A. SYSTEM DESCRIPTION
The VVT Pressure Dependent system is a control system designed to provide multiple zones of temperature control using a single, constant volume heating and cooling packaged unit. The VVT system adjusts damper position based on space temperature variation from set point.

Pressure Independent VVT systems are used when the airflow into the zone is critical and must be maintained. With a pressure independent strategy, zone damper position is modulated to maintain zone airflow at a cfm flow rate calculated by the controller, based on space temperature variation from set point. Therefore, even though the supply duct static pressure changes, the airflow volume at the zone remains constant.

B. OCCUPANCY (LOCAL/GLOBAL)

The system occupancy function will provide to the air source a composite view of the current occupancy status of all the zones. If any zone is occupied, the system will indicate to the air source that it should be in occupied mode. If no zones are occupied then the system will indicate to the air source that it should be in unoccupied mode. In addition the system will provide a composite view of the next occupied time, next unoccupied time, and last unoccupied time for the zones.

1. Local Occupancy — Each zone controller will have its own time schedule through which its occupancy state is controlled. When the control is configured to use its local occupancy schedule, the local schedule shall determine occupancy status.

2. Global Occupancy — A zone controller’s occupancy state can be controlled through the network. This is referred to as global occupancy. Any zone can be configured to broadcast a global occupancy schedule to any zone controller on any bus with the same schedule number. Each system can support up to a maximum of 35 global occupancy schedules. The schedule coordinator broadcasts its occupancy status upon transition and every 5 minutes, whenever it is configured as a global schedule.

3. Remote Occupancy Contact — The remote occupancy contact can be used to provide a room occupancy sensor input to the zone controller. If the remote occupancy contact input is in the off position the zone controller will transition to unoccupied. If the remote contact input is in the on position the zone controller will follow its local occupancy schedule. If the zone controller is broadcasting a global schedule then all the zones following its schedule will also follow its occupancy state based on the remote occupancy contact.

4. Occupancy Override — Occupancy will support a timed override function. The timed override will be activated through the space temperature sensor override button. If the override is activated in a zone that is receiving a global time schedule, then the override will be reported to the device issuing the global schedule. The device will then update the occupancy status of the zones receiving the schedule. All zones sharing a global occupancy schedule will be overridden to the occupied mode if any one of the space temperature sensors report an override. For zones that require individual overrides, those zones will use a local schedule.

5. Manual Occupancy Override Function — By using a network user interface, the user is able to command a timed override by entering the number of hours of override hours (0 to 4 hours). A manual entry greater than 0 will bring the zone controller schedule into the occupancy mode. If the occupancy schedule is occupied when the manual override is downloaded, the current occupancy period will be extended by the number of hours downloaded. If the current occupancy period is unoccupied when the occupancy override is initiated, the mode will change to occupied for the duration of the number of hours downloaded. If the occupancy override is due to end after the start of the next occupancy period, the mode will transition from occupancy override to occupied without becoming unoccupied, and the occupancy override timer will be reset. An active manual occupancy override or a pending occupancy override may be canceled by downloading a zero to this configuration. 

6. Optimal Start Operation — For local occupancy, the occupancy function will factor in the occupancy bias time supplied by the linkage function. This bias time will cause the occupancy period to start earlier by the amount indicated by the bias time. The occupancy function will provide information so that the rest of the zone controller functions can differentiate between biased occupied periods and configured occupied periods. The Start Bias Time (in minutes) is calculated by the air source as needed to bring the temperature up or down to meet the set point under the optimal start routine. This value will be sent to all associated zones for optimal start of zone controllers.

C. SYSTEM OVERRIDE MODES

The system will react to three override modes reported by the air source: pressurization, evacuation, and nighttime free cooling (NTFC).

7. Pressurization — In Pressurization mode, the system will bring in as much outside air as possible in order to pressurize the area. This mode is used for smoke control and prevents smoke from entering into an area that is adjacent to an area of smoke. Each zone controller will modulate its damper to provide maximum cooling airflow into the space. If the terminal contains a series fan, the fan will be turned on. If the terminal contains a parallel fan it will be turned off. If the terminal contains auxiliary heat, the heating will be controlled so as to maintain the current heating set point. Secondary dampers in a zone pressurization application will close.

8. Evacuation — In Evacuation mode, the system will attempt to remove smoke from an area by creating a negative pressure. Either a return air fan in the air source or some other fan mechanism will be used to exhaust the smoke filled return air from the space. The terminals will respond by closing their dampers and turning off all fans. Secondary dampers in a zone pressurization application will open.

9. Nighttime Free Cooling (NTFC) — In NTFC mode, the system is attempting to use cool nighttime (3 AM to 7 AM) outside air to cool down the space. In this mode, the air source will operate its fan and mixed air dampers to provide outside air to the system. The air terminals will act as if they are in the Occupied Cooling mode except that the temperature control set point will be the midpoint between the occupied cooling and heating set points rather than the occupied cooling set point.

D. SET POINT GROUPING

Each zone controller will contain a set point schedule. This schedule will contain temperature, humidity, and air quality set points. The set point data may be unique to the zone controller or multiple zone controllers may be grouped together to share the same temperature set points.

The controller contains a Set Point Group Number configuration parameter and a Set Point Group Master configuration parameter. When a zone controller is configured as Set Point Master, the zone controller will broadcast its set points to other zone controllers that are configured to accept the Broadcast Set Point Schedule such that all zones in the group are using the same setpoints.  

E. SPACE TEMPERATURE SHARING

Each zone controller has the capability to share its local sensor and temperature offset with other zone controllers. Each zone controller can be configured as a broadcaster of its sensor or a receiver of another zone’s sensor information. Zone controllers sharing a common sensor must all be installed on the same communicating bus. 

F. SENSOR GROUPING

A zone controller that is set up as a Linkage coordinator has the ability to poll its linked controllers and collect the high, low or average value of any variable within its linked controllers. Once the high, low or average is determined, the linkage coordinator can then transfer that value to a configured bus number, element number and point name. Typically this feature is used to determine a system’s highest indoor air quality reading for use in a Demand Controlled Ventilation (DCV) system.

G. DEMAND CONTROLLED VENTILATION (DCV) CONTROL
Each zone controller used in a single duct and fan powered application has the ability to provide DCV operation. The DCV function determines the zone ventilation airflow as a function of the DCV zone sensor reading or damper position. When the air quality control is enabled, the zone controller will override (increase) the primary airflow in order to provide Demand Controlled Ventilation if the airflow is insufficient to meet the ventilation set point. The control algorithm uses a P/I algorithm to determine the required airflow in order to prevent the DCV sensor value from exceeding the desired Air Quality set point. 

The DCV function contains a provision to operate modulating type heat, if required and supplied, to maintain the space temperature at the midpoint between the heating and cooling set points during DCV operation. Operation is dependent upon the equipment mode of operation, so that the DCV function will only operate during  Occupied periods when the outdoor air damper is actively providing ventilation. A user-configured AQ Maximum % can be used to protect the zone from over cooling if local heating is not supplied. The DCV control is automatically suspended if the space temperature falls below the heating set point. The DCV control will be disabled if the DCV sensor status fails.

The user shall have the ability to set both a heat and cool minimum damper position. When the air source is cooling and the local mode of the damper is cooling, the zone controller can switch between vent control and minimum position control to maintain the space conditions when the zone is satisfied. The desired damper position is determined by the temperature of the air being supplied. If the temperature is between 65 F and 75 F, the damper will be at vent position. If the temperature is below 65 F or above 75 F, the damper will go to minimum. When the damper mode is heating and the space temperature has not risen more than halfway between the occupied set points, then the local mode will be heat. In this case, if the air source switches modes to provide cooling, or if the air source is providing heat to satisfy another zone that is the reference zone, then the zone controller will close the damper to minimum position.
Single Duct Terminal Applications — 
(Remove this section if there are no Single Duct Terminals) 
H. COOLING –Single Duct Terminal
The primary control function of zone controller is to provide cooling to the space by modulating the amount of supply airflow through its primary damper. The Zone Controller uses pressure independent or pressure dependent operation to control the amount of cool air entering the space. The air flow control variable is terminal airflow (cfm) for pressure independent applications or damper position for pressure dependent applications. A PID temperature control loop determines the air flow set point needed to maintain space temperature at the cooling set point. The airflow set point is limited to a configured range of values that allow the air source to operate properly in the cooling mode. The minimum limit ensures that the sum of all air terminal minimum requirements fall within the minimum cooling operating range of the air source. The maximum limit ensures that airflow will not increase above the maximum design value and that the noise level generated at this maximum airflow will be acceptable to the occupants of the zone.

When the space temperature is above the cooling set point and the air source is in the cooling mode, the zone controller modulates the air terminal’s damper to supply airflow between minimum and maximum cooling airflow limits or damper position. A temperature control loop that maintains space temperature determines the airflow set point. As the space temperature falls below the cooling set point, the PID loop will reduce the airflow. When the space temperature drops and remains below the cooling set point, the zone controller will hold the airflow at minimum cooling limit. In its standard operating mode the zone controller follows the same control sequence for cooling during both occupied and unoccupied periods. The zone controller’s Occupancy schedule determines which set point the zone controller will use.

I. HEATING –Single Duct Terminal

There are two ways to use local heat. Reheat operates when the zone controller’s zone requires heat and the air source is supplying cool air to satisfy cooling demand in other zones. Heat is also used to supplement air source heating while the air source is supplying heated air, but the temperature is inadequate to maintain the desired set point. When the space temperature is below the Heating set point and the air source is in the Heat mode, the zone controller modulates the air terminals damper to supply airflow between minimum and maximum heating cfm (if configured for Pressure independent central heating) or damper position (for pressure dependent applications), otherwise the minimum heating airflow is maintained. During Pressure Independent heating, space temperature PID loop determines the airflow set point. As the space temperature goes above the heating set point, the PID loop will start reducing the airflow. When the space temperature remains above the heat set point, the zone controller will hold the airflow at minimum heating cfm.

When heating is being called for in the space, the zone controller reads the space sensor and compares the temperature to the current heating set point. The zone controller then calculates the required supply air temperature to satisfy conditions. The calculated value is compared to the actual temperature supply air and the output is adjusted to satisfy conditions. The reference temperature is determined by comparing space temperature with the current biased heating set point. A Proportional/Integral/Derivative (PID) loop is used whenever the mode is heating (occupied, unoccupied, or warm-up). The heating PID loop maintains the current heating set point. In a single duct terminal unit equipped with heating, the terminal will provide sufficient airflow for heating (greater of cooling minimum or reheat values or damper positions) to the zone whenever heating is required, as determined by the space temperature sensor and the set point, if the equipment is supplying cool air. The reheat damper position or cfm is used to ensure that proper airflow across the heater is maintained, if the minimum cooling airflow is too low for safe heating operation. The zone controller performs reheat when the space temperature in its zone is below the heating set point and the air source is delivering cooled air. During this process, the zone controller also uses the temperature deviation from the heating set point in a PID calculation to determine a supply-air temperature which will satisfy the heat demand in the space.

The control sequence for heating is similar to that for cooling. When the space temperature is below the Heating set point, the air source is in the Heat mode, and Pressure Independent heating is enabled (pressure independent only), the zone controller modulates the air terminal’s damper to provide supply airflow between minimum and maximum heating set points. A temperature PID loop that maintains space temperature determines the damper position or airflow set point. As the space temperature goes above the heating set point, the PID loop will start to reduce the airflow. For pressure dependent applications, heating is always enabled.

As with cooling operation, the standard heating mode is the same for occupied and unoccupied periods, differing only in the set point that the zone controller uses. Damper Override supersedes the cfm setting the zone controller would otherwise maintain based on space temperature.

The smoke control panel that commands the override mode must be in accordance with local codes. 
10. Staged Electric Heat and Combination Heat - The zone controller can control up to three stages of electric heat. The zone controller can also control up to three stages of combination heat (first stage baseboard and second and third stages ducted heat). The heat source can be installed in the air terminal (ducted), or as perimeter heat. When the zone controller is used to control perimeter heat it follows the same control routines that it uses for terminal heat. Heat is used in two ways. Heat operates when the zone controller’s zone requires heating and the air source is supplying cool air to satisfy cooling demand in other zones (reheat). Heat can also be energized to supplement air source heating while the air source is supplying heated air.

11. Hot Water or Steam Heat - The zone controller can control local heat provided by heating coils carrying hot water or steam, governed either by a two position (on/off) valve or by a proportional (floating modulating) valve. The heating coils can be installed in the air terminal (ducted), or as perimeter heat.  When the zone controller is used to control perimeter heat it follows the same control routines that it uses for terminal heat. Modulating perimeter heating must be hot water, but two position may either be hot water or steam heat. For modulating control, the supply air needed is compared to the actual supply air to either drive the valve open or closed. There is a deadband on the supply air deviation where the valve will be left at the current position until the error gets larger than the deadband. For modulating type heat, the floating point function compares the submaster reference from the PID loop to the supply air temperature to calculate the direction and time to position the valve. The control prevents both outputs from operating simultaneously. Configuration determines the logic output type for normally open or normally closed type two-position valves. Hysteresis is determined by the Heating Proportional Gain configured.

12. Heating with IAQ Control — A feature is provided for situations in which additional primary air is required for ventilation (IAQ). The heating set point is calculated as the midpoint between the current heating and cooling set points. The standard heating algorithm is used except the control set point is raised. The algorithm prevents the space temperature from falling below the set point before heating is activated. The air terminal must be in the cooling mode and the equipment must be providing cooling.

Series Fan Terminal Application — 

(Remove this section if there are no Series Fan Terminals) 

J. FAN OPERATION - Series Fan Terminal

The fan is turned on whenever the central air source is on or whenever unoccupied heating is required. The zone controller will energize the fan. If the air source transitions from OFF to any other mode, the zone controller will implement a series fan start-up sequence. In this sequence, the zone controller will cause the damper to be driven closed. Once the damper is closed, the zone controller will wait 30 seconds and then enable the fan. The zone controller will then allow the damper to modulate. The control will wait a number of minutes (between 0 and 20) before initiating the fan start-up sequence to prevent all series fan terminals from closing their dampers at once. The delay time is calculated from the zone controller’s address and ensures that only two fans will turned off at one time. In a series fan terminal, the fan must be able to deliver the zone’s rated airflow and must be running whenever the air source is operating.

K. COOLING - Series Fan Terminal

The primary control function of zone controller is to provide cooling to the space by modulating the amount of supply airflow through its primary damper. The Zone Controller uses pressure independent or pressure dependent operation to control the amount of cool air entering the space. The control variable is terminal airflow for pressure independent and damper position for pressure dependent. A PID temperature control loop determines the airflow set point needed to maintain space temperature at the cooling set point. The set point is limited to a range of values that allow the air source to operate properly in the cooling mode. These configured limits are listed in the Installation Instructions for the zone controller. The minimum limit ensures that the sum of all air terminal minimum airflow requirements fall within the minimum cooling operating range of the air source. The maximum limit ensures that airflow will not increase above the maximum design value and that the noise level generated at this maximum airflow will be acceptable to the occupants of the zone. 

When the space temperature is above the cooling set point and the air source is in the Cooling mode, the zone controller modulates the air terminal’s damper to supply airflow between the control minimum and maximum cooling airflow limits. A PID temperature control loop that maintains space temperature determines the airflow set point. As the space temperature falls below the cooling set point, the PID loop will start to reduce the airflow. When the space temperature drops and remains below the cooling set point, the zone controller will hold the airflow at minimum cooling limit. In its standard operating mode the zone controller follows the same control sequence for cooling during both occupied and unoccupied periods. The zone controller’s Occupancy schedule determines which set point the zone controller will use.

L. HEATING - Series Fan Terminal

Series Fan Terminal Controllers provide heating control in three different ways:

· Positioning the primary air damper to a minimum airflow when the air source is in cooling mode to deliver maximum induced plenum air to the zone

· Controlling an optional auxiliary heater mechanism to provide heating with one of three types of heat: 

i. Two-position (on/off) control using a normally open or normally closed heating valve

ii. Modulating control using a normally open or normally closed floating point heating valve

iii. Modulating control using up to 3 stages of electric heat

· Modulation of the primary air damper when the air source is in its heating mode (Pressure Independent Central Heating)

The series terminal fan operates based upon the air source mode (when it is in an operating mode other than OFF) or if the zone needs unoccupied heating. If the space temperature drops below the unoccupied heating set point, the terminal fan will start unless it is already running due to the air source operating. With unoccupied cooling, the terminal fan will only start after the air source starts, based on the average space temperature exceeding the average unoccupied cooling set point. There are two ways to use local heat. Heat operates when the zone controller’s zone requires heat and the air source is supplying cool air to satisfy cooling demand in other zones. Heat is also used to supplement air source heating while the air source is supplying heated air, but the temperature is inadequate to maintain the desired set point. If the space temperature in the zone falls below the zone controller’s heating set point while the air source is supplying cooled air, the zone controller keeps the supply-air damper closed to the configured minimum cooling cfm. This enables plenum air, induced by the fan, to raise the space temperature of the zone.

A series fan powered air terminal without local heat can provide heating while its air source is delivering heated air. The control sequence for heating is similar to that for cooling, except that the heating set point is used. When the space temperature is below the Heating set point and the air source is in the Heat mode, the zone controller modulates the air terminals damper to supply airflow between minimum and maximum heating set point. A space temperature PID loop determines the airflow set point. As the space temperature rises above the heating set point, the PID loop will reduce the airflow.

As with cooling operation, the standard heating mode is the same for occupied and unoccupied periods, differing only in the set point that the zone controller works to satisfy. The zone controller turns on the air terminal’s fan while working to satisfy the unoccupied heating set point. The zone controller provides heat when the space temperature in its zone is below the heating set point and the air source is delivering cool air. To accomplish this, the zone controller closes its air terminal’s supply-air damper to the configured minimum cooling cfm or damper position. During this process, the zone controller also uses the temperature deviation from the heating set point in a PID calculation to determine a supply-air temperature which will satisfy the heat demand in the space (for optional ducted heat). If the supply air is not warm enough, another control loop calculates the required amount of heat to energize. The configured Heat On Delay must expire before any mechanical heat is energized. The fan is energized (on) when the terminal is occupied and any time a call for heat from the space occurs during Unoccupied mode. If Pressure Independent central heating is enabled, the PID loop that controls space temperature will maintain the current heating set point whenever the central equipment is heating. It will modulate the damper between the minimum and maximum heating limits in order to maintain the desired heating set point. When in unoccupied heating, the terminal’s fan will be turned on to provide airflow to the zone. Also, in the unoccupied mode, the primary damper will be held in its last commanded position. If the air source becomes active (on) during this mode, the damper will be controlled normally.

For modulating type heat, the supply air needed is compared to the actual supply air to either drive the valve open or closed. There is a deadband on the supply air deviation where the valve

will be left at the current position until the error gets larger than the deadband. The floating point function compares the submaster reference from the PID loop to the supply air temperature to calculate the direction and time to position the valve. The control prevents both outputs from operating simultaneously.

13. Heating with IAQ Control — A feature is provided for situations in which additional primary air is required for ventilation (IAQ). The heating set point is calculated from the midpoint between the current heating and cooling set points. The standard heating algorithm is used. The algorithm prevents the space temperature from falling below the set point before heating is activated. The air terminal must be in the cooling mode and the equipment must be providing cooling. When in unoccupied heating, the terminal’s fan will be turned on to provide airflow to the zone. Also, in the unoccupied mode, the primary damper will be held in its last commanded position. If the air source becomes active (on) during this mode, the damper will be controlled normally. 
Parallel Fan Terminal Applications
(Remove this section if there are no Parallel Fan Terminals) 

M. FAN OPERATION - Parallel Fan Terminal
The fan runs when there is a call for heating. During unoccupied heating, when the air source is not operating, the controller shall close the primary air damper to prevent backflow through the supply air duct.
N. COOLING - Parallel Fan Terminal

The primary control function of zone controller is to provide cooling to the space by modulating the amount of supply airflow through its primary damper. The airflow set point is limited to a range of values that allow the air source to operate properly in the Cooling mode. The minimum limit ensures that the sum of all air terminal minimum airflow requirements fall within the minimum cooling operating range of the air source. The maximum limit ensures that airflow will not increase above the maximum design value and that the noise level generated at this maximum airflow will be acceptable to the occupants of the zone.

When the space temperature is above the cooling set point and the air source is in the Cooling Mode, the zone controller modulates the air terminal’s damper to supply airflow between the minimum and maximum cooling airflow limits. A PID temperature control loop maintains space temperature and determines the airflow set point. As the space temperature falls below the cooling set point, the PID loop will start to reduce the airflow. When the space temperature drops and remains below the cooling set point, the zone controller will hold the airflow at minimum cooling limit. If the minimum cooling set point is below the Parallel Fan On set point, the fan will operate to improve air circulation.

In its standard operating mode the zone controller follows the same control sequence for cooling during both occupied and unoccupied periods. The zone controller’s Occupancy schedule determines which set point the zone controller will use. 
O. HEATING - Parallel Fan Terminal

Zone Controllers provide heating control in three different ways:

· Positioning the primary air damper to a minimum airflow when the air source is in cooling mode and starting the fan to utilize plenum heat as a first stage

· Controlling an optional auxiliary heater mechanism to provide heating with one of three types of heat: 

i. Two-position (on/off) control using a normally open or normally closed heating valve
ii. Modulating control using a normally open or normally closed floating point heating valve
iii. Modulating control using up to 3 stages of electric heat
· Modulation of the primary air damper when the air source is in its heating mode (Pressure Independent Central Heating)

If the space temperature in the zone served by a parallel fan powered air terminal falls below the zone controller’s heating set point while the air source is supplying cool air, the zone controller keeps the supply-air damper closed to the configured minimum cooling cfm for pressure independent operation. For pressure dependent operation, the supply damper is closed. The zone controller also turns on the fan to induce warmer plenum air. A parallel fan powered air terminal without local heat can perform heating functions while its air source is delivering heated air. When the space temperature is below the heating set point and the air source is delivering heated air the zone controller turns on the fan to induce plenum air. The zone controller modulates the air terminal’s damper to supply airflow between the minimum and maximum heating limits (if configured for Pressure Independent central heating). A space temperature PID loop determines the airflow set point. As the space temperature rises above the heating set point, the PID loop will reduce the airflow. When heat is no longer required, the parallel fan will be turned off. As with cooling operation, the standard heating mode is the same for occupied and unoccupied periods, differing only in the set point that the zone controller works to satisfy.

The zone controller provides heat when the space temperature in its zone is below the heating set point and the air source is delivering cool air. To accomplish this, the zone controller closes its air terminal’s supply air damper to the configured minimum cooling cfm for pressure independent operation. For pressure dependent operation, the supply damper is closed. This minimizes the cool air entering its zone from the air source. The fan is turned on to induce plenum air. The zone controller induces plenum air for a configurable length of time in an attempt to satisfy the heating set point without turning on local heat. The amount of time is determined by the Heat ON Delay parameter. During this process, the zone controller also uses the temperature deviation from the heating set point in a PID calculation to determine a supply air temperature which will satisfy the heat demand in the space. If the heated air is not warm enough, another control loop calculates the required number of outputs to energize. For all terminals, the configured Heat ON Delay must expire before any mechanical heat is energized. If Pressure Independent central heating is enabled, the PID loop that controls space temperature will maintain the current heating set point. Whenever the central equipment is heating, it will modulate the damper between the minimum and maximum heating limits in order to maintain the desired heating set point. 

NOTE: When applied on a parallel fan type terminal, the zone controller will utilize the fan as the first stage of heat even if no heat is configured. The amount of time the fan will operate as the first heat stage is determined by the value configured for the Heat On Delay (10 to 20 Typical).

14. Staged (electric) heating (1, 2, or 3 stages)  — The staging function compares the submaster reference with the supply-air temperature to calculate the required number of outputs to energize. 
15. Hot Water Heat — The zone controller can be configured to control local heat provided by heating coils carrying hot water or steam, governed either by a two-position (on/off) valve or by a proportional (floating modulating) valve. The heating coils can be installed in the air terminal (ducted), or as perimeter heat. The fan runs while the air terminal is heating. For modulating control, the supply air needed is compared to the actual supply air to either drive the valve open or closed. There is a deadband on the supply air deviation where the valve will be left at the current position until the error gets larger than the deadband. 
16. Heating with IAQ Control — A feature is provided for situations in which additional primary air is required for ventilation (IAQ). The heating set point is calculated from the midpoint between the current heating and cooling set points. The standard heating algorithm is used. The effect is to prevent the space temperature from falling below the set point before heating is activated. The air terminal must be in the Cooling mode and the equipment must be providing cooling. When in unoccupied heating, the terminal’s fan will be turned on to provide airflow to the zone. Also, in the Unoccupied mode, a parallel fan terminal zone controller will keep the primary damper closed to prevent airflow back into the primary air duct. If the air source becomes active (on) during this mode, the damper will be controlled normally.

