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Performing the arc flash Hazard 
Risk Category (HRC) calculations 
only at bolted fault magnitudes 
will result in a misleading and 
dangerous underestimate of the 
HRC on a circuit protected by 
fuses. This is because the worst 
case HRC for current limiting 
fuse-protected circuits will not 
be found at bolted fault levels, 
but rather at any magnitude 
below this point. A current-
limiting fuse performs best at 
the highest current levels. At 
levels below bolted fault, the 
fuse allows progressively higher 
energy let-through values.

Good engineering design 
requires determination of the 
HRC for the worst-case current 
magnitude. HRC is a function of 
let-through energy, and mathe-
matically, the let-through energy 
is proportional to the magnitude 
of the current squared times the 
time it flows.

When using breakers, current 
flowing in excess of the instan-
taneous setting must, by defini-
tion, result in an instantaneous 
trip. On the contrary, a fuse 
clearing time increases very 
rapidly as the current decreases. 
When you multiply these two 
effects together, something 
interesting happens as the fault 
current decreases. The energy 
let-through due to the current 
is reduced by the square, but 
the time is increasing by a value 
proportional to the current raised 
to a power higher than two.

The take away for the engineer 
doing the arc flash calculations 
is that if the time increases 
faster than the square of the 
current (which occurs for all cur-

rent limiting fuses), the arc flash 
hazard for these fuse protected 
circuits increases as the current 
decreases, a non-intuitive 
conclusion. The engineer must 
determine the magnitude of this 
maximum energy let-through 
in order to properly assign a 
Hazard Risk Category. Note that 
for a breaker or MCP protected 
circuit, in all cases the energy 
let-through decreases as the 
fault current decreases as long 
as the current remains above 
the instantaneous pickup point 
of the breaker.

Most engineers test their break-
ers regularly, but it’s important 
that they also regularly test and 
re-certify the fuse elements. 
Fuse characteristics change 
over time. Fuse elements are 
constructed of materials that are 
not chemically inert. Gas tight 
fittings to limit environmental 
incursions are used, but there 
is no such thing as a perfect 
gas tight fitting. And of course 
there is the issue of stress on 
fuses. For example, recall that all 
three fuses on a faulted 3-phase 
circuit must be replaced should 
any individual fuse blow. The 
remaining unopened fuses have 
been altered in a way not obvi-
ous without retesting. But how 
do you know that a fault didn’t 
occur just below the fuse melt-
ing point causing a weakening of 
the element but not blowing the 
fuse? Several publicly available 
case studies document fuse 
aging as the likely cause of 
system coordination problems. 
Contact Eaton to learn more. 

Arc Flash Safety Solutions
Safety Means… Applying the Right Solution

I2t Let-through

Breakers vs. Fuses 

With today’s increasing focus on arc flash safety,  
the issue of whether to use breakers or fuses arises 
frequently. Many times the focus is on calculating the  
arc flash hazard at the maximum current available from 
the circuit; however, doing the calculations only at these 
levels provides just part of the story. 

Notice that as the magnitude of arcing current decreases, the I2t let-through increases, causing a 
corresponding increase in the arc flash hazard. For a breaker-protected circuit, the arc flash hazard 
decreases for decreased arcing currents.  Regardless of whether fuses or breakers are used, a 
prudent arc flash hazard study must account for the worst case and the worst case for fuses is not at 
the bolted fault levels.
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