BYPASS VARIABLE AIR VOLUME SYSTEM

PART 1  GENERAL

1.01   SECTION INCLUDES

A.  Products Furnished But Not Installed Under This Section
B.  Related Sectiions
C.  System Description
D.  Submittals
E.  Quality  Assurance
F.  System Responsibility
G.  Warranty
1.02   PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A.  Section 15 - Controls and Instrumentation: Thermostats, duct pressure sensors, temperature sensors, and central network controller.

1.03   RELATED SECTIONS

A.  Section 15 - Building Automation and Central Systems.

B.  Section 16 - Equipment wiring systems.  Electrical supply to units.

1.04   SYSTEM DESCRIPTION

A.  The bypass VAV system shall provide temperature control of multiple comfort zones through the use of a constant volume single-zone HVAC unit. Variable air volume control shall be provided for each zone to maintain zone temperature within the heating/cooling setpoints.  The system shall maintain proper airflow through the duct system and HVAC unit by bypassing air from the supply to the return duct as necessary to maintain the required static pressure needed in the system.

B.  The bypass VAV system shall have all ancillary devices, sensors and operating parameters viewable and editable from a central system panel with an operator display.

C.  The control system shall be designed as indicated on the drawings and described in the specifications.

D.  Direct Digital Control (DDC) technology shall be used to provide the functions necessary for control of mechanical systems on this project.

1.05   SUBMITTALS
A.  Submit shop drawings and product data sheets indicating configuration, general assembly, and materials used in fabrication.

B.  Submit manufacturer's installation instructions.
C.  Include manufacturer's descriptive literature, operating instructions, and maintenance data.

1.06   QUALITY ASSURANCE
A.  Manufacturer; Company specializing in manufacturing VAV products of the type specified in this section with minimum 15 years documented experience.

1.07   SYSTEM RESPONSIBILITY

A.  The entire bypass system, including VAV terminal units, direct digital controls and Building Automation System shall be furnished by a single manufacturer who shall be responsible for the entire system. Acceptable manufacturers may either be the variable air volume terminal unit or temperature control manufacturer, but must bear sole responsibility for the system.

1.09   WARRANTY

A.  Provide one year manufacturer's parts warranty from the time of start-up of the equipment.

PART 2  PRODUCTS

2.01   APPROVED MANUFACTURERS

A. Approved System Manufacturers-
Trane or Engineer Approved Equal
2.02   MANUFACTURED VAV TERMINAL UNITS

A.  Zone controls are ceiling mounted variable air volume supply air control terminals for connection to low pressure duct. VAV terminal units shall be networked to a central controller, which, based on the multiple zones comfort requirements, provides a staged "cool" decision to be used by the building air conditioning unit. A variable air volume bypass air control terminal shall modulate to maintain a minimum air flow across the supply air conditioning unit.

B.  The systems controls shall be a dedicated direct digital microprocessor based control system with multi-level distributed microprocessing. System controls shall be designed for use exclusive to zone temperature and changeover/bypass control. General purpose or generic controls are not acceptable.

2.03   INTEGRATED VAV CONTROLLER WIRING

A.  Factory mount and wire VAV terminal unit controls to zone damper assemblies.  Mount all electrical components in terminal unit control box with removable cover.

B.  Factory mounted and tested actuator attached to casing and wired to control board. 

C.  Provide industry standard 1/4" male spade connectors on VAV unit controller for field wiring of zone temperature sensor, communications and power source.

D.  All wiring shall comply with local and national electric codes and the manufacturer's published installation manual.

E.  Provide terminal strips in central controller for field wiring of air conditioning unit input connections,communications, bypass damper motor and power wiring.

2.04   CONTROLS

A. Electric damper actuator: 24 VAC with end switches to eliminate actuator motor stall conditions.
B.  Zone temperature sensors
1.  Zone temperature sensors shall be a sensor with thumbwheel setpoint adjustment, night setback override and cancel buttons, and a communications jack.


C.  Variable air volume (VAV) terminal unit controller

1.  Each VAV terminal unit shall include a direct digital controller and contain the control logic required to modulate the flow of primary air in response to the difference between zone temperature and the zone setpoint. The VAV unit controller shall operate as a cool supply air controller or "changeover" and operate as a warm supply air controller. The control algorithm shall be proportional integral.

2.  All VAV unit controller setpoints and operating parameters shall be stored in non-volatile electronic memory.
3.  All VAV unit controllers will have factory default setpoints and operating parameters capable of providing typical operating control on power-up. 

4.  The VAV unit controller shall be field or factory configurable to function as an auto-changeover device, or as an auto-changeover device with local heat control capability.

5.  The VAV unit controller shall be configurable to control various types of local heat.  These types of local heat are to include: 

a.  1-3 stages hot water 

b.  1-3 stages electric

c.  proportional hot water

d.  pulse width modulation – electric


6.  The VAV unit controller configured to control local heat shall be capable of allowing

a.   simultaneous local heat and HVAC unit heat when local heat is hot water, or 
b.   disabling local heat when HVAC unit heat is being provided.

7.  The VAV unit controller shall be equipped with:

24 VAC output(s) to energize local heat. 

8.  The VAV unit controller shall control to a unique minimum damper position for cooling, heating, and local heat modes.
9.  The VAV unit controller shall provide an occupancy input for motion or light sensor.
10. The VAV unit controller shall include a CO2 sensor input.
D.  Central Controller Base Panel

1.  Upon central controller system panel power-up, all connected VAV unit controllers, building system controller, unit HVAC machine, shall automatically identify themselves over the communication links.

2.  The following capabilities for each VAV unit controller and the unit HVAC machine shall be viewable at the central controller and editable through the PC software.

a.   initiating timed override for extended occupied operation for the unit HVAC machine for a fixed time interval 

b.   Enable, disable, or limit the range of the setpoint adjustment on the zone thermostat sensor

c.   Allow the operator to custom name devices

d.   Detailed equipment status shall be provided for the end-user. Points provided shall be: 

1. Operating Mode

2. Operating Status

3. Supply Air Temperature

4. Zone Temperatures

5. Bypass Position

6. Supply Fan Status

7. Fan Static Pressure

8. Fan Static Pressure Setpoint

9. Total Cool Requests

10. Total Heat requests

11. Time to system mode changeover

12. Compressor #1 Status

13. Compressor #2 Status

14. Heat stage #1 Status

15. Heat Stage #2 Status

16. Worst Zone Deviation

17. Economizer Status

18. Outside Air Damper Position

19. Outside Air Temperature

3.  The central controller shall exchange information with each VAV unit controller, transmitted on a communication link.

4.  Power shall be 24V, 50/60 Hz. The control system shall contain its own on-board isolation transformer or a dedicated transformer shall be provided.  Operating temperature range shall be 32F to 120F.  Operating humidity range shall be 10% to 90% non-condensing.

5.  The central controller shall send setpoints and override instructions to the VAV unit controller. The VAV unit controller shall send operating status and configuration information to the central controller.

6.  The central controller shall be capable of communicating and operating with any configuration of manufacturer's DDC VAV terminal unit product, including  any fan powered reheat and/or pressure independently controlled VAV units noted.

7.  The central controller shall communicate with up to 24 VAV unit controllers.

8.  The central controller shall scan the VAV unit controllers to determine deviations from temperature setpoint, time of deviation, time from last changeover and number of VAV units requiring heating or cooling. Based upon this information, the system heat/cool mode and stage of capacity shall be determined.

9.  The central controller shall exclude a zones’ request for cooling or heating if that zone remains more than 3 degrees from setpoint for a period of 60 minutes.

10. The central controller shall modulate the position of the bypass damper based on supply air duct  pressure sensed on the bypass damper unit controller, to maintain a minimum air flow rate through the air conditioning unit. Bypass damper position and setpoints shall be monitored and editable at the central controller user interface.
11. The central controller shall modulate the position of the bypass damper based on the supply duct static pressure input.
12. All central controller setpoints and operating parameters shall be stored in non-volatile electronic memory within the central controller or transmitted to each terminal unit controller for storage in non-volatile electronic memory. Battery back-up is not acceptable.

13. The central controller shall be capable of reporting the following system status information:

a.  System type (e.g. Rooftop Unit or Heat Pump)

b.  Mode of operation (occupied or unoccupied)

c.  Operating status (heat or cool)

d.  Supply air temperature

e.  Supply air duct static pressure in inches W.C.

f.  Position of bypass damper

g.  System fan status (on or off)

h.  Stages of cooling (on or off)

i.  Stages of heating (on or off)

14. The central controller shall be capable of monitoring and editing the following system configuration information:

a.  System identification.

b.  Discharge air heating setpoint.

c.  Discharge air cooling setpoint.

d.  Supply air static pressure setpoint.

e.  Heat/cool calls required for changeover.

f.  Energy saver mode of operation.

g.  Ventilation mode of operation.

h.  Unoccupied terminal unit damper position.

15. Central controller shall be capable of a protocol interface to a higher level building automation system.

16. Discharge Air Control. The central controller shall control the associated HVAC unit by maintaining discharge air temperature control to a specific setpoint.  The discharge air setpoint shall be adjustable for both heating and cooling and have a functional range of 45F-145F.  The central controller shall enable discharge air control based on the heat/cool requests of the associated zone VAV units.  All stages of heat/cool shall be turned off if there are no requests for heating or cooling.

17. Supply Air Tempering. To ensure occupant comfort during cold weather, the central controller shall maintain a minimum supply air temperature during any time period when individual zones are not calling for heating. 

18. Priority Shutdown.  The central controller shall have a binary input  used for priority shutdown and shall return to normal operation when the condition is corrected.

19. The central controller shall have a configurable parameter to select between a 2-Heat/2-Cool amd a heat-pump operation.

D.  Central Controller Interface and Control of VAV Terminal Units
1.  The central controller shall be capable of issuing override commands to the terminal unit controller. Override commands shall be used by the terminal unit controller to change the criteria by which the actuator and the terminal unit heat outputs are controlled. The central controller shall be capable of issuing the following override commands:

a.  Drive terminal unit damper to maximum flow position.

b.  Drive terminal unit damper to minimum flow position.

c.  Drive terminal unit damper fully closed.

d.  Drive terminal unit damper fully open.

e.  Disable terminal unit remote heat.

2.  The central controller shall be capable of resetting the VAV unit minimum position setpoint for purposes of increasing ventilation to the space whenever the HVAC unit has no heating or cooling stages energized. 

3.  The central controller shall be capable of assigning VAV unit controllers into groups. Grouping shall allow for acquiring group status information and executing override commands to all unit controllers within a group at one time.
a.  Grouping shall allow for the VAV unit controllers to be grouped and scheduled together by a time-of-day schedule.  Each central controller shall have up to four separate time-of day-schedules.

b.  The time-of-day schedules shall be available from the central controller interactive touch-screen operator interface.

c.  The central controller shall be able to override group functions for occupied/unoccupied mode, flow control, fans, local heat, enforce minimums while unoccupied and enhanced ventilation mode.

4.  The central controller shall be capable of monitoring and editing the following setpoints which reside in the VAV unit controller:

a.  Occupied cooling setpoint

b.  Occupied heating setpoint

c.  Unoccupied cooling setpoint
d.  Unoccupied heating setpoint

e.  Minimum position setpoint
f.  Maximum position setpoint
g.  Minimum heating position setpoint
h.  Minimum local heating position setpoint
5.  The central controller shall be capable of reporting the following VAV unit controller status information:

a.  Active cooling temperature setpoint.

b.  Active heating temperature setpoint.

c.  Current terminal unit damper position.

d.  Current zone temperature.

e.  Terminal unit remote heat status

f.  Occupied/Unoccupied mode

6.  The central controller shall be capable of monitoring and editing the following VAV unit controller configuration information:

a.  Unit identification
b.  Enable/disable zone sensor setpoint thumbwheel
c.  Set high/low limits on zone sensor setpoint
d.  Set zone sensor setpoint deadband from 2-10F
e.  Enable/disable zone request for heat or cool
f.  Calibration (-10 to +10 degrees) of zone temperature sensor, zone sensor setpoint thumbwheel, and auxiliary temperature inputs
E.  Central Controller CO2 Input and Control

1.  The central controller shall have the ability to edit the CO2 setpoint and CO2 control parameters in the HVAC unit.

2.  The CO2 input shall be located on every VAV unit controller.

3.  The central controller shall be capable of monitoring multiple CO2 sensors in a system. A setup parameter shall allow the user to select either “use highest value” or “use sensor selected by input number for the current system CO2 value”.

4.  The central controller shall be capable of determining and sending minimum damper position to the HVAC unit if no HVAC unit CO2 sensor exists.

F.  Central Controller Ventilation Requirements

1.
Changeover/Bypass VAV Zoning system shall be ASHRAE 62 compliant.

G.  Central Controller Balancing Operations

1.  The central controller shall have a configurable parameter to place either the entire air handling system or be enabled on a group by group basis into a balancing mode that includes controlling the supply fan on, stages of heating and cooling off, bypass closed, and zone dampers open.

H.  Central Controller Graphical Operator Interface

1. The central controller shall have a single red flashing LED on the front panel for indicating a Priority Shutdown condition. A single green LED indicating normal operation shall be displayed at the panel.

2. The central controller shall have a seven day built-in time clock to determine occupied or unoccupied setpoint mode of operation.

3. The central controller shall consist of a system panel that has a graphical interactive touch-screen display that will monitor and have the ability to edit all central controller setpoint and operating parameters and VAV unit controller setpoint and operating parameters. 

4. The central controller shall consist of a system panel that can communicate with a computer software program to monitor and have the ability to edit all central controller setpoint and operating parameters and VAV unit controller setpoint and operating parameters.

5. The central controller shall consist of a system panel that has a graphical interactive touch-screen display that is capable of system start-up operations as well as normal operations, balancing the system and commissioning the system without the use of a personal computer.  

6. The central controller shall consist of a system panel that can communicate with a computer software program for system start-up operations as well as normal operations, balancing the system and commissioning the system.

7. The central controller shall have a graphical interactive digital operators panel to provide monitoring and control of terminal unit controllers from one location.  Multiple central controllers can be linked to one operators panel.

8. The central controller shall allow the operator to enter the occupied and unoccupied heating and cooling setpoints for each terminal unit controller connected to the system. Setpoints shall be stored in non-volatile memory and maintained during a power outage without the use of batteries. 

9. The central controller shall have time-of-day scheduling capability.  Scheduling shall be two on/off periods per day for each of the seven week days, plus exception and holiday schedules. Schedules shall be stored in non-volatile memory and maintained during a power outage without the use of batteries. The terminal unit controllers shall be scheduled by group. The controller shall make daylight savings and leap year adjustments automatically.

2.05   PC OPERATOR INTERFACE SOFTWARE

A.  There shall be PC software available to allow the user complete access to the control panel by using the computers serial port. The software shall allow the user complete access to the control panel by using the modem in the computer to communicate with an external modem on the control panel.

A. System Graphics. The software shall be graphically oriented.  Provide a method for the operator to easily move between graphic displays.

B. System applications: Provide the following applications for each system:

1. Database Save and Restore.  A system operator with the proper password clearance shall be able to archive the database from any system panel and store the file.  The operator shall also be able to clear a panel database and manually initiate a download for a specified database to any panel in another system.

2. System Diagnostics. The system shall automatically monitor the operation of all network connections, building management panels, and controllers for communications.  The failure of any device shall be annunciated to the operator.

3. Security. System security shall be selectable for two classes of operators.  The operator password shall be able to restrict the operators  access for changing system application, full screen editor, and objects.  Each operator shall automatically be logged off of the system if no keyboard or mouse activity is detected.  All system security data shall be stored in an encrypted format.

2.06   FAILURE MODES OF OPERATION
A.  The central controller shall accommodate the following failure conditions:

1. Supply air static sensor failure:  the central controller shall drive the bypass damper to 50 percent open position, and allow the terminal units to function normally. The failure shall be reported at the central controller status display.

2. Supply air temperature sensor failure: the central controller shall disable the supply fan and all stages of heating and cooling. The bypass damper shall be driven to 50 percent open, and terminal unit dampers shall be driven to maximum position.  The failure shall be reported at the central controller status display.

3. Communication failure:  the central controller shall disable all stages of heating and cooling and the supply fan, and drive the bypass damper to 50 percent open if the central controller receives no response from the terminal unit controllers.

PART 3  EXECUTION
3.0 GENERAL WORKMANSHIP 

A. Install equipment, piping, wiring/conduit parallel to building lines (i.e. horizontal, vertical, and parallel to walls) wherever possible.
B. Support VAV damper units individually from structure. Do not support from adjacent ductwork.

C. Provide sufficient slack and flexible connections to allow for vibration of piping and equipment.

D. Install all equipment in readily accessible location as defined by chapter 1 article 100 part A of the NEC.  Control panels shall be attached to structural walls unless mounted in equipment enclosure specifically designed for that purpose.  Panels shall be mounted to allow for unobstructed access for service.

E. Verify integrity of all wiring to ensure continuity and freedom from shorts and grounds.

F. All equipment, installation, and wiring shall comply with acceptable industry specifications and standards for performance, reliability, and compatibility and be executed in strict adherence to local codes and standard practices.

3.1 FIELD QUALITY CONTROL 

A. All work, materials and equipment shall comply with the rules and regulations of applicable local, state, and federal codes and ordinances as identified in Part 1 of this Section.

B. Contractor shall continually monitor the field installation for code compliance and quality of workmanship.  All visible piping and or wiring runs shall be installed parallel to building lines and properly supported. 

3.2 WIRING

A. All control and interlock wiring shall comply with the national and local electrical codes and Electrical Division of these specifications.  Where the requirements of this section differ with those in Electrical Division, the requirements of this section shall take precedence.

B. Where Class 2 wires are in concealed and accessible locations including ceiling return air plenums, approved cables not in raceway may be used provided that:

C. Circuits meet NEC Class 2 (current‑limited) requirements.  (Low‑voltage power circuits shall be sub‑fused when required to meet Class 2 current‑limit.)

D. All cables shall be UL listed for application, i.e., cables used in ceiling plenums shall be UL listed specifically for that purpose.

E. Do not install Class 2 wiring in conduit containing Class 1 wiring.  Boxes and panels containing high voltage may not be used for low voltage wiring except for the purpose of interfacing the two (e.g. relays and transformers).

F. Where class 2 wiring is run exposed, wiring shall be run parallel along a surface or perpendicular to it, and bundled, using approved wire ties at no greater than 10 ft intervals.  Such bundled cable shall be fastened to the structure, using specified fasteners, at 5 ft intervals or more often to achieve a neat and workmanlike result.

G. All wire-to-device connections shall be made at a terminal blocks or terminal strip.   All wire-to wire connections shall be at a terminal block, or with a crimped connector. All wiring within enclosures shall be neatly bundled and anchored to permit access and prevent restriction to devices and terminals.  

H. Size of conduit and size and type of wire shall be the design respon​sibility of the Control System Contractor, in keeping with the manufacturer's recommendation and NEC.

I. Follow manufacturer's installation recommendations for all communication cabling.  Communication cabling shall be run separately from other wiring.

J. This Contractor shall terminate all control and/or interlock wiring and shall maintain updated (as‑built) wiring diagrams with terminations identified at the job site.

K. Flexible metal conduits and liquid‑tight, flexible metal conduits shall not exceed 3' in length and shall be supported at each end.  Flexible metal conduit less than 1/2" electrical trade size shall not be used.  In areas exposed to moisture, including chiller and boiler rooms, liquid‑tight, flexible metal conduits shall be used.

END OF SECTION
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