Overview

This page lists design details of FCU Controller (referred as FCUC hereafter). It lists FCUC's user interface to commissioning tool, DyNet & task port interface, as well as special mode for production testing. Further it also includes characteristics of unit supervisor (responsible to monitor the FCU inputs) and temperature controller (responsible to calculate & apply the control efforts to maintain the temperature). 

Commissioning Tool & Related Device Functions

This section describes interface of FCUC to commissioning tool, i.e. DLight2 build 965 or over. It lists possible UI screens with commissioning tools and explanation of each of the fields in the UI. 

FCU Settings

Opening the FCUC in DLight2 shall open dialogue box as shown below. 



Temperature Controller

· Enable Temperature Control: To enable/disable the temperature controller. 

· Area: Part of logical setting of temperature controller (to get/set temperature parameters) 

· Channel: Part of logical setting of temperature controller (to get/set temperature parameters) 

· Join: Part of logical setting of temperature controller (to get/set temperature parameters) 

· BLA: Part of logical setting of temperature controller (to get/set temperature parameters) 

· Staged Controller: As name staged controller, this controller operates in stages where stage is decided based on temperature error calculated by FCUC at run-time. FCUC allows up to 3 stages (for cooling and heating each) per configuration of stage control. Stage controller mode shall calculate the temperature error at interval defined by responsiveness and shall automatically jump to the stage so that desired temperature can be achieved as quickly as possible. 

· PID Controller: PID controller precisely maintains the temperature based on PID algorithm to calculate the temperature error and calculate the control efforts. 

· Modes: FCUC allows up to 5 different configurations for either staged or PID controller. Each configuration can store expected temperature controller performance and operation. For example, when area is occupied by user temperature shall be closely controlled for maximum user comfort, while during unoccupied period; temperature shall be loosely controlled to save energy. Clicking button will open another window, which allows commissioning technician to configure each mode. 

· Presets: To link preset with different configuration of stage controller. So that, preset can be used to choose one of pre-defined configuration. If no configuration is defined for the received preset than, preset will be ignored and stage controller will continue to operate in the same mode as it was before preset was received. Clicking button will open another user entry window, which allows user to configure preset (up to 16) to specific mode explained above. 

· Local Temperature Sensor: This option is defines that, on-board temperature sensing circuitry shall be used to retrieve the temperature of the area. Only NTC is supported in FCUC as of yet. 

· Default Setpoint: This parameter defines the (starting) temperature setpoint for device whenever device resets. This setpoint is in effect until setpoint is changed by user over DyNet message. The parameter supports temperature in 0.01 Degree Celsius resolution. The range is -127.99 to +127.99 Degree Celsius. The DLight2 default is 22.00 Degree Celsius. 

· Temperature Sensor Offset: This parameter defines the offset in measured temperature. This typically requires whenever point at which temperature to be maintained has offset as compared to the temperature sensed. The value defined for this parameter shall be added to the measured temperature before it is used by the FCUC. The vaild range is -12.7 to +12.7 Degree Celsius. The DLight2 default is 0.0 Degree Celsius. 

Inputs

By default all inputs are enabled and auto reset is enabled. 

· Smoke Detector: This input is designed to integrate smoke detector device to FCU. If enabled, plant (i.e. FCU control operation) will be tripped when the input is active. 

· Auto Reset: If checked, this option allows plant to re-start automatically whenever smoke is no longer detected. 

· Fan On when smoke detected: If checked, fan shall run at high speed whenever smoke is detected. Else fan shall stopped. 

· Energy Holdoff (Window): This input is designed to integrate (room) window sensor to FCU. If enabled, plant (i.e. FCU control operation) will be tripped when input is active, i.e. window open. 

· Auto Reset: If checked, this option allows plant to re-start automatically whenever window is closed. 

· Airflow Sensor: This input is designed to integrate air flow sensing, i.e. fan failure, to FCU. If enabled, plant (i.e. FCU control operation) will be tripped when the input is active. 

· Reset Attempts: This option allows user to configure, how many reset attempt to be made before permanently shut down the plant. The possible values are None, one, two and infinite. The default option is “Two” attempts. Once plant permanently shuts down, then user needs to reset the fault state (to normal) by sending DyNet message (physical DyNet message opcode - 0x5B) once fault is restored and plant needs to start again. 

Hot Valve

· Enabled Hot Valve: This option enables heating control in FCUC using hot water system which is controlled by electronically operated valve. The default is enabled. 

· Type: This parameter defines the type of valve. The options are as under with default option to Floating valve. 

· Floating valve: This option shall be used to drive a valve which is controlled by two separate signals to open and close the valve. The outputs are hot valve close and open signal on FCU. To precisely control the valve position, FCU needs Travel, On & Off Delay. They are explained later in this topic. 

· 1 Stage: This option shall be used where heating system is controlled by bang-bang (only two states – ON and OFF) controller. The non-zero value will activate both output signals, while zero value will deactivate both output signals. User shall enter On & Off time delay. 

· 2 Stage: This option shall be used if heating system has two ON stages. The zero value shall deactivate both output signals, 1-50% shall activate only one of output signal (i.e. valve open) and 51-100% shall activate both output signals. User shall enter On & Off time delay. 

· 3 Stage: This option shall be used if heating system has three ON stages. The zero value shall deactivate both output signals, 1-33% shall activate only one of output signal (i.e. valve open), 34-66% shall activate only another output signal (i.e. valve close) and 67-100% shall activate both output signals. User shall enter On & Off time delay. 

· Travel: This parameter is only applicable and available if “Floating” valve type is selected. It defines the travelling time for a valve from fully close to fully open condition in units of seconds. This time is used by FCUC to precisely control the valve position. The parameter can be found in valve datasheet. Valid time range for travel time is 1-600. The DLight2 and firmware default(if the field is uninitialised) is 150 seconds. 

· On Delay: This parameter defines the minimum ON time once heating system’s output is activated, i.e. minimum ON time. The count-down begins when non-zero value is transferred to output from the zero value output. As it started since any non-zero value transferred, any intermediate non-zero value change shall not re-start the countdown. During the countdown period, heating system can’t be deactivated. This provides protection against any quick on/off to the system, which may leads significant damage or surge in power consumption. The valid value range is 0-1200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 90 seconds. 

· Off Delay: This parameter defines the minimum OFF time once heating system’s output is deactivated, i.e. minimum OFF time. The count-down begins when zero value is transferred to output from the non-zero value output. During the countdown period, heating system can’t be activated. This provides protection against any quick on/off to the system, which may leads significant damage or surge in power consumption. The valid value range is 0-1200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 90 seconds. 

Cold Valve

· Enabled Cold Valve: This option enables cooling control in FCUC using hot water system which is controlled by electronically operated valve. The default is enabled. 

· Type: This parameter defines the type of valve. The options are as under with default option to Floating valve. 

· Floating valve: This option shall be used to drive a valve which is controlled by two separate signals to open and close the valve. The outputs are cold valve close and open signal on FCU. To precisely control the valve position, FCU needs Travel, On & Off Delay. They are explained later in this topic. 

· 1 Stage: This option shall be used where cooling system is controlled by bang-bang (only two states – ON and OFF) controller. The non-zero value will activate both output signals, while zero value will deactivate both output signals. User shall enter On & Off time delay. 

· 2 Stage: This option shall be used if cooling system has two ON stages. The zero value shall deactivate both output signals, 1-50% shall activate only one of output signal (i.e. valve open) and 51-100% shall activate both output signals. User shall enter On & Off time delay. 

· 3 Stage: This option shall be used if cooling system has three ON stages. The zero value shall deactivate both output signals, 1-33% shall activate only one of output signal (i.e. valve open), 34-66% shall activate only another output signal (i.e. valve close) and 67-100% shall activate both output signals. User shall enter On & Off time delay. 

· Travel: This parameter is only applicable and available if “Floating” valve type is selected. It defines the travelling time for a valve from fully close to fully open condition in units of seconds. This time is used by FCUC to precisely control the valve position. The parameter can be found in valve datasheet. Valid time range for travel time is 1-600. The DLight2 and firmware default(if the field is uninitialised) is 150 seconds. 

· On Delay: This parameter defines the minimum ON time once cooling system’s output is activated, i.e. minimum ON time. The count-down begins when non-zero value is transferred to output from the zero value output. As it started since any non-zero value transferred, any intermediate non-zero value change shall not re-start the countdown. During the countdown period, cooling system can’t be deactivated. This provides protection against any quick on/off to the system, which may leads significant damage or surge in power consumption. The valid value range is 0-1200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 90 seconds. 

· Off Delay: This parameter defines the minimum OFF time once cooling system’s output is deactivated, i.e. minimum OFF time. The count-down begins when zero value is transferred to output from the non-zero value output. During the countdown period, heating system can’t be activated. This provides protection against any quick on/off to the system, which may leads significant damage or surge in power consumption. The valid value range is 0-1200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 90 seconds. 

Fan

· Enabled Fan: This option enables the fan control by FCUC. The default is enabled. 

· Type: This parameter defines the type of fan. The options are as under with default option to 3 speeds. 

· 1 Speed: This option shall be used where fan only has ON and OFF control. The non-zero value shall activate the Fan-L output signal, while zero value shall deactivate the Fan-L output signal. Fan-M and Fan-H shall always remain deactivated. 

· 2 Speed: This option shall be used where fan has two ON states and OFF control. The value of 1-50% shall activate the Fan-L output signal, while value from 51-100% shall activate Fan-M output signal. Only one output signal shall be activated at any given time, while Fan-H shall always remain deactivated. 

· 3 Speed: This option shall be used where fan has three ON states and OFF control. The value of 1-33% shall activate the Fan-L output signal, value from 34-66% shall activate Fan-M output signal, while value from 67-100% shall activate Fan-H output signal. Only one output signal shall be activated at any given time. 

· On Delay: This parameter defines the minimum ON time once any of fan output signals is activated, i.e. minimum ON time. The count-down begins when non-zero value is transferred to output from the zero value output. As it started since any non-zero value transferred, any intermediate non-zero value change shall not re-start the countdown. During the countdown period, fan can’t be stopped. This provides protection against any quick on/off to the fan, which may leads significant damage or surge in power consumption. The valid value range is 0-2400 seconds. The DLight2 and firmware default(if the field is uninitialised) is 0 seconds. 

· Off Delay: This parameter defines the minimum OFF time once all of fan’s output is deactivated, i.e. minimum OFF time. The count-down begins when zero value is transferred to output from the non-zero value output. During the countdown period, fan can’t be started. This provides protection against any quick on/off to the system, which may leads significant damage or surge in power consumption. The valid value range is 0-2400 seconds. The DLight2 and firmware default(if the field is uninitialised) is 0 seconds. 

· Run up: This period defines startup time for which fan shall run before any valve can be operated on. When the plant is started, fan shall run for some time so that air flow starts. The cold/hot valve can then be operated for temperature exchange with air-flow. So during run up time, both valves shall remain off. The run up time shall run in parallel to on delay. The valid value range is 0-1200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 1 seconds. 

· Overrun: This period defines the extended period of time for which fan shall run once plant is shutdown, i.e. plant shut down request is received and both the valve are at fully closed position. Upon completion of overrun time, fan enters into off delay period. This period will not apply in trip conditions. The valid value range is 0-1200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 0 seconds. 

· Fan logical information: Fan speed can be controlled from DyNet, hence fan has logical addressing information as well. This contains area, logical channel number, join and base link area. They are not explained here, as logical addressing information is standard DyNet stuffs. 

Auxiliary Output Relay

· Enabled Aux Output Relay: This option enables the Auxiliary Output Relay. The default is enabled. This relay can either be exclusively controlled by FCUC or over DyNet. 

· Auto (for Heating): If this option is choose, auxiliary output relay is controlled exclusively by FCUC as heating source of temperature control. Hence it ignores any DyNet requests to operate on auxiliary output relay. If PID control mode is selected then, this settings shall override the hot water valve. Meaning to say, electric heater (which is connected on auxiliary output realy) shall be used for heating purpose and not the hot water valve. 

· Auto (for Cooling): If this option is choose, auxiliary output relay is controlled exclusively by FCUC as cooling source of temperature control. Hence it ignores any DyNet requests to operate on auxiliary output relay. If PID control mode is selected then, this settings shall override the cold water valve. Meaning to say, electric cooling (which is connected on auxiliary output realy) shall be used for cooling purpose and not the cold water valve. 

· On Delay: This parameter defines the minimum ON time (for both Auto mode - heating & cooling) once auxiliary relay output signals is activated, i.e. minimum ON time. The count-down begins when non-zero value is transferred to output from the zero value output. As it started since any non-zero value transferred, any intermediate non-zero value change shall not re-start the countdown. During the countdown period, auxiliary relay output can’t be stopped. This provides protection against any quick on/off to the device connected to the auxiliary relay output, which may leads significant damage or surge in power consumption. The valid value range is 0-7200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 30 seconds. 

· Off Delay: This parameter defines the minimum OFF time (for both Auto mode - heating & cooling) once auxiliary relay output is deactivated, i.e. minimum OFF time. The count-down begins when zero value is transferred to output from the non-zero value output. During the countdown period, auxiliary relay output can’t be started. This provides protection against any quick on/off to the system, which may leads significant damage or surge in power consumption. The valid value range is 0-7200 seconds. The DLight2 and firmware default(if the field is uninitialised) is 30 seconds. 

· Manual (By DyNet): If this option is choose, auxiliary output relay is controlled exclusively by DyNet. So temperature controller shall not try to control it. The situation might be any lighting control output for example connected to FCUC. This is the default option in FCUC. 

· Auxiliary Output Relay logical information: Auxiliary output relay can be exclusively controlled over DyNet; hence auxiliary output relay has logical addressing information as well. This contains area, logical channel number, join and base link area. They are not explained here, as logical addressing information is standard DyNet stuffs. 



PID Mode Settings

Pressing “Modes…” button on "Settings for FCU Controller" when "PID Controller" option is selected shall launch the dialogue shown below, where PID control configuration can be edited. 




Above dialogue allows configuring up to 5 PID record configuration to be configured. Each of PID configurations can be configured against one or more presets and shall be launched whenever the configured preset is observed by FCU. Obviously logical information of observed preset must match with logical information of temperature control, which is configured in “Settings” dialogue of FCUC. 

The dialogue is divided into common settings and mode specific settings where user is allowed to configure the parameters for the given PID mode. 

Common Settings

Common settings are parameters which are common across all PID modes. These values are shared by all PID modes as it meant to be same. The common settings includes: 

· Sampling Time: This parameter (in terms of seconds) defines time interval to run the PID algorithm, hence it defines time interval between two calculated control efforts to be transferred to plant. Valid range is 0.1-25.4 seconds. The DLight2 and firmware default(if the field is uninitialised) is 10.0 seconds. 

· Heating: This section defines the PID gains for heating operation. 

· P: This parameter defines the proportional gain for heating operation of PID. The value is in units of 1 with range of 0-65534. The DLight2 and firmware default(if the field is uninitialised) is 12516. 

· I: This parameter defines the integral gain for heating operation of PID. The value is in units of 0.1 with range of 0-6553.4. The DLight2 and firmware default(if the field is uninitialised) is 170.0. 

· D: This parameter defines the derivative gain for heating operation of PID. The value is in units of 0.01 with range of 0-655.34. The DLight2 and firmware default(if the field is uninitialised) is 63.00. 

· Cooling: This section defines the PID gains for cooling operation. 

· P: This parameter defines the proportional gain for cooling operation of PID. The value is in units of 1 with range of 0-65534. The DLight2 and firmware default(if the field is uninitialised) is 12516. 

· I: This parameter defines the integral gain for cooling operation of PID. The value is in units of 0.1 with range of 0-6553.4. The DLight2 and firmware default(if the field is uninitialised) is 170.0.. 

· D: This parameter defines the derivative gain for cooling operation of PID. The value is in units of 0.01 with range of 0-655.34. The DLight2 and firmware default(if the field is uninitialised) is 63.00. 

· Plant Status: This section describes the plant status, by showing which are the cooling & heating source. These values are read only. 

· Cold Valve: This shows status of cold valve, which shall be "Disabled", "Not in use", or "Cooling source". 

· Hot Valve: This shows status of hot valve, which shall be "Disabled", "Not in use", or "Heating source". 

· Aux Output: This shows status of auxiliary output relay, which shall be "Disabled", "Manual", "Heating source", or "Cooling source". 

Mode Settings

Mode settings are parameters which are specifically for a particular PID modes. These values are not shared across all PID modes. Typically modes are changed whenever it receives preset, which is configured against the mode. Modes are intended to satisfy different requirements, for example room occupied/unoccupied etc, where temperature control requirements are different. For preset-mode configuration, refer "Preset" section later in this document. The mode settings includes: 

· Heating/Cooling switchover delay: This defines the delay for system to switch between heating and cooling or vice versa. It is used to prevent the system to oscillate between heating & cooling, if PID is tuned properly. This time is imposed as minimum delay to switch from heating to cooling or vice versa. The units is in seconds with range of 0 to 65534. The DLight2 and firmware default(if the field is uninitialised) is 1800 seconds (i.e. 30 minutes). 

· Fan Mode: This section defines the fan mode for a given mode. 

· Manual Speed: In this fan mode, fan is controllable over DyNet. The PID shall not change the fan speed, instead fan is controlled by user with DyNet messages. Any non-zero DyNet level message is obeyed, however zero DyNet level request are rejected. 

· Auto Speed: In this fan mode, fan is controlled by PID. Hence PID shall decide what fan speed to operate based on "Fan Speed @ Temperature Error" table explained below. All DyNet level request shall be rejected and fan is solely under PID control. 

· Deadband Fan Speed: This section defines the fan speed when neither heating nor cooling is in operation. This typically happens when measured temperature is between (effective) heating & cooling setpoint. Refer setpoint tolerance below for effective setpoint. The fan shall also run on deadband speed, whenever system is inside the heating/cooling switch over delay period. The possible fan speed are off, low, medium and high (depends on fan types - 1 speed, 2 speed, 3 speed). 

· Heating Parameters: This section defines heating specific parameters for the particular mode. 

· Enable Heating: This check box is used to enable or disable the heating completely, whenever this mode is active. This allows user to enable heating for one mode (for eg occupied room) but disable heating (for eg unoccupied room). 

· Setpoint Tolerance: This parameter defines the tolerance to the setpoint, in other words defining the offset relative to the current setpoint. The aim is to save the energy by moving the setpoint lower, so that heating efforts can be reduced. Hence Effective Setpoint (= Setpoint - Setpoint Tolerance) shall be maintained. This parameter accepts value in units of 0.1 Degree Celsius with the range of 0.0 to 10.0 Degree Celsius. The DLight2 and firmware default(if the field is uninitialised) is 0.5 Degree Celsius. 

· Fan Speed @ Temperature Error: This section defines the different fan speed to temperature error (with respect to effective setpoint) observed. As fan has upto 3 speeds (based on configuration) - low, medium and high; maximum of three temperature errors shall be configured. Typically they shall be in ascending order to perform correctly. The temperature errors shall be defined in units of 0.1 Degree Celsius with the range of 0.0 to 25.4 Degree Celsius. The DLight2 and firmware default(if the field is uninitialised) is 1.0, 2.0 and 4.0 Degree Celsius for fan Low, Medium and High speed respectively. 

· Cooling Parameters: This section defines cooling specific parameters for the particular mode. 

· Enable Cooling: This check box is used to enable or disable the cooling completely, whenever this mode is active. This allows user to enable cooling for one mode (for eg occupied room) but disable cooling (for eg unoccupied room). 

· Setpoint Tolerance: This parameter defines the tolerance to the setpoint, in other words defining the offset relative to the current setpoint. The aim is to save the energy by moving the setpoint higher, so that cooling efforts can be reduced. Hence Effective Setpoint (= Setpoint + Setpoint Tolerance) shall be maintained. This parameter accepts value in units of 0.1 Degree Celsius with the range of 0.0 to 10.0 Degree Celsius. The DLight2 and firmware default(if the field is uninitialised) is 0.5 Degree Celsius. 

· Fan Speed @ Temperature Error: This section defines the different fan speed to temperature error (with respect to effective setpoint) observed. As fan has upto 3 speeds (based on configuration) - low, medium and high; maximum of three temperature errors shall be configured. Typically they shall be in ascending order to perform correctly. The temperature errors shall be defined in units of 0.1 Degree Celsius with the range of 0.0 to 25.4 Degree Celsius. The DLight2 and firmware default(if the field is uninitialised) is 1.0, 2.0 and 4.0 Degree Celsius for fan Low, Medium and High speed respectively. 

Configuring Basic PID setup

This section lists (minimal) parameters to be configured to get start working. It does not define the PID tuning procedure, which shall be followed to get optimum system performance. 

· Factory default the FCUC. 

· Open the "Settings for FCU controller" by double clicking the device. 

· If cold valve is required to use then set cold valve parameters as per the valve specifications. If cold valve is not in use, unchecked the "Enable Cold Valve". 

· If hot valve is required to use then set hot valve parameters as per the valve specifications. If hot valve is not in use, unchecked the "Enable Hot Valve". 

· If auxiliary output relay is required for heating purpose then, choose "Auto (for Heating)" and set on delay & off delay. Else if auxiliary output relay is required for cooling purpose then, choose "Auto (for Cooling)" and set on delay & off delay. Else if it needs to be manually controlled over DyNet, choose "Manual" and set correct logical information. Else unchecked the "Enable Aux Output Relay" option. 

· If fan is required to use then set all timings & logical information (if it needs to be controlled manually as well). Make sure that, fan "Run up" time is non-zero value for DLight2 build 964. 

· Configure the "Inputs" as appropriate. If they are not connected to FCU controller, unchecked them to disable it. 

· Set the "Default Setpoint" to appropriate value, as FCU controller shall use that as starting point to maintain the temperature (until it get new temperature setpoint request). 

· Select "PID Controller" option and click on "Modes..." to enter PID specific values. 

· For basic PID operation, default "common" parameters shall be used. 

· Choose the appropriate fan mode, i.e. auto or manual. 

· If "Auto Speed" is selected for fan then, "Fan speed @ temperature error" table shall be filled with appropriate value, for example this can be 1.0, 2.0 and 4.0 respectively for Low, Medium and High fan speed. Fill the table for heating as well as cooling. 

· To see the quick switch over between heating & cooling and vice versa, reduce the "Heating/Cooling switchover delay" to smaller value, say 15 seconds. 

· If few modes are required than, press "Add" button and edit the mode. 

· Close the dialogue when modes are configured. 

· Click on "Presets..." 

· Make sure that, each configured modes are mapped with some preset(s). So that, mode can be switched at runtime. 

· Dump the configuration in to FCU controller and enjoy the comfortable environment. 



Staged Mode Settings

Pressing “Modes…” button on FCU settings launch the dialogue shown below, where stage control configuration can be edited. 




Above dialogue allows configuring up to 5 staged configuration to be configured. Each of staged configurations can be configured against one or more presets and shall be launched whenever the configured preset is observed by FCU. Obviously logical information of observed preset must match with logical information of temperature control, which is configured in “Settings” dialogue of FCUC. 

The dialogue above allows user to configure the parameters for the given staged configuration, which includes: 

· Responsiveness: This parameter in terms of seconds defines interval between two control efforts transferred to plant. The amount of control efforts to be delivered shall also be calculated with the interval defined by this period. Valid range is 1-30 seconds with default of 5 seconds. 

· Hysteresis Heating: The intention of heating hysteresis is to avoid oscillation between two heating stages whenever it approaches the heating stage boundary. The hysteresis shall apply in both directions, meaning to say if heating stage changes from 2nd to 3rd at 15 Degree Celsius then adding hysteresis cooling efforts for stage-3 starts when temperature falls below 14.5 Degree Celsius while moving to stage-2 when temperature rose to 15.5 Degree Celsius. The value is in units of 0.25 Degree Celsius with range of 0.0-3.5 Degree Celsius. The DLight2 and firmware default(if the field is uninitialised) is 0.25 Degree Celsius. 

· Hysteresis Cooling: The intention of cooling hysteresis is to avoid oscillation between two cooling stages whenever it approaches the cooling stage boundary. The hysteresis shall apply in both directions, meaning to say if cooling stage changes from 2nd to 3rd at 25 Degree Celsius then adding hysteresis cooling efforts for stage-3 starts when temperature exceeds to 25.5 Degree Celsius while moving to stage-2 when temperature dropped to 24.5 Degree Celsius. The value is in units of 0.25 Degree Celsius with range of 0.0-3.5 Degree Celsius. The DLight2 and firmware default(if the field is uninitialised) is 0.25 Degree Celsius. 

· Fan Mode: This section defines the fan mode for a given mode. 

· Manual Speed: In this fan mode, fan is controllable over DyNet. The staged conntroller shall not change the fan speed, instead fan is controlled by user with DyNet messages. Any non-zero DyNet level message is obeyed, however zero DyNet level request are rejected. 

· Auto Speed: In this fan mode, fan is controlled by staged controller. Hence staged controller shall decide what fan speed to operate based on staged controller table (explained below). All DyNet level request shall be rejected and fan is solely under staged controller. 

· Cooling Stages: User can configure up to 3 cooling stages per stage configuration. Each stage defines the starting point (relative temperature difference w.r.t. set point temperature), position of fan, cooling valve and auxiliary output relay. Cooling stage index starts (near dead band zone) with ideally least amount of control efforts and gradually increases as index grows. 

· Heating Stages: User can configure up to 3 heating stages per stage configuration. Each stage defines the starting point (relative temperature difference w.r.t. set point temperature), position of fan, heating valve and auxiliary output relay. Heating stage index starts (near dead band zone) with ideally least amount of control efforts and gradually increases as index grows. 

· Dead band: Dead band is the period when measured temperature is at desired set point. So no control efforts are required except fan shall run. So it only defines fan speed. The FCU remains in dead band until temperature difference exceeds threshold for stage-1 in addition to hysteresis. 

· Threshold degC: This parameter defines relative temperature difference w.r.t. setpoint temperature for the given control stage. The value shall increase as stage index increases w.r.t. dead band. The default values are 1 Degree Celsius, 2 Degree Celsius and 4 Degree Celsius for 3 stages in incremental index. 

· Fan Speed %: This value defines the fan speed in given control stage or dead band. The value is represented in percent of speed. The fan speed is overridden by DyNet if it is configured to do so, which is default configuration as well. That means, any non-zero fan speed received over DyNet as logical channel level message (obviously logical addressing of message must match fan’s logical configuration) shall override the value specified in stage control’s configuration. 

· VLevel %: This value defines the valve opening position in terms of percentage. For cooling stages, valve shall refer cooling valve; while in heating stages, valve shall refer heating valve. Value of 100% means valve is full opened, while 0% means valve is fully closed. 

· Aux Level %: This value defines the state of auxiliary output relay state. The non-zero value shall activate the relay while zero value shall deactivate the relay. 



Preset

Pressing “Presets…” button on FCU settings launch the dialogue shown below, where staged or PID controller’s configuration against each preset can be edited. 




The dialogue allows choosing a particular staged or PID control configuration for each preset up to 16 presets. As mentioned earlier, user is allowed to enter up to 5 staged or PID configurations. Hence drop down box shows Mode from 1 to 5. The FCU shall change the staged or PID configuration parameters whenever it observes change in preset which matches logical addressing of temperature controller. If observed preset is not configured in the above dialogue box, then FCU shall ignore the preset. 

Interfaces

This section defines FCUC's interface over DyNet as well as task port. It also describes the special mode of FCU called Test Mode. 

DyNet Interface

This section lists DyNet messages newly added for FCUC. It also lists some of the other DyNet messages intended to use with FCUC in typical situation. 

Fault Inquiry/Reporting

The FCUC monitors for fault and if it occurs, it takes appropriate action as configured using DLight2 in the device’s EEPROM. Current fault state can be retrieved by sending physical (0x5C) DyNet-1 request message. If retries are (set and) exhausted, then FCUC expects fault state to be cleared over DyNet. The DyNet message related to fault are defined as below. 


Message Frame 

	0x5C 
	Device Code 
	Box Number 
	Opcode 
	Fault Type 
	Fault Status 
	Fault Detail 
	Checksum 


Message Frame Details 

	Opcode 
	0x59 
	Request Fault State 

	
	0x5A 
	Reply/Report Fault State 

	
	0x5B 
	Set/Reset Fault 

	Fault Type 
	0 
	Fire Trip 

	
	1 
	Air Flow 

	
	2 
	Energy Holdoff 

	
	6 
	Temperature Sensor Faulty 

	Fault Status 
	0 
	Normal 

	
	1 
	Alarm 

	
	2 
	Restored 

	Fault Details 
	Same as Fault Type 
	


Temperature Information

The FCUC has physical as well as logical DyNet interface to retrieve the current temperature as well as set/retrieve the setpoint temperature. They are as below. 

Physical Interface 

Message Frame 

	0x5C 
	Device Code 
	Box Number 
	Opcode 
	Feature 
	Value-Hi 
	Value-Lo 
	Checksum 


Message Frame Details 

	Opcode 
	0xB7 
	Request Present Physical State 

	
	0xB8 
	Reply Present Physical State 

	
	0xB9 
	Set Physical State 

	Feature 
	0x03 
	Actual Temperature (in 0.25 Degree Celsius resolution) 

	
	0x04 
	Setpoint Temperature (in 0.25 Degree Celsius resolution) 

	
	
	Data (Hi-Lo) - 16-bit 2s complement with 0.25 Degree Celcius resolution. (Opcode 0xB7 shall set to value 0x0000) 

	
	0x12 
	Actual Temperature (in 0.01 Degree Celsius resolution) 

	
	0x13 
	Setpoint Temperature (in 0.01 Degree Celsius resolution) 

	
	
	Data (Hi-Lo) - Q7.8 Degree Celcius resolution. (Opcode 0xB7 shall set to value 0x0000) 

	
	0x14 
	Kp (for Heating) 

	
	0x15 
	Ki (for Heating) 

	
	0x16 
	Kd (for Heating) 

	
	0x17 
	Kp (for Cooling) 

	
	0x18 
	Ki (for Cooling) 

	
	0x19 
	Kd (for Cooling) 

	
	
	Data (Hi-Lo) - 16-bit gain value 


Logical Interface 

Message Frame 

	0x1C 
	Area 
	Preference 
	Opcode 
	Data - HI 
	Data - LO 
	Join 
	Checksum 


Message Frame Details 

	Opcode 
	0x48 
	Set / Reset User Preference 

	
	0x49 
	Request User Preference 

	
	0x4A 
	Reply / Report User Preference 

	Preference 
	6 
	Actual Temperature 

	
	7 
	Setpoint Temperature 

	
	
	Data (Hi-Lo) - 16-bit 2s complement with 0.25 Degree Celcius resolution. (Opcode 0x49 shall set to value 0x0000) 

	
	0x0C 
	Actual Temperature (in 0.01 Degree Celsius resolution) 

	
	0x0D 
	Setpoint Temperature (in 0.01 Degree Celsius resolution) 

	
	
	Data (Hi-Lo) - Q7.8 Degree Celcius resolution. (Opcode 0x49 shall set to value 0x0000) 


Reading FCU Input Signals

The FCUC provides physical DyNet interface to retrieve the state of inputs, i.e. fire trip, air flow and energy hold off. The DyNet message to be use to retrieve the state of input are listed below. 

Message Frame 

	0x5C 
	Device Code 
	Box Number 
	Opcode 
	Switch Number 
	Unused 
	Button Status 
	Checksum 


Message Frame Details 

	Opcode 
	0x4A 
	Request Single Switch State 

	
	0x4B 
	Reply Single Switch State 

	Switch Number 
	1 
	Energy Hold-off 

	
	2 
	Fire Trip 

	
	3 
	Air Flow 

	Button Status 
	0 
	Key switch open 

	
	1 
	Key switch closed 


FCUC Plant Capability

The FCUC allows user to change plant capability at run time (eg heating is no longer available). Logical DyNet message is implemented to set/retrieve the status of plant capabilities. 

Message Frame 

	0x1C 
	Area 
	0x09 
	Opcode 
	Data 
	Unused 
	Join 
	Checksum 


Message Frame Details 

	Opcode 
	0x48 
	Set / Reset User Preference 

	
	0x49 
	Request User Preference 

	
	0x4A 
	Reply / Report User Preference 

	Data 
	Bit Mask 
	

	
	
	b0: 1 - Heating available, 0 - Heating not available 

	
	
	b1: 1 - Cooling available, 0 - Cooling not available 

	
	
	b2-b7: Unused 




Task Port Interface

FCUC has implemented following task port to read (only) its digital inputs as well as analogue temperature input. 

	Task Port 
	Task Sub Port 
	Description 

	0x11 
	0 
	Bit Mask (b0: Energy Holdoff, b1: Fire Trip, b2: Air Flow, b3-b7: Unused) 

	0x1D 
	0 
	Measured temperature in 0.25 Degree Celcius - Lo byte (Initiate Reading at source) 

	
	1 
	Measured temperature in 0.25 Degree Celcius - Hi byte 

	0x1E 
	0 
	Desired temperature in 0.25 Degree Celcius - Lo byte (Initiate Reading at source) 

	
	1 
	Desired temperature in 0.25 Degree Celcius - Hi byte 

	0x1F 
	0 
	Measured temperature in 0.01 Degree Celcius - Provides integer part of temperature (Initiate Reading at source) 

	
	1 
	Measured temperature in 1 Degree Celcius - Provides fractional part of temperature 

	0x20 
	0 
	Desired temperature in 1 Degree Celcius - Provides integer part of temperature (Initiate Reading at source) 

	
	1 
	Desired temperature in 1 Degree Celcius - Provides fractional part of temperature 




PID Tuning Mode

The FCUC has implemented a special mode known as PID tuning mode, where user can set gains for PID at run time. And the value shall be adopted by FCUC with resetting the PID. The aim is to modify the gains at run time and finalise the most suitable PID gain value for given plant. This value shall not be stored in EEPROM by FCUC. Hence user must remember to write the final PID gain value in FCUC via DLight2 interface. 

To enter into the PID duning mode, following DyNet message need to be directed to FCUC first. 

0x5C,  DC,  BN,  0x01,  0x01,  0x01,  0x00,  CHK

// start setup mode

Upon receiving above command, FCUC shall open a time window of 30 seconds. And expect to receive another DyNet message as listed below before time window of 30 seconds expires. 

0x5C,  DC,  BN,  0x01,  0x33,  0x0C,  0x00,  CHK

// launch PID tuning mode

After sending above two messages in sequence, user can send DyNet physical message 0xB9 with subopcodes 0x14 to 0x19 to set the PID gains. To come out from this special mode, simply reset the device. 

Test Mode

FCUC has implemented a special mode known as “test mode”, where all hardware will come under DyNet control without applying any interlocks. This mode is intended to use by production to test hardware aspects of FCUC. 

To enter into the setup mode, following DyNet message need to be directed to FCUC first. 

0x5C,  DC,  BN,  0x01,  0x01,  0x01,  0x00,  CHK

// start setup mode

Upon receiving above command, FCUC shall open a time window of 30 seconds. And expect to receive another DyNet message as listed below before time window of 30 seconds expires. 

0x5C,  DC,  BN,  0x01,  0x33,  0x04,  0x00,  CHK

// launch test mode

If FCUC does not receive above DyNet message than it will not launch test mode, instead returned back to standard application mode. However if FCUC does receive above DyNet message then it launches test mode, where all interlocks between fan & valve and trips shall not be applied. And device is under full DyNet channel control. 


To abort the test mode, FCUC either simply needs reset or following DyNet message, which in-turn reset the FCUC. 

0x5C,  DC,  BN,  0x01,  0x33,  0x01,  0x00,  CHK

// launch appl mode

Characteristics

Unit Supervisor

· Sampling Rate: 100ms (10Hz) 

· Temperature Sensor (NTC) settings: 

· Settlement time: 15 seconds (hard-coded) 

· Response Type: Logarithmic (default EE) 

· Log constant: 3887 (default EE) 

· Nominal Resistance @ 25 degree celcius: 20K (default EE) 

· Onboard (jumper settings) Pull-up Resistance: 22K (default EE) 

· ADC resolution: 10 bits (hard-coded) 

· ADC index: 3 (hard-coded) 

· Timer used for ADC sampling: A1 (hard-coded) 

· Scanning time: 10 ms (hard-coded) 

· Possible Auto-Restarts in Fault conditions: No (default EE), One, Two, Infinite Restarts 

Temperature Controller

Configuration in EE

· Default Temperature Set-point: 20 degree celcius (in quarter deg resolution) 

· Sensing Configuration 

· Local Sensing 

· NTC (default) 

· 0-10V (NOT Implemented) 

· 4-20mA (NOT Implemented) 

· Remote Sensing (NOT Implemented) 

· Scanning Time: 250, 500, 1000 or 2000 ms 

· Logical Channel Number 

· Auxiliary Output (relay) Configuration: In case electric heating/cooling system or any lighting system is connected at auxiliary output. Possible configurations are: 

· Unused (default) 

· DyNet 

· Heating system 

· Cooling system 

· Temperature Control Scheme 

· Staged Controller (default): Supports up to 5 configurations (each configurations can hold up to 3 cooling & 3 heating stages). Each configuration can be linked to none, one or more presets. 

· PID Controller: Supports up to 5 configurations. Each configuration can be linked to none, one or more presets. 

