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Introduction

Fanless thermal design is a critical engineering discipline in the
development of industrial display systems, embedded computing
modules, and integrated HMI platforms. In many industrial and
commercial applications, forced-air cooling is not feasible due to
concerns about dust ingress, acoustic noise limits, mechanical
reliability requirements, or enclosure constraints. As a result, system
thermal management must rely on conduction, natural convection,
and intelligent power management strategies to maintain operating
temperatures within safe limits while ensuring long-term
performance.

Crystal Display Systems Limited (CDS) provides a diverse portfolio of
industrial display solutions and integrated panel PCs engineered for
fanless operation. These systems incorporate thermally efficient
architectures, low-power electronics, and rugged mechanical
structures that enable reliable operation in harsh environments.
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Technology Overview

Fundamentals of Fanless Thermal Management

In a fanless system, heat generated by the display backlight, touch
controller, embedded computing board, and power circuitry must be
dissipated through conduction into the chassis or heat spreaders.
Natural convection at the enclosure surface completes the thermal
path. The effectiveness of a fanless design is therefore dependent
on:

- Thermal conductivity of materials (W/m-K)

- Chassis surface area and geometric design

- Orientation of the display within the application

- Internal power dissipation of electronic components
- Ambient temperature and environmental conditions

Since LCD displays and LED backlights generate localised hotspots,
proper thermal spreading is essential to avoid temperature
nonuniformity, which may reduce backlight lifetime or cause image
artefacts.

Low-Power Display Technologies

CDS offers high-efficiency LED backlights, low-power TFT modules,
and display controllers optimised for reduced thermal load. Lower
heat dissipation directly improves system reliability, particularly in
sealed enclosures where air circulation is limited.

For product families and specifications, visit:
www.crystal-display.com/industrial-displays

Thermal Characteristics of Display Subsystems

The primary contributors to heat generation include:

- **LED backlight driver circuits** (efficiency typically 85-92%)

- **Touch sensors** (PCAP controllers may generate local heat
zones)

- **Embedded compute modules** (ARM or x86 processors)

- **DC-DC power converters**

Understanding each subsystem’s thermal profile enables designers
to appropriately size heat spreaders and external thermal interfaces.
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Technical Specifications

Examples of Typical Thermal and Power Specifications
Industrial display solutions from CDS typically include:

- **Backlight power consumption:** 1 W to 18 W depending on display
size

- **Processor TDP in panel PCs:** 2 W (ARM) to 12-15 W (x86 low-power)
- **Maximum surface temperature:** +60 °C to +75 °C depending on
enclosure

- **Qperating temperature range:** =20 °C to +70 °C (extended
ranges available)

- **Enclosure materials:** Aluminium alloys (thermal conductivity
~150-205 W/m-K)

Efficiency Ratings

High-efficiency LED drivers and DC-DC regulators reduce total system
consumption, lowering heat load. CDS typically employs:

- High-efficiency switching regulators (>90% efficiency)

- LED backlight drivers with dimming control (PWM or analogue)

- Adaptive brightness systems using ambient light sensors

Examples of Environmental Protection

Fanless systems are often paired with industrial protection ratings:
- **|pe5/IP67 front fascias** for water and dust resistance

- *¥|K08/IK10 impact ratings** for vandal-resistant systems

- **EMC certifications** to ensure stable operation in high-noise
environments

Datasheets for environmental ratings are available at: www.crystal-
display.com
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Application Scenarios

Fanless display systems are deployed across multiple industries where
reliability and low maintenance are essential

Industrial Automation

Panel PCs in automation cells often operate in dusty or particulate-filled
environments, where fans tend to fail prematurely. Fanless systems
reduce the maintenance cycle and eliminate airflow paths that could pull
contaminants inside.

Medical and Laboratory Equipment

Acoustic noise must be minimised in clinical environments. Fanless
thermal systems ensure silent operation, improving user experience and
maintaining cleanliness.

Transportation and Public Information Displays

Outdoor enclosures must remain sealed against rain and airborne
contaminants. Fanless thermal design enables low-power displays to
operate reliably inside compact enclosures.

Retail and Kiosk Terminals

Interactive kiosks benefit from low energy consumption and sealed,
maintenance-free architecture.
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Integration Guidelines

Examples regarding Mechanical Integration

Mechanical design significantly impacts fanless cooling capability. To ensure
optimal heat dissipation:

1. **Ensure direct thermal coupling** between electronics and enclosure
surfaces using thermal pads or heat pipes.

2. **Maximise contact area** between processors/backlights and heat
spreading plates.

3. **Use aluminium or magnesium housings** to improve conduction.

4. **Avoid trapped air layers** inside the enclosure, which reduces conduction.

Points to consider for Electrical Integration

Electrical design directly influences heat generation:

- Size power supplies with adequate efficiency margins.

- Use wide-input DC systems (9-36 V) to reduce conversion losses.

- Select display modules with dimmable backlights to reduce thermal load in
low ambient light conditions.

- Ensure grounding paths and shielding to prevent EMI-induced heating.

Power Budgeting and Load Management

Engineers should prepare a comprehensive power budget for the entire system.
Identify worst-case thermal conditions, including:

- Maximum brightness

- High CPU utilisation

- Elevated ambient temperature

- Touch controller full operation

Reducing brightness can yield significant thermal reduction. A 20-30% dimming
typically reduces backlight power by 35-45%.

Mounting Orientation and Convection Considerations

Natural convection effectiveness depends on orientation:

- Vertical mounting maximises convection flow.

- Horizontal mounting reduces convection efficiency by 20-40%.

- Enclosed cabinets require venting paths even for passive systems.

Interaction with IP-Rated Enclosures

When displays are installed inside sealed IP-rated housings:

- Increase the heat spreading surface.

- Use thermally conductive interface pads to couple to the external structure.
- Consider external heat sinks where permissible.

Thermal Simulation
Engineers may request thermal profiles, heatmaps, and simulation data. CDS
provides guidance based on empirical thermal testing.



Troubleshooting Considerations

Overheating Indicators

Common indicators include:

- Display brightness instability

- Backlight dropout or flickering

- Touch sensor misalignment or drift

- Processor throttling or unexpected resets

Diagnostic Steps

1. Measure device surface temperature using thermocouples or thermal cameras.
2. Reduce display brightness and observe temperature change.

3. Verify power supply efficiency and cable gauge.

4. Inspect enclosure design for blocked convection paths.

5. Check thermal interface materials for proper alignment or compression.

Improving System Thermal Performance

Possible corrective actions include:

- Adding internal heat spreaders

- Upgrading to higher efficiency power modules

- Revising enclosure geometry to increase surface area
- Lowering maximum brightness through firmware

Conclusion

Fanless thermal design and power efficiency form the basis for reliable industrial
display performance. By understanding thermal pathways, optimising power
consumption, and selecting appropriately engineered display systems, customers
can ensure long-term reliability in demanding environments. Crystal Display
Systems Limited provides a full range of fanless-ready display modules and
integrated panel PCs designed for efficient heat dissipation and low-power
operation.

Customers may obtain additional technical specifications, thermal guidelines, and
integration assistance at www.crystal-display.com
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S Want More Information?

Crystal Display Systems Ltd C O n td Ct U S N OW

Need any additional information?

If you need any assistance with pricing information, technical support or require any
additional information our team would be more than happy to assist

CONTACT US:

Crystal Display Systems Ltd

Unit 6 M2M Park, Fort Bridgewood
Maidstone Road, Rochester,
Kent. ME1 3DQ

T : +44(0) 1634 791600
E :info@crystal-display.com
W : crystal-display.com

SPECIALIST GLOBAL SUPPLIERS IN INNOVATIVE LCD
DISPLAY, TOUCH AND DIGITAL SIGNAGE SOLUTIONS

Note: Monitor images are for marketing purposes only and you should refer to the
mechanical diagrams for accurate dimensions and designs

crystal-display.com E&OE FOR INDUSTRIAL DISPLAY SOLUTIONS
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