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Transformer Resilience Is a Time-Domain Challenge

From Local Failure Mechanisms to System-Level Consequences

The irreversible loss of a strategic transformer is not a local event —
it can constrain a critical grid node for extended periods.

Internal arcing faults in liquid-filled transformers generate transient pressure waves within
milliseconds, where dynamic loads may exceed structural limits before conventional
protection systems can effectively respond.

Resilience is therefore not only a matter of fault detection, but of controlling physical
escalation mechanisms occurring in the first milliseconds — where the key parameter is
not only pressure magnitude, but the rate at which pressure rises and propagates.

When escalation is not controlled:

e Structural rupture may occur,
® Damage may extend beyond the transformer
® The asset may become non-recoverable

® This may result in extended operational disruption

Transformer resilience is a time-domain problem —
not only a detection problem.

Different mitigation approaches interact with either dynamic or static
pressure phases.

Controlling the initial dynamic pressure evolution is critical to limiting = T
escalation and preserving asset recoverability. Explore the full

resilience framework

www.sergi-energy.com



Dynamic vs Static Pressure Response Following Internal Arc Fault
Different mitigation approaches act on different phases of pressure evolution.

Fast dynamic pressure control Static pressure relief response

® Activation triggered by the first pressure ® Activation occurs after pressure
peak build-up

® Pressure wave rapidly mitigated ® Dynamic pressure effects remain

® Structural limits not exceeded ® Structural stress may persist

® Asset remains in a recoverable state ® Risk of irreversible damage remains

Effectiveness is not only determined by activation time, but by the ability of the system
design to interact with the dynamic pressure evolution from the earliest stages.

From Escalation Control to Recoverable Outcomes

The outcome of an internal fault is determined within the first milliseconds, where
dynamic pressure evolution governs the transition from a contained event to potential
structural failure.

LEriticaI control
window
(milliseconds)

Milliseconds Seconds Restoration Phase

In current industrial conditions:
® Transformer lead times: typically 2—4 years under current conditions

® |imited global manufacturing capacity

® Strategic assets often non-interchangeable

Resilience is not defined solely by redundancy or fault detection. Download Engineering
It is defined by the ability to: limit escalation at its earliest stage, Reference (PDF)
preserve critical assets under extreme conditions, enable a
controlled and timely return to service.

Achieving this requires a structured engineering approach based on
dynamic analysis, testing, and validated modeling.

Request a Technical
Exchange

www.sergi-energy.com | contact@sergi-energy.com Internal arc fault dynamics are
extensively documented in IEEE
and CIGRE technical literature.
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