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PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes control sequences for HVAC systems, subsystems, and equipment. 

B. Related Sections include the following: 
1. Division 15 Section "HVAC Instrumentation and Controls" for control equipment and 

devices and submittal requirements. 

1.2 DEFINITIONS 

A. DDC:  Direct-digital controls. 

B. VAV:  Variable air volume. 

1.3 GENERAL 

A. Equipment start stop and Software Interlocks 
1. Mechanical equipment shall be operated, controlled and monitored by the DDC 

system using the input/output (I/O) shown on the drawings.  The operation of the 
equipment shall be subject to the operational modes, conditions and logic described 
in this Section.  A time delay shall be initiated on system command for equipment 
start to allow status feedback devices to actuate.  At the expiration of the time delay, 
absence of the run status input signal, which indicates a failure to start or to continue 
to run, shall cause the system to alarm and start standby units as required.  The 
system shall not restart until commanded to “return to normal”.  Alarms assigned to 
analog inputs shall be delayed on equipment startup to allow sufficient time for 
equipment capacity to bring the process variable values within the normal range.  
Variable capacity fans shall always start in an “unloaded” condition. 

2. HAND-OFF-AUTO switches shall be monitored to generate a critical alarm (an alarm 
that must be acknowledged) when the switch is indexed out of the “AUTO” position. 

3. Supply air, return air and exhaust air fans serving the same spaces shall be 
interlocked by means of software. 

4. The fire alarm system shall interface with the DDC system by means of digital 
outputs (DO) from the fire alarm system connected to the digital inputs (DI) of the 
DDC system at a single location. 

5. Whenever equipment is put into operation automatically, the DDC control loops shall 
be activated.  When equipment is not operating, control loops shall be deactivated 
and end elements shall go to their normally open or normally closed positions as 
shown on the contract drawings unless otherwise specified. 

B. Electric Hardwire Interlocks 
1. Electric hardwire interlocks shall be as shown. 

C. Control of Damper, Valve, and Fan Speed 
1. The DDC system shall apply P, PI or PID control by modulating analog outputs to the 

actuators in the proper direction to control temperature, humidity, pressure, flow and 
other process variables as specified. 
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2. All control and alarm set points shall be adjustable by the operator.  Initial setting of 
all control and alarm set points shall be performed by the DDC system 
Design/Builder. 

D. DDC System Failure 
1. If Remote Control Panels (RCPs or ACPs) should fail, the operating equipment 

controlled by that panel shall continue to function, based on the last command.  On 
TCU failure, box damper and reheat coil valve shall fail to last command. 

E. Loss of Utility Power Failure/Immediate Recovery/Operation on Standby Generator Power 
1. The DDC system shall monitor “Utility Power Available” signal to determine 

availability of utility power.  If this signal indicates absence of utility power the DDC 
system shall de-energize all equipment within seven (7) seconds.  This period wants 
to be long enough that momentary power loss does not require re-initiation of 
equipment while short enough so that all equipment are de-energized before standby 
power generator starts. 

2. Immediate power recovery:  If power is recovered immediately the DDC system shall 
restart all equipment at 5-second interval.  Equipment shall be restarted in their 
operation group, such exhaust fan and its associated air handling units to start in 
order as described later.  Equipment restart order shall be same as described under 
“Return of Utility Power”. 

3. Operation under emergency generator power:  Equipment connected to emergency 
power and controlled by the DDC system, shall be permitted to operate during a 
utility power failure.  The DDC system, shall monitor “Generator Power available” 
signal on receipt of this signal and shall energize equipment in the following order, 
after appropriate time delay as indicated: 
a. Allow 10 seconds for lighting, receptacles and process load to power and then 

energize DDC System and mechanical equipment required to be on 
emergency power as scheduled. 

4. Return of Utility power:  When normal power is restored as determined “Utility Power 
Available” signal, all equipment that was operating on emergency power shall 
continue to operate.  All other equipment shall be restarted.  The restart shall be 
sequenced “ON” by the DDC system (provided an individual motor is scheduled to be 
in the “ON” mode) based on power restart sequenced groups (air system will from a 
group).  Motor starters shall be sequenced “ON” in groups by the DDC system at 5 
second (adjustable) intervals in the following order: 
a. Pumps, air handling units, VAV boxes, fan coil units, and exhaust fans. 

1.4 CHILLED WATER (CHW) SYSTEM 

A. The CHW system will be enabled based on a time-of-day (TOD) schedule and system 
demand as indicated by CHW valve positions or as programmed by the building operator.  
System operation shall be allowed at all times. 

B. Tertiary CHW pumps:  The tertiary CHW pumps shall be operated as follows: 
1. The tertiary CHW systems shall be enabled based on a time-of-day (TOD) schedule 

and system demand as indicated by CHW valve positions or as programmed by the 
building operator.  System operation shall be allowed at all times. 

2. The tertiary CHW pumps are served by variable frequency drives (VFD’s) to match 
pump speed to system load. 

3. Tertiary CHW pump VFD’s shall modulate to maintain a CHW differential pressure 
set point of 10 psi (adjustable) as sensed by a differential pressure sensor located at 
the end of the building CHW loop.  The CHW flow bypass valve shall modulate to 
maintain the building CHW differential pressure set point of 10 psi (adjustable) as 
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sensed by a differential pressure sensor located at the end of the building CHW loop 
in series with the CHW pump VFD.  

4. A failure of the lead or lag tertiary CHW pump shall cause the back-up pump to start 
and an alarm condition shall be indicated at the building operator’s terminal. 

5. The tertiary CHW pumps shall rotate lead/lag status on a monthly basis, or as 
programmed by the building operator. 

        

C. Operator Station Display:  Indicate the following on operator workstation display terminal 
(minimum requirements): 
1. System graphic(s). 
2. CHW pumps on-off indication, run status, and alarm for each pump with speed (Hz 

and percentage) for secondary CHW pumps. 
3. CHW temperatures as indicated on the drawings. 
4. CHW flows as indicated on the drawings. 
5. VFD LAN points for each VFD (minimum requirements): 

a. VFD run status 
b. Fault status 
c. Bypass status 
d. Frequency (Hz) 
e. RPM 
f. Current (amps) 
g. Power (kW) 
h. DC bus voltage 
i. Output voltage 
j. VFD temperature 
k. Run time (hours and thousands of hours) 
l. KWh counter 
m. MWh counter 

6. System loads in tons based on primary CHW flow and temperatures. 
7. All alarms. 

1.5 HEATING HOT WATER (HHW) SYSTEM 

A. The HHW system will be enabled based on a time-of-day (TOD) schedule and system 
demand as indicated by HHW valve positions or as programmed by the building operator.  
System operation shall be allowed at all times. 

B. Tertiary HHW pumps:  The tertiary HHW pumps shall be operated as follows: 
1. The tertiary HHW systems shall be enabled based on a time-of-day (TOD) schedule 

and system demand as indicated by HHW valve positions or as programmed by the 
building operator.  System operation shall be allowed at all times. 

2. The tertiary HHW pumps are served by variable frequency drives (VFD’s) to match 
pump speed to system load. 

3. Tertiary HHW pump VFD’s shall modulate to maintain a HHW differential pressure 
set point of 10 psi (adjustable) as sensed by a differential pressure sensor located at 
the end of the building HHW loop.  The HHW flow bypass valve shall modulate to 
maintain the building HHW differential pressure set point of 10 psi (adjustable) as 
sensed by a differential pressure sensor located at the end of the building HHW loop 
in series with the HHW pump VFD. 

4. A failure of the lead or lag tertiary HHW pump shall cause the back-up pump to start 
and an alarm condition shall be indicated at the building operator’s terminal. 

5. The tertiary HHW pumps shall rotate lead/lag status on a monthly basis, or as 
programmed by the building operator. 
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C. Operator Station Display:  Indicate the following on operator workstation display terminal 
(minimum requirements): 
1. System graphic(s). 
2. HHW pumps on-off indication, run status, and alarm for each pump with speed (Hz 

and percentage) for secondary HHW pumps. 
3. HHW temperatures as indicated on the drawings. 
4. HHW flows as indicated on the drawings. 
5. VFD LAN points for each VFD (minimum requirements): 

a. VFD run status 
b. Fault status 
c. Bypass status 
d. Frequency (Hz) 
e. RPM 
f. Current (amps) 
g. Power (kW) 
h. DC bus voltage 
i. Output voltage 
j. VFD temperature 
k. Run time (hours and thousands of hours) 
l. KWh counter 
m. MWh counter 

6. System loads in tons based on primary HHW flow and temperatures. 
7. All alarms. 

1.6 VARIABLE VOLUME AIR HANDLING UNIT CONTROL 

A. Provide DDC control using electric actuation. 

B. The air handling unit is scheduled for automatic operation on a time of day basis for 
Occupied and Unoccupied modes.  Within the Occupied mode, the system can enter the 
Warm-Up mode when the space temperature is below set point or the Cool-Down mode 
when the space temperature is above set point.  The system stays in the Warm-Up or Cool-
Down mode until the mode set point is satisfied.  Within the Unoccupied mode, Night 
Heating is available when the space temperature drops below 65 degrees F and Night 
Cooling is available when the space temperature rises above 85 degrees F.  The latest start 
time is the scheduled occupancy for the space. 

C. The air handling unit operates in Warm-Up, Cool-Down, Occupied, Unoccupied, Night 
Heating, Night Cooling and Safety modes as follows (All suggested set points and settings 
are adjustable): 
1. Warm Up:  The supply and return fans start.  The mixing dampers are positioned for 

100% return air (RA) and the cooling coil valve remains closed.  The heating coil 
valve modulates to maintain the supply air temperature set point.  If time reaches the 
latest start time during the Warm-Up mode, the outdoor air damper opens to its 
minimum position.  The system is prevented from entering the Warm-Up mode more 
than once per day. 

2. Cool Down:  The supply and return fans start.  The heating coil valve, mixing 
dampers, and cooling coil valve modulate in sequence without overlap to maintain 
the supply air temperature set point.  When the outside air (OA) enthalpy is above 
the return air (RA) enthalpy, the mixing dampers are positioned for 100% return air.  
If time reaches the latest start time during the Cool-Down mode, the outdoor air 
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damper opens to its minimum position or is controlled in economizer operation.  The 
system is prevented from entering the Cool-Down mode more than once per day. 

3. Occupied:  The fans start or continue to run and the unit is controlled as follows: 
a. When the outside air enthalpy is below the return air enthalpy, the heating coil 

valve, cooling coil valve and mixed air dampers modulate in sequence without 
overlap to maintain the supply air temperature set point.  The mixing dampers 
ramp opens slowly to minimize overshooting. 

b. When the outside air enthalpy is above the return air enthalpy, the mixing 
dampers are placed in the minimum outdoor air position.  The heating coil 
valve and cooling coil valve modulate in sequence without overlap to maintain 
the supply air temperature set point.   

c. The supply air temperature set point will reset through a range of 55 F to 85 F 
based on space temperature information as transmitted to the DDC panel by a 
DDC signal from selected VAV Box controllers served by the AH unit. 

4. Unoccupied (Normal Off):  The fans are off, the cooling coil valve and heating coil 
valve close and mixing dampers modulate closed to the outdoor air. 

5. Night Heating:  The supply and return fans start with the heating coil valve open to 
maintain a minimum space temperature of 65 degrees F. 

6. Night Cooling:  The supply and return fans start with the cooling coil valve and mixing 
dampers modulating to maintain the supply air set point for a maximum space 
temperature of 85 degrees F.  When the outside air enthalpy is above the return air 
enthalpy, the mixing dampers are closed to outdoor air. 

7. Supply Duct Pressurization Control:  The supply fan Variable Frequency Drive (VFD) 
modulates to maintain a constant duct static pressure of 1.5 inches of water as 
sensed at least two-thirds of the way downstream of the supply fan in the longest or 
most critical duct.  The return fan VFD modulates to maintain set point of 90% 
(adjustable, value will be determined after testing and balancing) of supply CFM.  
The supply CFM to return CFM differential set point is 0% if the OA damper is 
closed.  Upon initial startup of the air handling system the supply and return fan 
speed slowly ramps to the desired static pressure set point.  Upon shutdown of the 
air handling system the supply and return fan variable frequency drives are stopped 
and the speed signal shall go to zero speed. 

8. Safety:   
a. Discharge high static cutout, smoke detectors in the supply and return air 

streams, smoke fire dampers, and supply and return fan VFD fault alarms de-
energize the supply and return fans upon activation.  All dampers and valves 
position to their normal position after the fans are de-energized. 

9. Economizer:  Provide a complete and operational economizer control system in 
accordance to ASHRAE Standard 90.1 and in compliance with California State Title 
24 energy standards. 

10. Upon failure of either outside air or return air humidity sensors, a dry bulb 
economizer cycle sequence shall be substituted for the enthalpy economizer 
sequences stated above.  The outside air dry-bulb temperature shall be compared to 
the return air dry-bulb temperature to determine the operation of the economizer 
similar to those sequences above.  Provide an alarm at the operator’s terminal 
indicating failure of any sensor. 

D. Operator Station Display:  Indicate the following on operator workstation display terminal 
(minimum requirements): 
1. System graphic(s). 
2. Outside air temperature. 
3. Supply and return fan on-off indication, run status, alarms, and speed (Hz and 

percentage). 
4. Air temperature sensors. 
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5. Control-valve positions. 
6. Economizer positions. 
7. Differential pressure sensor status. 
8. Duct static pressure. 
9. Smoke detector(s) status. 
10. VFD LAN points for each VFD (minimum requirements): 

a. VFD run status 
b. Fault status 
c. Bypass status 
d. Frequency (Hz) 
e. RPM 
f. Current (amps) 
g. Power (kW) 
h. DC bus voltage 
i. Output voltage 
j. VFD temperature 
k. Run time (hours and thousands of hours) 
l. KWh counter 
m. MWh counter 

11. All alarms. 

1.7 COOLING ONLY BLOWER COIL UNIT/FAN COIL UNIT CONTROL, (TELECOM, 
ELECTRICAL AND ELEVATOR MACHINE ROOMS) 

A. Provide DDC controller using electric actuation to control the fan coil.  The fan coil is 
controlled as follows: 
1. The unit fan and the chilled water pump P-5 unit are on. 
2. On a call for cooling, the controller maintains the room temperature cooling set point 

by resetting the discharge air temperature set point.  The cooling valve modulates to 
maintain the discharge air temperature at set point. 

B. Safety: 
1. The DDC system uses a current switch to monitor the fan coil fan status. 
2. Upon a failure of chilled water pump P-5, the DDC system shall command the 

bypass valve to open and energize the lead chilled water pump if not already 
running. 

C. Operator Station Display:  Indicate the following on operator workstation display terminal 
(minimum requirements): 
1. System graphic(s). 
2. Supply fan on-off indication, run status, and alarm. 
3. Air temperature sensors. 
4. Control-valve positions. 
5. Differential pressure sensor status. 
6. Pump on-off indication, run status. 
7. All alarms. 

1.8 VAV TERMINAL UNIT CONTROL 

A. The variable volume (VAV) terminal unit is controlled independent of system pressure 
fluctuations by a DDC controller using electric actuation.  The space served by the VAV 
terminal unit is controlled in Occupied and Unoccupied modes as follows: 
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B. Occupied: 
1. The VAV terminal unit is controlled within user defined maximum and minimum 

supply air volume settings.  The controller monitors the room temperature sensor and 
air velocity sensor and modulates the supply air damper in sequence with the reheat 
valve to maintain the room temperature at set point.  Supply air volume remains at 
minimum when HW reheat valve is modulated. 

C. Unoccupied: 
1. The terminal unit is controlled using the night set point.  The controller may reset to 

the Occupied mode for a predetermined time period upon a signal from the control 
system or manually at the room sensor. 

1.9 MISCELLANEOUS CONTROL 

A. Pump Room Fan:  Room thermostat cycles fan. 

B. Stair Exhaust Fan:  Fan shall be interlocked with the corresponding air handling unit to 
maintain proper air balance relationship. 

C. Restroom Exhaust Fan:  The fan shall be started by the DDC controller and run 
continuously.  The fan shall be operated at high speed when any air handler supply fan is 
on, and operate at low speed only when all air handlers are off. 

D. Electric Usage Monitoring:  The DDC system shall totalize the building kWh by means of a 
pulse digital input to the electric motor. 

E. Fire Alarm Monitoring:  The DDC system shall shut down the building air handlers and 
pumps upon a signal from the fire alarm system. 

1.10 TRENDING 

A. Provide trend collection on all physical DDC points specified.  Establish trend collection 
intervals of 15 minutes for specified points.  Provide trend data collection capacity to store 
up to 365 days worth of data for all specified points. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 


