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EXECUTIVE SUMMARY

Time Domain Reflectometers (TDR) are well proven and long used technology in the telephone and CATV
industries.  Increasingly, users in the electrical and instrumentation industries are finding TDRs provide information
on cable status much faster than traditional methods.  This report shows one typical application.

TDRs work similar to RADAR but instead of air, they work through wires.  By transmitting a pulse and measuring
the time it takes to return, the distance to the reflection point is automatically calculated.  The pulse returns from the
end of a wire and from wiring faults such as open circuits, short circuits, and changes in the series and parallel
resistance.

TDRs are typically used to find existing faults on cables and have more applications in related areas such as:
- proving an installation has been done correctly, this may relieve the contractor of future warranty claims
- creating a ‘benchmark’ to more easily find future problems
- easy inventory of cable left on a reel
- locate and evaluate buried splices
- detect utility theft

TDRs use is limited to cables with two or more individual, insulated conductors.  Multiple single conductors, even
when laid in a common, narrow trench often show too many impedance changes to give useful data.  This problem
could be overcome by simply installing multiple conductor cables or even by securing single conductor wires
together with tape at the time of installation.  Alternately, creating a 'benchmark' trace at time of installation would
provide before and after pictures for comparison.

There were no problems encountered that a trained technician would not be able to easily work through.  The job
will go marginally faster if the cable impedance properties are known but there are methods to easily get around this
requirement.  A method of measuring the distances encountered is required to get us to the fault.  A utility
measurement wheel or tape measure is adequate.  If buried underground, a method of tracing the route of the cable
such as a standard pipe and cable locator is also often required.

The BicoTest TDR proved itself valuable by quickly leading the user to the problem.  On this one use, the TDR
saved the facility owner approximately three thousand dollars.  TDRs have an excellent return on investment.

The TDR proved to be an easy to use and accurate method of locating heat trace cable faults.
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THE PROBLEM

A gas processing plant had a 2" waste water line running from a plant building approximately 685' to a wastewater
holding pond.  To prevent freeze-up a heat trace cable was installed tight to the pipe for its entire length and then
covered with a rigid insulation and sheet metal covering.  In preparation for the upcoming winter, the plant
electrician was checking the operation of the system and discovered the system was open circuit somewhere in its
length, drawing no current.  Careful walking along the length of the pipe and back to look for a visible sign of
damage did not show up the problems.  The pipe was suspended about 16 feet in the air on a pipe rack system (fig. 1)

Figure 1

The construction of the heat trace cable was a twin lead design of a slightly resistive wire, approximately 9.316 ohms
over the 685' run.  Over and between the two conductors was a thermal plastic covering which in turn was covered
by a single uninsulated  metal braid covering the entire cable.  The system was designed to run on 230 volts, through
a thermostat and give 6.7 watts per foot.  It was initially installed in 1986.  Figure 2 shows some similar cable.
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Figure 2

This cable had to work.  In the winter the area can often reach -30 degrees Celsius or less and as figure 3 shows, out
on the prairie, there aren't even any trees to stop the wind.

Figure 3

Other heat trace cable designs look more like a stiff, metal covered coaxial cable.  The heating element is a similar
resistive wire run inside a small, rigid tube filled with mineral insulation.  Still another design features a twin lead of
very low resistance wires with a resistive carbon thread spiraled around it.  The thread contacts the wires and current
through it creates the heat.

In this case without using the TDR, the only option would have been to start at one end and remove insulation and
inspect the cable.  This is an ideal application to use a TDR to find the open wire.
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TIME DOMAIN REFLECTOMETRY 101

A TDR is similar to RADAR or SONAR except working through wires instead of air or water.  A very narrow pulse
of electricity, usually from 1 nanosecond (nS) to 1 microsecond (1 uS) is applied to the cable.  (A nanosecond is a
billionth of a second, a microsecond is a millionth of a second.)  This pulse will travel down the cable at a rate
determined by the cable construction.  The electrical characteristics or impedance of the cable affects the speed.
These characteristics include:
- The dielectric of the cable, what insulation material is used.
- The spacing and other construction techniques, this also affects the impedance
- The wire diameter
- The area the cable is in, in wetter cables the pulse travels more slowly

As stated earlier, TDRs are limited to cables with two or more individual, insulated conductors.  Coaxial and
concentric type cables give the cleanest responses as their construction is very repeatable.

In a vacuum, electricity, like light, travels at about 300,000 km/second.  In cables, it travels slower than this and we
refer to the speed as a percentage of the speed of light.  This is usually expressed as the Velocity of Propagation or
VOP.  You may also see it referred to as Propagation Velocity Factor or PVF.  Typical VOPs for electric cables are
from 50 to 68 (50% to 68% of the speed of light).  Heat Trace cables are usually in that range as well.

As the pulse travels along the wire, any noticeable change in the impedance of the wire will cause a portion of the
energy in the pulse to be reflected back.  If the fault is resulting in an increase in impedance, such as an open circuit,
the returning pulse will increase in amplitude.  If it is a short or lowering of impedance, the pulse will decrease in
level.  The outgoing and reflected pulses are usually shown graphically on a display.  Cursors are moved to the same,
leading edge, of both pulses to measure their positions with respect to time.  When we know how long the pulse
takes to return and we know the speed of the pulse in the wire, it is very easy to calculate the distance to the feature
that caused the reflection.  In fact TDRs automatically perform that calculation every time the cursors are moved.
Some TDRs do not show the outgoing pulse, the user just knows it is the left side of the display.  In most cases
though, the reflection caused by the change from the test leads to the cable under test is visible.  Setting the cursor at
that point will subtract the length of the leads from the distance shown.

The TDR has a two-conductor lead coming out of it that is simply connected to a pair of wires in the cable under test.
It is a rugged piece of test equipment designed to be used outdoors or indoors. (Figure 4)

THE SOLUTION

STEP 1: Set up the TDR to match the VOP for the cable type.  If this is unknown you can start with a typical value
for that type of cable, this will usually be within 5%.  However, even 5% of 100 meters may result in a lot of
unwarranted work so we should try to get more accurate.  In this case, we had a sample piece of the same cable on
the shelf.  We measured the length at 55' 10" and connected the TDR.  We then saw the open circuit at the end of the
cable and set the cursor to that point.  We then adjusted the VOP to the value that made the cursor show 55.85'
Unfortunately we forgot to include the 6' length of the test leads.  Our VOP should have been set to show 61.85'.
This made our VOP about 11% incorrect and resulted in a reading about 19' short when we found the fault.  If we
knew the VOP more accurately (like we do now) the readings would be VERY accurate, better than 1 or 2 percent.
If that method can not work, the user simply has to look at the fault from both ends, add the distances together and
either re-adjust the VOP or use a ratio calculation to find the position.

STEP 2:  Connect the TDR to one end of the cable under test as shown below in figure 4.



6

Figure 4

The resulting trace we found is shown below in figure 5.

Figure 5
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This easily shows a very clear open circuit (trace goes up) 166.8 feet out from this end.  The other response close to
the start of the display is the outgoing pulse. The real response is usually the largest pulse (width and amplitude) on
the screen after the outgoing pulse.  Start with the big problem and solve that one before moving on.  Now we just
used a tape measure to get out to the 166' distance.  The damage turned out to be a little past there due to our mistake
in using the wrong VOP when we forgot to include for the length of the leads.  Compensating for this, the TDR gave
a distance about 7 feet short of the damage.  However, even with this mistake, the TDR got us very close to the
position of the fault and reduced the time to find and repair the cable drastically.  7 feet of error on 170 feet is about a
4% error.  More experience with this application will yield even better accuracy and further enhance the savings.

If possible, after locating and repairing the cable it is a good idea to re-test it with the TDR.  This may show up any
other, smaller problems on the cable and provide a proof-of-service record.

ECONOMICS

Using a TDR instead of starting at one end, removing insulation and visually inspecting every foot of the cable from
the start to the break probably saved the customer about three (3) thousand dollars.

This one use of one instrument saved C$ 3000 !

This is based on the removal probably taking two insulators one day to get out that far and two days to replace the
material.  3 days work for 2 men, plus 4 man-hours of travel-time each day for a total of 60 hours at C$ 40 - 50 per
hour.  Add replacement insulation and tax and we easily approach C$3000.

If the fault had happened to be twice as distant, the costs would have been more than double due to the increased
preparation required to work in that section of the plant.  With a TDR, a plant electrician can reduce this to under one
man-day.  A TDR costs between C$2000 and C$5500 which is easily paid off after a couple of uses.

CONCLUSION

The key conclusions of the examples described in this report include:
- The TDR is an easy to use tool that can provide comprehensive data on the condition of a variety of conductors.
- TDRs can have a very fast return on investment, depending on the number of times used.
- In the hands of a trained user, excellent results can be obtained very efficiently.


