10 Steps for Return Path Maintenance

This article was published in the June ’99 issue of CED

The first thing to consider for a revenue-generating return plant is the equipment and requirements needed such as:

· Two-way amplifiers & plant

· Open reverse spectrum

· Alignment & test equipment

· Trained installers and technicians

· Aware “user base” (customers)

When this criterion is met, the next step is consideration towards preliminary and on-going maintenance.  This article outlines some return path maintenance suggestions and provides some worthy ideas to maintain the return path system availability.

Preliminary Maintenance

Before you worry about on-going maintenance, you must get the preliminary steps out of the way.  Poor craftsmanship or lack of construction etiquette typically creates most of the problems.  Preliminary maintenance is a must.  I know it’s cliché, but remember “An ounce of prevention is worth a pound of cure”.  The following steps should be taken into consideration.

1.  Utilize quality fiber optic connectors & attenuators.  Angled Physical Contact (APC) or Ultra Physical Contact (UPC) connectors with an optical return loss < -50 dB should be used to limit back reflections.  This also holds true for optical attenuators and connectors at patch panels.  Some APC connectors come in different angles- be careful!  The generally accepted version is 8°.  Even if a UPC connector has a good back reflection number, multiple matings could degrade the finish.  Also be advised that some FC style bulkhead connectors have different tolerances for APC and PC.  If the tolerances are slightly off, two APC connectors could ram together too tightly in a PC bulkhead.

2.  Proper return optical receiver set up is imperative.  Setup the return optical receiver with the correct optical inputs and proper RF outputs.  Utilize a quality optical attenuator for optical link budgets too short for the receiver specification.  Too much light input for the receiver could cause excessive shot noise.  Also, utilize an in-line RF attenuator on the optical receiver output to set the correct RF levels for different interface requirements.  You may also decide to split the receiver into multiple outputs to accommodate different node combining scenarios.  This makes it easier to combine separate nodes for different services.  It also allows distinct combining into your sweep gear.  If all receivers are combined then split, the noise funneling affect may be excessive and wreak havoc on your system.
3.  Use caution with power passing taps.  Assure ac power blocking signal level meters (SLMs) are used before attaching to a tap.  Some SLMs are ac blocking, typically at 200 V peak-to-peak (100 Vac), but more expensive spectrum analyzers may not be because they are designed with sensitivity in mind.
4.  Terminate unused tap spigots, especially taps < 17 dB in value.  Taps farther down a span of cable will have a lower flat loss because the value is determined for forward levels.  A 4 dB tap may only have 5 dB of cable loss @ 40 MHz to the next reverse active.  A more generalized suggestion would be to terminate taps that are located after a certain amount of cable.  The difference in cable loss at different frequencies is the cause of our problems.  If taps are placed after flat loss (DC-8, DC-12, etc.), then a 17 dB tap may have just as much insertion loss in the reverse direction as a 26 dB tap.  It is much more difficult for off-air noise and other transients to ingress into the cable through a 26 dB tap than a 4 dB tap.  For this reason, some cable systems are installing caps without resistors on the tap spigots for security and shielding from ingress/EMI.  One problem with 75 ohm resistors in the spigot is the lack of proper tightening and installation.  A poorly installed resistor in the spigot is much worse than no resistor at all.  If a voltage surge destroys the resistor or it is poorly tightened or installed, it can act as a small antenna and also compromise the pressure seal in the spigot so that water could also ingress. Unterminated, low value tap spigots will definitely give a standing wave frequency response when reverse sweeping through a bi-directional/resistive test point.  Just something else to add to the problems.  Terminators are good if installed correctly and are water sealed!  Terminators must be tight!
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This diagram shows the return frequency losses and illustrates the system plant design variations.  There would also be temperature variations, in-house design variations, and many other variables to deal with besides human error!  The level shown is what a home user device would have to transmit at (if directly attached to the tap) to arrive at the associated amplifier at its recommended input level.  A typical unit with 55 dBmV output would overdrive the system if located at the end of the cable span, and requires that the technician adjust each home unit or self adjustment.  It’s ironic that the device farther away requires less output!  It only takes one user device to render the entire node useless.

5.  Utilize high pass and bandpass filters at the Network Interface Device (NID), ground block, and/or the tap.  Some people may view these devices as a temporary fix or a Band-Aid, but how can we control what the subscriber does in their own house.  This relatively, inexpensive passive can alleviate a lot of headaches until the other “fires” are put out.  Some drops won't utilize reverse and a high pass filter will totally eliminate any ingress from entering.  Some NIDs use twisted pair or coax for data & telephony into the house while another coax output is used for cable & set top box impulses.  A bandpass filter is attached to the set top side.  This is done to block out any ingress, which may bother the reverse frequencies on the phone or cable modem.  These filters are generally in the range of  $5 to $8 dollars.  There are even some automated filters that act as a switch to allow the highpass filter to “open” when the customer’s unit is transmitting.

Let’s look at a hypothetical CATV subscriber house.

[image: image2.wmf]26

23

17

4

350’

500’

600’

1.4 dB

2

2.4

17/17

Input

42.6 dBmV

42.2

39.5

28.6

PIII  .5” Cable

.40 dB @ 30 MHz

Reverse

transmit

level @ the tap

A total design variation of ~14 dB!


Twisted pair feeds power to the Network Interface Device (NID).  The NID is the interface for Telephony & RF and may require .3 amps during ringing.  Depending on how many phones are ringing.  This coax/twisted pair cable is known as Siamese cable.  The power may be fed down the drop line in some situations/systems.  One inherent problem with drop line powering is the dc-loop resistance of this small cable.  The saving grace is the fact that only small currents are being transferred on this cable therefore only causing a minute voltage drop.  Other things to consider are the f-connector quality, regulations, surge suppression, corrosion, copper coated steel center conductor, etc.  The drop line in our example is RG-6 and approximately 100 feet long.

A bandpass or dual bandpass filter is used to allow only the return frequencies of the set top boxes and the modem to pass.  This eliminates extra ingress from affecting the telephone frequencies.  Some systems may decide to place a dual windowed filter going to the modem to discourage the homeowner from installing his own passives.  If the modem feed has no forward video channel capability, the subscriber won’t install an inferior splitter to watch TV and work on the computer at the same time.   But, what about the subscriber with a video card in the computer?  Now we possibly have the computer CPU frequency (25, 33 MHz, etc.) getting into the return line.  Even a 200 MHz CPU may be based off the 8th harmonic of a 25 MHz clock.

The telephone is hooked up via the twisted pair and an RJ11 jack.  30 more total feet of RG-6 or 59 is used inside the house.  After the filter, a splitter or directional coupler is installed to increase the number of outputs.  The device used will depend on the isolation needed and signal level required and available.  A computer with an RF cable modem is connected.  Another splitter is used for extra TVs.  It is advantageous to utilize passives with voltage blocking capacitors on each port.  This will eliminate the build-up of residual magnetism, which is caused by the modem’s high RF output.  The capactively-blocked ports also alleviate transient hum modulation.  This is generated by ground loops/sheath currents, which break down and over saturate the little ferrite bead isolation inside the passives.

Many systems are using home-run wiring instead of more passives located throughout the house.  That way every device has its own coax from the demarcation point, which is usually located near the ground block.

A TV is attached with a set top box and a Play Station.  Another TV is attached with a set top box, VCR, & surround sound.  By accounting for all these losses and creating a standardized in-house design, we can limit the extra variables that will be created.  The thing that kills us is the broadcast nature of this business.  A customer may only have 3 TV sets, but wants 8 outlets installed.  Unless we develop a smart, switching device; all 8 outlets will be active and result in more loss.  They also require more maintenance and possibly contribute more ingress.

6a.  Reliable drop line and placement is first on the list for drop line suggestions.  Drops account for ~20% of the ingress.  Cable clips placed at even intervals will cause a frequency selective oscillation “Suck-out” at a half wavelength.  The compression on the sheath changes the inner and outer conductor ratio causing an impedance mismatch.  Also be cautious of drop line drip loops.  Do not exceed the minimum bending radius as this could cause cracks in the braiding and subsequent ingress problems.  This year’s winner of the SCTE Field Operations award went to a person who designed the “Perfect O”, which makes a perfect drip loop every time.

6b.  Utilize Integrated Messenger cable (IM) because it uses its own strand molded into the jacket.  This is used so that radial cracks don’t occur from constant flexing of the drop line and the expansion and contraction occurs as a unit.

6c.  Confirm no corrosion on the f-connectors and proper installation.  The national average of f-connectors per subscriber house is 16.  That’s a lot of possibilities.  Also keep an eye on the connections at the ground block.  Proper connectorization and common bonding is a must.

6d.  Quality shielding is a critical to limit ingress.  Bonded foil, tri-shield drop line is the least you should use.  The first layer of shielding is a bonded/glued aluminum foil to the dielectric.  Tri-shield means bonded foil, braid, and another layer of foil.  Quad shield is even better.  Be careful with connectors for different shielded cables.  Also, the braid coverage percentage will determine the overall shielding effectiveness from ingress.  There are even newer cables out that don’t use braiding such as Omega One’s Pentabond or CommScope’s 300 QR hardline, drop cable.  These cables use new manufacturing processes to create a superior cable without the use of braid.

6e.  Some NIDs will be powered through the drop causing a voltage drop.  Use cable with low dc-loop resistance.  Bigger cables and cables with a solid copper center conductor have a lower loop resistance than copper coated steel, but more expensive and not as strong.  RG-59 has approximately 60 ohms/1000 ft of dc-loop resistance, a far cry from 1.7 for .5 inch cable.  The NID ring current will probably be <. 3 amps and the drop length ~150 ft.  This would make the voltage drop 60/1000 *150 *.3 = 2.7 volts.  No wonder many systems are going to 90V powering!

7.  One other thing to think about is how will drop powering affect pin corrosion.  Will this contribute to more common path distortions?  Time will tell.  If this is the case, we may need to repeat what we did with the hardline cable.  Pin connectors for everything even the drop line.  Pin connectors and compression fittings will ensure good connections & similar metal contacts.

8.  Assure the house is grounded & bonded correctly for safety & elimination of ground loops, which can cause hum related problems.  Drop Isolators may be warranted to break the dc continuity in the center conductor and sheath while still allowing RF to pass.  We could also use common mode coiling, which is used to eliminate common mode currents from entering through a breach in the cable sheath.  Take 10 feet of cable and coil into 7 turns ~ 5-6 inches in diameter.  If impulse noise or hum gets in at the TV tuner or from the power ground, it will travel on the cable braiding until it dissipates or is induced onto the center conductor.  Coiling the drop cable prior to insertion into the house appliance will “choke” out this reverse ingress before it finds that breach.  SigVision also makes a snap-on ferrite bead to attach to the coax, which will impede common mode currents.  One way to make a drop isolator would be to connect two 75/300 ohm transformers back-to-back.  This may be good for troubleshooting, but may not conform to bonding ordinances and will cause signal loss and leakage.  Before attaching the drop to the tap, take a look at the return spectrum.  Go in the house and turn on the vacuum cleaner and hair dryer.  You’d be surprised at how much noise also comes from a can opener!
Return Path Egress/Leakage Levels

9.  The FCC states that the maximum allowable limit for egress from dc up to 54 MHz is 15 µV/m at 30 meters.  The use of a single carrier, placed at an unused forward frequency, is the most common form of detection.  This works fine for forward signals, but the return path signals are:

· Intermittent
· Very low in level
· Bursty in nature 

This causes leaks to be difficult to locate.  If you depend on an interfering carrier, it may be bursty and impossible to view except as noise when using “max hold” over a long period of time.  Another thing to consider is that plant impairments can be frequency selective.  An egress point may not be an ingress point and vice-versa.  If you decide to insert an interfering carrier at 20 MHz at the end-of-line and use a dipole antenna, it would have to be 23.4 feet long!  Some systems opt to drive around with their CB activated to induce ingress at 27 MHz.  The headend technician will monitor the ingress and convey the information to the technician in the field.
By utilizing forward path egress techniques, it may be possible to characterize the return path ingress points.  FCC = 20uV/m at ground level, but 5-10 uV/m everywhere, including the drops, is probably a better indication of return path integrity.

10.  Monitoring, monitoring, monitoring!  What more can I say.  The final step after activation and maintenance is to keep an eye on return path service operation to catch degrading performance before it turns into an outage.  How can this be done reasonably fast, efficient, and with minimal effort?  This is especially challenging on the return path because of the transient, unpredictable, and periodic nature of noise and ingress.  You won’t be able to rely on the subscriber to act as a monitoring agent as is sometimes done for forward path degradation.  Digital data is either perfect or perceived as a slower throughput.  There is no in-between like analog, which will degrade into a “snowy” or distorted picture.

Consistent, automated return path spectrum monitoring can provide the advanced notice necessary to rectify potential problems before they generate into a service call.  With performance archiving of return spectrum data; operators can organize preventative maintenance, correlate RF plant performance to ‘data-layer’ error reports from modems and telephony systems, perform trend analysis, set baseline performance standards, and certify plant as “ready” for operation.  This, in-turn, could be used to document times of the day and frequencies that are more reliable, set times for IPPV downloads, or do QoS provisioning.
If we want our telecommunications networks to be as reliable/available as the telephony business at 99.998%, we must utilize a system that will quickly characterize and separate real problems from insignificant events.  By constantly looking at large amounts of return spectrum performance data, systems can quickly characterize and separate real problems from insignificant events to allow operators to respond before outages occur.
Summary

Once a system is designed it must be maintained.  One problem with current designs is the fact that they are based off of forward parameters.  The forward path has, historically, been our “cash cow”.  Now that services utilizing the return path are coming to fruition, we must deal with our forward path, focused designs.  The return path was an after-thought until now.  I look for the next big upgrade to be diplex filter change outs to allow more passband for the return path services in the next 4 or 5 years.

The key to a reliable/available return plant is constant monitoring, a stringent maintenance plan, and employee accountability.  An employee who has pride in his work and craftsmanship feels accountable for his work and will take the extra steps to assure a return visit is not warranted.  I’ve listed some preliminary maintenance steps and some design considerations focused at the tap-to-equipment side of the network.  I have also briefly discussed the AM link, monitoring, and CLI, which will be a continual monitoring aid for ingress as well as egress.

All comments and suggestions are sincerely appreciated.  The author of this article is John J. Downey, Training Development Engineer, of Wavetek Wandel Goltermann (WWG).  Call (317) 788-9351 ext. 8244 or fax (317) 614-8307 for more information or comments.  Refer to the WWG web site at http://www.wwgsolutions.com for more information about CATV, DTV, Wireless, or Telephony test and measurement equipment and solutions.  There are also some CATV related automated programs, the Return Path Frequency chart, and recently published articles listed on the CATV training website: http://www.wavetek.com/Training/CATV/CATVtrainingMenu.html.
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