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SCALE:  1/8" = 1'-0"
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SCALE:  1/8" = 1'-0"
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Air Handling Unit Sequence of Operations

Building Automation System Interface: The Building Automation System (BAS) shall send the controller Occupied

Bypass, Morning Warm-up/Pre-Cool, Occupied/Unoccupied and Heat/Cool modes.  If a BAS is not present, or

communication is lost with the BAS the controller shall operate using default modes and setpoints.

Optimal Start: The BAS shall monitor the scheduled occupied time, occupied space setpoints and space

temperature to calculate when the optimal start occurs.

Morning Warm-Up Mode: During optimal start, if the space temperature is below the occupied heating setpoint a

morning warm-up mode shall be activated. When morning warm-up is initiated the unit shall enable the heating and

supply fan. The outside air damper shall remain closed. When the space temperature reaches the occupied heating

setpoint (adj.), the unit shall transition to the occupied mode.

Pre-Cool Mode: During optimal start, if the space temperature is above the occupied cooling setpoint, pre-cool

mode shall be activated. When pre-cool is initiated the unit shall enable the fan and cooling.  The outside air damper

shall remain closed. When the space temperature reaches occupied cooling setpoint (adj.), the unit shall transition to

the occupied mode.

Optimal Stop: The BAS shall monitor the scheduled unoccupied time, occupied setpoints and space temperature to

calculate when the optimal stop occurs. When the optimal stop mode is active the unit controller shall maintain the

space temperature to the space temperature offset setpoint. Outside air damper shall remain enabled to provide

minimum ventilation.

Occupied Bypass: The BAS shall monitor the status of the “on” and “cancel” buttons of the space temperature

sensor. When an occupied bypass request is received from a space sensor, the unit shall transition from its current

occupancy mode to occupied bypass mode and the unit shall maintain the space temperature to the occupied

setpoints (adj.).

Heat/Cool Mode: When the space temperature rises above the occupied cooling setpoint the mode shall transition

to cooling.  When the space temperature falls below the occupied heating setpoint the mode shall transition to

heating.   When the space temperature is above the occupied cooling setpoint or below the occupied heating

setpoint the mode shall remain in its last state.  If the space temperature sensor fails the mode shall remain in its last

state and an alarm shall be annunciated at the BAS.  If the local and communicated setpoints fail the controller shall

disable the supply fan and an alarm shall be annunciated at the BAS.

Mixed Air Low Limit: The initial damper opening rate shall be limited to 2% per minute (adj.) until the damper has

reached its minimum ventilation position.  The outside air damper shall modulate to a position less than the minimum

damper position if the mixed air temperature drops below 50.0 deg. F (adj.).  If the mixed air temperature sensor fails

an alarm shall be annunciated at the BAS and the outside air damper shall return to the minimum position.

Freeze Protection: A hardwired, low limit temperature switch shall be electrically interlocked with the motor starter.

If the low limit temperature switch is tripped 38.0 deg. F (adj.), the outside air damper shall close, all valves shall

open to 100% (adjust per climate), all stages of DX cooling shall be disabled and an alarm shall be annunciated at

the BAS. A manual reset of the low limit temperature switch shall be required to restart the fan.

Smoke Detector Shutdown: The unit shall shut down in response to a signal from either smoke detector indicating

the presence of smoke. The smoke detectors shall be interlocked to the unit through the dry contacts of the smoke

detectors. A manual reset of the smoke detectors shall be required to restart the unit.

High Condensate Level: The unit shall shut down in response to a signal from drain pan overflow sensor. Alarm

shall be annunciated at the BAS. A manual reset shall be required to restart the unit.

Filter Status: A differential pressure switch shall monitor the differential pressure across the filter when the fan is

running.  If the switch closes during normal operation a dirty filter alarm shall be annunciated at the BAS.

Boiler Room Sequence of Operations

General Description: The hot water system consists of multiple boilers and associated pumps. The Building

Automation System (BAS) controller shall provide stand-alone control or BAS workstation control of the supply

heating water temperature setpoint (adj.) by controlling the boiler's enable/disable boiler signal and hot water

tempering valve.

Heating System Enable/Disable: The heating system shall be enabled when the outside air temperature falls

below 60.0 deg. F (adj.).  When enabled, the BAS controller shall start the lead hot water distribution pump and

enable the lead boiler. The boiler factory control shall operate the boiler to maintain its local supply setpoint.

Heating shall be disabled when the outdoor air temperature is above 65.0 deg. F (adj.).  When heating is disabled,

the hot water pumps and boilers shall be commanded to OFF.  The BAS shall be able to individually enable the hot

water distribution pumps or the boilers.

Boiler Control: The boiler lead/lag sequence shall be based on a weekly schedule from the BAS, an operator shall

be able to manually change the lead/lag sequence.

If the hot water distribution system supply temperature falls more than 25.0 deg. F (adj.) below setpoint for a period

longer than 15 minutes (adj.), or if an active boiler signals a failure alarm, the BAS controller shall enable the lag

boiler. In addition, the BAS controller shall send an alarm to the BAS workstation. When a boiler failure exists,

lead/lag automation shall be disabled and the currently running boiler shall become the lead boiler. Once the

problem is corrected, the operator shall be able to clear the alarm failure from the BAS controller or BAS workstation.

This shall re-enable the lead/lag sequence.

Once the lead boiler is enabled, the add sequence of additional boilers shall be disabled for a period of 30 minutes

(adj.). Additional boilers are added if the hot water distribution system supply temperature falls 5.0 deg. F (adj.)

below the hot water setpoint for a period of 10 minutes (adj.) or more.

The last boiler enabled shall be disabled when the hot water temperature rises 5.0 deg. F (adj.) above the hot water

setpoint for a period of 10 minutes (adj.) or more. Additional boilers shall be disabled following the same subtraction

sequence if the hot water temperature remains 5.0 deg. F (adj.) above the hot water setpoint for a period of 10

minutes (adj.) or more.

Hot Water Reset: The hot water supply temperature setpoint shall be linearly reset from 120.0 deg. F (adj.) to 180.0

deg. F (adj.) as the outside air temperature falls from 60.0 deg. F (adj.) to 0.0 deg. F (adj.)

Hot Water Distribution Pump Start/Stop: The BAS controller shall start a hot water pump through a contact

closure of the pump's motor starter enable contacts.

Hot Water Distribution Pump Status: The BAS controller shall detect hot water pump run status by a current

switch.

Hot Water Distribution Pump Lead/Lag: The hot water pump lead/lag sequence shall be based on a weekly

schedule from the BAS, an operator shall be able to manually change the lead/lag sequence.

Hot Water Distribution Pump Failure: If the lead start/stop relay is enabled and the current switch status is off for

more than 30 seconds (adj.), the BAS controller shall annunciate a hot water pump failure alarm to the BAS

workstation and starts the lag pump. When a pump failure exists, lead/lag automation shall be disabled and the

currently running pump becomes the lead pump. Once the problem has been corrected, the operator shall be able to

clear the alarm failure from the BAS controller or BAS workstation. This action shall re-enable the lead/lag sequence.

Freeze Protection: When the outdoor air temperature falls below 35.0 deg. F (adj.), the hot water distribution pump

shall operate continuously to provide hot water circulation to all associated hot water coils. If the hot water supply

temperature falls below 130.0 deg. F (adj.) during unoccupied periods, the boiler sequence shall be enabled to

safeguard against low water temperature and boiler condensation.

Exhaust Fan Sequence of Operations

Building Automation System Interface: The Building Automation System (BAS) shall enable/disable these units

based on the same Time of Day schedule as the Air Handling Units.

Occupied: The BMS will begin operation by commanding the isolation controls damper to open. Once the damper is

proven open, via the damper end switch, the fan will start.

Un-Occupied: The BMS will command the isolation controls damper to close. The damper end switch will shut down

the fan.

Fan Failure Alarm: The BMS will monitor the operation of the fan. If after 30 seconds of operation and no indication

that the fan has begun operation the BMS will send a fan failure alarm to the BAS
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