
PACKAGED VARIABLE AIR VOLUME (VAV) SYSTEM

NOTE:
This specification covers the control system only. It is intended to operate with a 27.5 to 50 ton packaged VAV rooftop unit. Specifications for the packaged rooftop unit must be included from other sources.

PART1: GENERAL
PART 2: PRODUCTS

PART 3: EXECUTION

PART 4: SEQUENCES OF OPERATION
1.01
SECTION INCLUDES

A. VAV RTU System Controller with or without operator display.

B. Multiple VAV RTU System controllers (BAS) with display and/or optional PC workstation.

1. Whole Building VAV RTU System Coordination (BAS)

C. VAV single-duct or fan-powered terminal boxes with or without local heat.

1. VAV Terminal Unit Control

D. Zone temperature sensors with or without a display.

1.02   PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A. Controls and Instrumentation: Installation and wiring of thermostats and other control components.

1.03   RELATED SECTIONS

A. Section 15010 - General Provisions

B. Section 15020 - Mechanical Identification

C. Section 15030 - Testing and Balancing

D. Section 15240 - Vibration Isolation

E. Section 15290 - Ductwork Insulation

1.04   REFERENCES

A. ANSI/NFPA 90A - Installation of Air Conditioning and Ventilation Systems

B. ARI 360 - Unitary Air-Conditioning Equipment

C. ANSI/ASHRAE/IESNA 90.1-1999 - Energy Standard for New Buildings Except Low-Rise Residential Buildings

1.05   SUBMITTALS

A. Submit drawings indicating components, dimensions, weights and loadings, required clearances, and location and size of field connections.

B. Submit product data indicating rated capacities, weights, accessories, and electrical requirements.

C. Submit manufacturer's installation instructions.

1.06   WARRANTY

A. Provide a full parts warranty for one year from start-up or 18 months from shipment, whichever occurs first.

1.07   REGULATORY REQUIREMENTS

A. Units shall be manufactured to conform and be provided with [UL Listing] [CSA Approval].
PART 2 PRODUCTS

2.01   SUMMARY

A. The contractor shall furnish and install VAV terminal units and VAV control system as shown and scheduled on the contract documents. The units shall be installed in accordance with this specification and perform at the specified conditions as scheduled.

***********************************************
Choose only one of the following OR paragraphs:
***********************************************

B. APPROVED MANUFACTURERS

1. Trane:    Product [___________________________]

2. Carrier:  Product [___________________________]

3. York:     Product [___________________________]

4. Substitutions: Prior approval required as indicated under the general and/or supplemental conditions of these specifications

***** OR *****

B. Base bid shall be Trane packaged rooftop air conditioning VAV system with approved alternate being Carrier or York. Alternates must still comply with the performance and features as specified with these specifications and indicated on the design documents. Job will be awarded on basis of specified product. Substitutions must be selected and approved within 14 calendar days after award of contract.

***** OR *****

B. Packaged rooftop air conditioning units, VAV terminals and VAV system controls shall be manufactured by Trane.

2.02   GENERAL SYSTEM DESCRIPTION

B. The direct digital control (DDC)/(VAV) system shall provide temperature control of multiple comfort zones through the use of a VAV HVAC unit using either a variable frequency drive or inlet guide vanes. The system shall monitor zone temperature & setpoints and automatically change the airflow requirements to satisfy the zones.

C. The system shall consist of a VAV RTU HVAC unit with IGV or VFD, a VAV RTU System Controller, an optional Multiple VAV RTU System Controller, VAV terminal boxes and Zone Temperature Sensors.

2.03   UNIT CONTROLS

A. General: Microprocessor controls shall be provided for all 24-volt control functions.

B. The resident control algorithms shall make all heating, cooling and/or ventilating decisions in response to electronic signals from sensors measuring indoor and outdoor temperatures. The control algorithm maintains accurate temperature control, minimizes drift from set point and provides better building comfort. A centralized microprocessor shall provide anti-short cycle timing and time delay between compressors to provide a higher level of machine protection.

***********************************************
Choose only one of the following OR paragraphs:
***********************************************

C. Variable Air Volume Controls: Provide all necessary controls to operate a VAV rooftop from supply air temperature including supply air microprocessor controller, and supply air sensor. The microprocessor shall coordinate the economizer control and stages of cooling with supply air temperature reset capability based upon [outdoor air][zone][return] temperature.

1. The following setpoints shall be accessible in the unit control panel:

a) Supply air cooling setpoint

b) Morning warm-up setpoint

c) Reset setpoint

d) Reset amount

e) Static pressure setpoint

f) Static pressure deadband

***** OR *****

C. Variable Air Volume Controls with Inlet Guide Vanes: Provide all necessary controls to operate a VAV rooftop from supply air temperature including supply air microprocessor controller, supply air sensor and inlet guide vanes.  The microprocessor shall coordinate the economizer control and stages of cooling with supply air temperature reset capability based upon [outdoor air][zone][return] temperature.

1. Inlet Guide Vanes shall be installed on each fan inlet to regulate capacity and limit horsepower at lower airflow requirements.  The inlet guide vane actuator shall be driven by a modulating dc signal from the unit microprocessor.  A pressure transducer shall measure duct static pressure and modulate the inlet guide vanes to maintain the static pressure setpoint within the static pressure deadband.

2. Inlet Guide Vanes shall be installed on each fan inlet to regulate capacity and limit horsepower at lower airflow requirements. Inlet vane rods are offset for rotation out of fan inlet. Include factory supplied static pressure sensor to continuously monitor supply air duct pressure. Assembly to be completely factory installed.

3. The following setpoints shall be accessible in the unit control panel:

a) Supply air cooling setpoint

b) Morning warm-up setpoint

c) Reset setpoint

d) Reset amount

e) Static pressure setpoint

f) Static pressure deadband

***** OR *****

C. Variable Air Volume controls with Variable Frequency Drive: Provide variable air volume supply air temperature control with variable frequency drive [without bypass][with bypass to provide full nominal airflow in the event of drive failure]. Provide all necessary controls to operate a VAV rooftop from supply air temperature including microprocessor controller and supply air sensor.  The microprocessor shall coordinate the economizer control and stages of cooling with supply air temperature reset capability based upon [outdoor air][zone][return] temperature. Variable frequency drive shall be factory installed and tested to provide supply fan motor speed modulation based upon the supply air static pressure setpoint. Field installed variable frequency drives shall not be acceptable.

1. The following setpoints shall be accessible in the unit control panel:

a) Supply air cooling setpoint

b) Morning warm-up setpoint

c) Reset setpoint

d) Reset amount

e) Static pressure setpoint

f) Static pressure deadband

2.04   VAV ROOFTOP UNIT SYSTEM CONTROL

A. Controller functions shall include:

1. Time of day scheduling

2. Discharge air set point adjustment

3. Zone grouping

4. Timed override

5. CO2 based demand ventilation control

6. Fan pressure optimization

7. Alarm shutdown

8. Priority Shutdown

9. Alarm & Diagnostics reporting

B. Zone grouping shall allow the operator to control and monitor areas independently from the entire system.  Grouping functions are broadcast to the zones and should include the following:

1. Time of day scheduling

2. Timed override

3. Flow control override

4. Local heat enable/disable

5. Setpoints or setpoint limits

C. CO2 based demand ventilation shall cause the outside air damper to modulate open in response to a rising CO2 sensor level.

1. CO2 sensors shall be located in [engineer specified critical zone(s).] [each VAV zone.] [HVAC unit return air stream.]

D. Fan pressure optimization shall monitor the position of each VAV terminal unit and reset the supply pressure setpoint to the lowest value that meets the most demanding zone's airflow requirements.

E. PC Configuration Software: Any software required for any system or unit configuration shall be provided to the installing contractor and owner included with the system.

F. If a service tool is needed a portable laptop with PC software shall be provided.

G. All system and HVAC unit diagnostics shall be viewable from the system user interface located in the building. All diagnostic messages shall be date and time based plain English text messages - coded diagnostics are not allowed.

1. Unit operating mode

2. Unit failure status

3. Timed override activation

4. Zone temperatures

5. Supply air temperature

6. Unit Configuration data

2.05   WHOLE BUILDING VAV ROOFTOP UNIT SYSTEM COORDINATION (BAS)

A. The system shall include the capability to:

1. Control multiple HVAC systems from a single location.

2. Control lighting and other building systems.

3. Remote monitor all building HVAC units and VAV system operation.

2.06   VAV TERNINAL UNIT CONTROL
A. Each VAV terminal unit shall include the following capabilities:

1. Setpoints editable from the system user interface:

a) Occupied/ unoccupied zone setpoint.

b) Minimum cooling, minimum heating and minimum local heating airflow CFM.

2. Input capabilities:

a) Zone temperature

b) Zone setpoint

c) Occupancy sensor input

d) CO2 sensor or supply air temperature

2.07   ZONE TEMPERATURE SENSORS
A. System manufacturer shall provide zone temperature sensors with the following options:

1. Setpoint Adjustment
2. Override and cancel buttons

3. Digital temperature and setpoint display

4. Communication jack

PART 3  EXECUTION

3.01   INSTALLATION

A. Install in accordance with manufacturer's instructions.

PART 4   SEQUENCES OF OPERATION
4.01   VAV RTU SYSTEM CONTROLLER OPERATION

A. Time of Day Scheduling: The VAV system controller shall schedule up to four (4) different groups of VAV terminal units.  The scheduling shall be 24 hour / seven (7) day per week with up to two (2) start and two (2) stop events each day.

B. Morning Warm-up (MWU) Control: Morning warm-up is activated if the selected MWU zone temperature is more than 1.5 F below the MWU setpoint (default of 68 F, adjustable from 50 F to 90 F) when the system switches from unoccupied to occupied operation. During MWU mode all variable air volume (VAV) boxes are driven fully open, air handling unit supply fan operates at 100%, economizer is held closed, and heat is cycled on. When control temperature meets or exceeds the MWU setpoint the system switches to cooling mode. MWU may be enabled through the operator display.

C. Daytime Warm-up (DWU) Control: Daytime warm-up is initiated during the occupied period if the selected MWU zone temperature is below the DWU initiation setpoint (default of 65 F, adjustable from 50 F to 90 F). During DWU operation mechanical cooling is disabled, economizer is driven to its minimum position, and heating is cycled on until the occupied heating setpoint is reached or exceeded (default of 68 F, adjustable from 50 F to 90 F). Mechanical cooling is disabled until control temperature reaches the DWU termination setpoint (default of 70 F, adjustable from 50 F to 90 F).

D. Demand Ventilation Control - The VAV system controller shall perform demand ventilation. The outdoor air damper position is proportionally reset in response to the highest reported zone IAQ (CO2 concentration) signal supplied by a sensor(s) connected to the VAV unit controller(s). Demand ventilation control shall be enabled through the operator display.

E. Supply Fan Pressure Optimization: Fan pressure optimization shall reduce the supply fan volume until the VAV damper position in the zone of the greatest demand is between 85 to 94 percent maximum flow.  This zone is determined automatically by the VAV RTU system central control panel.  The fan remains at this volume as long as the VAV damper position remains between 85 to 94 percent. If the VAV closes below 85 percent the fan resets to a lower volume. If the zone opens above 95 percent of maximum flow, the fan volume is reset upward. Fan pressure optimization can be enabled from the operator display or PC software.

F. Supply Air Temperature (SAT) Reset: SAT may be reset from zone, return, or outdoor air temperature (operator selectable). The SAT reset shall be proportional to the reset sensor variation from the reset setpoint. The maximum amount of reset shall be editable between 0 F and 20 F. SAT reset may be edited through the operator display.

G. Group Functions: The VAV system controller allows VAV unit controllers to be grouped. The following functions are supported:

1. Time of day scheduling by group.

2. Timed Override: If the timed override button on a sensor is pressed, all VAV unit controllers of that group go to occupied mode.

3. Occupied/Unoccupied: The group can be set to Auto which follows the time of day schedule or overridden to Continuous Occupied or Continuous Unoccupied mode.

4. Flow Control: The group can be set to Auto, which follows temperature vs. setpoint demand or overridden to Continuous Open, Closed, Minimum, or Maximum.

5. Local Heat: Local zone heat may be set enabled or disabled.

6. Enforce Minimum While Unoccupied: Selecting Yes enforces VAV unit controller minimum positions during unoccupied mode. Selecting No allows the dampers to close completely during unoccupied mode.

H. Priority Shutdown: The system shall initiate a priority shutdown upon command from a BAS system, external contact closure, discharge air temperature sensor failure, or communication failure to all VAV terminal controllers. Priority shutdown initiates the following control actions:

1. All stages of heating and cooling are disabled (minimum ON time not enforced).

2. The main supply air fan is turned OFF (minimum ON time not enforced).
3. All damper unit control local heat is disabled.

4. All damper unit control dampers are driven to MAX.

5. The system returns to normal operation when the priority shutdown condition is corrected.

4.02   WHOLE BUILDING VAV ROOFTOP UNIT SYSTEM OPERATION (BAS)

H. Building Automation System (BAS) Control: If multiple VAV Rooftop Unit systems are present, a whole building coordination (BAS) system shall control, monitor, and provide scheduling from a single location.

4.03   VAV TERMINAL CONTROL

A. Zone Control - The VAV controller shall continuously monitor zone temperature, damper position, and zone setpoints. A proportional plus integral (PI) control loop maintains zone comfort by positioning the damper for the proper airflow to meet load requirements. Maximum and minimum position setpoints limit airflow.

B. Heat/Cool Mode Operation: System supply air is compared to individual zone temperature and setpoint:

1. If supply air temperature is less than or equal to zone temperature: Control mode is cool.

2. Greater than or equal to zone temperature +10F: Control mode is heat.

3. Between zone temperature and zone temperature +10F: Control action is selected that drives the damper to the lowest position. The heat/cool control action determined by the VAV terminal unit controller is communicated to the VAV system control.

C. Local Heat Control: The three local-heat outputs available to control duct or perimeter heat shall operate as follows:

1. No local heat is being controlled.

2. 1-3 stages electric: Up to three stages of local electric heat are controlled by space demand.

3. Pulse-width modulation: Pulse-width modulation energizes an electric heat output for some portion of a three-minute time window.

4. Proportional hot water and auxiliary output: Two floating outputs position a proportional hot water valve for local heat. A second on-off hot water stage is available if needed.

5. 1-3 stages hot water/perimeter: Up to three stages of local hot water heat are controlled by space demand.

6. If the VAV system controller is in the heating mode and local heat is configured as:

a) 1-3 stages electric: Local heat is disabled.

b) Pulse-width modulation: Local heat is disabled.

c) Proportional hot water and auxiliary output: Local heat remains enabled.

d) 1-3 stages hot water/perimeter: Local heat remains enabled. When local heat operates the damper unit controller drives the damper to heating minimum position.

D. Priority Local Heat:

1. If priority local heat is selected the VAV unit controller controls local heat to the appropriate heating setpoint with local heat first. If the space temperature falls below the zone heating setpoint a call for heat is generated.

2. If priority local heat is disabled the VAV unit controller first calls for heat from the air-handling unit. If the space temperature drops 1 F below the heating setpoint the unit controls to setpoint with local heat.

3. Priority local heat is enabled via PC software.

E. Occupied/Unoccupied Mode: During occupied operation the VAV unit controller controls to the zone sensor setpoint knob or its internal programmed setpoints. If the zone sensor setpoint knob is disabled or failed the UCM controls to its internal programmed occupied setpoints. The occupied setpoints shall be 74F cooling and 70F heating. The unoccupied setpoints shall be 85F cooling and 60F heating. Setpoint are operator editable.

F. Occupancy Sensor Operation: The VAV unit controller accepts a binary (normally closed contact) signal from a zone occupancy sensor. During occupied operation this signal places the unit under control of the unoccupied setpoints. During unoccupied operation zone occupancy signal has no effect.

G. Drive to MAX: A VAV unit controller may be overridden to maximum position from the zone sensor, operator display, and PC software. The factory default of 100% may be edited from the operator display and PC software.

H. Override to Unoccupied: A VAV unit controller can be overridden to continuous unoccupied from the zone sensor, operator display, and PC software.

I. Stand Alone Controller: By using an optional supply air temperature sensor wired to the VAV unit controller, the VAV unit controller shall provide stand alone zone temperature control to be used as a standalone device or upon a communication failure to the zone.

END OF SECTION
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