
Reliability and Forensic Evaluation of  
Connectors and Connectivity

How Our Capabilities Could  
Support Industries
PV Electronic Balance of Systems (EBoS)
Prior work can be directly applied to proof new products 
or prevent adverse effects—such as system downtime, 
reduced energy efficiency, arc faults, fires, elevated 
operations and maintenance costs, and replacements.

Conventional Electricity Generation 
Lessons learned from the PV industry can be applied to 
extend the life of electrical connectivity components at 
all types of power plants.

Grid Reliability
NLR’s methods of accelerated aging and forensics 
can be applied to the cables and connectors used in 
distribution and transmission power systems.

Automotive & Aerospace
NLR can help automotive and aerospace manufacturers 
diagnose instances of failure, develop rate models 
for degradation, and extend lifetimes for connections 
between key components and microprocessors.

Data Centers & AI Infrastructure
The rapid proliferation and deployment of PV connectors 
during booms in the solar industry mirrors today’s 
growth of AI infrastructure. NLR’s experience working to 
ensure performance in fast moving industries can help 
guarantee reliable connectivity.

The National Laboratory 
of the Rockies (NLR) has a 
long history of studying the 
outdoor reliability of electrical 
connectivity components, 
including connectors, cables, 
wire harnesses, and fuses.

We investigate the degradation modes  
and failure mechanisms that can result in  
loss of operation, increased maintenance  
and repair costs, and expensive warranty 
returns or replacements. 

These capabilities—developed at NLR 
to ensure the long-term performance, 
safety, and economic viability of outdoor 
photovoltaic (PV) systems— can be  
applied to a variety of industries that rely  
on interconnected electrical components. 
Drawing from an active PV industry task 
group, failure analysis of samples from 
diverse climates, and world-leading 
laboratory testing, NLR helps utilities, 
manufacturers, developers, and other 
stakeholders pinpoint risks, refine  
designs and practices, and establish 
robust standards for durable  
network infrastructure. 
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Comprehensive Services Available
NLR has a suite of tailored services to address 
connectivity reliability challenges:

•	 Accelerated Aging: Using combined-accelerated 
stress testing in addition to traditional chamber 
tests to simulate and accelerate in-use conditions. 
This includes benchtop prototyping to predict 
early degradation and long-term performance in 
disparate climates.

•	 Failure Analysis and Diagnostics: In-depth 
nondestructive and destructive examinations 
using techniques such as custom resistance-
current scans, X-ray computed tomography, 
scanning electron microscopy with energy-
dispersive X-ray spectroscopy, Fourier transform 
infrared spectroscopy, thermogravimetric 
analysis, differential scanning calorimetry, and 
nanoindentation. 

•	 Standards Compliance and Best Practices: As 
NLR helps to develop industry standards and 
publishes best practices, we are well equipped 
to review product designs to improve their 
performance and ensure compliance with these 
standards.

•	 Performance Impact Modeling and Economic 
Analysis: Modeling how connectivity failures 
influence system costs, efficiency, and lifespan, 
including component-to-component and system-
level scenarios.

NLR’s combined-accelerated stress testing (CAST) chamber 
subjects samples to simultaneous cyclic stressors—ultraviolet light, 
temperature, humidity and water spray, and mechanical perturbation. 
Photo by Harrison Dreves, National Laboratory of the Rockies (NLR) 87677

Forensics analysis can be used to compare installation locations or 
component models. The location and morphology resulting in failure 
(above) can be readily distinguished between maritime, subtropical, 
and unaged specimens. Cross-sectional composition (below) further 
quantifies the connector samples. Images by David Miller, NLR
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