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Guide Specifications

The following specification is intended to be used, generally verbatim, in the contract documents.  [Specifier Notes] shall be deleted during the editing process.  Where [ ] appears in this document, this indicates requirements which are optional depending upon the project scope and conditions.  Edit as appropriate for the project.  The A/E consultant shall take ownership and responsibility for the contents of this section and is expected to modify other portions as necessary to accurately reflect conditions of the project.  For draft copies during the design process, annotate any deletions by lining through the proposed change, and use bold lettering for any proposed additions.


PART 1 GENERAL

1.01 SCOPE OF WORK

A. Furnish and install equipment, labor, materials and services for a complete automatic control system as indicated and specified, integrating new work with the owner’s existing Delta, and/or Alerton systems.
B. Conduit, wire and cable for control system work, not otherwise indicated under Division 16 shall be provided under this section and in accordance with the requirements of Division 16.

C. System to include connection to power source, control wiring and/or tubing, interlock wiring and devices, control dampers, valves, operators, sensors, relays, and other devices and specialties to provide a complete system.

D. Coordinate with other trades; obtain drawings and diagrams required to interface control system with equipment furnished and/or provide under other Sections of the specifications, including but not limited to utility meters and system monitors.
1.02 DESCRIPTION

A. The control system specified herein is intended to cover equipment, labor, materials, and services required to monitor and/or control the following:

1. Air Handling Systems
2. Air Handling Units and Fans

3. Single Duct VAV Terminal Boxes

4. Unit Heaters

5. Related Exhaust Fans/Supply Fans

6. Day-Night Systems

7. Pumps

8. Miscellaneous Ventilation Systems

9. Metering

B. The Building System shall employ an independent stand-alone HVAC control system as described herein.  The Building System shall meet ASHRAE Standard 135 (BACnet) and shall communicate over dedicated cabling with/through the existing campus central monitoring and control system currently located in the Rozell Energy Center (See Section 15950 of these specifications).

C. All direct digital logic hardware shall communicate by way of a building wide sub-network(s), using the protocols and local area network (LAN) standards as defined by ANSI/ASHRAE Standard 135-1995, including current Addenda, BACnet.  The building sub-network utilized shall be MSTP.

D. Building Systems shall provide all the required functions as specified within this section and/or on the mechanical drawings and be capable of functioning independent of the Central Site or any other separate Building System.

E. The Building System shall provide Energy Management and Building Automation by way of Direct Digital Control (DDC) for air conditioning, heating and ventilation systems and shall interface with other microprocessor-based systems as required and indicated herein.
1.03
CENTRAL SITE 

A. The two current Central Site systems are products of Delta Controls, and Alerton.  
B. The Central Site currently has a dedicated server for each system running the most current vendor’s site software.   The current data base and graphics shall be updated as required to interface with the new system.
1. The Central Site Server shall store the vendor-specific System Operator Workstation (SOW) software to be uploaded to the individual workstations.

2. The Central Site Server shall be used as the central storage location for all history and trending files uploaded from all Building Systems as required.

3. For the purposes of keeping all updates to graphics files instantly available to all workstations, all graphic files shall be stored at the Central Site Server.
4. The Central Site Server shall run all vendor specific software required for complete programming of the building systems and all functions of the Central Site server and workstations.
5. Any vendor-specific software shall in no way affect other applications running concurrently on this server.

6. The Central Site Server currently has a dedicated Ethernet LAN and direct internet access (port and account protected).  All new building systems shall be connected to the existing LAN via existing or new switches, routers, or other electronics as specified and/or shown on the drawings. 

7. It shall be possible for an operator to access the building system and/or controllers via a direct connection to the LAN at any switch, hub or other device that allows for connection of a workstation.
C. Central Site Workstations

1. All workstations shall be capable of running system software while operating any Microsoft operating system.  Functions such as viewing and changing set points, current parameters, etc. shall be available regardless of the operating software and compatible system software provided.

2. Shall be capable of uploading all SOW software from the Central Site Server.

3. Shall have access to all history and trending data.

4. Shall have access to all graphic display files stored on the Central Site Server.

5. Any vendor-specific software shall in no way affect other applications running concurrently on the server.  Any known conflicts with applications that could be running on workstations (i.e. word processing, terminal emulators) shall be identified and changes made to the software as required to eliminate conflicts.
6. Provide upgrades to all existing workstations as required for any changes to the existing central site software that subsequently require newer hardware and or operating system software.

1.04
EXISTING ENERGY MANAGEMENT AND CONTROL SYSTEM LOCAL AREA NETWORK (EMCS LAN)

A. The Building System(s), Central Site Server, workstations and network printer are on one common LAN.

1. Connection of the Building System to the EMCS LAN shall be made within the same building where the Building System is being installed.

B. The data communication protocol for the EMCS LAN is as follows.

1. The physical/data link layers of the LAN are CSMA/CD (Ethernet), IEEE 802.5.

2. All devices provided by the Contractor shall be rated for 100Mbps minimum.
1.05
QUALITY ASSURANCE

A. All materials used in this work shall be new, of the latest make/model currently in production and they shall be compatible with current server software version and of a type specifically manufactured for the use intended.

B. Design Criteria

1. The control system shall include all devices and wiring necessary to bring all building systems under control as specified herein and/or as shown on the Drawings.

2. The control system shall be a microprocessor-based system.

3. System shall be Direct Digital Control with electronic operators. 
4. The system shall be of fully modular distributed intelligence architecture, permitting expansion through the addition of field processing units, or terminal unit controllers.

5. All materials and equipment used shall be standard components, regularly manufactured for this and/or other systems and not custom designed especially for this project.  All components shall have been thoroughly tested and proven in actual use.

1.06
 SUBMITTALS

A. Submit in accordance with Section 15000.

B. Before any materials are delivered to the job site, the Controls Contractor shall submit complete documentation for approval including:

1. Wiring diagrams.

a. System configuration diagrams shall be in simplified block format (SAMA) complete with written sequences of operation.

b. System point to point drawings showing all internal and external connection points, terminal block layouts and terminal/wire identification.

2. Point schedule listing all points and their associated:

a. Description

b. Point address

c. Point type

d. Base, span, engineering units

e. Associated graphic tag

3. An accurate floor plan showing the location of all control and monitoring equipment and Terminal units installed, and the associated communication trunk and power wiring circuitry.”

4. Manufacturer’s instructions and drawings for installation, maintenance and operation of all items.

5. Overall system operation and maintenance instruction, including preventive maintenance and troubleshooting instructions.

1.07 PROJECT RECORD DOCUMENTS
A. Submit under provision of Section 01770.

B. Provide “as-built” documentation of complete wiring diagrams, control components, riser diagrams, sequence of operation, and complete point listing.  Indicate all control components with model numbers, capacities etc., including appropriate manufacturers’ catalog data.

C. In addition to the copies provided in the O&M manuals, provide two copies of the as-built control diagrams laminated in plastic.  One copy shall be posted at the main control cabinet of the building and the second copy given to the Owner.  In addition, provide one electronic copy in pdf format.  
1.08
OPERATION AND MAINTENANCE DATA AND TRAINING

A. Provide under provisions of Section 01770 and 15995.
B. Provide a minimum of 8 hours of instruction time by the manufacturer to instruct the Owner's personnel in the operation of the system prior to acceptance. This instruction shall be conducted in a classroom atmosphere.
1. This training shall be separate from any training required within section 15950.

1.09
DELIVERY, STORAGE, AND HANDLING

A. Deliver, store, and protect products under provisions of Section 15000.
B. Store products in shipping containers in clean, dry location until installation.

1.10 QUALIFICATION OF MANUFACTURER

A. Building automation and temperature control work shall be done by specialty mechanics in the employ of a subcontractor who specializes in this type of work. . Use only thoroughly trained and experienced workmen completely familiar with the items required and the manufacturer’s current recommended methods of installation.

B. Control contractor's engineers shall have minimum of five years experience in the control field.

C. Approved Manufacturers

1. The following manufacturers native BACnet products are approved for installation subject to the requirements specified herein.

a.
Delta Controls 

b.
Alerton Controls

c.
As approved by the Owner prior to bid.

1.11 REFERENCE STANDARDS
A. The latest edition of the following standards and codes in effect and amended as of the Bid Date, and any subsections thereof as applicable, shall govern the design of equipment and materials supplied.
1. UL 916 – Underwriters Laboratories Standard for Energy Management Equipment

2. NEC – National Electrical Code

3. BACnet – ASHRAE Standard 135 

B. City, county, state, and federal regulation and codes in effect as of Bid Date.
1.12 JOB CONDITIONS

A. Sequencing and Scheduling

1. Qualifications of the manufacturer’s engineer shall be submitted in writing within 30 days of Notice to Proceed.  

2. Pre-Functional Performance Testing (FPT) inspection and adjustment of the control systems shall be performed by the control engineer in the presence of the Engineer. This operation shall be performed prior to the start of air and/or water balance work, and/or the actual Functional Performance Testing 
3. The Controls Contractor shall demonstrate operation of control functions for each system as required for Functional Performance Testing. Deficiencies in control functions found during the demonstration shall be corrected and re-demonstrated.

4. Control contractor shall be available during system balancing and Functional Performance Testing of control systems and manipulate the system as required to perform those tests at the control point settings as specified by the A/E and performed by the Contractor.
5. Final adjustments and calibration of systems and components including valve and damper operators shall be accomplished after balancing has been completed and prior to the O&M instruction period. This shall include any required setting of controls or labeling of equipment. The Contractor shall coordinate scheduling and set points with Owner.  The Owner shall be notified seventy-two (72) hours in advance of the scheduled time to witness the sequence of operation on all systems.  All systems shall be fully operational at the time of this demonstration.
B. Protection of Equipment

1. This contractor shall be responsible for protection of equipment furnished under this section during all phases of construction. Protect equipment against physical damage and paint or from similar hazards.

2. Damaged equipment shall be restored to like new condition or replaced as directed by Owner at the contractor's expense.

1.13
SPECIAL WARRANTY

A.
3-year warranty on parts and labor.

1. A written warranty shall be provided by the Controls Contractor covering all installed parts and labor for a period of three years from the date of Substantial Completion.

2. The Controls Contractor shall warrant that all work conforms to the Contract Documents and is free from defects in equipment, materials, design furnished, or workmanship performed.

PART 2 PRODUCTS

2.01
GENERAL

A. The Contractor shall be responsible for providing all necessary components and accessories required to achieve the specified operation.

1. All devices installed shall be UL approved.

2. The system shall be DDC (Direct Digital Control) with electronic operators.

3. Building systems shall provide all the required functions as specified herein and/or shown on the drawings, and be capable of functioning independent of the Central site or any other separate Building system.
4. The Contractor shall provide components with capacities, functions, ranges, stages, accessories and configuration to meet the BACnet services indicated, and accomplish the monitoring and control specified.  The specified features and functionality shall be provided regardless of whether on not it is used in the operational sequences.
5. The system shall be micro-processor based system designed for use with HVAC and refrigeration equipment.  The system shall have “stand-alone” capability.

B. All controllers shall be networked within the Building System(s) by way of a sub-network(s).

1. Communications on the building sub-network shall use ANSI/ASHRAE Standard 135-1995, including current Addenda, BACnet. Protocol shall be MSTP.

2. Multiple sub-networks shall be required within the building.

3. At least one Supervisory Logic Controller or General Purpose Stand-alone Controller shall be provided per mechanical space which contains any type of primary heating, cooling or multi-zone air handling equipment.  Unitary or Terminal Unit Controllers shall not be used for control of primary heating, cooling and multi-zone air handling equipment
4. For the purpose of stand-alone capability, all terminal unit zone controllers shall be on the same building sub-network as the Controller for the primary heating, cooling or multi-zone air handling equipment supplying that terminal unit.

2.02
CONTROLLERS

A. Supervisory Logic Controller (or Building Controller as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. For the purposes of this Specification, a Supervisory Logic Controller contains the primary supervisory logic programming, sequences and global strategies as needed for complete control of all units connected to the building sub-network as described in this specification and the Contract Drawings.

2. In the event of a loss of communication, the Supervisory Logic Controllers shall, as defined in the supervisory software:

a. Retain and control to the last downloaded setpoints or default to pre-determined setpoints and/or each individual output to a predetermined value (analog) or state (binary).

b. Retain the last downloaded value or default to a pre-determined value all Analog Values or Binary Values whose calculation is based on a value transferred from another building system.

3. ANSI/ASHRAE Standard 135-1995, including current Addenda, BACnet, shall be used as the communication protocol to other controllers on the building sub-network.

4. The Supervisory Logic Controller shall, as a minimum, support the following Objects:

a. Binary Input

b. Binary Output

c. Binary Value

d. Analog Input

e. Analog Output

f. Analog Value

g. Calendar

h. Schedules

i. Loop

j. Program

5. The Supervisory Logic Controller shall:

a. Utilize its own 32-bit processor.

b. Contain sufficient memory to support its database and programming requirements with non-volatile memory capable of preserving it’s programming for a minimum of one year.

c. Be fully programmable from any Central Site Workstation or locally from a laptop PC.

d. Contain an on-board, battery backed Calendar Clock.

6. If the Supervisory Logic Controller has the capability of accepting hardware I/O, it: 

a. Shall utilize universal inputs, which will accept 10K thermistors, 0-5VDC, 0-10VDC, 4-20 MA or dry contact signals with a minimum 12 bit A to D conversion of all Analog inputs.

LED’s indicating input status shall be provided.

b. Shall utilize 0-10VDC with a minimum 10 bit D to A conversion of all Analog Outputs.

c. Shall be capable of multiple PID loops for control of multiple outputs.

d. Shall provide the following for all outputs:

1) Hand-Off-Auto selector switch for all outputs.

2) Potentiometer-style control of the output signal though the entire range with the capability of leaving the output at any point in the range.

3) LED’s indicating status for all outputs.

e. May monitor and control all primary heating, cooling and multi-zone air handling equipment.

B. General Purpose Stand-alone Controller (or Advanced Application Controller as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. For the purposes of this Specification, a General Purpose Stand-alone Controller:

a. Resides on the building sub-network.

b. May contain some of the sequences and strategies as needed for complete control of all units connected to the building sub-network.

c. Shall utilize its own 32-bit processor.

d. Shall utilize universal inputs, which will accept 10K thermistors, 0-5VDC, 0-10VDC, 4-20 MA or dry contact signals, and have minimum 12 bit A to D conversion of all Analog inputs.

1) LED’s indicating input status shall be provided.

e. Shall utilize 0-10VDC with a minimum 10 bit D to A conversion of all Analog Outputs.

f. Shall contain sufficient memory to support its database and programming requirements with non-volatile memory capable of preserving it’s programming for a minimum of 1 year.

g. Shall be capable of multiple PID loops for control of multiple outputs.

h. Shall provide the following for all outputs:

1) Hand-Off-Auto selector switch for all outputs.

2)       Potentiometer style control of the output signal though the entire        range with the capability of leaving the output at any point in the range.

3) LED’s indicating status for all outputs.

i. Shall be fully programmable from any Central Site Workstation or locally from a laptop PC.

2.
The General Purpose Stand-alone Controller may monitor and control primary heating, cooling and multi-zone air handling equipment.

3.
In the event of a loss of communication, the General Purpose Stand-alone Controllers shall, as defined by the supervisory software:

a. Retain and control to the last downloaded setpoints or default to pre-determined setpoints, and/or control each individual output to a pre-determined value (analog) or state (binary).

b. Retain the last downloaded value or default to a pre-determined value all Analog Values or Binary Values whose calculation is based on a value transferred from another building system.

4.
Shall use ANSI/ASHRAE Standard 135-1995, including current Addenda, BACnet as the communication protocol to other controllers on the building sub-network.  Protocol shall be MSTP.

5. The General Purpose Stand-alone Controller shall, as a minimum, support the following Objects:

a. Binary Input

b. Binary Output

c. Binary Value

d. Analog Input

e. Analog Output

f. Analog Value

g. Calendar

h. Schedules

i. Loop

a. 6.


C. Unitary or Terminal Unit Controller (or Application Specific Controller as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. For the purposes of this Specification, a Unitary or Terminal Unit Controller:

a. Resides on the building sub-network.

b. Shall be a stand-alone controller.

c. Shall be capable of multiple PID loops for control of multiple outputs.

d. Shall utilize its own 32-bit processor.

e. Shall provide at least 3 universal inputs, which will accept 10K thermistors, 0-5VDC, 0-10VDC, 4-20 MA or dry contact signals. And have minimum 10 bit A to D conversion of all Analog inputs.

1) Exception: When used as a VAV terminal unit controller, one input may be dedicated to an on-board flow transducer.

f. Shall provide at least one Analog output utilizing a 0-10VDC signal with a minimum 8 bit D to A conversion.

g. Shall provide at least two Binary Outputs.

h. Shall contain sufficient memory to support its database and programming requirements with non-volatile flashable memory.

i. Shall be capable of PID loop control.

j. Be fully programmable from any Central Site Workstation, a supervisory logic controller or locally from a laptop PC.

1) Pre-configured, downloadable software routines for control of the more common unitary hardware configurations shall be provided.

2) Custom software routines may be defined and downloaded as required.

k. The Unitary or Terminal Unit Controller shall not be used to control any primary heating, cooling or multi-zone air handling equipment.

l. A communications jack shall be installed in the zone and connected to the Unitary or Terminal Unit Controller that is controlling that zone.

2) The communications jack shall be integral to the temperature sensor where one is provided in the zone.

3) If a zone temperature sensor is not required for a particular terminal unit or unitary controller a communications jack shall be installed in the zone at an accessible location (within 5 ft. of floor).

2.
The ANSI/ASHRAE Standard 135-1995, including current Addenda, BACnet shall be used as the communication protocol to other controllers on the building sub-network.  Protocol shall be MSTP.

3.
In the event of a loss of communication, the Unitary or Terminal Unit Controllers shall, as defined by the supervisory software:

a. Retain and control to the last downloaded setpoint or default to pre-determined set point.

b. Retain its last downloaded control mode or default to a pre-determined control mode.

3. The Unitary or Terminal Unit Controller shall, as a minimum, support the following Objects:

a. Binary Input

b. Binary Output

c. Analog Input

d. Analog Output

2.03
COMMUNICATIONS BETWEEN BUILDING SYSTEMS AND THE CENTRAL SITE

A. Existing LAN communication is as follows.  New building systems shall conform to the existing communication scheme.

1. The physical/data link layer in all sections of the EMCS LAN to the building switch/hub is CSMA/CD (Ethernet), IEEE 802.5.

a. Minimum speed in all sections of EMCS LAN is 10MB/sec, but shall be run at 100MB/sec where ever possible.
b. Communications media between multiple Building System controllers/routers located within the same building (if required) may be either 1000BASET (Cat6 wiring) or fiber optic cabling directly connected to the existing LAN.

c. Communications media from the Building System to the existing LAN in the campus tunnel system shall be fiber optic cabling as specified.

1) All communication cabling and fiber optic cabling shall be run in conduit or cable tray.

2) All fiber optic cabling routed in any cable tray shall be installed in interduct.

3) Connection to the existing campus wide network shall be made via telecom outlet installed by others located next to the DDC panel.
4) Communication cabling may be routed in cable tray with other communication cabling where available.

2. Any switch or router required for the Building System(s) to the EMCS LAN shall be located within the same building it serves.

2.04
INPUT DEVICES

A. Room Temperature Sensor (or Smart Sensor as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. 10K ohm @ 77 deg. F. thermistor, +/- .36 deg. F. accuracy over 32 to 96 deg. F. range.

2. Except where noted, all room sensors shall have a display for viewing room temperature, room temperature set point and outside air temperature.  All of these points, including set point adjustment, shall be able to be disabled through software.  
3. Where noted, use a blank tamperproof cover, with sensor and integral communications jack to communicate with the zones unitary controller.
4. Install 5’ above finished floor unless otherwise indicated.

B. Duct Temperature Sensor (or Smart Sensor as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. 10K ohm @ 77 deg. F. thermistor, +/- .36 deg. F. accuracy over 32 to 158 deg. F. range.

2. Locate in the main air stream as close to the center of flow as is possible.

C. Immersion Temperature Sensor (or Smart Sensor as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. 10K ohm @ 77 deg. F. thermistor, +/- .36 deg. F. accuracy over 32 to 158 deg. F. range.
2. Provide stainless steel or brass thermowell for threaded mounting into pipe.

3. Thermal paste shall be used in all thermowells.

D. Outside Air Temperature (or Smart Sensor as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. 10K ohm @ 77 deg. F. thermistor, +/- .36 deg. F. accuracy over -40 to 150 deg. F. range.

2. Install away from exhaust/relief vents.  Preference should be given to locate as near as possible to the outside air intake for the air handling equipment which it shall help to control, but keeping it out of direct sunlight or other sources of influence which would adversely affect it’s accuracy. When possible the sensor should be located on the northwest outside building wall.

3. Outside air temperature sensors shall not be mounted within the intake air plenum or ductwork. 

E. Humidity Sensor (or Smart Sensor as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

1. 0% to 100% RH range, +/- 3% accuracy.  Applies to duct or space sensors.  Space sensors shall be incorporated in the same housing as the zone or room temperature sensor where available.

F. Current Operated Switches (Fan and Pump status)

1. Kele & Assoc. PD75 series, Veris Ind. Hawkeye 705, or approved equal.

2. Adjust to detect belt or coupling breakage under minimum flow conditions.

3. An alternate device for a status input, which is tied to a digital output, may be an analog type current transformer if the system hardware/software accepts this type of proof.

G. Air Pressure Differential Analog Sensor (Filter status).

1. Mamac Systems model PR-274-R3-VDC (see H.5 below)
H. Static Pressure Transducers

1. Mamac Systems

2. 24 VAC supply

3. 0-5 VDC – Output

4. Model PR-274-R2-VDC for building/room differential pressure control        (-0.25” to +0.25” Wg )

5. Model PR-274-R3-VDC for Duct static pressure (0" to 5" Wg, or as indicated on the Drawings).

I. Air velocity

1. Atkinson Electronics PACM//02S Programmable Analog Control Module with SVP velocity probe, or approved equal.

J.
Carbon Dioxide (CO2) Sensors


1.
Teleair


2.
24 VAC supply


3.
0-5 VDC – Output

4.
Model PR-274-R2-VDC for building/room differential pressure control (-0.25” to +0.25” WG)

5.
Model PR-274-R3-VDC for Duct static pressure (0” to 5” Wg, or as Indicated on the Drawings).

2.05
CONTROL DAMPERS AND ACTUATORS (or Smart Actuators as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

A. Dampers

1. Frames shall be 1/8” thick extruded aluminum hat channels.

2. Blades shall be suitable for high velocity performance, extruded aluminum airfoil shape.

3. Replaceable extruded vinyl seals at blade edges and frame to provide tight closing damper. Dampers shall have maximum 6 CFM/sq. ft. leakage at 4" WC.

4. Bearings to be molded synthetic.

5. All temperature control dampers shall be furnished under this section unless specified to be provided with equipment by the equipment manufacturer.

6. Dampers shall be Ruskin CD50 or equal by Tamco, including those provided with equipment by the equipment manufacturer.

7. Use multiple sections where total damper width exceeds 48” to eliminate blade flutter.

8. No individual damper section may exceed 25 sq.-ft. 

9. Use separate operators for each multiple section.
a. Damper actuators shall not be ganged together on a common shaft.

b. If the torque requirements for any single section of dampers exceeds the torque capabilities of the actuator, multiple damper sections with individual operators shall be used.

10. All damper shaft ends are to be permanently marked to indicate damper blade position.

B. Damper Actuators

1. Sized for 50% safety factor with ample capacity to hold device at intermediate position.

2. Actuators for VAV, volume and proportional control for equipment specified in other sections shall be furnished in this section unless specifically noted otherwise in the other section. Actuators shall be compatible with equipment.
3. Electronic actuators

a. High resolution type.

b. Current limiting circuitry.

c. Electro-thermal actuators are not acceptable.

4. All damper actuators at temperature controlled terminal unit boxes shall be Belimo (or approved equal), 24VAC, 3-point floating control type motors with position feedback.

a. Motor shall not be an integral part of the unitary controller and shall allow for separate mounting of controller and actuator.

b. Feedback shall be input to Terminal Unit Controller.

5. Damper actuators for terminal boxes controlling static pressure shall be proportional 0-10VDC control signal, 24VAC power, with position feedback, as manufactured by Belimo (or approved equal).

a. Feedback shall be connected to an analog input on the Terminal Unit Controller.

6. Damper actuators at air handlers shall be Belimo (or approved equal).
a.
Feedback shall be connected to an analog input on the Terminal Unit 
Controller.

7. Mixed Air Damper Actuators shall be spring return.

a. Close the Exhaust and Outside Air Dampers and open the Return Air Dampers upon loss of control signal and/or power.

2.06
CONTROL VALVES AND ACTUATORS (or Smart Sensor as defined by ANSI/ASHRAE Standard 135-1995, Addendum d)

A. Actuators

1. All electronic actuators shall be Belimo and sized according to the manufacturer’s recommendations for the applications described on the drawings and/or specifications.

a. Proportional

1) High resolution electronic actuator

2) Current limiting circuitry.

3) 2-10 VDC control signal or 3-point floating control.

4) 24 VAC control power.

5) Position feedback (tied into an analog input on the associated controller).

b. Two position electronic

1) 24 VAC control power.

2. Electro-thermal actuators are not acceptable.

3. Actuators shall be equipped with manual positioner (hand wheel or lever) to allow for manual positioning in the absence of control power.

4. Wiring to control valve actuators

a. Factory installed pigtails on valve actuators may be installed exposed (no conduit). Splices to the pigtail shall be within a splice box and all wiring from that point shall be within conduit.

b. If no factory installed pigtails are provided, field installed SO cord (plenum rated) may be used up to two feet in length from the terminals on the valve actuator to a splice box. Provide strain relief on each end of the SO cord.

B. Control Valves for primary heating and cooling equipment.

1. Shall be supplied by Controls Contractor.

2. Valves shall be suitable for pressure differential greater than the total head of the respective circulating pump.

3. Chilled water: Belimo Valves.  Size, type and quantity of valve(s) to be as required to meet the specified flow and/or Cv.
4. Heating hot water and steam: Belimo Valves.  Size, type and quantity of valve(s) to be as required to meet the specified flow and/or Cv.

C. Control valves for terminal units, unitary heaters or fan coils.

1. Shall be supplied by Controls Contractor.

2. Valves shall be suitable for pressure differential greater than the total head of respective circulating pump.

3. Ball valves

a. NPT Threaded brass body (no sweat fittings).

b. Actuator shall be direct coupled and mount by way of a 4 bolt flange integral to the valve body.

c. Stainless steel ball.

d. Shall be a full-port valve with characterizing disc to produce an equal percentage flow characteristic.

e. Blowout-proof stem with double O-ring stem packing.

f. Fiberglass reinforced Teflon seats and seals.

g. Belimo electronic characterized control valve type B2, B3, or approved equal.

2.07
RELAYS

A. 8-Pin, octal base, DPDT, with manual push-button operator and integral indicator light.

1. Exception: specialty relays such as time delay or interval timers which may be: 11-pin, SPDT, need not have manual operators or indicator lights.

B. Matching socket snap-mounted on standard DIN-rail.

2.08
ENCLOSURES

A. General

1. All controllers, power supplies and relays shall be mounted in enclosures.

2. Enclosures may be NEMA 1 when located in a clean dry indoor environment.  Indoor enclosures shall be NEMA 12 when installed in other than a clean dry environment.

3. Enclosures shall have hinged, latching doors.

B. Enclosures for Supervisory or General Purpose Controllers in Mechanical Spaces:

1. A gutter (minimum 6”x6”x6”) shall be furnished and installed directly beneath or above each controls enclosure by the Controls Contractor. All home runs (control, signal and communication) shall enter this gutter. Wiring shall then be routed from the gutter through minimum 1” conduits to each of the controls enclosures. All circuits in the gutter and controls enclosure shall be Class II or III (as defined by NEC).

a. Power Supplies, transformers or other devices requiring 110 VAC (or greater) power shall be mounted in a separate enclosure. A sign warning of the presence of High Voltage inside shall be placed on the door.

2. Analog input cables shall be in separate raceways from all other control wiring from the gutter mounted beneath Controls enclosure to the input device.  Exception: power supply wiring for powering field mounted analog input transducers.

3. See Part 4 Details for installation diagram.

C. Controls enclosures for Terminal Units:

1. Enclosures shall be NEMA 1 and shall be integral to the controller where possible.  Terminal unit controllers without integral enclosures may be mounted directly to 4-square boxes where designed to do so, but in no case shall controllers be mounted directly to the terminal unit or lack the provision for concealed connection of all wiring terminations.  

2. ½” Flex (minimum) from the power supply mounted within 2 feet of the terminal unit and ½” flex (minimum) from the I/O & Communications 4-square box mounted within 2 feet of the terminal unit shall terminate at this enclosure.

3. No open wires shall be allowed at the terminal unit.

a. Exception: Pigtail cabling to damper operators and/or valve actuators.

2.09
NAMEPLATES

A. Provide legible labeling with a professional electronic labeling device for all equipment and monitoring and control devices furnished. Each label shall identify the function or device. Labels shall be a minimum of 1" X 3" Labels for devices smaller than 1" X 3" shall be attached by a nonferrous metal chain. All other labels shall be attached to the equipment.  “Labels are required for room sensors where it is not readily apparent which terminal unit they control. Labels for concealed equipment such as terminal units or transducers shall be attached to the access point for those devices such as access doors, ceiling grids, etc. Naming of the equipment on these labels shall be as directed by the Owner.

2.10
AIRFLOW MEASURING STATION

A. Airflow measuring station shall be as scheduled on the drawings.

B. Provide with electronic pressure transmitter capable of operating in cfm ranges as shown.

2.11
SMOKE/FIRE DAMPERS

A. Consult drawing schedules, control drawings and smoke control drawings for any smoke and smoke/fire dampers required to be furnished under this section.  All smoke/fire dampers shall be provided with Belimo actuators.
2.12.
VARIABLE FREQUENCY DRIVES


A.
Variable frequency drives are specified elsewhere in Division 15630.
PART 3 EXECUTION

3.01
LAYOUT

A. Install pressure sensors for controlling VFD’s, on Air and Water systems, ¾ of the distance from the Fan/Pump, to end of the longest run. Indicate all control device locations on shop drawings and create a graphic showing the locations.
B. Raceways to all control devices shall conform to the requirements of Division 16.  Coordinate layout with work of other trades to avoid routing conflicts.
1. Layout of raceways shall be as shown on the Contract Drawings and/or specified herein.   

a. Layout of communications raceways shall be installed per the manufacturers’ recommendations.
b. Layout for I/O raceways on air handling units generally require three 4” sq. boxes for analog inputs (one at each end of the AHU and one at the mixed air plenum), and three 4” sq. boxes for all other I/O (one at each end of the AHU and one at the mixed air plenum).  Provide additional boxes and raceway so that final wire fill does not exceed 60% of total available capacity. All wiring in mechanical rooms to be in raceway with sufficient j-boxes, flex, etc. to allow for connection to all devices without exposed wiring.
c. Minimum conduit size to be ¾”

2. It shall be the responsibility of the Controls Contractor to review the Contract Documents to confirm that the designated layout is correct for their hardware and conduit sizing (¾” minimum) is sufficient to all devices.

a. Any required changes shall be noted in a timely manor to allow for any changes prior to rough-in of other conduit in order to make for a complete and orderly installation with minimized cross-overs or other conflicts.
3.02
INSTALLATION


A.
GENERAL
1. Installation of temperature control system and equipment shall be complete under this section.  Provide all required controls, wiring, transformers, relays, and operators to accomplish the specified sequences of operation as specified and/or shown on the drawings.  

2. Control panels shall be located where indicated in the mechanical rooms.  Mount thermostats (room sensors) a height matching light switches.

3. 24 VAC supply power to all control devices shall be Class II or III as defined by NEC. Transformer size for any load shall be 100 VA maximum, 40 VA minimum, and fused at 4 amps maximum. Fuses shall be accessible without having to remove any covers.

4. Supply power for magnetic coils in Motor Control Centers (MCC’s) shall be 120 VAC.

B. 
CONTROLS 

1.
The control system shall include and be able to display all points required to achieve 

the sequence of operation, and shall include data on the following relevant points as a 

minimum.



AIR HANDLERS:

a. Supply fan CFM
b. Supply air temperature

c. Supply system static pressure

d. Supply fan VFD Hz

e. Supply fan status

f. Return fan CFM

g. Return air temperature

h. Return system static pressure

i. Return fan VFD Hz

j. Return fan status

k. Outside air CFM

l. Outside air temperature

m. Damper positions

n. Mixed air temperature

o. Freeze stat status

p. Pre-filter differential pressure with 4-20 ma output & local display
q. Final filter differential press. With 4-20 ma output & local display

r. Chilled water valve position

s. Steam valve position




 TERMINAL UNITS:


a.
Supply fan CFM


b.
Supply fan status

c.
Supply air temperature





      d.
Primary air damper position






      e.
Reheat valve position




GENERAL:





      a.
CO2 sensor readings





      b.   Zone sensor readings





      c.   Pump status




      d.   Heating water pump VFD Hz




      e.   Chilled water supply temperature





      f.   Chilled water return temperature





      g.   Heating water supply temperature




      h.   Heating water return temperature




      i.    AC status





      j.
Elevator machine room temperature




      k.
Electrical room temperature

C.
RACEWAYS
1. All conduit and metal raceways not indicated on the Electrical Drawings and required for a complete and operable system, shall be furnished and installed under this section.
2. All wiring shall be in metal raceways except as noted elsewhere.

3. All raceways to field mounted control devices shall terminate in a 4” square J-Box attached to the structure within 2 feet of the control device. Coordinate the size, routing of the raceway, and the exact location of control devices so as to minimize the raceway and associated panel home runs. Flex conduit, furnished and installed by the Controls Contractor, shall be used between the J-box installed by the Electrical Contractor, and the control device.

4. Control home runs shall extend to a gutter located above or below the controls enclosures. Coordinate with other trades so as to avoid conflicts with the gutter and/or control panel(s).  

5. Pull box covers shall be color coded and identified by the Control’s Contractor as “EMCS” and the function – i.e. communication, analog signal, binary signal, etc.
6. Minimum Conduit size shall be 3/4”.

D.
CONTROL WIRING
1. Wiring shall be in accordance with the requirements of Division 16.

2. All wire, cables and control transformers shall be furnished and installed by the Controls Contractor.  Includes interlock wiring required to provide a complete, operational control system.  Exception:  Power wiring for smoke dampers furnished under this Section shall be as specified in Section 16721.
3. All analog input wiring shall be twisted pair cabling.

a. Exception: Field mounted transducers that require separate power supply may use multi-conductor cabling.

4. All other I/O and power supply wiring shall be 18 AWG (minimum) TFFN, unless specifically required by the system manufacturer and approved by the Engineer for each specific installation.

5. All signal and low voltage control wiring shall be stranded wire. No solid core wire.  All low voltage wire and control wire shall be installed in raceways unless noted otherwise.  Fiber optic cabling shall be installed in interduct when exposed and placed in cable tray or installed in conduit.

6. All control wiring shall be labeled at each end, including spares.

a. Labeling shall be identified on As-built drawings.

b. Labels shall be self-laminating vinyl film or approved equal.

c. No hand written labels. Labeler printed only.

7. Allow for a minimum of 12” of slack in all wiring as it passes through the gutter mounted beneath the controls enclosures in the mechanical spaces.

8. Splices shall not be allowed.

9. All digital input, analog input, analog output and pulse-counter signals shall be isolated from earth ground (floating).

10. Where raceway is attached to equipment, provide ample flexible conduit to permit normal machinery movement.

11. “Across-the-hinge” wiring shall be dressed to avoid strain and abrasion.  Provide spiral wrap suitable to this application.
E.
BUILDING SYSTEM SUB-NETWORK COMMUNICATIONS WIRING:

1.
Wire shall be of type as specified by Control System Manufacturer.  If manufacturer has no requirement, then minimum quality of communication wire installed shall be equal to Belden 8723.

2.
Wiring shall be in a separate raceway from all other wiring (except as noted elsewhere) from the gutter mounted above or below the controls enclosure in the mechanical space to the tie point.

a.
Allow 12” of slack in the gutter.

b.
There shall be no splices in Communications wiring.

c.
Coordinate installation of the data/voice jack as specified in Division 16 (in close proximity to the Supervisory Controller or General Purpose Standalone Controller) in each mechanical space.
F.
TERMINAL UNIT WIRING.

1.
Supply power:

a.
110 VAC power shall be run to each transformer location.  Coordinate with Division 16 Contractor.
b.
110 VAC x 24 VAC transformers (100 VA maximum, 40 VA minimum), supplied and installed by Controls Contractor shall be located within 2 feet of the terminal unit.

c.
24 VAC shall be Class II circuit.

d.
24 VAC supply power shall be fused at 4 amps maximum. Fuse shall be accessible without having to remove any covers.

e.
Flex conduit is to be used between the transformer and the terminal unit controller enclosure.

2.
Other wiring:

a.
Sub-Network Communication and room sensor/auxiliary I/O wiring shall be run in separate conduits to a single 4” square J-Box (separate from supply power) mounted to the structure within 2 feet of the terminal unit. Flex conduit is to be used between this J-box on the structure and the terminal unit controller enclosure. Sub-Network Communication, room sensor and auxiliary I/O wiring may be combined in the flex to the terminal unit controller enclosure.

b.
Communications wiring may also be combined with other I/O wiring in the gutter mounted beneath the controls enclosure in the mechanical space only. All other communications wiring shall be in a separate raceway.

c.
Room sensor shall be mounted in a 4” square J-Box with single gang extension ring, with 3/4” EMT from the sensor J-Box to the J-Box mounted within 2 feet of the terminal unit.

1)
Room sensors shall have blank (tamper proof) covers except for a jack to provide local communication to the controller.

2)
A single multi-conductor cable shall be used from the room sensor and communications jack to the controller unless the system manufacturer’s standard requires separate cabling for the communication and sensor functions.

d.
All terminal units mounted within the ceiling space, which are not connected to a room sensor (with a built in communications jack) shall have a communications jack installed in the space which the unit controls. Communications jack shall be wall mounted to a standard electrical J-Box (4” square J-Box with single gang extension ring).

e.
There shall be no splices in Communications wiring or Analog Signal wires.

G.
SEQUENCE OF OPERATIONS


1.
See control diagrams on drawings for required sequence of operations

H.
MOUNTING OF CONTROL DEVICES
1. General

t. All devices shall be mounted in accessible locations. Care shall be taken to allow enough clearance to easily remove and service all devices.

2. Transmitters

a. Furnish and install electronic transmitters for all temperature and pressure sensing.  Serpentine transmitter and controller cap tube averaging elements in mixed air and across coil face to prevent possibility of sensing stratified air.
3. Airflow measuring Station

a.
Provide in sizes and locations as shown on the drawings.

4.
Freeze Control

a.
Locate on the inlet side of all air handling unit cooling coils, non-averaging, remote bulb in length(s) adequate to protect the entire face of the coil; low limit protection thermostat with manual reset to shutdown the unit fan(s), close the outside air damper, and alarm operator’s terminal in the event of a low temperature condition.  Refer to control diagrams on drawings.

5.
Dampers and Valves


a.
Water control valves shall be installed under Section 15510.

b.
Temperature control and smoke control dampers furnished under this Section, shall be installed under Section 15910.

I.
FACTORY MOUNTED CONTROLS
1.
All actuators for dampers and plug fan volume control assemblies furnished with air handling units shall be furnished under this Section and shipped to Air Handling unit manufacturer by control contractor for factory mounting within the air handling units.  VAV box controllers and electric damper operators shall be furnished under this Section and shipped to the box manufacturer by the control contractor for factory mounting.  Controllers and boxes shall be factory calibrated to provide the maximum and minimum CFM values as indicated in the schedule.  Final control connection, checkout and calibration of factory mounted controls shall be done at the site under this Section.  This shall include all VAV box controllers.

2.
Contractor providing work under this Section shall coordinate with the various air handling unit and terminal box manufacturers as to the size and quantity of actuators required for proper control of the damper(s).

3.03.
COMMISSIONING REQUIREMENTS

A.
See Section 15995 and 01800 for commissioning requirements related to the work of this section.
PART 4 DETAILS

4.01
TERMINAL UNIT INSTALLATION LAYOUT

A. Legend/key notes

1. 110VAC x 24VAC transformer (100VA maximum, 40VA minimum) mounted to 4-square box secured to structure within 2 feet of the terminal unit.  Shall include disconnect switch and/or accessible fuse to allow for isolation of control power at each terminal unit.

2. 4-square box secured to the structure within 2 feet of the terminal unit used for termination/continuation of the communication between terminal units, and from the zone sensor.

3. Enclosure with terminal unit controller, or terminal unit controller with integral j-box, or mounted to 4-square box where designed to do so.  Receives wiring via flex conduit from 1 and 2 above.

4. Damper operator.  Shall be mounted exposed on the outside of the terminal unit with damper position feedback.
5. Factory pigtail or SO cord as specified routed to 3 above.

7.
Control valve operator with valve position feedback.

B. All wiring shall be in metal raceway except for wires from the damper operator, valve operator and velocity probe (if required).

C. If the factory mounted wires from each of these devices requires a splice to reach the controller enclosure, the splice shall be made in a 4” square J-box and the wires from that box to the terminal unit controller enclosure shall be in metal raceway.

END OF SECTION 15970
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