Power Cable Selection for High-Draw EW, Radar, and Directed-Energy Systems

Summary

The performance and reliability of electronic warfare (EW), radar, and directed-energy (DE) systems are
critically dependent on the integrity and capability of their power distribution networks. High-power
systems place stringent demands on cabling due to elevated current draws, high-voltage requirements,
and electromagnetic interference (EMI) sensitivities. This whitepaper outlines best practices for the
selection of power cables in high-draw defense systems, covering electrical, thermal, and mechanical
considerations, as well as emerging technologies for enhanced reliability and predictive maintenance.

Introduction

Modern defense platforms increasingly rely on high-power electronic systems for EW, radar, and DE
applications. These systems often operate at kilowatt-level power draws and require precise voltage
delivery under dynamic environmental conditions. Inadequate cable selection can lead to voltage drops,
overheating, electromagnetic compatibility issues, and even catastrophic failure of critical mission
systems.

System Requirements and Operational Considerations
Power Demands

e Electronic Warfare Systems: High-speed pulse modulators and signal processing units may
require transient currents exceeding hundreds of amperes.

o Radar Systems: Continuous high-current operation for phased-array and high-power radar
systems necessitates cables with low resistance and high thermal tolerance.

o« Directed-Energy Weapons: Laser and microwave weapons generate extreme peak currents and
voltages, requiring cables capable of withstanding both steady-state and pulsed loads.
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Environmental and Operational Factors

e Temperature extremes (-55°C to 200°C in some aerospace applications).

e Exposure tovibration, shock, and mechanical stress.

¢ High humidity, salt fog, and chemical exposure in maritime or field operations.

¢ Electromagnetic interference and crosstalk considerations for sensitive EW systems.
Electrical Considerations in Cable Selection
Current-Carrying Capacity

Cables must be rated to handle maximum continuous and pulsed currents. Oversizing cables reduces
thermal stress and voltage drop but increases weight, a critical factor in aerospace and mobile platforms.

Essential factors:

e Conductor size (AWG or metric equivalent)

e Insulation type and thermal rating

¢ Ambient temperature derating

e Pulse load capability for transient high-current demands
Voltage Rating

High voltage DE systems, particularly in pulsed power delivery for lasers or microwave weapons, require
insulation with high dielectric strength. Considerations include:

e Maximum continuous operating voltage

e Transient overvoltage withstand

e Partial discharge thresholds
Resistance and Voltage Drop

Minimizing voltage drop is critical for performance. Low-resistance conductors (e.g., copper or silver-
plated copper) are preferred for high-draw applications.
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Mechanical and Thermal Considerations

Insulation Materials

High-draw systems demand insulation that maintains dielectric properties under thermal cycling,
vibration, and chemical exposure. Common choices:

o Teflon (PTFE): High thermal stability, low dielectric loss, chemical resistance

¢ Silicone Rubber: Flexible, vibration-tolerant

e Cross-Linked Polyethylene (XLPE): High voltage and thermal rating
Shielding and EMI Protection

Cables for EW and radar must minimize radiated emissions and susceptibility to interference. Shielding
options include:

e Braided copper shields for high-frequency EMI suppression

e Foil shields for broad-spectrum coverage

e Dual-layer shielded cables for harsh electromagnetic environments
Connector Integration

High-current connectors must match cable ratings and maintain low contact resistance under vibration
and thermal stress. Considerations:

e Silver-plated contacts for high-current applications

e Screw-lock or bayonet mechanisms to prevent loosening

e Environmental sealing against dust, moisture, and chemicals
Reliability and Predictive Maintenance

Emerging practices for mission-critical systems include embedding sensors in cabling harnesses to
monitor temperature, current, and insulation health in real time. Smart interconnects support:

e Early detection of insulation degradation
¢ Real-time thermal and electrical load monitoring

¢ Predictive maintenance to prevent in-field failure
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Emerging Technologies

e High-Temperature Superconducting Cables: Reduce resistive losses for extreme power
applications.

¢ Flexible Busbars and Printed Conductors: Offer weight reduction and compact integration for
aerospace platforms.

o Nanocomposite Insulation Materials: Enhanced dielectric strength and thermal conductivity for
next generation DE systems.

Cables Information Table:

Table 1: Recommended Power Cables for High-Draw EW, Radar, and Directed-Energy Systems

. . Voltage .
Conductor Size Insulation . Current |Temperature Lo Typical
2 . Rating . . Shielding L
(AWG / mm®) Material V) Rating (A)||Rating (°C) Application
5 . High-power DE
4/0 AWG (107 mm®) |[XLPE 1000 400-500 ||90-105 Braided Cu
laser bus
5 . . ||Pulsed radar
2/0 AWG (67 mm®) |PTFE 1500 250-350 {200 Foil + braid
modulators
. |Silicone . EW system power
1/0 AWG (53 mm") 600 200-250 ||180 BraidedCu| . =~ .
Rubber distribution
None /
) . Low-voltage radar
4 AWG (21 mm") XLPE 600 80-100 90-105 optional L
) subcircuits
foil
Control and
10 AWG (5.3 mm?) |[PTFE 300 30-40 200 Foil sensor circuits in
EW pods
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. . Voltage .
Conductor Size Insulation . Current |Temperature L Typical
2 . Rating . . Shielding L
(AWG / mm") Material V) Rating (A)|Rating (°C) Application
- Signal or control
- ||Silicone .
16 AWG (1.3 mm?) 300 1015 180 None lines for DE
Rubber
systems
Custom ) Experimental
) High-Temp (|[1000- Not ]
Superconducting 500+ 90-200 . ultra-high-power
Polymer 1500 required
Tape DE weapons

Notes on Table Usage:

1. Current ratings assume standard copper conductors; adjust for aluminum or silver-plated
copper.

2. Temperature ratings include steady-state operating limits; transient thermal spikes may require
derating.

3. Shielding recommendations depend on system EMI sensitivity; high-frequency EW systems may
require double shielding.

4. Cable length affects voltage drop.
Conclusion

Selecting appropriate power cables for high-draw EW, radar, and directed-energy systems is a critical
component of system reliability and performance. A structured approach: considering electrical load,
voltage, thermal limits, environmental stressors, EMI shielding, and predictive monitoring, assures
operational readiness while reducing risk of mission-critical failures. Advances in smart cabling and high-
performance materials are set to further enhance the resilience and efficiency of these systems in the
coming decades.
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