CCP Basics and Troubleshooting Part I:  Overview, Priority Shutdown (CB and Del. VAV)
Topics:  1) A brief overview of CCP system function.  2) Suggestions for collecting basic information in order to begin troubleshooting problems with CCP systems.
Familiarity with CCP operation at the level of this overview is an absolute minimum requirement for servicing a CCP system.  The ability to navigate the system to find answers to questions like those below, and to understand what they mean in terms of CCP operation, is essential to successful troubleshooting.  This summary is a good starting point.   There are also four separate summaries available for each of four core functions of the system:  producing conditioned air, delivering conditioned air to zones, zone controller operations, and system communications.  Note that these are summaries.  See product documentation for complete information:  CCP Operator Guide, VAV-SVU01A-EN available from e-library, or see HVAC Knowledge Center WAVE 1587, and UCM 4.2 Installation and Operations Guide, VAV-SVX01C-EN.  

Produce Appropriately Conditioned Air:  
WAVE xxxxx, CCP Basics and Troubleshooting Part II:  Producing Conditioned Air – AHU, Changeover, Supply Air Temperature Control, Outside Air Damper (CB)
Supply Air to Zones:  
WAVE xxxxx, CCP Basics and Troubleshooting III:  Supplying Air to Zones – AHU, Static Pressure Control, Bypass Damper Control (CB)

Zone control:  
WAVE xxxxx, CCP Basics and Troubleshooting Part IV:  Using Conditioned Air - Zone Controller Operations (CB and Del. VAV)

Communications:  
WAVE xxxxx, CCP Basics and Troubleshooting Part V:  Internal Communications (Comm4)
The CCP III runs one of two possible sequences of operation, Change-Over Bypass (CB) or Delivered VAV (Del. VAV).  In order to effectively troubleshoot a CCP system it is necessary to understand how the system is designed to work.  What follows is a greatly condensed summary of the operation of each CCP configuration.  The summary may be of value if it is necessary to service a CCP system, but when no prior information or training has been available.  There then is a description of priority shutdown for both CB and Del. VAV.  This is included for two reasons.  A CCP in priority shutdown is not running at all.  This is a specific situation that may be encountered on a service call so it is important to know the causes.  In addition, the causes of priority shutdown emphasize some of the most important aspects of the CCP’s control sequence.  Finally, there is a list of questions.  They are meant to illustrate the type of information that will be helpful in understanding and troubleshooting CCP operation.  Answering these questions should provide a good place to start troubleshooting as they are key aspects of CCP operation.  The process will also necessitate looking at various parts of the system and this may provide additional information.  

Both CB and Del. VAV are zoned systems but they differ in the way static pressure is controlled and in the way heat in the air handler is used.  It is possible to view which sequence is active at the operator display under advanced/set-up and status, or on the main status page of the workstation software.  The operator can not designate which sequence is used.  The CCP determines which sequence to use by polling the air handler to determine its physical configuration.  

A Change-over Bypass System consists of a CCP (operator display is optional), an air handler, up to 24 individual zone controllers, a communicating bypass controller, and a bypass damper.  The communicating bypass controller includes sensors for supply air temperature and duct static pressure.  Change-over bypass uses an air handler with a constant volume fan.  Duct static pressure is controlled by the communicating bypass controller.  Individual zone controllers modulate an air valve and local reheat, if present, to maintain a zone temperature setpoint.  The CCP directs the air handler to produce either cold or hot air based on the number of zones that are too hot or too cold.  The CCP commands the air handler to stage heating or cooling to achieve a supply air temperature heating or cooling setpoint as measured at the communicating bypass controller.  The CCP communicates the supply air temperature to the zone controllers so they can determine whether the available air will heat or cool the spaces.  Low capacitance, twisted pair, shielded, is used for communications between controllers.  Polarity of the communications wire must be maintained throughout.  

Priority Shutdown in CB:  The CCP can not decide whether to request cold or hot air from the air handler if no zones are communicating or if no zones are voting.  The CCP can not control supply air temperature, and the zone controllers can not determine their control action, if the supply air temperature sensor has failed or if the bypass controller is not communicating.  Any of these conditions results in a CCP priority shutdown.  Priority shutdown can also be initiated by a communicated command from a Tracker, a closure of the Priority Shutdown binary input on the CCP termination board, or by a closure of the Emergency Stop or High Temperature switch on the air handler.  Priority shutdown is a catastrophic failure of some essential part of the CCP system.  It means that the CCP does not have the minimum equipment and/or information needed to run.  Any priority 3 diagnostic results in priority shutdown.  See the IOM for a complete list.  Priority shutdown can not be overridden or reset.  The CCP will not run until the cause of the shutdown has been corrected.  However, in many cases if the air handler has a hardwired zone sensor and setpoint, it will run stand-alone when 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.  Duct static pressure will not be controlled.  Zone controllers will not be able to determine the correct control action unless they have an auxiliary temperature sensor in the supply air.  See HVAC Knowledge Center WAVE 2822.

A Delivered VAV System requires a CCP with an operator display, an air handler, and up to 32 zone controllers.  Typically the air handler controls duct static pressure with a VFD, to a setpoint supplied by the CCP.  The system functions like a typical VAS.  When occupied, the air handler supplies cold air and controls duct static pressure.  Building load and/or local reheat are the only heat sources.  The CCP sends the air handler supply temperature to the zone controllers so they can determine their correct control action (whether the supply air would cool or warm the space).  Local zone controllers modulate an air valve and stage local reheat, if present, to maintain local space temperature setpoints.  Heat in the air handler is used only in morning warm-up and daytime warm-up.  In both of these modes the fan and the heat operate at 100%.  All local zone controllers drive their air dampers to the maximum flow position.  Electric local zone reheat will usually not be available because the supply air temperature will be above the lockout point.  DWU and MWU are intended to warm the building as a whole as quickly as possible.  Obviously any zones that are already too warm will get even warmer, so temperature control in some zones may become worse.  

Priority Shutdown in Del. VAV:  The delivered vav sequence requires an operator display on the CCP.  Lack of an operator display results in priority shutdown and the CCP will not run.  As with the CB sequence, priority shutdown can also be initiated by a communicated command from a Tracker, a closure of the Priority Shutdown binary input on the CCP termination board, or by a closure of the Emergency Stop or High Temperature switch on the air handler.  Failure of the supply air temperature sensor on the air handler results in priority shutdown. This information is essential since the air handler can not know if the supply air temperature is above or below setpoint, and it is not possible for zones to determine their control action.  Basically none of the controllers can determine whether a particular action will make the situation better or worse, so they do nothing.  
Important information to begin troubleshooting:
1) Is the system configuration Change-over Bypass or is it Delivered VAV.

2) How does the CCP control the air handler?  Is there a TCI communications interface on the air handler, or is there a relay board in the CCP?  

3) How many zones are there?

4) Is communications to the air handler (HVAC Comm. Status on System Status of the CCP Editor) up?  Is communications to all zones up?  Is communications up to the Bypass Assembly?

5) What is the supply air temperature?  What is the supply air temperature setpoint?

6) What is the duct static pressure?  What is the duct static pressure setpoint?

7) What is the fan status (on, off, % output)?  What is the Bypass Damper position?

8) What are the operating mode (Occupied/Unoccupied) and the operating status (Heat/Cool/etc)?

9) How many stages of heating or cooling are operating?

10) How many heat and cool callers (Change-over Bypass only)? Are any zones tagged “No Vote”

11) How long before changeover is allowed (Change-over Bypass only)?

12) Are there diagnostics present?

13) What is the control action of the zones?

14) What are zone air damper positions?  What are the zone minimum, and zone maximum air flow setpoints?

15) Are any zones overridden occupied, unoccupied, to max., or to min. airflow?

Two Possible Short Term Solutions / Shortcuts:  

1)
Restore to Factory Defaults.  Sometimes the system is not working as desired because some part of the configuration has been changed by an unknown person for an unknown reason, possibly inadvertently or by mistake, possibly by an occupant, or on a previous service visit.  This can be confusing for someone who is unfamiliar with the site.  In some cases it may be most time efficient to use the restore to factory defaults function (Setup menu/Panel Utilities/Restore to Factory Defaults).  This will result in a simple configuration that is known to work.  All configuration returns to default values.  It is possible to backup the database (with the workstation PC software) prior to restoring to defaults and this is probably a good idea.  But, the backed up copy will contain the configuration that has been causing confusion.  Zone names will be lost, but zone controller configurations will not.  It may be best to prepare by writing down some notes about the system and configuration.

2)
It may be possible to provide hot or cold air to the zones in an emergency by disconnecting the communications interface from the AHU.  Provide a hardwired zone sensor with setpoint directly to the AHU and it will operate stand-alone.  It will attempt to control temperature at the zone sensor (possibly in the return air) as if it were a single zone constant volume unit.  Duct static pressure will not be controlled.  Zone controllers will not be able to determine the correct control action unless they have an auxiliary temperature sensor in the supply air.  

