Ensuring Data Integrity in Contested Electromagnetic Environments
Introduction

As modern defense, aerospace, and electric vehicle systems become increasingly networked and
software-defined, their vulnerability to electromagnetic threats grows exponentially. In contested
electromagnetic environments (EMEs), adversaries exploit the spectrum as a battlefield — deploying
electronic warfare (EW) tactics such as jamming, spoofing, and high-power microwave (HPM) attacks to
disrupt communications, corrupt data, and degrade mission-critical systems.

These threats are not theoretical. From GPS denial in conflict zones to RF saturation in urban theaters,
the electromagnetic spectrum has become a domain of active engagement. In such environments,
ensuring data integrity is not merely a design goal — it is a mission imperative.

This whitepaper presents a comprehensive strategy for safeguarding data and communications in high-
threat EMEs. It focuses on three critical pillars of electromagnetic resilience:

e Shielding: Material and structural defenses that block or attenuate external electromagnetic
fields.

« EMI/RFI Mitigation: Circuit- and system-level techniques to suppress conducted and radiated
interference.

e Cable and Connector Design: Interconnect solutions engineered to preserve signal fidelity under
EW stress.

By integrating these engineering disciplines with procurement best practices and compliance standards,
organizations can build systems that not only survive but operate effectively in the most hostile
electromagnetic conditions.

The Electromagnetic Battlespace

Modern platforms operate in dense RF environments where adversaries deploy jamming, spoofing, and
high-power microwave (HPM) weapons. These threats can corrupt control signals, disrupt data buses,
and compromise safety-critical systems. Resilience demands a layered defense across hardware,
interconnects, and system architecture.

EW Threat Vectors
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e Intentionaljamming

e Directed energy attacks

e RF saturation and spoofing

e Cross-domain interference (cyber-EM convergence)
Shielding Strategies for Electromagnetic Resilience
Shielding Fundamentals

e Effective shielding attenuates EM fields via reflection (dominant at high frequencies) and
absorption (dominant at low frequencies). Material selection and geometry must match the threat
spectrum, considering skin depth and conductivity.

Material and Configuration Options
¢ Conductive enclosures (aluminum, copper, plated steel) offer broadband protection.

e Lightweight composites (carbon-loaded polymers, metallized fabrics) suit aerospace weight
constraints.

e Cable shielding options include:
o Braid shields for low-frequency EMI
o Foil shields for high-frequency RFI
o Combination shields for broadband defense
Shielding Best Practices
e Maintain >85% shield coverage
e Use circumferential shield terminations
e Avoid pigtail grounding
e Verify continuity across cable runs

Grounding and Bonding
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Grounding topology must align with system architecture. Single-point grounding minimizes ground loops
in low-frequency systems, while multi-point grounding suits high-frequency distributed platforms.
Bonding resistance should remain below 2.5 mQ to prevent shield discontinuities.

EMI/RFI Mitigation Techniques

Filtering and Suppression
o Low-pass filters at power and signal entry points block conducted EMI.
e Ferrite beads suppress common-mode and differential-mode noise.
e TVSdiodes protect against ESD and HPM pulses.

EMI/RFI Mitigation Checklist

Apply filters at all /O boundaries

Use ferrites on harnesses and PCB traces

Isolate analog/digital domains
e Validate suppression with MIL-STD-461 testing
PCB and Harness Design

Controlled impedance routing, ground planes, and signal segregation reduce emissions and
susceptibility. Twisted pair and differential signaling minimize loop area and enhance noise immunity.

System-Level Mitigation

e Faraday cages for critical subsystems

e Zoning of high-power RF and sensitive digital circuits

e EMC gaskets and conductive elastomers at enclosure seams
Cable and Connector Design for EW Resilience
Cable Selection

Shielded twisted pair cables per MIL-DTL-27500 and MIL-STD-1553 are standard for data buses. Triaxial
and double-shielded coaxial cables offer low transferimpedance for RF links. Radiation-hardened
insulation (ETFE, PTFE) ensures survivability in nuclear or HPM environments.
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Connector Engineering

EMI-filtered connectors (e.g., MIL-DTL-38999 with Pi or C filters) attenuate conducted emissions. 360°
shield termination with backshells preserves shield integrity. Sealing and corrosion resistance (IP67+,
cadmium or nickel plating) are essential for harsh environments.

Connector Procurement Tips
o Specify EMI-filtered variants with integrated suppression
¢ Require 360° shield termination and strain relief
e Validate plating and sealing against environmental specs
Assembly Practices

Avoid pigtail grounding. Use circumferential shield terminations and verify shield continuity. Conduct
shield effectiveness testing per MIL-STD-1377 or IEEE 299.

Procurement and Compliance Integration

Ensuring electromagnetic resilience begins at the procurement stage. Specifications such as MIL-STD-
461 (EMI/EMC testing), MIL-STD-464 (E3 system-level effects), RTCA DO-160 (airborne environmental
conditions), and ISO 11452 (automotive EMC) must be embedded in sourcing criteria. RoHS and REACH
compliance ensure material safety and export viability.

Compliance-Driven Procurement

¢ Include EMC test capability in supplier evaluation

¢ Require shield termination quality metrics

e Demand traceability and test reports for all interconnects
Procurement Checklist

e []Specify shielding type and coverage requirements

e []Require EMI/RFI suppression components at I/O boundaries

e« []Mandate filtered connectors with 360° shield terminations

e []Include MIL-STD and ISO EMC compliance in RFQs
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e []Audit supplier test capabilities and shield continuity practices
Conclusion: Engineering for Electromagnetic Integrity

In contested EMEs, data integrity must be engineered — not assumed. Through rigorous shielding,
EMI/RFI mitigation, and robust interconnect design, systems can maintain operational capability under
EW attack. Procurement teams must align with engineering to specify, source, and verify components
that meet these demanding requirements. The result: resilient communications, mission assurance, and
electromagnetic dominance.
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