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Finite Element Methods

® Temperature assumedto vary
withineach element according
to some function

Solved for in conjunction with
field equationstogives
temperatures

More commonly used for
solving fuse heating than FDM

Key 1ssues the same as with
FDM

¢ Non-linear losses at
surfaces

¢ Needtouse implicitmethod
for numerical stability

Short-circuit model

Element burnback & radial
expansion
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Main processes modeled

Transient heating including local heat loss to filler
Arc 1gnition (Hibner's model)

Element burnback (Daalder's model)

Radial expansion of arc segments due to formation of
fulgurite (Gnanalingam)

Merging of arcs between notches

Arcs hitting fuse end blocks

Possible melting of strip in between notch zones
Effect of tube internal diameter on pressure
Interaction of fuse with test circuit

Transient eddy current effects in test circuit

Numerical methods needed with
short-circuit models

m Circuit & arc model equations arranged as set of
ODEs

m 4th-order Runge-Kutta or similar with embedded
automatic control accuracy

m After each time step transient temperature
distribution in elements & filler are computed

m Automatic adjustment of time step

m Full interpolation for model switching within a
time step
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Typical Results, 200A fuse @, 100kA

fuse current fuse voltage

2
=]

fuze voltage,

wn
=

Cyclic Loading

Manson-Coffin Law
(‘non_ferrous Inetals) Depends on mechanical construction

Peak-to-peak temperature

Average temperature
fluctation
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Generic Fuse Models

m For use e.g. with applications or sysiems
studies

m Simplified model of overall behaviour
m Performance complies with a given standard
m No attempt to model a specific design

Progress Since 1976

“Many of the models are constructed on simplitied
assumptions ... in service you don’t get that sort of
thing at all.

You get two arcs in series .. The arc in the fault and
the arc in the fuse ... it is the interplay between
these two arcs and the way the energy 1s shared
between them ...~

Eric Jacks, ICEF4 1976 discussion
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3-phase Arc Flash Event
with C-L Fuses

current, kA
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Practical Implementation

m User Friendly

m Building a Design from Components

m Components Database

Materials (metals, alloys, body materials, sands)
Standard Test Set-ups (IEC, UL, etc)
Simulation of Type Tests & Other Tests

Report Generation & Output

Graphic Output

Control of Settings
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Thank You

m List of selected references provided
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