represent a significant bottleneck.
Achieving CIP cycle time reduction is not merely about speeding up pumps; it is a
complex engineering challenge that requires precise measurement, automated
control, and a deep understanding of fluid dynamics.

For engineers and plant managers, the goal is to minimize the duration of cleaning
cycles while ensuring 100% sterilization. Level measurement instrumentation plays
a pivotal role in this optimization. By providing real-time data on tank volumes and
interface levels, advanced sensors allow for the elimination of "safety
buffers"—those extra minutes added to a cycle because of uncertainty. This article
explores how selecting the right level measurement technology, such as those
provided by Welk, can lead to significant improvements in operational efficiency.

| The Role of Level Measurement in CIP Optimization

CIP cycle time reduction is primarily achieved by optimizing the four variables of
the Sinner’s Circle: Time, Temperature, Mechanical Action (Turbulence), and
Chemical Concentration (Titration). Level instrumentation directly influences
"Time" and "Chemical Concentration" by ensuring that tanks are filled and drained
to exact specifications without manual oversight.

When a level sensor provides high-accuracy data, the control system can initiate
the next phase of the CIP process—such as moving from a caustic wash to a water
rinse—the exact moment a tank is empty. Without accurate level data, systems
often rely on timed intervals. These intervals are typically over-engineered to
account for pump variability, leading to wasted water and extended cycle times.

Furthermore, accurate level monitoring in chemical recovery tanks ensures that
cleaning agents are reused effectively, reducing the time required to mix new
batches and the costs associated with chemical waste.
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| Measurement Principles for CIP Environments

Before selecting a device for CIP cycle time reduction, it is essential to understand
the physics behind the measurement. CIP environments are uniquely challenging
due to high temperatures (up to 90°C or higher for steam sterilization), aggressive
chemicals (sodium hydroxide, nitric acid), and the presence of foam or steam.

|1. Radar Level Measurement (FMCW)

Radar level meters, particularly those operating at high frequencies like 80GHz,
use Frequency Modulated Continuous Wave (FMCW) technology. The sensor emits
a continuous signal with a changing frequency. The difference between the
emitted and received frequency is proportional to the distance.

Advantage for CIP: Radar is non-contact. It is unaffected by the density changes,
steam, or pressure fluctuations common during hot wash cycles. Because it does
not touch the medium, it is highly hygienic and requires minimal maintenance.

| 2. Ultrasonic Level Sensors

Ultrasonic sensors emit sound pulses that reflect off the liquid surface. The
time-of-flight determines the distance.

Advantage for CIP: These are cost-effective solutions for ambient temperature
water storage. However, they are sensitive to air temperature gradients and
steam, which can change the speed of sound and lead to inaccuracies during
high-temperature CIP phases.

| 3. Hydrostatic Level Transmitters

These sensors measure the pressure exerted by the liquid column (P = pgh, where
P is pressure, p is density, g is gravity, and h is height).
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Advantage for CIP: They provide a direct measurement of the mass/volume in the
tank. They are robust and can be mounted at the bottom of the tank. However,
they require density compensation if the cleaning solution's temperature changes
significantly, as density is temperature-dependent.

|4. Point Level Switches (Tuning Fork and Capacitive)

While continuous measurement is vital, point level switches act as critical triggers
for pump protection and overfill prevention. Tuning fork switches vibrate at a
specific frequency; when immersed in liquid, the frequency shifts, triggering a
signal.

| Strategies for CIP Cycle Time Reduction

Implementing advanced instrumentation allows for several specific strategies to
shorten cleaning windows:

| Phase Separation Efficiency

In many CIP processes, different fluids follow each other through the same piping
(e.q., product, then water, then caustic). By using fast-response level and interface
sensors, plants can reduce the "transition zone." Instead of waiting for a timed
drain, the system detects the exact moment the tank is empty or the interface has
passed, immediately switching valves. This can shave 30 to 90 seconds off every
phase transition.

| Reducing Drain Times

Residual liquid in a tank dilutes the subsequent cleaning chemical, requiring more
time to reach the effective concentration. High-accuracy hydrostatic or radar
sensors allow for "low-level" setpoints that are much closer to the tank bottom
than traditional float switches. This ensures maximum drainage, maintaining
chemical potency and reducing the need for extended rinsing.
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| Automated Chemical Refilling

By monitoring the level of concentrated chemicals in dosing tanks, the system can
automatically maintain the required titration. This eliminates the downtime
associated with manual checking and refilling, contributing to overall CIP cycle
time reduction.

| Technical Selection Table for CIP Level Sensors

Choosing the right instrument depends on the specific constraints of the tank and
the cleaning protocol. The following table compares common Welk technologies
for CIP applications:

Technology Accuracy Max Suitability for Hygiene
Temperature Foam Rating

80GHz Radar +1 mm Up to 200°C Excellent High
(Non-contact)

Ultrasonic +0.25% Range Up to 80°C Poor Medium
Hydrostatic +0.1% FS Up to 120°C Excellent High (Flush

Diaphragm)
Capacitive =1 mm Up to 150°C Moderate High
Switch

| Installation Considerations for Sanitary Applications

To ensure that the instrumentation itself does not become a source of
contamination, specific installation guidelines must be followed:

1. Sanitary Fittings: Sensors must be installed using industry-standard fittings such
as Tri-Clamp or Varivent. These ensure there are no "dead legs" where bacteria
can grow.
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2. Surface Finish: For B2B industrial applications, the wetted parts of the sensor
(usually 316L Stainless Steel or PTFE) should have a surface roughness (Ra) of less
than 0.8 pum.

3. Mounting Position: Radar sensors should be mounted away from the center of
the tank to avoid multiple reflections from the tank walls, and away from the inlet
to avoid interference from the filling stream.

4. Spray Ball Interference: Ensure that the sensor's signal beam does not intersect
with the path of the CIP spray balls. In many cases, the high-frequency 80GHz
radar is preferred because its narrow beam angle (typically 3° to 6°) can easily
avoid internal tank obstructions.

| Limitations and Environmental Factors

While modern sensors are highly capable, they are not without limitations.

Dielectric Constant (er): Radar sensors require a minimum dielectric constant to

reflect the signal. While most water-based cleaning agents have a high €r, some

organic solvents used in specialized CIP cycles may require high-sensitivity radar
modules.

Turbulence: High-velocity spray balls create significant surface turbulence. Sensors
with advanced sighal processing algorithms (like those found in Welk radar units)
are necessary to filter out this "noise" and provide a stable level reading.

Vacuum Conditions: During some sterilization processes, tanks may be under
vacuum. Hydrostatic sensors must be absolute pressure types or use a capillary
system to prevent errors caused by changes in atmospheric pressure.

| Frequently Asked Questions (FAQ)

Q: How does foam affect CIP cycle time reduction?

A: Foam can "fool" ultrasonic and low-frequency radar sensors into thinking the
tank is full when it is actually full of air/bubbles. This leads to premature cycle
termination or false alarms. Using 80GHz radar or hydrostatic pressure sensors
mitigates this, allowing the cycle to proceed based on actual liquid volume.
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Q: Can | use the same sensor for product level and CIP level?

A: Yes, provided the sensor is rated for the cleaning temperatures and chemicals.
Radar and hydrostatic transmitters are commonly used for both, though the
scaling may need to be adjusted in the PLC to account for different fluid densities if
using hydrostatic methods.

Q: What maintenance is required for CIP level sensors?

A: Non-contact radar requires almost no maintenance. Hydrostatic sensors should
have their diaphragms inspected periodically for pitting or buildup, though the CIP
process itself usually keeps the sensor face clean.

| Conclusion

Achieving significant CIP cycle time reduction requires a move away from legacy
timing-based systems toward data-driven, automated control. By integrating
high-precision level measurement instruments, manufacturers can optimize every
second of the cleaning process, ensuring that tanks return to production faster
without compromising safety or hygiene.

For engineers looking to upgrade their facilities, selecting a partner with a deep
portfolio of industrial measurement technology is essential. You can Review
product options and application support on our Main Page to find the specific radar,
ultrasonic, or hydrostatic solutions tailored for high-performance CIP environments.
Welk remains committed to providing the accuracy and reliability needed to drive
industrial automation forward.



