CCP Basics and Troubleshooting Part V:  Internal Communications (Comm4)
Topics:  1) A summary of Comm4 communications between CCP, its AHU, and its zone controllers.  2) Some suggestions for troubleshooting Comm4 communications problems.
Components of the CCP III system (VAV zone controllers and the AHU) are generally designed to be able to function stand-alone.  However, in order to efficiently coordinate operations the CCP must be able to send information to, and receive status from, the different components of the system.  The loss of communications to zone controllers, the air-handler, or to the communicating bypass controller results in a Comm. loss diagnostic in the CCP Alarm Log.  The CCP will display ??? for status points (either on the operator display or workstation software) when the value is unknown.  This of course happens if communications is lost to a controller, but it may also happen simply when a sensor has failed.  Loss of communications to the Bypass controller or to all zone controllers results in priority shutdown.  The CCP system will not run until the condition has been corrected.  However, if the air handler has a hardwired zone sensor and setpoint it will run stand-alone if the communications interface is disconnected.  It will attempt to control temperature at the zone sensor as if it were a single zone constant volume unit.  In some cases this is a reasonable emergency solution.  

The CCP communications link consists of the CCP itself, the zone controllers (UCM 4.2), the communicating Bypass controller (if CB system), and a communications interface card (TCI) in the air handler (will always be present if Del. VAV, will not be present in a CB system if the CCP uses the optional relay board to control the AHU).  Communications wire is low capacitance, twisted pair, and must be shielded (18 awg “Trane purple” or equivalent is preferred, although shielded 22AWG Level 4 wire is allowed).  The use of any other type of communications wire will likely result in problems.  The shield must be grounded in one place only (usually at the CCP).  At every node (controller) the shield on the in and out sides must be taped together.  At the far end the shield must be taped back.  Polarity must be maintained throughout.  A straight line daisy chain topology is highly recommended.  See HVAC Knowledge Center WAVE 3541.  

Dip switches are used to give each controller an address on the communications link.  The addresses must be unique and in a specified range.  There is only one permissible address for the TCI communications interface on the AHU, all five dip switches must be in the off position.  (For older Voyager RTU with UCP controls there are six dip switches.  The first switch is not part of the address.  For UCP controls ignore the first switch and set the remaining five switches to off.)  In addition, the TCI interface has a daughter board that must be positioned with the non-isolated Comm3 Comm4 connections adjacent to the dip switches.  See the Installers Guide for the TCI interface ACC SVN18B-EN (available from e-Library), or HVAC Knowledge Center WAVE 833 for more information.  Table 2 on page 26 of the CCP Installation Manual gives permissible addresses for zone controllers.  This is VAV-SVN03A-EN.  It is available on e-library, or see HVAC Knowledge Center WAVE 1587.  

Troubleshooting Suggestions:
First be aware that while communications failures can be caused by defective controller boards, that this is rare.  Failures are much more often caused by problems with wire (shield, crimp connections, polarity), addressing, power supplies or grounding.  Also, it is often not possible to determine the physical location of a wiring problem by looking at the link as a whole.  Dividing the link to isolate the problem is usually necessary.  This can be time consuming.  So even though a failed CCP board is unlikely it may be desirable to eliminate the possibility at the outset.  This can be done with a spare zone controller board.  Disconnect the communications link.  Give the spare a valid address and connect it to the CCP with a short piece of communications wire.  Make sure everything is powered and grounded correctly.  
1.  Check Communications wire continuity and shielding:

a)
Lift the shield from ground on the CCP.  Measure resistance to ground with a multi-meter.  This should be completely open (infinite resistance, 0L M().  If it is not completely open the shield is grounded, or partly grounded, at some other place.  Possible causes may be that the shield is not properly taped together at all controllers, or the wire is damaged at some point.  Divide the link and repeat this test on each new segment in order to isolate and correct the problem.  

b)
Ring out the Comm. wires to check for continuity and shorts.  Disconnect the wires from the controller at one end of the comm. link and wire nut the two wires together.  At the other end disconnect the wires from the last controller and measure resistance across the two wires.  The resistance will be variable depending on the length of wire and whether controllers are powered.  Disconnect the comm. wires at the first end.  This should now be an open circuit.  If it is not open there is a short between the comm. wires.  Possible causes are damaged wire or bad crimp connections.  Divide the link and repeat this test on each new segment in order to isolate and correct the problem.  

c)
Lift the shield and comm. wires from the termination board of the CCP.  Measure resistance between the shield and each of the comm. wires.  This should be open (infinite resistance, 0L M().  If it is not, there is a short between the shield and the comm. wires.  Similarly there should be no shorts between the two comm. wires.  Look for damaged wire or improperly taped shield.  Divide the link and repeat this test on each new segment in order to isolate and correct the problem.  

2.  Improper power supplies or grounding can result in communications failures:

a) Best practice for controller wiring calls for each controller to have a single dedicated 24 VAC Class 2 transformer.  In practice this is not always done.  If power supplies are shared it is important to maintain polarity.  It is particularly important that the CCP have its own power supply.  If communications problems occur it may be useful to selectively add dedicated power supplies.  Start with the CCP.

b) All controllers must be grounded.  UCM 4.2 is grounded through the stand-offs.  The CCP has a ground terminal on the termination board.  Ordinarily, grounding to sheet metal should be sufficient but if there are building wide electrical grounding issues there may be communications problems.

3.  Polarity and zone controller (UCM4.2) LEDs:  

a) The LED CR1 (yellow) can be used to diagnose communications problems.  On steady indicates incorrect polarity or a short between the wires.  Random Flicker indicates communications activity with incorrect polarity.  Steady off indicates correct polarity but no communications activity.  Blinking on .2 sec, off .2 sec indicates correct polarity, communications activity, and response from controller.  Blinking on .6 sec., off 1.5 sec indicates correct polarity, communications activity, but no response from controller.  LED CR1 should usually show one of the two distinct blinking patterns or it may be off (no communications activity).  It should never be on solid or flickering randomly.  
b) The LED CR2 (green) should be on solid when the board is powered.  If it is off or flashing replace the board.

4.  If communications is down to the air handler (HVAC Comm Status from CCP Status on the operator display or from the workstation software) check the dip switch address (all off) and the position of the daughter board on the TCI communications interface (non isolated Comm3 / Comm4).  
5.  Communications wire bundled with, or run in conduit with, AC power is susceptible to induced voltage that can cause communications failures.  

6.  Communications wire run near transformers or florescent ballasts is susceptible to induced voltage that can cause communications failures.

7.  DC voltage on the communications link (as measured with a multi-meter) is small.  This is not a particularly informative unless it is very high or very low.  
8.  Signal analysis and the detection of noise on the communications link require an oscilloscope.  This usually not necessary.  
