560 Mission AHU and FPTU Sequence of Operation
560 Mission uses electric reheat coils to heat the building. The electric reheat coils consume more energy to heat the building a peak heat periods than is required to cool the building during peak cooling periods. Operating the HVAC equipment to minimize the electric reheat coil on-time has become a priority. The DDC programming has been modified with multiple techniques to ensure each AHU can provide warm air until cooling demands are generated or the OSA temperature begins a precool cycle. Overcooling warm zones was also eliminated with a cooling signal reset that occurs at the zone level.
EMS 	= Energy Management System (Alerton DDC/Ethernet/BACTalk/MSTP)
AHU	= Air Handling Unit (WEBCO)
FPTU 	= Fan Powered Terminal Unit (Nailor)
VFD 	= Variable Frequency Drive (Dan Foss)
SP 	= Setpoint
CFM 	= Cubic Feet per Minute
OSA	= Outside Air
MOSA = Minimum Outside Air
RA	= Return Air
DAT 	= Discharge Air Temperature
Econ 	= Economizer

1) AHU Unoccupied operation:
Each floor is served with a dedicated AHU. Each AHU is equipped with dedicated OSA duct and dampers
a. Return damper full open position
b. Econ damper full closed
c. Min OA damper full closed
d. CHW valve full closed
e. Fan stopped
f. Relief dampers full closed
g. AHU temperature SP = auto scale high temperature setpoint
h. AHU Duct Static SP = 0

2) AHU Shutdown operation:
a. Time schedule expires
b. Fire alarm override shutdown signal to VFD
i. AHU configuration to sequence described in Section 1  a-h.
3) AHU startup:
a. Time schedule is initiated
b. EMS sends min fan speed  signal to fan VFD
c. EMS generates fan speed signal to satisfy min duct static SP
d. MOSA damper controls open to satisfy MOSA CFM SP
e. Duct static pressure > 0.1” IWC all FPTUs on floor start.
f. AHU DAT SP to match the High temperature signal on startup.

4) AHU Temperature SP control
a. AHU Temperature SP auto scales between High SP and Low SP limits according to the outside air temperature; proportional controllers are used to auto adjust the AHU High and Low temperature limits.
b. Each FPTU generates a cooling signal. The highest cooling signal from each FPTU is passed on to corresponding AHU. Each AHU temperature SP is generated with a PI controller. This signal will adjust the AHU temperature SP which will scale between the High and Low temperature Limits. At this time a single cooling signal will influence the AHU temperature SP. The cooling signal for artificially hot zones is limited or eliminated to prevent overcooling the floor.
c. Econ damper is controlled to utilize cool OSA to match AHU supply air temperature SP. Return air damper closes proportional to Econ damper open position.
d. CHW valve will open after Econ damper reaches 100% open which occurs when the PI cooling signal reaches 70; deadband from 70 to 75. The PI cooling signal from 75 to 100 will operate the CHW valve to match AHU temperature SP. MOSA damper controls to full open position when Econ damper is controlled to 30% open position.
e. AHU temperature SP increases when cooling demand decreases - the CHW valve will move toward closed position to match SP, PI signal < 75.  Econ damper will remain 100% open until CHW valve is fully closed then Econ damper will move between the full open position and closed position to match the temperature SP, PI signal 70 - 0.
f. Econ damper lockout: when OSA temperature exceeds 72F the economizer damper will close, RA damper moves to full open, MOSA damper will control to maintain min OSA value, and the CHW valve will operate to maintain the AHU temperature SP.
On fire alarm all AHUs shutdown – Econ and MOSA dampers close.
EDG or standby generator start will also close all Econ and MOSA dampers.




5) AHU fan speed control
a. Minimum duct static SP ~ .1 IWC
b. AHU fan speed signal is generated to match the duct static SP. Duct static SP range from .25 IWC to 1.25 IWC. Fan speed adjusts to maintain the minimum duct static pressure SP. 
c. Need More Air:  Duct static SP scales between the minimum SP and the maximum SP to satisfy the “need more air signal” that is generated by FPTUs needing more primary air from the AHU. As the “need more air signal” increases or decreases the duct static SP increases and decreases accordingly. 
d. If econ damper is 100% open and the fan speed reaches the upper parameter limit the return damper will open to the % position setpoint.  This operation was programmed to eliminate the AHU from experiencing Duct Static Resets. Original design and construction the AHU outside air duct is under sized.
6) Relief damper operation
a. Relief dampers open and close to maintain the floor static pressure setpoint. The static pressure setpoint is controlled on each floor.
b. Four relief dampers are located at the north end of the building perimeter curtain wall.
i. Floor pressure signal 0 to 100 is generated as the floor pressure exceeds the setpoint entered into the EMS. This signal is divided at 25% intervals into each of the relief dampers.
ii. Relief damper 1 (located at the NW corner) operates from full closed to full open for the first 25% of the floor pressure signal.
iii. RD 2 (NE corner) operates from full closed to full open for the second 25% of the floor pressure signal.
iv. RD 3 (NE Center) operates from full closed to full open for the 50 - 75% of the floor pressure signal.
v. RD 4 (NE Center) operates from full closed to full open for the 75 - 100% of the floor pressure signal.
FPTU Operation
1) Unoccupied operation
a. Fan is at stop position.
b. Primary air damper is closed.
2) Occupied operation
a. Time schedule is initiated
b. FPTU SP reset as follows:
i. All operator overrides are reset to auto BMS control.
ii. Zone Temp SP reset to 74.
iii. Permanent temperature SP changes are accomplished by modifying the cooling and heating offsets. These changes are recorded on the matching BMS floor display.
c. Fan operates at min CFM value that is entered into EMS for each FPTU.
d. Primary air damper controls open to provide min Primary CFM value as set at the EMS for each FPTU.
e. Temperature range is 72F-75F.  74F is set as the temperature SP, Cooling offset = 1, Heat offset = 2.
f. Heating signal / Operation: 
i. Heat offset is 2F establishing heating SP at 72F.
ii. Heat signal will begin generating when zone temperature is less than 72F.
iii. The electric reheat coil is energized when the PI Heat signal reaches 10 and the Heat Stage 1 CFM is reached. The PI Heat signal for each FPTU can be tuned to match the heating requirements for the zone it serves, tuning allows the operator to speed up the rate at which a heating signal is generated.
g. Cooling signal
i. Cooling offset is 1°F establishing SP at 75°F.
ii. Cooling signal is generated when zone temperature is greater than 75°F. 
iii. Cooling signal resets to 40% when the space temperature maintains a constant temperature of 75° for duration of short cycle delay. The Cooling signal for each FPTU can be tuned to match the cooling requirements for the zone it serves, tuning allows the operator to speed up the rate at which a cooling signal is generated or to lengthen or eliminate a reset time for large conference rooms. 
3) FPTU CFM values
a. A working record of all CFM values is maintained in a spreadsheet titled “Clarification 19”
This spreadsheet calculates all CFM values according to the maximum CFM designed for the FPTU zone.
b. Updating “Clarification 19”
i. Enter max CFM into the maximum cooling CFM cell for the select FPTU
ii. All other values are automatically calculated according to the FPTU size and duct inlet size parameters
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4) FPTU CFM output
a. Heat stage 1: FPTU provides the HS1 CFM / primary CFM at min value
b. Heat stage 2: FPTU provides the HS2 CFM / primary CFM at min value 
c. Cooling signal is 0% - cooling CFM and primary CFM are at min values. This exists when area temperature is between 72F and 75F.  Both CFM values increase proportionally along a linear scale as the cooling signal increases.
d. The rate at which the FPTU reaches max CFM can be increased by tuning the FPTU zone attributes.
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Absolute Box 

Minimum

1 0.3 480 110

3 0.3 1100 200

5 0.3 1900 500
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Unit Duct 

Inlet Size

Minimum Primary Maximum Primary

14 400 1900

12 325 1350

10 205 1000

8 150 750

6 70 500

5 45 310

4 25 215


