DIVISION 23 – HEATING, VENTILATING AND AIR CONDITIONING

Section 23 09 23 - Direct Digital Controls


READ THIS FIRST
Notice to the Design Engineer, please refer to the Port of Seattle, Facilities and Infrastructure standards for reference before editing this specification.

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.

THIS SPECIFICATION SECTION RELATES TO AIRPORT ONLY

PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “Direct Digital Controls: Work is shown in the Contract Documents.
B. Section includes control equipment and software, pneumatic controls, and sequence of operation for:

1. Cabinet heaters.

2. Central chilled water systems.

3. Central fan systems.

4. Combustion air unit heaters.

5. Exhaust fans.

6. Wall louver dampers.

7. Excess pressure controls.

8. Fan coil units.

9. Heating Coils.

10. Heating water zone control.

11. Humidifiers.

12. Induction units.

13. Parking garage ventilation systems.

14. Radiant panels.

15. Radiation and convectors.
16. Refrigeration systems.

17. Terminal air units.

18. Unit heaters.

1.2 GOVERNING CODES, STANDARDS AND REFERENCES
List reference standards that are included within the text of this section. Edit the following as required for Project conditions.

A. The publications listed below form a part of this specification to the extent referenced. The publications are referred to within the text by the basic designation only.
B. ASTM (American Society for Testing and Materials)

1. ASTM B280 – Seamless Copper Tube for Air Conditioning and Refrigeration Field Service
2. ASTM B88 – Seamless Copper Water Tube
3. ASTM B32 – Solder Metal
4. ASTM D1693 – Test Method for Environmental Stress-Cracking of Ethylene Plastics
C. ASME (American Society of Mechanical Engineers)

1. ASME B16.22 – Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings
D. AWS (American Welding Society)

1. AWS A5.8 – Filler Metals for Brazing and Braze Welding
E. NFPA (National Fire Protection Association)

1. NFPA 70 – National Electric Code
F. UL (Underwriters Laboratories)
1. UL 1449 – Surge Protection Devices
2. UL 916 – Energy Management Equipment
3. UL 864 – Control Units and Accessories for Fire Alarm Systems
1.3 SUBMITTALS

Only request submittals needed to verify compliance of Project requirements.

A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products.
B. Submittals shall be as follows:

1. Shop Drawings:

a. Indicate trunk cable schematic showing programmable control-unit locations and trunk data conductors.

b. List connected data points, including connected control unit and input device.

c. Indicate system graphics indicating monitored systems, data (connected and calculated) point addresses, and operator notations. [Provide demonstration media containing graphics.]

d. Show system configuration with peripheral devices, batteries, power supplies, diagrams, modems, and interconnections.

e. Indicate description and sequence of operation of operating, user, and application software.

2. Product Data: Submit data for each system component and software module.

3. Manufacturer's Installation Instructions: Submit

4. Manufacturer's Certificate: Certify that products meet or exceed specified requirements.

5. Operation and Maintenance Data:

a. Submit interconnection wiring diagrams complete field installed systems with identified and numbered system components and devices.

b. Include keyboard illustrations and step-by-step procedures indexed for each operator function.

c. Include inspection period, cleaning methods, cleaning materials recommended, and calibration tolerances.

1.4 SYSTEM DESCRIPTION

Use this article carefully; restrict statements to describe components used to assemble the system. Do not repeat statements made in the SUMMARY article; “Section includes” paragraph.

A. Automatic temperature controls field monitoring and control system using field programmable microprocessor based units.

B. Contractor shall integrate this facility with the central Operator Interface Console (OIC). Operator shall have access to all facilities via the same log-in screen and will utilize the same program commands, control loop software programming languages, and graphics representation as with all other similar systems on the facility wide existing DDC system. Provide any additional Central Operator Interface software as required and as specified herein.

C. Include computer software and hardware, operator input/output devices, control units, local area networks (LAN), sensors, control devices, actuators.

D. Controls for variable air volume terminals, radiation, reheat coils, unit heaters, fan coils, and the like when directly connected to the control units.

E. Provide control systems consisting of thermostats, control valves, dampers and operators, indicating devices, interface equipment and other apparatus and accessories required to operate mechanical systems, and to perform functions specified.

F. Include installation and calibration, supervision, adjustments, and fine-tuning necessary for complete and fully operational system.

1.5 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section with minimum three years documented experience, and with service facilities within 100 miles of Project.

B. Installer: Company specializing in performing Work of this section with minimum three years documented experience approved by manufacturer.

1.6 FIELD MEASUREMENTS

A. Verify field measurements prior to fabrication.

1.7 MAINTENANCE SERVICE

A. Provide service and maintenance of energy management and control systems for [one] [two] [___] years from Date of Substantial Completion.

B. Provide [two] [four] [___] complete inspections per year, one in each season, to inspect, calibrate, and adjust controls as required, and submit written reports.  

C. Provide complete service of systems, including callbacks. Make minimum of [___] complete normal inspections of approximately [___] hours duration in addition to normal service calls to inspect, calibrate, and adjust controls, and submit written reports.

D. During the warranty period provide a 24-hour emergency service number where a qualified automation service engineer familiar with the installed system may be reached. This engineer shall have the capability of remotely communicating with the system for troubleshooting and component failures.

1.8 EXTRA MATERIALS
A. Spare and extra parts shall be identified for all products, but not provided. Include spare parts information in Operation and Maintenance Manuals.
Include spare parts information in Operation and Maintenance Manuals.
Supply two printer ribbons, printer ink cartridges, cartons of printer paper.
PART 2   PRODUCTS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 DIRECT DIGITAL CONTROLS
Competition waiver to be submitted to CPO for Siemens, Building Technologies to be the only approved product for STIA, or existing waiver verified.
A. .Manufacturers: Components shall be manufactured or supplied by Siemens, Building Technologies - Landis Division, No Equal.  
Edit the following descriptive specifications to identify Project requirements.

2.2 OPERATOR STATION

A. Existing Servers

1. The existing control system includes workstations residing on a dedicated Ethernet TCP/IP network. 

2. The existing client server controls system access for all users include access to information, command and programming capabilities and user alarm routing capabilities.

3. The existing client server also administrates the customer site licensing agreement to insure that the number of concurrent software users signed on to the network at any one time does not exceed the number of licensed seats available.

4. All new workstations, control panels and control points shall be added to the existing server and configured to meet the specific access and privilege requirements of the new equipment added by under the project scope.

5. Reference the Central Monitoring System Standards and Planning Manual dated 6/98 for additional information regarding the site wide systems.

B. Existing Site Wide Software

1. The existing control system includes a site-wide software license that allows the graphical interface software to be installed and operated at multiple PC’s throughout the facility. New graphics shall be installed on the existing server to allow access at all graphical workstations on the system.  

Select requirements applicable to this Project and edit accordingly. Use for one or identical units.

C. New Workstations

1. Configuration: IBM compatible Pentium based microcomputer system or better.

2. Minimum memory: 8 MB RAM.

3. Memory clock speed: 50, 66 MHz.

4. Cache memory: 256 Kbytes.

5. Display: Super video color graphics adapter (SVGA), 14inch non-interlaced color monitor, maximum dot pitch.

6. Keyboard: Low profile, detachable, having standard “qwerty” layout plus a 10 key numeric keypad, dedicated function keys.

7. Floppy disk drive: 1.44MB.

8. Hard disk drive: 2 GB.

9. Mouse: Software supported mouse with support software including self building menus and displays of system operations and functions.

10. Modem: Internal, External type modem or proprietary data modem with cables and communication interfaces required to provide the specified functions, minimum 28,800 BPS rate.

11. Printer: Support color printer.

12. Operating System: MS-Dos 5.0 or higher.

D. Printer:

1. Wide carriage with output of ten, twelve, fifteen characters per inch and 132 characters per line of paper, capable of using fan-fold paper.

2. Minimum operating speed of 120 characters per second.

3. Paper: Two cartons fanfold paper containing minimum 2500 sheets.

E. System Support: Minimum ten (10) workstations connected to multi-user, multi-tasking environment with concurrent capability to:

1. Access DDC network.

2. Access or control same control unit.

3. Access or modify same control unit database.

4. Archive data, alarms, and network actions to hard disk regardless of what application programs are being currently executed.

5. Develop and edit database.

6. Implement and tune DDC control.

7. Develop graphics.

8. Control facility.

2.3 CONTROL UNITS

A. Units: Modular in design and consisting of processor board with programmable RAM memory, local operator access and display panel, and integral interface equipment.

B. Battery Backup: For minimum of 48, 100 hours for complete system including RAM without interruption, with automatic battery charger.

C. Control Units Functions:

1. Monitor or control each input/output point.

2. Completely independent with hardware clock/calendar and software to maintain control independently.

3. Acquire, process, and transfer information to operator station or other control units on network.

4. Accept, process, and execute commands from other control unit's or devices or operator stations.

5. Access both data base and control functions simultaneously.

6. Record, evaluate, and report changes of state or value that occur among associated points. Continue to perform associated control functions regardless of status of network.

7. Perform in stand-alone mode:

a. Start/stop.

b. Duty cycling.

c. Automatic Temperature Control.

d. Demand control via a sliding window, predictive algorithm.

e. Event initiated control.

f. Calculated point.

g. Scanning and alarm processing.

h. Full direct digital control.

i. Trend logging.

j. Global communications.

k. Maintenance scheduling override monitoring.

l. Alarm management. Dial-up communications.

D. Global Communications:

1. Broadcast point data onto network, making that information available to all other system controls units.

2. Transmit any or all input/output points onto network for use by other control units and utilize data from other control units.

E. Input/output Capability:

1. Digital inputs for status/alarm contacts.

2. Digital outputs for on/off equipment control.

3. Analog inputs for temperature, pressure, humidity, flow, and position measurements.

4. Analog outputs for valve and damper position control, and speed capacity control of primary equipment.

5. Pulse inputs for pulsed contact monitoring.

6. Spare points: Provide a minimum of one spare point for each Input/Output point type (not including pulse inputs).

F. Stand alone DDC panels shall be provided with at least two RS-232C serial data communication port for operator I/O devices such as industry standard portable operators terminals or portable lap-top computers. In lieu of above, one RS-232C serial data communication port and a local operator access and display panel shall be provided.

G. Point Scanning: Set scan or execution speed of each point to operator selected time from 1 to 250 seconds.

H. Upload/Download Capability: Download from or upload to operator station. Upload/Download time for entire control unit database maximum 10 seconds on hard-wired LAN or 60 seconds over voice grade phone lines.

1. Each DDC panel shall continuously perform self-diagnostics, communication diagnosis and diagnosis of all subsidiary equipment. The DDC panel shall provide both local and remote annunciation of any detected component failures, or repeated failure to establish communication. Indication of the diagnostic results shall be provided at each DDC panel, and shall not require the connection of an operator I/O device.

I. In the event of the loss of normal power, there shall be an orderly shutdown of all stand alone DDC panels to prevent the loss of database or operating system software. Non-volatile memory shall be incorporated for all critical controller configuration data, and battery back-up shall be provided to support the real-time clock and all RAM memory. Upon restoration of normal power, the DDC panel shall automatically resume full operation without manual intervention. Should DDC panel memory be lost for any reason, the user shall have the capability or reloading the DDC panel via the local area network or via the local RS-232C port.
J. All necessary software to form a complete operating system as described in this specification shall be provided. The software programs shall be provided as an integral part of the DDC panel and shall not be dependent upon any higher level computer for execution. Power line surge protection surge suppressers external to digital controller shall be installed on all incoming AC power. Surge suppresser shall be rated by UL 1449, and have clamping voltage ratings below the following levels

1. Normal Mode (Line to Neutral): 350 Volts.

2. Common Mode (Line to Ground): 350 Volts.

K. Provide Uninterruptible Power Supplies (UPS) for each new standalone DDC panel installed. UPS shall be capable of powering the DDC panel for a minimum of five (5) minutes and protecting panel from a restart in the event of a momentary power outage of switchover to emergency power. It is not necessary to provide UPS power to each of the field devices associated with the DDC panel.

L. Sensor and Control Wiring Surge Protection: Controllers shall have sensor and control wiring surge protection with optical isolation, metal oxide varistors (MOV), or silicon avalanche devices. Fuses are not permitted for surge protection.

M. Test Mode Operation: Place input/output points in test mode to allow testing and developing of control algorithms on line without disrupting field hardware and controlled environment. In test mode:

1. Inhibit scanning and calculation of input points. Issue manual control to input points (set analog or digital input point to operator determined test value) from workstation.

2. Control output points but change only database state or value; leave external field hardware unchanged.

3. seq level0 \h \r2 

seq level1 \h \r17 

seq level2 \h \r62 

seq level3 \h \r59 

seq level4 \h \r11 

seq level5 \h \r0 

seq level6 \h \r0 

seq level7 \h \r0 Enable control-actions on output points but change only data base state or value.

N. Local display and adjustment panel: Portable or integral to control-unit containing digital display, and numerical keyboard. Display and adjust:

1. Input/output point information and status.

2. Controller set points.

3. Controller tuning constants.

4. Program execution times.

5. High and low limit values.

6. Limit differential.

7. Set/display date and time.

8. Control outputs connected to the network.

9. Automatic control outputs.

10. Perform control unit diagnostic testing.

O. Application Specific Controllers

1. General

a. Provide Application Specific Controllers (ASC's) as required for control of unitary mechanical systems or pieces of equipment. Each ASC shall be a microprocessor-based DDC control unit and shall be capable of operating either as a standalone controller or on a LAN communications network originating at the DDC controller. Provide each ASC with sufficient memory to operate in a truly independent manner; that is, each ASC shall support its own inputs and outputs, operating systems, database and programs necessary to perform control sequences and energy management routines.

b. Provide the following types of ASC's as necessary:

(1) Unitary Controllers (UC’s)

(2) Terminal Equipment Controllers (TEC’s)

2. Unitary Controllers (UC's)

a. UC's shall include all point inputs and outputs necessary to perform the specified control sequences. Provide a hand-off-automatic switch for each binary output for manual override capability. Switches shall be mounted either within the controller's key-accessed enclosure, or externally mounted with each switch keyed to prevent unauthorized overrides. In addition, each switch position shall be supervised in order to inform the system that automatic control has been overridden. As a minimum, 50% of the point inputs and outputs shall be of the universal type, allowing for additional system flexibility. In lieu of universal inputs and outputs, provide a minimum of 50% spare points of each type.

b. Each UC shall support its own real-time operating system. Provide a time clock with 72 hour battery backup to allow for stand alone operation and to insure protection during power outages. Should the controller reside on a DDC controller network, the clock operation shall be overridden by the DDC controller clock to insure network continuity.

c. All databases and programs shall be stored in non-volatile EEPROM or a minimum of 100 hour battery back-up shall be provided. All programs shall be field-customized to meet the user's exact control strategy requirements. Controllers utilizing pre-packaged or canned programs shall not be acceptable.

d. Local alarming and trending capabilities shall be provided for convenient troubleshooting and system diagnostics. Alarm limits and trend data information shall be user-definable for any point.

e. Each UC shall have connection provisions for a portable laptop or similar programming tool. This tool shall allow the user to display, generate or modify all point databases and operating programs. All new values and problems shall then be restored to EEPROM.

3. Terminal Equipment Controllers (TEC's)

a. Control of terminal units such as VAV boxes, heat pumps and reheat boxes shall be accomplished by a microprocessor based stand-alone controller utilizing direct digital control. The Terminal Equipment Controller (TEC) shall interface to the building control system on a LAN communications network originating at the DDC field panel. An individual controller shall be provided for each terminal unit. The terminal controller must be listed by Underwriters Laboratory under UL 916 PAZX and UL 864 UDTZ.

b. For VAV boxes, the controls Contractor shall furnish the terminal controller (controller, damper motor, flow transducer) to the terminal unit manufacturer for factory mounting. All costs associated with factory mounting of the terminal controller shall be covered by terminal unit manufacturer. The terminal box manufacturer shall provide an averaging air velocity sensor suitable for interfacing with the TEC’s differential pressure transducer.

c. The controller shall include a differential pressure transducer that shall connect to the terminal unit manufacturer's standard averaging air velocity sensor to measure the average differential pressure in the duct. The controller shall convert this value to actual air flow. Single point air velocity sensing is not acceptable. The differential pressure transducer shall have a measurement range of 0 to 4000 fpm (0 to 20.4 m/s) and measurement accuracy of +/-5% at 400 to 4000 fpm (2 to 20 m/s), insuring primary air flow conditions shall be controlled and maintained to within +/-5% of set point at the specified parameters. The BAS Contractor shall provide the velocity sensor if required to meet the specified functionality.

d. Each controller shall include provisions for manual and automatic calibration of the differential pressure transducer in order to maintain stable control and insuring against drift over time. Calibration shall be accomplished by stroking the terminal unit damper actuator to a 0% position so that a 0 cfm air volume reading is sensed. The controller shall automatically accomplish this whenever the system mode switches from occupied to unoccupied or vice versa. Manual calibration may be accomplished by either commanding the actuator to 0% via the POT or by depressing the room sensor override switch. Calibration of the transducer at the controller location shall not be necessary.

e. Each TEC shall be accessible for purposes of control and monitoring from a central or remote operator's terminals as specified herein.

f. TEC damper actuator shall be of the 24 Vac floating point type. Upon power loss, the actuator maintains its current damper position. Position status is shown in percentage open notation.

g. TEC room temperature sensor shall come complete with a terminal jack and programmable override switch integral to the sensor assembly. The terminal jack shall be used to connect the portable operator’s terminal to control and monitor all hardware and software points associated with the terminal unit. A terminal jack may be alternatively located on a stainless steel wall plate mounted adjacent to the sensor. An override switch shall initiate override of the night setback or unoccupied mode to normal operation when activated. A thumbwheel-type temperature set point dial shall also be provided with 1 degree F temperature increments. Override switch and temperature set point functions may be locked out, canceled or limited as to time or temperature via software.

h. TEC’s for VAV or CV applications shall be provided with integral differential pressure transducer capable of accepting an average air flow measurement signal from the terminal box averaging air velocity sensor. The value is converted through a square root function to average airflow by the TEC.

i. TEC control valve electronic actuators shall mount on the valve body and provide complete modulating control of the valve. Valve body shall separate from actuator for servicing without requiring any special tools or electrical connections. The actuator shall be of the floating control point type.

j. TEC wiring terminal bars are to be detachable type allowing quick serviceability of the electronic controller hardware without removal of the existing wiring.

4. Wiring

a. Provide complete electric wiring for temperature control apparatus, including transformer primaries. Control circuit conductors which run in the same conduit as power circuit conductors shall have the same insulation level as power circuit conductors.

b. AC Control Wiring:

(1) Control wiring for 24 V circuits shall be insulated copper 24 AWG minimum and shall be rated for 300 VAC service.

(2) Wiring for 120 VAC shall be 18AWG minimum and shall be rated for 600 VAC service.

c. DDC Analog Signal Wiring: Analog signal wiring for analog inputs and analog outputs shall be minimum 24 AWG single or multiple twisted pair. Each pair greater than one shall be 100 percent shielded, and have drain wire. Exception is direct connect RTD wiring which shall be minimum 24 AWG minimum twisted pair, 100 percent shielded, with drain wire. Each wire shall have insulation rated to 300 VAC. Cables shall have an overall aluminum-polyester or tinned-copper cable-shield tape tinned copper cable drain wire, and overall cable insulation rated to 300 VAC.

d. Plenum Cable: Plenum cable shall be UL approved for use in ceiling return air plenums. Plenum cable external to electrical raceway is permissible in the following locations as allowed by local codes:

(1) Stand alone DDC communication trunk serving application specific controllers within a building.

(2) DDC system sensor and end device wire installed above suspended accessible ceilings or in other accessible, protected areas.

P. Control Components

1. Temperature Sensors:

a. Duct and air handling unit temperature sensors shall be nickel or platinum type RTD’s, factory calibrated within plus or minus 0.5 degrees F.

b. Use insertion elements in and ducts air handling unit not effected by temperature stratification. Use duct averaging elements in air handling unit prone to stratification with length at least the widest dimension of the duct cross section.

c. Room Temperature Sensors: Analog or thermistor type complete with mounting bracket, blank vertical locking cover. Each room temperature sensor shall be provided with an integral terminal jack for portable operators terminal interface. Provide momentary push-button type override switch integral to room temperature sensor and cover.

d. Temperature spans and ranges:

(1) 50 degrees F span: Room, return air sensors.

(2) 100 degrees F span: Outside air, heating coil discharge air, mixed air sensors.

2. Actuators: Provide electric actuators for all control dampers on the project. Actuators shall be sufficient size and type, matched to application.

a. Provide analog, current proportional, two (2) position or three (3) point floating type, suitable for pulse width modulation control with solid state positioner to stop automatically at end of travel, complete with a permanently lubricated gear train.

b. Provide spring return to normally-closed on loss of control power for all outside air applications or applications requiring a Normally Open or Normally Closed condition.

c. Terminal Equipment Controller applications will not require spring return actuators unless applied to outside air applications

d. Control Dampers: Provide low leakage control dampers where not furnished with package units. Damper Leakage rate shall not exceed 0.5 percent (of damper based on 2000 fpm duct velocity) when closed against 4-inch water gage static pressure; complete with extruded aluminum, stainless steel or zinc-coated steel blades, with extruded vinyl or rubber edge seals: Blade ends sealed with aluminum or stainless steel “arc” seals. External frame of heavy gage welded steel with 1/4-inch plate bearing bars and bronze insert bearings. Coordinate with Section 23 31 00 – Ducts and Section 23 33 00 - Duct Accessories for installation provisions.

3. Control Valves:

a. Modulating Valves 2" and Smaller: Bronze body and seat with stainless steel stem and screwed ends. ANSI Class 250 body rating. Suitable for fluid temperatures of up to 300 degrees F. Equal percentage flow characteristics capable of smooth operation at differential pressures present in system. Landis & Gyr Powers VE VVG/VXG 44, VE698, Flowrite VE598, Or Approved Equal.  
b. Modulating Valves 2 1/2" and Larger: Cast iron body with bronze trim and stainless steel stem and flanged ends. ANSI Class 125 body rating. Suitable for fluid temperatures of up to 300 degrees F. Equal percentage flow characteristics capable of smooth operation at differential pressures present in system. Landis & Gyr Powers, Flowrite VE598, Or Approved Equal.  
c. Sizing: Modulating control valves shall be correctly selected for service and flow of system served. A pressure drop of 5 psi shall be used as a sizing guideline unless specifically noted otherwise in project documents. Two position shutoff valves shall be line size.

4. Valve Actuators

a. All modulating valve actuators shall be 24vac electric motor type; floating point, 0-10Vdc, 0-16Vdc or other industry standard input signal type. Actuators shall function properly within the range of 85 to 110 percent of line voltage.

b. Provide actuators in sufficient size, quantity and type to match application.

c. All valve actuators for steam applications shall be mounted at a 45 degree offset from vertical to avoid heat damage to actuator.

d. Actuators shall be spring return as indicated by Normally Closed or Normally Open designation on drawings or in sequence of operation.

5. Differential Pressure Switches For Filter Status:

a. Diaphragm operated which actuate a SPDT snap action switch. A field adjustable pressure set point with a range suitable for air flow status applications.

b. The switch voltage and current rating shall be double the load requirements.

c. Provide sensing tubes connected to tips with multiple holes and bulkhead fittings specifically designed for air flow sensing.

6. Differential Pressure Sensors/Transmitters:

a. Provide integral pressure transducer and transmitter.

b. Output of pressure instrument shall be 4-20 mA signal proportional to the pressure span. Accuracy shall be 1.0 percent, linearity shall be 0.1 percent. Supply voltage shall be 24 V.

c. Unidirectional with range not exceeding 150 percent of maximum expected input.

7. Freeze Protection Thermostat:

a. DPDT, incremental bulb type;

b. Actuates if any 12 inch maximum increment is below its setting; adjustable setting, manual reset.

c. Provide capillary element length of 2.14 equaling 2.14 square feet of coil area per foot capillary element.

d. One DPDT contact shall shut down equipment and the second contact shall signal the DDC system.

8. Current Sensing Relays:

a. For equipment status. Designed to convert monitored AC current to a proportional DC voltage of 0-5 Volt or 4-20 mA output.

b. Range 1 to 10, 50, 100 amps as required. Accuracy 2-percent of full scale. Repeatability plus or minus 2-percent of full scale. Response time 100 milliseconds.

9. Control Relays:

a. Shall be rated for the application, with a minimum of two sets of Form C contacts, enclosed in a dustproof enclosure.

b. Relays shall be rated for a minimum life of one million operations.

c. Operating time shall be 20 milliseconds or less, with release time of 10 milliseconds or less.

d. Relays should be equipped with coil transient suppression devices to limit transients to 150 percent of rated coil voltage.

10. Temperature Indication:

a. Provide Bimetal dial type indicator suitable for duct-mounted air sensing.

b. If readability is not possible with duct-mounted thermometers, provide remote bulb dial type mounted for easy reading and labeled to identify temperature as indicated; 3-inch dial, range 0-160 F. Accuracy: 2-percent of full range.

11. Pressure Indication:

a. Provide gage range so normal pressures are approximately equal to the midpoint readings on the scale, unless otherwise specified, as indicated.

b. Accuracy shall be plus or minus 2 percent of the range. Gages for differential pressure measurements shall be 4 1/2 inch (nominal) size with two sets of pressure taps and zero point adjustment.

12. Transformer:

a. Provide transformers shall conformance to UL 506.

b. Power digital controllers on the primary communication trunk from dedicated circuit breakers.

c. Provide a fuse cutout on the secondary side of the transformer.

13. Nameplates:

a. Laminated plastic 1/16 inch thick with neatly beveled edges and screwed to panel.

b. Color shall be black with 0.375 inch white engraved block lettering.15.

14. Chilled Water Flow Meter:

a. ANSI B 16.5 Class 150 electromagnetic flow meter with integral sensor, counter and transmitter.

b. Output of flow shall be a 4-20 mA signal proportional to the span, complete with NEMA 4X Enclosure. Accuracy + 0.25% of flow rate. 
c. No vendor substitutions. Provide with a minimum two (2) year warranty valid from time of start-up.

15. Steam Flow Meter:

a. Provide hot tap insertion-type turbine flow meter with isolation valve to permit installation and removal of meter without process shutdown.

b. Output of flow shall be 4-20 mA signal proportional to the span.

c. Provide complete with integral pressure and temperature transmitters to allow for total energy calculation.

d. Flow meter with G2 rotor, temperature transmitter (range: 212-400 degree F), pressure transmitter (range: 0-150 psig), and full port 150 lb gate valve.

e. Provide with minimum two (2) year warranty valid from time of start-up.

16. Differential Pressure Sensor / Transmitter:

a. Provide integral pressure transducer and transmitter assembly for sensing differential pressure between two hydronic pipes.

b. Output shall be 4-20 mA signal proportional to the pressure span. Provide with NEMA4 rated enclosure complete with valve assembly and pressure gages. Accuracy + 0.25% of span with externally adjustable zero and span.

17. Duct Airflow Measuring Stations:

a. Provide as indicated on floor plans for measuring air flow quantities through duct.

b. Station shall consist of multiple insertion-type, Pitot tube probes designed to measure both the static and total pressures of the air in the duct and transmit a differential (velocity) pressure signal.

c. Probes shall be installed across the entire width of the duct. When more than one probe is required, provide 1/4 inch copper tube averaging manifolds for both sensing ports.

d. Accuracy + 5%. Range 0-2500 FPM, minimum
Competition waiver to be submitted to CPO for Siemens, Building Technology to be the only approved product for STIA, or existing waiver verified.  .
18. Modular Programmable Controller

a. Siemens Building Technology, model PX100-PE96.A, No Equal.  
19. I/O Power Supply Module, 24VDC

a. Siemens Building Technology, model TXS1.12 F 10, No Equal.  
20. BUS Connection Module

a. Siemens Building Technology, model TXS1.EF 10, No Equal.  
21. Universal I/O Module

a. Siemens Building Technology, model TXM1.8-ML, No Equal.  
22. Relay Output Module

a. Siemens Building Technology, model TXM1.6R-M, No Equal.   

23. Nameplates:

a. Laminated plastic 1/16 inch thick with neatly beveled edges and screwed to panel.

b. Color shall be black with 0.375 inch white engraved block lettering.
2.4 LOCAL AREA NETWORKS (LAN)
A. Provide communication between control units over local area network (LAN).

B. The existing Central Operator Interface and the new stand alone DDC panels shall reside directly on a local area network such that communications may be executed directly between controllers, and between controllers and workstation on a peer to peer basis. All points connected to network shall be accessible through any operator workstation on the network. Any point on the network shall be available to any controller on the network for control loop processing.

C. All operator devices shall have the ability to access all point status and application report data, or execute control functions for any and all other devices via the local area network. Access to data shall be based upon logical identification of building equipment. Access to system data shall not be restricted by the hardware configuration of the facility management system. The hardware configuration of the network shall be transparent to the user when accessing data or developing control programs.

D. Control manufacturer’s highest available speed data transfer rates shall be provided for all communications, alarm reporting, quick report generation from controllers, and upload/download efficiency between network devices.

E. LAN Capacity: Not less than 60 stations or nodes.

F. Break in Communication Path: Alarm and automatically initiate LAN reconfiguration.

G. LAN Data Speed: Minimum 19.2 Kb/s.

H. Communication Techniques: Allow interface into network by multiple operation stations and by auto-answer/auto-dial modems. Support communication over telephone lines utilizing modems.

I. Transmission Median: Fiber optic or single pair of solid 24 gage twisted, shielded copper cable.

J. Network Support: Time for global point to be received by any station, shall be less than 3 seconds. Provide automatic reconfiguration if any station is added or lost. If transmission cable is cut, reconfigure two sections with no disruption to system's operation, without operator intervention.

K. Provide synchronization of the real-time clocks in all DDC.  
2.5 POINT-TO-POINT WIRELESS BRIDGE

A. Provide outdoor point-to-point wireless Ethernet bridge and associated installation accessories for integration into existing wireless communications system. 

B. Frequency Range: 5100-5800 MHz

C. Connector: Outdoor RJ-45 All-Weather connector

D. Material: UV stabilized ABS

E. Operating Temperature: -40 F to 150 F

F. Standard Compliance: 802.11 A/N (300 Mbps)

G. Data Rate: Up to 160 Mbps

H. Security: WPA, WPA2 and WEP (64/128 bit)

I. Warranty: Minimum 1 year

J. Accessories

1. Shielded Cat. 5 Ethernet cable, minimum 50 ft.

2. Universal Antenna Mount, bracket and hardware

3. RJ-45 Surge Suppressor
2.6 OPERATING SYSTEM SOFTWARE

A. Input/output Capability From Operator Station:

1. Request display of current values or status in tabular or graphic format.

2. Command selected equipment to specified state.

3. Initiate logs and reports.

4. Change analog limits.

5. Add, delete, or change points within each control unit or application routine.

6. Change point input/output descriptors, status, alarm descriptors, and engineering unit descriptors.

7. Add new control units to system.

8. Modify and set up maintenance scheduling parameters.

9. Develop, modify, delete or display full range of color graphic displays.

10. Automatically archive select data even when running third party software.

11. Provide capability to sort and extract data from archived files and to generate custom reports.

12. Support two printer operations.

13. Alarm printer: Print alarms, operator acknowledgments, action messages, system alarms, operator sign-on and sign-off.

14. Data printer: Print reports, page prints, and data base prints.

15. Select daily, weekly or monthly as scheduled frequency to synchronize time and date in digital control units. Accommodate daylight savings time adjustments.

16. Print selected control unit database.

B. Operator System Access: Via software password with minimum 30 access levels at workstation and minimum 3 access levels at each control unit.

C. Data Base Creation and Support: Changes shall utilize standard procedures. Control unit shall automatically check workstation data base files upon connection and verify data base match. Minimum capability shall include:

1. Add and delete points.

2. Modify any point parameter.

3. Change, add, or delete English language descriptors.

4. Add, modify, or delete alarm limits.

5. Add, modify, or delete points in start/stop programs, trend logs, etc.

6. Create custom relationship between points.

7. Create or modify DDC loops and parameters.

8. Create or modify override parameters.

9. Add, modify, and delete any applications program.

10. Add, delete, develop, or modify dynamic color graphic displays.

D. Dynamic Color Graphic Displays:

1. Utilizes custom symbols or system supported library of symbols.

2. Sixteen (16) colors.

3. Sixty (60) outputs of real-time live dynamic data per graphic.

4. Dynamic graphic data.

5. 1,000 separate graphic pages.

6. Modify graphic screen refresh rate between 1 and 60 seconds.

E. Operator Station:

1. Accept data from LAN as needed without scanning entire network for updated point data.

2. Interrogate LAN for updated point data when requested.

3. Allow operator command of devices.

4. Allow operator to place specific control units in or out of service.

5. Allow parameter editing of control units.

6. Store duplicate data base for every control unit and allow down loading while system is on line.

7. Control or modify specific programs.

8. Develop, store and modify dynamic color graphics.

9. Provide data archiving of assigned points and support overlay graphing of this data utilizing up to four (4) variables.

F. Alarm Processing:

1. Off normal condition: Cause alarm and appropriate message, including time, system, point descriptor, and alarm condition. Select alarm state/value and which alarms shall cause automatic dial-out.

2. Critical alarm or change-of-state: Display message, stored on disk for review and sort, or print.

3. Print on line changeable message, up to 60 characters in length, for each alarm point specified.

4. Display alarm reports on video. Display multiple alarms in order of occurrence.

5. Define time delay for equipment start-up or shutdown.

6. Allow unique routing of specific alarms.

7. Operator specifies if alarm requires acknowledgment.

8. Continue to indicate unacknowledged alarms after return to normal.

9. Alarm notification.  
10. Print automatically.

11. Display indicating alarm condition.

12. Selectable audible alarm indication.

G. Event Processing: Automatically initiate commands, user defined messages, take specific control actions or change control strategy and application programs resulting from event condition. Event condition may be value crossing operator-defined limit, change-of-state, specified state, or alarm occurrence or return to normal.

H. Automatic Restart: Automatically start field equipment on restoration of power. Provide time delay between individual equipment restart and time of day start/stop.

I. Messages:

1. Automatically display or print user-defined message subsequent to occurrence of selected events.

2. Compose, change, or delete any message.

3. Display or log any message at any time.

4. Assign any message to any event.

J. Reports:

1. Manually requested with time and date.

2. Long term data archiving to hard disk.

3. Automatic directives to download to transportable media such as floppy diskettes for storage.

4. Data selection methods to include data base search and manipulation.

5. Data extraction with mathematical manipulation.

6. Data reports shall allow development of XY curve plotting, tabular reports (both statistical and summary), and multi-point timed based plots with not less than four (4) variables displayed.

7. Generating reports either normally at operator direction, or automatically under workstation direction.

8. Reports may either manually displayed or printed, or may be printed automatically on daily, weekly, monthly, yearly or scheduled basis.

9. Include capability for statistical data manipulation and extraction.

10. Provide capability to generate four types of reports: Statistical detail reports, summary reports, trend graphic plots, x-y graphic plots.

K. Parameter Save/Restore: Store most current operating system, parameter changes, and modifications on disk or diskette.

L. Data Collection:

1. Automatically collect and store in disk files.

2. Daily electrical energy consumption, peak demand, and time of peak demand for up to electrical meters over two (2) year period.

3. Daily consumption for up to 30 meters over a two (2) year period.

4. Daily billable electrical energy consumption and time for up to 1024 zones over a 10 year period.

5. Provide archiving of stored data for use with system supplied custom reports.

M. Graphic Display: Support graphic development on workstation with software features:

1. Page linking.

2. Generate, store, and retrieve library symbols.

3. Single or double height characters.

4. Sixty (60) dynamic points of data per graphic page.

5. Pixel level resolution.

6. Animated graphics for discrete points.

7. Analog bar graphs.

8. Display real time value of each input or output line diagram fashion.

N. Maintenance Management:

1. Run time monitoring, per point.

2. Maintenance scheduling targets with automatic annunciation, scheduling and shutdown.

3. Equipment safety targets.

4. Display of maintenance material and estimated labor.

5. Target point reset, per point.

O. Advisories:

1. Summary, that contains status of points in locked out condition.

2. Continuous operational or not operational report of interrogation of system hardware and programmable control units for failure.

3. Report of power failure detection, time and date.

4. Report of communication failure with operator device, field interface unit, point and programmable control unit.

2.7 LOAD CONTROL PROGRAMS

A. General: Support inch-pounds and S.I. metric units of measurement.

B. Demand Limiting:

1. Monitor total power consumption per power meter and shed associated loads automatically to reduce power consumption to an operator set maximum demand level.

2. Input: Pulse count from incoming power meter connected to pulse accumulator in control unit.

3. Forecast demand (kW): Predicted by sliding window method.

4. Automatically shed loads throughout the demand interval selecting loads with independently adjustable on and off time of between one and 255 minutes.

5. Demand Target: Minimum of 3 per demand meter; change targets based upon (1) time, (2) status of pre-selected points, or (3) temperature.

6. Load: Assign load shed priority, minimum "ON" time and maximum "OFF" time.

7. Limits: Include control band (upper and lower limits).

8. Output advisory if loads are not available to satisfy required shed amount, advise shed requirements [and requiring operator acknowledgment].

C. Duty Cycling:

1. Periodically stop and start loads, based on space temperature, and according to various On/Off patterns.

2. Modify off portion of cycle based on operator specified comfort parameters. Maintain total cycle time by increasing on portion of cycle by same amount that off portion is reduced.

3. Set and modify following parameters for each individual load.

a. Minimum and maximum off time.

b. On/Off time in one-minute increments.

c. Time period from beginning of interval until load can be cycled.

d. Manually override the DCC program and place a load in an On or Off state.

e. Cooling Target Temperature and Differential.

f. Heating Target Temperature and Differential.

g. Cycle off adjustment.

D. Automatic Time Scheduling:

1. Self-contained programs for automatic start/stop/scheduling of building loads.

2. Support up to seven (7) normal day schedules, seven (7) "special day" schedules and two (2) temporary day schedules.

3. Special day’s schedule shall support up to 30 unique date/duration combinations.

4. Any number of loads assigned to any time program; each load can have individual time program.

5. Each load assigned at least 16 control actions per day with 1-minute resolution.

6. Time schedule operations may be:

a. Start.

b. Optimized Start.

c. Stop.

d. Optimized Stop.

e. Cycle.

f. Optimized Cycle.

7. Minimum of 30 holiday periods up to 100 days in length may be specified for the year.

8. Create temporary schedules.

9. Broadcast temporary "special day" date and duration.

E. Start/Stop Time Optimization:

1. Perform optimized start/stop as function of outside conditions, inside conditions, or both.

2. Adaptive and self-tuning, adjusting to changing conditions unattended.

3. For each point under control, establish and modify:

a. Occupancy period.

b. Desired temperature at beginning of occupancy period.

c. Desired temperature at end of occupancy period.

F. Night Setback/Setup Program: Reduce heating space temperature set point or raise cooling space temperature set-point during unoccupied hours; in conjunction with scheduled start/stop and optimum start/stop programs.

G. Calculated Points: Define calculations and totals computed from monitored points (analog/digital points), constants, or other calculated points.

1. Employ arithmetic, algebraic, Boolean, and special function operations.

2. Treat calculated values like any other analog value; use for any function that a "hard wired point" might be used.

H. Event Initiated Programming: Any data point may initiate event, causing series of controls in a sequence.

1. Define time interval between each control action between 0 to 3600 seconds.

2. Output may be analog value.

3. Provide for "skip" logic.

4. Verify completion of one action before proceeding to next action. If not verified, program shall be able to skip to next action.

I. Direct Digital Control: Each control unit shall provide Direct Digital Control software so that the operator may customize control strategies and sequences of operation by defining the appropriate control loop algorithms and choosing the optimum loop parameters.

1. Control loops: Defined using "modules" that are analogous to standard control devices.

2. Output: Paired or individual digital outputs for pulse-width modulation, and analog outputs, as required.

3. Firmware:

a. PID with analog or pulse-width modulation output.

b. Floating control with pulse-width modulated outputs.

c. Two-position control.

d. Primary and secondary reset schedule selector.

e. Hi/Low signal selector.

f. Single pole double-throw relay.

g. Single pole double throw time delay relay with delay before break, delay before make and interval time capabilities.

4. Direct Digital Control loop: Downloaded upon creation or on operator request. On sensor failure, program shall execute user defined failsafe output.

5. Display: Value or state of each of the lines that interconnect DDC modules.

J. Fine Tuning Direct Digital Control PID or floating loops:

1. Display information:

a. Control loop being tuned

b. Input (process) variable

c. Output (control) variable

d. Set-point of loop

e. Proportional band

f. Integral (reset) Interval

g. Derivative (rate) Interval

2. Display format: Graphic, with automatic scaling; with input and output variable superimposed on graph of "time" Vs "variable.”

K. Trend logging:

1. Each control unit will store samples of control unit's data points.

2. Update file continuously at operator assigned intervals.

3. Automatically initiate upload requests and then stores data on hard disk.

4. Time synchronize sampling at operator specified times and intervals with sample resolution of one minute.

5. Co-ordinate sampling with specified on/off point- state.

6. Display trend samples on workstation in graphic format. Automatically scale trend graph with minimum 60 samples of data in plot of time Vs data.

2.8 HVAC CONTROL PROGRAMS

A. General:

1. Support Inch-pounds and S.I. metric units of measurement.

2. Identify each HVAC Control system.

B. Optimal Run Time:

1. Control start-up and shutdown times of HVAC equipment for both heating and cooling.

2. Base on occupancy schedules, outside air temperature, seasonal requirements, and interior room mass temperature.

3. Start-up systems by using outside air temperature, room mass temperatures, and adaptive model prediction for how long building takes to warm up or cool down under different conditions.

4. Use outside air temperature to determine early shut down with ventilation override.

5. Analyze multiple building mass sensors to determine seasonal mode and worse case condition for each day.

6. Operator commands:

a. Define term schedule

b. Add/delete fan status point.

c. Add/delete outside air temperature point.

d. Add/delete mass temperature point.

e. Define heating/cooling parameters.

f. Define mass sensor heating/cooling parameters.

g. Lock/unlock program.

h. Request optimal run-time control summary.

i. Request optimal run-time mass temperature summary.

j. Request HVAC point summary.

k. Request HVAC saving profile summary.

7. Control Summary:

a. HVAC Control system begin/end status.

b. Optimal run time lock/unlock control status.

c. Heating/cooling mode status.

d. Optimal run time schedule.

e. Start/Stop times.

f. Selected mass temperature point ID.

g. Optimal run-time system normal start-times.

h. Occupancy and vacancy times.

i. Optimal run time system heating/cooling mode parameters.

8. Mass temperature summary:

a. Mass temperature point type and ID.

b. Desired and current mass temperature values.

c. Calculated warm-up/cool-down time for each mass temperature.

d. Heating/cooling season limits.

e. Break point temperature for cooling mode analysis.

9. HVAC point summary:

10. Control system identifier and status.

11. Point ID and status.

12. Outside air temperature point ID and status.

13. Mass temperature point ID and status.

14. Calculated optimal start and stop times.

15. Period start.

C. Supply Air Reset:

1. Monitor heating and cooling loads in building spaces, terminal reheat systems, both hot deck and cold deck temperatures on dual duct and multizone systems, single zone unit discharge temperatures.

2. Adjust discharge temperatures to most energy efficient levels satisfying measured load by:

a. Raising cooling temperatures to highest possible value.

b. Reducing heating temperatures to lowest possible level.

3. Operator commands:

a. Add/delete fan status point.

b. Lock/unlock program.

c. Request HVAC point summary.

d. Add/Delete discharge controller point.

e. Define discharge controller parameters.

f. Add/delete air flow rate.

g. Define space load and load parameters.

h. Request space load summary.

4. Control summary:

a. HVAC control system status (begin/end).

b. Supply air reset system status.

c. Optimal run time system status.

d. Heating and cooling loop.

e. High/low limits.

f. Deadband.

g. Response timer.

h. Reset times.

5. Space load summary:

a. HVAC system status.

b. Optimal run time status.

c. Heating/cooling loop status.

d. Space load point ID.

e. Current space load point value.

f. Control heat/cool limited.

g. Gain factor.

h. Calculated reset values.

i. Fan status point ID and status.

j. Control discharge temperature point ID and status.

k. Space load point ID and status.

l. Airflow rate point ID and status.

D. Enthalpy Switchover:

1. Calculate outside and return air enthalpy using measured temperature and relative humidity; determine energy expended and control outside and return air dampers.

2. Operator commands:

a. Add/delete fan status point.

b. Add/delete outside air temperature point.

c. Add/delete discharge controller point.

d. Define discharge controller parameters.

e. Add/delete return air temperature point.

f. Add/delete outside air dew point/humidity point.

g. Add/delete return air dew point/humidity point.

h. Add/delete damper switch.

i. Add/delete minimum outside air.

j. Add/delete atmospheric pressure.

k. Add/delete heating override switch.

l. Add/delete evaporative cooling switch.

m. Add/delete air flow rate.

n. Define enthalpy deadband.

o. Lock/unlock program.

p. Request control summary.

q. Request HVAC point summary.

3. Control summary:

a. HVAC control system begin/end status.

b. Enthalpy switchover optimal system status.

c. Optimal return time system status.

d. Current outside air enthalpy.

e. Calculated mixed air enthalpy.

f. Calculated cooling cool enthalpy using outside air.

g. Calculated cooling cool enthalpy using mixed air.

h. Calculated enthalpy difference.

i. Enthalpy switchover deadband.

j. Status of damper mode switch.

2.9 CHILLER CONTROL PROGRAMS

A. Control function of condenser-water reset, chilled- water reset, and chiller sequencing. Support inch-pounds and S.I. metric units of measurement.

B. Condenser Water Reset: Automatically reset controlled condenser water temperature using measured outside wet bulb temperature and load being handled.

C. Chilled Water Reset: Automatically reset controlled chilled water temperature satisfying cooling coil requiring greatest cooling.

D. Chiller Sequencing: Determine which combination of chillers will most efficiently satisfy chilled water load, by cycling chillers, based on comparing load to switchover limits defined for each chiller.

2.10 PROGRAMMING APPLICATION FEATURES

A. Trend Point:

1. Sample up to [___] points, real or computed, with each point capable of collecting [___] samples at intervals specified in minutes, hours, days, or month.

2. Output trend logs as line-graphs or bar graphs. Output graphic on terminal, with each point for line and bar graphs designated with a unique pattern and color, vertical scale either actual values or percent of range, and horizontal scale time base. Print trend logs up to 12 columns of one point/column.

B. Alarm Messages:

1. Allow definition of minimum of [___] messages, each having minimum length of [___] characters for each individual message.

2. Assign alarm messages to system messages including point's alarm condition, point's off-normal condition, totaled point's warning limit, hardware elements advisories.

3. Output assigned alarm with "message requiring acknowledgment".

4. Operator commands include define, modify, or delete; output summary listing current alarms and assignments; output summary defining assigned points.

C. Weekly Scheduling:

1. Automatically initiate equipment or system commands, based on selected time schedule for points specified.

2. Provide program times for each day of week, per point, with [one] [___] minute resolution.

3. Automatically generate alarm output for points not responding to command.

4. Provide for holidays, minimum of [366] [___] consecutive holidays.  
5. Operator commands:

a. System logs and summaries.

b. Start of stop point.

c. Lock or unlock control or alarm input.

d. Add, delete, or modify analog limits and differentials.

e. Adjust point operation position.

f. Change point operational mode.

g. Open or close point.

h. Enable/disable, lock/unlock, or execute interlock sequence or computation profile.

i. Begin or end point totals.

j. Modify total values and limits.

k. Access or secure point.

l. Begin or end HVAC or load control system.

m. Modify load parameter.

n. Modify demand limiting and duty cycle targets.

6. Output summary: Listing of programmed function points, associated program times, and respective day of week programmed points by software groups or time of day.

D. Interlocking:

1. Permit events to occur, based on changing condition of one or more associated master points.

2. Binary contact, high/low limit of analog point or computed point shall be capable of being utilized as master. Same master may monitor or command multiple slaves.

3. Operator commands:

a. Define single master/multiple master interlock process.

b. Define logic interlock process.

c. Lock/unlock program.

d. Enable/disable interlock process.

e. Execute terminate interlock process.

f. Request interlock type summary.

The following sections are included in this specification at the request of the Port of Seattle. Eliminate pneumatic controls sections as appropriate for the project requirements.

2.11 PNEUMATIC CONTROLS

Edit the following descriptive specifications to identify Project requirements.

A. Water Temperature Controllers

1. Operate on adjustable differential over adjustable temperature range and suitable for operating control valve provided.

B. Receiver Controllers

1. Single or dual input models [with control point adjustment] direct or reverse acting with mechanical set point adjustment [with locking device], proportional band adjustment, and authority adjustment. Provide [proportional] [proportional plus integral] control mode.

2. Remote control point adjustment shall be plus or minus [20] [___] percent of sensor span, input signal [3 to 13 psig] [1 to 20 psig].

3. Proportional band shall extend from 2 1/2 to 40 percent of primary sensor span, authority from 10 to 200 percent of primary sensor span [and integral time 0.5 to 20 min].

4. Suitable for supply air pressure of [18 psig] [20 psig] with input signals of [3 to 15 psig] [1 to 20 psig] and output signal [0 to 15 psig] [20 psig].  

2.12 PNEUMATIC SYSTEMS ACCESSORIES

A. Pressure Gages: Manufacturer's standard, black letters on white background, [3-1/2 inch] [2-1/2 inch] [2 inch] diameter, flush or surface mounted, with [front calibration screw] suitable dial range calibrated to match sensor, in appropriate units.

B. Instrument Pressure Gages: Manufacturer's standard, black letters on white background, [2 inch] [1-1/2 inch] diameter, and stem-mounted with suitable dial range.

C. Diaphragm Control and Instrument Valves: 1/2 inch 3/8 inch forged brass body with reinforced Teflon diaphragm, stainless steel spring, and color coded phenolic handle.

D. Gage Cocks: Tee or level handle, bronze, rated for 125 psig.

E. Relays: For summing, reversing, amplifying, highest or lowest pressure selection, with fixed 1:1 [or adjustable] input/output ratio.  

F. Switches: With indicating plates, accessible adjustment, calibrated and marked.

2.13 PNEUMATIC SYSTEM ALARMS

A. Provide alarm panel with individual indication, horn, silenced acknowledge switch, and test switch.

B. At any alarm condition indication light will flash and alarm will sound. Horn stops when acknowledge switch is pushed and the system will indicate alarm conditions by a continuous light until trouble condition has cleared. Alarm will sound again should second alarm occur before first one has cleared.

C. Provide remote panels where indicated with duplicate functions of primary panel. Provide alarm silence/acknowledge switch such that alarm can be acknowledged from any panel.

D. Provide panels in locations described to serve duplicate functions of primary panel. Provide alarm silence/acknowledge switch such that alarm can be acknowledged from any panel.

E. Provide dry contacts at main alarm panel for use by independent alarm monitoring company to indicate each alarm condition.

2.14 AIR SUPPLY

In this article, list the (manufacturers) acceptable for this Project.  Select appropriate compressor configuration.  Duplex provides backup in case of failure.  
Edit the following descriptive specifications to identify Project requirements.

A. Compressor and Receiver: [Simplex] [Duplex] belt driven air compressor and tank unit with belt guard, silencers, flexible connections, air filter, automatic and manual drain assemblies, oil and particle filter for minimum 0.5 micron particles, pressure reducing valves, and pressure relief valves.

B. Size [each] compressor and storage tank to limit compressor starts to maximum [10] [___] per hour and [50] [30] percent running time.

C. Pressure Control: Zinc or aluminum casting, rated for service with elastomeric diaphragm, adjustable electric contacts. Control set to start and stop compressor at [50 and 65 psig] [60 and 80 psig] [70 and 90 psig] [100 and 125 psig]. Second Compressor, if used, starts at [50 and 65 psig] [60 and 80 psig] [70 and 90 psig].

D. Electrical Alternation Set: With motor starters to operate compressors [alternately] [on time schedule].  
E. Pressure Regulators: Zinc or aluminum castings, rated for service with elastomeric diaphragm, balanced construction to automatically prevent pressure build up, and producing flat, reduced pressure curve for system capacity demand.

F. Particle Filters: Zinc or aluminum castings with filtration efficiency at rated air flow of 97 percent, rated for service with threaded connections, quick-disconnect service devices, aluminum bowl or plastic bowl with metal guard equipped with manual drain cock, to separate liquid and solid particles.

G. Combination Filter/Regulators: Zinc or aluminum casting rated for service, with elastomeric diaphragm and balanced construction to automatically prevent pressure build-up. Filter/regulator produces flat, reduced pressure curve for system capacity demand and has threaded pipe connections, quick-disconnect service devices, aluminum bowl or plastic bowl with metal guard equipped with manual drain cock to separate liquid and solid particles.

H. Airborne Oil Filter: Rated for service with filtration efficiencies of 99.9 percent for particles of 0.025 micron or larger particles of airborne lubricating oil.

I. Pressure Relief Valves: ASME rated and labeled for high-pressure side and sized for installed capacity of pressure regulators at low pressure. Set at maximum 20 percent above low pressure.

J. Pressure Reducing Stations: Assembly of two pressure regulators arranged in parallel to reduce high-pressure air to required controls pressure.

2.15 CONTROL AND INSTRUMENTATION TUBING

A. Copper Tubing: ASTM B280 Type ACR, or ASTM B88 Type K, seamless, hard drawn or annealed.

1. Fittings: ASME B16.22, wrought copper.

2. Joints: [Solder, lead free, [ASTM B32,] 95-5 tin-antimony, or tin and silver, with melting range 430 to 535 degrees F.] [Braze, AWS A5.8 BCuP silver/phosphorus/copper alloy with melting range 1190 - 1480 degrees F.]
B. Copper Tubing: ASTM B280 Type ACR, or ASTM B88 Type K, seamless, hard drawn or annealed.

1. Fittings: UL listed, rod or forged brass rated to 200 psig at 100 degrees F.

2. Joints: Ball sleeve compression type.

C. Polyethylene Tubing: Black, flame retardant, virgin polyethylene, conforming to modified ASTM D1693 test.

1. Fittings: UL labeled, rod or forged brass rated to 200 psig at 100 degrees F.

2. Joints: Compression or barbed type.

2.16 REFRIGERATED AIR DRYER

Edit the following descriptive specifications to identify Project requirements.

A. General Assembly: Self-contained, commercial quality, refrigerated, compressed air dryer complete with heat exchangers, moisture separator, and internal wiring and piping. Provide air inlet and outlet connections connected through manual by-pass valve.

B. Heat Exchangers: Air to refrigerant coils. Provide centrifugal type moisture separator located at discharge of compressed air complete with automatic trap assembly. Provide automatic control system to bypass refrigeration system on low or no load conditions.

C. Refrigeration Unit: Hermetically sealed, operating to maintain dew point of [5 degrees F] [13 degrees F] [at 20 psig] [0 degrees F at 100 psig]. House in steel cabinet with access door and panel.

D. Accessories: Air inlet temperature gage, air inlet pressure gage, on/off switch, high temperature light, power on light, refrigerant gage on back, air outlet temperature gage, air outlet pressure gage [, contacts for remote indication of power status, and high temperature alarm].  
2.17 PNEUMATIC VALVE OPERATORS
Edit the following descriptive specifications to identify Project requirements.

A. Rolling diaphragm, spring loaded, piston type with spring range [2 to 5 psig] [3 to 10 psig] [8 to 11 psig] [as scheduled].  
B. Valves shall spring return to normal position as indicated on freeze, fire, or temperature protection.

C. Select operator for full shut off at maximum pump differential pressure.

2.18 PNEUMATIC DAMPER OPERATORS

Edit the following descriptive specifications to identify Project requirements.

A. General: Provide smooth proportional control with sufficient power for air velocities 20 percent greater than maximum design velocity and to provide tight seal against maximum system pressures. Provide spring return for two-position control and for fail-safe operation.

B. Rolling diaphragm piston type with adjustable stops.

C. Pilot Positioners: Starting point adjustable from 2 to 12 psig and operating span adjustable from 5 to 13 psig.

2.19 INLET VANE OPERATORS
Edit the following descriptive specifications to identify Project requirements.

A. High pressure with pilot positioners and sufficient force to move vanes when fan is started with vanes in closed position. Return vane operator to closed position on fan shutdown.

2.20 ELECTRICAL CHARACTERISTICS AND COMPONENTS

Select one or more of the following subparagraphs appropriate to the equipment requirements.

A. Refer to Section 26 05 19 – 600 Volt or Less Wire and Cable and Section 26 27 26 - Wiring Devices.

1. [([___] W).] [___ rated load amperes.]

2. [___] volts, single or three phase, 60 Hz.

3. [___] amperes maximum fuse size, circuit breaker size and overcurrent protection.

4. [___] minimum circuit ampacity.

B. Disconnect Switch: Factory-mount in control panel and on equipment.

PART 3   EXECUTION

3.1 EXAMINATION

A. Verify that conditioned power supply is available to the control units and to the operator workstation. Verify that field end devices, wiring, and pneumatic tubing is installed prior to installation proceeding.

3.2 DDC INSTALLATION

A. Install control units and other hardware in position on permanent walls where not subject to excessive vibration. Locate and install components for easy accessibility; in general, mount 60 inches (panels measured from top edge) above floor with minimum 3’0” clear access space in front of units.

B. Install software in control units and in operator workstation. Implement all features of programs to specified requirements and appropriate to sequence of operation.

C. Provide with 120v AC, 15 amp dedicated emergency power circuit to each programmable control unit.

D. Duct Sensors: Locate to accurately sense air temperature. Do not locate sensors in dead air spaces or positions obstructed by equipment. Where an extended surface element is required to sense the average or lowest air temperature, position and securely mount sensor within duct in accordance with sensor manufacturer’s recommendations.

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

2. Provide separate duct flange for each sensing element; securely seal ducts where elements or connections penetrate duct.

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

E. Pressure Indication: Provide pressure indication at each differential pressure sensor and pressure transmitter.

The following sections are included in this specification at the request of the Port of Seattle. Eliminate pneumatic controls sections as appropriate for the project requirements.

F. Control Wiring and Conduit

1. All control wiring, all conduit for control wiring, and all miscellaneous accessory equipment for control wiring systems shall be provided by the Control Subcontractor as part of the control system. Conform to Division 26 Electrical requirements, NFPA 70, and all local code requirements.

2. All wire in or through mechanical rooms, finished spaces, on roofs, in walls, below grade and inside equipment (except within control wiring compartments or control panels) shall be installed in conduit and properly supported. Maximum conduit fill shall be 40 percent. Label wire groups to match corresponding wiring diagrams.

3. Plenum Cable: Plenum cable type, installation methods and use shall be subject to City and State Codes and Regulations. Within ceiling space, attach directly to wall or slab on 4 foot centers, or support from ceiling suspension wires on 4 foot centers. Do not attach cables to pipes or ducts, or lay on ceilings.

4. Instrumentation and communication cable shall not be run together in the same conduit or raceway as power wiring.

5. Communication Cable: Provide all communication wiring between the existing Central Operator Interface Console, new standalone DDC panels and new Application Specific Controllers. All communication cable shall be checked for continuity, grounding, and shielding. Local area network communication wiring between the Central Operator Interface Console and standalone DDC panels shall be in conduit. Wiring to ASC’s may be run with plenum rated cable subject to all compliance with applicable State or City codes.

6. Grounding: Ground controllers to a good earth ground. Grounding of the green AC ground wire, at the breaker panel, alone is not adequate. Run metal conduit from controller panels to adequate building grounds. Ground sensor drain wire shields at controller end.

7. Provide all control power requirements for all control components from the nearest electrical panel. Coordinate control power requirements with the electrical subcontractor.

G. Pneumatic Installation
1. Mount compressor and tank unit on vibration isolation [consisting of springs, with minimum [1 inch] [2 inches] static deflection and 1 inch clearance to floor]. Isolate air supply with wire-braid reinforced rubber hose [or polyethylene tubing]. Pipe manual and automatic drains to nearest floor drain.  
2. Supply instrument air from compressor units through filter, pressure reducing valve, pressure relief valve, with pressure gages, and shutoff and bypass valves.

3. Install pressure reducing stations consisting of pressure reducing valve, particle filter, bypass with valves, pressure gage on inlet and outlet, and pressure relief valve.

4. Locate refrigerated air dryer in discharge-air line from tank. Mount dryer on wall on rubber in shear mounts. Install pressure regulator downstream of dryer. Pipe automatic drain to nearest floor drain.

5. Use copper tubing in mechanical rooms, where subject to damage or temperatures in excess of 200 degrees F, where adjacent to heating pipes passing through common sleeve, and where not readily accessible. In mechanical rooms bundled plastic tubing with suitable junction boxes or single plastic tubing with tray or raceway may be used.

6. Solder, braze copper tubing except at instruments or equipment where compression fittings may be used.

7. Conceal tubing. Run exposed only in mechanical rooms, storage rooms and like, in neat manner and properly supported. 
8. Mechanically attached tubing to supporting surfaces. Sleeve through concrete surfaces in minimum one inch sleeves, extended 6 inches above floors and one inch below bottom surface of slabs.

9. Purge tubing with dry, oil-free compressed air before connecting control instruments.

Use the following paragraph for heating or chilled water systems to charge the systems expansion tank.

10. Provide instrument air tubing with check and hand valves to expansion tanks with Schraeder fittings and hose.  
11. Provide instrument air tubing with check and hand valves to [chiller] [___].  
12. Check and verify location of thermostats [humidistats] and other exposed control sensors with plans and room details before installation. Locate [60 inches] [48 inches] [42 inches] above floor. Align with lighting switches [and humidistats].  
13. Mount freeze-protection thermostats using flanges and element holders.

14. Mount outdoor reset thermostats and outdoor sensors indoors, with sensing elements outdoors with sun shield.

15. Provide separable sockets for liquids and flanges for air bulb elements.  
For following paragraphs, add to list of locations or indicate on Drawings.

16. Provide thermostats in aspirating boxes in front entrances [handball courts] [gymnasiums] [high security areas] [and] [___] [and where indicated].  
17. Provide guards on thermostats in entrances, other public areas and where indicated.

18. Provide valves with position indicators and with pilot positioners where sequenced with other controls.

19. Provide separate steam valves for each bank of coils. Provide two valves in parallel where steam load exceeds 1500 lb./hr with 1/3 - 2/3 load capacities sequenced with smaller valve opening first.

20. Provide mixing dampers of [opposed] [or] [parallel] blade construction arranged to mix streams. Provide pilot positioners on mixed air damper motors. [Provide separate minimum outside air damper section adjacent to return air dampers with separate damper motor.]  
21. Provide isolation (two-position) dampers of parallel blade construction.

22. Provide pilot positioners on pneumatic damper operators sequenced with other controls.

23. Install [pressure gages] [test plugs] on branch lines at each receiver controller and signal lines at each transmitter excepting individual room controllers.  
24. Install damper motors on outside of duct in warm areas. Do not install motors in locations at outdoor temperatures.

25. Mount control panels adjacent to associated equipment on vibration free walls or freestanding angle iron supports. One cabinet may accommodate more than one system in same equipment room. Provide engraved plastic nameplates for instruments and controls inside cabinet and engraved plastic nameplates on cabinet face.

26. Install "hand/off/auto" selector switches to override automatic interlock controls when switch is in "hand" position.

27. Provide conduit and electrical wiring in accordance with Refer to Section 26 05 19 – 600 Volt or Less Wire and Cable and Section 26 27 26 - Wiring Devices.
H. DDC Point Summary

1. Provide all database generation.

2. Dynamic Color Display: Provide dynamic graphic displays at the existing Central Operator Interface Console. System graphical displays shall be color coded. Provide outside air temperature indication on air handling display. As a minimum, the following shall be provided:

a. Runtime Totalization: At a minimum, runtime totalization shall be incorporated, but not limited to, each monitored supply fan, and exhaust fan Warning limits for each point shall be entered with owner defined messages.

b. Trend Log: All binary and analog points shall be trended. Historical archiving of owner selected points shall be provided at the existing Central Operator Interface Console with the capability of transfer to graphic format representation.

c. Alarm Points: All analog inputs and selected digital inputs alarm points shall be prioritized, printed, routed, with alarm message per owner’s requirements. Loss of communication network shall also initiate an alarm. Provide all software timers necessary to prevent false alarms.

d. Heavy Equipment Delays and Power Fail Restart Software: Each stand alone DDC panel shall be provided with heavy equipment and power fail restart application software. Each stand alone DDC panel shall start respective equipment in sequence and shall be time based and not dependent on prior system start-up.

e. Database Save: Provide back-up database for all stand alone DDC panels at the existing Central Operator Interface Console computer hard disk. Provide additional back-up database for each stand alone DDC panel on floppy disk.

I. Field Quality Control and Testing

1. Demonstrate compliance of the HVAC control system with the contract documents. Calibrate instrumentation and controls and verify the specified accuracy using calibrated test equipment. Adjust controls and equipment to maintain conditions indicated, to perform functions indicated, and to operate in the sequence specified. Furnish personnel, equipment, instrumentation, and supplies necessary to perform calibration and site testing. Ensure that tests are performed by competent employees of the DDC system installer or the DDC system manufacturer regularly employed in the testing and calibration of DDC systems. Calibrate field equipment and verify equipment and system operation before placing the system on-line. Field testing shall include the following:

a. System Inspection: Observe the HVAC system in it’s shutdown condition. Check dampers and valves for proper normal positions. Document each position for the test report.

b. Calibration Accuracy and Operation of Inputs Test: Check for proper calibration and operation of each input instrument. For each sensor (temperature), record the reading at the sensor, and using a traceable test equipment, and record the reading at the digital controller. Document each reading for the test report.

c. Operation of Outputs Test: Check the operation of each output to verify correct operation. Command analog outputs to minimum range, such as 4 mA, and maximum range, such as 20 mA, measure and record commanded and actual output values. Document each command and result for the test report.

d. Actuator Range Adjustment Test: With the digital controller, apply a control signal to each actuator and verify that the actuator operates properly from its normal position to full range of stroke position. Record actual spring ranges and normal positions for all modulating control valves and dampers. Include documentation in the test report.

e. Digital Controller Start-up and Memory Test: Demonstrate that programming is not lost after a power failure, and digital controllers automatically resume proper control after a power failure.

f. Surge Protection: Show that surge protection, meeting the requirements of this specification, has been installed on incoming power to the digital controllers and on communication lines.

J. Application Software Operation Test:

1. Test compliance of the application for:

a. Ability to communicate with the digital controllers, uploading and downloading of programs.

b. Text editing program: Demonstrate the ability to edit the control program off line.

c. Reporting of alarm conditions: Cause alarm conditions for each alarm, and ensure that the existing Central Operator Interface Console receives alarms.

d. Reporting trend and status reports: Demonstrate ability of software to receive and save trend and status reports.

e. Execution of Sequence of Operation: Furnish graphic trends to show the sequence of operation is executed in correct order. Demonstrate the HVAC system operates properly through the complete sequence of operation, for example optimal start/warm-up and occupied/unoccupied modes of operation. Demonstrate proper control system response for abnormal conditions for which there is a specified response by simulating these conditions. Demonstrate hardware interlocks and safeties work. Demonstrate the control system performs the correct sequence of control after a loss of power.

f. Control Loop Stability and Accuracy: Furnish graphic trends of control loops to demonstrate the control loop is stable and that set point is maintained. Control loop response shall respond to set point changes and stabilize within 1 minute.

2. Document all tests with detailed results. Provide statement that all corrective action taken. Include test report in Operation and Maintenance Manuals.

3. Provide conduit and electrical wiring in accordance with Refer to Section 26 05 19 – 600 Volt or Less Wire and Cable and Section 26 27 26 - Wiring Devices. Electrical material and installation shall be in accordance with appropriate requirements of Division 26 Electrical.
3.3 SEQUENCE OF OPERATION - CABINET HEATERS

Use the following sequence for steam or hydronic heating.

A. Single temperature [electric] [room] [pneumatic] thermostat [mounted in cabinet return air] set at [68 degrees F] [___ degrees F] maintains constant space temperature by cycling unit fan motor.  
Strap-on thermostats may be provided on all units.

B. Single temperature thermostat on return heating water line [from floor mounted cabinet heaters] de-energizes unit on temperatures below [95 degrees F] [___ degrees].  
Use the following sequence for electric units. Use the integral thermostat when available from the manufacturer.

C. Single temperature [room] thermostat [mounted in cabinet return air] set [68 degrees F] [___ degrees F] maintains constant space temperature by cycling unit fan motor and electric heating elements. [Integral thermostat continues fan operation until element temperature falls below [100 degrees F] [___ degrees F].]  
3.4 SEQUENCE OF OPERATION - CENTRAL CHILLED WATER SYSTEMS

The following sequence generally applies to standard chiller/cooling tower refrigeration systems. Select sequences carefully as required and as applicable to this Project.

A. Time Schedule: Start and stop condensing water pump.

B. Condensing Water Pump: Allow start on proof of water in cooling tower sump and on outdoor temperature above [50 degrees F] [___ degrees F]. [Start on demand from ventilation system.]  
C. Energize chilled water pump to start and allow cooling tower fans to start when condensing water pump started.

Include chiller valve option for multiple chiller arrangements.

D. When chilled water pump starts, open chiller control valve. Modulate chiller control valve to maintain constant flow through chiller.

E. When flow switches prove chilled water flow and condensing water flow, allow refrigeration machine to start.

Select or insert temperature. Use 55 degrees F for absorption and 75 degrees F) for centrifugal machines. Reciprocating machines will vary according to manufacturer.

F. Maintain minimum condenser water temperature of [55 degrees F] [75 degrees F] [___ degrees F] by [modulating tower bypass valve] [and] [cycling cooling tower fans].  
Electric heating devices may not be required in some locations and systems, and not in systems with remote sumps.

G. Maintain temperature in cooling tower sump of 40 degrees F by [modulating heater control valve] [cycling electric sump heaters]. Outdoor thermostat set at [35 degrees F] [___ degrees F] shall [open valve to] [activate electric] heat tracing.  
Dump cycle may not be required in some locations and systems, and not for systems with remote sumps.

H. Thermostat in cooling tower sump, set at [35 degrees F] [___ degrees F], open drain lines, closes make-up valve, and deactivates sump heaters and piping electric heat tapes.  
I. Display:

Edit to include desired items.

1. System graphic.

2. Condensing water pump on/off indication.

3. Chilled water pump on/off switch.

4. Chiller on/off indication.

5. Condensing-water temperature - supply and return.

6. Chilled-water temperature - supply and return.

7. Chiller condensing-water control point adjustment.

8. Common chilled-water control point adjustment.

9. Low level cooling tower sump alarm.

10. Expansion tank low-level alarm.

11. Cooling tower fan on/off indication.

12. Cooling tower sump heater on/off indication.

13. Cooling tower dump indication.

14. Chilled water control point adjustment.

The following only apply to control systems with local control panels.

15. Condensing water pump on/off auto switch.

16. Chilled water pump on/off/auto switch.

17. Chiller on/off auto switch.

3.5 SEQUENCE OF OPERATION - CENTRAL FAN SYSTEMS

The following sequences incorporate many standard components of central air systems and include many types of systems. Select carefully those sequences that are required and apply to this Project or system. Repeat and re-edit for different systems.

A. Time Schedule: Start and stop supply and return fans. Determine fan status [through auxiliary contactors in motor starter] [by pressure differential switches] [by current sensing devices]. If fan fails to start as commanded, signal alarm.  
B. Safety Devices:

1. Freeze Protection: Stop fans [and close outside air dampers] if temperature [before supply fan] [downstream of preheat coil] [and in preheat coil return line] is below 37 degrees F; signal alarm.  
2. High Temperature Protection: Stop fans and close outside dampers if temperature in return air is above 300 degrees F; signal alarm.

3. Smoke Detector: Stop fans, close outside dampers, and close smoke dampers if smoke is detected; signal alarm.

C. Preheat Coil:

1. When fan is not running, and outside air temperature is below 40 degrees F, [fully] [partially] open preheat coil valve to heating.

2. When fan is running, maintain constant [mixed air] [supply air] temperature of 55 degrees F by modulating preheat coil valve.  
The following provides an option for separate outside air damper. Include for 100 percent outside air make-up unit to prevent collapsing damper or ductwork.

D. Outside Air Damper: When supply fan is running, open outside air damper [to minimum position]. [Prevent supply fan starting until outside air damper is open and position is verified.]  
E. Humidifier: When supply fan is running, allow humidifier to operate.

OR

F. Humidifier: When supply fan is running, [and there is water in humidifier sump], humidistat located in return air, reset from outdoors [modulates normally closed humidifier valve] [cycle spray pumps] [and modulates valve on spray header]. Set outdoor reset to 50 percent relative humidity at 70 degrees F and 15 percent relative humidity at -30 degrees F.  
Select mixed air control from the following paragraphs. Revise paragraph 5 for enthalpy control.

G. Outside, Return, and Relief Dampers:

1. When supply fan is not running, outside and relief dampers are closed and return damper is open.

2. When supply fan is running, dampers are controlled and operate with outside and relief dampers opening, and return damper closing.

3. For cooling and outside air temperatures below 55 degrees F, modulate dampers to maintain [mixed] [supply] air temperature of 55 degrees F [or higher].
4. For cooling and outside air temperatures above 55 degrees F outside and relief dampers are open and return damper is closed.

5. For cooling and outside air temperatures above 55 degrees F compare return and outside air [temperatures] [enthalpies]. If return air [temperature] [enthalpy] is lower, drive outside damper to minimum, close relief damper, and open return damper.  
6. For outside air temperatures above 79 degrees F, drive outside damper to minimum, close relief damper, and open return damper.

7. For heating, drive outside damper to minimum, close relief damper, and open return damper.

8. Modulate [mixed air dampers] [preheat coil valve] [and face and bypass dampers] [and cooling coil valve] in sequence to maintain [constant] [mixed] [supply] air temperature.  
Use for multi-zone system. Feedback controls could be used or use controls specified for dual duct system.

H. Multi-Zone System:

1. [Space sensor] [[Single] [Dual] temperature room thermostat] set at [75 degrees F] [___ degrees F] maintains constant space temperature [during the day and 15 degrees F cooler at night] by modulating zone dampers.

2. Room with highest heating demand modulates heating coil valve. [Room thermostat with highest cooling demand modulates cooling coil valve.]  
Use for dual duct system. Feedback controls could be added as specified for multi-zone system.

I. Dual Duct System:

1. Control hot deck by modulating heating coil valve in accordance with outdoor temperature reset schedule.

Use the following paragraphs to define an outdoor reset schedule.

2. Control hot deck at maximum 135 degrees F at outdoor temperature of -30 degrees F, and minimum 75 degrees F at outdoor temperature of 75 degrees F, with straight line relationship between.

3. Maintain constant cold deck temperature of 55 degrees F by modulating cooling coil valve.

4. Reset hot and cold deck temperatures. Room thermostat with highest heating demand resets hot deck control temperature. [Room thermostat with highest cooling demand resets cold deck control temperature.]  
Use for induction system. Add control to zone by exposure. Use solar compensators alone or with outdoor ambient thermostat.

J. Induction System:

1. Control hot deck by modulating heating coil valve in accordance with outdoor temperature reset schedule.

2. Control zone temperature at maximum 135 degrees F at outdoor temperature of -30 degrees F, and minimum 55 degrees F at outdoor [solar compensated] temperature of 75 degrees F. Use a straight-line relationship between the high and low temperatures.

Use one of the following methods to control systems.

K. Maintain constant supply static pressure of [1.5 inches wg] [___ inches wg] by modulating supply and return fan inlet vane dampers in sequence. Locate sensor minimum [50 ft] [___ ft] downstream of supply fan in supply air duct.

L. Maintain constant supply static pressure of [1.5 inches wg] [___ inches wg] by modulating supply fan inlet vane dampers. Maintain constant building pressure of [0.05 inches wg] [___ inches wg] measured at grade by modulating return air fan inlet vane dampers.

M. Maintain constant supply static pressure of [1.5 inches wg] [___ inches wg] by modulating supply fan inlet vane dampers. Maintain constant differential airflow rate between supply and return by modulating return fan inlet vane dampers from velocity pressure measurements in supply and return ducts.  
N. Display:

Select or add required night shut down cycle.

1. System graphic.

2. System on/off indication.

3. System day/night mode.

4. System fan on/off indication.

5. Return fan on/off indication.

6. Preheat coil pump on/off indication.

7. Spray pump on/off indication.

8. Outside air temperature indication.

9. Mixed air temperature indication.

10. Fan discharge air temperature indication.

11. Reheat zone air temperature indication.

12. Return humidity indication.

13. Fan discharge temperature control point adjustment.

14. Return humidity control point adjustment.

15. Reheat zone control point adjustment.

16. Supply static pressure indication.

17. Supply static pressure control point adjustment.

18. Building static pressure indication.

19. Building static pressure control point adjustment.

The following only apply to control systems with local control points.

20. System on/off auto switch.

21. System day/night/auto switch.

22. Supply fan on/off switch.

23. Return fan on/off/auto switch.

24. Preheat coil pump on/off switch.

25. Spray pump on/off auto switch.

3.6 SEQUENCE OF OPERATION - COMBUSTION AIR UNIT HEATERS

Use three-way valve where pressure bypass will not be used and a wild flow circuit may be required.

A. Single temperature room thermostat set at [68 degrees F] [___ degrees F] maintains constant room temperature by modulating [two-way] [three-way] heating control valve.

B. Single temperature thermostat on return heating water line de-energizes unit fan on temperature below [95 degrees F] [___ degrees F].
3.7 SEQUENCE OF OPERATION - EXHAUST FANS

Include the following as applicable. This may not apply to some locations or where utility companies require closer control. Modern computer based equipment may require refrigeration equipment, most of which has self-contained controls and the alarm.

A. On room temperature above [85 degrees F] [___ degrees F], open intake dampers and start exhaust fans.

B. On room temperatures above [90 degrees F] [___ degrees F], signal alarm.  
3.8 SEQUENCE OF OPERATION - LOUVER DAMPERS AND EXHAUST FANS

Use the following two paragraphs for air-cooled units.

A. When the generator not running, outside and exhaust dampers are closed and return damper is open.

B. When generator is running, dampers are controlled and operate with outside and exhaust dampers opening, and return dampers closing, to maintain room temperature of [85 degrees F] [___ degrees F].  
Use the following paragraph for water-cooled units.

C. On room temperatures above [95 degrees F] [___ degrees F] open intake damper and start exhaust fan.  
D. Provide solenoid valve to shut off fuel supply when generator is not operating.

3.9 SEQUENCE OF OPERATION - EXCESS PRESSURE CONTROLS

Select applicable control method.

A. Maintain constant pressure differential between supply and return lines by modulating bypass valves, cycling pumps in sequence, varying pump speed through variable speed drive control.

3.10 SEQUENCE OF OPERATION - FAN COIL UNITS

Use the following sequence for steam or hydronic heating.

A. [Single] [Dual] temperature unit-mounted thermostat set at [75 degrees F [___ degrees F]. Thermostat maintains constant space temperature [during the day and [15 degrees F] [___ degrees F] cooler at night]. Thermostat [modulates] [opens and closes] two-way control heating valve [with spring range of [3 to 7 psig] [3 to 13 psig]].  
Use the following sequence for hydronic heating and cooling units.

B. [Single] [Dual] temperature unit-mounted thermostat set at [75 degrees F] [___ degrees F] maintains constant space temperature [during the day and [15 degrees F [___ degrees F] cooler at night]]. Thermostat [modulates] [opens and closes] two-way control heating valve [with spring range of 3 to 7 psig] [and two-way cooling control valve [with spring range of 8 to 13 psig]] in sequence.  
Use the following sequence for units that have a single coil and a four-way control valve.

C. [Single] [Dual] temperature unit-mounted thermostat set at [75 degrees F] [___ degrees F] maintains constant space temperature [during the day and [15 degrees F] [___ degrees F] cooler at night]. Thermostat modulates four-way control valve. During heating cycle, it modulates hot water supply to coil and diverts return water to heating return pipe. During cooling cycle, it modulates chilled water supply to coil and diverts return water to cooling return pipe. When space thermostat is satisfied, there is no flow in either circuit or coil.
D. Change over from heating to cooling by indexing thermostat from thermostat on supply piping. When supply is above room temperature, operate thermostat in direct acting manner, opening valve when temperature falls below thermostat setting. When supply is below room temperature, operate thermostat in reverse acting manner, opening valve when space temperature rises above thermostat setting.

E. For heating and cooling fan coil units with fan speed control during heating cycle, increase fan speed as space temperature falls below thermostat setting, provided hot water is available. During cooling cycle, increase fan speed as space temperature rises above thermostat setting, provided chilled water is available.

F. Mount thermostat with adjustable knob and speed switch on common plate engraved with "Heating Control and Fan Control" on top, with "Warmer and Cooler" and direction indicator around the thermostat knob.

3.11 SEQUENCE OF OPERATION - HEATING COILS

Use the following sequence for steam or hydronic heating. Select thermostat type required. Dual temperature is used for night setback. Select spring range if valve is pneumatic to complement integrated controls such as with terminal variable air volume (VAV) units, and to maintain consistency.

A. [Single] [Dual] temperature thermostat set at [75 degrees F] [___ degrees F] maintains constant space temperature [during the day and [15 degrees F] [___ degrees F] cooler at night]. Thermostat [modulates] [opens and closes] [two-] [three-] way control heating valve [with spring range of [3 to 7 psig] [3 to 13 psig]].  
Where electric control is not packaged as integral part of electric heating unit, use the following, selecting the appropriate type of control.

B. Single temperature room thermostat set at [75 degrees F] [___ degrees F] maintains constant space temperature by [energizing] [staging] [modulating electric output through action at SCR power controller, to] electric heaters.   
3.12 SEQUENCE OF OPERATION - HEATING WATER ZONE CONTROL

A. [Flow] [Pressure] switch in heating pump discharge provides on/off indication.  
Include indoor/outdoor controller here if not included as part of boiler controls. Select applicable control method.

B. Control heating water supply temperature set at [195 degrees F] [___ degrees F] [in accordance with outdoor reset schedule] by [modulating steam control valve] [modulating heating water control valve] [modular boiler gas valve] [step firing boilers].  
Use the following paragraph to define an outdoor reset schedule.

C. Control heating water at maximum [195 degrees F] [___ degrees F] at outdoor temperature of [-30 degrees F] [___ degrees F]. Control heating water at minimum [130 degrees F] [___ degrees F] at outdoor temperature of [75 degrees F] [___ degrees F]. Use a straight-line relationship between temperatures.  
Use the following paragraph to define sequence of step firing boilers.

D. Step fire boilers in sequence, [Boiler No. 1 - low fire, Boiler No. 1 - high fire, Boiler No. 2 - low fire, Boiler No. 2 - high fire] [___].  
Include valve option where heat exchanger control is specified.

E. [Flow] [Pressure] switch in heating water circuit on no flow conditions [closes valve and] indicates alarm.

F. On outside temperatures above [65 degrees F] [___ degrees F], de-energize heating pumps and suppress alarm.  
G. Display:

Edit and include desired items.

1. System graphic.

2. System supply-temperature.

3. System supply control point adjustment.

4. System return-temperature.

5. Pump on/off indication

The following only apply to control systems with local control panels.

6. Pump on/off switch.

7. Boiler lead lag switch.

3.13 SEQUENCE OF OPERATION - HUMIDIFIERS

Select humidifier operation and fluid.

A. When fan is running [and airflow switch proves airflow], line voltage room humidistat [reset from outdoors] maintains humidity [level of [30] [___ percent] by [cycling unit fan and] [opening two position] [modulating] two-way [steam] [hot water] valve.

B. When supply fan is running [and airflow switch proves airflow] [and there is water in humidifier sump], humidistat located in return air, reset from outdoors [modulates normally closed humidifier valve] [cycle spray pumps] [and modulates valve on spray header]. Set outdoor reset to [50] [___] percent relative humidity at [70 degrees F] [___ degrees F] and [15] [___] percent relative humidity at [-30 degrees F] [___ degrees F].  
3.14 SEQUENCE OF OPERATION - INDUCTION UNITS

Edit to suit Project conditions. Control pressure range may be required to adequately clarify sequencing for system tape.

A. [Single] [Dual] temperature unit mounted thermostat maintains constant space temperature at [75 degrees F] [___ degrees F] [during the day and [60 degrees F] [___ degrees F] cooler at night]. Thermostat [modulates] [opens and closes] two-way control heating valve [with spring range of [3 to 7 psig] [3 to 13 psig] [8 to 13 psig]].  
3.15 SEQUENCE OF OPERATION - PARKING GARAGE VENTILATION SYSTEMS

Typical sequence for direct-fired system is for exhaust fan interlock to automatically shut down ventilation system.

A. Time Schedule: Stop exhaust fan at night.

B. Carbon Monoxide (CO) detector maintains maximum CO level of 50 ppm by cycling exhaust fan. When CO level exceeds 100 ppm, signal alarm.

C. When exhaust fan starts, start make-up unit.

3.16 SEQUENCE OF OPERATION - RADIANT PANELS

Use the following sequence for steam or hydronic heating.

A. [Single] [Dual] temperature thermostat set at [75 degrees F] [___ degrees F] cooler at night. Thermostat [modulates] [opens and closes] two-way control heating valve [with spring range of [3 to 7 psig] [3 to 13 psig]].  
Use the following sequence for hydronic heating and cooling units with four-way control valve.

B. [Single] [Dual] temperature thermostat set at [75 degrees F] [___ degrees F] shall maintain constant space temperature [during the day and [15 degrees F] [___ degrees F] cooler at night]. Thermostat modulates four-way control valve. During heating cycle, it modulates hot water supply to coil, and diverts return water to heating return pipe. During cooling cycle, it modulates chilled water supply to coil and diverts return water to chilled water supply to coil and divert return water to cooling return pipe. When space thermostat is satisfied no flow occurs in either circuit and in coil.  
C. Change over from heating to cooling by indexing thermostat from aquastat on supply piping. When supply is above room temperature, operate thermostat in direct acting manner, opening valve when temperature falls below thermostat setting. When supply is below room temperature, operate thermostat in reverse acting manner, opening valve when space temperature rises above thermostat setting.

3.17 SEQUENCE OF OPERATION - RADIATION [AND CONVECTORS]
Use the following sequence for steam or hydronic heating. Select thermostat type required. Dual temperature is used for night setback. Select spring range if valve is pneumatic to both complement integrated controls, and to maintain consistency.

A. [Single] [Dual] temperature thermostat set at [75 degrees F] [___ degrees F] maintains constant space temperature [during the day and [15 degrees F] [___ degrees F] cooler at night]. Thermostat [modulates] [opens and closes] two-way control heating valve [with spring range of [3 to 7 psig] [3 to 13 psig]].  
Where electric control is not packaged as integral part of electric heating unit, use the following, selecting the appropriate.

B. Single temperature room thermostat set at 75 degrees F maintains constant space temperature by energizing, staging and modulating electric output through action at SCR power controller, to electric heaters.

3.18 SEQUENCE OF OPERATION - REFRIGERATION SYSTEMS

A. Maintain constant [supply] [return] air duct temperature of [55 degrees F] [75 degrees F] [___ degrees F] by cycling refrigeration system and signaling step capacity, minimum of [___] steps.  
3.19 SEQUENCE OF OPERATION - TERMINAL AIR UNITS

Use the following controls when they are not packaged as integral part of the air unit. Use the following sequences for steam or hydronic heating. Select thermostat type required. Dual temperature is used for night setback. Select spring range if valve is pneumatic to complement integrated controls, such as with terminal variable air volume (VAV) units, and to maintain consistency.

Edit to suit Project conditions. Use the following for variable air volume (VAV) and dual duct systems.

A. General: The DDC system shall schedule each system or zone independently per Owner’s operating schedule. Operating schedule shall be defined with the Owner.

1. The DDC system shall schedule air handling unit occupied and unoccupied modes of operation. Air handling unit and exhaust fan shall be software interlocked to run with supply fan running. Upon failure of the exhaust fan, the associated supply fan shall be disabled.

2. On supply fan shutdown, the following occurs:

a. Exhaust Fan: Off.

b. Outside and Exhaust Air Damper: Closed (Fail Closed).

c. Return Air Damper: Open (Fail Open).

d. Cooling/Heating Coil Valve: Under Control (Fail Open).

3. Occupied Mode: Occupied mode shall be based on a time-of-day schedule program.

4. Air handing unit shall be started if not running for continuous operation during the occupied mode. Outside air damper shall be positioned to minimum open. Associated exhaust fan shall be started and runs in consort with supply fan inlet vane position during the occupied mode.

5. Temperature Controls:

a. Air Handling Unit: DDC system shall monitor discharge air temperature and room temperature and modulate cooling/heating control valve to maintain room air temperature set point. On call cooling/heating by room temperature sensor, the cooling/heating coil valve shall be modulated.

b. Outside Air Tempering: DDC system shall monitor outside air temperature and modulate in sequence duct heating coil valve and return air damper. Discharge air temperature and return air damper shall be readjusted in accordance with outside air conditions as follows:

	OUTSIDE AIR TEMPERATURE
	DISCHARGE AIR TEMPERATURE
	RETURN AIR DAMPER POSITIONS

	24 degrees F
	96 degrees F
	Open

	36 degrees F
	60 degrees F
	Open

	38 degrees F
	50 degrees F
	Modulate w/supply


6. Unoccupied Mode: Unoccupied mode shall be based on a time-of-day schedule program. DDC system shall monitor space temperature and upon drop in temperature to 50 degrees F, the air handling unit shall be started and operates similar to the occupied mode of operation. The air handling unit continues to operate until the temperature exceeds 55 degrees F.

7. Safeties: Safeties device shutdown shall be independent of DDC system controls (Local Controls).

a. If the coil leaving air temperature drops below 35 degrees F, the freeze protection thermostat shall shut down air handling unit.

b. Duct smoke detectors through fire alarm system shuts down air handling unit upon smoke detection.

3.20 SEQUENCE OF OPERATION - UNIT HEATERS

Use the following sequence for steam or hydronic heating.

A. Single temperature electric room thermostat maintains constant space temperature of [68 degrees F] [___ degrees F] by cycling unit fan motor.

B. Single temperature thermostat on return heating water line [from floor mounted cabinet heaters] de-energizes unit on temperatures below [95 degrees F] [___ degrees F].  
Use the following sequence for electric units. Use the integral thermostat when available from the manufacturer.

C. Single temperature room thermostat set at [68 degrees F] [___ degrees F] maintains constant space temperature by cycling unit fan motor and energizing electric heating elements. [Integral thermostat continues fan operation until element temperature falls below [100 degrees F] [___ degrees F].]  
3.21 MANUFACTURER'S FIELD SERVICES

A. Section 01 45 16.13 - Contractor’s Quality Control Program: Manufacturers’ field services.

B. Start and commission systems. Allow sufficient time for start-up and commissioning prior to placing control systems in permanent operation.

C. Provide service engineer to instruct Owner's representative in operation of systems plant and equipment for [3] [___] day period.  
3.22 DEMONSTRATION AND TRAINING

A. Upon completion of the Work, furnish the services of a competent technician regularly employed by the DDC manufacturer to provide a two (2) hour training walk through of the new DDC system for the new project with SeaTac Airport’s lead DDC technician.

B. Furnish a written test plan and training schedule for approval 15 days prior to instructing operating personnel including the following:

1. Recommended training schedule for standalone DDC controllers and field components.

2. Qualification of instructors.

3. List of all training materials, aids, etc.

C. Provide all training materials necessary for a minimum of three facility personnel, including:

1. Operations and maintenance manual.

2. As-built control diagrams.

3. Detailed description of the system.

4. Complete listing, graphical logic diagrams of all software programs required to perform the sequence of operation.

5. Commands, operating and trouble shooting instruction, and routine maintenance procedures.

D. Provide eight (8) hours of classroom training material. Each attendee should be able to perform elementary operations, with guidance, and describe the general hardware architecture and functionality of the system. This course shall include, but not limited to, the following:

1. Theory of operations.

2. Hardware architecture.

3. Operation of system.

4. Operator commands.

5. Control sequence programming.

6. Data base entry.

7. Reports and logs.

8. Alarm reports.

9. Diagnostics.

10. Physical layout of each piece of hardware.

11. Troubleshooting and diagnostics procedures.

12. Repair instructions.

13. Preventive maintenance procedures and schedules.

14. Calibration procedures.

E. Demonstrate complete and operating system to Owner.

3.23 SCHEDULES

Provide an input/output schedule when the sequence of operation and software description is insufficient to fully identify all required points. Usually the input/output schedule is a Contractor submittal.

The following examples may assist in developing such a schedule.

A. DDC Point List

1. General

2. As a minimum, provide the following DDC points for monitoring and control. Provide additional points as required to accomplish the sequence of operation.

Abbreviations:

	A
	Summary Alarm

	AHU
	Air Handling Unit

	AI
	Analog Input

	AO
	Analog Output

	AUX
	Auxiliary Device or Contract

	CSR
	Current Sensing Relay

	CR
	Control Relay

	DDC
	Direct Digital Control

	DI
	Digital Input

	DPS
	Differential Pressure Switch

	DPT
	Differential Pressure Sensor/Transmitter

	DO
	Digital Output

	FT
	Flow Transducer

	FPT
	Freeze Protection Thermostat

	MOD
	Modulating Damper

	NC
	Normally Closed

	NO
	Normally Open

	SD
	Smoke Detector (Duct)

	TS
	Temperature Sensor/Transmitter

	TCV
	Temperature Control Valve

	VFD
	Variable Frequency Drive


3. Point List: The following points list identifies DDC System points for specific equipment identified on the drawings. Provide sensors or switch devices indicated or connect to auxiliary contacts provided by electrical or equipment manufacturer as required. Provide additional points as necessary to accomplish Sequence of Operation.

4. Constant Volume Air Handling Unit:

	DESCRIPTION
	TYPE
	DEVICES

	Supply Fan VFD Start/Stop
	DO
	CR/VSD

	Supply Fan VFD Speed Control
	AO
	VFD

	Supply Fan Status
	DI
	VFD

	Supply Fan VFD Alarm
	DI
	VFD

	Supply Air Temperature
	AI
	TS

	Return Air Temperature
	AI
	TS

	OSA/RA/EA Dampers
	AO
	MOD

	Heating Control Valve
	AO
	TCV

	Freeze Protection Thermostat Status
	DI
	AUX

	Smoke Detector Status (Per detector)
	DI
	AUX

	Filter Differential Pressure Switch
	DI
	DPS

	Compressor/Condenser Status
	DI
	DPS


5. Exhaust Fan:

	DESCRIPTION
	TYPE
	DEVICES

	Exhaust Fan Start/Stop
	DO
	CR

	Exhaust Fan Status
	DI
	CSR

	EA Damper
	DO
	MOD


6. VAV Terminal:

	DESCRIPTION
	TYPE
	DEVICES

	Monitor Space Temperature
	AI
	TS

	Monitor Discharge Air Temperature
	AI
	TS

	Terminal Damper Position
	AO
	MOD

	Terminal Airflow
	AI
	DPS

	Terminal Heating Control Valve Position
	AO
	TCV


7. Fan Powered Terminal:

	DESCRIPTION
	TYPE
	DEVICES

	Monitor Space Temperature
	AI
	TS

	Monitor Discharge Air Temperature
	AI
	TS

	Terminal Damper Position
	AO
	MOD

	Terminal Airflow
	AI
	DPS

	Terminal Heating Control Valve Position
	AO
	TCV

	Fan Start / Stop
	DO
	CR


PART 4   MEASUREMENT AND PAYMENT
4.1 GENERAL

A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
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