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How to Read a
Time-Current Curve For Fuses
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Choosing a fuse is not only about matching the amp rating to the normal operating current.
A fuse also has to respond correctly when the circuit sees an overload, startup inrush, or

short circuit.
That is where the time-current curve becomes important.

A time-current curve, often abbreviated to: “TCC curve,” shows how long a fuse is expected
to take before opening at different levels of overcurrent. In simple terms, it answers one of
the most important questions in circuit protection:

“If this much current flows, how long will the fuse take to open?”
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What is a Time-Current Curve?

A time-current curve is a graph that shows the relationship between current and opening
time.

The horizontal axis shows current. The vertical axis shows time. As current increases, the
fuse generally opens faster. This is called an inverse time-current characteristic. Lower
overcurrents may take seconds, minutes, or even hours to open the fuse, while the higher
fault currents may open it in fractions of a second.

For many fuses curves, the current axis represents the prospective current available in the
circuit, often shown in amperes. The time axis is usually shown in seconds. Some curves are
labeled as melting curves, pre-arcing curves, or average time-current curves, depending on
the fuse type and how the data is presented.

The basic reading method is simple:

1. Find the current value on the bottom axis.
2. Move vertically until you reach the fuse curve
3. Move horizontally to the left to read the opening time.

This process tells you the approximate time required for that fuse to respond at that
level of current.

Why Time-Current Curves Use Logarithmic Scales

At first glance, a time-current curve can look intimidating because both axes are usually
logarithmic.

This is done because fuse behavior covers a very wide range. A single curve may need to
show currents from a few amps to thousands of amps, and time values from hours down to
hundredths of a second. A normal linear graph would make that range difficult to read.

On a logarithmic scale, each major division represents a multiplication step instead of a
simple addition step. For example, the current axis may move from 1A to 10A to 100A to
1,000A. The time axis may move from 0.01 seconds to 0.1 seconds to 1second to 10 seconds
10 100 seconds.

Do not read a time-current curve the same way you would read a normal graph. Always
follow the labeled values on the axes.
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Understanding the Different Boundaries of a Time-Current Curve

Understanding the Boundaries of a Fuse Time-Current Curve
Simplified conceptual diagram — not to scale
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( Use time-current curves to evaluate inrush tolerance, overload protection, and selective coordination. )

A time-current curve should not be read as a perfect trip timer. In many cases, the curve
represents a boundary between different fuse behavior regions.

At a given current level, a fuse does not instantly jump from “normal” to “open.” First, the
fuse element heats up. Then the element begins to melt. After that, the fuse must
extinguish the arc inside the fuse body and fully interrupt the circuit.

That process creates several important regions on the curve.

m The Hold Region

The hold region is the area where the fuse should remain intact. This is where normal
operating current and acceptable temporary surges should be.

For example, a motor may briefly pull several times its normal running current during startup.
That inrush current is not necessarily a fault. If the inrush event stays within the fuse’s hold
region, the fuse should remain closed. If it crosses too far into the fuse’s operating region, the
fuse may open.
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m The Minimum Melting Boundary

The minimum melting curve represents the earliest point where the fuse element may begin
to melt at a given current level.

Below this boundary, the fuse is expected to hold. Once the current and time combination
crosses this boundary, fuse operation may begin.

This does not always mean the circuit has fully opened yet. It only means the fuse element
has reached the point where melting can start.

m The Total Clearing Boundary

The total clearing curve represents the point where the fuse should have fully interrupted the
circuit.

Total clearing time includes both the melting time of the fuse element and the additional
time needed to extinguish the arc inside the fuse body. This distinction is important because
a fuse can begin melting before the circuit is completely open.

m The Operating Band

The operating band is the region between the minimum melting curve and the total clearing
curve. Inthis area, the fuse is in the process of operating. The element may be melting, an arc
may be forming, and the fuse is working to clear the overcurrent condition.

Why These Boundaries Matter

Understanding these boundaries helps prevent nuisance opening and poor
protection.

If normal inrush current crosses into the operating band, the fuse may open during
startup. If the fuse is oversized too much, it may hold during overloads that should
be cleared.

These boundaries also matter for selective coordination. In a coordinated system,
the downstream fuse should fully clear the fault before the upstream fuse begins to
melt. That usually means comparing the downstream fuse’s total clearing curve
against the upstream fuse’s minimum melting curve.
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