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Executive Summary

High-power validation demands both precision and safety, but test teams often find themselves
sacrificing one essential attribute for another. Accuracy is traded for throughput, safety for
scalability, or fidelity for budget. These technical compromises accumulate risk, mask defects,
inflate operating costs, and erode confidence in mission-critical systems.

This white paper provides a practical framework for removing compromises at the engineering
level. We explore three common fault lines in high-power testing: accuracy vs. speed, safety vs.
scalability, and cost vs. fidelity. For each, we outline why the conflict arises, how it impacts real
test programs, and what tactical mitigations you can implement today. From hybrid capture
strategies and deterministic automation to regenerative architectures and layered protection, we
show how to architect test systems that scale safely while retaining metrology-grade confidence.

You will learn technical best practices for unifying power sources, electronic loads, and
automation software into scalable test platforms that increase throughput, improve repeatability,
and reduce hidden costs — transforming validation from a liability into a reliability.

Introduction

Power validation for aerospace and defense, energy storage, and data systems operates under
relentless constraints: limited lab capacity, rising thermal loads, tight schedules, and legacy
instrumentation not designed for modern requirements. In this environment, compromises creep in
— sometimes deliberate, often unconscious. Accuracy is smoothed away to save time; safety
margins shrink as racks scale up; cost pressures push teams toward fragile, bespoke solutions.

These trade-offs may keep programs moving in the short term, but over time they become
liabilities. A missed transient, an unsafe connection, or an under-instrumented bus can be the
difference between a mission-ready system and a costly field failure.

In this paper we analyze why accuracy, safety, and fidelity are most often sacrificed, how those
gaps manifest in high-power test environments, and what you can do immediately to close them.
By adopting regenerative operation, deterministic sequencing, and protection-by-design, you can
build labs that scale with confidence — without trading away the attributes that matter most.
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Compromise #1: Accuracy vs. Speed
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Figure 1. Balancing accuracy and speed in power testing through an optimized architecture

In high-power validation, you must decide how much measurement fidelity you are willing to trade
for test throughput. This trade-off is most acute on the power rails where both long-duration
energy metrics and short-duration transient events must be observed. Automated test equipment
(ATE) power supplies, high-power electronic loads, and automation software are central to these
test systems. Standard test practices force a choice: run many quick cycles with reduced
measurement fidelity, or run fewer, slower tests with detailed, high-confidence data. That choice
directly affects the ability to find intermittent faults, correctly account for energy, and correlate
faults with control events.
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Technical Analysis: Where Accuracy and Speed Conflict

Sampling strategy versus continuous runtime

High sample rates and wide bandwidth are required to capture fast transients such as inrush,
switching noise, or regenerative spikes. Continuous, high-rate capture over long test campaigns
generates very large data volumes and creates storage and processing bottlenecks. Reducing the
sample rate speeds the test pipeline but risks missing short, critical events.

Averaging and filtering versus worst-case visibility

Techniques that improve apparent accuracy for long-term energy metrics, such as windowed
averaging and heavy filtering, reduce noise but also smooth or mask short-duration peaks. Those
peaks are often the root cause of failures in power electronics; hiding them in the name of faster,
lower-noise measurements undermines the purpose of validation.

Autoranging and dynamic front-end behavior versus continuous capture

Autoranging on power supplies, analyzers, or measurement channels avoids saturation and
maximizes dynamic range but can introduce momentary blind intervals or settling transients when
ranges switch. Fixed ranges avoid those interruptions but require careful setup and risk clipping
during extreme events. The choice affects whether a transient is observed or lost during routine
high-throughput runs.

Calibration and thermal stabilization versus availability

High-accuracy energy measurements depend on calibrated sensors and thermal equilibrium.
Regular calibration, warm-up, and thermal soak cycles reduce drift and measurement uncertainty
but consume test time. Skipping or deferring warm-up improves throughput at the cost of
measurement confidence.

Instrument sharing and reconfiguration versus parallel throughput

Reusing a single set of instruments across multiple devices under test saves capital, but this
approach requires frequent reconfiguration and instrument handover, which increases test latency
and the chance of setup errors. Dedicating parallel instrument channels increases throughput and
preserves per-test setup integrity, but this comes at the cost of increased equipment expense.
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Tactical Mitigations: Preserve Accuracy While Improving
Speed

Adopt a hybrid capture strategy

Use low-rate, high-resolution logging for long-duration energy metrics and reserve high-
bandwidth windows for transient capture. Trigger high-rate captures on events of interest rather
than continuous high-rate logging. Automation software should orchestrate triggers and move
data to event stores for targeted analysis.

Use non-destructive event detection rather than heavy filtering

Replace broad smoothing with event detection and selective post-processing. For example,

compute averaged metrics for energy accounting, but independently capture and retain raw
transient windows when event thresholds are exceeded. This preserves worst-case visibility
without overwhelming storage.

Lock critical measurement channels during event windows

For tests where transients are critical, configure measurement channels with fixed ranges during event
windows and allow autorange only during non-critical phases. Automation software should manage
range states deterministically and log any range changes, so they do not become blind spots.

Plan calibration and thermal cycles into automated schedules

Integrate instrument calibration, warm-up, and thermal soak steps into the automated test
sequence so they run during non-critical hours or between test stages. Automation reduces manual
overhead and prevents test operators from skipping essential stabilization tasks to save time.

Design for parallelism and reuse with orchestration

Where throughput is essential, design test racks so that precision energy channels and high-
bandwidth transient channels are available in parallel. Use automation to manage reconfiguration,
reservation of instrument resources, and metadata tagging so that parallel runs do not compromise
per-test fidelity.

Summary

Accuracy versus speed is not a binary choice but a test architecture problem. The practical
solution is to separate the measurement roles, capture intelligently, and automate deterministically.
Use ATE power supplies and high-power electronic loads as controlled source / sink elements,
apply a hybrid logging and trigger strategy for data capture, manage autoranging behavior
intentionally, and include calibration and thermal stabilization into automated schedules. With
these measures, teams can increase throughput while retaining the transient visibility and energy
accounting needed for high-power device validation.
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Compromise #2: Safety vs. Scalability
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Figure 2. Coordinated protection and automation enable safe scalability in high-power test setups

As power test programs scale to higher levels of power and larger channel counts, you face a
persistent compromise: how to preserve robust safety margins without limiting throughput. Dense
racks of ATE power supplies and high-power electronic loads concentrate large amounts of stored
energy. Faults can escalate rapidly, leading to arcing, component damage, or facility trips. Yet
slowing everything down with manual isolation steps or running one unit at a time undermines the
very reason for scaling up. The real challenge is designing test systems that expand safely and
predictably while still achieving high parallel throughput.
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Technical Analysis: Where Safety and Scalability Conflict

Stored energy versus fault response

As power scales, so does stored energy in bus capacitors, cabling inductance, and connected
batteries. Higher stored energy makes fault events more destructive and harder to contain. Faster
clearing improves safety, but coordination becomes more complex as racks expand and more
supplies, loads, and distribution points are added.

Protection coordination versus parallelism

In a single setup, one breaker or fuse may be sufficient. In a multi-channel ATE rack, protection
devices must be coordinated so that the device closest to the fault isolates it first. Without
coordination, either nuisance trips reduce throughput or delayed trips escalate risk. Scaling to
many parallel tests magnifies the difficulty of protecting each path without unnecessary
interruptions.

Connection changes versus safe repeatability

Scaling often means more frequent reconnection of devices under test. Manual reconfiguration of
high-current cabling increases the chance of arcing, improper torque, or mis-mating. Limiting
changes improves safety but reduces throughput, while allowing frequent manual changes
increases productivity at the cost of incident risk.

Thermal density versus cooling limits

Higher channel density increases the thermal load inside enclosures and across the facility. Pushing
more tests through a rack without proportional cooling upgrades creates risks of localized overheating,
reduced component lifetimes, or even runaway conditions in batteries under test. Oversizing cooling
for the worst-case scenario keeps temperatures safe, but it reduces system efficiency.

Human factors versus automation scale

Each added channel multiplies the human steps required for setup, verification, and monitoring.
Manual processes that work at the bench become error-prone when repeated across dozens of
channels per day. Restrictive procedures slow the schedule but relaxing them exposes test
operators and equipment to higher risk.
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Tactical Mitigations: Designing for Safe Scalability

Engineer coordinated layers of protection

Use a hierarchy of protective devices: fast local fuses or solid-state current limiters for immediate
clearing, mid-level contactors for module isolation, and rack-level breakers for complete system
protection. Coordinate trip thresholds and timing so that the right layer responds first.

Adopt safe, automated connection strategies

Replace frequent manual cable handling with connector systems, remote contactors, or
programmable distribution units designed for high current. Use pre-charge circuits to manage
inrush when connecting capacitive loads, and mechanical keying to prevent mis-mating.

Integrate regenerative hardware with safeguards

Regenerative sources and loads return energy to the grid instead of dissipating it as heat, reducing
thermal risk at scale. However, reverse power paths must be supervised with interlocks and
facility protections (over-voltage, under-voltage, and phase monitoring) to prevent unsafe reverse
power flow.

Plan thermal scaling with explicit budgets

Treat thermal capacity as a first-class constraint in scaling plans. Validate each new channel
against enclosure airflow, heat extraction, and facility cooling capacity. Ensure that thermal
sensors and shutdown triggers are integrated into automation software.

Automate monitoring and fail-safe enforcement

Continuous monitoring of temperature, leakage current, and contact resistance provides early
warning of unsafe conditions. Use automation software to enforce fail-safe transitions such as
staged ramp-down or immediate isolation. Emergency stop paths should cut both control and
power across all channels simultaneously.

Summary

Scaling power test capacity is not simply a matter of adding more ATE power supplies and
electronic loads. Without a system-level safety architecture, throughput gains are erased by
downtime, damage, or risk to personnel. The path forward involves designing layered protection,
minimizing manual intervention, supervising regenerative flows, enforcing thermal budgets, and
allowing automation software to govern monitoring and fail-safe states. With this approach, you
can multiply throughput while maintaining uncompromising safety for both operators and assets.

AV KEYSIGHT


http://www.keysight.com/
http://www.keysight.com

Compromise #3: Cost vs. Fidelity
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Figure 3. Optimizing cost and fidelity with risk-based instrumentation and regenerative operation

You must deliver high-confidence power validation while working under capital and operational
constraints. Increasing measurement fidelity typically means higher-cost metrology, denser
instrumentation, deeper logging, and more engineering time. Reducing cost often reduces
coverage, obscures edge cases, and raises the risk of late-stage redesign or field failures. The
central problem is not whether to buy more instruments, but how to invest where additional fidelity
yields the largest reduction in program risk while keeping total cost of ownership under control.
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Technical Analysis: Where Cost and Fidelity Conflict

Instrumentation grade versus channel density

High-density power supplies and high-power electronic loads are relatively expensive. Equipping
every node with premium instruments gives maximal fidelity but is rarely affordable. Conversely,
using low-cost monitors everywhere increases channel count but sacrifices the measurement
certainty needed for mission-critical interfaces such as the main DC bus, battery interface, or a
converter output.

Logging depth versus data lifecycle

Continuous, high-rate logging creates large data volumes that stress storage, indexing, and
analysis pipelines. Without a disciplined lifecycle — including triggers, retention rules, and archival
policies — you may either overprovision infrastructure or lose the ability to perform detailed post-
mortem analysis when an anomaly occurs.

Dissipative test architecture versus regenerative operation

Non-regenerative test setups dissipate discharged energy as heat. At scale, that drives heating,
ventilation, and air conditioning (HVAC) sizing, facility power costs, and test cooldown time, all of
which increase operating expense and limit practical test duration. Regenerative source and sink
architectures reduce operational cost but require additional controls, metrology for bidirectional
energy accounting, and facility coordination.

Manual processes versus deterministic automation

Manual reconfiguration, data collection, and ad-hoc scripting appear low-cost initially, but they
suffer from variability and scale poorly. Labor-driven testing limits throughput and injects
repeatability risk. Automation systems have an upfront cost but reduce per-test labor, lower
human error, and increase usable test hours.

Bespoke rigs versus scalable, upgradeable platforms

Custom one-off fixtures can be inexpensive for a single project but become expensive to maintain
and adapt. Rigid benches that cannot be paralleled or reused force repeated capital expenditure
when requirements change. A scalable platform splits cost across programs and allows fidelity to
grow incrementally.
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Tactical Mitigations: How to Raise Fidelity Without
Runaway Cost

Tier metrology by consequence of failure

Map the power topology and assign a measurement grade according to the impact of an incorrect
reading. Place time-synchronized, high-accuracy channels on primary buses and safety-critical
interfaces. Use cost-effective monitors with event triggers on secondary nodes to flag when
higher-fidelity capture is required.

Adopt a trigger-first data strategy

Use event-based capture with pre-trigger buffers and compressed background logging. Retain
full-resolution waveforms only around flagged events and preserve summarized energy metrics
for long runs. Define retention and archival policies to ensure predictable storage growth and
enable fast lookup for investigations.

Prefer regenerative architectures with controlled metrology

Invest in bidirectional, regenerative ATE power supplies and regenerative electronic loads to cut
operational costs and enable longer unattended cycles. Build bidirectional energy accounting into
the measurement chain and include interlocks and grid-interface protections so regenerative
benefits do not introduce new safety or metrology problems.

Automate orchestration, limits, and reporting

Use automation software to script test profiles, manage autoranging behavior, coordinate triggers,
and produce standardized reports. Automation reduces operator time per test, eliminates repetitive
setup errors, and lets precision instrumentation be reused effectively across parallel tests.

Design scalable, parallel-ready hardware and fixtures

Choose platforms that scale by paralleling channels and that reuse common fixtures. Provide a
reservation and orchestration layer to enable the intelligent sharing of precision channels among
concurrent test cases. This lets you add fidelity where needed without replicating entire test systems.

Summary

Balancing cost and fidelity is an engineering design decision. By placing high-grade metrology
where it reduces program risk, managing data with a trigger-first lifecycle, adopting regenerative
power architectures, automating deterministic sequences, and using modular hardware that
scales, you can raise validation fidelity while containing both capital expense and operating cost.
For modern high-power testing, a deliberate system architecture that combines regenerative ATE
power supplies, regenerative electronic loads, and automation software provides the most cost-
effective path to mission-grade confidence.

AV KEYSIGHT 7


http://www.keysight.com/
http://www.keysight.com

The Cost of Compromise in Power Test

Every compromise in measurement fidelity, safety margin, or system scalability carries hidden
technical and economic costs. Missed transients force rework; weak protection schemes increase
downtime and risk; and dissipative test architectures drive up energy and cooling expense.
Unfortunately, these costs show up as late-stage debugging, higher facility overhead, and

reduced throughput. The technical root causes are consistent: legacy architectures, ad-hoc
instrumentation, and manual workflows. The good news is that practical countermeasures exist —
regenerative operation, protection-by-design, hybrid data capture, and deterministic automation —
all of which reduce rework and improve throughput. Treating these areas as engineering design
problems rather than unavoidable trade-offs unlocks higher confidence at lower cost.

Moving Forward

Power validation without compromise requires a technical shift: from reactive, point-instrument
fixes to integrated architectures that prioritize accuracy, safety, and fidelity. Start small with a pilot
rack that applies regenerative sources and loads, layered protection, and hybrid measurement.
Use deterministic automation to embed calibration, thermal soak, and event capture into every run.
By proving these improvements in one environment, teams can scale them across labs and
programs. The result is a test capability that reduces technical risk, lowers energy and cooling
overhead, and delivers the repeatable precision demanded by mission-grade systems.

Power Without Compromise.

This is not just a statement — it is a new standard for how high-power tests should be conducted:
precise, regenerative, secure, and scalable.

Discover how at: www.keysight.com/find/hdpower

Keysight enables innovators to push the boundaries of engineering by quickly solving
design, emulation, and test challenges to create the best product experiences. Start your
innovation journey at www.keysight.com.
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