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Section 15950  Direct Digital Controls

General Description

Part 1. Services, Submittals, and Warranty

1.1  Basic System

A. Building Automation System (BAS) system shall utilize DDC to control valve and damper actuators for all mechanical equipment as specified in the sequence of operation and in the drawings for all systems.

B. The control system shall be fully integrated and installed as a complete package of controls and instruments.

C. The system shall include all computer software and hardware, control unit hardware and software, operator input/output devices, sensors, control devices, and miscellaneous devices required for complete operation and future modifications.  Documentation for all software and hardware devices shall be provided.  Two copies of the programming code (in graphical or line code) shall be provided to allow for complete installation of the entire program should software be corrupted.

D. Provide engineering, installation, calibration, pre-commissioning, acceptance testing (commissioning) overview, software programming, and checkout for complete and fully operational DDC.

1.2  Scope of Services (Summary of the Work in this Section)

A. Work under this section of the specification shall include, but not limited to, the following:

1) Furnish and install a complete DDC system that includes, but is not limited to:  sensors, actuators, control wiring system for all air handling, boiler/chiller plants, and related equipment as shown on the plans and specified in this section.

2) Furnish and install all necessary zone sensors wiring back to the terminal unit location for each VAV terminal unit as shown on the plans and specified in this section.

3) Install all necessary sensors and actuators as required by the plans and specifications and equipment schedules.

4) Furnish and install NIST certified sensors for outside air temperature, chilled water supply and return temperatures, and zone temperatures as well as for sensors that determine outside air intake requirements.

5) Furnish and install rail terminal strips on all field wiring installed under this contract as detailed in the specifications.

6) Label all sensors, control devices, and control units.

7) Under alternative bid, furnish and install the control air distribution system as required by the project for actuators on boiler/chiller valves and actuators on dampers.   Furnish and install pneumatic tubing extensions from control panel locations to control device locations including final terminations.   This includes all tubing, fittings, hangers, etc. required for the tubing run.  

8) All modems, line drivers, signal boosters, and signal conditioners etc. shall be provided as necessary for proper data communication.

9) Coordination as required with other trades (within other sections of the construction bid specification) for the proper and complete installation of the wiring and tubing system, control devices, dampers, valves, actuators, etc.

10) Furnish and install Direct Digital Control Equipment (DDC) as required by the point list, plans, and specifications including, control units, software, database development, check-out, and debugging.

11) Install the sequence of operations specified in the drawings and in this section.

12) Software testing requirements shall include testing in the field of all logic sequences including actual simulation of different processes and events and observing program response to the process or event.  All deviations from the requirements of the sequence as specified on the drawings or this specification shall be corrected immediately at no additional cost to the Owner.

13) Provide documentation of software system testing before acceptance testing.

14) Provide staff acceptance testing procedures (see 7.3).  Modify hardware and software errors/problems at no additional cost to the Owner.

15) Provide a series of training classes for Owner staff (see 7.7).

16) Setup trending data before (as per commissioning agents request, 7.3.N) and after system acceptance (see 5.4).

17) Attend a series of meetings with the Engineer and Owner to agree on system setup and operating parameters (see 7.1).

18) Provide detailed documentation of system configuration including control units and all control devices.

19) Provide all software (with hardware connections) and software license for all three computers (see 3.1).

20) Read this section in it entirety for specific details.

1.3  Quality Assurance

A. The BAS system shall be designed, installed, commissioned, and serviced by qualified contractor (see 1.4).

B. Acceptable control system contractors and manufacturers include: Alerton, Automated Logic, Automatrix, Delta, Honeywell, Johnson, Seibe, Siemens, Trane or approved.  

C. All products proposed for this contract shall have been in continuous and successful use for at least two (2) year (not including beta testing).

D. All materials and equipment used shall be standard components, regularly manufactured for this and/or other systems and not custom designed specially for this project.

Note: Equipment (controllers and software) should be provided by single manufacturer.  All other products (e.g., sensors, valves, dampers, and actuators) need not be manufactured by the control manufacturer.

1.4 Control Contractor/Manufacturer Qualifications

A. The Control Contractor shall have an established working relationship with the control manufacturer of not less than five years.

B. The Control Contractor’s or Manufacturer’s installer and programmer shall have successfully completed control manufacturer’s classes on control systems and shall present for review the certification of training.

C. The Control Contractor’s or Manufacturer’s installer and programmer for this project shall be:

1) Identified by name.

2) The installer and programmer’s previous work experiences shall not be less than five years.  

3) The installer and programmer shall be technically proficient in both control systems and mechanical (air handling units, boiler, and chiller) systems.

4) Installer and programmer’s references (including contact names and phone numbers) from all jobs during the past 12 months shall be presented.  

5) If proposed installer and programmer do not meet minimum competency, the owner has the right to request a different installer and programmer.

6) No installer and programmer substitutions will be made without prior approval from the owner.

D. The Control Contractor and/or control manufacturer shall show history of service support for systems installed within the past ten (10) years.  History of service and products shall include: 

1) Hardware and software’s expandability to support added features (e.g., new sequence of operation or trending capabilities) and hardwire upgrades (e.g., installing additional sensors).

2) Strong availability or an inventory of spare parts.

3) Software and service support located within a five hour drive of the Owner’s facility. 

1.5  Related Sections

A. Drawings and general provisions of Contract, including General and Supplementary Conditions, Mechanical Special Conditions, Electrical Special Conditions and Division ‑ 1 Specification.

B. Sections apply to work of this section.

Section 15XXX – General Mechanical provisions

Section 15XXX – Piping

Section 15XXX – Meters and Gauges

Section 15XXX – Pumps

Section 15XXX – Motors and VFDs

Section 15XXX – Mechanical Identification

Section 15XXX – Plumbing equipment

Section 15XXX – Air Distribution

Section 15990 – Testing and Balancing

C. Coordination with Other Trades

1) This section specifies cooperation of the Control Contractor with other trades to assure proper location, installation, and communication of control items.  The following matrix describes which items (motors, valves, dampers, wiring, thermometer wells, and other devices) shall be furnished by the Control Contractor and installed under other sections of the specification as directed by the Control Contractor or furnished by other contractors and installed by the Control Contractor. 
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C = Control Contractor





E = Electrical, Division 16





M = Mechanical, Division 15





P = Plumbing Contractor

S = Smoke/Fire Contractor

A = Air Handler/Fan Supplier/Factory 

SM = Sheet Metal Contractor

Footnotes:

1. Smoke/Fire system provides DI, DO for interface with BAS

2. Wire smoke detector power supply from F.A.C.P. so that false alarms are not created when air handling unit power is turned off.

3. Wire from fire/smoke device to alarm control system even for units mounted in or on mechanical equipment or ducts supplied under      Division 15.

4. Air handler supplier/factory supplies motor starters, VFD, compressor safety controls.

5. Control contractor installs other sensors and operates equipment according to sequence of operation

6. Air handler supplier/factory and equipment vendor must work with control contractor to establish communication between air handler and BAS.

7. Control Contractor only supplies valves that are associated with valve actuator.  All other valves furnished by plumbing contractor.

8. Boiler furnished with controls by manufacturer that operate and protect boiler.

9. Chiller furnished with controls by manufacturer that operate and protect chiller.

10. Install two wells per sensor location to allow for calibrating temperature sensor.

11. Supply two wells per location.  Second well is for calibration.

12. Control Contractor wires smoke detector contacts to directly shut down air handlers.

2) The interface between the DDC system and other equipment is the responsibility of the Control Contractor.  The Control contractor shall insure that the DDC system communicates successfully with other equipment (e.g., air handling units, packaged rooftop units, heat pumps, motors, actuators, etc.).  Note:  the equipment supplier is responsible for the proper performance of their equipment (assuming the proper signal are sent/received from the BAS).

3) VFD Contractor

a) For all Variable speed drives (fan and pumps) the Control contractor will coordinate with the VFD contractor to determine optimal acceleration settings, deceleration settings, minimum speeds, etc. to achieve stable control off all systems.
4) Testing, Adjusting and Balancing

a) Test and Balance Contractor will provide Control Contractor with

i. Static pressure and CFM values at each terminal box

ii. Static pressure at static pressure sensor (that ensures adequate static pressure at all terminal boxes) and at AHU static pressure sensor

iii. For each fan system, outside air damper position that provides required minimum outside air.

iv. Pipe pressure at pressure sensor (that ensures adequate pressure at all coil valves) and at pump pressure sensor.

b) The Controls Contractor shall provide the Testing and Balance Contractor (TAB) with either:

i. A service tool (and hardware to connect to VAV terminal box control unit) or 

ii. A laptop computer (with hardware/software to connect to BAS) or 

iii. Hardware/software that can connect TAB’s laptop computer to BAS) in order to balance VAV box air flows.

iv. BAS commands to override actuators in order to supply full air and water flow for all systems. 

v. The TAB Contractor shall keep equipment/software for up to one year following project completion to enable post-construction adjustments.

vi. The Controls Contractor shall instruct the TAB Contractor in the use of these tools.

5) Fire Alarm Contractor

a) The fire alarm system shall provide one common alarm signal to the DDC system for any system alarm.

1.6  Quality Control – Codes and Standards

A. All work, materials, and equipment shall comply with the rules and regulations of all codes and ordinances of the local, state, and federal authorities. Such codes, when more restrictive, shall take precedence over these plans and specifications,  As a minimum, the installation shall comply with the current editions in effect 30 days prior to receipt of bids for the following codes:

1) National Electric Code (NEC)

2) Uniform Building Code (UBC)

3) Uniform Mechanical Code (UMC)

4) Underwriters Laboratories (UL)

5) ANSI/ASHRAE 135-1995 (BACnet™)

6) National Electric Manufacturers’ Association (NEMA) 

7) National Fire Prevention Association (NFPA)

8) American Society Of Heating, Refrigeration, And Air Conditioning Engineers (ASHRAE)

9) Instrument Society Of America (ISA)

10) National Institute of Standards and Technology (NIST).

B. Meet all of the local authorities and State Fire Marshal code requirements for normal operating and smoke mode functions.

1.7  Definitions

A. BAS.  Building Automation System is an integrated system that includes automatic temperature controls and energy management control using a DDC system.

B. DDC.  Direct Digital Control is a control system that uses electronic signals to control the HVAC systems within a building.  Electronic signals are either binary or are converted to analog.

C. Control logic.  The control logic or control loop is a strategy used to process inputs and determine an output. The strategy considers all available inputs and considers any limits and conditions that may constrain the output signal.

D. Control logic diagram.  The control logic diagram graphically illustrates the control logic.

E. Control unit.  Intelligent stand-alone control unit including both primary and secondary units.

F. Network Controller/Supervisor. Communicates and monitors the distributed network of primary, secondary, application‑specific control units.

G. Primary control unit.  A primary control unit is a self sufficient, totally programmable microprocessor-based device (see Parts 3 and 4 for specific details) based on the Primary LAN.  

H. Secondary control unit.  Secondary control units are microprocessor-based devices (see Parts 3 and 4 for specific details) designed to control terminal devices or packaged equipment.  Typically residing on the Secondary LAN.

I. Application control unit. Application control units are dedicated control units that control only one process or control loop. 

J. Operator Interface.  A device used by the operator to manage the BAS and includes Operator workstation or host computer, portable laptop, and Hand-held devices.

K. Operator workstation or Host computer.  The host computer’s primary purpose is to enhance man-machine interfacing, enhance reporting, centralized monitoring and control, and provide re-programming capabilities.

L. Portable Operator terminal.  Laptop computer used for direct connection to the Control Unit and for remote dial up connection.

M. Hand-held units. Used to directly access the DDC system at the Control Unit.  They are not portable laptop computers.

N. Engineer shall refer to mechanical design engineer, commissioning agent, and/or representative chosen by owner.

O. “As-built” documentation means as installed (specifically, after system debugging and system acceptance by the Engineer).

1.8  Submittals

A. Shop drawing submittals are required for the following, in accordance with Section 15010. The Contractor shall not start the project until the Shop Drawings have been submitted and approved.  Shop drawings shall include:

1) Provide submittals 90 days after bid award and at least 12 weeks prior to start of work.

2) All submittals should be provided on paper (with legible font type and size) and in electronic files (AutoCAD v. 14 or higher).

3) All drawings should be labeled TC (temperature control) rather than being referenced within the mechanical or electrical divisions.  Sheets shall be consecutively numbered.

4) One drawing per AHU or system (e.g., boiler plant).  Drawing should include point descriptors (DI, DO, AI, AO), addressing, and point names.  Each point names should be unique (within a system and between systems).  For example, the point named for the mixed air temperature for AHU #1, AHU #2, and AHU #3 should not be MAT but could be named AHU#1MAT, AHU#2MAT, and AHU#3MAT.  The point names could be logical and consistent between systems and AHUs.  The abbreviation or short hand notation (e.g., MAT) should be clearly defined in writing by the Control Contractor.  Naming standard will be decided on during meeting between Engineer, Control Contractor, and Owner (see Section 7.1).

5) Floor plans depicting BAS control devices (control units, network devices,  LAN interface devices, and power transformers as well as static pressure sensor in duct and temperature sensors in rooms) in relation to mechanical rooms, HVAC equipment, and building footprint.

6) DDC System architecture diagram indicating schematic location of all Control Units, workstations, LAN Interface devices, gateways, etc.  Indicate address and type for each Control Unit,  Indicate protocol, baud rate, and type of LAN (per Control Unit).

7) Memory allocation projections.

8) Submit along with shop drawings but under separate cover calculated and guaranteed system response times of the most heavily loaded LAN in the system.

9) For each drawing, include a schematic flow diagram of each air and water system showing fans, coils, dampers, valves, pumps, heat exchange equipment, control devices, etc.  Label each control device with setting or adjustable range of control.  Label each input and output with the appropriate range.

10) Points list shall include all physical input/output and virtual points.  Points list shall be provided in both hard copy and in electronic format and shall include: 

a) Name

b) Address

c) Scanning frequency (for reading point and updating point value)

d) Engineering units

e) Offset calibration and scaling factor for engineering units

f) High and low alarm values and alarm differentials for return to normal condition

g) Default value to be used when the normal controlling value is not reporting

h) Message and alarm reporting as specified

i) Identification of all adjustable points

j) Description of all points 

11) Control Logic documentation shall include:

a) Drawings documenting control logic for all aspects of the BAS including control units, controlled devices, sensors, etc.

b) A detailed sequence of operation (see Part 6 for example) should be submitted on separate sheets for each AHU or HVAC system.  The text description of the sequence of operation should include: 

i. Logic control statement (i.e., describe control loop process)

ii. Setpoints and throttling ranges, deadbands, and differentials for temperature and pressure variables, PID coefficients, reset schedules, etc.

iii. Limits/conditions and interlocks

iv. Measured variables (e.g., mixed air temperature)  

v. Variables to communicate to/from the network

c) Control logic diagrams (see Part 6) in graphical or flow chart format should be submitted unless waived in writing by the owner.

d) Control diagrams should identify

i. System being controlled (attach abbreviated control logic text)

ii. All DO, DI, AO, AI points

iii. Virtual points

iv. All functions (logic, math, and control) within control loop

v. Legend for graphical icons or symbols

vi. Definition of variables or point names (e.g., OAT = outside air temperature)

vii. Define values (e.g., 1 = on, 0 = off)

viii. Voltage, amperage, or resistance input/output signal for all sensors and controlled devices

12) Electrical wiring diagrams shall include both ladder logic type diagrams for motor start, control, and safety circuits and detailed digital interface panel control point termination diagrams with all wire numbers and terminal block numbers identified.  Indicate all required electrical wiring.  Provide panel termination drawings on separate drawings.  Ladder diagrams shall appear on system schematic.  Clearly differentiate between portions of wiring that are existing, factory-installed and portions to be field-installed.

13) Detailed pneumatic (if applicable) and electric connections to all control devices and sensors.

14) Show all electric connections of the controls system to equipment furnished by others complete to terminal points identified with manufacturer’s terminal recommendations.

15) Control Contractor shall provide one complete drawing that shows the control wiring interface with equipment (fan unit, boiler, chiller, etc.) provide by others.

16) Provide complete panel drawings that are

a) Clearly labeled.

b) Schematic OR drawn to scale 

c) Show the internal and external component arrangement so that the operators can identify the components by their position if the labels come off

d) Wiring access routes should also be identified so that Class 1 wiring is separated from Class 2 and 3 and so high voltage wiring is segregated from low voltage wiring and tubing.

17) Complete identification of all control devices (manufacturer’s type, number, and function).

18) The graphic screens for each system shall be described and should include a sketch or picture of the screen with a list of the variables to be placed on the screen.

19) Provide details for labeling all wiring, control devices, and controllers (see 5.10).

20) Testing Submittals:  Provide test plan and test procedures for approval.  Explain in detail, step-by-step, actions to demonstrate compliance with the requirements of this specification and include methods for simulating necessary conditions of operation to demonstrate performance of the system.  Test plan and test procedures shall demonstrate capability of system to monitor and control equipment and to accomplish control and monitoring specified.  In addition, a blank copy of the test reports used during the installation, start-up and debugging of the system shall also be submitted.  The test reports should indicate the type of equipment, when installed, tuned, and calibrated.  These sheets shall include validation check fields for all physical inputs and outputs.

21) A set of drawings showing the details of the damper and damper actuator installation for each damper.  This should include:

a) Section arrangement for sectional dampers

b) Shaft location

c) Blade orientation

d) Blade rotation direction

e) Actuator location

f) Actuator linkage arrangement

g) Damper size

h) Blank-off plate location in ducts where the control damper is smaller than the duct cross section

i) Damper schedule should include:

i. Action (normally open or closed) 

ii. Direct or reverse actuation

iii. Manufacturer make and model

iv. Design pressure drop at full flow

v. Leakage rate

vi. Operating range

vii. Flow rate

viii. Actuator requirements

ix. Actuator spring range

x. Special construction features (U.L. listed smoke damper, etc.)

22) A set of drawings showing the details of the valve and valve actuator installation for each valve.  This should include:

a) Action (normally open or closed) 

b) Manufacturer make and model

c) Cv 

d) Close off rating

e) Flow rate

f) Actuator spring range

g) Special construction features

23) Material and equipment descriptive material such as catalog cuts, diagrams, performance curves, and other data to demonstrate conformance with specifications shall be provided.

B. Record Documents

1) Provide a complete set of control drawings with as-installed equipment and operating sequences on paper and in electronic format (AutoCAD). “As-built” (i.e., as-installed and debugged and after system acceptance) documentation shall include the following as minimum:

a) All data specified in the shop drawings and submittals in their final       "as-built" form.

b) Schematic outline of the overall control system for quick reference

c) Adequate record of the work as installed, including exact location of control panels (using mechanical AutoCAD drawings).

d) Blue prints and AutoCAD files shall include sequence of operation.

e) System hardware specification data which provides a functional description of all hardware components.

f) System engineering information which provides all of the information for the system set-up, definition and application.

g) System database information that provides the point names and application data programmed into the controllers.

h) All of the information, data, procedures and drawings shall be supplied in the form of manuals and electronic copies where applicable.

2) Control Contractor will provide NIST certificates for specified sensors (see 2.5.F) 

3) Provide as-installed (after system acceptance) control logic diagrams showing all points (real and virtual).  

4) DDC systems that use line-based programming must reference line code number with control logic diagrams and/or with sequence of operation text.  Control Contractor shall discuss final format with owner.

5) For application oriented control units, provide sequence of operation text and answers to menu-driven configuration software.

6) Provide licensed electronic copies of all software for each workstation and laptop. This includes, but is not limited to: project graphic images (editing/modifying/creating), project database, trouble-shooting and debugging programs, project-specific programming code and all other software required to operate and modify the programming code (including software at system level, primary control units, secondary control units, and all communication software).  Any hardware devices (cables, protection devices) required to operate the software/hardware shall also be provided.

7) The Control Contractor shall document deviations from the shop drawing submittals.  Documentation should include what equipment was changed and the reason for the change. 

8) Provide copy of final test reports.

C. Operating and Maintenance Materials

1) Provide Operation and maintenance data on all equipment requiring service or adjustment.

2) Operation and Maintenance Manuals:  Provide three complete sets of manuals bound in loose-leaf binders within 30 days after completing acceptance tests. Final copies delivered after completion of the acceptance tests shall include all modifications made during installation, checkout, and acceptance. 

3) Manuals shall include names, addresses, and telephone numbers of each subcontractor installing equipment and systems, and of nearest service representatives for each item of equipment and each system. 

4) Identify each manuals contents on cover.  Place tab sheets at beginning of each chapter or section and at beginning of each appendix. Operation and Maintenance Manuals to include software manual, operations manual, maintenance manual, and acceptance manual.

a) Software Manual:  The software manual shall describe all furnished software.  The manual shall be oriented to programmers and shall describe calling requirements, data exchange requirements, data file requirements, and other information necessary to enable proper integration, loading, testing, and program execution.  Provide one software manual per Host Terminal.

b) Operator’s Manual:  The operator’s manual (one per Host Terminal) shall provide all procedures and instructions for operation of the system, including, but not limited to:

i. General description including an overview of the system, its organization, the concepts of networking and central site/field hardware relationships.

ii. DDC panels and peripherals.

iii. System start-up and shutdown procedures.

iv. Use of system, command, and applications software.

v. Alignment and calibration procedures.

vi. Alarm presentation and reports

vii. Recovery and restart procedures

viii. Report generation

ix. System schematic graphics

x. Establish setpoints and schedules

xi. Download and upload information to or from field hardware

xii. Generate, collect, and review trends

xiii. Back up system software and data files and 

xiv. Interface with third party software (e.g., Excel, Netscape).

c) Maintenance Manual:  The maintenance manual shall include:

i. Provide descriptions of maintenance for all equipment including 

· Inspection

· Periodic preventive maintenance

· Fault diagnosis

· Repair or replacement of defective components

· Emergency procedures for failure or fire

· Disassembly and shutdown procedures

· Maintenance instructions for each piece of equipment

· Proper lubricants and lubricating instructions

· Cleaning, replacement and/or adjustment schedule

ii. Provide a Bill of Materials with each schematic drawing.  List all devices/equipment and match to schematic and actual field labeling.  Provide quantity, manufacturer, actual product ordering number, description, size, accuracy, operating ranges (voltage, temperature, pressure, etc.), input/output parameters, etc.

iii. Field copies of wiring for Primary and Secondary Control Units. (Laminated and permanently affixed in or above controller).

iv. For all equipment not manufactured by the Control Vendor, the Control Vendor shall provide an alphabetical list of system components with the name, address and 24-hour telephone number of the company responsible for servicing each item during the first two years of operation.

d) Acceptance Test Forms:  Maintenance manual shall include copies of signed-off acceptance test forms.

D. Conformance certificates

1) Upon substantial completion of the work, supply and turn over all required inspection certificates from governing authorities to certify that the work as installed conforms to the rules and regulations of the governing authorities.

E. Warranty Certificates.

1) Warrant all work as follows:

a) Labor and materials for the control system specified shall be warranted free from defects for a period of 24 months after final completion and acceptance.  Control system failures during the warranty period shall be adjusted, repaired, or replaced at no additional cost or reduction in service to the owner.  

b) The Control Contractor shall respond to the owner's request for warranty service within 24 hours during normal business hours.  

c) The Control Contractor shall respond to the owner's request for Emergency service (defined as life-threatening or creating the potential to cause property damage) during the warranty period within 4 hours. 

i. Emergency service shall be available 8,760 hours per year.

d) The contractor shall provide technical phone support to the owner during the warranty period for warranty related issues.  If the technical support location of the contractor is outside of the toll free calling area for the customer, the contractor shall have a toll free number or accept collect calls for the purpose of providing technical support.

e) The contractor shall provide technical support bulletin service (if available) for two years.

f) During the warranty period and if required by the School District, standard (in inventory) parts for the DDC system shall arrive at the School District within 48 hours of placing an order.  Non-standard parts (requiring re-manufacturing or ordering from another supplier) shall be shipped as soon as possible.

g) At the end of the final startup, testing, and commissioning phase, if equipment and systems are operating satisfactorily to the Engineer, the Engineer shall sign certificates certifying that the control system's operation has been tested and accepted in accordance with the terms of the specifications listed in Section 15950 (see 7.2 thru 7.4).  The date of acceptance shall be the start of the warranty period.

h) All control work, relating to this scope of work, shall have a single warranty date, even when the owner has received beneficial use due to an early system startup.

i) Operator workstation software, project-specific software, graphic software, database software, and firmware updates which resolve known software deficiencies as identified by the Control Contractor shall be provided and correctly installed at no charge during the warranty period.

j) Control contractor shall be available for a final check and adjustment of the DDC system before the warranty period ends.  The final check will include input from the maintenance staff as well as the Engineer.

1.9  Delivery and Storage

A. Provide factory-shipping cartons for each piece of equipment and control device. Maintain cartons and end caps through shipping, storage, and handling as required to prevent equipment and pipe-end damage, and to eliminate dirt and moisture from equipment and inside of pipe and tubes.  Store equipment and materials inside and protected from weather.

1.10  Surge Protection

A. All equipment shall be protected from power surges and voltage transients.  

1) If failure occurs from surges and transients during the warranty period, then the contractor shall repair surge protection equipment and other equipment damaged by the failure at no cost to the owner.

2) Isolation shall be provided at all peer-to-peer network terminations, as well as all field point terminations to suppress induced voltage transients, and shall be consistent with IEEE Standards 587-1980.

1.11  Discrepancies

A. Any control items not included in the specification but referred to in the Appendix and/or Drawings in reference to this project and any other incidentals not referred to but required as a basic element to the overall performance and/or successful completion of the control work shall be installed as part of this contract.

Products

Part 2.  Basic Materials, Control Devices, Sensors

A. Installation of some of the equipment in this section may be the responsibility of other contractors (see 1.5).

B. All sensors and equipment related to or connected to the DDC system shall be installed according to manufacturer’s recommendations.

2.1  Wiring, Cable Trays, Conduit, and Hangers

A. To supply, install and connect all conduits, boxes and wires between all the different components related in this section including all line voltage to the sensors, actuators, and other control devices. 

B. Provide all necessary field wiring and devices from the point of connection indicated on the electrical drawings. Bring to the attention of the Architect in writing, all conflicts, incompatibilities, and/or discrepancies prior to bid or as soon as discovered.

C. Field Wiring: It is the intent of these specifications that all systems shall be complete and operable. Refer to all drawings and specifications, especially the electrical drawings, to determine voltage, phase, circuit ampacity and number of connections provided by the construction plans for the building. 

D. All wiring and fiber optic cable in exposed (readily seen by occupants and building staff) areas of the central plant, tunnels, hallways, rooms, and other public areas shall be in cable tray or conduit. 

OR 

D. All wiring and fiber optic cable shall be in cable tray or conduit as per code.

OR 

D. All wiring and fiber optic cable shall be installed as follows

1) Use conduit in mechanical rooms at heights below 12 feet

2) Use conduit in all public areas and at all heights.

3) Bundle wiring above 12 feet in mechanical rooms and within plenums. Use available cable trays or attach to pipe and/or duct hangers (see 2.1.F.12).

.

E. Wire

1) Wire and cable of the sizes and types shown on the plans and/or hereinafter specified shall be furnished and installed by the Control Contractor.  All wire and cable shall be new soft drawn copper and shall conform to all the latest requirements of the National Electrical Code, IPCEA, and shall meet the specifications of the ASTM.

2) All control wiring to be copper stranded XE "TEW-105"with appropriate gauge in accordance with Codes. 

3) Input/Output Wiring: Wiring serving inputs and outputs from the BAS shall be cables consisting of single or multiple twisted individually shielded pairs for communication lines. Each pair shall have an independent shield with drain wire. Sensor wires can be unsheiled twisted pairs.  Cables installed with out conduit shall be plenum rated and comply with NEC article 725.  Where automation input/output wiring is run in cable tray furnish and install conductors or multiconductor cable rated for use in cable trays per NEC articles 340 and/or 725.

4) Power Conductors: All feeder and branch circuit wire shall be 600 V insulated of THHN type unless shown or specified to be otherwise.  No wire less than No. 12 gauge shall be used except for control circuits or low voltage wiring.  Wire sizes No. 14 to No. 10 shall be solid except where otherwise indicated.  Wire sizes No. 8 and larger shall be stranded. All wire sizes shown are American Wire Gauge sizes.   Where power conductors are run in cable tray, furnish and install conductors or multiconductor cable rated for use in cable trays per NEC articles 340 and/or 725.

5) All power wiring to be copper stranded RW 90 typeXE "RW 90 type", with appropriate gauge in accordance with Code. 

6) The following color codeXE "code (color)" must be applied: line voltage to be black and/or white, ground to be green.  Communication wire shall be blue.

7) Acceptable Manufacturers: Cable and wire shall be a standard type as manufactured by General Electric Company, National Electric Company, U. S. Rubber Company, Simplex, General Cable Company, Carol, Anaconda, Rome, Southwire, Belden, Alpha, Houston Wire and Cable, or ITT Royal.

F. Wiring Installation

1) If cable trays are installed by other trades, then coordinate with other trades to determine this sections use of cable tray for communication wiring.

2) If cable trays are not installed by other trades, then Control Contractor will install cable trays in mechanical rooms according to this section specification. OR If cable trays are not installed by other trades, the Control Contractor will use conduit as specified in 2.1.H).
3) All wires shall be continuous from outlet to outlet and there shall be no unnecessary slack in the conductors.

4) All wire terminations will be identified using rail terminal strips (see 5.10)

5) All drain wires must be grounded at the source end. The other end must be protected with a dielectric material (tape).

6) All control wiring (24 V and more) must be in a separate conduit from the shielded conductors.

7) Pull-Box and Junction Box:

a) Pull boxes and junction boxes shall be installed where indicated on the drawings or where required to facilitate wire installation.   Locate in conjunction with other trades so as to install without conflict with other materials or equipment.

b) A pull-boxXE "pull-box" will be located at every 50'.

c) All switch, pull, junction boxes, etc., shall be hot dipped galvanized, concrete tight, with interlocking ring or multiple point locking devices. Connectors shall be three piece. Indentation fittings are not acceptable.

d) In suspended ceilings, all boxes must be installed on the structure if possible.

e) Boxes shall be attached by fasteners designed for the purpose and shall provide adequate mechanical strength for future maintenance.

f) Junction and pull boxes not dimensioned shall be minimum 4 inch square.

8) Care shall be used to avoid proximity to heat ducts and/or steam lines.  Where crossings are unavoidable, conduit shall clear covering of line by at least six inches.

9) Motor Interlock Wiring: Interlock circuit wiring shall be No. 14 solid or stranded wire.  Stranded wire only shall be used where wiring is used for flexible wiring harnesses. Stranded control wire shall be provided with crimp type spade terminators.  Interlock circuit wiring shall be color coded or numbered using an identical number on both ends of the conductor.   Wire numbers shall be installed before conductors are pulled.  Where motor interlock conductors are run in cable tray, furnish and install conductors or multiconductor cable rated for use in cable trays per NEC articles 340 and/or 725.

10) All splices, taps, and terminations shall be made at outlet, junction, or pull boxes.   Wire to No.6 gauge shall be spliced using Scotchlok wire nuts.  No Bakelite wirenuts shall be used.  Wire No. 6 and larger shall be spliced using solderness connectors as manufactured by Penn Union Company.  Splices No. 6 and larger shall be insulated by taping with plastic vinyl tape as manufactured by Minnesota Mining and Manufacturing Company.  Splices shall not be permitted in automation input and output wiring with out specific written authorization from the Engineer.  If such a splice is approved, the location of the splice shall be clearly documented on the "As Built" drawings.  Splices in automation wiring, if necessary, shall be made using Thomas&Betts STA-KON connectors installed per the manufacturers directions to maintain NEMA specified voltage drops and wire retention forces.

11) Grounding

a) The contractor shall extend existing equipment grounding systems and system grounding systems.  The Contractor shall use only approved grounding clamps and connectors as manufactured by Penn-Union, Burndy or O-Z Mfg. Company.

b) The conduit system of the 480/277 and 208Y/120 volt systems shall be continuous and shall be used as the static grounding conductor, except for circuits installed in flexible conduit.  Install a green grounding conductor inside all flexible conduits and extend to the nearest outlet or junction box.  Install a green grounding conductor inside all non-metallic conduits or raceways.

12) Wiring at building locations not served by the cable tray system and without conduit may be run under the following conditions and guidelines.

a) Low voltage cable that is run exposed shall follow existing pipe and duct routes and shall be secured to the pipe, pipe hangers, duct, or duct hangers using cable ties.   Cable shall not be attached directly to pipes or ducts with surface temperatures that exceed 100°F under any operating condition.  Where cable must be run to a location that does not have a pipe or duct run to it, then the cable shall be supported from the existing structure using cable ties with mounting bases similar to Tyton MB4 for locations where the base can be zip screwed to the structure and Tyton MMB-1 for masonry structure or the cable shall be run in conduit. In all cases the cable supports shall be located 5 feet on center or less.   At locations with bar joist construction, cable may be pulled through and secured to the bar joists.

b) Where tubing is routed on duct systems, all fasteners used to mount tubing supports to the duct system which penetrate the duct system shall have a daub of silicon caulk applied over the head of the fastener to assure that there is no leakage at the fastener location.

c) Under no circumstances should cable bundles be hung from existing electrical conduit systems.

d) Under no circumstances should cable bundles lay on suspended ceilings.

e) All cable bundles shall follow, within one foot, the building walls and floors.  Cable bundles will not be installed such that it runs across the middle of a room.

G. Cable Trays

1) Communication wiring shall be run in communication cable trays.

2) Furnish and install a control cable tray system for control cables and pneumatic tubing in each mechanical room as required by the plans and specifications.  Coordinate this cable tray with any cable tray systems in the building corridor ceilings as installed under Division 16 or under previous projects.   The cable tray installed under Division 16 or previous projects is available for use by this section for routing cable and tubing outside of the mechanical room areas.

3) The function of this cable tray system is to route tubes and cables associated with the automation system inputs, outputs, and power supplies from the data gathering points to the various sensor and actuator locations in the central plant.  It is intended that the system serve this project as well as provide for easy future additions of points.

4) Furnish and install a complete cable tray system as shown on the drawings and specified in this section.  Main runs shall be 18" wide.   Branch runs shall be 12" wide.

5) The cable tray shall be furnished as a complete system, fabricated and installed to meet the requirements of NEC Article 318.  The tray shall be constructed of a center rectangular aluminum tube which forms a spine to which cross rungs are attached on 3 inch centers.   The cross rungs shall be fastened at right angles to the spine and shall be bent up at their ends to a height of 3 inches to form a center supported open sided ladder like assembly to contain the cables which is free of side rails.  The rungs shall emanate from the bottom of the spine so that the spine divides the tray into two sections.

6) The tray shall be constructed of 6063-T6 aluminum alone and shall be designed to support 50 pounds per lineal foot when supported on 12 foot centers. Tray sections shall be jointed using a rectangular splice connector which telescopes into the pine of the tray.  The connectors shall be installed and arranged to allow for thermal expansion and contraction of the tray system. Connectors shall also be used as support locations. Changes in elevation and direction shall be accomplished using a pivot style connector similar to the splice connector, but incorporating a horizontal or vertical pivot to allow a change of direction of any angle to be achieved.  Tees in the tray system shall be accomplished using right angle couplings designed to bolt and/or clamp directly to the cable tray spline.  Conduit extensions from the cable tray for tubing or cable runs to equipment or data point locations shall be made using a conduit bushing drop out fitting designed to clamp to the tray rungs and to provide support for a conduit connection. All edges of the cable tray and associated fittings shall be rounded and smooth to prevent damage to the cable. Cable tray and fittings shall be as manufactured by Mono​Systems, Inc. in Huntington Station New York or approved.

7) The cable tray shall be supported on a minimum of 12 foot centers using 1/2 inch threaded rod which passes vertically through the center spline with a nut and washer on both the top and bottom of the spline.

H. Conduit

1) Conduit Material

a) All wiring to be in E.M.T. type conduits unless in plenumXE "conduits".

b) All conduits to be a minimum of 1/2".

c) All flexibleXE "conduits (flexible)" conduits will not exceed 6' in length and are to be used only in areas where vibrations and/or expansion joints are present.

d) Flexible conduit to be used for connecting any element to its conduit. The length of this flexible conduit will not exceed 24".

e) Jacketed flexible steel conduit (Sealtite) shall be used where flexible conduit connections are required and at connections to all motorized equipment and motors. 

f) In damp areas, the conduit and related equipment must be suitable for the application.

g) Electrometalic tubing shall be installed for all exposed work and for all concealed work in applications where conduit is required.

h) PVC conduit shall be used for all conduit installed under ground or in concrete.   Where installed in concrete, provisions shall be made to assure a minimum cover of 2 inches of concrete during and after the pour.  Where installed underground, a minimum of 18 inches of cover shall be provided.  PVC conduit shall transition to heavywall conduit or electrometalic tubing (as required by the application and defined in the specification) with-in 2 inches of the point where it emerges from the ground or concrete in which it is installed.

i) Conduit shall be by Allied, Triangle, Republic, Youngstown, Carlon, Rob Roy, or approved equal.

2) Conduit Installation:

a) All conduits to be installed in a concealed manner where possible.

b) All conduits shall follow, within one foot, the building walls and floors.  Conduit will not be installed such that it runs across the middle of a room.

c) Conduit bends shall be made with standard hickeys of proper size; radius of bends to be at least 6 times the diameter of the conduit.  Runs between outlets shall not contain more than the equivalent of three quarter bends.  Conduit runs shall be continuous from outlet to outlet, outlet to cabinet, etc.

d) Conduits shall be installed with pitch toward outlet box wherever possible.  All heavy wall conduits shall have two locknuts and a bushing at each termination outlet box, junction box, etc., except where terminated in a threaded hub.  Fittings on electrometalic tubing shall be compression type.

e) A bushing shall be used where conduit enters a panel box.   Bushing for No. 4 AWG or larger shall be insulated type with provisions for grounding as type "BL" made by O-Z Electric Company, or approved equal.

f) Expansion fittings shall be provided at all conduits across the building expansion joints.  Fittings shall be Type "AX" or "TX" as made by O-Z Electric Company, or approved equal.   Provide copper bonding jumper at each expansion fitting.

g) All ½’’ conduit to be supported every 6', the supports will be located at the connector end of the conduit.

h) Exposed conduit shall be securely fastened in place on maximum 5 ft.  intervals for 3/4" through 2-1/2 inch nominal  sizes.  Supports may be one hole malleable straps or other approved devices.  No perforated metal straps will be permitted.

I. Wireway

1) Furnish and install at all control panel locations a NEMA1 lay in wire way system to bring cable into and out of the panel as detailed on the drawings and specified in this section. Furnish 3 wire-ways at each panel location: one for Class 1 wiring, 1 for Class 2 and Class 3 wiring, and one for pneumatic tubing.

2) Wireway systems at locations where cables are to be run with out conduit or in a cable tray shall consist of a connection to the control panel with a vertical extension to 8'0" or the pipe rack or cable tray level, which ever is higher. The vertical section shall terminate in a 90° fitting with a closure plate.  The closure plate shall be provided with a conduit nipple with locknuts and bushings as a wire entry point into the square duct.  The conduit nipple shall be 1 size smaller than the wireway it is associated with.

3) Wireway systems at locations where cables are to be run in conduit shall consist of a horizontal section of wire way with a length equal to the control panel width and located above the control panel and connected to the control panel with 3 conduit nipples, locknuts, and bushings; one for tubing, one for Class 1 wiring and one for Class 2 and 3 wiring.  Conduits for cable runs shall terminate on the wireway.

4) The intent of the wireway configurations outlined above is to provide a method for adding input and output wiring to the control panel with out having to drill directly into the electronics enclosure after the system is on line and running and to provide sufficient area to land field conduits while maintaining appropriate circuit segregation for wire entry into the controller enclosure.   The installation of the wireway shall be made with this consideration in mind.

J. Hangers and Anchors

1) Where control system tubing is run on trapezes and/or hangers used by and or installed by other trades, supports for the trapezes shall be coordinated by all trades using the trapeze to assure that the anchor system is not overloaded and is sufficient for the load imposed including a margin of safety and seismic considerations.   Under no circumstances shall a trapeze or hanger system installed by the electrical trades be used to support work by any other trade, nor shall the electrical trades use the trapezes installed by any of the other trades for the support of electrical equipment, all as required by the National Electric Code.  Similarly, under no circumstances shall a trapeze or hanger system installed by the sprinkler trades be used to support work by any other trade, nor shall the sprinkler trades use the trapezes installed by any of the other trades for the support of sprinkler systems or equipment, all as required by NFPA 13, Standard For The Installation Of Sprinkler Systems.

2) Anchors to be loaded in tension for use in existing concrete structure and anchors loaded in tension and not cast in place shall be epoxy resin set anchors installed per the manufacturers recommendations for technique, size, loading, embedment, etc.  Where anchors are loaded in shear at these locations, suitably sized and installed wedge type anchors may be used.

3) In all cases, anchor loading shall be based on hanger spacing, weight of the pipe to be supported when full and insulated, weight of any additional loads imposed upon the anchor, wind loading, seismic loading, quality of the material that the anchor is being installed in, etc.  The Control Contractor shall verify in the field that the anchors used and the materials that they are being installed in are suitable for the load imposed and shall bring any problems to the attention of the Owner's Representative in writing immediately and not proceed without direction from the Owner's representative.

4) Wedge type anchors shall be Hilti Kwik Bolt II.  Adhesive anchors shall be Hilti HVA.

2.2   Unit Control Panels (installation and fabrication)

A. Enclosed cabinet type with hinged door for mounting all relays, switches, and miscellaneous control and communication devices. Provide cabinet for each control unit adjacent to each system.

B. Control panels shall be fabricated to match the approved shop drawings submitted by the control contractor. Fabrication shall be in a neat and workmanlike manner and shall facilitate repair, maintenance, and adjustment of the equipment contained therein.

C. Locate all panels in mechanical or electrical rooms.  Submit proposed locations for approval prior to preparing control drawings.

D. Control panels shall be fabricated and laid out to incorporate the following features:

1) Identification of all internally and cover mounted devices.  Cover mounted labels shall be engraved labels as specified in this section (5.101). Labels shall be mounted adjacent to the device they are associated with so that replacement of the device does not eliminate the label.

2) Pneumatic tubing, if applicable, shall enter the panel from the top, bottom, and/or sides of the right side of the panel or as required by the panel supplier to meet NEC requirements. Electrical wiring shall enter the panel from the top, bottom, and/or side of the left side of the panel or as required by the panel supplier to meet NEC requirements. 

3) All wires entering or leaving the panel shall pass through a rail terminal strip.   Where the wires are part of a current loop transmission circuit, the terminals shall be the disconnecting link type.  Terminals shall be identified with a number that corresponds to the terminal number on the job wiring diagram. Rail terminal strip specifications include:

a) General:  Terminal rail assemblies shall be fabricated from components selected from the product line of one manufacturer.  Sizes (heights, widths, and profiles) of each terminal shall be selected to be compatible with the other terminals on the rail.  Terminal units located at the end of a rail or adjacent to terminals with a different profile (for example, where disconnecting terminals are located next to resistor terminals) shall be provided with end caps to completely close off the terminal unit interior components from the local environment.  End stops shall be provided for on all rails to secure the terminals located on the rail in place.  

b) Terminals shall also be selected so that their label holders are compatible and arranged in a manner that allows the labeling requirements of this specification to be complied with.  Labels shall be computer generated labels with legends as specified elsewhere. (see Section 5.10)

c) Component Holder Terminal (Base):  Terminals shall be arranged for mounting on a standard DIN mounting rail and shall be set up to allow a discrete electronic component such as a load resistor or a trimmer pot to be mounted between the entering and leaving connection points.   Terminals shall be equipped with a removable plastic protecting cover.  Terminals shall be Entrelec EM PC type sized as required by the components they are to hold with series 20 000 covers or equivalent by Weidmuller, Phoenix, or Allen Bradley.

d) Disconnecting Terminal Blocks:  Terminal block shall be arranged to allow the entering  conductor to be disconnected from the leaving conductor without lifting the conductor from its termination point.  Disconnection shall be by screw driver actuated sliding link, knife link, or plug switch.  Terminals shall be rated or the voltage and current of the circuit they are contained in at a minimum. Termination points shall be arranged with test jacks to allow a meter to be connected without interfering with the operation of the disconnecting means.  Terminals shall be suitable for and mounted on a standard DIN EN  50022 mounting rail.   Terminals shall be Entrelec M4/6.SNT with accessories as required for a complete assembly or equivalent by Weidmuller, Phoenix, or Allen Bradley

e) Feed  Through Terminal Blocks:  Feed through terminal blocks shall be compatible with the  special purpose terminals specified above and shall mount on the same DIN rail system.   Terminals shall be clamp type terminals suitable for solid or stranded wire from #18 AWG to  #12 AWG (minimum range).  Terminals shall be rated for the voltage and current at which they are applied and shall be provided with all necessary end caps, separators, etc., required for a complete installation.

f) Grounding  Type  Terminal:  Terminals shall be color coded green and yellow and shall be compatible with the other specialty terminals specified above and shall mount on the same DIN rail system.   Units shall be arranged so that the wiring connected to them is grounded to the enclosure via the mounting rail. These terminals shall be provided for grounding cable shields at the points where the cables enter a control panel and terminate on the control panel terminal strip.  Terminals shall be Entrelec M 4/5.3A.PI or equivalent by Weidmuller, Phoenix, or Allen Bradley.

g) Fuse  Holder Terminal Blocks:  Terminal block shall be arranged to allow a fuse to be installed  in the terminal strip between the entering and leaving wires of the termination point.  Terminals shall be provided with LED, Neon, or mechanical fuse status indicators. Terminals shall be rated for the voltage and current of the circuit they are contained in at a minimum. Terminals shall be suitable for and mounted on a standard DIN EN 50022 mounting rail.  Terminals shall be Entrelec MB10/12 series with accessories as required for a complete assembly or equivalent by Weidmuller, Phoenix, or Allen Bradley.

h) Resistor  Style  Terminal Block:   Terminals shall be arranged for mounting on a standard DIN mounting rail and shall be provided with the appropriate resistor value and tolerance factory installed.  Terminals shall consist of a two level block with the upper terminals bussed together and the lower terminals bussed together.  A resistor of the appropriate value and tolerance as required by the application and/or as indicated on the drawings shall be installed between the upper and lower busses.  The terminals shall be applied where it is desired to pass a current loop through a series load resistor to generate a voltage drop for use by a control system or an indicator.  Terminals shall be Entrelec M 4/6.CZ I/U series or equivalent by Weidmuller, Phoenix, or Allen Bradley.

i) Power to the following equipment will be have a fuse rated for applicable current and voltage.  Fuses will be on rail terminal strips.  Separate fuses shall be provided for the following equipment:

i. Each control unit

ii. Sensors 

iii. Control devices

iv. Panel light

v. Receptacle loads (e.g., modems, laptops)

4) All tubes, if applicable, entering or leaving the panel shall pass through a terminal strip and be provided with an indicating gauge at the terminal strip location. Terminals shall be identified with a tube number that corresponds to the job piping diagram and labeled with the tube function.

5) All internal wiring and tubing shall be run inside plastic wiring/tubing duct as manufactured by Tyton. Wire duct shall be sized to hold the required number of wires and tubes without crimping the tubes and with sufficient space to allow wiring and tubing to be traced during troubleshooting operation.   Pneumatic tubes and wires may share the same duct inside the control panel but must be segregated to leave the control panel and at all locations outside of the control panel.

6) Wires and tubes that pass from the panel interior to cover mounted devices shall be provided with a flex loop that is anchored on both sides of the hinge. Wiring and tubing running to cover mounted devices shall be bundled using cable ties and the wires shall be segregated from the tubes.

7) Provide bulkhead unions for all tubes that leave the panel as individual tubes not in conduit.

8) Provide strain relief type cord and cable connectors for all cables that leave the panel as individual cables not in conduit.

9) All control panels shall be provided with removable sub panels to allow the panel enclosures to be installed at the job site during rough in while the panels are fabricated off-site for later installation.

10) OPTIONAL: If control panels are not installed in lighted locations (within 30 feet of a light source with a clear line of sight to the light source), then provide one under cabinet type fluorescent light with switch mounted internally in the control panel.  Panels with external light hoods will also be acceptable if the light will illuminate the panel interior with the door open.

11) Provide one pneumatic, if applicable, gradual switch in all control panels with pneumatic equipment.  The switch shall be mounted internally for set-up, calibration, and troubleshooting purposes.  The switch shall be provided with a coil of tubing, gauge, and quick connect on the leaving side.  Where the panel contains receiver controllers with more than one input, a second and third switch shall be provided if any of the controllers use the second and/or third inputs.

12) All control panels with pneumatic equipment, if applicable, shall be provided with a cover mounted main air gauge.  One gauge shall be provided for each type of main air in the panel (20 psi main, day/night main, occupied/unoccupied main, etc.).  All gauges shall be appropriately labeled.

13) Provide one duplex outlet mounted inside the control panel and separately fused with a non-time delay fuse at 15 A at any panel location containing electronic control components.  This receptacle may be served from the control panel 120 VAC power source.  Label on receptacles should read “Use for laptop only.”

14) Each control panel shall be provided with a control power disconnect switch located and wired so as to disconnect all control power in the panel.  The leaving side of this switch shall be wired to the panel through a fuse sized to protect all control equipment.

15) All control panels containing electrical equipment shall be NEMA rated for the location in which they are installed.   Cover mounted components, tubing penetration, and conduit penetrations shall be made in a manner consistent with the NEMA rating.

16) All wiring leaving the panel shall be separated by classification; i.e., Class 1 circuits shall not be run with Class 2 circuits, etc.  Segregation shall be maintained inside the panel to the fullest extent possible.  Where low voltage wires carrying low level ac and dc signals cross wires containing power and high level ac signals, the wires shall cross at a 90° angle.

E. Control panels shall be shop fabricated and tested prior to installation in the field.  The panels shall be inspected and approved by the Engineer at the assembly location prior to installation in the field.   The Engineer shall be given the opportunity to witness the testing of the panels.

F. Panel location:

1) Each control panel is to be located for convenient servicing.

2) Mount panels adjacent to associated equipment on vibration free walls or free standing steel angle supports.

2.3  Control Valves and Actuators

A. Provide control valves of body type, material and pressure class as determined by the system installation requirements based on the maximum pressure and temperature in piping system. Provide control valve size in accordance with scheduled or specified maximum pressure drop across the valve. 

B. Provide properly sized actuators (heavy‑duty as necessary) with proper shut‑off rating and as specified below for each specific application.

C. Control Contractors shall provide adequate size and number of valves and valve actuators for modulating or two-position action as indicated on the drawings and as specified in this section of the specification or as specified by the Engineer.

D. Provide positive positioning devices where shown or where sequencing cannot be accomplished by using standard spring ranges.

E. Valve Sizing

1) Modulating valve sizing shall be based on the following conditions, or as specified by the Engineer.

a) Water Valves: 

i. For maximum control, pressure drop shall be equal to 25% of pressure drop of the coil OR

i. Minimum pressure drop - 3 psi

ii. Maximum pressure drop - 5 psi

b) Steam Valves:

i. Minimum pressure drop – 25% of the available pressure or equal to the steam side pressure of the heat exchanger it is associated with, which ever is greater.

ii. Maximum pressure drop – 50% of the available steam supply pressure.  Verify that the overall circuit pressure drop is not in excess of the pressure available from the steam header.

c) Flow rates for valve sizing shall be based upon the flow rates indicated on the equipment schedules on the drawings.

d) Valve sizing shall consider the valve cavitation coefficient.  In no case shall a valve be sized so that the pressure drop through the valve causes cavitation with fluid temperatures and pressures encountered in the system during start up or normal operation.

F. Valves

1) Two position valves shall be the full size of the pipe that they are associated with unless otherwise specified.

2) Three‑way valves where indicated on Drawings, otherwise two‑way valves.

G. Globe Type Valves 

1) Valve Construction:

a) Up to 2 inches: Bronze body, bronze trim, rising stem, renewable composition disc, screwed ends with back‑seating capacity repackable under pressure.

b) Over 2 inches: Iron body, bronze trim, rising stem, plug‑type disc, flanged ends, renewable seat and disc.

2) Hydronic System requirements:

a) Valve Temperature and Pressure Rating:

i) Up to 2 inches: Service at 25 to 250(F and 250 psi working pressure rating.

ii) Over 2 inches: Service at 25 to 250(F and 200 psi working pressure rating.

b) Internal Construction: Replaceable plugs and seats of brass or stainless steel dependent upon the specific application.

i) Single‑Seated Valves: Cage trim provides seating and guiding surfaces for plug on top and bottom of guided plugs.

ii) Double‑Seated Valves: Balanced plug; cage trim provides seating and guiding surface for plugs on top and bottom of guided plugs.

c) Flow Characteristics:

i) Two‑way valves: Equal percentage characteristics for typical heat exchanger service.

ii) Three‑way valves: Linear.

3) Steam System requirements:

a) Valve Temperature and Pressure Rating:

i) Up to 2 inches: Service at 25 to 360(F and 250 psi WSP rating.

ii) Over 2 inches: Service at 25 to 335(F and 100 psi WSP rating.

b) Internal Construction: Valve trim, stems and plugs shall be stainless steel or other approved, highly polished corrosion‑resistant alloy. Stem packing shall be Teflon V‑rings or equal.

H. Ball Type Valves

1) Valve Construction:

a) Two‑way valves (1/2 inch to 3 inches): Industrial quality with bronze, stainless or carbon steel bodies, stainless steel ball and stem, and female NPT threads. Valve bodies may also be flanged.

b) All ball valves shall have blowout proof stem design, glass‑reinforced Teflon thrust seal washer and stuffing box ring. Valves suitable for water or low pressure steam shall incorporate an anti‑condensation cap thermal break in stem design.

2) Hydronic System requirements:

a) Valve Temperature and Pressure Rating:

i) Service at minimum 0(F to 350(F and with 300 psi working pressure rating.

b) Internal Construction: Chromium plated bronze ball and brass stem, or stainless steel ball and stem as required for application.

c) Flow Characteristics:

i) Two‑way valves: Equal percentage characteristics for typical heat exchanger service.

3) Steam System requirements:

a) Valve Temperature and Pressure Rating:

i) Service at minimum 0(F to 350(F and with 300 psi WSP rating

b) Internal Construction: 316 stainless steel ball and stem.

I. Butterfly Type Valve

1) Valve Construction:

a) Valves shall be one‑piece through shaft design, flanged industrial type, ANSI class 150 steel body, aluminum bronze disc, 316 stainless steel stem, EPDM seat, BUNA‑N packing, Nitrile or PTFE lined.

b) Valve shall be rated for a minimum 0(F to 250(F and 150 psi WOG rating.

c) Sizing shall be based on flow, line pressure, and line size.

J. Valve Actuators 

1) Electronic actuators shall be manufactured by Belimo. No other shall be accepted unless otherwise provided in writing by the Owner. 

2) Torque shall be rated at twice the required load. 

3) Actuator shall provide a release button to allow for manual override.

4) When so indicated provide position feedback positive positioners with adjustable start point and operating range.

5) Two-way valve actuators shall be sized to close off tight against the full pump shut off head on the system upon which they are installed.

6) Three-way valve actuators shall be sized to close off tight in both directions against 2.5 times the valve pressure drop at full flow.

7) Valves shall close against differential pressures. Water control valves, acting as pressure control or pressure relief valves, shall be capable of closing against a differential pressure equal to 150% of rated pump head of each application.

8) During an electrical power failure, ensure that the valve is in the normally open or closed position as specified and/or shown on drawings.

9) If spring returns are specified, the actuator shall be wired to close the valve using the only electric motor during normal operation.  Spring return is to be used only in the advent of an electrical power failure.

2.4  Control Dampers and Actuators

A. Control Contractors shall provide adequate size and number of dampers and damper actuators as indicated on the drawings and as specified in this section of the specification or as specified by the Engineer.

B. Control Damper Sizing

1) Modulating damper sizing shall be based on the following conditions.

a) Minimum pressure drop - 0.20 inches w.c.

b) Maximum pressure drop - 0.25 inches w.c.

2) Two position dampers shall be the full size of the duct they are associated with unless otherwise specified.

3) Flow rates for damper sizing shall be based upon the flow rates indicated on the equipment schedules on the drawings.

4) Nominal damper sizes indicated on the drawings and/or equipment schedules are for bidding purposes only.   Final damper sizing shall be based on the criteria listed above and shall be the responsibility of the Control Contractor.

C. Airfoil  Dampers 

1) Airfoil dampers shall be provided where fan discharge dampers are required and/or where minimum pressure drop at full flow is necessary and for all two position applications including smoke dampers.

2) Dampers shall be constructed from minimum 12 gauge extruded aluminum blades and frames.  Blades shall be locked to the blade shaft by a positive means other than set screws.  Such means include ribs extruded into the blade that fit slots in the damper shaft and hexagonal shafts that fit tightly in hexagonal holes extruded into the blades.

3) Shafts shall be provided with bearings at all support locations. Plastic shafts are not acceptable.

4) Dampers shall be equipped with blade and jamb seals and shall be leakage certified not to exceed 3 CFM per square foot when closed against 4‑inch static pressure.

5) Linkage shall be concealed in the jamb out of the air stream where such an arrangement will be accessible for maintenance and lubrication without removal of the unit from the duct system or fan system that it is installed in.  In all other cases the linkage shall not be concealed in the frame.

6) Dampers with vertically oriented blades shall be provided with thrust bearings to support the vertical blades.

7) Acceptable devices and manufacturers are as follows: Arrow "Arrow-Foil" and Ruskin model CD-40, CD-50, SD50, SD60

D. Non-Airfoil Blade Dampers  

1) Non-Airfoil dampers shall be provided at locations where Airfoil dampers are not required.  Dampers shall be sized to provide adequate pressure drop at full flow to insure adequate control without hunting.

2) Dampers shall be constructed from minimum 16 gauge steel hot rolled steel in suitable 13 gauge steel channel frame with galvanized finish.  Blades shall be locked to the blade shaft by a positive means other than set screws.  Such means include ribs extruded into the blade that fit slots in the damper shaft and hexagonal shafts that fit tightly in hexagonal holes extruded into the blades.

3) Shafts shall be provided with bearings at all support locations. Plastic shafts are not acceptable.

4) Dampers shall be equipped with blade and jamb seals and shall be leakage certified not to exceed 10 CFM per square foot when closed against 4‑inch static pressure.

5) Tight closing, multiblade type, with interlocking edges and neoprene edging at blade edges and stops.

6) Zero clearance, spring loaded, stainless steel blade end seals.

7) Linkage shall be concealed in the jamb out of the air stream where such an arrangement will be accessible for maintenance and lubrication without removal of the unit from the duct system or fan system that it is installed in.  In all other cases the linkage shall not be concealed in the frame.

8) Dampers with vertically oriented blades shall be provided with thrust bearings to support the vertical blades.

9) Oilite or oil impregnated bearings on corrosion‑resistant steel shafts.

10) Opposed blade type for modulating action and parallel blade type for 2‑position action or as specified in the drawings.

11) Multi‑blade dampers with 8‑inch maximum blade width and 48‑inch maximum blade length per section. Single blade dampers may be used in ducts less than 12 inches.

12) Motorized dampers on fume hood exhaust ducts shall be 316 stainless steel. 

13) Acceptable devices and manufacturers are as follows: Arrow "Pin-Lock" and Ruskin model CD-36, SD34, SD35, SD36.

E. Round Dampers

1) Control dampers in round ducts shall be of the butterfly type consisting of a circular blade mounted to a shaft.  The inside frame surface shall be clean and smooth with no blade stops or similar inward projections.   Frames shall include rolled stiffener beads to allow easy seating of spiral ductwork joints.  

2) Dampers shall include a firm, closed-cell neoprene seal sandwiched between two blades. 

3) Leakage through the damper in the closed position shall not exceed 0.15 scfm per inch of blade perimeter at a differential of 4 inches w.c..  Leakage through the bearings shall be less than 1/4 scfm at 4 inches w.c.  

4) The damper frame shall be fabricated from galvanized steel with a minimum gauge of 20 for sizes 20" and less and a minimum gauge of 16 for sizes larger than 20".  

5) Shafts shall be provided with bearings at all support locations. Plastic shafts are not acceptable.

6) Damper blade gauge shall be a minimum of 14 for both blades.  The damper axle shall be a 1/2" diameter shaft mounted in stainless steel sleeve bearings pressed into the frame with a minimum extension of 6 inches beyond the frame.   

7) Angle type reinforcement rings shall also be provided on sizes 1-1/2" and larger.  

8) All parts not protected by galvanizing or stainless steel construction shall be protected with 1 coat of aluminum paint, factory applied.  

9) Dampers shall be Ruskin CDRS25 or approved equal.

F. Damper Installation

1) Dampers shall be installed securely in the duct systems or plenums and shall be level, square, and free of racking and shall be adequately secured to maintain this condition.   

2) Dampers shall be installed with the blades oriented to promote mixing where this is a consideration.

3) Where damper section dimensions are smaller than those of the duct in which they are installed, the damper shall be centered in the duct cross section via blank-off plates unless otherwise indicated.

4) Dampers with jamb linkages shall be installed with duct flanges arranged to butt up to the damper frame flange so that the linkage is accessible for service, lubrication and adjustment.

5) Where dampers are installed inside duct systems either access panels will be provided for servicing the jamb linkage or the dampers will be installed in a  manner that allows them to be slid out of the duct for service.   Alternatively, dampers with linkage exposed to the air stream may be provided with access panels provided for linkage service and adjustment.

G. Damper Actuators Requirements

1) All damper actuators shall be Belimo electric actuators.  No other shall be accepted unless otherwise provided in writing by the Owner.  

2) Torque rating shall be based on the damper manufacturers operating torque requirements at the design flows and pressure drops or shall be based on the manufacturers required shut-off torque to achieve the design leakage rate, which ever is greater.  This higher torque rating shall be doubled. An actuator with this doubled torque rating shall be installed. 

3) All damper sections which operate in sequence with each other shall have identical actuators and identical linkage arrangements to assure similar performance between all sections.

4) Smoke damper actuators shall fail closed and U.L. certified as a part of the smoke damper assembly.

5) Modulated actuator operation shall be industry standard 0-10 VDC, 4-20 mA.  

6) Two or three position operation is not acceptable for economizers, VAV dampers, multizone dampers, or any other application specifying modulated operation.

7) Provide spring returns on damper operators so that the dampers fail safe during electrical power failure in normally open or closed position as specified and/or shown on drawings.  NOTE:  the actuator shall be wired to close the damper using only the electric motor during normal operation.  Spring return is to be used only in the advent of an electrical power failure.

8) Actuator quantities for dampers (both new and modified existing dampers) shall be based on the following criteria.

a) New dampers shall be sectionalized and arranged so that blade lengths do not exceed 48 inches.   For blade lengths longer than 48 inches one actuator shall be provided for each 48 inches of blade length regardless of the torque requirements.

b) Positioners shall be installed as required for proper sequencing as indicated in the sequence of operation or if more than one actuator is required on a given damper section due to the requirements above.  In this case, at the system designer’s discretion, a positioner need only be provided on the lead actuator on a damper section.  The remaining actuators may be piloted by the positioner of the lead actuator if it has the required capacity and proper system function can be obtained.

c) Actuators shall be installed to maximize the linearity between actuator stroke and actuated device travel (25% actuator stroke produces approximately 25% of the desired angular rotation required; 50% stroke produces 50% angular rotation).  In addition, actuators should be installed to maximize force available for useful work over the entire stroke. 

d) Crank arms on minimum outside air dampers shall be slotted to allow the linkage to be easily adjusted by the Test and Balance Contractor.   The Test and Balance Contractor will be adjusting the damper so that the minimum outside air requirements of the system are met with the actuator at full stroke. It is possible that less than 90( of blade rotation will be required to accomplish this.   Slotted crank arms will allow the crank radius to be easily adjusted as required.

2.5  Sensors

A. All sensing inputs shall be provided industry standard signals.

B. Temperatures, humidities, differential pressure signals, and all other signal inputs shall be one of the following types:

1) 0 ‑ 20 mA

2) 4 ‑ 20 mA

3) 0 ‑ 5 VDC

4) 0 ‑ 10 VDC

5) 1000 ohm RTDs

6) 1,000 – 10,000 ohm thermistors

C. All signal inputs shall be compatible with the controllers used and with the requirement for readout of variables as specified.

D. If sensors are not linear, then software will linearize sensor output.

E. Minimum sensor accuracy (as compared to a test standard) and range are listed in the following Table.  Accuracy is not the same as resolution (the ability of the DDC to display incremental change).  Resolution is specified in “Part 5.”

1) All accuracy values should be combined effect numbers taking into account thermal drift, interchangeability, hysteresis, etc.

Sensor Type


Range



Min. Accuracy

Duct/Air Handling 

     Unit Temperature

40 – 130(F


( 0.5 Degree F

Room Temperature*

50 – 85(F


( 1 Degree F

Outside Air Temperature*
- 20 to 120(F


( 0.5 Degree F

Chilled Water Temperature*
32 – 80(F


( 0.1 to ( 0.5 Degree F

Hot Water Temperature
80 – 220(F


( 0.1 to ( 0.5 Degree F

Humidity


0 to 100% RH


( 3% RH

Duct Static Pressure

0 to 3( w.c.


( 1% full scale per 50(F

Space Static Pressure

- 0.25( to 0.25( w.c.

( 1% full scale per 50(F

Steam Pressure

Sized for application

( 1% full scale

Current Sensor

Sized for application

( 1% full scale

Power (kWh)


Sized for application

( 2.5% full scale (at 0.5 PF)









( 2% full scale (at 1.0 PF)

Air flow


700 to 4,000 fpm

( 2% full scale

Water flow


Sized for application

( 4% full scale

Steam flow


Sized for application

( 4% full scale

CO2 sensors


0 to 2,000 PPM

( 3% full scale

Sensors shall not drift more than 1% of full scale per year.

* Required to be NIST certified.

F. Calibration certificates for specified sensors

1) Furnish with each specified analog sensor a factory calibration certificate, documenting calibration to the specified range and accuracy requirement.

2) Calibration shall be checked at a minimum of three points on the span of the device unless other wise indicated. Calibration shall be checked with both rising and falling signals with the reading under both conditions noted.   The following three points shall be checked at a minimum

a) 0% of span

b) 50% of span 

c) 100% of span

3) All instrumentation and calibration standards used in factory calibration shall be certified as traceable to the National Institute of Standards and Technology (NIST).

4) Specified accuracy shall be achieved at the field termination points of the device and shall include both sensor errors and transmitter.

2.6  Temperature sensors/thermostats

      All sensors shall be completely electronic.

A. Duct/ Air Handling Unit type temperature sensor (mixed, discharge/supply, and return air)

1) The probe of the duct sensor shall be at least 8" in length. Applications where the smallest dimension of the duct is less than 24", the probe shall be sized to reach the center of the duct.

2) Large systems above 9 square feet may require an averaging probe if sufficient mixing of the air stream is not possible. 

3) Mount the sensor far enough down stream to allow mixing of the air stream, this is most important on Hot and Cold Deck applications where the coil is placed after the fan.

4) Sensors for mounting on insulated ducts or casings are to be equipped with brackets for mounting clear of the isolation.

5) Do not locate sensors in dead air spaces or in positions with obstructed air flow.

6) Provide separate duct flange for each sensing element.

7) Temperature sensing elements shall be thermally isolated from brackets and supports.

8) Securely seal ducts where elements or connections penetrate duct.

9) Mount sensor enclosures to allow for easy removal and servicing without disturbance or removal of duct insulation.

B. Outside air type temperature sensor

1) The enclosure shall be weatherproof and complete with PVC sun shield.

2) The enclosure shall be located near air intake.

3) The enclosure shall not be located near exhaust fans or ducts.

C. Immersion type temperature sensor

1) The probe of the sensor shall be constructed of stainless steel and pressure rating consistent with system pressure and velocity.

2) The well shall be constructed of stainless steel and sized to reach into the center of the pipe. Pipes with small diameters shall have the well mounted at a 90 degree elbow to allow sufficient contact with the fluid.

3) Locate wells to sense continuous flow conditions.

4) Do not install wells using extension couplings.

5) Wells shall not restrict flow area to less than 70 percent of line-size-pipe normal flow area.  Increase piping size as required to avoid restriction.

6) Provide thermal transmission material within the well. 

7) Provide wells with sealing nuts to contain the thermal transmission material and allow for easy removal.

D. Room type temperature sensor

1) All thermostat locations shall be submitted for approval before installation.

2) Provide all sensors with blank wall plate, vandal-proof covers that are flush with wall.

3) Unless otherwise noted, zone temperature sensors shall be thermistor type. 

4) Principal’s office and main administrative offices shall have setpoint adjustment to allow the occupants to raise or lower setpoint.  Setpoint differential shall be software adjustable.  

5) Coordinate sensor location with light switches, and mount 48" above the floor. Verify location before installation, so that no direct sunlight or influences from heat and cooling sources will be imposed on the sensor.

6) Unless otherwise indicated or specified, provide one discharge and one space temperature sensor for each VAV Terminal Control Unit.

7) Metal guards shall be provided as shown on Drawings. 

8) Insulation shall be installed between the temperature sensor and open conduit to eliminate false temperature readings due to cold drafts.

2.7  Humidity Sensors

A. The transmitter shall be a two wire type and provide a proportional signal over the 0-100 % range. 

B. The transmitter shall be capable of operating from an unregulated 18-30 VDC power supply.  Subjecting the sensing element to direct contact with moisture shall not damage the sensing element. 

C. Sensors for mounting on insulated ducts or casings are to be equipped with brackets for mounting clear of the isolation.

D. Outside sensor enclosure shall be weatherproof and complete with PVC sun shield.

2.8  Air Pressure Sensors 

A. Static Pressure and Velocity Controllers

1) Static pressure sensors shall be of either the diaphragm or rigid element bellows, electronic type, or magehelic.

2) Each sensor shall be provided with connections, i.e., stop cock and tubing, for attaching a portable pressure gauge.

3) Sensors for mounting on insulated ducts or casings are to be equipped with brackets for mounting clear of the insulation.

4) The transmitter shall be a two-wire type and provide a proportional and linear signal over the calibrated pressure range. 

5) The transmitter shall be capable of operating from an unregulated 18-30 VDC power supply. 

6) The device housing shall provide 1/4" barbed brass fitting for the connection of the pressure lines. Pressure ranges shall suit the application so that normal operation will occur at mid range of the sensor span.

7) The location of the indoor measurement shall be remote from doors and openings to the outside, away from elevator lobbies, and shielded from air velocity effects due to diffusers and/or exterior door/windows. The outdoor measurement location should be 10 to 15 feet above the building and oriented to minimize wind effects from all directions.

2.9  Air Flow Meters

A. All stainless steel construction for units installed in exhaust fans, all aluminum construction for units installed in air handler units, ducts, and VAV boxes.

B. Air flow measuring devices shall be a combination of measuring element, differential pressure transmitter and local indicator.

C. Meter shall be factory calibrated with the capability of providing a proportional and linear output for interface with direct digital controls.

D. Pitot Tube Grids: Provide an array of velocity pressure sensing elements with averaging manifolds and air straightening vanes packaged in a sheet metal casing. Distribute sensing elements in accordance with ASHRAE for traversing ducts. Provide taps to connect tubing from instrumentation. Label AFM with drawing number designation, design flow, velocity pressure, and pressure drop. Application of pitot grids shall be allowed only where minimum expected flow is greater than 30% of maximum flow. 

1) Sensor velocity accuracy: ( 0.5 ft./min @ 2,000 ft./min, ( 2% reading @ 6,000 ft./min

2) Operating Range: 45‑6000 fpm

E. Hot Wire Grid: Provide an array of hot wire anemometers with air straightening package in a sheet metal casing. Provide averaging circuitry and transmitter to transmit a linear signal proportional to airflow.

1) Sensor velocity accuracy: ( 10 ft./min < 500 ft./min, ( 2% reading >500 ft./min

2) Repeatability: ( 0.2% scale

3) Resolution: 0.4% scale

4) Operating Range: 45‑5000 fpm

5) Remote Electronics Operating Temperature Range: 300(F to 1600(F

6) Sensor Probe Operating Temperature Range: 30(F to 160(F (0‑5000 fpm), ‑20(F to 160(F (0‑1500 fpm).

7) Operating Humidity Range: 0 to 99% RH.

8) Microprocessor Based, totally solid state.

F. Vortex Shedding Grid: Provide an array of vortex shedding elements designed to produce stable "Karmen Vortices" that are linear with air velocity.

1) Sensor Accuracy: ±1.5%

2) Electronics Accuracy: (0.5%

3) Range: Select minimum range to accommodate the expected flow range of the application.

4) Operating Range 350‑9000 fpm.

5) Temperature Limits: 20(F ‑140(F

G. Fan Inlet Pitot Rings

1) Air flow measuring elements shall be specially designed for installation in the inlet cone of centrifugal fans, inlet bell of vane‑axial fans or in ductwork. Air flow measuring elements shall be accurate to within 2% throughout the velocity range of 600 FPM and over; operate in temperatures of -40(F to 350(F and relative humidity from 0 to 100% non‑condensing.

2) Differential pressure transmitter shall be capable of sensing positive, negative, or differential pressures. 

3) Local indicator shall be wall mountable. Indicator shall display air flow indications as volume (CFM) and velocity (FPM). Meter scales shall be custom made to match the operating conditions of the air flow or pressure‑sensing element being served. 

4) Accuracy: ( 2% of full scale at 70(F.

2.10 Water and Steam Pressure Sensors

A. The device shall be capable of with standing an over pressure of two times its calibrated span with out any damage to the sensing element.

B. Typical ranges: Building Steam  0-15 psig

C. Typical ranges: Chilled Water   0-150 psig

D. The device enclosure shall be a NEMA 4 type and provide rugged mounting feet. All wetted parts shall be stainless steel so that a wide variety of fluids may be measured. 

E. The transmitter shall be capable of operating from an unregulated 18-30 VDC power supply.  

F. Pressure sensors for liquid or pressurized applications shall be installed with shut off valve to that the system must not be shut down or drain to install or service the sensor.

2.11 Water and Steam Flow Meters

A. Flow meters for liquid or pressurized applications shall be installed with shut off valve to that the system must not be shut down or drain to install or service the sensor.

B. Turbine Insertion Water Flow Meter sensing method shall be of the impedance sensing type (iron magnetic and non‑photoelectric).

1) Volumetric Accuracy: ( 2% of reading over middle 80% of operating range; 4% of reading over the entire operating ranges.

2) Operating Parameters: Maximum of 400 psi and maximum operating temperature of 200(F continuous (220(F peak).

3) Construction: All wetted metal parts shall be constructed of 316 stainless steel. Flow meter shall meet or exceed all of the accuracy, head loss, flow limits, pressure and material requirements of the AWWA standard C704‑70 for the respective pipe or tube size.

4) Installation: Install flow meter in water systems with the manufacturer's recommended straight pipe run (in pipe diameters) with unobstructed flow upstream and downstream of the meter. Provide double turbine insertion type meters if installation has does meet the straight pipe run recommendation and is between 4 to 10 straight run pipe diameters with unobstructed flow.

C. Electromagnetic Water Service Flow Meter

1) Accuracy: (0.5% rate of accuracy and ( 0.1% repeatability

2) Construction: NEMA 6 enclosure, automatic down loading, self diagnostic, neoprene liner, standard pipe connections, 316 SS electrodes, carbon steel enclosure, 304 SS measuring pipe

3)  Size flow meter for pipeline and flow as required.

4) Install meter in pipeline utilizing manufacturer's recommended minimum length of straight pipe with unobstructed flow upstream and downstream of meter.

5) Flow meter shall be uni‑ or bi‑directional as specified for the application.

D. Target Steam Flow Meter 

1) Target meter sensing method shall be strain gage type sensing.

2) Volumetric Accuracy: ( 2% of reading over middle 80% of operating range; 4% of reading over the entire operating range. 15 to 1 flow range.

3) Operating Parameters: Maximum operating pressure of 1000 psi and maximum operating temperature of 425(F (continuous).

4) Construction: Housing shall be wafer type for installation between 300 lb. ANSI flanges, and shall be T304 stainless steel. All other wetted metal parts shall be constructed of Inconel or 304 or 316 stainless steel. Provide over‑range stop specially designed for steam use.

5) Installation: Install in steam systems with manufacturer's recommended minimum length of straight pipe run (in pipe diameters) with unobstructed flow upstream and downstream of meter.

E. Vortex Shedding Steam Meter

1) Accuracy: ( 0.8% of reading accuracy (less than 115 ft/sec); repeatability (0.2% of reading

2) Construction: full ANSI pressure rating at operating temperature; full bore design; ‑40(F to 572(F temperature limits; body: Hestelloy C; shedder: duplex SS; housing and cover: aluminum alloy; standard pipe connections

3) Accessories: display total flow as well as instantaneous flow in engineering units or percent of span; flow measured using the Karman Vortex Shedding principle; allow for replacement of the shedder bar without unbolting or removing the meter body; hermetically sealed sensing crystal; common amplifier (integral or remote) for all line sizes, fluids, outputs, and sensors; integral operator interface to allow programming of all functions.

4) Install in steam system with manufacturer's recommended minimum length of straight pipe with unobstructed flow upstream and downstream of meter.

2.12  Freeze Protection Thermostat

A. Length:  one linear foot of sensing element per square foot of coil or duct area.

B. Low temperature cutout control, snap acting, normally closed contacts.

C. Sensing element contacts will open when any 16‑inch portion of the element sensing at or lower than setpoint.

D. Manual reset. 

E. Temperature sensing elements shall be thermally isolated from brackets and supports.

F. Reset temperature 5(F above setpoint.

2.13  Transformers

A. Transformers selected and sized for appropriate VA capacity and installed and fused according to applicable Codes.

2.14  CO2 Sensors

A. Sensor output shall be proportional and linear over the specified range.

B. The transmitter shall be capable of operating from an unregulated 18-30 VDC power supply.

C. Sensors shall be field adjustable via the DDC system.  

D. Self-calibrating sensors are preferred. Manual calibrated sensors should not require annual calibration but may require calibration every 3 – 5 years.  Allow for easy calibration with test gas.

E. Insulation shall be installed between the sensor and open conduit to eliminate false CO2 readings due to drafts.

2.15  BTU Metering for Steam, Chilled Water, and other systems

A. Metering for Steam, Chilled Water, and other systems 

1) This meter shall provide a signal to the controller which shall be integrated. If the signal is uncorrected then the appropriate sensors shall be provided so that the software in the controller can correct the metered flow.

B. Metering for electrical and gas 

1) Utility meters may provide a signal to the controller and the signal shall be monitored by the BAS.

2.16  Current Switches

A. The status of all non–VFD fan and pump motors and all VFD fan and pump motors less than 20 HP shall ONLY be detected using current switches.

B. The current switch shall be provided for electrical equipment status applications only.

C. Switch should attach directly to the conductor and have a mounting bracket for installation flexibility.

D. The current switch shall be 100% solid state electronics.

E. The current switch shall be induce powered from the monitored load 

2.17  Current Sensors/Transformers

A. The status and amperage of all VFD motors for fan and pumps greater than 20 HP shall be detected using current sensors ONLY.

B. The Amp signal shall be provided on operator screen.

C. The scale used must be selected in order to obtain normal operating readings at the mid-point of the scale.

D. The scale used must be selected in order to detect changes in current flow resulting from motor belt or coupling loss, belt slippage, and other mechanical failures and should be able to distinguish low load conditions.

2.18  Relays

A. Control Relays: All control relays shall be UL listed, with contacts rated for the application, and mounted in minimum MENA I enclosure for indoor locations, MENA 4 for outdoor locations. The following criteria applies to relay selection:

1) Control pilot duty relays for use on electrical systems of 120 volts or less shall have, as a minimum, the following:

a) Coil voltage 120VAC, 24 VAC/VDC; AC/DC coil pull‑in voltage range of 80% of rated nominal voltage.

b) 10 amp contact rating; Silver cadmium Form C contacts with 50 milli-Ohm resistance maximum in a dust‑proof enclosure.

c) Pilot light indication of power‑to‑coil and coil retainer clips.


2) Power relays used for across‑the‑line control (start/stop) of 120V motors, for use on electrical systems of 120 volts or less shall have, as a minimum, the following:

a) Coil voltage 120VAC, 24 VAC/VDC; AC coil pull‑in voltage range of 85% & DC 75% of rated nominal voltage.

b) 30 amp or 1‑ 1/2 hp @ 120/240 VAC contact rating; Silver cadmium oxide Form C contacts in a dust‑proof enclosure or made of heavy duty construction and provided with its own base.

B. Time Delay Relays (TDR): Capable of on or off delayed functions, with adjustable timing periods, and cycle timing light.

1) TDR's shall have silver cadmium contacts with a minimum life span rating of 1 million operations. Contacts shall be rated for the application with a minimum of 2 sets of Form C contacts enclosed in a dustproof enclosure. TDR's shall have solid state, plug‑in type coils with transient suppression devices.

2) TDR's shall be UL and CSA listed, Crouzet type, or equal.

C. Electric Push Button Switch: Switch shall be oil tight, momentary pushbutton, SPDT or DPDT contact, with N.O. and/or N.C. contacts required. Contacts shall be snap‑action type, and rated for minimum 120 VAC operation.

D. Electric Selector Switch: Switch shall be an oil‑tight, maintained SPDT or DPD contact, NEMA ICS 2 rated. Contacts shall be rated for minimum 120 VAC operation.

E. Pilot Light: Panel‑mounted pilot light shall be oil tight with screw terminals, push‑to‑test unit, LED type, and rated for minimum 120 VAC operation.

Part 3.  Direct Digital Controls – Hardware

3.1  System Architecture

A. The network controller/supervisor links the primary, secondary, and application control units with the host computers for central reporting and system communication via the Local Area Network (LAN).

B. Host computers shall be located in

1) Maintenance services office (remote)

2) Custodial office (on site)

C. The system shall be configured as a distributed processing network(s) capable of expansion as specified in this section.

D. The system architecture shall consist of a multi-level Local Area Network (LAN) which supports Control Units, networked Operator Workstations, and LAN Interface Devices.  The following indicates the functional description of the  system structure.

1) Interbuilding LAN: Used for communication between Primary Controller LANs located in each building, and multiple networked Operator Workstations located in selected buildings. This LAN will consist of using the existing School District Ethernet backbone with TCP/IP protocol. BAS/DDC workstations and the LAN Interface Device shall employ native TCP/IP protocol with the Ethernet 10BaseT (IEEE802.3) physical layer standard for connection to Ethernet/ATM routers. BAS/DDC workstations shall not require third party routers, gateways or translators for TCP/IP protocol.  Providing access to the Primary Control Units via the Internet (using the school district’s LAN system) is acceptable and preferred.

i. Control Contractor shall coordinate with school district computer personnel on acceptable LAN protocol and interfacing.

2) Primary Controller LAN:  Used to connect Primary Control Units (Primary Control Units-which generally control central plant equipment, air handlers) within a building.  This LAN may be Ethernet 10BaseT (IEEE802.3) or a separate high speed peer-to-peer LAN used in conjunction with an Interbuilding LAN Interface Device.  The LAN Interface Device shall employ native TCP/IP on the Ethernet 10BaseT (IEEE802.3) physical layer for connection to Ethernet/ATM routers in each building. The LAN Interface Device shall not require third party routers, gateways or translators for TCP/IP protocol.  

3) Secondary Controller LAN:  polling or peer-to-peer LAN to support Terminal Control Units/application specific controllers and interfaces to other third party LANs is acceptable.  The Secondary Controller LAN shall interconnect with the Primary Controller LAN using a LAN Interface Device which may or may not be an integral part of a Primary Control Unit.

4) Auto Answer/Auto Dial modem support, operating at a minimum of 56K baud, to allow communication between remote buildings (buildings that do not have campus Ethernet backbone service) and all Operator Workstations on the Interbuilding LAN or primary LAN or Internet.

E. Dynamic Data Access: Any data throughout any level of the network shall be available to and accessible by all other devices, Control Units, LAN Interface Devices, and Operator Workstations whether directly connected (via campus backbone) or connected remotely (via dial-up telephone lines) or Internet.

F. The BAS shall automatically place calls to workstations and other devices, if required, to report alarms.

1) The auto-dial program shall include provisions for handling busy signals, "no answers" and incomplete data transfers.  Program shall have the capability for pause during dialing.

2) Retry primary number until successful.

3) Alarm and data file transfers handled via dial-up transactions shall not interfere with network activity, nor shall network activity keep the workstation from handling incoming calls.

G. The communication speed between the Control Units, LAN interface devices,  and Host computer shall be sufficient to ensure fast system response time under the maximum future loading condition.  Contractor shall submit guaranteed response times with qualifications including calculations to support the guarantee.  In no case shall delay times between an event, request, or command initiation and its completion be greater than the following.  Requirements do not apply when a remote connection must be established via dial-up modems or via the school’s LAN system or the Internet.

1) 5 seconds or less between a Level 1 (critical) alarm occurrence and enunciation at operator workstation .

2) 10 seconds or less between a Level 2 alarm occurrence and enunciation at operator workstation.

3) 20 seconds or less between a Level 3-5 alarm occurrence and enunciation at operator workstation.

4) 10 seconds or less between an operator command via the operator interface to change a setpoint and the subsequent change in the controlling Control Unit.

5) 5 seconds or less between an operator command via the operator interface to start/stop a device and the subsequent command to be received at the controlling Control Unit.

6) 5 seconds or less between a change of value or state of an input and it being updated on the operator interface.

7) 10 seconds or less between an operator selection of a graphic and it completely painting the screen and updating at least 10 points.

H. Polling Secondary LANs shall operate at a minimum baud rate of 9600 baud.  

I. The Operator Workstations shall provide for overall system supervision, operator interface, management report generation, alarm annunciation, remote monitoring and back-up and loading of software and data to be stored in control unit volatile memory.

J. The primary and secondary control units shall monitor, control, and provide the field interface for all field points. Each Primary Control Unit or Secondary Control Unit shall be capable of performing DDC functions independent of other Primary Control Units or Secondary Control Units and operator interface devices.

K. Interruptions or fault at any point in the primary LAN shall not interrupt communications between other nodes on the network. 

L. All modems, line drivers, signal boosters, and signal conditioners etc. shall be provided as necessary for proper data communication.

3.2  Network Controller/Supervisor
A. The Network Controller shall be a fully user‑programmable supervisory controller. The Network Controller shall monitor and communicate the network of distributed primary, secondary, application‑specific control units, provide global strategy and direction, and communicate on a peer‑to‑peer basis with other Network Controllers/Supervisors.

B. Controllers shall be microprocessor‑based with a maximum program scan rate of one (1) second. They shall be multi‑tasking, multi‑user, and real‑time digital control processors. Controller size and capability shall be sufficient to fully meet the requirements of this Specification.

C. Controllers shall have unused physical points available for future add-ons.  The number of spare points shall equal 20% of all physical points or two spare points whichever is greater.

D. Each Network Controller/Supervisor shall support/communicate with a minimum of 100 primary/secondary control units.

E. Each controller shall have sufficient memory to support its own operating system, databases, and control programs, and to provide supervisory control for all control units.  In addition, if memory for historical data trending is not on primary and/or secondary control units, then sufficient memory is required on the network controller to capture and record historical trending data.  Memory size shall be at least 3 Mb.

F. Network Controller/Supervisor speed shall be greater than 300 bps.

G. Network Controller/Supervisor shall interact with printers, pagers, and host workstations.

H. The controller shall have an integrated real‑time clock.

I. Error detection, correction, and re-transmission to guarantee data integrity. (Optional. Low cost is of greater importance.)

J. The NC shall provide at least two RS‑232 serial data communication ports for operation of operator I/O devices, such as industry‑standard printers, operator terminals, modems, and portable operator's terminals. Controllers shall allow temporary use of portable devices without interrupting the normal operation of permanently connected modems, printers, or terminals.

K. Controller shall continuously perform self‑diagnostics, communication diagnosis, and diagnosis of all panel components. The network controller shall provide both local and remote annunciation of any detected component failures, low battery conditions, or repeated failures to establish communication.

L. In the event of the loss of normal power, there shall be an orderly shutdown of all controllers to prevent the loss of database or operating system software. Nonvolatile memory shall be incorporated for all critical controller configuration data and battery backup shall be provided to support the real‑time clock and all volatile memory for a minimum of 72 hours.

1) During a loss of normal power, the control sequences shall go to the normal system shutdown conditions.

2) Upon restoration of normal power and after a minimum off‑time delay, the controller shall automatically resume full operation without manual intervention through a normal soft‑start sequence.

3) Should a primary/secondary controller memory be lost for any reason, the operator workstation shall automatically reload the program without any intervention by the system operators.

3.3  Primary Control Units

A. Primary control units are stand-alone units able to control HVAC equipment per the specified sequence of operation.

1) Each controller shall be capable of performing all specified control functions independently. The primary control unit shall directly control all units, fans, and control devices. All control software shall be implemented in the primary control unit. The sequence of operation precisely identifies all points of monitoring and control.

2) Shall monitor specific analog and digital inputs, process the data received, and produce analog or digital outputs to control the systems specified.

3) Systems utilizing controllers that operate in a default mode only as a stand-alone will not be acceptable.

4) Primary controllers shall be enclosed in sturdy metal enclosure.

5) Each Primary Control Unit shall be equipped with firmware resident self diagnostics for sensors and be capable of assessing an open or shorted sensor circuit, and sensor input signal out of range conditions and taking an appropriate control action (close valve, damper, etc.).

B. Minimum specifications include:

1) Microprocessor‑based controllers, fully equipped with power supply, input and output terminals, and timeclock.

2) Modular multi-tasking microprocessor based direct digital controller with minimum of 32kB of EEPROM and/or EPROM and/or RAM memory.

3) Minimum 10 bit Analog-to-Digital (A/D) converter.

4) Minimum 8 bit Digital-to-Analog (D/A) converter.

5) Sufficient memory for storing 288 trend values for every point (real and virtual).  This requirement can be satisfied by shifting memory to a network controller depending on manufacturer architecture.

6) Controllers shall have unused physical points available for future add-ons.  The number of spare points shall equal 20% of all physical points or two spare points whichever is greater.

7) Shall be capable of all control strategies listed in “Part 4:  DDC Software.” 

8) Each control loop shall be fully definable in terms of inputs and outputs that are a part of the control strategy.

9) Each control unit shall be able to be accessed via software using the network communications program or hardwired using standard RS232 interface ports.

10)  Each control unit shall have a minimum of 16 universal analog or digital inputs and outputs and shall communicate via the LAN to the host computer.

11) On board power supply for all sensors and control devices.

12) Resistors shall be integrated into the control unit or can be integrated within terminal strips (see Entrelec like product) and shall not have jumper wires between AO and AI wire terminations.

13) Each control units shall be capable of proper operation in an ambient environment of between 32(F and 110(F and from 10% to 90% RH.

14) Control units provided for outside installation shall be capable of proper operation in an ambient environment of 0(F to 120(F, and 5 to 95% RH. If such hardware is not available, locate hardware in an accessible indoor location or as approved by the Engineer.

15) Power Failure Protection: 

a) All Primary Control Units shall be protected from any memory loss due to a loss of power by one or a combination of the following:

i) Volatile RAM shall have a battery backup using a lithium battery with a rated service life of 50 hours, and a rated shelf life of at least 5 years. Self-diagnostic routine shall report an alarm for a low battery condition.

ii) EEPROM, EPROM, or NOVROM non-volatile memory

b) This protection shall, at a minimum, include continuous real-time clock operation, automatic system restart upon power return, and integrity of all volatile point data. 

c) Panel outputs shall, at a minimum, be configured to remain in the last commanded state and return to the required state upon restoration of power.

d) Upon loss of communication with the network, the panel shall operate in automatic mode or automatically force the controls to remain in the last command status.

e) Should the duration of a loss of power exceed the specified battery back-up period or Primary Control Unit panel memory be lost for any reason, the panel shall automatically report the condition (upon resumption of power) and be capable of receiving a down load from any operator workstation via the LAN or telephone line dial-up modem. In addition, the Owner shall be able to upload the most current versions of all sequence of operation and database parameters in the memory of each Primary Control Unit to any operator workstation via the LAN, or via the telephone line dial-up modem, or to the laptop PC via the local RS-232C port.

f) Upon restoration of power within the specified battery backup period, the Primary Control Unit shall resume full operation without operator intervention. The Primary Control Unit shall automatically reset its clock such that proper operation of any time dependent function is possible without manual reset of the clock. All monitored functions shall be updated.

16) Digital Outputs (DO): Each output shall have a supervised manual hand-off-auto switch to allow for override and a LED to indicate the operating mode of the output. If these HOA switches are not provided on the main board they shall be provided via isolation relays within the control enclosure. 

17) Each DO, DI, AO, AI shall be discrete outputs from the Primary Control Units board. Software multiplexing and multiplexing to a separate manufacturers' board is unacceptable unless specifically indicated otherwise. Multiplexing using a changeover relay shall not be acceptable.

C. Local Area Network (LAN) linking the primary control unit with the host computer for central reporting and system communication. Communication with other primary control units, secondary control units, and application control units shall be within acceptable time limits to ensure continuous operation of all control strategies.  Reporting shall be in real time.

D. Primary control units shall be installed on:  

1) Air handling units greater than 2,000 CFM

2) Air handling units with VFDs

3) Boiler plant

4) Chiller plants

5) Any application not listed in secondary and application control units.

3.4  Secondary Control Units

A. Secondary control units are able to control HVAC equipment per specified by the sequence of operation.

1) Each controller shall be capable of performing specified control functions. The secondary control unit shall directly control all units, fans, dampers and control devices. All control software shall be implemented in the secondary control unit. The sequence of operation precisely identifies all points of monitoring and control.

2) Each controller shall monitor specific analog and digital inputs, process the data received, and produce analog or digital outputs to control the systems specified.

3) Secondary controllers shall be enclosed in sturdy metal enclosure.

B. Minimum specifications include:

1) Microprocessor‑based controllers, fully equipped with power supply, input and output terminals.

2) Modular multi tasking based direct digital controller with minimum of 2048 bytes of EEPROM and/or EPROM and/or RAM memory.

3) Minimum 10 bit Analog-to-Digital (A/D) converter.

4) Minimum 8 bit Digital-to-Analog (D/A) converter.

5) Controllers shall have unused physical points available for future add-ons.  The number of spare points shall equal 20% of all physical points or two spare points whichever is greater.

6) Shall be capable of  all control strategies listed in “Part 4:  DDC Software.” 

7) Each control loop shall be fully definable in terms of inputs and outputs that are a part of the control strategy.

8) Each secondary control unit shall be equipped with a RS232C communication interface connection, minimum of 16 universal analog or digital inputs or outputs, and shall communicate via the LAN. Each control units shall be capable of proper operation in an ambient environment of between 32(F and 110(F and from 10% to 90% RH.

9) Control units provided for outside installation shall be capable of proper operation in an ambient environment of 0(F to 120(F, and 5 to 95% RH. If such hardware is not available, locate hardware in an accessible indoor location or as approved by the Engineer.

10) Power Failure Protection: 

a) All Secondary Control Units shall be protected from any memory loss due to a loss of power by one or a combination of the following:

i) Volatile RAM shall have a battery backup using a lithium battery with a rated service life of 50 hours, and a rated shelf life of at least 5 years. Self-diagnostic routine shall report an alarm for a low battery condition.

ii) EEPROM, EPROM, or NOVROM non-volatile memory

b) This protection shall, at a minimum, include continuous real-time clock operation, automatic system restart upon power return, and integrity of all volatile point data. 

c) Panel outputs shall, at a minimum, be configured to remain in the last commanded state and return to the required state upon restoration of power.

d) Upon loss of communication with the network, the panel shall operate in automatic mode or automatically force the controls to remain in the last command status.

11) Digital Outputs (DO): Each output shall have a supervised manual hand-off-auto switch to allow for override and a LED to indicate the operating mode of the output. If these HOA switches are not provided on the main board they shall be provided via isolation relays within the control enclosure. 

12) Source voltage for control devices and sensors shall be supplied by the Secondary Control Unit and shall be isolated from the main board. 

13) Resistors shall be integrated into the control unit or can be integrated within terminal strips (see Entrelec like product) and shall not have jumper wires between AO and AI wire terminations.

14) Each DO, DI, AO, AI shall be discrete outputs from the Secondary Control Units board. Software multiplexing and multiplexing to a separate manufacturers' board is unacceptable unless specifically indicated otherwise. Multiplexing using a changeover relay shall not be acceptable.

C. Local Area Network (LAN) linking the secondary control unit with the primary control unit for central reporting and system communication. Communication with primary control unit shall be within acceptable time limits to ensure continuous operation of all control strategies.  Reporting shall be in real time.

D. Secondary control unit.  Secondary control units are microprocessor-based devices that are less programmable and will be used on:

1) Small unitary equipment (flow rate less than 2,000 CFM)

2) Fan coil units

3) Heat pumps

4) Unit ventilators

3.5   Application Oriented Control Units

A. Pressure Independent VAV Terminal Unit Controller

1)  General

a) Controls shall be microprocessor based Pressure Independent Variable Air Volume Terminal Unit Controllers (VTC). The VTC shall be based on a minimum 8‑bit microprocessor working from software program memory that is physically located in the VTC. The VTC controller "intelligence" shall be resident within the same enclosure that translates sensor signals into digital information.

b) The VTC shall consist of microprocessor, power supply, enclosure, damper and/or valve actuators, pressure transducer, field terminations, field adjustments, and operating/application system software in a single integrated package.

c) All input/output signals shall be directly hardwired to the VTC. Troubleshooting of input/output signals shall be easily executed with a volt/ohm meter (VOM) or hand-held operator interface device or laptop.

d) Actuators shall be furnished by the controls manufacturer and factory installed and tested by the terminal unit manufacturer. (NOTE: TIE TO terminal unit manufacturer SECTION!!!!!!)

2) Non‑Volatile Memory

a) All control sequences programmed in the VTC shall be stored in non‑volatile memory which is not dependent upon the presence of a battery to be retained.

b) Power failures shall, therefore, not cause the VTC memory to be lost, nor shall there be any need for batteries to be recharged or replaced.

3) Controller Location: To simplify controls, mechanical service and troubleshooting, all components of the VTC shall be mounted directly at the Variable Air Volume terminal box. This shall allow all controls maintenance and troubleshooting to be made while at the VTC zone location. Enclosure assembly shall be mounted and positioned so that it is easily accessible to operational personnel.

a) The VTC shall be powered by a 24 VAC power source and shall comply with Class 2 wiring requirements.

b) For compatibility with the environment of a VAV terminal box, the VTC shall have wide ambient ratings for specified controls, sequences, and performance. VTC shall be rated for service from 40(F to 140(F.

c) Contractor shall submit description of location of VTC on VAV terminal box.

d) For compatibility of use in the supply or return air plenum, the VTC enclosure shall be constructed to comply with the requirements of UL‑465.

4) Transducer

a) Each VTC shall contain an integral flow transducer capable of measuring and controlling over a 0.05 to 2.00 WC range with an accuracy of +6% at full rated flow.

b) Flow transducer shall contain an automatic recalibration circuit that eliminates transducer error due to temperature variations and long‑term sensor drift.

c) VAV box controllers not meeting this specification shall include their bid price the cost of sensor recalibration to factory tolerance on a quarterly basis for a minimum period of three years.

5) Actuator Operation

a) Each VTC shall be capable of operating on VAV terminal boxes that require clockwise or counterclockwise primary damper operation.

b) All actuators shall provide a proportional signal over the entire control range.  

c) Actuators shall stop automatically at end of travel and shall include a permanently lubricated gear train.  

d) Interface to the VAV terminal box shall be directly to the damper shaft or through electrical connection to an exiting 24 VAC bi‑directional motor operator.

e) All actuators shall be Belimo.  None others will be accepted.

6) Operational Features

a) Each VTC shall have a discharge temperature sensor that provides data to the BAS.

b) Each VTC shall support the setup of the minimum and maximum flow setpoints, the cooling setpoint as well as the heating or parallel fan start point setpoints without the need for a separate hand‑held communications device. In addition, the configuration modes described earlier in this specification must also be definable at the VTC without requiring an external hand‑held communications device.

c) The set‑up of the above parameters shall be permanent in the VTC, a power failure shall not require the reconfiguration of the VTC operating parameters. 

7) BAS Communication/Control With VTC application control unit: BAS shall be in continual direct communication with the VTCs implemented in the facility. VTCs shall perform all control as specified in control functions for the respective VAV terminal box.

3.6  Operator Workstation

A. The Control Contractor shall provide two IBM or compatible personal computers to be Host computers with the following requirements:

B. Pentium III 1.3 GHz (or higher)

C. 128MB DRAM memory (or higher)

D. Drives

1) 60 GB hard drive (or higher)

2) 40X CD-ROM (or higher)

3) 3.5 inch diskette drive

E. 17” monitor (16” viewable)

F. 56K modem (Hayes or Hayes compatible) if required for remote operation. An auto answer/auto dial modem shall be provided for remote monitoring and access to the system for maintenance and operating purposes.

G. LAN network card (compatible with School District’s LAN system)

H. Printers

1) Two (2) 24 PIN dot matrix printer for alarm printer

2) One (1) 1200 by 1200 dpi (or better) color inkjet for report printer (separate black and color ink cartridges).  10 ppm black and white. 8 ppm color.

3.7  Portable Operator Workstation (Laptop)

A. Provisions shall be made for plug type connection to all control modules or zone control sensors using a portable computer for a site interface with the system to allow repair and maintenance personnel to perform diagnostics, interrogate any point, and reprogram in the field.  

B. One portable computer shall be furnished within the scope of the project.

C. Pentium III 800 MHz (or higher)

D. 128MB DRAM memory (or higher)

E. Drives

1) 15 GB hard drive (or higher)

2) 24X CD-ROM (or higher)

3) 3.5 inch diskette drive

F. 14” Active Matrix Display (14.1” viewable)

3.8  Hand-Held Operator Interfaces (dedicated unit or Palm unit)

A. Hand-Held Operator Interface for VAV Terminal Box Control Units

1) Contractor shall include in the bid a complete diagnostic tool set necessary to perform the following diagnostic tests for each unit unless software on a laptop can provide the same capabilities as the Hand-Held Operator Interface.  Diagnostic tool set shall be delivered to site upon job start‑up.

a) Space sensor diagnostics

b) Duct sensor diagnostics.

c) Verify cooling setpoint as usable and reliable.

d) Verify heating setpoint as usable and reliable.

e) Verify that maximum and minimum flow setpoints are correct.

2) Tools shall allow these tests to be performed even when the controller is isolated and not in communication with any component of the BAS.

3) When the VAV terminal box controller is in communication with a building automation system, the following additional diagnostics shall be available at all times:

a) Room temperature sensor out of range failure.

b) Room temperature setpoint out of range failure.

c) Supply temperature setpoint out of range failure.

d) Maximum flow setting out of range failure.

e) Minimum flow setting out of range failure.

f) Duct temperature sensor out of range failure.

g) Differential pressure transducer out of range failure.

h) Induction damper position indicator out of range failure (if appropriate).

4) If software on a laptop can provide the same capabilities as the Hand-Held Operator Interface, then the Control Contractor can provide the appropriate software and cables at the discretion of the Owner.

Part 4.  Direct Digital Controls – Software

4.1  System Software

A. System software shall be fully licensed to the owner for all Host computer(s) and laptop(s).

B. System software shall, at a minimum, provide:

1) Monitor and supervise all control points.

2) Add new points and edit system database.

3) Change control setpoints, timing parameters, and loop-tuning of PID coefficients in all control loops in all control units.

4) Enter programmed start/stop schedules.

5) View alarm and messages.

6) Modify existing control logic (or sequence of operation) in all control units.

7) Upload/Download programs, databases, control parameters, etc.

8) Modify graphic screens.

C. Full simulation capability shall also be provided with the programming unless waived in writing by owner.  To allow for easy on screen for trouble-shooting of sequence of operation, the user shall be able to fully simulate the constructed sequence of operation on screen.  The system shall also include the ability to simulate multiple programs communicating with each other on a simulated network.

4.2  Primary Control Unit Software 

A. Primary controllers shall be capable of, at minimum, the following:

1) Direct Digital Control Functions

a) Setpoint Reset 

b) Ramp 

c) Float ON/OFF 

d) 2‑position ON/OFF 

e) PID Loop 

f) Linear Sequencer 

g) Rotating Sequencer 

h) Binary Sequencer 

i) High/Low Select 

j) Energy Dead Band 

k) Thermostat

l) Interval timer

m) Delay

n) Latch on/off

2) Energy Management Control Functions

a) Duty Cycle  

b) Temperature Compensated Cycling  

c) Optimum Start/Stop 

d) Electric Demand Limiting  

e) Weekly Scheduling  

f) Calendar and Holiday Scheduling  

g) Enthalpy Changeover

3) Math and Logic Functions  

a) Add  

b) Subtract  

c) Multiply  

d) Divide  

e) Square Root  

f) AND, OR, XOR, NAND, NOR  

g) Nested if/then statements

h) Invert 

i) Averaging  

j) Summations  

k) Totalization

l) Event Totalization

m) Pulse Count Conversion  

n) Time Delay  

o) Curve Fit  

p) BTUH Calculation

4) Facilities Management Functions  

a) Analog High/Low Alarm  

b) Digital Alarm  

c) Trend Log Reporting  

d) Daily EMS Report 

e) Monthly EMS Report  

f) Maintenance Time Reminders  

g) BTUH Trend

5) HVAC Application Functions  

a) Constant Volume Single Zone  

b) Dual ducts AHUs  

c) Multizone  AHUs

d) Variable Volume (Dual & Single Fan VAV Systems)  

e) Fan Tracking VAV  

f) Boiler Optimization  

g) Chiller Optimization  

h) MICROFLO /TMI Interface 

i) MICROZONE /TMI Interface  

j) Supply Air Optimization/Reset

k) Hot Deck Optimization  

l) Cold Deck Optimization

m) Night purge

n) Economizer

o) Freeze Protection

p) Stand-by mode (close outside air dampers during morning warm-up and before major occupancy period)

B. Time synchronization

1) Real-time: The system shall continually adjust the real-time clock at all controllers, panels, and other time-keeping control devices. 

2) Daylight Savings Time (DST): The system shall automatically adjust the real-time clock at all controllers, panels, and other time-keeping control devices for the beginning and end of DST.

C. At no time shall the DDC panel's ability to report alarms be affected by either operator activity at a workstation or local I/O device or communications with other panels on the network.

D. PID Loop Tuning: Contractor shall provide a software tool for tuning loops. This tool shall be provided as an integral part of the system software or graphic software package. Loop response trends shall be used to calculate suggested P, I, and D gains in the units used in the manufacturers' PID algorithms. The following are acceptable:

1) Manual Tuning that accepts either automatic or manual amplitude and response time inputs and calculates PID gains for automatic or manual entry into control module.

2) Adaptive Tuning that continuously monitors natural disturbances in the process and adjusts the PID gains accordingly. This algorithm must include a user definable noise band to inhibit adjustments.

4.3  Secondary Control Unit Software

A. Secondary control unit software can be a limited version of the software in the primary control unit.

B. Software shall control the equipment as specified in the sequence of operation. 

4.4  Application Control Unit Software

A. Pressure Independent VAV Terminal Unit Controller. It is the intent of this

specification to provide VAV terminal box controls which maintain control accuracy over the life cycle of the system. Electronic minimization of long term hysterisis error, via the specified control performance, will maintain the energy efficiency of the specified sequences.

1) All data internal data points shall be communicated to or read by the BAS

2) Control Algorithm

a) VTC shall utilize algorithms to adjust the air flow damper and any available reheat so as to maintain stable load zone temperatures within 0.5(F of setpoint.

b) Proportional, Integral Control

i. VTC shall provide proportional and proportional/integral terminal box control. This function shall be selectable to meet the application of any particular VAV terminal box. Proportional/integral control shall utilize industry standard repeats‑per‑minute settings to adjust the control algorithm so that space temperature offset is minimized without continuous modulation of the equipment.

c) VTCs shall accept communicated control parameters from the BAS to preempt or coordinate with the local settings of these parameters. 

d) Supplied software shall be capable of modifying control parameters.

e) Setpoint Control: Any local thermostat adjustable VTC setpoint can be preempted. Specific setpoints for BAS adjustment are (per zone):

i. Cooling Setpoint 

ii. Heating Setpoint 

iii. Maximum Flow Setpoint 

iv. Minimum Flow Setpoint

f) Setpoint limits

i. The BAS shall allow operators to establish setpoint limits for all zone setpoints. In the database entries for each VTC, the BAS shall hold specific limits for each setpoint. These limits shall preempt any manually adjusted setpoints that exceed the limits.

ii. Privileged building operator shall have the capability to eliminate these setpoint limits and give full setpoint control the local occupant or a lower access level operator.

g) Sensors shall be capable of being calibrated in software via any point of operator access. Calibration shall allow adjustment to one‑tenth of a degree.

3) Equipment Configuration: The VTC shall be capable of, at a minimum, any one of the following VAV terminal box sequences through the use of switch settings. It is the intent of this specification that all components of the VTC shall be housed in one integral enclosure for ease of mounting and servicing.

a) Cooling only, VAV Terminal Box

b) Cooling with Staged Electrical Reheat, VAV Terminal Box

c) Cooling with Time Proportioning Electric Reheat, VAV Terminal Box

d) Cooling with Proportional Hydronic Reheat, VAV Terminal Box

e) Series Fan only, VAV Terminal Box

f) Series Fan with Staged Electric Reheat, VAV Terminal Box

g) Series Fan with Time Proportioning Electric Reheat, VAV Terminal Box

h) Series Fan with Proportional Hydronic Reheat, VAV Terminal Box

i) Parallel Fan only, VAV Terminal Box

j) Parallel Fan with Staged Electric Reheat, VAV Terminal Box

k) Parallel Fan with Time Proportioning electric Reheat, VAV Terminal Box

l) Parallel Fan with Proportional Hydronic Reheat, VAV Terminal Box

m) Induction only, VAV Terminal Box

n) Induction with Staged Electric Reheat, VAV Terminal Box

o) Induction with Time Proportioning Electric Reheat, VAV Terminal Box

p) Induction with Proportional Hydronic Reheat, VAV Terminal Box

4) Occupied/Unoccupied

a) VTC shall accept a signal from the facility scheduler to index room occupied to unoccupied heating and cooling setpoints.  VTC shall control to occupied setpoints as described in this specification. During the unoccupied time, VTC shall control the space around the unoccupied setpoints.

5) Monitoring Functions: From any operator access point, operators may monitor any of the below described information, as well as any information described under Parameter Control, Alarming, and Information Management.

a) Monitored information may be displayed at any operator access point, or integrated into color graphics, trended information or graphs and bar charts as provided by the Host computer. Specific information to be monitored and/or adjusted at each VTC shall include:

i. Space temperature.

ii. The current local thermostat settings for both heating and cooling setpoints.

iii. Supply air temperature.

iv. The local maximum flow setpoint.

v. The local minimum flow setpoint.

vi. Real-time flow (CFM).

vii. Hydronic reheat valve position (setpoint and actual).

viii. The current fan start points (when applicable).

ix. Primary damper position indication (when applicable).

x. Induction damper position indication (when applicable).

xi. Occupied/unoccupied mode of operation.

xii. Morning warm‑up or purge mode or occupied/unoccupied modes.

6) BAS Facility Interface

a) VTCs shall be integrated into the BAS energy management and global control functions. BAS shall be capable of the following for any and all VTC information; facility scheduling; optimum start; electric demand limiting; trend reporting; maintenance time reminders; and all performance functions as specified for the building automation system and the primary control units.

b) Any BAS operator shall have access to VTC information as determined by the operator access level. Access to the VTC information shall be available from any Host or laptop computer.

4.5  Sequence of Operation Programming Methodology

A. The application software shall be user programmable. Application programming shall be provided by the following conventions:

1) Line type programming that uses text programming in a language similar to BASIC or FORTRAN

   OR

2) Graphical Block Programming: The method of programming shall be by manipulation of graphic icon "blocks." Each block represents a subroutine containing the programming necessary to execute the function of the device that the block represents.

3) Graphical programming shall include:

a) The graphical programming software shall allow for interactive mouse-driven placement of block icons on the graphic screen and connection of block inputs to block outputs by means of drawing lines to form a graphic logic diagram.

b) The user shall not have to manually input text to assign block input/output interconnections. Blocks shall allow entry of adjustable settings and parameters via pop-up windows.

c) The clarity of sequence shall be such that the user has the ability to verify that the system programming meets the specs without having to learn or interpret a manufacturers unique programming language.

d) Provide a utility that shall allow the graphic logic diagrams to be directly compiled into application programs.

e) Logic diagrams shall be viewable either off-line, or on-line with real-time output values.

f) Provide a means for testing and/or debugging the control programs off-line (not communicating with control units) using operator entered values for physical inputs and time.

g) Provide a means for testing and/or debugging the control programs on-line (communicating with control units), showing actual physical inputs land all block outputs in real time.

4.6  Schedules

A. Scheduling editor shall provided at each Host computer

B. Scheduling editor shall be capable of, at a minimum:

1) Easy method for selecting time periods and days for occupied and unoccupied periods for each object (e.g., AHU).

2) Holiday and breaks shall be shown clearly on the calendar

3) Weekly Schedules: The weekly schedules screen shall display a full week with holidays and special days included.

4) Provide a method for allowing several related air handling systems or other equipment to follow a similar schedule.

5) If possible and for maximum flexibility, schedules shall reside in the local control modules.  

6) It shall be possible to easily and directly copy the schedule for any scheduled event to any other scheduled event without reentering all times.

7) The scheduling system shall have twice the capacity required for a separate schedule for each major mechanical system (air handler, chiller, boiler, etc.) in the building. Each schedule shall have the capacity for at least 4 on/off events per day, 7 differently scheduled days per week, 20 differently scheduled holidays per year, and 20 differently scheduled “special days” per year.

8) Each schedule shall accept a unique descriptor of up to at least 20 characters to identify the schedule on screen.

9) Annual Schedules: An annual schedule calendar mechanism shall be provided to schedule Holidays and Special days a minimum of one year in advance. A full screen editor in calendar format shall be provided to allow speedy selection and review of holidays and special days.

10) Dated schedules shall be self-managing and automatically deleted after execution.

11) Permanent Schedule Overrides:

a) It shall be possible to easily override, to the on or off condition, any programmed scheduled event at any operator workstation. There shall be no limit to the number of schedules that can be overridden at any one time.

b) Each operator override shall remain in effect until removed by an operator.

c) All active overrides shall be registered as non-critical alarms (alarm    level 4) at the operator workstation. In addition, a summary (who and when) of all active overrides shall be routed to a designated printer each morning.

12) Timed override feature shall allow an operator to temporarily change the state of scheduled equipment. An override command shall be selectable to apply to an individual unit, all units assigned to a given master schedule, or to all units in a building. Timed override shall terminate at the end of an operator selectable time or at the end of the scheduled occupied/unoccupied period. Timed override feature shall be allowed by a password level that does not allow assignment of master schedules.

4.7  Alarm Message Reporting

A. Alarm Prioritization: The software shall allow users to define the handling and routing of each alarm by their assignment to discrete priority levels. A minimum of five priority levels shall be provided. For each priority level, users shall have the ability to enable or disable an audible tone whenever an alarm is reported and whenever an alarm returns to normal condition. Users shall have the ability to manually inhibit alarm reporting for each individual alarm and for each priority level.

B. Alarm Report Routing: Each alarm priority level shall be associated with a unique user-defined list of devices including any combination of local or remote workstations, printers and workstation disk files. All alarms associated with a given priority level shall be routed to all of the devices on the user-defined list associated with that priority level. For each priority level, alarms shall be automatically routed to a default device assigned to the priority level.

C. Auto-Dial Alarm Routing: For alarm priority levels that include a remote workstation (accessed by modem) as one of the listed reporting destinations, the alarm software shall initiate a call to report the alarm, and shall terminate the call after alarm reporting is complete. System shall be capable of multiple, retries and shall buffer alarms until a connection is made. If no connection is made, system shall attempt connection to an alternate station. System shall also be able to dial multiple pagers upon alarm activation.

D. Alarm Acknowledgment: For alarm priority levels that are directed to a workstation screen, an indication of alarm receipt shall be displayed immediately regardless of the application in use at the workstation, and shall remain on the screen until acknowledged by a user having a password that allows alarm acknowledgment. Upon acknowledgment, the complete alarm message string (including date, time, and user name of acknowledging operator) shall be stored in a selected file on the workstation hard disk.

4.8  Energy Management Applications

A. Optimum Start Control

1) The host software shall provide operator access to Optimum Start parameters for any designated items or equipment or commonly scheduled systems of equipment.

2) Optimum Start programs shall be self‑learning and shall adapt the algorithm parameters to the optimum values for each applied zone.

3) Optimum start/stop shall, at a minimum, provide separate control outputs for heating, cooling, fan and ventilation control sub‑systems to maximize energy efficiency.

4) Software shall provide adjustable maximum time periods (from 10 minutes to 2 hours) for optimal start.

4.9  Trending

A. The system shall be capable of trending any input or output, or any logical point within the program.  

B. All trend data shall be able to be shown at the operator workstation in either graphical (line graph) or tabular format. Both formats shall be printable on standard laser or ink jet printers (color, black and white).

C. The interval between trend samples shall be adjustable from 1 minute or less (for PID loop verification) to 24 hours using a minimum of 14 different steps (e.g., 1, 2, 5, 10, 15, 20, 30, 60 minutes, and 2, 6, 12, 24 hours).  Note: PID loop verification software should provide sufficient time resolution (1 or 10 seconds) if trend software can not provide this small time increment.

D. The host software shall support logging and historical accumulation of trended data from the entire facility or multiple sites.

E. Trend data shall be automatically downloaded to the hard drive without causing loss of data.

F. The host software shall provide capacity to store to disk a directory of all trend logs for one year. Such trend logs can be accessed directly by the operator at any time for analysis of selected sets of the trended data, displayed onto the screen, or hard copy documentation.

G. The host software shall enable the operator to simultaneously view X‑Y graphic plots of at least seven (7) variables in real-time or historical data.  The variables shall be distinguishable by using unique colors and engineering units shall be displayed.  The scale for the X- axis and Y-axis shall be user adjustable.

H. Trend graph shall be able to display two (2) Y-axes for convenient viewing.

I. The time period for each trend shall be user adjustable.

J. The trended value range shall be user adjustable.

K. Trends from one or more control units shall be able to be simultaneously displayed on a single trend graph.

L. Data shall be seamlessly converted to an electronic format easily read by commercial spreadsheet software (quote and comma separated text) and by ACCESS database program.

4.10  Management Reporting

A. Energy Management Reporting (software shall have this capability, but will not be enabled under this contract)

1) The host software shall be capable of daily, weekly, monthly, yearly formatted reports of facility metered electrical and gas consumption.

2) Reports shall be capable of information as detailed as hourly electrical and gas consumption, daily peak hour of consumption, daily time of peak demand, demand setpoint in use at time of peak, daily degree days, and outside air temperature and relative humidity at time of peak.

3) Daily data shall be totalized in order to provide monthly data.

4) Reports shall be capable of creating individual reporting as desired by the owner for multiple facility meters, multiple sites, or aggregate facility metering combining multiple meters.

5) Host software shall be capable of retaining daily summary energy data for up to five years. Reports can be designated as automatically printed, or called‑up for report print out on demand.

4.11  Primary/Secondary Control Unit Database Archiving

A. The host software shall provide capability to upload sequence of operation, database, and other control parameters from each controller.

B. Uploaded programs shall be retained on hard disk for system backup.

C. Programs may be modified using Editor functions, and downloaded to individual controllers as desired. Downloading of databases shall not interrupt alarm  reporting functions, or other multi‑tasked functions that are ongoing. 

4.12  Facility Management Database Maintenance Reports and Overrides Report

A. Software on the host computer shall be capable of providing a daily report of all modifications made to any software function.

1) Report shall include the fact that specific setpoints, schedules, overrides, sequence parameters, or limits were modified and the time and location of the modification, and the identification of the operator making the modification.

      (software shall have the following capability that will NOT be enabled under this contract.)

B. Software on the host computer shall be capable of providing a weekly report of maintenance items on an automatic printout basis. The maintenance report shall segregate maintenance items into a minimum of three categories.

1) A "First Occurrence" report shall be generated for those items which have passed their maintenance limits within the past week.

2) A "Pending" report shall be generated for those items which have exceeded their critical past due maintenance settings.

3) A "Work Completed" report shall be generated for those items which have been entered as complete. Maintenance events shall be settable by the user based on event, elapsed run time, and number of cycles or calendar day/date.

4.13  Operator Interface Graphic Software

A. Graphic software shall support multiple simultaneous screens to be openable and resizable in a "Windows" type environment. All functions, except text entry, shall be executable with a mouse.

B. Graphic software shall provide for multitasking such that third party programs can be used while the Operator Workstation Software is on-line. Provide the ability to alarm graphically even when operator is in another software package.

C. The software shall allow for Owner to create user defined, color graphic displays of geographic maps, building plans, floor plans, and mechanical and electrical system schematics. 

D. The contractor shall provide libraries of pre-engineered screens and symbols depicting standard air handling unit components (e.g. fans, cooling coils, filters, dampers, etc.), mechanical system components  (e.g., pumps, chillers, cooling towers, boilers, etc.), complete mechanical systems (e.g. constant volume-terminal reheat, VAV, etc.) and electrical symbols.

E. The graphic development package shall use a mouse or similar pointing device in conjunction with AutoCad Release 14 or later to allow the user to perform the following:

1) Define symbols

2) Position items on graphic screens

3) Attach physical or virtual points to a graphic

4) Define background screens

5) Define connecting lines and curves

6) Locate, orient and size descriptive text

7) Define and display colors for all elements

8) Establish correlation between symbols or text and associated system points or other displays.

9) Create hot spots or link triggers to other graphic displays or other functions in the software

4.14  Software compatibility

A. Third Party Software Packages:

1) The host software shall provide the capacity to run third party software packages for word processing, spreadsheets, or database management programs.

2) Use of third party software shall not suspend operation of background tasks of multi‑tasking operating system, such as alarm logging, and report generation.

Execution

Part 5.  System Setup

A. This section further defines the responsibilities of the installer and programmer.

B. The following features shall be incorporated into the final delivered product.

5.1  Passwords

A. Provide five password levels.

Level 1:  Full access to change programming code and all variables.

Level 2:  Access limited to changing any adjustable parameter (e.g., fan status) 

Level 2 access shall allow the operator to perform the following commands including, but not limited to:

1) Start-up or shutdown selected equipment

2) Adjust setpoints

3) Add/Modify/Delete time programming

4) Enable/Disable process execution

5) Lock/Unlock alarm reporting for each point

6) Enable/Disable Totalization for each point

7) Enable/Disable Trending for each point

8) Enter temporary override schedules

9) Define Holiday Schedules

10) Change time/date

11) Enter/Modify analog alarm limits

12) Enter/Modify analog warning limits

Level 3:  Access limited to changing room temperature setpoints.

Level 4:  Access limited to changing Holiday Schedules.

Level 5:  User is only able to view data on screen.

B. Each user name shall be assigned a discrete access level.

C. A minimum of 20 user names shall be supported.

D. User-definable, automatic log-off timers of from 1 to 60 minutes shall be provided to prevent operators from inadvertently leaving interface device software on-line.

E. Programmer will not provide owner with levels 1 and 2 passwords until job has been accepted.

5.2  Points

A. All points (DI, DO, AI, and AO) will have unique alphanumeric names and addresses.  Installer and programmer will determine: scanning frequency (rate), units, scaling factors, high and low alarm values, alarm differentials, default values, and ranges in coordination with engineer and Owner staff.

B. Provide and report the following minimum programming for each analog input:

1) Name

2) Address

3) Scanning frequency 

4) Engineering units (Temperature, percent, etc.)

5) Offset calibration and scaling factor for engineering units

6) High and low alarm values and alarm differentials for return to normal condition

7) High and low value reporting limits (reasonableness values) which shall prevent control logic from using shorted or open circuit values.

8) Default value to be used when the actual measured value is not reporting.  This is required only for points that are transferred between the primary and/or secondary networks and used in control programs residing in control units other than the one in which the point resides.  Events causing the default value to be used shall include failure of the control unit in which the point resides, or failure of any network over which the point value is transferred.

9) Selectable averaging function which shall average the measured value over a user selected number of scans for reporting. 

C. Provide and report the following minimum programming for each analog output:

1) Name

2) Address

3) Output updating frequency

4) Engineering units

5) Offset calibration and scaling factor for engineering units

6) Output Range

7) Default value to be used when the normal controlling value is not reporting.

D. Provide and report the following minimum programming for each digital input:

1) Name

2) Address

3) Scanning frequency

4) Engineering units (on/off, open/closed, freeze/normal, etc.)

5) Debounce time delay

6) Message and alarm reporting as specified.

7) Reporting of each change of state and memory storage of the time of the last change of state.

8) Totalization of on time (for all motorized equipment status points), and accumulated number of off-to-on transitions.

E. Provide and report the following minimum programming for each digital output:

1) Name

2) Address

3) Output updating frequency

4) Engineering units (on/off, open/closed, freeze/normal, etc.)

5) Direct or Reverse action selection

6) Minimum on time

7) Minimum off time

8) Status association with a DI and failure alarming (as applicable)

9) Reporting of each change of state 

10) Reporting of memory storage of the time of the last change of state.

11) Totalization of on time (for all motorized equipment status points), and accumulated number of off-to-on transitions.

12) Default value to be used when the normal controlling value is not reporting.

5.3  Alarms

A. The Control Contractor in coordination with the owner and design engineer shall specify values that trigger alarm conditions.

B. The Control Contractor in coordination with the owner and design engineer shall specify the alarm level that requires on-screen operator acknowledgement. 

C. Provide five alarm levels.

Level 1 alarm (smoke and/or fire)

Level 2 alarm (equipment failure/damage imminent)

Level 3 alarm (equipment requires hardware or software reset)

Level 4 alarm (equipment requires servicing and/or energy is being wasted)

Level 5 alarm (temperature setpoints are out of bounds)

D. Provide five locations for reporting of alarms.

Level 1: Send Level 1 alarm to F.A.C.P., to security monitor, and to pager #

Level 2: Send Level 2 alarm to central control monitor and pager #

Level 3: Send Level 3 alarm to central control monitor

Level 4: Send Level 4 alarm to maintenance shop monitor and printer

Level 5: Send Level 5 alarm to printer only

Note:  All alarms are sent to both host computer monitors and printed on both  dot-matrix printers.

E. This orderly display of alarms shall be based on criticality -- i.e., if two or more alarms occur simultaneously, the alarm with highest level of priority shall be displayed first.

F. All alarm reports shall include the point's English language description, point address, an alarm message to more fully describe the alarm condition and/or direct operator response, and the time and date of occurrence. Each message may be up to 160 characters in length.

G. The Owner shall be able to adjust alarm levels for each alarm message/item. 

5.4  Data Trending (Historical)

A. Data trending will be set for the start-up period and after system acceptance.

B. Date trended during system start-up and before system acceptance shall include all real and virtual data points.  Data will be collected and stored every one minute unless otherwise noted on blueprints or in appendices.

C. All graphed data points will be labeled for quick and accurate identification.

D. Establish data trending (every 15 minutes) of the following points after system acceptance:

1) Outside Air Temperature

2) Outside Air Enthalpy

3) Occupancy schedule

4) For each air handler

a) On/Off status 

b) Damper position (as determined by BAS)

c) Damper Output Signal

d) Damper position (as determined from actuator output)

e) Heating and cooling valve positions

f) Cooling Coil Valve Output Signal

g) Heating Coil Valve Output Signal

h) Return Air Temperature

i) Return Air Enthalpy

j) Mixed Air Temperature 

k) Mixed Air Temperature setpoint 

l) Discharge Air Temperature 

m) Discharge Air Temperature setpoint

n) Duct Pressure

a) VFD or inlet vane position 

5) For each VAV terminal unit

a) Discharge Air Temperature 

b) Discharge Air Temperature setpoint

c) Heating and cooling valve positions

d) CFM and CFM setpoint

6) Space Temperatures and temperature setpoints

7) Zone heating/cooling demand status

8) For boiler and/or chiller plants, track 

a) Boiler/chiller status (enabled and actual operation)

b) Pump status

c) CHW Supply Temperature

d) HW Supply Temperature 

e) CHW Return Temperature

f) HW Return Temperature

g) CHW and HW Supply Temperature setpoints

h) Cooling and heating bypass valve position

E. All data will be saved on the hard drive for at least one year.

5.5  Schedules

A. Schedule will be installed using time parameters provided by owner or obtained on drawings. 

B. Stand-by mode shall be installed with Owner’s approval.

5.6  Graphic Screens

A. Colorgraphic Operator Interface:

1) Provide dual or multiple function windowing to allow user to view two or more screen and toggle between simultaneous operations.

2) Update all point values a minimum of every 10 seconds.

3) Each colorgraphic terminal shall be driven by software allowing the operator to access any system information via a system penetration method.

4) System penetration shall allow the operator to begin at an entire site plan colorgraphic display and progressively select portions of the site plan to be chosen for closer inspection or selection of a more detailed colorgraphic display of a desired system without being required to enter any commands via the keyboard.  Specifically, 

a) Graphics display screens shall include a system level graphic of either a map of facilities or an elevation of the building, a graphic of each building floor plan and graphics for each operating system or unit within each building.  Entry to the zone and equipment level interface graphics shall be through area maps and/or floor plans to facilitate user orientation.  Graphics shall be accessed by using a mouse or other pointer device.  The system shall provide a visual indication of which building, floor and zone the user is accessing at any time. 

5) Graphics shall be provided for all mechanical equipment and devices controlled by the DDC system.  These graphics shall include:

a) Flow diagram or graphic diagram showing all devices (e.g., valves, dampers, sensors, fans, pumps, boilers, etc.)

b) Current status of all I/O points being controlled and applicable to each piece of equipment.

c) Operating mode (occupied, unoccupied, warm-up, purge cycle, etc.)

d) Time and date

e) Percentage valve/damper open or closed (include “open” or “closed” on the screen

f) Analog readouts in mA or VDC (for commissioning and can be located on a separate screen if needed to reduce screen clutter)

g) All analogue and digital input and output points shall be settable from the screen.

h) Place all values in appropriate engineering units and in appropriate locations on the graphic representation.

6) All colorgraphic screens shall be standardized for similar mechanical equipment and control devices.  The type of points displayed will be the same for similar colorgraphic screens.

B. Other colorgraphic screens shall include:

1) Reset schedules for all AHU and boiler and chiller systems

2) VAV terminal boxes (DAT, Damper and valve positions, CFM, fan status)

3) Temperature setpoints for all rooms/zones

4) Operational mode for all AHU (occupied/unoccupied night purge, etc.)

5) All adjustable points

6) Overrides of AHU and CO2 Demand Controlled Ventilation

C. Global commands on other colorgraphic screens shall include

1) Open all VAV dampers to maximum cooling flow rate (by AHU)

2) Open all VAV dampers to maximum heating flow rate(by AHU)

3) Open all hot water valves

4) Open all chilled water valves

D. Accessible System Information:

1) Available for display or modification in any specific colorgraphic display shall include, but not be limited to:

a) Real‑time value display of any connected point in the system

b) Alarm status condition of any desired system alarm point

c) Any software parameter such as setpoints for control sequences, minimum position adjustments, or throttling ranges

E. Centralized Scheduling and Modification:

1) The colorgraphic terminal shall support operator access to the Scheduling Screens that allow the operator to review and modify any or all schedules as desired. The centralized Scheduling function shall allow modification of equipment and lighting operating schedules, modification of facility holiday schedules, and when desired allow assignment of temporary schedules for designated portions of the facility or specific equipment.

F. Host computers shall be located in

1) Maintenance services office (remote)

2) Custodial office (on site)

5.7  On Screen Sensor and Control Device Resolution 

Sensor Type




Resolution (displayed on screen)

Temperature




0.1(F

Water/steam pressure



1 psi

Air Pressure




0.01 inches w.c.

Actuators (damper and valve)


1% of full range

Humidity




0.5% RH

Water flow




1 gpm

Air flow




10 CFM

CO2 sensors




20 PPM

Current sensor




0.1 kW

5.8  Overrides

A. All equipment (boilers, air handling units, chillers, etc.) shall have manual overrides in the event of DDC system failure.  The DDC system should recognize the override and report an alarm (alarm level 3) to the screen and the printer.

B. There shall be manual overrides for each air handling system within the mechanical room.  The time period for automatic shut down after the manual override has been initiated shall be user adjustable (initially set for 1 hour).

5.9  Safety Circuits
A. All safety circuits shall be hard wired (or hard piped if pneumatic) circuits with independent manual reset type switches.  Operation of safeties shall be independent of the position of any Hand-Off-Auto selector switches and shall be independent of any computer based control systems.  It is the intent of this paragraph that the systems (e.g., AHU, boilers, chillers) have the capability to be operated manually complete with safeties and fail safe interlocks even if the DDC system is off line.

5.10  Labeling and Identification

A. All devices relating to the work or systems included herein, including controllers, valves, motors, relays, etc., shall be identified with a unique identification number or name on the submitted engineering drawings.   This identification number or name, along with the service of the device (discharge air controller, mixed air controller, etc.), shall be permanently affixed to the respective device. 

B. All field devices will be supplied with a nameplate indicating its name, number, address, and all other pertinent information. Identification shall be engraved on rigid plastic labels approximately 2" x 1", which shall be mechanically affixed to the device.  "DYMO" tape will not be accepted. Only yellow lamecoidXE "lamecoid" with black lettering will be accepted.

C. If the field device is to small for the nameplate to be "adhered" to or on another piece of equipment near it (e.g., nameplate on air handling unit at wire penetration for mixed air temperature sensor), then attach the nameplate via nylon ties.

D. Terminal strips shall be labeled using plastic labels designed to snap into the label mounting slots on the terminals (label should span all terminal blocks associated with point rather than individual names for each positive, negative, and grounding block).   Tagging shall be computer generated. For input/output wiring, cabling, or tubing, the panel side of the terminals shall be labeled with the automation panel circuit board and terminal numbers associated with the point.  The field side shall be labeled with the point number. Cable, wiring and tubing not specifically associated with an input or output shall be labeled with a number and function. 

E. All wiring, tubing, and cabling both inside and outside of control panels shall be labeled at both ends using Thomas and Betts EDP printable wire and cable markers using style WSL self-laminating vinyl.  Input and output cables and wiring shall be labeled with the point number and the point description, such as:

 

CPDPS005



Primary Heating Water



Pump #1 On/Off Status

F. Cable and wiring not specifically associated with an input or output shall be labeled with a number and a function description such as:

120 VAC

Panel #

5.11  Reports

A. At a minimum, the system shall allow the user to easily print the following types of reports.

1) General listing of all points in the network

2) List of user accounts and access levels

3) List of all points currently in alarm

4) List of all points currently in override status

5) List of all disabled points

6) List of all points currently locked out

7) List of all Weekly Schedules

8) List of all Holiday Programming

9) List of Limits and Deadbands, throttling ranges, gains, etc.

10) List of all adjustable and virtual points

5.12  Product Installation

A. Wire and conduit installation (see 2.1)

B. Control panel installation (see 2.2)

C. Valve and damper actuator installation (see 2.3 and 2.4)

D. For installation of other products, see the appropriate areas in this section.

Part 6.  Sequence of Operation

6.1  Level of Detail

A. Major changes in provided sequence of operation must be approved of in writing by the owner and the Engineer.

B. The Control Contractor shall provide two types of documentation for each system (e.g., boiler plant, chiller plant, multizone system, VAV system, etc.).  The two types of documentation include:

1) Control Logic 

a) Control logic shall be a series of statements providing, for each system, the following items:

i. Identification of control process 

ii. Narrative of control loop or logic algorithm

iii. Control parameters such as setpoints and differentials (e.g., throttling range, gains) reset schedules, and adjustable parameters for all points

iv. Identification of all constraints, limits, or interlocks that apply to control loop

v. Identification of all DO, DI, AO, AI points that apply to system

vi. Identification of all communication needs (data points from outside control unit)

2) Logic Diagrams

a) For each control logic system, a logic diagram shall show the actual interaction of the points (real and virtual) and the logic algorithm.

b) The diagram should identify

i. System being controlled (attach abbreviated control logic text)

ii. All DO, DI, AO, AI points

iii. Virtual points

iv. All functions (logic, math, and control) within control loop

v. Legend for graphical icons or symbols

vi. Definition of variables or point names (e.g., OAT = outside air temperature)

vii. Define values (e.g., 1 = on, 0 = off)

c) See figure below for example of logic diagram)
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6.2  Standardization

A. All control loops will be standardized throughout the programming code.

6.3  Programming Guidelines

A. All adjustable setpoints shall be developed as software points stored at memory locations so that setpoints can be changed by recommanding the data stored at the memory location rather than by entering the program and changing parameters and lines in program code.

B. Where reset schedules are specified or required the schedules shall be set up so that the operator enters the following points into memory locations.

1) Two points for the independent variable on the reset schedule.

2) Two points for the dependent variable on the reset schedule.


The computer system shall then use these values as input parameters to the  appropriate program or programs and calculate the reset schedule based on these values.

C. Where several analog outputs are to be controlled in sequence by one control loop, software shall be arranged so that the sequence is guaranteed regardless of  the spring range of the actuators and to prevent simultaneous heating and cooling.

D. Programs controlling several pieces of equipment as one system shall reside in one control unit.  Where programs use data points that reside in other control units the programs shall employ logic (either in software, firmware, hardware, or a combination of all three) to detect loss of communications with the remote control units containing the required data.  When such a failure is detected, the program logic shall revert to a safe operating mode that will allow the controlled systems to remain in operation until normal system communication resumes.  A pilot light or network status LED on the control unit shall be illuminated when such a failure mode exists. In addition, an alarm shall be sent to the HOST computers (alarm level 4).  All safe operating modes shall be approved by the Engineer prior to implementation.

E. Control sequences that use outdoor air conditions to trigger certain specific operating modes shall use data generated by one outdoor air temperature sensor and one outdoor humidity sensor.   In other words, the data from one pair of  sensors shall be shared by the entire system. 

F. Provide hours of operation accumulation and lead/lag sequencing of equipment based on hours of operation for all equipment with proof of operation inputs. 

G. Synchronization of real-time clocks between all control panels shall be provided.

6.4  General Sequence of Operation Guidelines

A. Control of all central fan systems, chillers, boilers, DX units, heaters, and pumping stations shall be based on run requests, heating requests or cooling requests from zone controls.  

B. Reset of supply air temperature, chilled water temperature and hot water temperature shall be based on zone temperature conditions via the zone’s percentage of heating or cooling load. 

C. Unless otherwise indicated, all control loops will use PID loops.  The coefficient for the derivative component is zero (0) unless otherwise indicated.

D. All HVAC system controls shall be designed such that simultaneous heating and cooling, reheating, and recooling are minimized. This applies as well to non-mechanical treatment of mixed air (e.g. outside air, heat recovery, etc.) which must then be mechanically reheated or recooled.

E. Alarms: Except as directed otherwise by the Owner, all alarms will be registered at the building operator’s terminal as well as at the Maintenance Building remote operator’s station. Alarms are to be registered with a message explaining the nature of the alarm and which building/location the alarm is in.

F. Whenever a setpoint is referred to as “adjustable” in these standards, the setpoint is to be easily and directly adjustable at the operator’s terminal and Maintenance Building remote operator’s station, and is not to require any code modification. This may require assigning virtual points to all adjustable setpoints. Frequently adjusted points, including space temperature setpoints, shall be adjustable from the graphics screen (e.g., floor plan screen).

G. There are many interlocks and limits within each control loop or algorithm that may not be obvious or stated in this specification.  The Control Contractor is responsible for identifying and programming these interlocks and limits into the software.  The CO2 Demand Ventilation Control algorithm is a good example of the complexity of the control loop with interlocks and limits.

H. The Control Contractor will replace any and all equipment (actuators, chillers, etc) that fail due to programming errors.  Such errors include, but are not limited too: moving actuators a couple fractions of a degree every second or so in response to some infinitesimal change in a measured variable or repeatedly turning equipment on/off within a short time period.  The Control Contractor will avoid these problems by incorporating time delays, dead bands, and other programming techniques into the sequence of operation.

I. Programmable time-of-day (start/stop) control shall be implemented for all HVAC equipment, except for:

1) equipment that is interlocked with other equipment under direct start/stop control (e.g. exhaust fans interlocked with an air handling unit)

2) equipment that must run continuously for reasons of safety

3) as otherwise noted in these standards

J. The final controlling point for all fans and dampers shall be the smoke control/space pressurization point.

K. Auto-tuning algorithms will be disabled after initially tuning control loops unless waived in writing by the Owner/Engineer.

6.5  Sequence Of Operation Guidelines

A. The Control Contractor shall adhere to all applicable specifications, unless they submit written exceptions to the Owner and Engineer and such exceptions are approved in writing. Written exceptions shall state the specification’s sequence of operations, the Control Contractor’s proposed sequence of operations, and the reasons why the proposed sequence specifications are preferable to the sequences in this specification or those provided by the Engineer.  

B. It is the Control Contractor’s responsibility to improve upon these specified sequences of operations if necessary. All improvements will be provided in writing to the Engineer for his/her written approval.

C. All VAV air handling units (AHUs) with primary control units will include the following sequence of operations:

1) Supply Fan Control

2) Return / Relief Fan Control

3) Fan Enable / Optimal Start (Warm-Up)

4) Fan Enable / Optimal Start (Cool-Down)

5) Preheat Coil Valve Control

6) Cooling Coil Valve Control

7) Heating Coil Valve Control

8) Night Purge

9) Night Low Limit

10) Night High Limit

11) Economizers (outside air)

12) Stand-by mode (close outside air dampers during morning warm-up and before major occupancy period)

13) Discharge Air Temperature Reset

14) Humidity Control

15) Zone Control

16) CO2 Demand Ventilation Control (if specified in drawings)

17) Occupant Override

18) System Safeties

19) Exhaust Fans

20) Packaged AHU/BAS interface

D. All VAV AHUs with secondary control units will include the following sequence of operations:

1) Supply Fan Control

2) Return / Relief Fan Control

3) Heating Coil Valve Control 

4) Night Low Limit

5) Night High Limit

6) Economizers (outside air)

7) Discharge Air Temperature Reset

8) Zone Control

9) Occupant Override

10) System Safeties 

11) Exhaust Fans

12) Packaged AHU/BAS interface

E. All packaged fan systems or air handling units must operate with the sequence of operation as listed above (6.5 C and D).  The Control Contractor is responsible for accurately controlling and communicating with all packaged fan units or air handling units.

F. The heating and cooling plant will include the following sequence of operations:

1) Chilled Water System Control

a) Chiller Control Logic Overview

b) Secondary Chilled Water Loop

c) Primary Chilled Water Loop

d) Chiller

e) Chiller/BAS Interface

f) Tower Staging

g) Lead/Lag Control

2) Heating Water System Control

a) Heating Control Logic Overview

b) Secondary Hot Water Loop

c) Primary Hot Water Loop

d) Boiler

e) Boiler/BAS Interface

f) Lead/Lag Control

G. Meetings with Engineer and Owner may modify the required list of sequence of operations for individual AHUs and the heating/cooling plant.

H. If the Control Contractor can not comply with any of these sequence of operations, then the Control Contractor must explain in writing the reasons for non-compliance and provide an alternative approach that satisfies these requirements. 

6.6  Sequence Of Operation – Variable Air Volume Air Handling Systems

A. Supply Fan Control

1) This section applies to supply fans that are modulated by variable frequency drives (VFDs), inlet vanes, variable pitch blades or vanes, inlet cones, and other such fan control devices.

2) Static Pressure Control

a) Supply fan volume is controlled to maintain the duct static pressure at setpoint as sensed at a static pressure sensor near the AHU (at fast scan rate). This setpoint is updated (at a slower rate) by remote static pressure sensor. NOTE: the static pressures at the two sensors are not the same due to their location in duct system.  Obtain values from Test and Balance Contractor for sensor farthest from AHU.

b) Ensure that the static pressure signal is communicated quickly to the control loop (and not delayed due to network timing) and that a default value is set in the event of a network failure.

c) Control duct pressure at AHU 

i. Initiate start fan command before start signal sent to VFD

ii. Run timer should limit initial start up to 50% full power (ramp up without overshooting)

iii.  Ramp-up and ramp-down incremental changes shall be equal.

iv. Use PID loop to control fans speed based on static pressure setpoint.

3) Variable speed drive acceleration settings, deceleration settings, minimum speeds, etc. shall be adjusted at start up in coordination with the drive supplier and installer to achieve stable control system performance.
4) Fan speed is reset to 0 (zero) Hz when the AHU is off.

5) If remote static pressure sensor measures a rapid decrease in pressure or no pressure as a result of a fire/moke damper closure (while the fan is operating – “on”), reset Fan speed to 0 (zero) Hz. Ensure this control loop does not shut fan system down during system start up. Software reset is required before fan system can operate.

B. Return / Relief Fan Control

1) This section applies to return and/or relief fans with variable frequency drives (VFDs), inlet vanes, variable pitch blades or vanes, inlet cones, and so forth. 

2) Return / Relief Fan will start/stop when supply fan starts/stops else dynamic braking must be used on the Return / Relief Fan to avoid VFD, motor, and distribution equipment damage due to backwards spinning fan.

3) Building Static Pressure Control

a) The return / relief fan or relief damper are controlled such that the static pressure of a reference space (typical zone chosen by Engineer) is maintained at a certain setpoint relative to outside air. Differential static pressure setpoint 0.05” (initial, adjustable). 

b) Using a PID loop, the relief/return damper or return fan is modulated to maintain static pressure difference by reducing exhaust air flow and raising building static pressure or increasing exhaust air flow and reducing building static pressure.  This loop will override economizer relief damper control (but economizer control will maintain outside intake air damper control).

4) During warm-up, cool-down, night purge, unoccupied, and stand-by modes, the building static pressure setpoint is reset to zero (or air flow for return and supply air are equal).

5) Match return fan speed with supply fan speed (if specified by Engineer).

6) Fan speed is reset to zero (0) Hz when the AHU is off.

7) Variable speed drive acceleration settings, deceleration settings, minimum speeds, etc. shall be adjusted at start up in coordination with the drive supplier and installer to achieve stable control system performance.
C. Fan Enable / Optimal Start Control (Heating Mode) or Warm-Up Mode

1) All fan systems with heating capability (in AHU and/or at terminal units) shall have this sequence. 

2) The intent of this sequence is that the air handling system be started early enough that all served spaces reach occupied heating setpoint minus 1(F or –50 percent heating load (adjustable) no more than 20 minutes prior to or 10 minutes after scheduled occupancy.

3) Air handling systems may be started under the optimal start mode no more than 3 hours (adjustable) prior to scheduled occupancy.

4) This optimal start sequence will be locked out when the 3 hour rolling average outdoor air temperature is greater than setpoint (initial setpoint, 55(F, adjustable).  If locked out, the AHU will start 10 minutes (adjustable, maximum of 30 minutes) before occupied time period.

5) Air handling systems will be started as a function of:

a) Outdoor air temperature

b) Percent heating load less than -50 percent, adjustable, for all zones (see discharge air temperature reset for definition of percent heating load)

c) Time until start of scheduled occupancy

d) Historical time period required to reach setpoint as a function of a, b, and c above.

6) Discharge air temperature setpoint will set to maximum temperature for 20 minutes (adjustable) and as long as percent heating load is less than –25 percent.  If both of these conditions are false, then discharge air temperature will be reset according to discharge air temperature reset schedule.

7) When the system is in optimal start mode, the mixed air dampers will be in full recirculation mode (i.e., outside air dampers [both minimum and economizer] are fully closed and the supply air volume will be limited to the return volume). 

8) Exhaust fans are off and exhaust dampers are closed.

9) Mechanical cooling is disabled.

10) If the occupancy period starts, the system shall operate in this mode (and with full recirculation) until the percent heating load is greater than –75% (adjustable) or for 30 minutes (adjustable) at which time the system will revert to the normal occupied cycle or stand-bye mode.
11) The building operator will be able to command start of occupancy at the operator’s terminal and at the Maintenance Building remote operator’s station (overriding the optimal start sequence) for each individual air handling system and globally for all air handling systems in the building.

D. Fan Enable / Optimal Start Control (Cooling Mode) – Cool Down

1) All air handling systems with cooling capability shall have this sequence. 

2) The intent of this sequence is that the air handling system be started early enough that all served spaces reach occupied cooling setpoint plus 1(F or 50 percent cooling load (adjustable) no more than 20 minutes prior to or 10 minutes after scheduled occupancy.

3) Air handling systems may be started under the optimal start mode no more than 3 hours (adjustable) prior to scheduled occupancy.

4) This optimal start sequence should be locked out when the 3 hour rolling average outdoor air temperature during the scheduled unoccupied mode is less than setpoint (initial setpoint, 50(F, adjustable).  If locked out, the AHU will start 10 minutes (adjustable, maximum of 30 minutes) before occupied time period.

5) Air handling systems will be started as a function of:

a) Outdoor air temperature

b) Percent cooling load greater than 50 percent (see discharge air temperature reset for definition of percent cooling load)

e) Time until start of scheduled occupancy

f) Historical time period required to reach setpoint as a function of a, b, and c above.

6) Discharge air temperature setpoint will set to minimum temperature for 20 minutes (adjustable) and as long as percent cooling load is greater than 25 percent.  If both of these conditions are false, then discharge air temperature will be reset according to discharge air temperature reset schedule.

7) When the system is in optimal start mode, the mixed air dampers will be in full recirculation mode (i.e., outside air dampers are fully closed) unless overridden by economizer, night high limit, and night purge modes.

8) Mechanical cooling is disabled unless percent cooling load is greater than 75% (adjustable) 1 (one) hour (adjustable) before occupancy period.  Mechanical cooling will utilize economizer mode if outside air temperature is less than return air temperature.

9) Exhaust fans are off and exhaust dampers are closed unless overridden by economizer or night purge operation.

10) Heating is disabled.

11) Night purge shall be enabled before mechanical cooling. 

12) The building operator will be able to command start of occupancy at the operator’s terminal and at the Maintenance Building remote operator’s station (overriding the optimal start sequence) for each individual air handling system and globally for all air handling systems in the building.

E. Preheat Coil Valve

1) When AHU is on and outside air temperature is below 40(F (adjustable), then N.O. preheat valve shall modulate (via direct acting PID loop) to maintain preheat coil leaving temperature setpoint.

2) Temperature setpoint for air leaving the preheat coil shall be 45(F (adjustable) during occupied periods and 75(F (adjustable) during unoccupied periods and in warm-up mode.

3) When AHU is off and outside air temperature is below 35(F, preheat valve shall modulate to maintain 50(F (adjustable) coil temperature (measured using preheat coil leaving air temperature sensor).

4) When AHU is off and outside air temperature is above 35(F, preheat valve shall remain closed.

5) Preheat valve shall remain closed when cooling coil valve is open.

F. Heating Coil Valve

1) During occupied mode (and night low limit and warm-up modes), N.O. heating coil valve shall modulate (via direct acting PID loop) to maintain discharge temperature setpoint.

2) Heating coil valve shall remain closed when cooling coil valve is open and during cool-down, night high limit, as well as during night purge mode.

3) Heating coil valve shall open only after discharge air temperature can not be maintained for two [2] minutes when discharge air temperature is 2(F (adjustable) below setpoint and outside air dampers are at minimum outside air position.

4) The hot water valve shall close when outside air temperature is above 57(F (adjustable).

G. Cooling Coil Valve

1) During occupied mode (and night high limit and cool-down modes), N.C. cooling coil valve shall modulate (via direct acting PID loop) in sequence with economizer dampers to maintain discharge temperature setpoint.

2) Cooling coil valve shall remain closed when heating coil valve is open and during warm-up, night low limit, as well as during night purge mode.

3) Cooling coil valve shall open only after discharge air temperature can not be maintained for two [2] minutes when discharge air temperature is 2(F (adjustable) above setpoint and outside air dampers are at minimum outside air position.

4) The chilled water valve shall close when outside air temperature is below 53(F (adjustable).

H. Night Purge

1) This sequence is initiated before occupancy during the cooling season. 

2) Night purge will be enabled when:

a) Percent cooling load greater than 75 percent average for all zones (see discharge air temperature reset for definition of percent cooling load) and

b) Outside air temperature is greater than setpoint (initial setpoint, 50(F, adjustable) and

c) Outside air relative humidity is less than 50%.

d) Outside air temperature is at least 10(F degrees (adjustable) less than the average space temperature and

e) Occupancy period occurs within 3 hours (adjustable).

3) For night purge, enable:

a) Outside air intake and exhaust dampers to modulate fully open

b) Return dampers modulate fully closed

c) Supply and return VFD fans to operate at 100% full power

d) Zone and AHU dampers to modulate to fully open

4) Night purge will be disabled when:

a) Percent cooling load less than 30 percent or

b) Average space temperature is within 3(F (adjustable) of outside air.

5) No space shall be cooled below a temperature at which heating will be required.

6) Heating and mechanical cooling are disabled. 

7) This sequence is to be programmed and activated separately from night high limit and optimal start (cool-down) sequences.

I. Night Low Limit

1) During the unoccupied mode, when the space temperature falls below the low limit setpoint (initial, 60(F, adjustable), the system supply and return fans will start, outside air and exhaust dampers will closed, and heating will stage on as required. 

2) The discharge air temperature setpoint shall be reset to maximum during this mode. 

3) VAV terminal unit damper, valve control, and fan shall be controlled with night low limit temperature setpoint.

4) When all spaces served by the system are above setpoint plus differential (initial 5(F, adjustable), the system will revert to the unoccupied mode by turning fans off and closing all heating valves.

5) If the minimum hourly outside air temperature is less than 0(F (adjustable) in Eastern Oregon [20(F (adjustable) in Western Oregon] for the previous 12 (adjustable) consecutive hours, then the AHU will remain in operation during the unoccupied period.  The system will maintain a setpoint temperature 4(F (adjustable) less than occupied setpoint.  All outside air dampers will remain closed during the unoccupied period.

J. Night High Limit

1) During the unoccupied mode, the night high limit will be enabled if:

a) Space temperature rises above the high limit setpoint (initial, 84(F, adjustable)

2) Once enabled, the night high limit will:

a) Start system supply and return fans

b) Initiate Night purge mode (independent of actual clocktime)

c) If night purge fails (either initially or within three hours of initiation or within 1 hour of occupancy period), initiate mechanical cooling with economizer (and set mixed air temperature to minimum value of 48(F, initial, adjustable).

3) When all spaces served by the system are below setpoint minus differential (initial 3(F, adjustable), the system will revert to the unoccupied mode.

4) If the maximum hourly outside air temperature is greater than 90(F (adjustable) in Eastern Oregon [92(F (adjustable) in Western Oregon] for the pervious 12 (adjustable) consecutive hours, then the AHU will remain in operation during the unoccupied period.  The system will maintain a setpoint temperature 4(F (adjustable) higher than occupied setpoint.  All outside air dampers will remain closed during the unoccupied period.

K. Economizers (air-side)

1) Outside air dampers will remain closed when the air handling unit supply fan is off and during warm-up, night low limit, and stand-by mode when the unit is on.

2) Outside air, return air, and exhaust air dampers shall modulate using a PID loop, as a coordinated set, to maintain the mixed air temperature at setpoint.

3) Reset mixed air temperature 2(F (adjustable) below the discharge air temperature setpoint during cooling mode. Reset mixed air temperature to equal the discharge air temperature setpoint during heating mode.

4) For single zone systems, the mixed air temperature setpoint shall be reset to match the discharge air temperature setpoint.

5) If the outside air temperature is greater than high limit setpoint temperature (initial, 75(F, adjustable) or less than low limit setpoint (initial, 45(F, adjustable), the outside air damper will modulate to the minimum position as required for ventilation. 

6) The maximum outdoor air and return air damper assemblies are to be a minimum of two sections each with an actuator provided for each section.   The division shall be such that each damper section accounts for approximately 50% of the total available damper area.  The control sequence shall be arranged so that one of the 50% sections of each damper assembly shall be closed any time the supply fan speed drops below 30 Hz (adjustable).   (The intent of this feature is to maintain damper velocities at low loads to assure reasonably good control and mixing characteristics. Damper actuators and linkage arrangements on all sections shall be identical to assure similar operation of all sections in response to a common control signal.)
7) If return air damper control is over ridden by the building’s static pressure control loop to ensure positive static pressure within the building, outside air dampers will modulate to maintain mixed air temperature setpoint.

L. Stand-by mode

1) Stand-by mode is defined as a semi-occupied periods when the building space must be at setpoint temperature, but the building is sparsely populated before full occupancy.  

2) Between the end of the warm-up period and full occupancy (start time provided by Engineer and Owner), the AHU will:

a) Function to maintain zone temperature setpoints

b) Outside air dampers will be fully closed [no minimum air is required].

3) If the building is in cooling mode, the outside air dampers can modulate within the economizer control loop to maintain space temperature.

M. Discharge Air Temperature Reset

1) The discharge air temperature setpoint is dependent on 

a) The building being in either heating or cooling mode and

b) The reset temperature schedule.

2) The discharge air temperature will be reset based on the percent heating or cooling load (percent load shall range from  –100% for full heating to 100% for full cooling) calculated from representative and critical zones. The Engineer, controls contractor, and owner will coordinate to identify terminal units from representative and critical (but not “wild”) building zones. For each system, at least 4 such terminal units (or all) should be identified.  The operator can easily change the sample zones.

The percentage cooling or heating is calculated (within each zone) by using two equations.  The existing room temperature is plugged into the equation (which has a linear relationship as seen in Figure 1) where zero percent load is equivalent to setpoint.  A one degree offset from setpoint (assumes a throttling range [TR] of 2(F) would provide a 50% load output.  All zones will have a maximum percent load output of 100%.

For cooling, if the existing room temperature is at setpoint, the equation produces a zero percent cooling load while an one degree offset (greater than setpoint) produces a 50% cooling load output.  A two degree offset (greater than setpoint) produces a 100% cooling load output (see Figure 1). For AHUs that are entirely driven by interior loads, the discharge air temperature will always be reset using the cooling mode reset schedule.  The throttling range will be adjustable.
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Figure 1.  Percent Cooling Load versus Setpoint

For heating, if the existing room temperature is greater than setpoint, the equation produces a zero percent heating load.  A one degree offset produces a 50% load output (see Figure 2). The zone’s percent heating load value is made into a negative number. The building’s percent heating load is the average percent heating load from all the zones. The throttling range will be adjustable.
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Figure 2.  Percent Heating Load versus Setpoint

3) Cooling Mode is defined as:

a) When four or more selected zones have an average percent cooling load of 50% (adjustable) or higher during occupied mode or

b) Cool-down, night purge, or night high limit mode during unoccupied periods

4) During cooling mode, the discharge air temperature will be reset according to this schedule:
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The discharge air temperature setpoints shall be adjustable.

a) If space RH is greater than 50%, the discharge air temperature reset schedule shall be overridden.  The discharge air temperature shall be reset to its lowest value until space RH is less than 40%.

b) The discharge air temperature shall be set to its lowest value during morning cool-down. 

5) Heating Mode is defined as:

a) When four or more selected zones have a percent heating load of -50% (adjustable) or less during the occupied mode or 

b) Warm-up or night low limit modes during unoccupied periods

6) During heating mode, the discharge air temperature will be reset according to this schedule:
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The discharge air temperature setpoints shall be adjustable.

a) The discharge air temperature shall be set to its highest value during morning warm-up and night low limit. 

N. Humidity Control (if applicable)

1) Humidifying system shall modulate using a PID loop to control space humidity to 25% ( 5% RH (winter) and 50% ( 5% RH (summer).  

2) The system shall disable humidification (and send alarm level 2) when:

a) Duct humidity exceeds 75% (adjustable) or

b) No air flow in duct (static pressure sensor equals 0) or

c) AHU is off as indicated by fan status (proof point)

d) Outside air temperature greater than 55(F (adjustable)

e) AHU in cooling mode

3) Humidification and dehumidification equipment will be hardware and software interlocked with the air handling systems (i.e., not enabled till positive proof of AHU operation).

O. Zone Control

1) Individual zone temperature conditions during occupancy will be maintained within a heating/cooling range (initial setpoints, adjustable,  70(F heating and 75(F cooling, unless otherwise instructed by Engineer and Owner). Zone temperature heating/cooling setpoints will incorporate a throttling range of 2(F degrees (adjustable). Setpoints will be easily adjustable at both the operator’s terminal and at the Maintenance Building remote operator’s station.

2) Adjustable room sensors will have software maximum and minimum values (adjustable) of:

Heating       72(F Max, 68(F Min

Cooling
     82(F Max, 75(F Min

3) Cooling only Terminal Box

a) Cooling mode.

i. Occupied period --  CFM setpoint will vary from minimum cooling CFM at 0% load to maximum cooling CFM at 100% load.  

ii. Unoccupied period (and night purge, night high limit, and cool-down) will vary CFM setpoint from zero CFM at 0% load to maximum cooling CFM at 100% load.

b) Heating mode

i. Occupied period --  CFM setpoint will vary from minimum heating CFM at 0% load to maximum heating CFM at -100% load.  

ii. Unoccupied period (and night low limit and warm-up) will vary CFM setpoint from zero CFM at 0% load to maximum heating CFM at -100% load.

c) When the AHU is off, the damper will be driven to the closed position and the damper actuator will be commanded to stop operation.

4) Series Fan Powered Terminal Box

a) The series fan should start before the damper is opened to avoid reverse spinning of the box fan.

b) The series fan will operate when the AHU system operates.

c) Cooling Mode

i. Occupied period --  CFM setpoint will vary from minimum cooling CFM at 0% load to maximum cooling CFM at 100% load.  

ii. Unoccupied period (and night purge, night high limit, and cool-down) will vary CFM setpoint from zero CFM at 0% load to maximum cooling CFM at 100% load.

d) Heating mode

i. Occupied period --  CFM setpoint will vary from minimum heating CFM at 0% load to maximum heating CFM at -100% load.  

ii. Unoccupied period (and night low limit and warm-up) will vary CFM setpoint from zero CFM at 0% load to maximum heating CFM at -100% load.

iii. Hot water valve shall operate using PID loop in relation to room’s percent heating load.

e) When the AHU is off, the damper will be driven to the closed position and the damper actuator will be commanded to stop operation and the fan shall be stopped.

f) During the scheduled unoccupied mode, terminal unit reheat valves will be closed.  If electric heat is used, the fan shall run two (2) minutes after the electric heat is de-energized and the fan shall operate before the electric heat is energize.

5) Parallel Fan Powered Terminal Box

a) Cooling mode.

i. Occupied period --  CFM setpoint will vary from minimum cooling CFM at 0% load to maximum cooling CFM at 100% load.  

ii. Unoccupied period (and night purge, night high limit, and cool-down) will vary CFM setpoint from zero CFM at 0% load to maximum cooling CFM at 100% load.

b) Heating mode

i. Occupied period --  CFM setpoint will vary from minimum heating CFM at 0% load to maximum heating CFM at -100% load.  

ii. Unoccupied period (and night low limit and warm-up) will vary CFM setpoint from zero CFM at 0% load to maximum heating CFM at -100% load.

iii. Hot water valve shall operate using PID loop in relation to room’s percent heating load.

c) Auxiliary heat should not be energized until percent heating load is less than –33%.

g) During the scheduled unoccupied mode, terminal unit reheat valves will be closed.  If electric heat is used, the fan shall run two (2) minutes after the electric heat is de-energized and the fan shall operate before the electric heat is energize.

d) When the AHU is off, the damper will be driven to the closed position and the damper actuator will be commanded to stop operation and the fan shall be stopped.

6) Smoke Control

a) During pressurization, the terminal damper will be driven fully open

b) During evacuation (negative pressure), the terminal damper will be fully closed.

P. CO2 Demand Ventilation Control (CO2 DVC) for Large Spaces

1) The operator shall have the on-screen ability to override the CO2 DVC and return the system to normal occupancy operating mode.  This override shall send a level 3 alarm and indicate the override on screen until the override is disabled.

2) BAS shall normally execute the thermal PID algorithms to maintain thermal comfort settings as determined by space temperature sensor and control parameters.

3) BAS shall use available internal proportional, integral and derivative algorithms to modulate the outside air dampers on the AHUs to maintain space CO2 levels under a pre-determined level for active CO2 DCV.

4) In anticipation of a large crowd, a manual override can pre-ventilate the space.  The manual overridden shall execute a control routine to proportionally increment outside air dampers open up to the minimum outside air design (determined by maximum space occupancy), over a set time period (determined by the Engineer) that complies with lag times permitted by ASHRAE 62-1989.  Proportional opening of the dampers over a period of time will also ensure adequate temperature control within the space.

5) If the BAS’s economizer algorithms determine that the AHUs should have a greater percent of outside air than determined by the CO2 DCV algorithm, then the economizer algorithms shall supersede CO2 DCV algorithms and determine outside air damper position.  The CO2 DCV purge algorithms shall, however, supersede the economizer algorithms if CO2 levels exceed 1,000 PPM.

6) Occupied Mode (low occupancy).

a) During periods when occupancy loads are less than design occupancy loads, the outside air flow requirements can be decreased below design flow rates. A minimum rate, however, must be maintained in order to remove CO2 and other contaminants during low occupancy periods.  Outside air dampers will be opened to a minimum ventilation position as defined by carbon dioxide control sequence permitted under ASHRAE Interpretation IC 62-1989-27 of ANSI/ASHRAE 62-1989.  Outside air dampers shall be positioned to achieve a desired damper setting of approximately 25% of the original minimum outside air design.  

b) [Note: Ideally, the occupant capacity for a mixed use gym should be based on the typical school day gym class occupancy load and not the maximum design occupancy load  (i.e., spectator events) for the space determining low occupancy ventilation rates.]  

c) Minimum AHU outside air flow rate shall be calculated as follows:

· Occupancy load multiplied by outside air CFM requirements (15 CFM/person) multiplied by 25% (0.25).  The calculated CFM for less than full occupancy shall not be less than the total space exhaust CFM.

d) When space occupancy levels require more ventilation to ensure acceptable CO2 concentration levels, ventilation rates shall be adjusted as follows:

· Return air CO2 level shall be maintained to assure maximum overall space CO2 levels equal to or less than 600 PPM (Parts Per Million), adjustable, above background outside air CO2 levels as indicated by the outside air CO2 sensor (or by operator input).  This strategy should achieve an upper control loop setting of approximately 1,000 PPM (the CO2 level for a target ventilation of 15 CFM per person at 400 PPM nominal outside air CO2) within the space.  The BAS shall override outside air damper control loop setting proportionally up to a maximum damper setting equal to but no greater than the design minimum outside air damper position.  Economizer may override outside air damper position if required for free cooling.

7) Occupied Purge Mode (CO2  levels above upper control setpoint).

a) Upon sensing a rise in space CO2  levels above 1000 PPM as indicated from the CO2 sensor, the CO2  DCV algorithm shall override the thermal comfort algorithms to reduce CO2  levels in the space(s) by proportionally modulating (up to 100 percent open if necessary) the outside air damper to maintain space CO2 level below 600 PPM above current outside air CO2 reading, or approximately an upper control setpoint of 1000 PPM.

b) When the CO2 DCV algorithm is activated to purge the space, thermal comfort shall be maintained to ( 3(F (adjustable) of the space sensor’s original temperature setpoint as a deadband.  If CO2  DCV purge exceeds the thermal comfort deadband of  ( 3(F for more than 15 (fifteen) minutes, then the BAS shall release the CO2 DCV override and return control to thermal comfort control.  Changes made in the space temperature setpoint during a purge sequence shall be ignored for the purposes of DCV control.  If the space CO2 levels are not reduced to less than 150 PPM below the upper control setpoint of approximately 1000 PPM within 15 minutes after being overridden and the space temperature has stabilized, then the DDC system shall continue the purge mode until such time as the space CO2  levels has been reduced or the thermal comfort parameters are exceeded.

c) If the CO2 DCV control override successfully purges the space without exceeding the thermal deadband comfort range setting of ( 3(F and CO2 levels are 150 PPM below the upper control setpoint, the DDC controller shall return control to the thermal comfort algorithms and non-purge CO2 DCV mode.  

d) The CO2 DCV will be overridden by the unoccupied mode control algorithms even if CO2 levels are above 1000 PPM when the unoccupied period is initiated.

8) Unoccupied Mode

a) The CO2 DCV will not operated during the unoccupied mode unless the manual override has been activated.  During the manual override of the unoccupied control mode, the CO2  DCV will operated as described above.

b) The CO2  DCV shall not operate during the optimal start algorithm.  Outside air dampers will remain closed.

c) During an optimal stop algorithm, the CO2  DCV shall operate to control CO2  levels as described above.

Q. Occupant Override

1) Unless otherwise specified in the drawings, overrides shall be software enabled only.

2) For systems that are to be provided with mechanical occupant override control, each set of occupied zones shall be equipped with an occupant override button located at the zone temperature sensor or AHU. If available, an LED on the sensor shall indicate when the system is in override mode.

3) When the air handling unit is in the unoccupied mode setting the software override or pushing the override button will place the air handling unit and terminal units served by the AHU into the occupied mode for the programmed duration (initial setpoint, 60 minutes, adjustable, with a maximum setpoint limit of 2 hours). 

4) At the end of any override period, the system will revert to the scheduled mode in effect at that time.

R. System Safeties

1) Other safeties are listed throughout the sequence of operations (Part 6) specification.

2) Freeze Protection

a) This sequence is required for all air handling units with maximum outside air intake percentages greater than 25% as well as all units with hydronic coils that have any provision for outside air.

b) All water pumps will operate during unoccupied periods when the outside air temperature is less than 35(F (adjustable) to avoid frozen pipes.

c) When the preheat coil leaving temperature or the mixed air temperature falls below the freeze protection setpoint (initial setpoint, 38(F, adjustable):

i. Stop all AHU fans 

ii. Fully close outside air dampers and set return air dampers at full open 

iii. Start chilled water distribution pump 

iv. Open chilled water coil valves to full flow

v. Start hot water distribution pump 

vi. Heating coil valve will modulate to maintain temperature setpoint at the mixed air temperature sensor or the discharge air temperature sensor (whichever is closer to the coils).  The temperature setpoint is initially 70(F (adjustable). 

vii. Alarm (level 2) will be registered at the operator’s terminal.

d) The freeze stat shall require manual reset before air handling unit operation can resume.

e) The freeze stat shall be hardwired to the fan starters such that fans will be disabled in both the HAND and AUTO positions when the preheat coil leaving temperature or the mixed air temperature falls below 35(F.

3) Smoke Detection

a) Smoke control sequence must be approved by Fire Marshall, code official, and engineer.

b) Mode 1 or Mode 2 sequence of operations shall be specified in the drawings by the Engineer.  If not specified in the drawings, use Mode 1.

c) Smoke detectors shall be hardwired to the fan starters such that fans will be disabled in both the HAND and AUTO positions.

d) The system will return to normal operation when the alarm is cleared at the operator’s terminal or fire panel.

e) Mode 1 (AHU shutdown) – Upon smoke detection:

i. Shutdown all AHUs and register alarm (level 1) at operator’s terminal.

ii. Close all smoke and fire dampers

f) Mode 2 (Smoke Control) – Upon smoke detection

i. In smoky area, BAS will:

· Shut-down supply fan

· Fully close return and outside air dampers

· Return fan to 100% full speed

· Fully open exhaust air damper

· Fully close VAV terminal box dampers

ii. In non-smoky area, BAS will:

· Shut-down return fan

· Fully close return and exhaust air dampers

· Supply fan to 100% full speed

· Fully open outside air damper (and circulate water in heating and cooling coils)

· Fully open VAV terminal box dampers

iii. Override pressure control loop for ducts and building spaces

4) High / Low Static Pressure Shutdown

a) Supply duct static pressure high limit control and return duct low limit control are required in all systems where a potential for over-pressurization or severe under-pressurization of ductwork exists. High limit/low limit conditions will shut down fans and register an alarm   (level 2). Duct static safeties shall be hardwired to the fan starters such that fans will be disabled in both the HAND and AUTO positions. Duct static safeties shall require manual reset unless directed otherwise by the Owner.

b) When the discharge duct static pressure sensor senses a static pressure more than 1.0” w.c. (adjustable) than the static pressure setpoint, the supply fan volume control will be overridden to limit the static pressure to the duct pressure setpoint. Similarly, when the return duct static pressure sensor senses a static pressure more than 1.0” w.c. (adjustable) less than the rated duct negative pressure setpoint, the return fan volume control will be overridden to limit the static pressure to the duct pressure setpoint.

c) When the discharge duct or return duct static pressure exceeds the respective rated duct pressure, the supply and return fans will be shut down, and an alarm (level 2) will be registered. The duct static pressure safeties will require manual reset before operation can resume.

5) High Air Filter Pressure Drop (if specified by Engineer)

a) A differential pressure switch located across each filter bank will register an alarm (level 3) at the operator’s terminal whenever the differential pressure exceeds setpoint differential.  Setpoint differential equals the filter pressure drop plus differential.  The differential indicates if the filters are dirty.  The differential setpoint is 0.5” (or as recommended by filter manufacturer, adjustable).

b) Control Contractor will calibrate differential pressure switch upon first change of dirty filters.

c) Alarm is reset by operator at terminal.

6) Outside Air Damper Operation

a) Outside air damper will open only after proof of AHU fan operation.

b) Outside air dampers will operate at minimum position when initially opened by BAS for two (2) minutes before being released to other control modes (e.g., economizer). This set-up is to minimize tripping the freeze protection system.

c) Outside air damper will not open during unoccupied periods, night low limit operation, and in stand-by mode unless in night purge mode, night high limit or cool-down modes as requested by these control loops.

7) Variable Speed Drive Protection

a) Avoid sequence of operation that can cause one or more fans to spin backwards (e.g., only return or supply fan on while other is off) before the fan(s) are started by the BAS.  Use dynamic braking if this situation is unavoidable.

8) Loss of Power:

a) The BAS sequences the restarting of all motors in the event of loss of power to limit the current draw.

S. Exhaust Fans

1) The exhaust fans associated with each AHU shall operate continuously during occupied periods and shall remain off during unoccupied periods, warm-up, cool-down, night low limit, night high limit, and in stand-by mode unless otherwise indicated by Engineer.

2) Dampers associated with exhaust fans shall be fully open during occupied periods (unless used to modulated space static pressure) and fully closed during unoccupied periods, warm-up, cool-down, night low limit, night high limit, and in stand-by mode unless otherwise indicated by Engineer.

3) Exhaust fans and dampers shall be activated when proof of the AHU “on” status has been confirmed and then after exhaust fan dampers are open.

T. Air Handling Unit/BAS interface

OPTION 1 (No factory mounted controls and motor starters)

1) The Control Contractor shall install the sensors specified on the blueprints.

2) The Control Contractor shall install on all fan units over 2,000 CFM a primary control unit with the following sequence of operations:

a) Supply Fan Control

b) Return / Relief Fan Control

c) Fan Enable / Optimal Start (Warm-Up)

d) Fan Enable / Optimal Start (Cool-Down)

e) Night Purge

f) Night Low Limit

g) Night High Limit

h) Economizers (outside air)

i) Discharge Air Temperature Reset

j) Humidity Control

k) Zone Control

l) CO2 Demand Ventilation Control (if specified in drawings)

m) Occupant Override

n) System Safeties

3) The Control Contractor shall install on all fan units under 2,000 CFM a secondary control unit with the following sequence of operations:

a) Supply Fan Control

b) Return / Relief Fan Control

c) Night Low Limit

d) Night High Limit

e) Economizers (outside air)

f) Discharge Air Temperature Reset

g) Zone Control

h) Occupant Override

i) System Safeties

OPTION 2 (No factory mounted controls.  Motor starters and VFDs factory mounted)

1) The Control Contractor will coordinate with AHU manufacturer to ensure all inputs and outputs required for the specified control sequences, alarms, and safeties are available. The air handling units shall have a terminal strip available for industry standard BAS inputs and outputs.

2) The Control Contractor shall use the supplied terminal strip available to connect the motors and VFDs to the BAS.  BAS inputs and outputs including:

a) Analog inputs to VFD unit from BAS

i. Fan speed signal setpoint

b) Analog outputs from VFDs to BAS

i. Fan speed or Hertz

c) Binary inputs to motor starter/VFDs from BAS

i. Fan motor start/stop 

d) Binary outputs from motor starter/VFDs to BAS

i. Fan status 

3) The Control Contractor shall install the sensors specified on the blueprints.

4) The Control Contractor shall install on all fan units over 2,000 CFM a primary control unit with the following sequence of operations:

a) Supply Fan Control

b) Return / Relief Fan Control

c) Fan Enable / Optimal Start (Warm-Up)

d) Fan Enable / Optimal Start (Cool-Down)

e) Night Purge

f) Night Low Limit

g) Night High Limit

h) Economizers (outside air)

i) Discharge Air Temperature Reset

j) Humidity Control

k) Zone Control

l) CO2 Demand Ventilation Control (if specified in drawings)

m) Occupant Override

n) System Safeties

5) The Control Contractor shall install on all fan units under 2,000 CFM a secondary control unit with the following sequence of operations:

a) Supply Fan Control

b) Return / Relief Fan Control

c) Night Low Limit

d) Night High Limit

e) Economizers (outside air)

f) Discharge Air Temperature Reset

g) Zone Control

h) Occupant Override

i) System Safeties

OPTION 3 (Factory mounted, factory furnished controls)

1) This section’s cooperation with the Control Contractor section (Section 15950) is required to assure the proper interface between the fan unit, which can be a packaged rooftop or any other type of fan unit with controls, and the Building Automation System (BAS).  

2) The Control Contractor will coordinate with AHU manufacturer to ensure:

a)  Communication protocols (via a gateway or similar interface) interact with the BAS.

b) All inputs and outputs required for the specified control sequences, alarms, and safeties are available.

c) All inputs and outputs are communicating accurately and reliable with the BAS.

3) The Control Contractor shall use the supplied terminal strip available to connect the internal controller with the BAS.  BAS inputs and outputs including:

a) Analog inputs to unit controller from BAS

i. Discharge air temperature setpoint 

ii. Outside air damper position setpoint or outside air CFM setpoint

iii. Supply air static pressure setpoint or fan speed signal setpoint

b) Analog outputs from unit controller to BAS

i. Discharge air temperature 

ii. Mixed air temperature 

iii. Return air temperature

iv. Fan speed or Hertz, for VFDs

v. Pressure drop across filter

vi. Damper positions

vii. Heating valve position (if applicable)

viii. Cooling valve position (if applicable)

c) Binary inputs to unit controller from BAS

i. Fan start/stop 

ii. Fire/smoke alarm 

d) Binary outputs from unit controller to BAS

i. Fan status 

ii. Heating unit status (if applicable)

iii. Compressor status (if applicable)

iv. All alarms

6.7  Chilled Water System Control

A. Chiller Control Logic Overview

1) Call for cooling will be initiated at the secondary chilled water loop, then the primary chilled water loop, then the chiller.

a) If secondary chilled water loop does not exist, then control logic is transferred to primary chilled water loop. 

2) All chilled water system equipment shall be off during unoccupied periods unless any AHU is in the Night High Limit or cool-down mode and mechanical cooling is requested.

B. Secondary Chilled Water Loop

1) The lead secondary chilled water pump(s) is started when:

a) Percent cooling load greater than 75% (adjustable) with differential of 50% (adjustable) and

b) Outside air temperature is above setpoint (initial setpoint, 55(F, adjustable) and

c) Time counter exceeds 15 minutes (adjustable).  Time counter starts when both “a” and “b” are true.  Reset timer if either “a” or “b” are false. And, 

d) If chilled water plant is not in failed status

2) Chilled water temperature setpoint determined by this reset schedule that uses PID control to maintain water temperature.
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The temperature setpoints shall be adjustable.

3) If 2 or more secondary pumps are running, they shall run at the same speed (within (1% of each other).

4) Chilled Water Variable Flow Rate Control

a) Pump speed is controlled to maintain pipe pressure at setpoint as sensed at a pressure sensor near pump (at fast scan rate). This setpoint is updated (at a slower rate) by remote pressure sensor NOTE: the pressures at the two sensors are not the same due to sensor location in piping system.  Obtain values from Test and Balance Contractor.

b) Ensure that the pressure signal is communicated quickly to the control loop (and not delayed due to network timing) and that a default value is set in the event of a network failure.

c) Control pipe pressure at pump 

i. Initiate start pump command before signal sent to VFD

ii. Run timer should limit initial start up to 50% full power (ramp up without overshooting)

iii.  Ramp-up and ramp-down incremental changes shall be equal.

iv. Use PID loop to control pump speed based on pressure setpoint.

5) Variable speed drive acceleration settings, deceleration settings, minimum speeds, etc. shall be adjusted at start up in coordination with the drive supplier and installer to achieve stable control for optimal system performance.

6) Motor speed shall NOT be reset to 0 Hz for at least five (5) minutes (initial, to be set by Engineer recommendations or per manufacturer’s requirements) after chiller shut-down.

7) Pump on if outside air temperature is less than 35(F (adjustable).

C. Primary Chilled Water Loop

1) Pump(s) start based on request for chilled water.  Request is based on secondary chilled water loop being 2(F (adjustable) above setpoint for 5 minute rolling average. 

2) Pumps will turn on only if chilled water plant is not in failed status and secondary water pumps are on (use proofing).

3) Pumps off when chilled water temperature 3(F (adjustable) below set point for five minutes (but do not short-cycle pumps) and percent cooling load ( 0% for 10 minutes.

D. Chiller

1) Chiller start shall be based on request for chilled water by primary chilled water loop.  Request is based on primary chilled water loop being 2(F (adjustable) above setpoint.

2) Chiller will start only if primary, secondary and condenser pumps are on (use proofing). 

3) Inlet condenser water temperature must be greater than 60(F (with 2(F differential, both adjustable) for lead chiller to start.

4) Chiller shall modulate to 55% capacity for five minutes (adjustable).

5) Chiller will remain on for a minimum of 20 minutes (initial, to be set by Engineer or per manufacturer’s requirements).

6) Chiller will not be requested again for a minimum of 20 minutes (initial, to be set by Engineer recommendations).

7) When the primary chilled water return temperature is less than the primary chilled water supply temperature plus the set differential (initial setpoint, 3(F degrees, adjustable) for 5 minutes, the lead chiller is turned off.

8) If pumps fail, chiller will be issued a stop command even if it results in short cycling.  

9) Chiller shut-down procedure shall include running all pumps for five (5) minutes after chiller is turned off to avoid chiller damage.  Obtain minimum pump run time from chiller manufacturer and Engineer.

E. Chiller/BAS interfaces

1) If chillers are controlled by internal controllers, then the Engineer will consider, with Owner input, the advisability of having all internal controller inputs and outputs accessible and controllable at the DDC system operator’s terminal and at the Maintenance Building remote operator’s station via a gateway or similar interface. In general, such an interface will be advisable if the project has at least 100 tons of chiller capacity.  Analysis shall consider energy, operation, maintenance, and installed interface equipment costs.

2) Coordinate with Boiler Contractor to ensure:

a) Communication protocols (via a gateway or similar interface) interact with the BAS.

b) All inputs and outputs required for the specified control sequences, alarms, and safeties are available.

c) All inputs and outputs are communicating accurately and reliable with the BAS.

3) Analog inputs to chiller controller from BAS

a) Chilled water supply temperature setpoint

4) Analog outputs from chiller controller to BAS

a) Chilled water supply temperature

b) Chiller kW or Amperage (if possible)

5) Binary inputs to chiller controller from BAS

a) Chiller start/stop

6) Binary outputs from chiller controller to BAS

a) Chiller failure

b) Chiller proof of operation

c) Chiller part land ratio or staging (if possible)

F. Tower Staging / Capacity Control  (If applicable)

1) Tower stages (dampers, spray pumps, fan speeds, multiple towers, as applicable) will be sequentially staged on and off (or modulated) to maintain the common header tower leaving water temperature (ECWT) at the greater of minimum setpoint or ambient wet bulb temperature plus tower design approach.

a) The minimum setpoint will correspond to the chiller manufacturer’s minimum allowable condensing water temperature.

b) Operate multiple tower fans at low speeds rather than single fan at high speed.

2) When the lead tower is operating at minimum capacity, a tower bypass valve will modulate (using PI control) as required to maintain the common header tower leaving water temperature above the minimum setpoint plus differential (initial, 2(F degrees, adjustable).

3) During freezing weather, when the tower is on, the bypass valve will be operated as a two-position valve.

4) During freezing weather conditions, de-ice fans by reversing fan motor.  Method and frequency of de-icing shall be obtained from tower manufacturer.

G. Lead / Lag Control

1) If the chiller plant includes two or more chillers of unequal operating efficiencies, the most efficient chiller for the given conditions will normally be selected as the lead.

2) If lead chiller/pump fails, the lag chiller/pump will become lead and alarm (level 2) will be sent to operator and printer.  Include time delay to verify switching of chiller/pump to avoid false failure mode.

3) The operator can command any chiller, tower, and pumps to the lead and subsequent lag positions.  Ensure equipment safeties operate during switch over.

4) Under automatic control, the BAS will determine the lead and subsequent lag chillers and towers based on totalized run time of any unit over the setpoint number of hours (initial setpoint, 100 hours, adjustable).

5) For primary and secondary pumps, the BAS will register an alarm (level 3) at the operator’s terminal when the respective lead pump has a totalized run time of a set number of hours (initial setpoint, 4000 hours, adjustable) more than the lag pump(s). 

6.8  Heating Water System Control

A. Heating Control Logic Overview

1) Call for heating will be initiated at the secondary hot water loop, then the primary hot water loop, then the boiler.

a) If secondary hot water loop does not exist, then control logic is transferred to primary hot water loop. 

2) All hot water system equipment shall be off during unoccupied periods unless any AHU is in the night low limit or warm-up mode and heating is requested.

B. Secondary Heating Water Loop

1) The lead secondary hot water pump(s) is started when:

a) Percentage heating load less than –75% (adjustable) with differential of 50% (adjustable) and

b) Outside air temperature is below setpoint (initial setpoint, 60(F, adjustable) and

c) Time counter exceeds 15 minutes (adjustable).  Time counter starts when both “a” and “b” are true.  Reset timer if either “a” or “b” are false. And,

d) If hot water plant is not in failed status

2) Hot water temperature reset schedule using PID control of 3-way mixing valve.
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The temperature setpoints shall be adjustable.

3) Hot Water Variable Flow Rate Control

a) Pump speed is controlled to maintain pipe pressure at setpoint as sensed at a pressure sensor near pump (at fast scan rate). This setpoint is updated (at a slower rate) by remote pressure sensor.  NOTE: the pressures at the two sensors are not the same due to sensor location in piping system.  Obtain values from Test and Balance Contractor.

b) Ensure that the pressure signal is communicated quickly to the control loop (and not delayed due to network timing) and that a default value is set in the event of a network failure.

c) Control pipe pressure at pump 

i. Initiate start pump command before signal sent to VFD

ii. Run timer should limit initial start up to 50% full power (ramp up without overshooting)

iii.  Ramp-up and ramp-down incremental changes shall be equal.

iv. Use PID loop to control pump speed based on pressure setpoint.

4) Variable speed drive acceleration settings, deceleration settings, minimum speeds, etc. shall be adjusted at start up in coordination with the drive supplier and installer to achieve stable control for optimal system performance.

5) Motor speed shall NOT be reset to 0 Hz for at least five (5) minutes (initial, to be set by Engineer recommendations or per manufacturer’s requirements) after boiler shut-down.

6) If 2 or more secondary pumps are running, they shall run at the same speed (within (1% of each other).

7) Pump on if outside air temperature is less than 35(F (adjustable) and percent heating load (0% for 10 minutes.

C. Primary Heating Water Loop

1) Pump(s) start based on request for heating.  Request is based on secondary hot water loop being 2(F (adjustable) below setpoint for 5 minute rolling average.

2) Pumps will turn on only if hot water plant is not in failed status and secondary water pumps are on (use proofing).

3) Pumps off when hot water temperature 3(F (adjustable) above set point for five minutes (but do not short-cycle pumps).

D. Boiler

1) Boiler start shall be based on request for hot water by primary hot water loop.  Request is based on primary hot water loop being 2(F (adjustable) below setpoint.

2) Boiler will start only if primary and secondary pumps are on (use proofing).  

3) Boiler shall modulate to 30% capacity for three minutes (adjustable).

4) Boiler will remain on for a minimum of 5 minutes (initial, to be set by Engineer or per manufacturer’s requirements).

5) Boiler will not be requested again for a minimum of 5 minutes (initial, to be set by Engineer).

6) If pumps fail, boiler will be issued a stop command even if it results in short cycling.

7) When the primary hot water return temperature is more than the primary hot water supply temperature plus the set differential (initial setpoint, 3(F degrees, adjustable) for 5 minutes, the lead boiler is turned off.

8) Boiler shut-down procedure shall include running all pumps for five (5) minutes after boiler is turned off to avoid boiler damage.  Obtain minimum pump run time from boiler manufacturer and Engineer.

E. Boiler/BAS interfaces

1) Coordinate with Boiler Contractor to ensure:

a) Communication protocols (via a gateway or similar interface) interact with the BAS.

b) All inputs and outputs required for the specified control sequences, alarms, and safeties are available.

c) All inputs and outputs are communicating accurately and reliable with the BAS.

2) Analog inputs to chiller controller from BAS

a) Hot water supply temperature setpoint

3) Analog outputs from chiller controller to BAS

a) Hot water supply temperature 

4) Binary inputs to chiller controller from BAS

a) Boiler start/stop 

5) Binary outputs from chiller controller to BAS

a) Boiler status 

b) Boiler failure

F. Lead / Lag Control

1) If the boiler plant includes two or more boilers of unequal operating efficiencies, the most efficient boiler for the given conditions will normally be selected as the lead.

2) If lead boiler/pump fails, the lag boiler/pump will become lead and alarm (level 2) will be sent to operator and printer.  Include time delay to verify switching of boiler/pump to avoid false failure mode.

6) The operator can command any boiler and pumps to the lead and subsequent lag positions. Ensure equipment safeties operate during switch over.

3) Under automatic control, the BAS will determine the lead and subsequent lag boilers based on totalized run time of any unit over the setpoint number of hours (initial setpoint, 100 hours, adjustable).

4) For primary and secondary pumps, the BAS will register an alarm (level 3) at the operator’s terminal when the respective lead pump has a totalized run of a set number of hours (initial setpoint, 4000 hours, adjustable) more than the lag pump(s).

6.9  Demand Limiting Control

A. The BAS shall monitor kW demand over a 15‑minute sliding window period.

B. Demand limiting control can be scheduled (disabled/enabled) for a set time period (e.g., can disabled during the period November 1 through April 30 and enabled during the period May 1 through October 31). Demand limiting control may be disabled by an operator (Level 1 password) on a daily basis during this period, but shall be re‑enabled each day at 12 midnight.

C. On a rise in kW to within 50 kW (adj.) of setpoint, a Level 4 alarm shall be enunciated and the BAS shall begin to make one load shed command every 3 minutes (adj.). On a fall in kW to 50 kW less than the demand setpoint, the BAS shall begin to broadcast one load restore command every 3 minutes (adj.) on a first shed, first restored basis. If demand exceeds the demand setpoint and there are no more loads left to shed, the demand setpoint shall be increased by 20 kW. Demand setpoint shall be automatically reset to an adjustable value at the beginning of each billing period.

D. Loads available for shedding are defined be the engineer and owner.

E. Demand Limiting Control regarding Air Terminal Units:

1) Air Terminal Units (ATUs) shall be organized into groups, each of which constitutes a demand limiting "load".

2) On a rise in demand, each successive demand limiting load shed command  (see “C” above) shall raise the cooling setpoints of one group of ATUs by 1(F (adj.).

3) After the BAS has indexed all group setpoints by 1(F further demand limiting load shed commands shall repeat the process of indexing ATU group setpoints up by 1(F (adj.) in the same order until all ATU group cooling setpoints have been raised a maximum of 2(F (adj.) above their normal occupied cooling setpoints.

4) On a fall in demand, each successive demand limiting load restore command shall lower the cooling setpoints of another group of ATUs by 1(F (adj.) on a "first shed, first restored" basis.

6.10  Alarm Messages

A. Control Contractor is expected to expand the types and number of alarm messages presented below to include other standard alarm items.

B. All alarm level values shall be adjustable by the Owner.

C. Alarms shall be disabled during system start up and during unoccupied periods unless otherwise indicated or required for system safety.

D. Analog Input Alarms: For each analog input, program an alarm message for reporting whenever the analog value is outside of the programmed alarm limits. Report a return to normal message after the analog value returns to the normal range, using a programmed alarm differential. The alarm limits shall be individually selected by the contractor with input from the owner and engineer.

E. Space temperature, except as otherwise stated in sequence of operation: Level 5

1) Low Alarm: 68(F

2) Low Return to Normal: 69(F

3) High Alarm: 78(F

4) High Return to Normal: 77(F

F. Controlled temperature other than space temperature (e.g. AHU discharge air temperature, CHWS and CHWR temperature, HWS and HWR temperature). If controlled media temperature setpoint is reset, alarm setpoints shall be programmed to follow setpoint: Level 3

1) Low Alarm: 3(F Below Setpoint

2) Low Return to Normal: 2(F Below Setpoint

3) High Alarm: 3(F Above Setpoint

4) High Return to Normal: 2(F Above Setpoint

G. AHU mixed air temperature: Level 2 (enable during AHU start-up)

1) Low Alarm: 40(F 

2) Low Return to Normal: 46(F

3) High Alarm: 90(F

4) High Return to Normal: 89(F

H. Duct Pressure: Level 2

1) Low Alarm: 0.5" W.G. Below Setpoint

2) Low Return to Normal: 0.25" W.G. Below Setpoint

(enable high alarm during AHU start-up)

3) High Alarm: 0.5" W.G. Above Setpoint

4) High Return to Normal: 0.25" W.G. Above Setpoint

I. Space humidity: Level 5

1) Low Alarm: 30 %

2) Low Return to Normal: 35 %

3) High Alarm: 70%

4) High Return to Normal: 65%

J. Air quality: Level 4

1) Low Alarm: 300 ppm

2) Low Return To Normal: 500 ppm

3) High Alarm: 1200 ppm

4) High Return To Normal: 1000ppm

K. If status of motorized equipment does not prove the device is operational after 20 seconds following start command for constant speed devices, or 30 seconds for variable speed devices that accelerate to speed, remove and lock out the run command to that device and any other interlocked devices, and enunciate one of the following Level 3 alarm messages as applicable:

1) DEVICE XXXX (indicate device) FAILURE: Status has been lost when it was commanded to run. Determine cause of failure, correct it, and then acknowledge this alarm so the device can be restarted.

2) DEVICE XXXX (indicate device) FAILURE: Status has been lost when it was commanded to run. Standby pump has been started. Determine cause of failure, correct it, and then acknowledge this alarm so the device can be restarted.

L. For motorized equipment where the HOA switch is indicated to be monitored directly by a digital input point, BAS shall also enunciate the following Level 3 alarm message if the motorized device HOA switch is placed in HAND position. Whenever any device HOA switch is placed in HAND position, the BAS shall provide automatic control as specified.

1) DEVICE XXXX (indicate device) - HOA IN HAND POSITION: Acknowledge this alarm when the problem has been corrected.

M. Program this alarm for motorized equipment where the HOA switch is not indicated to be monitored directly by a digital input point. The sequences of operation are based on the presumption that motor starter Hand‑Off‑Auto (HOA) switches are in the auto position. If a motorized equipment unit starts without a prior start command from the BAS, (as sensed by status sensing device), then BAS shall provide automatic control as specified. BAS shall also enunciate the following Level 3 alarm message if status indicates a unit is operational when the run command is not present.

1) DEVICE XXXX (indicate device) - HOA IN HAND: Status is indicated on even though it has been commanded to stop. Check the HOA switch, control relay, status sensing device, contractors, etc. involved in starting the unit. Acknowledge this alarm when the problem has been corrected.

N. Enunciate Level 3 alarms when runtime accumulation exceeds a value specified by the operator

1) DEVICE XXXX (indicate device) REQUIRES MAINTENANCE. Runtime has exceeded specified value since last reset.

6.11  Diagnostic Messages

A. In addition to the standard alarm limits specified for all sensed points, BAS shall provide the following diagnostics for each AHU and VAV terminal box.

B. While heating valve is closed, if the temperature increase across the heating coil exceeds 2(F continuously for 30 minutes, or the discharge air temperature is more than 5(F above setpoint for more than 30 minutes continuously, then send the following level 4 alarm:

“Energy waste:  An unexpected temperature rise is occurring across the heating coil at  (AHU/VAV name).  Please check for leaking valve or faulty controls”

C. While cooling valve is closed, if the temperature decrease across the cooling coil exceeds 2(F continuously for 30 minutes, or the discharge air temperature is more than 5(F below setpoint for more than 30 minutes continuously, then send the following level 4 alarm:

“Energy waste:  An unexpected temperature drop is occurring across the cooling coil at (AHU/VAV name).  Please check for leaking valve or faulty controls”

D. A level 4 alarm message should be sent if:

The mixed air temperature is less than 50(F or greater than 80(F 

Level 4 alarm message is “Energy waste:  An unexpected mixed air temperature at (AHU name).  indicates a possible problem with the economizer damper controls.  Please check for faulty dampers or controls”

E. A level 4 alarm message should be sent if:

The mixed air temperature, discharge air temperature, and the outside air temperature are not equal when the system is operating at 100% outside air and the heating and cooling valve coils have been fully closed for at least two hours (adjustable).  Note: Include in comparison the temperature difference caused by fan energy as it relates to discharge air temperature.  If differential between sensors is greater than 0.5(F, then send alarm.

Level 4 alarm message is “Mixed air temperature, discharge air temperature, and the outside air temperature are out of calibration at (AHU name).”

F. A level 4 alarm message should be sent if:

Any equipment operates for 24 consecutive hours.

Level 4 alarm message is “(indicate device) has operated 24 consecutive hours.  Check software and manual overrides.”

G. A level 4 alarm message should be sent if:

Any VFD controlled motor operates at full speed for 24 consecutive hours.

Level 4 alarm message is “(indicate device) motor has operated 24 consecutive hours at full speed.  Check software and manual overrides.”

H. A level 2 alarm message should be sent if:

The current sensor signal indicates motor problems.

Level 4 alarm message is “(motor name) should be check to help avoid motor failure or lost efficiency.”

I. Whenever any CHWS pump restarts in less than 10 minutes after turning off. Send the following level 3 alarm:

CHWS PUMP CYCLE ALARM: CHWS pump is cycling faster than recommended. Check the stability of the loop causing the cooling request.  

J. Whenever any chilled water pump is operating and outside air temperature is below 55(F (adj.). Send the following level 4 alarm:

COLD WEATHER COOLING ALARM: CHWS pump is on while outside temperature is below 55(F (adj.). Check AHU economizer mixed air low limit setpoints. Check AHU economizer damper operation.

K. Whenever the CHWR temperature is more than 2(F (adj.) below the building return temperature. Send the following level 4 alarm:

CHWR REVERSE FLOW IN BYPASS: Undesirable flow from the supply to the return of the loop pipeline branches has been detected. This will cause low temperature difference in the plant. Please investigate and correct. Check correlation of temperature sensors and action of the building CHWS Valve.

L. Whenever the lead chilled water pump is operating at > 40 Hz (adj.) and outside air temperature is < 70(F (adj.). Send the following level 4 alarm:

PROBABLE CHILLED WATER VALVE FAILURE: Check chilled water valve operation, pump speed is too high for the conditions encountered.

M. Whenever the loop CHWR temperature is less than 60(F (adj.) for 30 minutes (adj.) or greater, send the following level 4 alarm:

CHWR TEMPERATURE ALARM: Loop CHWR temperature is less than 60(F. Check sequence of operation and operation of bypass check valve.

N. Whenever pump restarts in less than 10 minutes after turning off. Send the following level 3 alarm:

HWS PUMP CYCLE ALARM: HWS pump is cycling faster than recommended. Check the stability of the loop causing the heating request.

O. Whenever an air handler unit fan coil unit requests heating when the outside air temperature is above 65(F (adj.). Send the following level 4 alarm:

AHU XXXX: Heating is being requested even though the outside air temperature is above 65(F. Check for overcooling.

P. Whenever a reheat air terminal unit requests heat when the outside air temperature is above 80(F (adj.), send the following level 4 alarm:

VAV BOX XXXX: Heating is being requested even though the outside air temperature is above 80(F. Check for overcooling.

Q. Whenever the condensate pump has operated continuously for more than 30 minutes‑ Send the following level 2 alarm:

CONDENSATE PUMP XXXX: Condensate pump has operated for abnormally long time. Check level switch operation and pump check valve.

R. Whenever the hot water supply temperature exceeds setpoint by 10(F (adj.) for more than 15 minutes (adj.). Send the following level 2 alarm:

STEAM CONVERTER: Steam converter is overheating. Check controls immediately.

S. Whenever one or more air handler unit requests heating concurrently with one or more cooling requests. Send the following level 4 alarm:

Some AHUs are requesting heating while others are requesting cooling. Check for proper operation of air handler unit controls.

Part 7.  System Commissioning and Training

Air and water balancing shall be completed (and discrepancies resolved) before Control Contractor’s final system check and before the acceptance test to be conducted in the presence of the Engineer.

7.1  Control Technician Meeting Requirements

A. During all pre-installation meetings with Owner/Engineers and separate meetings pertaining to the commissioning process, the control technician attending the meetings must be the same technicians that are/will install and program the DDC system.

B. The Control Contractor’s installer and programmer must attend all the commissioning meetings.  These meetings occur throughout the design and construction process.

C. First Meeting - discuss point naming and sequence of operation with Engineer and Owner

1) Prior to software and database installation and check​out but subsequent to software and database development, the Control Contractor shall meet with the Owner and the Engineer and review the database and program code in detail on a point by point, sequence by sequence basis.  The Control Contractor (using blueprints and this specification) shall provide the project point list and sequence of operation to initiate discussion.  

2) Any necessary modifications required to make the database and sequence match the intent and requirements of the contract documents shall be identified at this meeting including point names, descriptors, alarm setpoint, numeric setpoint requirements, access requirements, sequence       adjustments, etc.  

3) Successful completion of this review process will result in software and database approval for installation and start-up.  Any software or database that is installed prior to this approval process shall be corrected to match the results of the approval process at no additional cost to the Owner.  

4) The results of this meeting shall be documented in meeting minutes taken and issued by the Control Contractor.  Documentation can be in the form of marked up data base forms and sequences of operation.

D. Second Meeting - graphic screen development shall be coordinated with the Owner through a series of meetings that will allow the functions described above (sequence of operation, alarms, etc.) and any other Owner’s requirements to be incorporated into the graphic screens.

E. Third Meeting -  walk-through the facility to determine sensor locations 

1) A walk-through with the Engineer and Owner is required for locating all sensors, thermometers, flow meters, and valve tap positions, etc.

2) The sensor locations shown on the drawings are intended to provide sufficient information for pricing purposes and for future trouble shooting and can be assumed to be with-in 5 feet of the actual location required.  Prior to construction but following the award of contract there will be a walk through of the project conducted with the Owner, the Engineer, and the Control Contractor.  At that time, the exact location of the sensors will be marked on the distribution systems to assure that there is no confusion regarding the sensor location for during installation.

3) Coordination to assure that the sensors are installed at the proper location is the responsibility of this section. Sensors not installed at the locations designated in the walk through shall be relocated to the designated location at no additional cost to the Owner unless the relocation was approved in writing by the Engineer.

4) This section shall be responsible for coordination of the installation of all pressure sensor taps, thermometer taps, valve locations, sensor locations and other such system interfaces as required by the DDC control system with other sections of the specification.

7.2  Pre-Commissioning Testing, Adjusting, and Calibration Requirements

A. Prior to acceptance, the following steps will be used by the Control Contractor to produce a testing and pre-commissioning report by system to be submitted for approval by the Engineer or Owner’s representative.

B. Work and/or systems installed under this section shall be fully functioning prior to Demonstration, Acceptance Period and Contract Close Out.  Control Contractor shall start, test, adjust, and calibrate all work and/or systems under this contract, as described below:

1) Verify proper electrical voltages and amperages, and verify all circuits are free from grounds or faults.

2) Verify proper pneumatic supply pressures and condition (if applicable). 

3) Verify integrity/safety of all electrical and pneumatic connections.

4) Verify proper interface with fire alarm system.

5) Coordinate with TAB subcontractor to obtain control settings that are determined from balancing procedures.  Record the following control settings as obtained from TAB contractor (and note any TAB deficiencies):

a) Optimum VAV duct pressure setpoints (two points per fan system)

b) VAV fan VFD heating and cooling speed settings and associated CFM values

c) VAV Return fan volume tracking settings

d) Minimum outside air damper settings for air handling units and CFM values.

e) VAV box minimum and maximum volume settings

f) Optimum differential pressure setpoints for variable speed pumping systems

g) Variable volume pump VFD minimum and maximum speed settings and flow values

6) Test, calibrate, and set all digital and analog sensing, and actuating devices.  

a) Calibrate each instrumentation device by making a comparison between the DDC display and the reading at the device, using a standard traceable to the National Institute of Standards and Technology, which shall be at least twice as accurate as the device to be calibrated (e.g., if field device is +/-0.5% accurate, test equipment shall be +/-0.25% accurate over same range).  Record the measured value and displayed value for each device in the Pre-Commissioning Report.

b) All analog input points are to be tested by comparing the reading obtained through the workstation and through an independent reading device (meter).

c) Check each analog output by making a comparison between the control command at the DDC controller and the status of the controlled device.  Check each output point by making a comparison of the state of the sensing device and the Host computer display.  Record the results for each device in the Pre-Commissioning Report.

i. All analog output points are to be tested using a command from the workstation modulating the output in 10% increments and recording the associated voltage/amps sent to the controlled device.

7) Check each digital input/output point by making a comparison between the control command at the DDC controller and the status of the controlled device.  Check each digital point by making a comparison of the state of the sensing/control device and the Host computer display.  Record the results for each device in the Pre-Commissioning Report.

i. ON/OFF commands from the workstation should be performed in order to verify its true operation.

8) Check and set zero and span adjustments for all actuating devices. Manually activate damper and valve operators to verify free travel and fail condition. Check valve or damper to insure that it shuts off tight when the appropriate signal is applied to the operator. Adjust the operator spring compression as required.  If positioner or volume booster is installed on the operator, calibrate per manufacturer’s procedure to achieve spring range indicated.  Check split range positioner to verify proper operation.  Record settings for each device in the Pre-Commissioning Report.

9) Verify proper sequences of operation.  Record results and submit with Pre-Commissioning Report.  Verify proper sequence and operation of all specified functions by adjusting input variable to determine if sequence of operation is operating as specified.

10) Tune all control loops to obtain the fastest stable response without hunting, offset or overshoot.  Record tuning parameters and response test results for each control loop in the Pre-Commissioning Report. Except from a startup, maximum allowable variance from set point for controlled variables shall be as follows:

a) Air temperature:
( 0.5 degrees F

b) Water temperature:
( 1 degrees F

c) Duct pressure:

( 0.05 inches wc

C. Pre-Commissioning Testing, Adjusting, and Calibration shall be completed prior to Substantial Completion.

D. Provide Pre-Commissioning Test Report for approval by the Engineer Owner’s representative before system demonstration. 

7.3  Demonstration

A. Prior to acceptance, the control system shall undergo a series of performance tests to verify operation and compliance with this specification.  These tests shall occur after the Control Contractor has completed the installation, started up the system, and performed their own tests (outlined in 7.2 and to be submitted in writing). 

B. The tests described in this section are to be performed in addition to the tests that the Control Contractor performs as a necessary part of the installation, startup, and debugging process.  The Engineer will be present to observe and review these tests.  The Engineer shall be notified at least 10 days in advance of the start of the testing procedures. 

C. Demonstration shall not be scheduled until all hardware and software submittals, and the Pre-Commissioning Test Report are approved by the Engineer.

D. Verifying compliance of equipment operation and sequence of operation with this specification through all modes of operation.

1) If more than 10 percent of the demonstrated equipment operation and sequence of operation fails to operate per the submittals, the demonstration test will be rescheduled after the control contractor takes corrective action.

2) If the Control Contractor fails to demonstrate proper equipment operation and sequence of operation in the second round of tests, the Engineer’s costs for witnessing all further demonstration may be assigned to the Control Contractor by the Owner as a deduct to their contracted price. Note:  The Control Contractor will not be responsible for costs related to poor design or to other factors beyond their control, though it is expected to call any design concerns and other factors beyond their control that might cause system failure to the attention of the Engineer and the Owner.

E. Programming changes for correction of improperly programmed sequences will not be considered legitimate reasons for change orders.

F. Demonstration/Commissioning software

1) Provide fully licensed copy of the required BAS workstation graphic software to be used by the Engineer on a remote computer (not included in contract) for accessing the BAS network via modem.  This software copy shall be used only for the purpose of commissioning this project.  The Owner agrees that the commissioning BAS software license shall become null and void upon termination of the Contract Warranty Period.  The software shall be returned to the Control Contractor within one year after system acceptance.

2) Software shall be fully configured to view project specific database and shall include trend logs, specified graphic screens, alarms, and reports.

3) Provide assistance by telephone upon request if required to assist Engineer in setting up software on Engineer ‘s remote computer.

4) Submit one complete set of programming and operating manuals for all graphics software packages concurrently with the commissioning software. This set will be returned to the Control Contractor within one year after system acceptance.

G. The Control Contractor shall provide at least two persons equipped with two-way communication, and shall demonstrate actual field operation of each controlled and sensing point for all modes of operation including day, night, occupied, unoccupied, fire/smoke alarm, seasonal changeover, and power failure modes.  The purpose is to demonstrate the calibration, response, and action of every point and system.  Any test equipment required to prove the proper operation shall be provided by and operated by the Control Contractor. 

H. As control inputs and outputs are checked, a log shall be completed showing the date, technician's and Engineer’s initials, and any corrective action taken or needed. 

I. Initially, a maximum of ten [10] percent of all I/O points shall be selected at random by Engineer.  Upon failure of any device or control algorithm to meet specified accuracy or response, an additional five [5] percent of I/O points shall be selected at random by Engineer for demonstration.  This process shall be repeated, if necessary, until 100 percent of randomly selected I/O points have been demonstrated to meet specified accuracy, response and proper sequence of operation.  Tests shall include:

1) Demonstrate that points specified and shown can be interrogated and/or commanded (as applicable) from all workstations.

2) Demonstrate correct calibration of input/output devices using the same methods specified for the pre-commissioning tests. 

3) Verification of sequence of operation.

4) Control loops are tuned loops to obtain the fastest stable response without hunting, offset or overshoot.

5) Test modulation of AI signal and corresponding change in control device.

6) Compare AI input signal with independent metering device.

7) Check damper and valves to verify travel and failed condition. 

J. Demonstrate successful communication of point values that are communicated between the BAS and other HVAC equipment (e.g., rooftop unit) or digital devices.

K. The Contractor shall demonstrate that the panel’s response to LAN communication failures and that the response meets the requirements of these Specifications.

L. Demonstrate that required trend graphs and trend logs are set up per the requirements.  Provide a sample of the data archive.  Indicate the file names and locations.

M. Demonstrate complete operation of Operator Interface such as graphic screens, trend logs, alarms, etc.

N. Additionally, the following items shall be demonstrated:

1) DDC Loop Response.  The Control Contractor shall supply trend data output in a graphical form showing the step response of DDC loops randomly chosen by the Engineer.  The test shall show the loop's response to a change in set point that represents a change of actuator position of at least 25% of its full range.  The sampling rate of the trend shall be from 1 second to 3 minutes, depending on the speed of the loop.  The trend data shall show for each sample the set point, actuator position, and controlled variable values (e.g., VFD frequency or Amperage).  Any loop that yields unreasonably under-damped or over-damped control shall require further tuning by the Control Contractor. 

2) Optimum Start/Stop.  The Control Contractor shall supply a trend data output showing the capability of the algorithm.  The 5 minute trends shall include the operating status of all optimally started and stopped equipment, as well as temperature sensor inputs of affected areas.

3) Operational logs for each system that indicate all set points, operating points, valve positions, mode, and equipment status shall be submitted to the Engineer.  These logs shall cover three 48-hour periods and have a sample frequency of not more than 10 minutes.  The logs shall be provided in both printed and disk formats. 

4) The DDC and HVAC systems will be shut down for 15 minutes and then re-started.  Within 15 minutes, the DDC system shall start and obtain stable control of the HVAC systems without safety trips, alarms, or excessive deviations in temperature and pressure (as defined by the Engineer).

O. Any tests that fail to demonstrate the operation of the system shall be repeated at a later date.  The Control Contractor shall be responsible for any necessary repairs or revisions to the hardware or software to successfully complete all tests.

7.4  Acceptance

A. All tests described in this specification (7.3) shall have been performed to the satisfaction of both the Engineer and Owner prior to the acceptance of the control system as meeting the requirements of this document.  

B. The system shall not be accepted until 

1) All pre-commissioning forms and checklists completed as part of the demonstration are submitted and approved.

2) All submittal and record documents (see section 1.8) have been submitted and approved.

C. The warranty period starts when the engineering accepts the system and provides this acceptance in written form to the Owner and the Control Contractor.

D. Any tests that cannot be performed due to circumstances beyond the control of the Control Contractor may be exempt from the Completion requirements if stated as such in writing by the Engineer.  The Owner shall then perform such tests no later than 3 months after the building is occupied.  The costs for these additional tests will be incurred by the Control Contractor. 

7.5  Spare Parts

A. The Control Contractor shall provide two spare fuses of the correct size and capacity for each fuseholder located in all the installed control systems and the Control Contractor’s related equipment.

B. The Control Contractor shall provide two spare pilot lights for each control unit that contains one or more pilot lights.

7.6  Opposite Season Testing 

A. Allow for 32 hours of technician’s time to monitor, trend, and adjust the control system during the warranty period to fine tune the various control loops to ensure the system is operating during other seasons.  This time excludes the time normally required to address warranty issues.

B. Control loops shall be tuned for stability and minimum error under all load conditions and all system operating conditions.

7.7  Training

A. Provide a minimum of four separate 4-hour on-site training sessions after system acceptance and at the owner's request. The initial training session will occur after the as-built drawings and submittals have been provided and the Engineer has accepted the system.  The other training sessions will occur up to 12 months after the first training session and at the owner’s request. 

B. Contractor shall conduct training courses for designated personnel in operation and maintenance of system.  Training shall be oriented to specific system being installed under his contract.

C. Training shall be a mix of classroom instruction, test exercises, and actual keyboard entry and screen viewing at the operator’s terminal. Hands-on experience and problem solving shall be emphasized.

D. If during any training session, the trainer debugs more than three (3) items, the training session will be immediately terminated.  The session will be rescheduled for another date.  The re-scheduled training session will be carried out for the full four hours at no additional cost to the Owner.

E. Training manuals shall be provided for each trainee, with two additional copies provided for archival at project site.  Manuals shall include detailed description of the subject matter for each lesson.

F. The training shall be oriented to making the owner self sufficient in the day to day use and operation of the DDC system.  Additionally, the training shall include:

1) System start-up, shutdowns, power outage and restart routines, alarms, security levels, changing setpoints, changing schedules and other parameters,  overrides, freeze protection, manual operation, return to automatic operation, and resetting equipment.

2) All screens shall be discussed (allow time for questions).

3) Information specifically focused on showing the owner methods of troubleshooting the mechanical systems using the BAS.

4) Use of laptop and hand-held operator interface device.

5) Creating, modifying, viewing, downloading, and reloading, trend logs. School District staff shall set up at least six trends during training.

6) Remote access to the system via Web, network, and/or phone lines.

G. The other training sessions shall be oriented toward answering specific questions from School District staff.

H. The trainer must be well grounded in both DDC system operation and in mechanical systems service and should be the programmer. 

I. The owner may specify another site for training if desired.

J. Factory training.  Provide training at a Manufacturer’s Factory Training Center on the operation of the system for two School District staff.  Minimum 4 days of training.  Control Contractor shall pay travel (air fare if training center is greater than 400 miles from project site or vehicle mileage at $0.35/mile), lodging and meals at Federal rates, and registration fees.

K. Factory training shall include, at a minimum:

1) Creating and modifying the sequence of operation.

2) Generating graphics

3) Field programming (with hand-held interface)

Part 8.  Alternative Bid Specifications

8.1  Provide separate bids for the following items

A. Provide, upon system acceptance, spare parts for a 5 year period.  Use typical failure rates for all control units, sensors, actuators, and other control equipment to determine the type and amount of spare parts to be shipped, free of charge, to the School District.

B. Provide a guaranteed fixed cost for all parts for a 5 year period after system acceptance.  Provide parts list and costs.

C. Provide the costs for additional warranty years for each year for eight (8) years after original 2 years warranty have expired.

D. Provide a pneumatic system to operate damper actuators and valve actuators requiring full stroke in less than one minute and/or all non-VAV terminal air dampers.  System shall include pneumatic actuators, air compressor, electric-pneumatic switches, pneumatic lines, and other required equipment/devices.  

8.2  Pneumatic Field Device Specifications for Alternative Bids

A. Electric to Pneumatic Analog (EP) Transducers

1) EP transducers shall be matched to the signals and have a linearly proportional pneumatic output compatible with the pneumatic control loop to be interfaced.

2) Transducers are to be capable of producing a linear signal over the operating range with less than 1% error over full scale.

3) The EP transducer shall have pressure calibration adjustments and withstand pressures at least 150 percent of the maximum range.

4) Provide offset and span adjustment.

5) Transducers Output signal from 0 to 15 psig.

6) Transducers input signal 4 to 20 mA with an input impedance of 500 ohms or a tri-state digital input.

7) The transducers must be track mount type.

B. Pressure Electric Relay

1) Shall have a diaphragm operated SPDT snap-acting electrical switch with voltage and current rating suitable for specified electrical control. Provide auxiliary relays as required.

2) Relays shall have a three (3) pipe body. Internal operating ports shall be of corrosion resistant metal.

3) The pressure range shall be 0 to 20 psi.

4) The set-point shall be adjustable from 0 to 20 psi and the differential adjustable between 2 and 7 psi.

C. Pneumatic Receiver Controllers

1) Controller shall be capable to use an air supply from 18 to 30 psig, nominal 20 psig. 

2) The  input signal from the transmitter shall be 3 to 15 psig over its range. 

3) The action of controller shall be field reversible. 

4) The controller shall have field adjustable setpoint and proportional band.

D. Pneumatic Chilled Water Control Valve:

1) Valve shall be constant pressure differential type with cast iron valve body to ASTM Specification A26, with flanged ends to USASI Code B16.2, Class 250. Bonnet shall be standard design with bolted fastenings and Teflon packing.

2) Inner valve shall be double seated normally closed type. Valve plug shall be top and bottom guided with equal percentage flow characteristics. Valve plug and seat ring shall be Stellite face stainless steel, suitable for a maximum pressure drop of 215 psi. All other trim shall be stainless steel, hardened where necessary to resist wear and/or erosion.

3) Valve actuator shall be diaphragm-operated type suitable for valve size and designed for 30 psi operating air. Actuator shall be complete with positioner and close in the event of any failure.

4) Valve shall be sized for maximum water flow with 10 psi pressure drop when wide open and shall be capable of throttling smoothly without slamming with any differential pressure between 10 and 20 psi.

E. Damper and Valve Operators

1) All air handling unit damper actuators and valve actuators operators shall be pneumatic. Provide adequate size and number to provide modulating or two position action as required.

2) Size operators according to spring pressure and fluid or aid pressure to reduce spring range shift.

3) Provide positive positioning devices where shown or where sequencing cannot be accomplished by standard spring ranges.

4) Provide spring returns on valve operators so that the valves fail safe in normally open or closed position as specified and/or shown on drawings.

5) Provide pilot positioners on all operators controlled from transducers and calibrate for full signal 3 to 15 psi.

6) If valves are under local control (not transducer control) a minimum 4 psi spring range is required.

7) Damper operators shall be of the replaceable diaphragm piston type with external adjustable stops to limit the length of stroke in either direction. Operators shall be mounted on adjustable brackets. Operating arms shall have double yoke linkages and double set screws for fastening to the damper shaft. Where damper size exceed the operators rating, multiple damper operators shall be provided.

F. Electric Solenoid Operated Pneumatic (EP) Valve

1) EP valves shall have three port operation: common, normally open, and normally closed.

2) EP valves shall be rated for 25 psig when used in control system operation at 20 psig or less, or rated at 150 psig when used in control system operation from 25 to 100 psig.

3) EP coils shall be equipped with transient suppression to limit transients too non‑damaging levels.

G. Pressure Gauges

1) A.
Pressure gauges will be required as depicted in the typical connection diagrams, where specified, and in all inputs and outputs of a control or logic device.  The intention is to have gauges installed in all branch connections to allow control system problems to be rapidly diagnosed and corrected without having to cut gauges into and out of the system.

2) Furnish and install gauges in all airlines at the point of connection to the final control device.

H. Control Air Source

1) Air compressors shall be size to include only the air lost if actuators are reducing air flow-through and NOT based on the typical building that has continuous air bleeds.

2) Control Air Compressor

a) Provide a duplex, belt‑driven, pressure lubricated air compressor package, each compressor capable of handling the system based upon 33 percent maximum operating time, with no more than 10 starts per hour and mounted upon an ASME Code tank. Compressors load and unload from oil pressure in pressure lubrication system.

b) All compressor motors 1 horsepower and larger shall be premium efficiency.

c) Prewired control panel with magnetic starters and automatic electric alternator with provisions for lag compressor operation on heavy demand or lead compressor failure. Provide individual disconnect switches. Cycle compressor through pressure switch. Electrical alternation set to operate each compressor alternately with provision for second compressor to start demand. If one compressor fails other automatically maintains air pressure.

d) Provide pressure switches, pressure reducing station, filter assembly, gauges, relief valves, intake filter, intake silencer, refrigerated air dryer complete with remote alarm contacts and all required pneumatic or permanent electrical connections, automatic tank drainer piped to drain, and accessories as required.

i. Provide a refrigerated air drier, rate at three times the building's current requirements. The drier shall be capable of reducing the dewpoint of the control air to -20(F at atmospheric pressure. Provide an automatic moisture removal trap. Provide isolation valves on the inlet and outlet, also provide a bypass around drier.

ii. Provide a central air filter. The filter element shall be replaceable and the housing shall be clear. Filter efficiency shall be 99% for liquid aerosols and 100% for solids of 0.01 micron and larger.

e) Filters shall be sized for the volume capacity of the compressor.

f) Intake silencer welded steel construction with threaded inlet and outlet, long‑life sound absorbing material surrounding a perforated cone. Universal Silencer Corp., or approved equal.

g) Provide spring vibration isolators, as required.

h) Provide contacts for remote alarm if tank pressure falls below normal start pressure.

i) Provide Pressure Reducing Valves (PRV) to reduce the building supply air to the required pressures to operate the pneumatic devices, Provide gauges before and after PRVs for indication, also provide isolation valves before and after PRVs.

j) Equip air compressor system with the following:

i. Low resistance intake air filter; central station air filter rated for 97% efficiency at rated air flow; and pressure reducing station to reduce high‑pressure air to pressure required by pneumatic control instruments. Provide combination filter‑pressure reducing station, or separate filter and separate pressure reducing station.

ii. High‑pressure relief valve.

iii. Rubber‑cork vibration isolation mounting pads.

iv. High‑pressure ASME storage tank, with drain test cock and automatic moisture removal trap, capacity as shown on drawings.

v. Belt guards.

vi. Pressure switches and gauges.

3) Air Piping

a) Hard drawn copper tubing with soldered fittings or galvanized steel

b) with malleable iron fittings, pitched to provide drainage of condensate to drip pockets at low points.

c) Polyethylene tubing may be used in control panels, in accessible concealed locations, and if protected by a suitable metallic raceway in mechanical spaces.

4) Gauge

a) Provide where specified and/or shown on the drawings.

b) Equip each controller with a direct reading companion gauge of at least 38 mm for all inputs and output mounted adjacent to the controller. 

c) Equip transmitters with gauges of at least 8 mm mounted on the Pneumatic Local Panel, with appropriate dial range.

d) Gauge ranges shall be selected so that indication occurs at mid gauge scale, i.e. use 0-30 psi range for transmitters and controller outputs.

5) Air Pressure Gauges

a) In main and branch connections at each controlling instrument use only one gauge in main air connection where controlling instruments are grouped.

6) Pepe and Fittings

a) Copper Tube Fittings: ASME B 16.22, wrought copper or copper alloy, solderjoint, pressure type.

b) Bronze Tube Flanges: ASME B 16.24, classes 150 and 300.

7) Joint Materials

a) Solder Filler Metal: ASTM B32, Alloy Sb5 (95% tin and 5% antimony), with 0.20% maximum lead content.

b) Brazing Filler Metals: AWS A5.8 CuP (copper‑phosphorus) Series.

END OF SECTION
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												Control		Power

		Item						Furnished		Installed		Wiring		Wiring

		Number				Description		by		by		by		by

		1				Motors for pumps

				a		Magnetic motor starter		E		E		C		E

				b		HOA		E		E		C		E

				c		Disconnect switches, thermal overload switches, manual operation switches		E		E				E

				d		VFD		M		E		C		E

		2		a		Smoke/Fire sensors, area		S		S

				b		Smoke/fire sensors, ducts		S		S

				c		Smoke/Fire damper actuators		S		S

				d		Fire alarm control panel		S		S				E

		3		a		Dampers		C		SM

				b		Damper actuators		C		C		C		C

		4		a		Control Panel/Control units		C		C		C		E

				b		BAS Sensors (air/water temperature, air flow/pressure, etc.)		C		C		C		C

				c		Control relays, control transformers		C		C		C		C

				d		VAV boxes controller		C		C		C		E

				e		VAV boxes		M		SM		C		E

				f		Valve				P

				g		Valve Actuator, motor, solenoid valves, etc.		C		P		C		C

		5				Plumbing

				a		Thermometer wells

				b		Pressure sensor traps		P		P

		Item										Control		Power

								Furnished		Installed		Wiring		Wiring

		Number				Description		by		by		by		by

		6		a		Option 1:  Controls for air handlers without factory internal controls		C		C				E

				b		Magnetic motor starter		E		E		C		E

				c		HOA		E		E		C		E

				d		Disconnect switches, thermal overload switches, manual operation switches		E		E				E

				e		VFD		M		E		C		E

		7		a		Option 2: Controls for air handlers with minimal internal controls				C				E

				b		Magnetic motor starter - factory installed		A		A		C		E

				c		HOA - factory installed		A		A		C		E

				d		Disconnect switches, thermal overload switches, manual operation switches - factory installed		A		A				E

				e		VFD - factory installed		A		A		C		E

		8		a		Option 3: Air handlers with internal controls		A		A		A		E

				b		Gateway from air handler to BAS				A		C		E						terminal strips for AHU, boilers, chillers,

		9		a		Boiler				M				E

				b		Gateway connecting boiler to BAS				M		C		C

		10		a		Chiller				M				E

				b		Gateway connecting chiller to BAS				M		C		C

		C = Control Contractor

		E = Electrical, Division 16

		M = Mechanical, Division 15

		P = Plumbing Contractor

		S = Smoke/Fire Contractor

		A = Air Handler/Fan supplier/factory

		SM = Sheet Metal Contractor

		Footnotes:

		1.  Smoke/Fire system provides DI, DO for interface with BAS

		2.  Wire smoke detector power supply from F.A.C.P. so that false

		alarms are not created when air handling unit power is turned off.

		3.  Wire from fire/smoke device directly to fire alarm control system even for units mounted

		in or on mechanical equipment or ducts supplied under Division 15.

		4.  Air handler contractor supplies motor starters, VFD, compressor safety controls.

		5.  Control contractor installs other sensors and operates equipment according

		to sequence of operation

		6.  Supplier must work with control contractor to establish communication

		between equipment and BAS.

		7. Control Contractor only supplies valves that are associated with valve actuator.

		All other valves furnished by plumbing contractor.

		8.  Boiler furnished with controls by manufacturer that internally operate and protect boiler.

		9.  Chiller furnished with controls by manufacturer that internally operate and protect chiller.

		10.  Install two wells per sensor location to allow for calibrating temperature sensor.

		11.  Supply two wells per location.  Second well is for calibration.

		12.  Control contractor wires smoke detector contacts to directly shut down air handler.

												Control		Power

		Item						Furnished		Installed		Wiring		Wiring

		Number				Description		by		by		by		by
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												Control		Power

		Item						Furnished		Installed		Wiring		Wiring

		Number				Description		by		by		by		by

		1				Motors for pumps

				a		Magnetic motor starter		E		E		C		E

				b		HOA		E		E		C		E

				c		Disconnect switches, thermal overload switches, manual operation switches		E		E				E

				d		VFD		M		E		C		E

		2		a		Smoke/Fire sensors, area		S		S

				b		Smoke/fire sensors, ducts		S		S

				c		Smoke/Fire damper actuators		S		S

				d		Fire alarm control panel		S		S				E

		3		a		Dampers		C		SM

				b		Damper actuators		C		C		C		C

		4		a		Control Panel/Control units		C		C		C		E

				b		BAS Sensors (air/water temperature, air flow/pressure, etc.)		C		C		C		C

				c		Control relays, control transformers		C		C		C		C

				d		VAV boxes controller		C		C		C		E

				e		VAV boxes		M		SM		C		E

				f		Valve				P

				g		Valve Actuator, motor, solenoid valves, etc.		C		P		C		C

		5				Plumbing

				a		Thermometer wells

				b		Pressure sensor traps		P		P

		Item										Control		Power

								Furnished		Installed		Wiring		Wiring

		Number				Description		by		by		by		by

		6		a		Option 1:  Controls for air handlers without factory internal controls		C		C				E

				b		Magnetic motor starter		E		E		C		E

				c		HOA		E		E		C		E

				d		Disconnect switches, thermal overload switches, manual operation switches		E		E				E

				e		VFD		M		E		C		E

		7		a		Option 2: Controls for air handlers with minimal internal controls				C				E

				b		Magnetic motor starter - factory installed		A		A		C		E

				c		HOA - factory installed		A		A		C		E

				d		Disconnect switches, thermal overload switches, manual operation switches - factory installed		A		A				E

				e		VFD - factory installed		A		A		C		E

		8		a		Option 3: Air handlers with internal controls		A		A		A		E

				b		Gateway from air handler to BAS				A		C		E						terminal strips for AHU, boilers, chillers,

		9		a		Boiler				M				E

				b		Gateway connecting boiler to BAS				M		C		C

		10		a		Chiller				M				E

				b		Gateway connecting chiller to BAS				M		C		C

		C = Control Contractor

		E = Electrical, Division 16

		M = Mechanical, Division 15

		P = Plumbing Contractor

		S = Smoke/Fire Contractor

		A = Air Handler/Fan supplier/factory

		SM = Sheet Metal Contractor

		Footnotes:

		1.  Smoke/Fire system provides DI, DO for interface with BAS

		2.  Wire smoke detector power supply from F.A.C.P. so that false

		alarms are not created when air handling unit power is turned off.

		3.  Wire from fire/smoke device directly to fire alarm control system even for units mounted

		in or on mechanical equipment or ducts supplied under Division 15.

		4.  Air handler contractor supplies motor starters, VFD, compressor safety controls.

		5.  Control contractor installs other sensors and operates equipment according

		to sequence of operation

		6.  Supplier must work with control contractor to establish communication

		between equipment and BAS.

		7. Control Contractor only supplies valves that are associated with valve actuator.

		All other valves furnished by plumbing contractor.

		8.  Boiler furnished with controls by manufacturer that internally operate and protect boiler.

		9.  Chiller furnished with controls by manufacturer that internally operate and protect chiller.

		10.  Install two wells per sensor location to allow for calibrating temperature sensor.

		11.  Supply two wells per location.  Second well is for calibration.

		12.  Control contractor wires smoke detector contacts to directly shut down air handler.
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