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Ethernet cables, pt. 2 | By Wayne Howell

“Solid conductor Ethernet cable should only be used for permanent installations
and never for touring, on reels, or for patching . . .”
In last month’s column, I described the types and
structure of Ethernet cables. In the next two columns,
I’ll be looking at what goes wrong and how to test both
the cables and the data they carry. Let’s start by discussing the
ways in which cables and connectors fail . . .
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FAILURE MODES
There are a number of ways in which Ethernet cables fail
due to both misuse and faulty manufacture. Perhaps the
most important failure mode is related to a much-overlooked
specification for RJ45 connectors called ‘Maximum Mating
Cycles’ - the number of times you can connect and disconnect.
The pins on a RJ45 connector are finished with a small layer of
gold, a material that doesn’t readily oxidise, which keeps the
connections low-impedance. Unfortunately, gold is also very
soft. This means that every time you plug in an RJ45, a small
amount of gold is worn away by friction. Additionally, the quality
of manufacture, the original thickness of gold and the substrate
material have a huge impact.
The image below shows a microscope photograph of
a commercial-grade RJ45 . . .

RJ45 plug. That means the mating cycle rating is defined by the
RJ45, not the Ethercon.
In a permanent installation, 500 cycles should be more
than adequate. But for touring or test equipment, it’s a major
consideration. Cheap cables rarely specify mating cycles, but
I’ve seen some that fail after only 20 cycles.
It’s important to note that this relates to both the RJ45
plug and receptacle. So, do consider connector wear on your
portable Ethernet switches, gateways and lighting consoles - if
you are using them every day, 500 mating cycles will disappear
very quickly. Consider using some short extension cables that
you leave connected - these will limit damage to the expensive
products.
OXIDISATION
So, what actually happens if that thin layer of gold wears
away? Firstly, it creates ridges that can increase damage to
the mating connector and secondly, it opens up the substrate
material which will likely oxidise. When a conductor oxidises,
its resistance increases. In Ethernet communication, that will
degrade the signal and reduce the maximum cable distance
that can be achieved.
The image below shows a close-up of a commercial grade
connector that has been in regular use. You can see numerous
areas where the gold is almost worn away.

A commercial grade connector such as the Molex part
0049150021 has a mating cycle rating of 500. An industrial
grade connector such as the Sentinel Connector Systems part
111-08080028L34 has a rating of 1000 which rises to 2000 if
mating with their receptacle.
The Neutrik Ethercon is widely used in the entertainment
industry. The chassis Ethercon NE8FAV has a rating of greater
than 1000 mating
cycle, but keep in
mind that the cable
Ethercon (NE8MX,
pictured left) mounts
over the top of an

The ‘wiggle test’ is the best way to check if the connection is
suffering from oxidisation damage. Watch the link light on the
Ethernet switch while you wiggle the connection. If the link light
or the signal drops out, it’s likely caused by oxidisation damage.
The other giveaway is when either pushing the connector
hard in or out has an effect. Oxidisation damage normally
occurs in a localised area of the connector, so pushing or
pulling the connector can force a fresh piece of gold to make
a good connection.
If you discover a cable with
this problem, cut off both ends
and dispose of it. That will ensure
someone else does not suffer the
same problem!
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CRUSH DAMAGE
Crush damage can be caused by kinks and bends, but in the
entertainment industry flightcase wheel damage is a major
culprit. I wrote last month that Cat 6 cables use a cross-shaped
plastic former to keep each of the four pairs apart and so
manage crosstalk; crushing damage may not make the cable
fail, but it can push the pairs close together, which increases
crosstalk and limits the maximum cable distance that can be
achieved. If a cable has crush damage - replace it.
FRACTURES
I am frequently surprised by how many engineers do not know
that there are two types of conductor in Ethernet cable. Solid
conductor has, as the name suggests, a solid conductor for
each of the eight wires. Stranded conductor uses multiple small
strands of wire to make up each conductor (see the image
below). Each have pros and cons. A solid conductor will fracture
very easily; take a paper clip and bend it back and forth - it will
fracture after a few cycles. For this reason, solid conductor
Ethernet cable should only be used for permanent installations
and never for touring, on reels, or for patching.

Stranded conductors are much more resilient because the
diameter of each strand is so small and therefore takes much
more abuse before fracturing. Stranded conductor cables
should be used for portable applications and patching cables.
The drawback is that stranded conductor cables have a more
limited maximum length, so as a rule of thumb, stranded
conductor cables should never be run further than 90m.
CRIMPING
The process of attaching the connector to the cable is called
crimping. It’s a fairly simple task if the correct tool is used, but
if a crimp fails to work perfectly, the result is a slightly higher
resistance through the cable. The resistance of each of the
eight conductors must be very similar to ensure the maximum
cable distance and data rate can be achieved. A badly crimped
conductor can cause major connectivity problems.
Next month, we’ll look at cable test and data analysis in more
detail . . . I
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