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When 0 Isn't O

Why “zero current” doesn’t mean zero influence in battery testing

Martin Weiss
Dr. Volt Inc.

Battery characterization, durability,
abuse and safety-test preparation, and
SOC-mapping workflows—including
LV123, VW 8450/8550, ISO 12405, IEC
62660, EN 50604-1, UL 2580, and
PNNL/DOE methods—often depend on
defined rest periods, voltage relaxation,
and open-circuit voltage (OCV)
observations.

A bi-directional power supply can
reproduce charge and discharge
through sourcing and sinking, but “rest”
often diverges in practice. The result is a
subtle gap between what a battery
engineer expects and what a typical
bi-directional power supply delivers.

A true rest condition minimizes external
influence and allows the system to settle
naturally so measurements—particularly
OCV—reflect the internal state of the
battery rather than the behavior of the
test equipment.

In this context, rest is not merely the
absence of commanded current, but an
assumed condition in which the battery
is left undisturbed.

This distinction is subtle but critical.

Many procedures specify rest durations
or OCV measurements without fully
prescribing connected-equipment
behavior during rest. This can lead to a
simplifying assumption: that setting
current to zero is sufficient.

Underlying Assumption

After sufficient rest:

Terminal voltage ~ OCV

This implies a true rest condition:

e Electrochemistry is near
equilibrium

e Current is naturally at zero

e External influence is minimized

e High-impedance / isolated
condition

Realities of Power Supply Behavior

e | =0 may be actively enforced

e Control-loop behavior may bias
transients

e Relaxation behavior may be
altered

e Results may no longer

represent true rest
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What Actually Happens at Battery Rest
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When a battery transitions from active
electrochemical reaction to rest, voltage
does not settle in a single step. An
immediate response is followed by
slower relaxation associated with
polarization, diffusion, and other
electrochemical effects.

In simplified equivalent-circuit terms, Rq
is associated with the immediate voltage
response, while longer-duration
relaxation contributes to apparent
resistance terms such as R and longer
time constants such as T3. Because Reo
depends on the system approaching
equilibrium, it is highly sensitive to
whether a true, undisturbed rest
condition is achieved.

Proper rest conditions support
observation of internal resistance
behavior, polarization / relaxation,
diffusion-related effects, time constants,
and SOC mapping.

Bi-directional Power Supplies (at | = 0)

Bi-directional power supplies are
typically based on closed-loop power
conversion, where the system actively
regulates terminal conditions to meet a
commanded setpoint. In many
implementations, a zero-current
command causes the supply to remain
actively coupled while adjusting its
output to maintain | = 0.

This means that even when the supply
reports | = 0, the condition is enforced
within a control tolerance in typical
implementations. In practice, small
offsets and control behavior—often
temperature dependent—can result in
small unintended source or sink currents
at the terminals.

As a result, the battery may not be truly
isolated from external influence. This can
interfere with natural relaxation and may
bias the apparent OCV reached within
the expected time window.

Measurement-validity concern

Over extended durations, small
unintended source or sink currents
can accumulate into unintended net
charge movement, introducing
secondary safety or
state-management concerns.
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Battery Cyclers (True Rest)

Battery cyclers are often designed around three first-class operating states: charge,
discharge, and rest. In better implementations, rest is not merely a zero-current setpoint;
it is a deliberate state intended to reduce external influence at the battery terminals.

During rest, the system may reduce active control, enter a high-impedance state,
decouple portions of the power stage, and minimize leakage, feedback current, and
output-capacitance effects. This makes cyclers generally better aligned with test
procedures that rely on OCV, relaxation behavior, and internal resistance under
controlled rest conditions.

Category Power Supply atl =0 Cycler — True Rest

Control Regulation may remain active Control reduced or removed

Coupling Often electrically coupled High-impedance or isolated

Rest State Derived from current command  Explicit operating state

External Control Ioop,‘capaatance, or Minimized by rest-state design

Influence leakage may influence results

Relaxation May be biased or altered More natural relaxation

ocv : : .
May be equipment-influenced More battery-representative

Convergence

Practical Considerations — Zero current does not guarantee zero influence.

When test results depend on accurate rest conditions, understanding how the system
behaves at | = 0 is critical. Dr. Volt helps engineering teams evaluate test-system
behavior, identify hidden measurement errors, and determine whether results reflect the
battery under test—or the equipment connected to it.
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