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Top 10 Cleanroom Problems That Can Be Prevented via Preventative Maintenance
Author: Berk Mollaoglu, G-CON, Director of Business Development

Cleanrooms require strict environmental control to maintain sterility, prevent contamination, and
ensure seamless operations. Without a proactive preventative maintenance (PM) program, various
issues can arise, leading to costly downtime, contamination risks, and operational inefficiencies.
Below are ten common cleanroom problems that can be effectively mitigated through proper PM
practices.

Door Alignment Issues and Adjustments

Poorly aligned doors can compromise cleanroom integrity by allowing unfiltered air to enter and can
also affect pressure differentials. Even slight misalignments can create gaps or leaks that undermine
the cleanroom's ability to maintain positive or negative pressure, leading to an increased risk of
contamination.

Solution:

e Perform quarterly door checks and adjustments to ensure doors close properly and maintain
pressure seals.

o Keep critical spare parts on hand, including door hinges, magnetic locks (maglocks), wave
switches, and door indicator lights, to avoid costly delays in repairs.

e Address minor alignment issues early to prevent more serious structural problems that could
require significant repairs or replacements.

o Utilize automatic door alignment systems to continuously monitor and adjust door positioning to
prevent air leaks.

Erroneous Sensor Readings

Sensors play a vital role in monitoring cleanroom conditions, including temperature, humidity,
pressure, and particle count. Inaccurate readings can lead to improper airflow balance, temperature
fluctuations, or contamination issues. If sensors are not regularly calibrated, cleanroom conditions
may deviate from acceptable parameters without any warning.

Solution:
e Conduct annual sensor recalibrations and airflow balancing to ensure accuracy and consistency.
e Include sensor validation in routine PM checks to verify proper operation and response times.

e Invest in redundant sensor systems to detect anomalies quickly and ensure a backup for
continuous operation.

e Monitor for sensor drift and install alerts for deviations to trigger immediate investigation and
correction.




Clean Process Utility Line Contamination

Cleanrooms rely on process utility lines to supply clean gases, water, and chemicals used in
manufacturing. If these lines become contaminated with particulates or chemical residues, product
quality and process integrity can be severely compromised.

Solution:

e Schedule annual process line passivation (to restore the metal's corrosion-resistant layer) and
oxygen cleaning (to remove contaminants and maintain system integrity) using
industry-approved methods.

e Use validated cleaning procedures to prevent biofilm or particulate buildup in water and chemical
lines.

« Install high-efficiency filters and purification systems at critical points to catch contaminants
before they enter the cleanroom environment.

e Perform periodic microbial and particulate testing to identify and address potential contamination
sources early.

Unexpected Shutdowns Due to BMS/EMS-Related Problems

Building Management Systems (BMS) and Environmental Monitoring Systems (EMS) are critical for
maintaining and documenting cleanroom conditions such as temperature, humidity, pressure, and
contamination levels. A sudden system failure can lead to non-compliance with regulatory standards
and significant downtime.

Solution:

e Invest in automation and remote support connectivity to allow for real-time troubleshooting and
issue resolution.

e Ensure that the BMS/EMS systems are integrated with the host facility automation system to
enable seamless communication between systems. This allows for automated adjustments and
alerts when environmental parameters fall outside of acceptable ranges.

» Maintain a pool of expert technicians (internal or external) familiar with the system architecture to
ensure quick diagnosis and repair of issues.

e Test failover mechanisms and backup power supplies to ensure systems remain operational
during malfunctions or power outages.

e Regularly update system firmware and software to prevent compatibility and security issues

Mechanical Component Failure

Mechanical components, such as fan filter units (FFUs), drive control modules (DCMs), and motorized
components, are essential for cleanroom operation. These components experience natural wear and
tear over time. A failure can lead to airflow imbalances, contamination, and production delays.

Solution:

o Keep critical spare parts on hand, including FFUs, DCMs, motor and fan assemblies, to enable
quick replacement.

e Conduct quarterly mechanical component inspections to identify early signs of wear, such as
unusual noise, vibration, or reduced performance.

e Develop a facility-wide maintenance schedule to coordinate PM activities for all related
equipment (e.g., HVAC systems, dehumidifiers, and pressure control systems) since facility
equipment directly affects cleanroom performance.




o Track the lifecycle of key components and schedule preemptive replacement based on usage
patterns and manufacturer recommendations.

Electrical Component Failures (e.g., Cleanroom Light Failure)

Lighting and other electrical components are essential for cleanroom functionality and worker
productivity. Long lead times for specialized cleanroom lighting can delay repairs and disrupt
operations.

Solution:

e Stock spare light components (including ballasts, drivers, and LED panels) to reduce downtime
from possible light failures.

e Include cleanroom lighting in regular PM schedules to catch early signs of electrical issues.

e Plan ahead, as cleanroom light lead times can range from 8 to 14 weeks—order replacements
before they are needed.

e Use LED lighting with extended lifespans and low heat output to reduce the need for frequent
replacements.

Cleanroom Fit and Finish Issues

Damage to cleanroom walls, floors, and surfaces due to incomplete cleaning procedures or human
errors (e.g., carts crashing into walls) can lead to contamination risks and compromise compliance.

Solution:
e Implement quarterly preventative maintenance activities to touch-up walls, floors, and surfaces.

e Install wall protection and corner guards to prevent accidental damage from equipment and
traffic.

e Use chemical-resistant, cleanroom-approved coatings on cleanroom floors and walls to prevent
degradation from cleaning agents.

e Monitor for surface damage during daily cleaning inspections and address minor issues promptly.

Airflow and Pressure Imbalances

Cleanrooms rely on controlled airflow to maintain positive or negative pressure differentials. If airflow
is obstructed or pressure becomes imbalanced, contaminants can enter and disrupt the clean
environment.

Solution:

e Perform quarterly airflow testing and pressure balancing to maintain consistent environmental
control.

e Ensure that HEPA filters and ducts are clear of blockages and properly sealed.
» Install pressure monitoring sensors to detect deviations and trigger alerts automatically.

e Adjust airflow rates based on cleanroom activity and occupancy patterns to maintain optimal
pressure balance.

HEPA/ULPA Filter Integrity Failures

High-Efficiency Particulate Air (HEPA) and Ultra-Low Penetration Air (ULPA) filters remove airborne
contaminants from the cleanroom environment. If filters are damaged or improperly seated,
contaminants can bypass filtration, compromising product quality.




Solution:

e Perform biannual integrity tests using a DOP (Dispersed Oil Particulate) test to detect leaks or
damage.

» Replace HEPA/ULPA filters according to manufacturer guidelines or when pressure differentials
exceed acceptable limits.

e Ensure proper seating and sealing of filters during installation to prevent bypass leaks.
e Monitor filter performance with automated systems that track pressure drop and airflow rates.

Improper Staff Gowning and Behavior

Human activity is the largest potential source of cleanroom contamination. Even with strict
environmental controls, improper gowning, handling, or movement within the cleanroom can
introduce particles and compromise sterility.

Solution:

e Implement regular training and retraining for staff on proper gowning, movement, and
contamination prevention techniques.

e Conduct gowning audits to verify compliance with cleanroom protocols.

e Use anti-static garments and install air showers at cleanroom entrances to remove loose
particles.

e Monitor and analyze human behavior patterns in cleanroom environments using video and RFID
(Radio Frequency Identification) tracking to identify opportunities for process improvements.

Final Thoughts

A proactive preventative maintenance (PM) program is a crucial investment in cleanroom longevity
and operational efficiency. By addressing these ten common issues through regular inspections,
strategic spare part stocking, and automated system monitoring, facilities can reduce downtime,
improve compliance, and maintain a high level of environmental control. A well-designed PM program
will extend the life of cleanroom infrastructure, reduce repair costs, and enhance overall production
quality.

About G-CON

G-CON specializes in the design and construction of advanced cleanroom solutions for a wide range
of industries. G-CON works closely with customers and A&Es to provide solutions that meet their
specific needs, building PODular cleanrooms offsite, and providing modular and hybrid construction
options. These offerings enable rapid deployment and easy configuration of cleanrooms while
delivering the highest quality facilities, quickly and on time and on budget as well. For more
information visit www.gconbio.com.

Contact Us:

For POD Cleanroom Inquiries, email sales@gconbio.com °
For Service and Maintenance Inquiries, email service@gconbio.com o o
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