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Executive Summary

Power Distribution Units (PDUs) and network switches are critical components in ground vehicle
applications, where reliability, durability, and compliance with stringent military standards are
paramount. These devices must operate flawlessly under harsh environmental conditions,
including extreme temperatures, humidity, vibration, and electromagnetic interference (EMI). This
white paper explores the technical requirements, design considerations, regulatory standards,
and future trends for PDUs and switches in these demanding settings.

Robust and reliable power distribution is done typically in the form of a power distribution unit
(PDU), also referred to as solid state power control (SSPC) or remote power control (RPC),
offering electronic circuit breaker technology to replace obsolete mechanical circuit breakers.
There are a number of advantages of introducing an electronic circuit breaker-based power
distribution unit (PDU), and a few key features all electrical engineering, systems engineers, and
supply chain professionals should be aware of when sourcing a PDU, no matter the application.

Introduction

PDUs and network switches are integral components of the power management and
communication systems in ground vehicle platforms, performing crucial functions that ensure
the operational integrity and effectiveness of these systems.

PDUs in Power Management

Power Distribution Units (PDUs) are pivotal in distributing electrical power from a single source
to multiple subsystems within a ground vehicle platform. These devices are designed to manage
and protect the electrical power infrastructure, ensuring that power is delivered safely and
efficiently to all connected equipment. Key functions of PDUs include:

Flexibility & Customization: In any product development project, product flexibility and
customization assist the design engineer to achieve compliance to the design specification.
Flexibility and customization are important factors when defining a power architecture and
implementing a power distribution solution.

The number of loads and channels required in a PDU varies across platforms. For instance, a
redundant system might employ two input channels for four output channels each, ensuring high
reliability. In contrast, another architecture might necessitate a single input managing 32 output
channels to safeguard configurations with numerous loads. Modular PDUs facilitate flexibility by
using building blocks to reduce development time and minimize design errors, making a scalable
PDU design beneficial for supporting diverse power architectures.

Protection Against Electrical Faults: PDUs safeguard platform wiring and connected equipment
by preventing damage from electrical faults, such as short circuits and power surges. Modern
solid-state PDUs offer finely adjustable current limits and can detect and respond to power
anomalies quickly, minimizing the risk of damage.
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Power Monitoring and Reporting: Advanced PDUs are equipped with monitoring capabilities that
allow them to track the status of the power system continuously. They can report anomalies or
failures to mission commanders or operators, whether the platform is manned or unmanned,
facilitating timely intervention and maintenance.

Transient and Surge Handling: PDUs must be capable of handling electrical transients and surges
from various sources, including generators, loads, and lightning strikes. This capability is
essential for maintaining the stability and reliability of the power system under varying operational
conditions.

Network Switches in Communication Systems

Network switches are equally critical in ensuring robust and reliable communication within
ground vehicle platforms. These devices connect multiple networked devices, such as
computers, sensors, and communication systems, enabling efficient data transfer and
communication. Key functions of network switches include:

Data Traffic Management: Switches manage data traffic within the network, ensuring that data
packets are efficiently routed to their intended destinations. This management is vital for
maintaining the performance and reliability of communication systems, especially in mission-
critical applications.

Network Redundancy and Reliability: High-quality network switches support redundancy
features, such as spanning tree protocol and link aggregation, to prevent single points of failure.
This redundancy ensures continuous network operation even in the event of a component failure.

Security and Data Integrity: Advanced network switches incorporate security features to protect
against cyber threats and ensure data integrity. These features include access control lists
(ACLs), encryption, and network segmentation.

For example, the Milpower Source MILPDU series provides a scalable and flexible power
distribution solution. It utilizes a common electronic power circuit that allows for rapid
configuration of any number of output channels in different form factors to suit platform-specific
requirements. An 8 channels can be independently configured by integrators. The MILPDU
product family incorporates various features to ensure flexibility and customization.

Integration and Performance Standards

The integration of PDUs and network switches into ground vehicle platforms must meet rigorous
performance standards to ensure mission success and safety. These standards are defined by
military and industry regulations, which specify the environmental, electrical, and operational
criteria that these components must satisfy.

Environmental Resilience: PDUs and switches must operate reliably under extreme
environmental conditions, including high and low temperatures, humidity, vibration, and shock.
Compliance with standards such as MIL-STD-810 ensures that these components can withstand
the harsh conditions encountered in ground vehicle environments.
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Electrical Performance: The electrical performance of PDUs and switches must align with
standards like MIL-STD-704 and MIL-STD-1275, which govern power quality and transient
handling for airborne and vehicle applications, respectively. These standards ensure that PDUs
and switches can handle the wide range of electrical conditions they will encounter without
failure.

EMI/EMC Compliance: Electromagnetic interference (EMI) and electromagnetic compatibility
(EMC) are critical considerations in the design and deployment of PDUs and switches. Standards
such as MIL-STD-461 specify the requirements for controlling EMI, ensuring that these
components do not interfere with other electronic systems onboard the platform.

Technical Requirements

Current Limiting

Current limiting in a PDU transforms potentially dangerous short circuit events into controlled and
predictable situations. By setting a current limit lower than the power source’s capability,
engineers ensure the system remains stable even during short circuits.

This feature is crucial in daisy-chained architectures, where it prevents multiple switches from
tripping simultaneously due to a single short circuit. Instead, each switch can be configured with
its own current limit, ensuring that faults are isolated and do not affect other parts of the system
beyond what is necessary for safe operation.

Reverse Voltage Protection

Reverse voltage protection in a power distribution solution safeguards against negative voltage
conditions, protecting both the PDU electronics and connected devices from potential damage
caused by human error. Not all power distribution products on the market include this critical
feature, making it essential for ensuring system reliability and longevity.

By integrating reverse voltage protection into the PDU, the need for individual protections at each
load is eliminated, simplifying system architecture and reducing risks associated with incorrect
wiring connections during maintenance or operation. This feature is particularly crucial for PDUs
integrated into military platforms to ensure robust protection against voltage reversal incidents.

Soft Start

Soft start in a power distribution unit (PDU) manages the rise time of a switch or converter’s
output to reduce inrush currents into capacitors. This feature is crucial for maintaining a stable
electrical environment and extending the reliability of components. While some products offer
soft start capability, not all implementations effectively mitigate inrush current.

For instance, a typical product might have a 300us rise-time, resulting in significant inrush
currents that stress capacitors and the overall electrical system. Combining soft start with current
limit functionality ensures a controlled environment for capacitors, minimizing stress and
improving reliability. Military-grade PDUs should incorporate robust soft start mechanisms
alongside current limiting to enhance operational integrity and longevity.
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Sequencing
Sequencing in a PDU is crucial for optimizing the reliability and longevity of electrical systems
during power-up scenarios. It involves implementing discrete enabling functions that reduce

stress on the system. This functionality not only enhances system flexibility and customization
but also works in tandem with soft start features to provide comprehensive protection.

Soft start alone may increase stress due to cumulative current limits, whereas combining it with
user-specified sequencing moderates startup currents over time, minimizing peak currents and
ensuring system stability. For military applications, the inclusion of sequencing functionality is
essential to ensure robust and reliable operation of the PDU.

Surge Protection

In the case of ground vehicles, the surges defined by MIL-STD-1275D and revision E are
significant. Surges are defined as transients that last longer than Tms. For example, the
recommended test in MIL-STD-1275D specifies that five 100V pulses of 50ms duration should be
applied at the system input with a 1s repeat time.

Environmental Conditions

ground vehicle applications expose PDUs and switches to harsh conditions, including:
Temperature: Operating ranges typically from -40°C to 70°C.

Humidity: High levels, often up to 95% relative humidity.

Vibration and Shock: Compliance with MIL-STD-810 for mechanical shock and vibration
resistance.

Electrical Standards and Power Specifications

MIL-STD-704: Governs the power quality for airborne equipment, specifying requirements for AC
and DC power systems.

MIL-STD-1275: Applies to 28V DC power systems in military vehicles, addressing transients,
surges, and voltage spikes.

D0-160: Covers environmental conditions and test procedures for airborne equipment.

PDUs must handle transients ranging from 12V to 50V for 28V DC buses and 220V to 320V for
270V DC buses, ensuring these fluctuations do not damage connected equipment. Switches must
also meet power requirements to maintain network stability and performance.

Network Performance and Reliability

Network switches must offer:

High Throughput and Low Latency: Ensuring real-time data communication.
Redundancy: To prevent single points of failure.

Ruggedized Design: To withstand environmental stressors.

EMI/EMC Compliance: To avoid interference with other electronic systems.

Design Considerations
Size, Weight, and Power (SWaP) Constraints
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Ground Vehicle Platforms have Strict SWaP Constraints:

Compact Size and Lightweight: Essential for integration in limited spaces.
Power Efficiency: Reducing the overall power consumption of the platform.

Ruggedization and Durability

Material Selection: Use of durable materials to withstand mechanical stress and environmental
conditions.

Sealing and Coating: Protection against moisture, dust, and corrosion.

EMI/EMC Considerations
Compliance with MIL-STD-461 for controlling EMI is crucial. PDUs and switches must minimize
electromagnetic interference to ensure they do not disrupt other critical systems onboard.

Regulatory and Compliance Standards

Military and Industry Standards
Compliance with military and industry standards ensures the reliability and interoperability of

PDUs and switches:

MIL-STD-810: Environmental engineering considerations and laboratory tests.
MIL-STD-461: Requirements for controlling electromagnetic interference.
MIL-STD-704: Aircraft electric power characteristics.

MIL-STD-1275: Characteristics of 28V DC electrical systems in military vehicles.
DO-160: Environmental conditions and test procedures for airborne equipment.

Certification Processes

Products must undergo rigorous testing and certification processes to ensure they meet the
specified standards. This includes environmental testing, EMI/EMC testing, and electrical
performance testing.

Technology and Innovation

Advances in PDU and Switch Technology

Solid-State PDUs: Offer reliability and precise control over power distribution, replacing
mechanical circuit breakers.

Managed Switches: Provide advanced features such as network management, traffic control, and
security protocols.

Smart PDUs

Smart PDUs incorporate monitoring and control features, enabling:

Remote Management: Monitoring power usage and controlling outputs remotely.
Fault Detection: Identifying and reporting power anomalies.
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Case Study

Ground Vehicle Applications

In the domain of ground vehicle operations, reliable power distribution is fundamental for
ensuring the functionality of critical systems. This case study explores the integration of Power
Distribution Units (PDUs) within ground vehicles, focusing on their role in maintaining stable
operation of essential equipment such as communication systems and vehicle electronics.

Importance of PDUs in Ground Vehicles

Ground vehicles operate in diverse and challenging environments, including rough terrains,
extreme temperatures, and exposure to dust and vibrations. PDUs play a crucial role in delivering
uninterrupted power to vital systems, protecting sensitive electronics from electrical faults, and
managing power fluctuations effectively.

The Challenge

The primary challenge in this case study was to design PDUs capable of withstanding the rigorous
conditions encountered in ground vehicle operations, which include:

Environmental Extremes: Ground vehicles face varying temperatures, vibrations, and exposure to
dust and debris, necessitating PDUs that are robustly constructed and resistant to environmental
hazards.

Electrical Transients: Vehicles often experience electrical transients and surges due to engine
start-ups, operation of onboard equipment, and external power sources. PDUs must manage
these transients to ensure continuous and stable power supply without compromising the
vehicle's electronic systems.

System Reliability: Critical systems such as communication networks and electronic controls are
essential for vehicle operation and safety. Reliable power distribution is crucial to prevent
disruptions that could affect vehicle performance and mission success.

Solution Implementation

To address these challenges, PDUs integrated into ground vehicles were designed with several
key features:

Durable Construction: PDUs were engineered using materials and coatings resistant to
environmental stressors such as moisture, dust, and vibrations. This ruggedized construction
ensured durability and longevity in harsh operating conditions.

Advanced Power Management: Incorporating solid-state technology allowed PDUs to offer
precise control over power distribution. They featured configurable current limits, rapid fault
detection, and protection mechanisms to safeguard connected electronics from overloads and
short circuits.
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Transient Suppression: Advanced transient suppression techniques were employed to handle
voltage spikes and fluctuations caused by vehicle operations and external factors. This capability
protected sensitive electronics from damage and ensured stable power delivery.

Real-Time Monitoring: PDUs were equipped with monitoring systems that continuously
assessed power quality and system health. Real-time alerts and diagnostics enabled proactive
maintenance, reducing downtime and enhancing operational reliability.

Results and Benefits
The implementation of advanced PDUs in ground vehicles resulted in several significant benefits:

Enhanced Operational Reliability: Critical systems experienced fewer disruptions, ensuring
continuous operation and mission readiness in challenging environments.

Reduced Maintenance Needs: The robust design and proactive monitoring reduced the frequency
and severity of maintenance interventions, lowering operational costs and improving vehicle
availability.

Enhanced Safety and Efficiency: By effectively managing power fluctuations and electrical faults,
PDUs contributed to enhanced safety for vehicle occupants and improved efficiency in mission-
critical tasks.

Lessons Learned

From this case study, key lessons and best practices emerged for integrating PDUs into ground
vehicle applications:

Tailored Design: Customizing PDU designs to withstand specific environmental conditions of
ground vehicles is essential for ensuring reliability and longevity.

Advanced Monitoring: Continuous monitoring capabilities provide early detection of issues,
enabling proactive maintenance and minimizing the risk of unexpected failures during operations.

Solid-State Technology: Leveraging solid-state technology in PDUs offers superior performance
in transient handling, fault protection, and overall reliability compared to traditional mechanical
alternatives.

In conclusion, integrating advanced PDUs tailored to ground vehicle environments enhances
operational resilience, reduces maintenance costs, and improves overall mission effectiveness
and safety.
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Takeaways

The critical role of PDUs and switches in ground vehicle applications cannot be overstated. These
systems form the backbone of power distribution and data communication networks, which are
essential for the functionality and success of modern military platforms. Their importance is
underscored by the demanding operational environments and the stringent requirements they
must meet to ensure reliability, safety, and performance.

Ensuring Operational Reliability and Safety

PDUs and switches must adhere to rigorous technical standards to function effectively in the
harsh conditions characteristic of ground vehicle applications. These standards, including MIL-
STD-704, MIL-STD-1275, and DO-160, outline the environmental, electrical, and performance
criteria necessary for these components. By meeting these requirements, PDUs and switches
ensure:

Consistent Power Distribution: Reliable power delivery to critical systems, preventing power
interruptions that could jeopardize mission success.

Protection Against Electrical Faults: Advanced fault detection and response capabilities that
safeguard sensitive equipment from damage due to electrical anomalies.

Robust Data Communication: Stable and secure communication networks that facilitate real-time
data transfer and coordination among various subsystems.

Advances in Technology and Design
Technological advancements and innovative design practices are continually enhancing the
capabilities of PDUs and switches. These advancements include:

Solid-State Technology: Offering precise control, faster response times, and greater reliability
compared to mechanical systems.

Ruggedization: Improved materials and construction techniques that enhance durability and
performance in extreme environmental conditions.

Smart Features: Integration of monitoring, control, and diagnostic functions that enable proactive
maintenance and fault management, increasing overall system resilience.

SWaP Optimization: Development of lightweight, compact components that meet the stringent
size, weight, and power constraints of ground vehicle platforms.

Indispensable in Modern and Future Military Platforms
The evolving nature of military operations and the increasing complexity of ground vehicle

platforms demand ever more reliable and capable PDUs and switches. These components are
indispensable for several reasons:
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Enhanced Mission Capabilities: By ensuring reliable power and communication, PDUs and
switches support the operation of advanced weaponry, surveillance systems, and communication
networks, enhancing overall mission capabilities.
Increased Operational Efficiency: Advanced PDUs and switches contribute to the efficient use of
resources, reducing maintenance needs and extending the operational life of military platforms.
Future-Proofing: As military technology continues to evolve, PDUs and switches are being

designed with scalability and adaptability in mind, ensuring they can meet future requirements
and integrate with emerging technologies.

Looking Ahead

The future of PDUs and switches in ground vehicle applications is promising, with continuous
innovation driving improvements in performance, reliability, and functionality. Key trends and
areas of focus include:

Integration with Al and Machine Learning: Enhancing predictive maintenance and fault detection
capabilities, leading to more intelligent and autonomous systems.

Cybersecurity Enhancements: Developing more secure systems to protect against cyber threats,
which are increasingly relevant in connected and networked military platforms.

Energy Efficiency: Exploring new materials and designs to improve energy efficiency, reducing
the overall power consumption of military systems and enhancing sustainability.

PDUs and switches are critical to the success and reliability of ground vehicle platforms. Their
ability to meet stringent technical requirements and adapt to evolving technological landscapes
ensures they remain indispensable in both current and future military applications. The
continuous advancements in technology and design not only address existing challenges but also
pave the way for innovative solutions that will shape the future of military power and
communication systems.
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Milpower Source, Inc.
Milpower Source stands at the forefront of innovation in power distribution and communication
solutions for ground vehicle applications. Our cutting-edge PDUs and network switches are

engineered to meet and exceed the stringent requirements outlined in this white paper.

With a focus on reliability, durability, and advanced technology, Milpower’s products ensure
seamless operation in the most demanding environments. Our solid-state PDUs offer precise
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power management and fault protection, while our robust network switches provide secure, high-
speed data communication essential for mission-critical operations.

By choosing Milpower, you invest in superior performance, enhanced safety, and future-ready
solutions tailored to the unique challenges of military platforms. Discover how Milpower’s
advanced products can elevate your operational capabilities and secure mission success.

| LPDW E Q Ask us about our complete line of power and networking products.
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