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SECTION 23 05 13 

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, 

horizontal, small and medium, squirrel-cage induction motors for use on alternating-current 

power systems up to 600 V and installed at equipment manufacturer's factory or shipped 

separately by equipment manufacturer for field installation. 

1.3 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the 

following: 

1. Motor controllers. 

2. Torque, speed, and horsepower requirements of the load. 

3. Ratings and characteristics of supply circuit and required control sequence. 

4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with NEMA MG 1 unless otherwise indicated. 

B. Comply with IEEE 841 for severe-duty motors. 

2.2 MOTOR CHARACTERISTICS 

A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above 

sea level. 

B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected loads 

at designated speeds, at installed altitude and environment, with indicated operating sequence, 

and without exceeding nameplate ratings or considering service factor. 
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2.3 POLYPHASE MOTORS 

A. Description: NEMA MG 1, Design B, medium induction motor. 

B. Efficiency: Premium efficient, as defined in NEMA MG 1. 

C. Service Factor: 1.15. 

D. Multispeed Motors: Variable torque. 

1. For motors with 2:1 speed ratio, consequent pole, single winding. 

2. For motors with other than 2:1 speed ratio, separate winding for each speed. 

E. Multispeed Motors: Separate winding for each speed. 

F. Rotor: Random-wound, squirrel cage. 

G. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

H. Temperature Rise: Match insulation rating. 

I. Insulation:  Class F. 

J. Code Letter Designation: 

1. Motors 15 HP and Larger: NEMA starting Code F or Code G. 

2. Motors Smaller Than 15 HP: Manufacturer's standard starting characteristic. 

K. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor 

frame sizes smaller than 324T. 

2.4 ADDITIONAL REQUIREMENTS FOR POLYPHASE MOTORS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection 

requirements for controller with required motor leads. Provide terminals in motor terminal box, 

suited to control method. 

B. Motors Used with Variable-Frequency Controllers: Ratings, characteristics, and features 

coordinated with and approved by controller manufacturer. 

1. Windings: Copper magnet wire with moisture-resistant insulation varnish, designed and 

tested to resist transient spikes, high frequencies, and short time rise pulses produced by 

pulse-width-modulated inverters. 

2. Premium-Efficient Motors: Class B temperature rise; Class F insulation. 

3. Inverter-Duty Motors: Class F temperature rise; Class H insulation. 

4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected 

motors. 

C. Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor. 
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2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and 

requirements of specific motor application: 

1. Permanent-split capacitor. 

2. Split phase. 

3. Capacitor start, inductor run. 

4. Capacitor start, capacitor run. 

B. Multispeed Motors: Variable-torque, permanent-split-capacitor type. 

C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 

thrust loading. 

D. Motors 1/20 HP and Smaller: Shaded-pole type. 

E. Thermal Protection: Internal protection to automatically open power supply circuit to motor 

when winding temperature exceeds a safe value calibrated to temperature rating of motor 

insulation. Thermal-protection device shall automatically reset when motor temperature returns 

to normal range. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 23 05 13 
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SECTION 23 09 23 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Direct digital control (DDC) system equipment and components for monitoring and 
controlling of HVAC, exclusive of instrumentation and control devices. 

1.2 DEFINITIONS 

A. Algorithm: A logical procedure for solving a recurrent mathematical problem. A prescribed set 
of well-defined rules or processes for solving a problem in a finite number of steps. 

B. Analog: A continuously varying signal value, such as current, flow, pressure, or temperature. 

C. BACnet Specific Definitions: 

1. BACnet: Building Automation Control Network Protocol, ASHRAE 135. A 
communications protocol allowing devices to communicate data and services over a 
network. 

2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of 
BACnet functionality that is needed to perform a particular task. BIBBs are combined to 
build the BACnet functional requirements for a device. 

3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet 
messages over IP networks. A BACnet/IP network is a collection of one or more IP 
subnetworks that share the same BACnet network number. 

4. BACnet Testing Laboratories (BTL): Organization responsible for testing products for 
compliance with ASHRAE 135, operated under direction of BACnet International. 

D. Binary: Two-state signal where a high signal level represents "ON" or "OPEN" condition and a 
low signal level represents "OFF" or "CLOSED" condition. "Digital" is sometimes used 
interchangeably with "Binary" to indicate a two-state signal. 

E. Controller: Generic term for any standalone, microprocessor-based, digital controller residing 
on a network, used for local or global control. Three types of controllers are indicated: network 
controllers, programmable application controllers, and application-specific controllers. 

F. Control System Integrator: An entity that assists in expansion of existing enterprise system and 
support of additional operator interfaces to I/O being added to existing enterprise system. 

G. COV: Changes of value. 



YSD HVAC DDC UPGRADES  COFFMAN ENGINEERS, INC 
AKIACHAK, AKIAK, TULUKSAK, ALASKA  PROJECT NO. 211163 
100% DELIVERABLE  NOVEMBER 8, 2021 
 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 23 09 23 - 2 

H. DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer 
and responsible for execution of DDC system Work indicated. 

I. Distributed Control: Processing of system data is decentralized and control decisions are made 
at subsystem level. System operational programs and information are provided to remote 
subsystems and status is reported back. On loss of communication, subsystems to be capable of 
operating in a standalone mode using the last best available data. 

J. Gateway: Bidirectional protocol translator that connects control systems that use different 
communication protocols. 

K. HLC: Heavy load conditions. 

L. I/O: System through which information is received and transmitted. I/O refers to analog input 
(AI), binary input (BI), analog output (AO) and binary output (BO). Analog signals are 
continuous and represent control influences such as flow, level, moisture, pressure, and 
temperature. Binary signals convert electronic signals to digital pulses (values) and generally 
represent two-position operating and alarm status. "Digital," (DI) and (DO), is sometimes used 
interchangeably with "Binary," (BI) and (BO), respectively. 

M. LAN: Local area network. 

N. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or 
for remote-control, signaling power-limited circuits. 

O. Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular 
data network and running a native control application or accessing a web interface. 

P. Modbus TCP/IP: An open protocol for exchange of process data. 

Q. MS/TP: Master-slave/token-passing, ISO/IEC/IEEE 8802-3. Datalink protocol LAN option that 
uses twisted-pair wire for low-speed communication. 

R. MTBF: Mean time between failures. 

S. Network Controller: Digital controller, which supports a family of programmable application 
controllers and application-specific controllers, that communicates on peer-to-peer network for 
transmission of global data. 

T. Network Repeater: Device that receives data packet from one network and rebroadcasts it to 
another network. No routing information is added to protocol. 

U. Peer to Peer: Networking architecture that treats all network stations as equal partners. 

V. POT: Portable operator's terminal. 

W. RAM: Random access memory. 

X. RF: Radio frequency. 
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Y. Router: Device connecting two or more networks at network layer. 

Z. Server: Computer used to maintain system configuration, historical and programming database. 

AA. TCP/IP: Transport control protocol/Internet protocol. 

BB. UPS: Uninterruptible power supply. 

CC. USB: Universal Serial Bus. 

DD. User Datagram Protocol (UDP): This protocol assumes that the IP is used as the underlying 
protocol. 

EE. VAV: Variable air volume. 

FF. WLED: White light emitting diode. 

1.3 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at a site with telephonic, video conference, and 
screensharing capabilities. 

1.4 ACTION SUBMITTALS 

A. Multiple Submissions: 

1. If multiple submissions are required to execute work within schedule, first submit a 
coordinated schedule clearly defining intent of multiple submissions. Include a proposed 
date of each submission with a detailed description of submittal content to be included in 
each submission. 

2. Clearly identify each submittal requirement indicated and in which submission the 
information will be provided. 

3. Include an updated schedule in each subsequent submission with changes highlighted to 
easily track the changes made to previous submitted schedule. 

B. Product Data: 

1. Construction details, material descriptions, dimensions of individual components and 
profiles, and finishes. 

2. Operating characteristics, electrical characteristics, and furnished accessories indicating 
process operating range, accuracy over range, control signal over range, default control 
signal with loss of power, calibration data specific to each unique application, electrical 
power requirements, and limitations of ambient operating environment, including 
temperature and humidity. 

3. Product description with complete technical data, performance curves, and product 
specification sheets. 

4. Installation, operation, and maintenance instructions including factors effecting 
performance. 
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5. Bill of materials of indicating quantity, manufacturer, and extended model number for 
each unique product. 
 
a. Protocol analyzers. 
b. DDC controllers. 
c. Enclosures. 
d. Electrical power devices. 
e. UPS units. 
f. Accessories. 
g. Instruments. 
h. Control dampers and actuators. 
i. Control valves and actuators. 

6. When manufacturer's product datasheets apply to a product series rather than a specific 
product model, clearly indicate and highlight only applicable information. 

7. Each submitted piece of product literature to clearly cross reference specification and 
drawings that submittal is to cover. 

C. Software Submittal: 

1. Cross-referenced listing of software to be loaded on each operator workstation, server, 
gateway, and DDC controller. 

2. Description and technical data of all software provided and cross-referenced to products 
in which software will be installed. 

3. Operating system software, operator interface and programming software, color graphic 
software, DDC controller software, maintenance management software, and third-party 
software. 

4. Include a flow diagram and an outline of each subroutine that indicates each program 
variable name and units of measure. 

5. Listing and description of each engineering equation used with reference source. 
6. Listing and description of each constant used in engineering equations and a reference 

source to prove origin of each constant. 
7. Description of operator interface to alphanumeric and graphic programming. 
8. Description of each network communication protocol. 
9. Description of system database, including all data included in database, database 

capacity, and limitations to expand database. 
10. Description of each application program and device drivers to be generated, including 

specific information on data acquisition and control strategies showing their relationship 
to system timing, speed, processing burden, and system throughout. 

11. Controlled Systems: Instrumentation list with element name, type of device, 
manufacturer, model number, and product data. Include written description of sequence 
of operation including schematic diagram. 

D. Shop Drawings: 

1. General Requirements: 

a. Include cover drawing with Project name, location, Owner, Architect, Contractor, 
and issue date with each Shop Drawings submission. 
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b. Include a drawing index sheet listing each drawing number and title that matches 
information in each title block. 

c. Drawings Size: one electronic copy of 22 inches by 34 inches, one electronic copy 
of 11 inches by 17 inches. No hard copies without prior approval by owner. 

2. Include plans, elevations, sections, and mounting details where applicable. 
3. Include details of product assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

4. Detail means of vibration isolation and show attachments to rotating equipment. 
5. Plan Drawings indicating the following: 

a. Screened backgrounds of walls, structural grid lines, HVAC equipment, ductwork, 
and piping. 

b. Room names and numbers with coordinated placement to avoid interference with 
control products indicated. 

c. Each desktop workstation network port, server, gateway, router, DDC controller, 
control panel instrument connecting to DDC controller, and damper and valve 
connecting to DDC controller, if included in Project. 

d. Exact placement of products in rooms, ducts, and piping to reflect proposed 
installed condition. 

e. Network communication cable and raceway routing. 
f. Information, drawn to scale, of plan views. 
g. Proposed routing of wiring, cabling, conduit, and tubing; coordinated with building 

services for review before installation. 

6. Schematic drawings for each controlled HVAC system indicating the following: 

a. I/O points labeled with point names shown. Indicate instrument range, normal 
operating set points, and alarm set points. Indicate fail position of each damper and 
valve, if included in Project. 

b. I/O listed in table format showing point name, type of device, manufacturer, model 
number, and cross-reference to product data sheet number. 

c. A graphic showing location of control I/O in proper relationship to HVAC system. 
d. Wiring diagram with each I/O point having a unique identification and indicating 

labels for all wiring terminals. 
e. Unique identification of each I/O that to be consistently used between different 

drawings showing same point. 
f. Elementary wiring diagrams of controls for HVAC equipment motor circuits 

including interlocks, switches, relays, and interface to DDC controllers. 
g. Narrative sequence of operation. 
h. Graphic sequence of operation, showing all inputs and output logical blocks. 

7. Control panel drawings indicating the following: 

a. Panel dimensions, materials, size, and location of field cable, raceways, and tubing 
connections. 

b. Interior subpanel layout, drawn to scale and showing all internal components, 
cabling and wiring raceways, nameplates, and allocated spare space. 

c. Front, rear, and side elevations and nameplate legend. 
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d. Unique drawing for each panel. 

8. DDC system network riser diagram indicating the following: 

a. Each device connected to network with unique identification for each. 
b. Interconnection of each different network in DDC system. 
c. For each network, indicate communication protocol, speed and physical means of 

interconnecting network devices, such as copper cable type, or optical fiber cable 
type. Indicate raceway type and size for each. 

d. Each network port for connection of an operator workstation or other type of 
operator interface with unique identification for each. 

9. DDC system electrical power riser diagram indicating the following: 

a. Each point of connection to field power with requirements 
(volts/phase//hertz/amperes/connection type) listed for each. 

b. Each control power supply including, as applicable, transformers, power-line 
conditioners, transient voltage suppression and high filter noise units, DC power 
supplies, and UPS units with unique identification for each. 

c. Each product requiring power with requirements 
(volts/phase//hertz/amperes/connection type) listed for each. 

d. Power wiring type and size, race type, and size for each. 

10. Monitoring and control signal diagrams indicating the following: 

a. Control signal cable and wiring between controllers and I/O. 
b. Point-to-point schematic wiring diagrams for each product. 
c. Control signal tubing to sensors, switches, and transmitters. 
d. Process signal tubing to sensors, switches, and transmitters. 

11. Color graphics indicating the following: 

a. Itemized list of color graphic displays to be provided. 
b. For each display screen to be provided, a true color copy showing layout of 

pictures, graphics, and data displayed. 
c. Intended operator access between related hierarchical display screens. 

E. System Description: 

1. Full description of DDC system architecture, network configuration, operator interfaces 
and peripherals, servers, controller types and applications, gateways, routers and other 
network devices, and power supplies. 

2. Complete listing and description of each report, log and trend for format and timing, and 
events that initiate generation. 

3. System and product operation under each potential failure condition including, but not 
limited to, the following: 

a. Loss of power. 
b. Loss of network communication signal. 
c. Loss of controller signals to inputs and outpoints. 
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d. Operator workstation failure. 
e. Server failure. 
f. Gateway failure. 
g. Network failure. 
h. Controller failure. 
i. Instrument failure. 
j. Control damper and valve actuator failure. 

4. Complete bibliography of documentation and media to be delivered to Owner. 
5. Description of testing plans and procedures. 
6. Description of Owner training. 

F. Delegated Design Submittals: For DDC system products and installation indicated as being 
delegated. 

1. Supporting documentation showing DDC system design complies with performance 
requirements indicated, including calculations and other documentation necessary to 
prove compliance. 

2. Schedule and design calculations for damper and valve control actuators. 

a. Flow at Project design and minimum flow conditions. 
b. Face velocity at Project design and minimum airflow conditions. 
c. Pressure drop across damper at Project design and minimum airflow conditions. 
d. AMCA 500-D damper installation arrangement used to calculate and schedule 

pressure drop, as applicable to installation. 
e. Maximum close-off pressure. 
f. Leakage airflow at maximum system pressure differential (fan close-off pressure). 
g. Torque required at worst case condition for sizing actuator. 
h. Actuator selection indicating torque provided. 
i. Actuator signal to control damper (on, close, or modulate). 
j. Actuator position on loss of power. 
k. Actuator position on loss of control signal. 

3. Schedule and design calculations for control valves and actuators. 

a. Flow at Project design and minimum flow conditions. 
b. Pressure-differential drop across valve at Project design flow condition. 
c. Maximum system pressure-differential drop (pump close-off pressure) across valve 

at Project minimum flow condition. 
d. Design and minimum control valve coefficient with corresponding valve position. 
e. Maximum close-off pressure. 
f. Leakage flow at maximum system pressure differential. 
g. Torque required at worst case condition for sizing actuator. 
h. Actuator selection indicating torque provided. 
i. Actuator signal to control damper (on, close or modulate). 
j. Actuator position on loss of power. 
k. Actuator position on loss of control signal. 

4. Schedule and design calculations for selecting flow instruments. 
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a. Instrument flow range. 
b. Project design and minimum flow conditions with corresponding accuracy, control 

signal to transmitter, and output signal for remote control. 
c. Extreme points of extended flow range with corresponding accuracy, control signal 

to transmitter, and output signal for remote control. 
d. Pressure-differential loss across instrument at Project design flow conditions. 
e. Where flow sensors are mated with pressure transmitters, provide information for 

each instrument separately and as an operating pair. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: 

1. Plan drawings and corresponding product installation details, drawn to scale, on which 
the following items are shown and coordinated with each other, using input from 
installers of the items involved. 

2. Reflected ceiling plans and other details, drawn to scale, on which the following items are 
shown and coordinated with each other, using input from installers of the items involved. 

B. Qualification Statements: 

1. Systems Provider's Qualification Data: 

a. Resume of project manager assigned to Project. 
b. Resumes of application engineering staff assigned to Project. 
c. Resumes of installation and programming technicians assigned to Project. 
d. Resumes of service technicians assigned to Project. 
e. Brief description of past project including physical address, floor area, number of 

floors, building system cooling and heating capacity, and building's primary 
function. 

f. Description of past project DDC system, noting similarities to Project scope and 
complexity indicated. 

g. Names of staff assigned to past project that will also be assigned to execute work 
of this Project. 

h. Owner contact information for past project including name, phone number, and 
email address. 

i. Contractor contact information for past project including name, phone number, and 
email address. 

j. Architect and Engineer contact information for past project including name, phone 
number, and email address. 

2. Manufacturer's qualification data. 
3. Testing agency's qualification data. 

C. Product Certificates: 

1. Data Communications Protocol Certificates: Certifying that each proposed DDC system 
component complies with ASHRAE 135. 
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D. Test and Evaluation Reports: 

1. Product Test Reports: For each product, for tests performed by manufacturer. 
2. Preconstruction Test Reports: For each separate test performed. 

E. Source Quality-Control Submittals: 

1. Source quality-control reports. 

F. Field Quality-Control Submittals: 

1. Field quality-control reports. 

G. Sample warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For DDC system. 

1. In addition to items specified in Section 01 78 23 "Operation and Maintenance Data," 
include the following: 

a. Project Record Drawings of as-built versions of submittal Shop Drawings provided 
in electronic PDF format. 

b. Testing and commissioning reports and checklists of completed final versions of 
reports, checklists, and trend logs. 

c. As-built versions of submittal Product Data. 
d. Names, addresses, email addresses, and 24-hour telephone numbers of Installer 

and service representatives for DDC system and products. 
e. Operator's manual with procedures for operating control systems including logging 

on and off, handling alarms, producing point reports, trending data, overriding 
computer control, and changing set points and variables. 

f. Programming manuals with description of programming language and syntax, of 
statements for algorithms and calculations used, of point database creation and 
modification, of program creation and modification, and of editor use. 

g. Engineering, installation, and maintenance manuals that explain how to do the 
following: 

1) Design and install new points, panels, and other hardware. 
2) Perform preventive maintenance and calibration. 
3) Debug hardware problems. 
4) Repair or replace hardware. 

h. Documentation of all programs created using custom programming language 
including set points, tuning parameters, and object database. 

i. Backup copy of graphic files, programs, and databases on electronic media. 
j. List of recommended spare parts with part numbers and suppliers. 
k. Complete original-issue documentation, installation, and maintenance information 

for furnished third-party hardware including computer equipment and sensors. 
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l. Complete original-issue copies of furnished software, including operating systems, 
custom programming language, operator workstation software, and graphics 
software. 

m. Licenses, guarantees, and warranty documents. 
n. Recommended preventive maintenance procedures for system components, 

including schedule of tasks such as inspection, cleaning, and calibration; time 
between tasks; and task descriptions. 

o. Owner training materials. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Include product manufacturers' recommended parts lists for proper product operation over four-
year period following warranty period. Parts list to be indicated for each year.  

1.8 QUALITY ASSURANCE 

A. DDC System Manufacturer Qualifications: 

1. Nationally recognized manufacturer of DDC systems and products. 
2. DDC systems with similar requirements to those indicated for a continuous period of five 

years within time of bid. 
3. DDC systems and products that have been successfully tested and in use on at least five 

past projects. 
4. Having complete published catalog literature, installation, operation, and maintenance 

manuals for all products intended for use. 
5. Having full-time in-house employees for the following: 

a. Product research and development. 
b. Product and application engineering. 
c. Product manufacturing, testing, and quality control. 
d. Technical support for DDC system installation training, commissioning, and 

troubleshooting of installations. 
e. Owner operator training. 

B. DDC System Provider Qualifications: 

1. Authorized representative of, and trained by, DDC system manufacturer. 
2. In-place facility located in Alaska. 
3. Demonstrate past experience with installation of DDC system products being installed for 

period within five consecutive years before time of bid. 
4. Demonstrate past experience on five projects of similar complexity, scope, and value. 
5. Demonstrate past experience of each person assigned to Project. 
6. Staffing resources of competent and experienced full-time employees that are assigned to 

execute work according to schedule. 
7. Service and maintenance staff assigned to support Project during warranty period. 
8. Product parts inventory to support ongoing DDC system operation for a period of not less 

than five years after Substantial Completion. 
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9. DDC system manufacturer's backing to take over execution of the Work if necessary to 
comply with requirements indicated. Include Project-specific written letter, signed by 
manufacturer's corporate officer, if requested. 

1.9 WARRANTY 

A. Special Warranty: Manufacturer and Installer agree to repair or replace products that fail in 
materials or workmanship within specified warranty period. 

1. Adjust, repair, or replace failures at no additional cost or reduction in service to Owner. 
2. Include updates or upgrades to software and firmware if necessary to resolve 

deficiencies. 

a. Install updates only after receiving Owner's written authorization. 

3. Perform warranty service during normal business hours and commence within the fastest 
practical time after a warranty request (given the location of the project). 

4. Warranty Period:  Two year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 DDC SYSTEM MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Alerton Inc. 
2. Automated Logic Corporation. 
3. Delta Controls Inc. 
4. Distech Controls. 
5. Honeywell International Inc. 
6. Johnson Controls, Inc. 
7. Siemens Industry, Inc., Building Technologies Division. 
8. Trane. 

2.2 DDC SYSTEM DESCRIPTION 

A. Microprocessor-based monitoring and control including analog/digital conversion and program 
logic. A control loop or subsystem in which digital and analog information is received and 
processed by a microprocessor, and digital control signals are generated based on control 
algorithms and transmitted to field devices to achieve a set of predefined conditions. 

1. DDC system consisting of high-speed, peer-to-peer network of distributed DDC 
controllers, other network devices, operator interfaces, and software. 

http://www.specagent.com/Lookup?ulid=9646
http://www.specagent.com/Lookup?uid=123457207873
http://www.specagent.com/Lookup?uid=123457207876
http://www.specagent.com/Lookup?uid=123457207877
http://www.specagent.com/Lookup?uid=123457207886
http://www.specagent.com/Lookup?uid=123457207878
http://www.specagent.com/Lookup?uid=123457207880
http://www.specagent.com/Lookup?uid=123457207882
http://www.specagent.com/Lookup?uid=123457207884
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B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

2.3 WEB ACCESS 

A. DDC system to be web based or web compatible. 

1. Web-Based Access to DDC System: 

a. DDC system software based on server thin-client architecture, designed around 
open standards of web technology. DDC system server accessed using a web 
browser over DDC system network, using Owner's LAN, and remotely over 
Internet. 

b. Intent of thin-client architecture is to provide operators complete access to DDC 
system via a web browser. No special software other than a web browser is 
required to access graphics, point displays, and trends; to configure trends, points, 
and controllers; and to edit programming. 

c. Password-protected web access. 

2. Web-Compatible Access to DDC System:  

 
a. DDC system to support web browser access to building data. Operator using a 

standard web browser is able to access control graphics and change adjustable set 
points. 

b. Password-protected web access. 

2.4 PERFORMANCE REQUIREMENTS 

A. ASME Compliance: 

1. DDC system for monitoring and controlling of HVAC systems. 

B. Delivery of selected control devices to equipment and systems manufacturers for factory 
installation and to HVAC systems installers for field installation. 

C. Delegated Design, Qualified Professional Engineer: Engage a qualified professional engineer to 
design DDC system to satisfy requirements indicated. 

1. System Performance Objectives: 

a. DDC system manages HVAC systems. 
b. DDC system operates HVAC systems to achieve optimum operating costs while 

using least possible energy and maintaining specified performance. 
c. DDC system responds to power failures, HVAC equipment failures, and adverse 

and emergency conditions encountered through connected I/O points. 
d. DDC system operates while unattended by an operator and through operator 

interaction. 
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e. DDC system records trends and transactions of events and produces report 
information such as performance, energy, occupancies, and equipment operation. 

D. Surface-Burning Characteristics: Products installed in ducts, equipment, and return-air paths 
complying with ASTM E84; testing by a qualified testing agency. Identify products with 
appropriate markings of applicable testing agency. 

1. Flame-Spread Index:  25 or less. 
2. Smoke-Developed Index:  50 or less. 

E. DDC System Speed: 

1. Response Time of Connected I/O: 

a. Update AI point values connected to DDC system at least every two seconds for 
use by DDC controllers. Points used globally to also comply with this requirement. 

b. Update BI point values connected to DDC system at least every two seconds for 
use by DDC controllers. Points used globally to also comply with this requirement. 

c. AO points connected to DDC system to begin to respond to controller output 
commands within one second(s). Global commands to also comply with this 
requirement. 

d. BO point values connected to DDC system to respond to controller output 
commands within one second(s). Global commands to also comply with this 
requirement. 

2. Display of Connected I/O: 

a. Update and display analog point COV connected to DDC system at least every five 
seconds for use by operator. 

b. Update and display binary point COV connected to DDC system at least every five 
seconds for use by operator. 

c. Update and display alarms of analog and digital points connected to DDC system 
within 15 seconds of activation or change of state. 

d. Update graphic display refresh within four seconds. 
e. Point change of values and alarms displayed from workstation to workstation when 

multiple operators are viewing from multiple workstations to not exceed graphic 
refresh rate indicated. 

F. Network Bandwidth: Design each network of DDC system to include spare bandwidth with 
DDC system operating under normal and heavy load conditions indicated. Calculate bandwidth 
usage, and apply a safety factor to ensure that requirement is satisfied when subjected to testing 
under worst case conditions. Minimum spare bandwidth as follows: 

1. Level 1 Networks:  20. 
2. Level 2 Networks:  20. 
3. Level 3 Networks:  10. 

G. DDC System Data Storage: 
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1. Include capability to archive not less than 24 consecutive months of historical data for all 
I/O points connected to system, including alarms, event histories, transaction logs, trends, 
and other information indicated. 

2. Cloud Storage: 

a. Provide application-based and web browser interfaces to configure, upload, 
download, and manage data and to service plan with storage adequate to store all 
data for term indicated. Cloud storage uses IT industry standard database platforms 
and is capable of functions described in "DDC Data Access" Paragraph. 

H. DDC Data Access: 

1. When logged into the system, operator able to also interact with any DDC controllers 
connected to DDC system as required for functional operation of DDC system. 

2. Use for application configuration; for archiving, reporting, and trending of data; for 
operator transaction archiving and reporting; for network information management; for 
alarm annunciation; and for operator interface tasks and controls application 
management. 

I. Future Expandability: 

1. DDC system size is expandable to an ultimate capacity of at least 1.5 times total I/O 
points indicated. 

2. Design and install system networks to achieve ultimate capacity with only addition of 
DDC controllers, I/O, and associated wiring and cable. Design and install initial network 
infrastructure to support ultimate capacity without having to remove and replace portions 
of network installation. 

3. Operator interfaces installed initially do not require hardware and software additions and 
revisions for system when operating at ultimate capacity. 

J. Input Point Values Displayed Accuracy: Meet following end-to-end overall system accuracy, 
including errors associated with meter, sensor, transmitter, lead wire or cable, and analog to 
digital conversion. 

1. Energy: 

a. Thermal: Within 5 percent of reading. 
b. Electric Power: Within 1 percent of reading. 

2. Flow: 

a. Air: Within 5 percent of design flow rate. 
b. Air (Terminal Units): Within 10 percent of design flow rate. 
c. Fuel Oil: Within 5 percent of design flow rate. 
d. Water: Within 5 percent of design flow rate. 

3. Gas: 

a. Carbon Dioxide: Within 50 ppm. 
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4. Moisture (Relative Humidity): 

a. Air: Within 5 percent RH. 
b. Space: Within 5 percent RH. 
c. Outdoor: Within 2 percent RH. 

5. Level: Within 5 percent of reading. 
6. Pressure: 

a. Air, Ducts and Equipment:  1 percent of instrument range. 
b. Space: Within 1 percent of instrument range. 
c. Water: Within 1 percent of instrument range. 

7. Speed: Within 5 percent of reading. 
8. Temperature, Dew Point: 

a. Air: Within 1 deg F. 
b. Space: Within 1 deg F. 
c. Outdoor: Within 2 deg F. 

9. Temperature, Dry Bulb: 

a. Air: Within 1 deg F. 
b. Space: Within 1 deg F. 
c. Outdoor: Within 2 deg F. 
d. Heating Hot Water: Within 1 deg F. 
e. Temperature Difference: Within 0.25 deg F. 
f. Other Temperatures Not Indicated: Within 1 deg F. 

10. Temperature, Wet Bulb: 

a. Air: Within 1 deg F. 
b. Space: Within 1 deg F. 
c. Outdoor: Within 2 deg F. 

K. Precision of I/O Reported Values: Values reported in database and displayed to have following 
precision: 

1. Current: 

a. Milliamperes: Nearest 1/100th of a milliampere. 
b. Amperes: Nearest 1/10th of an ampere up to 100 A; nearest ampere for 100 A and 

more. 

2. Energy: 

a. Electric Power: 

1) Rate (Watts): Nearest 1/10th of a watt through 1000 W. 
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2) Rate (Kilowatts): Nearest 1/10th of a kilowatt through 1000 kW; nearest 
kilowatt above 1000 kW. 

3) Usage (Kilowatt-Hours): Nearest kilowatt through 10,000 kW; nearest 10 
kW between 10,000 and 100,000 kW; nearest 100 kW for above 100,000 
kW. 

b. Fuel Oil (Usage): For gallons, nearest 1/10th of a gallon up to 100 gal.; nearest 
gallon for above 100 gal.. 

c. Thermal, Rate: 

1) Heating: For British thermal units per hour, nearest British thermal unit per 
hour up to 1000 Btu/h; nearest 10 Btu/h between 1000 and 10,000 Btu/h; 
nearest 100 Btu/h for above 10,000 Btu/h. For MBh, round to nearest MBh 
up to 1000 MBh; nearest 10 MBh between 1000 and 10,000 MBh; nearest 
100 MBh above 10,000 MBh. 

d. Thermal, Usage: 

1) Heating: For British thermal unit, nearest British thermal unit up to 1000 
Btu; nearest 10 Btu between 1000 and 10,000 Btu; nearest 100 Btu for 
above 10,000 Btu. For MBtu, round to nearest MBtu up to 1000 MBtu; 
nearest 10 MBtu between 1000 and 10,000 MBtu; nearest 100 MBtu above 
10,000 MBtu. 

3. Flow: 

a. Air: Nearest 1/10th of a cubic feet per minute through 100 cfm; nearest cubic feet 
per minute between 100 and 1000 cfm; nearest 10 cfm between 1000 and 10,000 
cfm; nearest 100 cfm above 10,000 cfm. 

b. Fuel Oil: Nearest 1/10th of a gallon per minute through 100 gpm; nearest gallon 
per minute between 100 and 1000 gpm. 

c. Water: Nearest 1/10th of a gallon per minute through 100 gpm; nearest gallon per 
minute between 100 and 1000 gpm; nearest 10 gpm between 1000 and 10,000 
gpm; nearest 100 gpm above 10,000 gpm.. 

4. Gas: 

a. Carbon Dioxide (ppm): Nearest ppm. 

5. Moisture (Relative Humidity): 

a. Relative Humidity (Percentage): Nearest 1 percent. 

6. Level: Nearest 1/100th of an inch through 10 inches; nearest 1/10 of an inch between 10 
and 100 inches; nearest inch above 100 inches. 

7. Speed: 

a. Rotation (rpm): Nearest 1 rpm. 
b. Velocity: Nearest 1/10th of feet per minute through 100 fpm; nearest feet per 

minute between 100 and 1000 fpm; nearest 10 fpm above 1000 fpm. 
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8. Position, Dampers and Valves (Percentage Open): Nearest 1 percent. 
9. Pressure: 

a. Air, Ducts and Equipment: Nearest 1/10th of an inch water closet. 
b. Space: Nearest 1/100th of an inch water closet. 
c. Water: Nearest 1/10 of a pound per square inch gauge through 100 psig; nearest 

pound per square inch gauge above 100 psig. 

10. Temperature: 

a. Air, Ducts and Equipment: Nearest 1/10th of a degree. 
b. Outdoor: Nearest degree. 
c. Space: Nearest 1/10th of a degree. 
d. Heating Hot Water: Nearest degree. 

11. Voltage: Nearest 1/10 V up to 100 V; nearest volt above 100 V. 

L. Control Stability: Control variables indicated within the following limits: 

1. Flow: 

a. Air, Ducts and Equipment, except Terminal Units: Within 5 percent of design flow 
rate. 

b. Air, Terminal Units: Within 10 percent of design flow rate. 
c. Water: Within 5 percent of design flow rate. 

2. Gas: 

a. Carbon Dioxide: Within 50 ppm. 

3. Moisture (Relative Humidity): 

a. Air: Within 5 percent RH. 
b. Space: Within 5 percent RH. 
c. Outdoor: Within 5 percent RH. 

4. Level: Within 5 percent of reading. 
5. Pressure: 

a. Air, Ducts and Equipment:  1 percent of instrument range. 
b. Space: Within 1 percent of instrument range. 
c. Water: Within 1 percent of instrument range. 

6. Temperature, Dew Point: 

a. Air: Within 1 deg F. 
b. Space: Within 1 deg F. 

7. Temperature, Dry Bulb: 

a. Air: Within 2 deg F. 
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b. Space: Within 2 deg F. 
c. Heating Hot Water: Within 2 deg F. 

8. Temperature, Wet Bulb: 

a. Air: Within 1 deg F. 
b. Space: Within 1 deg F. 

M. Environmental Conditions for Controllers, Gateways, and Routers: 

1. Products to operate without performance degradation under ambient environmental 
temperature, pressure, and humidity conditions encountered for installed location. 

a. If product alone cannot comply with requirement, install product in a protective 
enclosure that is isolated and protected from conditions impacting performance. 
Enclosure to be internally insulated, electrically heated, cooled, and ventilated as 
required by product and application. 

2. Protect products with enclosures satisfying the following minimum requirements unless 
more stringent requirements are indicated. House products not available with integral 
enclosures complying with requirements indicated in protective secondary enclosures. 
Installed location dictates the following NEMA 250 enclosure requirements: 

a. Outdoors, Protected:  Type 12. 
b. Outdoors, Unprotected:  Type 4. 
c. Indoors, Heated with Filtered Ventilation:  Type 2. 
d. Indoors, Heated with Non-Filtered Ventilation:  Type 12. 
e. Mechanical Equipment Rooms: 

1) Boiler Rooms:  Type 12. 
2) Air-Moving Equipment Rooms:  Type 12. 

f. Localized Areas Exposed to Washdown:  Type 4. 
g. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible 

Condensation:  Type 12. 
h. Within Duct Systems and Air-Moving Equipment Exposed to Possible 

Condensation:  Type 4. 
i. Hazardous Locations: Explosion-proof rating for condition. 

N. Environmental Conditions for Instruments and Actuators: 

1. Instruments and actuators to operate without performance degradation under the ambient 
environmental temperature, pressure, humidity, and vibration conditions specified and 
encountered for installed location. 

a. If instruments and actuators alone cannot comply with requirement, install 
instruments and actuators in protective enclosures that are isolated and protected 
from conditions impacting performance. Enclosure is internally insulated, 
electrically heated, and ventilated as required by instrument and application. 
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2. Protect instruments, actuators, and accessories with enclosures satisfying the following 
minimum requirements unless more stringent requirements are indicated. House 
instruments and actuators not available with integral enclosures complying with 
requirements indicated in protective secondary enclosures. Installed location is to dictate 
the following NEMA 250 enclosure requirements: 

a. Outdoors, Protected:  Type 12. 
b. Outdoors, Unprotected:  Type 4. 
c. Indoors, Heated with Filtered Ventilation:  Type 2. 
d. Indoors, Heated with Non-Filtered Ventilation:  Type 12. 
e. Mechanical Equipment Rooms: 

1) Boiler Rooms:  Type 12. 
2) Air-Moving Equipment Rooms:  Type 12. 

f. Localized Areas Exposed to Washdown:  Type 4. 
g. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible 

Condensation:  Type 12. 
h. Within Duct Systems and Air-Moving Equipment Exposed to Possible 

Condensation:  Type 4. 
i. Hazardous Locations: Explosion-proof rating for condition. 

O. DDC System Reliability: 

1. Design, install, and configure DDC controllers, gateways, routers, and components to 
yield a MTBF of at least 20,000 hours, based on a confidence level of at least 90 percent. 
MTBF value includes any failure for any reason to any part of products indicated. 

2. If required to comply with MTBF indicated, include DDC system and product 
redundancy to maintain DCC system, and associated systems and equipment being 
controlled, operational, and under automatic control. 

P. Electric Power Quality: 

1. Power-Line Surges: 

a. Protect DDC system products connected to ac power circuits from power-line 
surges to comply with requirements of IEEE C62.41.1 and IEEE C62.41.2. 

b. Do not use fuses for surge protection. 
c. Test protection in the normal mode and in the common mode, using the following 

two waveforms: 

1) 10-by-1000-microsecond waveform with a peak voltage of 1500 V and a 
peak current of 60 A. 

2) 8-by-20-microsecond waveform with a peak voltage of 1000 V and a peak 
current of 500 A. 

2. Power Conditioning: 

a. Protect DDC system products connected to ac power circuits from irregularities 
and noise rejection. Characteristics of power-line conditioner are as follows: 
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1) At 85 percent load, output voltage to not deviate by more than plus or minus 
1 percent of nominal when input voltage fluctuates between minus 20 
percent to plus 10 percent of nominal. 

2) During load changes from zero to full load, output voltage to not deviate by 
more than 2 percent of nominal. 

3) Accomplish full correction of load switching disturbances within five 
cycles, and 95 percent correction within two cycles of onset of disturbance. 

4) Total harmonic distortion to not exceed 2 percent at full load. 

3. Ground Fault: Protect products from ground fault by providing suitable grounding. 
Products to not fail due to ground fault condition. 

Q. Backup Power Source: 

1. Serve DDC system products that control HVAC systems and equipment served by a 
backup power source also from a backup power source. 

R. UPS: 

1. DDC system products powered by UPS units are to include the following: 

 
a. DDC controllers. 

2. DDC system instruments and actuators powered by UPS units are to include the 
following: 

a. Instruments: where associated with the following systems controlled by DDC 
system: 

1) Heating Systems. 

2) Ventilation Systems. 

b. Damper Actuators: where associated with the following systems controlled by 
DDC system: 

1) Heating Systems. 

2) Ventilation Systems. 

c. Valve Actuators: where associated with the following systems controlled by DDC 
system: 

1) Heating Systems. 

2) Ventilation Systems. 

S. Continuity of Operation after Electric Power Interruption: 
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1. Equipment and associated factory-installed controls, field-installed controls, electrical 
equipment, and power supply connected to building normal and backup power systems 
are to automatically return equipment and associated controls to operating state occurring 
immediately before loss of normal power, without need for manual intervention by 
operator when power is restored either through backup power source or through normal 
power if restored before backup power is brought online. 

2.5 PANEL-MOUNTED, MANUAL OVERRIDE SWITCHES 

A. Manual Override of Control Dampers: 

1. Include panel-mounted, two-position, selector switch for each automatic control damper 
being controlled by DDC controller. 

2. Label each switch with damper designation served by switch. 
3. Label switch positions to indicate either "Manual" or "Auto" control signal to damper. 
4. With switch in "Auto" position, control signal to damper actuator with control loop 

output signal from DDC controller. 
5. With switch in "Manual" position, control signal to damper actuator at panel with either 

an integral or a separate switch to include local control. 

a. For Binary Control Dampers: Manual two-position switch with "Close" and 
"Open" switch positions indicated. With switch in "Close" position, close damper. 
With switch in "Open" position, open damper. 

b. For Analog Control Dampers: A gradual switch with "Close" and "Open" switch 
limits indicated. Operator switches knob to adjust damper to any position from 
close to open. 

6. DDC controller to monitor and report position of each manual override selector switch. 
With switch placed in "manual" position, DDC controller to signal an override condition 
to alert operator that damper is under manual, not automatic, control. 

7. Configure manual override switches to allow operator to manually operate damper while 
at panel without DDC controller operational. 

B. Manual Override of Control Valves: 

1. Include panel-mounted, two-position, selector switch for each automatic control valve 
being controlled by DDC controller. 

2. Label each switch with valve designation served by switch. 
3. Label switch positions to indicate either "Manual" or "Auto" control signal to valve. 
4. With switch in "Auto" position, control signal to valve actuator with a control loop output 

signal from DDC controller. 
5. With switch in "Manual" position, control signal to valve actuator at panel with either an 

integral or a separate switch to include local control. 

a. For Binary Control Valves: Manual two-position switch with "Close" and "Open" 
switch positions indicated. With switch in "Close" position, close valve. With 
switch in "Open" position, open valve. 



YSD HVAC DDC UPGRADES  COFFMAN ENGINEERS, INC 
AKIACHAK, AKIAK, TULUKSAK, ALASKA  PROJECT NO. 211163 
100% DELIVERABLE  NOVEMBER 8, 2021 
 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 23 09 23 - 22 

b. For Analog Control Valves: A gradual switch with "Open" and "Close" switch 
limits indicated. Operator rotates switch knob to adjust valve to any position from 
close to open. 

6. DDC controller to monitor and report position of each manual override selector switch. 
With switch placed in "manual" position, DDC controller to signal an override condition 
to alert operator that valve is under manual, not automatic, control. 

7. Configure manual override switches to allow operator to manually operate valve while at 
panel without DDC controller operational. 

2.6 SYSTEM ARCHITECTURE 

A. System architecture consisting of no more than two or three levels of LANs. 

1. Level 2 LAN: Connect network controllers and operator workstations. 
2. Level 1 or Level 2 LAN: Connect programmable application controllers to other 

programmable application controllers and to network controllers. 
3. Level 2 or Level 3 LAN: Connect application-specific controllers to programmable 

application controllers and to network controllers. 

B. Minimum Data Transfer and Communication Speed: 

1. LAN Connecting Operator Workstations and Network Controllers:  100 Mbps. 
2. LAN Connecting Programmable Application Controllers:  1000 kbps. 
3. LAN Connecting Application-Specific Controllers:  115,000 bps. 

C. Provide dedicated and separated DDC system LANs that are not shared with other building 
systems and tenant data and communication networks. 

D. Provide modular system architecture with inherent ability to expand to not less than 1.5 times 
system size indicated with no impact to performance indicated. 

E. Configure architecture to minimize need to remove and replace existing network equipment for 
system expansion. 

F. Make number of LANs and associated communication transparent to operator. Configure all 
I/O points residing on any LAN to be capable of global sharing between all system LANs. 

G. Design system to eliminate dependence on any single device for system alarm reporting and 
control execution. Design each controller to operate independently by performing own control, 
alarm management, and historical data collection. 

2.7 DDC SYSTEM OPERATOR INTERFACES 

A. Operator Means of System Access: Operator able to access entire DDC system through any of 
multiple means including, but not limited to, the following: 

1. Owner provided desktop and/or portable workstation from the internet. 
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2. Owner provided Mobile device and application with secured wireless connection through 
LAN router or cellular data service. 

3. Remote connection through web access. 

B. Make access to system, regardless of operator means used, transparent to operator. 

C. Desktop Workstations: 

1. Connect owner-furnished desktop workstation(s) to DDC through the internet. 
2. Able to communicate with any device in DDC system once logged in. 

D. Mobile Device (Tablet and Smart Phone): 

1. Connect Owner-furnished mobile devices to system through the internet. 
2. Able to communicate with any DDC controller connected to DDC system using 

dedicated application and secure web access. 

E. Critical Alarm Reporting: 

1. Send operator-selected critical alarms to notify operator of critical alarms that require 
immediate attention. 

2. Send alarm notification to multiple recipients that are assigned for each alarm. 
3. Notify recipients by any or all means, including email, text message, and prerecorded 

phone message to mobile and landline phone numbers. 

F. Simultaneous Operator Use: Capable of accommodating up to 10 simultaneous operators that 
are accessing DDC system through any of operator interfaces indicated. 

2.8 NETWORKS 

A. Acceptable networks for connecting workstations, mobile devices, and network controllers 
include the following: 

1. IP. 
2. ISO/IEC/IEEE 8802-3, Ethernet. 

B. Acceptable networks for connecting programmable application controllers include the 
following: 

1. IP. 
2. ISO/IEC/IEEE 8802-3, Ethernet. 

C. Acceptable networks for connecting application-specific controllers include the following: 

1. TIA 485-A. 
2. IP. 
3. ISO/IEC/IEEE 8802-3, Ethernet. 
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2.9 NETWORK COMMUNICATION PROTOCOL 

A. Use network communication protocol(s) that are open to Owner and available to other 
companies for use in making future modifications to DDC system. 

B. ASHRAE 135 Protocol: 

1. Use ASHRAE 135 communication protocol as sole and native protocol used throughout 
entire DDC system. 

2. DDC system to not require use of gateways except to integrate HVAC equipment and 
other building systems and equipment; not required to use ASHRAE 135 communication 
protocol. 

3. If used, gateways to connect to DDC system using ASHRAE 135 communication 
protocol and Project object properties and read/write services indicated by 
interoperability schedule. 

4. Use operator workstations, controllers, and other network devices that are tested and 
listed by BTL. 

C. Industry Standard Protocols: 

1. Use any one or a combination of the following industry standard protocols for network 
communication while complying with other DDC system requirements indicated: 

a. ASHRAE 135. 
b. Modbus Application Protocol Specification V1.1b3. 

2. Operator workstations and network controllers are to communicate through 
ASHRAE 135 protocol. 

3. Provide portions of DDC system networks using ASHRAE 135 communication protocol 
as an open implementation of network devices complying with ASHRAE 135. Use 
network devices that are tested and listed by BTL. 

4. Provide portions of DDC system networks using Modbus Application Protocol 
Specification V1.1b3 communication protocol as an open implementation of network 
devices and technology complying with Modbus Application Protocol 
Specification V1.1b3. 

5. Use gateways to connect networks and network devices with different protocols. 

2.10 DDC SYSTEM WIRELESS NETWORKS 

A. Use Zigbee or an open industry standard and technology used by multiple DDC system 
manufacturers technology to create a wireless mesh network to provide wireless connectivity 
for network devices at multiple system levels including communications from programmable 
application controllers and application-specific controllers to temperature sensors and from 
network controllers to programmable application controllers and application-specific 
controllers. 

B. Design and install wireless networks to comply with DDC system performance requirements 
indicated using wireless network devices that can co-exist on same network with hardwired 
devices. 
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C. Provide hardwired controllers capable of retrofitting to wireless devices with no special 
software. 

D. Provide a wireless coordinator for wireless interface between programmable application 
controllers, application-specific controllers, and network controllers. 

E. Wireless Coordinators: 

1. Use for initiation and formation of each wireless mesh network. 
2. Use direct-sequence spread spectrum RF technology. 
3. Operate on 2.4 GHz ISM Band. 
4. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems. 
5. FCC compliant to 47 CFR 15, Subpart B, Class A. 
6. Operate as a bidirectional transceiver with sensors and routers to confirm and 

synchronize data transmission. 
7. Capable of communication with sensors and routers up to a maximum distance of 250 ft. 

in line of sight. 
8. Include visual indicators to provide diagnostic information required for operator 

verification of operation. 

F. Wireless Routers: 

1. Use wireless routers with any controller to provide a wireless interface to a network 
controller, through a wireless coordinator. 

2. Use direct-sequence spread spectrum RF technology. 
3. Operate on 2.4 GHz ISM Band. 
4. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems. 
5. FCC compliant to 47 CFR 15, Subpart B, Class A. 
6. Operate as a bidirectional transceiver with other mesh network devices to ensure network 

integrity. 
7. Capable of communication with other mesh network devices at a maximum distance of 

250 ft. in line of sight. 
8. Include indication for use in commissioning and troubleshooting. 

G. Wireless Temperature Sensors: 

1. Wireless temperature sensors to sense and transmit room temperatures, temperature set 
point, room occupancy notification, and low battery condition to an associated router. 

2. Use direct-sequence spread spectrum RF technology. 
3. Operate on 2.4 GHz ISM Band. 
4. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems. 
5. FCC compliant to 47 CFR 15, Subpart B, Class A. 
6. Include set-point adjustment between 55 to 85 deg F. 
7. Configure so multiple sensors can report to a router connected to DDC controller for 

averaging or high and low selection. 

H. One-to-One Wireless Network Receivers: 
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1. One-to-one wireless receivers receive wireless RF signals containing temperature data 
from multiple wireless room temperature sensors and communicate information to 
programmable application controllers or application-specific controllers. 

a. Use direct-sequence spread spectrum RF technology. 
b. Operate on 2.4 GHz ISM Band. 
c. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting 

systems. 
d. FCC compliant to 47 CFR 15, Subpart B, Class A. 
e. Operate as a bidirectional transceiver with sensors to confirm and synchronize data 

transmission. 
f. Capable of communication up to a distance of 200 ft.. 
g. Include visual indication of the following: 

1) Power. 
2) Receiver activity. 
3) Wireless RF transmission from wireless sensors. 
4) No transmission, weak signal, adequate signal, or excellent signal. 

I. One-to-One Wireless Network Sensors: 

1. One-to-one wireless sensors sense and report room temperatures to one-to-one receiver. 

a. Use direct-sequence spread spectrum RF technology. 
b. Operate on 2.4 GHz ISM Band. 
c. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting 

systems. 
d. FCC compliant to 47 CFR 15, Subpart B, Class A. 
e. Include set-point adjustment between 55 to 85 deg F. 

2.11 SYSTEM SOFTWARE 

A. System Software Minimum Requirements: 

1. Real-time multitasking and multiuser 32- or 64-bit operating system that allows 
concurrent multiple operator workstations operating and concurrent execution of multiple 
real-time programs and custom program development. 

2. Operating system capable of operating DOS and Microsoft Windows applications. 
3. Database management software to manage all data on an integrated and non-redundant 

basis. Additions and deletions to database are to be without detriment to existing data. 
Include cross linkages so no data required by a program can be deleted by an operator 
until that data have been deleted from respective programs. 

4. Network communications software to manage and control multiple network 
communications to provide exchange of global information and execution of global 
programs. 

5. Operator interface software to include day-to-day operator transaction processing, alarm 
and report handling, operator privilege level and data segregation control, custom 
programming, and online data modification capability. 
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6. Scheduling software to schedule centrally based time and event, temporary, and 
exception day programs. 

B. Operator Interface Software: 

1. Minimize operator training through use of English language prorating and English 
language point identification. 

2. Minimize use of a typewriter-style keyboard through use of a pointing device similar to a 
mouse. 

3. Make operator sign-off a manual operation or, if no keyboard or mouse activity takes 
place, an automatic sign-off. 

4. Make automatic sign-off period programmable from one to 60 minutes in one-minute 
increments on a per operator basis. 

5. Record operator sign-on and sign-off activity and send to printer. 
6. Security Access: 

a. Use password control for operator access to DDC system. 
b. Assign an alphanumeric password (field assignable) to each operator. 
c. Grant operators access to DDC system by entry of proper password. 
d. Use same operator password regardless of which computer or other operator 

interface means are used. 
e. Automatically update additions or changes made to passwords. 
f. Assign each operator an access level to restrict access to data and functions the 

operator is cable of performing. 
g. Provide software with at least five access levels. 
h. Assign each menu item an access level so that a one-for-one correspondence 

between operator assigned access level(s) and menu item access level(s) is 
required to gain access to menu item. 

i. Display menu items to operator with those capable of access highlighted. Make 
menu and operator access level assignments online programmable and under 
password control. 

7. Data Segregation: 

a. Include data segregation for control of specific data routed to a workstation, to an 
operator or to a specific output device, such as a printer. 

b. Include at least 32 segregation groups. 
c. Make segregation groups selectable such as "fire points," "fire points on second 

floor," "space temperature points," "HVAC points," and so on. 
d. Make points assignable to multiple segregation groups. Display and output of data 

to printer or monitor is to occur where there is a match of operator or peripheral 
segregation group assignment and point segregations. 

e. Make alarms displayed and printed at each peripheral to which segregation allows, 
but only those operators assigned to peripheral and having proper authorization 
level will be allowed to acknowledge alarms. 

f. Assign operators and peripherals to multiple segregation groups and make all 
assignments online programmable and under password control. 
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8. Operators able to perform commands including, but not limited to, the following: 

a. Start or stop selected equipment. 
b. Adjust set points. 
c. Add, modify, and delete time programming. 
d. Enable and disable process execution. 
e. Lock and unlock alarm reporting for each point. 
f. Enable and disable totalization for each point. 
g. Enable and disable trending for each point. 
h. Override control loop set points. 
i. Enter temporary override schedules. 
j. Define holiday schedules. 
k. Change time and date. 
l. Enter and modify analog alarm limits. 
m. Enter and modify analog warning limits. 
n. View limits. 
o. Enable and disable demand limiting. 
p. Enable and disable duty cycle. 
q. Display logic programming for each control sequence. 

9. Reporting: 

a. Generated automatically and manually. 
b. Sent to displays, printers and disc files. 
c. Types of Reporting: 

1) General listing of points. 
2) List points currently in alarm. 
3) List of off-line points. 
4) List points currently in override status. 
5) List of disabled points. 
6) List points currently locked out. 
7) List of items defined in a "Follow-Up" file. 
8) List weekly schedules. 
9) List holiday programming. 
10) List of limits and deadbands. 

10. Summaries: For specific points, for a logical point group, for an operator selected 
group(s), or for entire system without restriction due to hardware configuration. 

C. Graphic Interface Software: 

1. Include a full interactive graphical selection means of accessing and displaying system 
data to operator. Include at least five levels with the penetration path operator assignable 
(for example, site, building, floor, air-handling unit, and supply temperature loop). Native 
language descriptors assigned to menu items are to be operator defined and modifiable 
under password control. 

2. Include a hierarchical-linked dynamic graphic operator interface for accessing and 
displaying system data and commanding and modifying equipment operation. Interface is 
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to use a pointing device with pull-down or penetrating menus, color, and animation to 
facilitate operator understanding of system. 

3. Include at least 10 levels of graphic penetration with the hierarchy operator assignable. 
4. Make descriptors for graphics, points, alarms, and such modifiable through operator's 

workstation under password control. 
5. Make graphic displays online user definable and modifiable using the hardware and 

software provided. 
6. Make data displayed within a graphic assignable regardless of physical hardware address, 

communication, or point type. 
7. Make graphics online programmable and under password control. 
8. Make points assignable to multiple graphics where necessary to facilitate operator 

understanding of system operation. 
9. Graphics to also contain software points. 
10. Penetration within a graphic hierarchy is to display each graphic name as graphics are 

selected to facilitate operator understanding. 
11. Provide a back-trace feature to permit operator to move upward in the hierarchy using a 

pointing device. Back trace to show all previous penetration levels. Include operator with 
option of showing each graphic full-screen size with back trace as horizontal header or by 
showing a "stack" of graphics, each with a back trace. 

12. Display operator accessed data on the monitor. 
13. Provide operator with ability to select further penetration using pointing device to click 

on a site, building, floor, area, equipment, and so on. Display defined and linked graphic 
below that selection. 

14. Include operator with means to directly access graphics without going through 
penetration path. 

15. Make dynamic data assignable to graphics. 
16. Display points (physical and software) with dynamic data provided by DDC system with 

appropriate text descriptors, status or value, and engineering unit. 
17. Use color, rotation, or other highly visible means, to denote status and alarm states. Make 

colors variable for each class of points, as chosen by operator. 
18. Provide dynamic points with operator adjustable update rates on a per point basis from 

one second to over a minute. 
19. For operators with appropriate privilege, command points directly from display using 

pointing device. 

a. For an analog command point such as set point, display current conditions and 
limits so operator can position new set point using pointing device. 

b. For a digital command point such as valve position, show valve in current state 
such as open or closed so operator could select alternative position using pointing 
device. 

c. Include a keyboard equivalent for those operators with that preference. 

20. Give operator ability to split or resize viewing screen into quadrants to show one graphic 
on one quadrant of screen and other graphics or spreadsheet, bar chart, word processing, 
curve plot, and other information on other quadrants on screen. This feature allows real-
time monitoring of one part of system while displaying other parts of system or data to 
better facilitate overall system operation. 
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21. Help Features: 

a. Online context-sensitive help utility to facilitate operator training and 
understanding. 

b. Bridge to further explanation of selected keywords and contain text and graphics to 
clarify system operation. 

1) If help feature does not have ability to bridge on keywords for more 
information, provide a complete set of user manuals in an indexed word-
processing program, which runs concurrently with operating system 
software. 

c. Available for Every Menu Item: 

1) Index items for each system menu item. 

D. Project-Specific Graphics: Graphics documentation including, but not limited to, the following: 

1. Site plan showing each building, and additional site elements, which are being controlled 
or monitored by DDC system. 

2. Plan for each building floor, including interstitial floors, and each roof level of each 
building, showing the following: 

a. Room layouts with room identification and name. 
b. Locations and identification of all monitored and controlled HVAC equipment and 

other equipment being monitored and controlled by DDC system. 
c. Location and identification of each hardware point being controlled or monitored 

by DDC system. 

3. Control schematic for each of following, including a graphic system schematic 
representation, similar to that indicated on Drawings, with point identification, set point 
and dynamic value indication, sequence of operation and control logic diagram. 

4. Graphic display for each piece of equipment connected to DDC system through a data 
communications link. Include dynamic indication of all points associated with equipment. 

5. DDC system network riser diagram that shows schematic layout for entire system 
including all networks and all controllers, gateways operator workstations and other 
network devices. 

E. Customizing Software: 

1. The following capabilities in this subsection shall be granted to authorized users only. 

2. Software to modify and tailor DDC system to specific and unique requirements of 
equipment installed, to programs implemented and to staffing and operational practices 
planned. 

3. Online modification of DDC system configuration, program parameters, and database 
using menu selection and keyboard entry of data into preformatted display templates. 

4. At a minimum, include the following modification capability: 
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a. Operator Assignment: Designation of operator passwords, access levels, point 
segregation, and auto sign-off. 

b. Peripheral Assignment: Assignment of segregation groups and operators to 
consoles and printers, designation of backup workstations and printers, designation 
of workstation header points, and enabling and disabling of print-out of operator 
changes. 

c. System Configuration and Diagnostics; Communications and peripheral port 
assignments, DDC controller assignments to network, DDC controller enable and 
disable, assignment of command trace to points, and application programs and 
initiation of diagnostics. 

d. System Text Addition and Change: English or native language descriptors for 
points, segregation groups and access levels and action messages for alarms, run 
time, and trouble condition. 

e. Time and Schedule Change: Time and date set, time and occupancy schedules, 
exception and holiday schedules, and daylight-savings time schedules. 

f. Point related change capability is to include the following: 

1) System and point enable and disable. 
2) Run-time enable and disable. 
3) Assignment of points to segregation groups, calibration tables, lockout, and 

run time and to a fixed I/O value. 
4) Assignment of alarm and warning limits. 

g. Application program change capability is to include the following: 

1) Enable and disable of software programs. 
2) Programming changes. 
3) Assignment of comfort limits, global points, time and event initiators, time 

and event schedules and enable and disable time and event programs. 

5. Provide software to allow operator ability to add points, or groups of points, to DDC 
system and to link them to energy optimization and management programs. Make 
additions and modifications online programmable using operator workstations, 
downloaded to other network devices and entered into their databases. After verification 
of point additions and associated program operation, upload and record database on hard 
drive and disc for archived record. 

6. Include high-level language programming software capability for implementation of 
custom DDC programs. Include a compiler, linker, and up- and down-load capability. 

7. Include a library of DDC algorithms, intrinsic control operators, arithmetic, logic, and 
relational operators for implementation of control sequences. Also include, at a 
minimum, the following: 

a. Proportional control (P). 
b. Proportional plus integral (PI). 
c. Proportional plus integral plus derivative (PID). 
d. Adaptive and intelligent self-learning control. 

1) Algorithm monitors loop response to output corrections and adjust loop 
response characteristics in accordance with time constant changes imposed. 
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2) Algorithm operates in a continuous self-learning manner and retains in 
memory a stored record of system dynamics so that on system shut down 
and restart, learning process starts from where it left off. 

8. Fully implemented intrinsic control operators including sequence, reversing, ratio, time 
delay, time of day, highest select AO, lowest select AO, analog controlled digital output, 
analog control AO, and digitally controlled AO. 

9. Logic operators such as "And," "Or," "Not," and others that are part of a standard set 
available with a high-level language. 

10. Arithmetic operators such as "Add," "Subtract," "Multiply," "Divide," and others that are 
part of a standard set available with a high-level language. 

11. Relational operators such as "Equal to," "Not Equal to," "Less Than," "Greater Than," 
and others that are part of a standard set available with a high-level language. 

F. Alarm Handling Software: 

1. Include alarm handling software to report all alarm conditions monitored and transmitted 
through DDC controllers, gateways and other network devices. 

2. Include first in, first out handling of alarms in accordance with alarm priority ranking, 
with most critical alarms first, and with buffer storage in case of simultaneous and 
multiple alarms. 

3. Make alarm handling active at all times to ensure that alarms are processed even if an 
operator is not currently signed on to DDC system. 

4. Alarms display is to include the following: 

a. Indication of alarm condition such as "Abnormal Off," "Hi Alarm," and "Low 
Alarm." 

b. "Analog Value" or "Status" group and point identification with native language 
point descriptor such as "Space Temperature, Building 110, 2nd Floor, 
Room 212." 

c. Discrete per point alarm action message, such as "Call Maintenance Dept. Ext-
5561." 

d. Include extended message capability to allow assignment and printing of extended 
action messages. Capability is to be operator programmable and assignable on a 
per point basis. 

5. Direct alarms to appropriate operator workstations, printers, and individual operators by 
privilege level and segregation assignments. 

6. Send email alarm messages to designated operators. 
7. Send email, page, text, and voice messages to designated operators for critical alarms. 
8. Categorize and process alarms by class. 

a. Class 1: 

1) Associated with fire, security, and other extremely critical equipment 
monitoring functions; have alarm, trouble, return to normal, and 
acknowledge conditions printed and displayed. 

2) Unacknowledged alarms to be placed in unacknowledged alarm buffer. 
3) All conditions make an audible alarm sound and require individual 

acknowledgment to silence audible sound. 
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b. Class 2: 

1) Critical, but not life-safety related, and processed same as Class 1 alarms, 
except do not require individual acknowledgment. 

2) Acknowledgement may be through a multiple alarm acknowledgment. 

c. Class 3: 

1) General alarms; printed, displayed, and placed in unacknowledged alarm 
buffer queues. 

2) Configure so each new alarm received makes an audible alarm sound that 
are silenced by "acknowledging" alarm or by pressing a "silence" key. 

3) Make acknowledgement of queued alarms either on an individual basis or 
through a multiple alarm acknowledgement. 

4) Print alarms returning to normal condition without an audible alarm sound 
or require acknowledgment. 

d. Class 4: 

1) Routine maintenance or other types of warning alarms. 
2) Alarms to be printed only, with no display, no audible sound and no 

acknowledgment required. 

9. Include an unacknowledged alarm indicator on display to alert operator that there are 
unacknowledged alarms in system. Operator able to acknowledge alarms on an individual 
basis or through a multiple alarm acknowledge key, depending on alarm class. 

10. To ensure that no alarm records are lost, make it possible to assign a backup printer to 
accept alarms in case of failure of primary printer. 

G. Reports and Logs: 

1. Include reporting software package that allows operator to select, modify, or create 
reports using DDC system I/O point data available. 

2. Setup each report so data content, format, interval, and date are operator definable. 
3. Sample and store report data on DDC controller, within storage limits of DDC controller, 

and then uploaded to archive on server for historical reporting. 
4. Make it possible for operators to obtain real-time logs of all I/O points by type or status, 

such as alarm, point lockout, or normal. 
5. Store reports and logs in a format that is readily accessible by other standard software 

applications, including spreadsheets and word processing. 
6. Make reports and logs readily printable and set to be print either on operator command or 

at a specific time each day. 

H. Standard Reports: Provide standard DDC system reports with operator ability to customize 
reports later. 

1. All I/O: With current status and values. 
2. Alarm: All current alarms, except those in alarm lockout. 
3. Disabled I/O: All I/O points that are disabled. 
4. Alarm Lockout I/O: All I/O points in alarm lockout, whether manual or automatic. 
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5. Alarm Lockout I/O in Alarm: All I/O in alarm lockout that are currently in alarm. 
6. Logs: 

a. Alarm history. 
b. System messages. 
c. System events. 
d. Trends. 

I. Custom Reports: Operator able to easily define and prepare any system data into a daily, 
weekly, monthly, annual, or other historical report. Reports to include a title with time and date 
stamp. 

J. Standard Trends: 

1. Trend all I/O point present values, set points, and other parameters indicated for trending. 
2. Associate trends into groups, and setup a trend report for each group. 
3. Store trends within DDC controller and uploaded to hard drives automatically on 

reaching 75 percent of DDC controller buffer limit, or by operator request, or by 
archiving time schedule. 

4. Preset trend intervals for each I/O point after review with Owner. 
5. Make trend intervals operator selectable from 10 seconds up to 60 minutes. Make 

minimum number of consecutive trend values stored at one time 100 per variable. 
6. When drive storage memory is full, overwrite oldest data with most recent data. 
7. Make archived and real-time trend data available for viewing numerically and graphically 

by operators. 

K. Custom Trends: Operator-definable custom trend log for any I/O point in DDC system. 

1. Include each trend with interval, start time, and stop time. 
2. Sample and store data on DDC controller, within reaching 75 percent storage limits of 

DDC controller, and then uploaded to archive on server hard drives. 
3. Make data retrievable for use in spreadsheets and standard database programs. 

2.12 ANALYTICS SOFTWARE 

A. Scope: Incorporate analytics software into DDC System: 

1. Licensing, without Recurring Cost: No re-occurring cost for licensing and subscriptions. 

2. Purpose: Analyze energy and operational data to identify faults and opportunities for 
improved performance and reduced energy use. 

3. Verification: Verify that HVAC systems and associated sequence of operations are 
executing as specified or as described on Drawings, through the analysis of energy and 
operational data, identification of faults showing where control sequences are not 
functioning as prescribed, and identification of opportunities for improved performance 
in the operation of systems. 

B. Use during Project Life: 
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1. During Construction: Use for verification of performance during startup, commissioning, 
and final acceptance of DDC system. 

2. During Warranty Period: Use for continuous operational tuning of DDC system and 
verification of operation and designed to identify warranty issues preemptively, thus 
reducing failures and potential down time. 

3. After Warranty Period: Use to diagnose ongoing operational degradation and for Owner 
to perform continuous monitoring-based commissioning. 

C. Minimum Features and Capabilities: 

1. Operating Systems: Current version of Windows-based operating systems. 
2. Time Series Database: Database technology, designed for efficient storage and analysis 

of large volumes of time series data, using tagging to model and describe data; supports 
an open-source tagging standard. 

3. Data Import: Ability to accept and normalize data from a variety of sources including 
SQL compatible databases, CSV format files, XML format files or web services, and 
other EDI techniques. Once imported, software is to provide a unified data format to 
enable analytics algorithms to identify patterns across different data sets. 

4. Open Interfaces: Open, REST-based APIs to enable integration with third-party software 
applications. Open APIs are to enable data to be entered/imported into database, exported 
from database, posting of analytic queries, and output of analytic results. APIs are to be 
fully documented and available as part of standard product. 

5. Host: Local deployed on DDC system network. 
6. Weather Data Service: Built-in worldwide weather service providing weather data 

including, but not limited to, the following: 

a. Current temperature. 
b. High temperature for the day. 
c. Low temperature for the day. 
d. Sunrise and sunset times. 
e. Relative humidity. 
f. Degree days (heating and cooling with adjustable balance point value). 
g. Seven-day forecast. 
h. Historical weather data extending back at least one year. 

7. Email Notification: Automatic notification of detected issues via email including, but not 
limited to, the following: 

a. Immediate notification of detected issues. 
b. Daily digest or summary of detected issues. 
c. Ability to delineate which notifications are sent to which recipients down to the 

level of specifying individual issues sent to individual recipients. 

D. Hardware Requirements: 

1. Host on a server in a virtual environment complying with Owner's security requirements. 
2. Comply with standard software and hardware profiles required by Owner. 

E. Analytic Rules: 
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1. Custom Rule Development: Develop customized rules and algorithms tailored to 
operational needs and characteristics of individual facilities and needs of monitoring and 
verification project and fault-detection requirements of Project without depending on 
manufacturer for rule development. Provide tools for user development and full 
documentation. 

2. Standard Analytic Functions: Library of standard analytic functions is to use these 
standard analytic functions as elements to build custom analytic rules for specific needs 
of individual facilities. 

3. Existing library of not less than 200 standard analytic rules written for applications 
similar to those required for this Project. 

F. Reporting: 

1. Standard Views of Analytic Results: Standard views to present analytic results, 
automatically generated when issues are found by analytic rules including, but not limited 
to, the following: 

a. Rules violations across a portfolio of sites, rules violations per site, including time, 
date, and duration of all violations. 

b. Ability to assign cost relationships to rule logic to provide cost per violation. 
c. Standard filters to enable operator to easily look at rule violations by site, data, and 

violation type for any selected date or date range. 
d. Automatic calculation and presentation of Key Performance Indicators (KPIs) and 

to define custom KPIs as needed. 

2. Custom Views of Analytic Results: 

a. Any standard system view is to be able to be saved as a custom report including its 
configuration criteria, e.g., time range, sites, rule violations, or other configuration 
options as applicable to standard system view. 

b. Created by making queries against the database and saving the query as a saved 
report executed by single mouse click. 

c. Export: Support report views export into CSV, Excel, XML, and HTML format, 
accomplished in a couple of mouse clicks. 

G. Implementation: 

1. Apply analytic rules to all HVAC systems and equipment monitored and controlled by 
DDC system. To extent available, use a subset of rules in existing rules library. 

2. Implement rules to aid in determining proper operation of any HVAC system with a 
programmed sequence of operation. 

3. Generate reports to aid in verification of proper operation during initial system startup 
and commissioning to supplement (not replace) commissioning agent reports. 

4. Prepare quarterly reports summarizing faults detected and KPIs, including recommended 
corrective action. 

H. Training: 

1. Train Owner sufficiently to use software without need for external support. 
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2.13 ASHRAE 135 GATEWAYS 

A. Include BACnet communication ports, whenever available as an equipment OEM standard 
option, for integration via a single communication cable. BACnet-controlled plant equipment 
includes, but is not limited to, boilers, and variable-speed drives. 

B. Include gateways to connect BACnet to legacy systems where indicated, existing non-BACnet 
devices, and existing non-BACnet DDC-controlled equipment. 

C. Include with each gateway an interoperability schedule showing each point or event on legacy 
side that BACnet "client" will read, and each parameter that BACnet network will write to. 
Describe this interoperability of BACnet services, or BIBBs, defined in ASHRAE 135, 
Annex K. 

D. Gateway Minimum Requirements: 

1. Read and view all readable object properties on non-BACnet network to BACnet 
network, and vice versa, where applicable. 

2. Write to all writable object properties on non-BACnet network from BACnet network, 
and vice versa, where applicable. 

3. Include single-pass (only one protocol to BACnet without intermediary protocols) 
translation from non-BACnet protocol to BACnet, and vice versa. 

4. Comply with requirements of Data Sharing Read Property, Data Sharing Write Property, 
Device Management Dynamic Device Binding-B, and Device Management 
Communication Control BIBBs in accordance with ASHRAE 135. 

5. Hardware, software, software licenses, and configuration tools for operator-to-gateway 
communications. 

6. Backup programming and parameters on CD media with ability to modify, download, 
backup, and restore gateway configuration. 

2.14 ASHRAE 135 PROTOCOL ANALYZER 

A. Analyzer and required cables and fittings for connection to ASHRAE 135 network. 

B. Include the following minimum capabilities: 

1. Capture and store to a file data traffic on all network levels. 
2. Measure bandwidth usage. 
3. Filtering options with ability to ignore select traffic. 

2.15 DDC CONTROLLERS 

A. DDC system consisting of a combination of network controllers, programmable application 
controllers, and application-specific controllers to satisfy performance requirements indicated. 

B. DDC controllers to perform monitoring, control, energy optimization, and other requirements 
indicated. 
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C. DDC controllers are to use a multitasking, multiuser, real-time digital control microprocessor 
with a distributed network database and intelligence. 

D. Each DDC controller is capable of full and complete operation as a completely independent 
unit and as a part of DDC system wide distributed network. 

E. Environment Requirements: 

1. Controller hardware suitable for anticipated ambient conditions. 
2. Controllers located in conditioned space rated for operation at 32 to 120 deg F. 
3. Controllers located outdoors rated for operation at -40 to 150 deg F. 

F. Power and Noise Immunity: 

1. Operate controller at 90 to 110 percent of nominal voltage rating and perform an orderly 
shutdown below 80 percent of nominal voltage. 

2. Protect against electrical noise of 5 to 120 Hz and from keyed radios with up to 5 W of 
power located within 36 inches of enclosure. 

G. DDC Controller Spare Processing Capacity: 

1. Include spare processing memory for each controller. RAM, PROM, or EEPROM will 
implement requirements indicated with the following spare memory: 

a. Network Controllers:  50 percent. 
b. Programmable Application Controllers: Not less than 60 percent. 
c. Application-Specific Controllers: Not less than 70 percent. 

2. Memory for DDC controller's operating system and database are to include the following: 

a. Monitoring and control. 
b. Energy management, operation, and optimization applications. 
c. Alarm management. 
d. Historical trend data of all connected I/O points. 
e. Maintenance applications. 
f. Operator interfaces. 
g. Monitoring of manual overrides. 

H. DDC Controller Spare I/O Point Capacity: Include spare I/O point capacity for each controller. 

I. Maintenance and Support: Include the following features to facilitate maintenance and support: 

1. Mount microprocessor components on circuit cards for ease of removal and replacement. 
2. Means to quickly and easily disconnect controller from network. 
3. Means to quickly and easily access connect to field test equipment. 
4. Visual indication that controller electric power is on, of communication fault or trouble, 

and that controller is receiving and sending signals to network. 
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J. I/O Point Interface: 

1. Connect hardwired I/O points to network, programmable application, and application-
specific controllers. 

2. Protect I/O points so shorting of point to itself, to another point, or to ground will not 
damage controller. 

3. Protect I/O points from voltage up to 24 V of any duration so that contact will not 
damage controller. 

4. AIs: 

a. Include monitoring of low-voltage (0 to 10 V dc), current (4 to 20 mA) and 
resistance signals from thermistor and RTD sensors. 

b. Compatible with, and field configurable to, sensor and transmitters installed. 
c. Perform analog-to-digital (A-to-D) conversion with a minimum resolution of 12 

bits or better to comply with accuracy requirements indicated. 
d. Signal conditioning including transient rejection for each AI. 
e. Capable of being individually calibrated for zero and span. 
f. Incorporate common-mode noise rejection of at least 50 dB from 0 to 100 Hz for 

differential inputs, and normal-mode noise rejection of at least 20 dB at 60 Hz 
from a source impedance of 10000 ohms. 

g. External conversion resistors are not permitted. 

5. AOs: 

a. Perform analog-to-digital (A-to-D) conversion with a minimum resolution of 12 
bits or better to comply with accuracy requirements indicated. 

b. Output signals range of 4 to 20 mA dc or 0 to 10 V dc as required to include proper 
control of output device. Note that 4 to 20 mA is preferred, but does not omit 0 to 
10 V dc. 

c. Capable of being individually calibrated for zero and span. 
d. Drift is to be not greater than 0.4 percent of range per year. 
e. External conversion resistors are not permitted. 

6. BIs: 

a. Accept contact closures and ignore transients of less than 5 ms duration. 
b. Isolate and protect against an applied steady-state voltage of up to 180 V ac peak. 
c. Include a wetting current of at least 12 mA to be compatible with commonly 

available control devices and protected against effects of contact bounce and noise. 
d. Sense "dry contact" closure without external power (other than that provided by 

controller) being applied. 
e. Pulse accumulation input points complying with all requirements of BIs and accept 

up to 10 pulses per second for pulse accumulation. Include buffer to totalize 
pulses. Pulse accumulator is to accept rates of at least 20 pulses per second. Reset 
the totalized value to zero on operator's command. 
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7. BOs: 

a. Include relay contact closures or triac outputs for momentary and maintained 
operation of output devices. 

1) Relay contact closures to have a minimum duration of 0.1 second and at 
least 180 V of isolation. 

2) Include electromagnetic interference suppression on all output lines to limit 
transients to non-damaging levels. 

3) Minimum contact rating to be 1 A at 24 V ac. 
4) Triac outputs to have at least 180 V of isolation and minimum contact rating 

of 1 A at 24 V ac. 

b. Include BOs with two-state operation or a pulsed low-voltage signal for pulse-
width modulation control. 

c. BOs to be selectable for either normally open or normally closed operation. 
d. Include tristate outputs (two coordinated BOs) for control of three-point, floating-

type electronic actuators without feedback. 
e. Limit use of three-point floating devices to VAV terminal unit control applications. 

Control algorithms to operate actuator to one end of its stroke once every 24 hours 
for verification of operator tracking. 

2.16 NETWORK CONTROLLERS 

A. General: 

1. Include adequate number of controllers to achieve performance indicated. 
2. Provide one or more independent, standalone, microprocessor-based network controllers 

to manage global strategies indicated. 
3. Include enough memory to support its operating system, database, and programming 

requirements with spare memory indicated. 
4. Share data between networked controllers and other network devices. 
5. Operating system of controller to manage I/O communication signals to allow distributed 

controllers to share real and virtual object information and allow for central monitoring 
and alarms. 

6. Include network controllers with a real-time clock. 
7. Controller to continually check status of its processor and memory circuits. If an 

abnormal operation is detected, controller is to assume a predetermined failure mode and 
generate an alarm notification. 

8. Make controllers fully programmable. 

B. Communication: 

1. Network controllers communicate with other devices on DDC system Level 1 network. 
2. Network controller to also perform routing if connected to network of programmable 

application controllers and application-specific controllers. 
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C. Operator Interface: 

1. Equip controllers with a service communications port for connection to desktop 
operator's workstation or mobile device. 

2. Local Keypad and Display: 

a. Equip controller with local keypad and digital display for interrogating and editing 
data. 

b. Use of keypad and display requires a security password. 

D. Serviceability: 

1. Equip controller with diagnostic LEDs or other form of local visual indication of power, 
communication, and processor. 

2. Connect wiring and cable connections to field-removable, modular terminal strips or to a 
termination card connected by a ribbon cable. 

3. Maintain Basic Input Output System (BIOS) and programming information in event of 
power loss for at least 96 hours. 

2.17 PROGRAMMABLE APPLICATION CONTROLLERS 

A. General: 

1. Include adequate number of controllers to achieve performance indicated. 
2. Provide enough memory to support its operating system, database, and programming 

requirements with spare memory indicated. 
3. Share data between networked controllers and other network devices. 
4. Include controller with operating system to manage I/O communication signals to allow 

distributed controllers to share real and virtual object information and allow for central 
monitoring and alarms. 

5. Include controllers that perform scheduling with a real-time clock. 
6. Controller is to continually check status of its processor and memory circuits. If an 

abnormal operation is detected, controller assumes a predetermined failure mode and 
generates an alarm notification. 

7. Fully programmable. 

B. Communication: 

1. Programmable application controllers are to communicate with other devices on network. 

C. Operator Interface: 

1. Equip controllers with a service communications port for connection to desktop 
operator's workstation or mobile device. 

2. Local Keypad and Display: 

a. Equip controller with local keypad and digital display for interrogating and editing 
data. 

b. Protect use of keypad and display by security password. 
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D. Serviceability: 

1. Equip controller with diagnostic LEDs or other form of local visual indication of power, 
communication, and processor. 

2. Connect wiring and cable connections to field-removable, modular terminal strips or to a 
termination card connected by a ribbon cable. 

3. Maintain BIOS and programming information in event of power loss for at least 72 
hours. 

2.18 APPLICATION-SPECIFIC CONTROLLERS 

A. Description: Microprocessor-based controllers, which through hardware or firmware design are 
dedicated to control a specific piece of equipment or system. Controllers are not fully user-
programmable but are configurable and customizable for operation of equipment they are 
designed to control. 

1. Capable of standalone operation and continued control functions without being connected 
to network. 

2. Share data between networked controllers and other network devices. 

B. Communication: Application-specific controllers are to communicate with other application-
specific controllers and devices on network, and to programmable application controllers and 
network controllers. 

C. Operator Interface: Equip controllers with a service communications port for connection to 
desktop workstation or mobile device. Connection is to extend to port on space temperature 
sensor that is connected to controller. 

D. Serviceability: 

1. Equip controller with diagnostic LEDs or other form of local visual indication of power, 
communication, and processor. 

2. Connect wiring and cable connections to field-removable, modular terminal strips or to a 
termination card connected by a ribbon cable. 

3. Use nonvolatile memory and maintain all BIOS and programming information in event of 
power loss. 

2.19 CONTROLLER SOFTWARE 

A. General: 

1. Software applications are to reside and operate in controllers. Edit applications through 
operator workstations or mobile devices. 

2. Identify I/O points by up to 30-character point name and up to 16-character point 
descriptor. Use same names throughout, including at operator workstations. 

3. Execute control functions within controllers using DDC algorithms. 
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4. Configure controllers to use stored default values to ensure fail-safe operation. Use 
default values when there is a failure of a connected input instrument or loss of 
communication of a global point value. 

B. Security: 

1. Secure operator access using individual security passwords and user names. 
2. Passwords restrict operator to points, applications, and system functions as assigned by 

system manager. 
3. Record operator log-on and log-off attempts. 
4. Protect from unauthorized use by automatically logging off after last keystroke. Make the 

delay time operator-definable. 

C. Scheduling: Include capability to schedule each point or group of points in system. Each 
schedule is to consist of the following: 

1. Weekly Schedule: 

a. Include separate schedules for each day of week. 
b. Each schedule should include capability for start, stop, optimal start, optimal stop, 

and night economizer. 
c. Each schedule may consist of up to 10 events. 
d. When a group of objects are scheduled together, include capability to adjust start 

and stop times for each member. 

2. Exception Schedules: 

a. Include ability for operator to designate any day of the year as an exception 
schedule. 

b. Exception schedules may be defined up to a year in advance. Once an exception 
schedule is executed, it will be discarded and replaced by regular schedule for that 
day of week. 

3. Holiday Schedules: 

a. Include capability for operator to define up to 99 special or holiday schedules. 
b. Place schedules on scheduling calendar with ability to repeated each year. 
c. Operator able to define length of each holiday period. 

D. System Coordination: 

1. Include standard application for proper coordination of equipment. 
2. Include operator with a method of grouping together equipment based on function and 

location. 
3. Include groups that may be for use in scheduling and other applications. 

E. Binary Alarms: 

1. Set each binary point to alarm based on operator-specified state. 
2. Include capability to automatically and manually disable alarming. 
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F. Analog Alarms: 

1. Provide each analog object with both high and low alarm limits. 
2. Include capability to automatically and manually disable alarming. 

G. Alarm Reporting: 

1. Include ability for operators to determine action to be taken in event of an alarm. 
2. Route alarms to appropriate operator workstations based on time and other conditions. 
3. Include ability for alarms to start programs, print, be logged in event logs, generate 

custom messages, and display graphics. 

H. Remote Communication: 

1. Include ability for system to notify operators by phone message, text message, and email 
in event of an alarm. 

I. Sequencing: Include application software based on sequences of operation indicated to properly 
sequence boilers and other applicable HVAC equipment. 

J. Control Loops: 

1. Support any of the following control loops, as applicable to control required: 

a. Two-position (on/off, open/close, slow/fast) control. 
b. Proportional control. 
c. Proportional plus integral (PI) control. 
d. Proportional plus integral plus derivative (PID) control. 

1) Include PID algorithms with direct or reverse action and anti-windup. 
2) Algorithm to calculate a time-varying analog value used to position an 

output or stage a series of outputs. 
3) Make controlled variable, set point, and PID gains operator-selectable. 

e. Adaptive (automatic tuning). 

K. Staggered Start: Prevent all controlled equipment from simultaneously restarting after a power 
outage. Make the order which equipment (or groups of equipment) is started, along with the 
time delay between starts, operator-selectable. 

L. Energy Calculations: 

1. Include software to allow instantaneous power or flow rates to be accumulated and 
converted to energy usage data. 

2. Include algorithm that calculates a sliding-window average (rolling average). Make 
algorithm flexible to allow window intervals to be operator specified (such as 15, 30, or 
60 minutes). 

3. Include algorithm that calculates a fixed-window average. Use a digital input signal to 
define start of window period (such as signal from utility meter) to synchronize fixed-
window average with that used by utility. 
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M. Anti-Short Cycling: 

1. Protect BO points from short cycling. 
2. Feature to allow minimum on-time and off-time to be selected. 

N. On and Off Control with Differential: 

1. Include algorithm that allows BO to be cycled based on a controlled variable and set 
point. 

2. Use direct- or reverse-acting algorithm and incorporate an adjustable differential. 

O. Run-Time Totalization: 

1. Include software to totalize run-times for all BI and BO points. 
2. Assign a high run-time alarm, if required, by operator. 

2.20 ENCLOSURES 

A. General: 

1. House each controller and associated control accessories in single enclosure. Enclosure is 
to serve as central tie-in point for control devices such as switches, transmitters, 
transducers, power supplies, and transformers. 

2. Do not house more than one controller in single enclosure. 
3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures 

and include one pair of keys per enclosure. 
4. Equip doors of enclosures housing controllers and components with analog or digital 

displays with windows to allow visual observation of displays without opening enclosure 
door. 

5. Individual, wall-mounted, single-door enclosures maximum of 36 inches wide and 60 
inches high. 

6. Include wall-mounted enclosures with brackets suitable for mounting enclosures to wall 
or freestanding support stand as indicated. 

7. Supply each enclosure with complete set of as-built schematics, tubing, and wiring 
diagrams and product literature located in pocket on inside of door. For enclosures with 
windows, include pocket on bottom of enclosure. 

B. Internal Arrangement: 

1. Arrange internal layout of enclosure to group and protect electric, and electronic 
components associated with controller, but not an integral part of controller. 

2. Arrange layout to group similar products together. 
3. Include a barrier between line-voltage and low-voltage electrical and electronic products. 
4. Factory or shop install products, tubing, cabling, and wiring complying with requirements 

and standards indicated. 
5. Terminate field cable and wire using heavy-duty terminal blocks. 
6. Include spare terminals, equal to not less than 10 percent of used terminals. 
7. Include spade lugs for stranded cable and wire. 
8. Install maximum of two wires on each side of terminal. 
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9. Include enclosure field electric power supply with toggle-type switch located at entrance 
inside enclosure to disconnect power. 

10. Include enclosure with line-voltage nominal 20 A GFCI duplex receptacle for service and 
testing tools. Wire receptacle on hot side of enclosure disconnect switch and include with 
5 A circuit breaker. 

11. Mount products within enclosure on removable internal panel(s). 
12. Include products mounted in enclosures with engraved, laminated phenolic nameplates 

(black letters on a white background). Nameplates are to have at least 1/4-inch-high 
lettering. 

13. Route tubing cable and wire located inside enclosure within a raceway with continuous 
removable cover. 

14. Label each end of cable, wire, and tubing in enclosure following an approved 
identification system that extends from field I/O connection and all intermediate 
connections throughout length to controller connection. 

15. Size enclosure internal panel to include at least 15 percent spare area on face of panel. 

C. Environmental Requirements: 

1. Evaluate temperature and humidity requirements of each product to be installed within 
each enclosure. 

2. Calculate enclosure internal operating temperature considering heat dissipation of all 
products installed within enclosure and ambient effects on enclosure. 

3. Where required by application, include temperature-controlled electrical heat to maintain 
inside of enclosure above minimum operating temperature of product with most stringent 
requirement. 

4. Where required by application, include temperature-controlled ventilation fans with 
filtered louver(s) to maintain inside of enclosure below maximum operating temperature 
of product with most stringent requirement. 

5. Include temperature-controlled cooling within the enclosure for applications where 
ventilation fans cannot maintain inside temperature of enclosure below maximum 
operating temperature of product with most stringent requirement. 

6. Where required by application, include humidity-controlled electric dehumidifier or 
cooling to maintain inside of enclosure below maximum relative humidity of product 
with most stringent requirement and to prevent surface condensation within enclosure. 

D. Wall-Mounted, NEMA 250, Types 4 and 12: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Cooper B-line; brand of Eaton, Electrical Sector. 
b. Hammond Mfg. Co. Inc. 

2. NRTL listed in accordance with UL 508A. 
3. Seam and joints are continuously welded and ground smooth. 
4. Where recessed enclosures are indicated, include enclosures with face flange for flush 

mounting. 
5. Externally formed body flange around perimeter of enclosure face for continuous 

perimeter seamless gasket door seal. 

http://www.specagent.com/Lookup?ulid=9970
http://www.specagent.com/Lookup?uid=123457207991
http://www.specagent.com/Lookup?uid=123457207992
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6. Single-door enclosure sizes up to 60 inches tall by 36 inches wide. 
7. Double-door enclosure sizes up to 36 inches tall by 60 inches wide. 
8. Construct enclosure of steel, not less than the following: 

a. Size Less Than 24 Inches:  0.053 inch thick. 
b. Size 24 Inches and Larger: 0.067 inch thick. 

9. Finish enclosure with polyester powder coating that is electrostatically applied and then 
baked to bond to substrate. 

a. Exterior Color:  Gray. 
b. Interior Color:  Gray. 

10. Corner-formed door, full size of enclosure face, supported using multiple concealed 
hinges with easily removable hinge pins. 

a. Sizes through 24 Inches Tall: Two hinges. 
b. Sizes between 24 Inches through 48 Inches Tall: Three hinges. 
c. Sizes Larger Than 48 Inches Tall: Four hinges. 

11. Double-door enclosures with overlapping door design to include unobstructed full-width 
access. 

a. Single-door enclosures 48 inches and taller, and all double-door enclosures, with 
three-point (top, middle and bottom) latch system. 

12. Removable internal panel with gray polyester powder coating that is electrostatically 
applied and then baked to bond to substrate. 

a. Size Less Than 24 Inches:  Solid or perforated steel, 0.053 inch thick. 
b. Size 24 Inches and Larger: Solid aluminum, 0.10 inch or steel, 0.093 inch thick. 

13. Internal panel mounting studs with hardware, grounding hardware, and sealing washers. 
14. Grounding stud on enclosure body. 
15. Thermoplastic pocket on inside of door for record Drawings and Product Data. 

2.21 RELAYS 

A. General-Purpose Relays: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allen Bradley; by Rockwell Automation. 
b. Eaton. 
c. Square D; Schneider Electric USA. 

2. NRTL listed. 

http://www.specagent.com/Lookup?ulid=9974
http://www.specagent.com/Lookup?uid=123457208023
http://www.specagent.com/Lookup?uid=123457208024
http://www.specagent.com/Lookup?uid=123457208022
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3. Heavy-duty, electromechanical type; rated for at least 10 A at 250 V ac and 60 Hz. 
4. SPDT, DPDT, or three-pole double-throw, as required by control application. 
5. Plug-in-style relay with 8-pin octal or multiblade plug for DPDT relays and 11-pin octal 

or multiblade plug for three-pole double-throw relays. 
6. Construct contacts of silver, silver alloy, or gold. 
7. Enclose relay in a clear transparent polycarbonate dust-tight cover. 
8. Include LED indication and push-to-test button to test manual operation of relay without 

power on coil. 
9. Performance: 

a. Mechanical Life: At least 10 million cycles. 
b. Electrical Life: At least 100,000 cycles at rated load. 
c. Pickup Time:  15 ms or less. 
d. Dropout Time:  10 ms or less. 
e. Pull-in Voltage:  85 percent of rated voltage. 
f. Dropout Voltage:  50 percent of nominal rated voltage. 
g. Power Consumption:  5 VA or less. 
h. Ambient Operating Temperatures: Minus 40 to 115 deg F. 

10. Equip relays with coil transient suppression to limit transients to non-damaging levels. 
11. Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in 

control panels into sockets that are mounted on a DIN rail. 
12. Include relay socket with screw terminals. Mold into socket the coincident screw terminal 

numbers. 

B. Multifunction Time-Delay Relays: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allen Bradley; by Rockwell Automation. 
b. Eaton. 
c. Square D; Schneider Electric USA. 

2. NRTL listed. 
3. Continuous-duty type, rated for at least 10 A at 240 V ac and 60 Hz. 
4. Relay with up to 8 programmable functions to provide on/off delay, interval, and recycle 

timing functions. 
5. Plug-in-style relay with either multi-pin or blade plug. 
6. Construct contacts of silver, silver alloy, or gold. 
7. Enclose relay in a dust-tight cover. 
8. Include knob and dial scale for alternative digital interface for setting delay time. 
9. Visual Status Indication: Power "On" and Output "On" status. 
10. Performance: 

a. Mechanical Life: At least 10 million cycles. 
b. Electrical Life: At least 100,000 cycles at rated load. 
c. Timing Ranges: Multiple ranges from 0.1 seconds to 100 minutes. 
d. Repeatability: Within 2 percent. 
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e. Recycle Time:  45 ms. 
f. Minimum Pulse-Width Control:  50 ms. 
g. Power Consumption: 5 VA or less. 
h. Ambient Operating Temperatures: Minus 40 to 115 deg F. 

11. Equip relays with transient suppression to limit transients to non-damaging levels. 
12. Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in 

control panels into sockets that are mounted on a DIN rail. 
13. Include relay socket with screw terminals. Mold into socket the coincident screw terminal 

numbers. 

C. Latching Relays: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Allen Bradley; by Rockwell Automation. 
b. Eaton. 
c. Square D; Schneider Electric USA. 

2. NRTL listed. 
3. Continuous-duty type, rated for at least 10 A at 250 V ac and 60 Hz. 
4. SPDT, DPDT, or three-pole double-throw, as required by control application. 
5. Plug-in-style relay with either multi-pin or blade plug. 
6. Construct contacts of silver, silver alloy, or gold. 
7. Enclose relay in a clear transparent polycarbonate dust-tight cover. 
8. Performance: 

a. Mechanical Life: At least 10 million cycles. 
b. Electrical Life: At least 100,000 cycles at rated load. 
c. Pickup Time:  15 ms or less. 
d. Dropout Time:  10 ms or less. 
e. Pull-in Voltage:  85 percent of rated voltage. 
f. Dropout Voltage:  50 percent of nominal rated voltage. 
g. Power Consumption:  5 VA or less. 
h. Ambient Operating Temperatures: Minus 40 to 115 deg F. 

9. Equip relays with coil transient suppression to limit transients to non-damaging levels. 
10. Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in 

control panels into sockets that are mounted on a DIN rail. 
11. Relay socket with screw terminals. Mold into socket the coincident screw terminal 

numbers. 

D. Current Sensing Relays: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 
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a. Eaton. 
b. Functional Devices Inc. 
c. Square D; Schneider Electric USA. 

2. NRTL listed. 
3. Monitors ac current. 
4. Independent adjustable controls for pickup and dropout current. 
5. Energized when supply voltage is present and current is above pickup setting. 
6. De-energizes when monitored current is below dropout current. 
7. Dropout current is adjustable from 50 to 95 percent of pickup current. 
8. Visual indication of contact status. 
9. Include current transformer, if required for application. 
10. House current sensing relay and current transformer if required in its own enclosure. Use 

NEMA 250, Type 12 enclosure for indoors applications and NEMA 250, Type 4 for 
outdoor applications. 

E. Combination On-Off Status Sensor and On-Off Control Relays: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Functional Devices Inc. 

2. Description: 

a. On-off control and on-off status indication in a single device. 
b. LED status indication of activated relay and current trigger. 
c. Closed-Open-Auto override switch located on the load side of relay. 

3. Performance: 

a. Ambient Temperature: Minus 30 to 140 deg F. 
b. Voltage Rating: Single-phase loads rated for 300 V ac. Three-phase loads rated for 

600 V ac. 

4. Status Indication: 

a. Current Sensor: Integral sensing for single-phase loads up to 20 A and external 
solid or split sensing ring for three-phase loads up to 150 A. 

b. Current Sensor Range: As required by application. 
c. Current Set Point:  Fixed or adjustable, as required by application. 
d. Current Sensor Output: 

1) Solid-state, SPDT contact rated for 30 V ac and dc and for 0.4 A. 
2) Solid-state, SPDT contact rated for 120 V ac and 1.0 A. 
3) Analog, 0 to 5 or 10 V dc. 
4) Analog, 4 to 20 mA, loop powered. 

5. Relay: SPDT, continuous-duty coil; rated for 10-million mechanical cycles. 
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6. Enclosure: NEMA 250, Type 12 enclosure for indoor applications; NEMA 250, Type 4 
enclosure for outdoor applications. 

2.22 ELECTRICAL POWER DEVICES 

A. Control Transformers: 

1. Sizing Criteria: Size control transformers for total connected load, plus additional 25 
percent of connected load for future spare capacity. 

2. Transformer Minimum Capacity:  100 VA. 
3. Protection: Provide transformers with both primary and secondary fuses. Integral circuit 

breaker is acceptable in lieu of fuses. 
4. Enclosure: House control transformers in NEMA 250 enclosures, type as indicated in 

"Performance Requirements" Article for application. 

B. Power-Line Conditioners: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Eaton. 
b. Emerson Electric Co. 

2. General Power-Line Conditioner Requirements: 

a. Design to ensure maximum reliability, serviceability, and performance. 
b. Overall function of power-line conditioner is to receive raw, polluted electrical 

power and purify it for use by electronic equipment. Power-line conditioner is to 
provide isolated, regulated, transient, and noise-free sinusoidal power to loads 
served. 

3. Standards: NRTL listed per UL 1012. 
4. Performance: 

a. Single phase, continuous, 100 percent duty rated kVA/kW capacity. Design to 
supply power for linear or nonlinear, high crest factor, resistive and reactive loads. 

b. Automatically regulate output voltage to within 2 percent or better with input 
voltage fluctuations of plus 10 to minus 20 percent of nominal when system is 
loaded 100 percent. Use Variable Range Regulation to obtain improved line 
voltage regulation when operating under less than full load conditions. 

1) At 75 Percent Load: Output voltage automatically regulated to within 3 
percent with input voltage fluctuations of plus 10 to minus 35 percent of 
nominal. 

2) At 50 Percent Load: Output voltage automatically regulated to within 3 
percent with input voltage fluctuations of plus 10 to minus 40 percent of 
nominal. 
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3) At 25 Percent Load: Output voltage automatically regulated to within 3 
percent with input voltage fluctuations of plus 10 to minus 45 percent of 
nominal. 

c. With input voltage distortion of up to 40 percent, limit the output voltage sine 
wave to maximum harmonic content of 5 percent. 

d. Automatically regulate output voltage to within 2.5 percent when load (resistive) 
changes from zero to 100 to zero percent. 

e. Output voltage returns to 95 percent of nominal level within two cycles and to 100 
percent within three cycles when output is taken from no load to full-resistive load, 
or vice versa. Recovery from partial resistive load changes is corrected in a shorter 
period. 

f. K Factor:  30, designed to operate with nonlinear, non-sinusoidal, high crest factor 
loads without overheating. 

g. Input power factor within 0.95 approaching unity with load power factor as poor as 
0.6. 

h. Attenuate load-generated odd current harmonics 23 dB at the input. 
i. Electrically isolate the primary from the secondary. Meet isolation criteria as 

defined in NFPA 70, Article 250-5D. 
j. Lighting and Surge Protection: Compares to UL 1449 rating of 330 V when 

subjected to Category B3 (6000 V/3000 A) combination waveform as established 
by IEEE C62.41.1 and IEEE C62.41.2. 

k. Common-mode noise attenuation of 140 dB. 
l. Transverse-mode noise attenuation of 120 dB. 
m. With loss of input power for up to 16.6 ms, output sine wave remains at usable ac 

voltage levels. 
n. Reliability of 200,000 hours' MTBF. 
o. At full load, when measured at 1 m distance, audible noise is not to exceed 54 dB. 
p. Approximately 92 percent efficient at full load. 

5. Transformer Construction: 

a. Ferroresonant, dry type, convection cooled, 600 V class. Transformer windings of 
Class H (220 deg C) insulated copper. 

b. Use Class H installation system throughout with operating temperatures not to 
exceed 150 deg C over a 40 deg C ambient temperature. 

c. Configure transformer primary for multi-input voltage. Include input terminals for 
source conductors and ground. 

d. Manufacture transformer core using M-6 grade, grain-oriented, stress-relieved 
transformer steel. 

e. Configure transformer secondary in 240/120 V split with 208 V tap or straight 
120 V, depending on power output size. 

f. Electrically isolate the transformer secondary windings from primary windings. 
Bond neutral conductor to cabinet enclosure and output neutral terminal. 

g. Include interface terminals for output power hot, neutral, and ground conductors. 
h. Label leads, wires, and terminals to correspond with circuit wiring diagram. 
i. Vacuum impregnate transformer with epoxy resin. 

6. Cabinet Construction: 
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a. Design for panel or floor mounting. 
b. NEMA 250, Type 2 enclosure for indoor applications. NEMA 250, Type 4 for 

outdoor applications. 
c. Manufacture the cabinet from heavy gauge steel complying with UL 50 or 

UL 508A. 
d. Include textured baked-on paint finish. 

C. DC Power Supplies: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Emerson Electric Co. 

2. Description: Linear or switched, regulated power supplies with ac input to one dc 
output(s). 

a. Include both line and load regulation to ensure stable output. 
b. To protect both power supply and load, include power supply with an automatic 

current limiting circuit. 

3. Features: 

a. Connection: Plug-in style suitable for mating with standard socket. Include power 
supply with mating mounting socket. 

b. Housing: Enclose circuitry in a housing. 
c. Local Adjustment: Include screw adjustment on exterior of housing for dc voltage 

output. 
d. Mounting: DIN rail. 
e. Visual status indicator. 

4. Performance: 

a. Input Voltage: Nominally 120 V ac, 60 Hz. 
b. Output Voltage: Nominally 24 V dc with plus or minus 1 V dc adjustment. 
c. Output Current: Minimum 100 mA. 
d. Load Regulation: Within 0.1 percent. 
e. Line Regulation: Within 0.05 percent. 
f. Stability: Within 0.1 percent of rated volts after warmup period. 
g. Ripple:  1 mV rms. 

2.23 UNINTERRUPTABLE POWER SUPPLY (UPS) UNITS 

A. Furnish local UPS units, of type indicated, installed with DDC system. 

B. DIN Rail Mounted UPS: 
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1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Emerson Electric Co. 

2. Provide continuous, regulated output power without using batteries during brown-out, 
surge, and spike conditions. 

3. Performance: 

a. Capacity: Load not to exceed 75 percent of rated capacity. 
b. Efficiency: Minimum 94 percent. 
c. Input Voltage: Single phase, 120 V ac, compatible with field power source. 
d. Load Power Factor Range (Crest Factor):  0.65 to 1.0. 
e. Output Voltage: 101 to 132 V ac, while input voltage varies between 89 and 

152 V ac. 
f. On Battery Output Voltage: Sine wave. 
g. Inverter Overload Capacity: Minimum 150 percent for 30 seconds. 
h. Battery Backup:  15 minutes of operation at full load with battery power. 
i. Battery Recharge Time: Maximum of four hours to 90 percent capacity after full 

discharge. 
j. Transfer Time:  6 ms. 
k. Surge Voltage Withstand Capacity: IEEE C62.41.1 and IEEE C62.41.2, 

Categories A and B. 

4. Automatic bypass operation during fault or overload conditions. 
5. Integral line-interactive, power condition topology to eliminate all power contaminants. 
6. Include power switch and visual indication of power, battery, fault, and temperature. 
7. Include audible alarm of faults with silence feature. 
8. Include dry contacts (digital output points) for low battery condition and battery-on 

(primary utility power failure) and connect points to DDC system. 
9. Batteries: Sealed; maintenance free; replacement without dropping load. 

C. Tower UPS Models through 1000 VA: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Eaton. 

2. Provide continuous, regulated output power without using batteries during brown-out, 
surge, and spike conditions. 

3. Performance: 

a. Capacity: Load not to exceed 75 percent of rated capacity. 
b. Efficiency: Complying with ENERGY STAR requirements; minimum 91 percent. 
c. Input Voltage: Single phase, 120 V ac, compatible with field power source. 
d. Load Power Factor Range (Crest Factor):  0.65 to 1.0. 
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e. Output Voltage: 101 to 132 V ac, while input voltage varies between 89 and 
152 V ac. 

f. On Battery Output Voltage: Sine wave. 
g. Inverter Overload Capacity: Minimum 150 percent for 30 seconds. 
h. Battery Backup:  15 minutes of operation at full load with battery power. 
i. Battery Recharge Time: Maximum of four hours to 90 percent capacity after full 

discharge to cutoff. 
j. Transfer Time:  0 ms. 
k. Surge Voltage Withstand Capacity: IEEE C62.41.1 and IEEE C62.41.2, 

Categories A and B; 6 kV/200 and 500 A; 100 kHz ring wave. 

4. Automatic bypass operation during fault or overload conditions. 
5. Integral line-interactive, power condition topology to eliminate all power contaminants. 
6. Include power switch and visual indication of power, battery, fault, and temperature. 
7. Include audible alarm of faults and front panel silence feature. 
8. Receptacles: Minimum four, NEMA WD 1, NEMA WD 6 Configuration 5-15R 

receptacles. 
9. Remote Alarms: Include dry contacts (digital output points)for low battery condition and 

battery-on (primary utility power failure) and connect points to DDC system. 
10. Batteries: Sealed type; maintenance free. Battery replacement is to be front accessible by 

user without dropping load. 
11. Install tower models in enclosures rated for location. 

D. Tower and Rack UPS Models through 3000 VA: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Eaton. 

2. NRTL Listing: UL 1778. 
3. Provide continuous, regulated output power without using batteries during brown-out, 

surge, and spike conditions. 
4. Performance: 

a. Capacity: Load not to exceed 75 percent of UPS rated capacity. 
b. Efficiency: Complying with ENERGY STAR requirements; minimum 91 percent. 
c. Input Voltage: Single phase, 120 V ac, plus 20 to minus 30 percent. 
d. Power Factor: Minimum 0.95 at full load. 
e. Output Voltage: Single phase, 120 V ac, within 3 percent. 
f. Inverter overload capacity to be minimum 150 percent for 30 seconds. 
g. Battery Backup:  15 minutes of operation at full load with battery power. 
h. Battery Recharge Time: Maximum of 8 hours to 90 percent capacity. 
i. Transfer Time:  0 ms. 

5. LCD display with operator interface. 
6. Receptacles: Minimum 6, NEMA WD 1, NEMA WD 6 Configuration 5-15R or 5-20R 

receptacles. 
7. Automatic bypass operation during fault or overload conditions. 
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8. Remote Alarms: Include dry contacts (digital output points)for low battery condition and 
battery-on (primary utility power failure) and connect points to DDC system. 

9. Batteries: Sealed; maintenance free. 
10. Enclosures: Install tower models in enclosures rated for location. Install rack models 

installed on matching racks, as applicable to particular installation location and space 
availability/configuration. 

2.24 PROCESS TUBING 

A. Products in this article are intended for signals to instruments connected to liquid and steam 
systems. 

B. Copper Tubing: 

1. Seamless phosphor deoxidized copper, drawn tempered with chemical and physical 
properties in accordance with ASTM B75/B75M. 

2. Performance, dimensions, weight, and tolerance in accordance with ASTM B280. 
3. Diameter, as required by application, of not less than nominal 1/2 inch. 
4. Wall thickness, as required by application, but not less than 0.030 inch. 
5. Copper Tubing Connectors and Fittings (for Process Tubing) - Brass, Compression Type: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) BrassCraft Manufacturing Co.; a Masco company. 
2) Parker Hannifin Corporation. 

b. Single or double ferrule design creating a constant tension between fitting body 
and fitting nut for leak-free seal. 

6. Copper Tubing Connectors and Fittings (for Process Tubing) - Brass, Solder-Joint Type: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) Mueller Streamline Co.; a company of Mueller Industries. 
2) NIBCO INC. 

b. Copper Solder-Joint Fittings: Cast, ASME B16.18 or wrought, ASME B16.22. 

2.25 CONTROL WIRE AND CABLE 

A. Wire: Single conductor control wiring above 24 V. 

1. Wire Size: Minimum 14 AWG. 
2. Conductors: 7/24 soft annealed copper strand with 2- to 2.5-inch lay. 
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3. Conductor Insulation: 600 V, Type THWN or Type THHN, and 90 deg C in accordance 
with UL 83. 

4. Conductor Insulation Colors: Black (hot), white (neutral), and green (ground). 
5. Furnish on spools. 

B. Single, Twisted-Shielded, Instrumentation Cable above 24 V: 

1. Wire Size: Minimum 18 AWG. 
2. Conductors: Twisted, 7/24 soft annealed copper strand with a 2- to 2.5-inch lay. 
3. Conductor Insulation: Type THHN/THWN or Type TFN rating. 
4. Conductor Insulation Colors: 

a. Twisted Pair: Black and white. 
b. Twisted Triad: Black, red, and white. 

5. Shielding: 100 percent type, 0.35/0.5-mil aluminum/Mylar tape, helically applied with 25 
percent overlap, and aluminum side in with tinned copper drain wire. 

6. Outer Jacket Insulation: 600 V, 90 deg C rating, and Type TC cable. 
7. Furnish on spools. 

C. Single, Twisted-Shielded, Instrumentation Cable 24 V and Less: 

1. Wire Size: Minimum 18 AWG. 
2. Conductors: Twisted, 7/24 soft annealed copper stranding with a 2- to 2.5-inch lay. 
3. Conductor Insulation: Nominal 15-mil thickness, constructed from flame-retardant PVC. 
4. Conductor Insulation Colors: 

a. Twisted Pair: Black and white. 
b. Twisted Triad: Black, red, and white. 

5. Shielding: 100 percent type, 1.35-mil aluminum/polymer tape, helically applied with 25 
percent overlap, and aluminum side in with tinned copper drain wire. 

6. Outer Jacket Insulation: 300 V, 105 deg C rating, and Type PLTC cable. 
7. Furnish on spools. 

D. LAN and Communication Cable: Comply with DDC system manufacturer requirements for 
network being installed. 

1. Comply with following requirements for balanced twisted pair cable: 

a. Plenum rated. 
b. Unique color that is different from other cables used on Project. 

2.26 RACEWAYS 

A. Submit raceways for approval, should any be required for professional and workmanlike cable 
management. 
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2.27 ACCESSORIES 

A. Control Damper Blade Limit Switches: 

1. Application: Sense positive open and/or closed position of damper blades. 
2. NEMA 250, Type 13, oiltight construction. Install in instrument enclosure where required 

for additional environmental protection. 
3. Arrange for mounting application, and to prevent "over-center" operation. 

B. Instrument Enclosures: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Hammond Mfg. Co. Inc. 

2. Application: Include instrument enclosure for secondary protection to comply with 
requirements indicated in "Performance Requirements" Article. 

3. Certification: NRTL listed and labeled to UL 50 or UL 508A as applicable. 
4. Subpanel: 

a. Size enclosure with least 25 percent spare area on subpanel. 
b. Mount instrument(s) within enclosure on internal subpanel(s). 

5. Identification: Include on face of enclosure an engraved, laminated phenolic nameplate 
for each instrument installed within enclosure. 

6. Raceways: For enclosures housing multiple instruments, route tubing, cable, and wiring 
within enclosure in a raceway having continuous removable cover. 

7. Access: Provide enclosures larger than 12 inches with hinged full-size face cover. 
8. Security: Equip enclosures with lock and common key. 

C. Manual Valves: 

1. Bronze Body Ball Valves: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) Apollo Valves; a part of Aalberts Integrated Piping Systems. 
2) NIBCO INC. 

b. Standard: MSS SP-110. 
c. SWP Rating: 150 psig. 
d. CWP Rating: 600 psig. 
e. Body Design: Two piece. 
f. Body Material: Bronze. 
g. Ends: Threaded. 
h. Seats: PTFE. 
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i. Stem: Stainless steel. 
j. Ball: Stainless steel, vented. 
k. Handle: Stainless steel with vinyl grip. 
l. Port: Full. 

2.28 IDENTIFICATION 

A. Control Equipment, Instruments, and Control Devices:  

1. Laminated acrylic or melamine plastic sign bearing unique identification. 

a. Include instruments with unique identification identified by equipment being 
controlled or monitored, followed by point identification. 

2. Letter size as follows: 

a. Servers: Minimum of 0.5 inch high. 
b. DDC Controllers: Minimum of 0.5 inch high. 
c. Gateways: Minimum of 0.5 inch high. 
d. Repeaters: Minimum of 0.5 inch high. 
e. Enclosures: Minimum of 0.5 inch high. 
f. Electrical Power Devices: Minimum of 0.25 inch high. 
g. UPS units: Minimum of 0.5 inch high. 
h. Accessories: Minimum of 0.25 inch high. 
i. Instruments: Minimum of 0.25 inch high. 
j. Control Damper and Valve Actuators: Minimum of 0.25 inch high. 

3. Engraved phenolic consisting of three layers of rigid laminate. Top and bottom layers 
color-coded black with contrasting white center exposed by engraving through outer 
layer. 

4. Fastened with drive pins. 
5. Instruments, control devices, and actuators with Project-specific identification tags 

having unique identification numbers following requirements indicated and provided by 
original manufacturer do not require additional identification. 

B. Valve Tags: 

1. Brass tags and brass chains attached to valve. 
2. Tag Size: Minimum 1.5 inches in diameter. 
3. Include tag with unique valve identification indicating control influence such as flow, 

level, pressure, or temperature; followed by location of valve, and followed by three-digit 
sequential number. For example: TV-1.001. 

4. Valves with Project-specific identification tags having unique identification numbers 
following requirements indicated and provided by original manufacturer do not require 
an additional tag. 
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C. Raceway and Boxes: 

1. Comply with requirements for identification specified in Section 26 05 53 "Identification 
for Electrical Systems." 

2. Paint cover plates on junction boxes and conduit same color as tape banding for conduits. 
After painting, label cover plate "HVAC Controls" using engraved phenolic tag. 

D. Equipment Warning Labels: 

1. Self-adhesive label with pressure-sensitive adhesive back and peel-off protective jacket. 
2. Lettering size at least 14-point type with white lettering on red background. 
3. Warning label to read "CAUTION-Equipment operated under remote automatic control 

and may start or stop at any time without warning. Switch electric power disconnecting 
means to OFF position before servicing." 

4. Lettering to be enclosed in a white line border. Edge of label is to extend at least 0.25 
inch beyond white border. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of the Work. 

1. Verify compatibility with and suitability of substrates. 

B. Examine roughing-in for instruments installed in piping to verify actual locations of 
connections before installation. 

C. Examine roughing-in for instruments installed in duct systems to verify actual locations of 
connections before installation. 

D. Examine walls, floors, roofs, and ceilings for suitable conditions where product will be 
installed. 

E. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 
the Work. 

F. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 DDC SYSTEM INTERFACE WITH OTHER SYSTEMS AND EQUIPMENT 

A. Communication Interface to Equipment with Integral Controls: 

1. DDC system has communication interface with equipment having integral controls and 
having communication interface for remote monitoring or control. 
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3.3 DDC SYSTEM INTERFACE WITH EXISTING SYSTEMS 

A. Interface with Existing Systems: 

1. Remove and discard existing building controls. Provide new controls as indicated on the 
drawings. HVAC motors and VFDs to be replaced. Aside from motor replacement , no 
new HVAC, Plumbing, or fuel oil systems are to be provided. 

3.4 GENERAL INSTALLATION REQUIREMENTS 

A. Install products to satisfy more stringent of all requirements indicated. 

B. Install products level, plumb, parallel, and perpendicular with building construction. 

C. Support products, tubing, piping wiring, and raceways. Brace products to prevent lateral 
movement and sway or a break in attachment when subjected to seismic force. 

D. If codes and referenced standards are more stringent than requirements indicated, comply with 
requirements in codes and referenced standards. 

E. Fabricate openings and install sleeves in ceilings, floors, roof, and walls required by installation 
of products. Before proceeding with drilling, punching, and cutting, check for concealed work 
to avoid damage. Patch, flash, grout, seal, and refinish openings to match adjacent condition. 

F. Firestop Penetrations Made in Fire-Rated Assemblies: Comply with requirements in Section 07 
84 13 "Penetration Firestopping." 

G. Seal penetrations made in acoustically rated assemblies. Comply with requirements in 
Section 07 92 00 "Joint Sealants." 

H. Fastening Hardware: 

1. Wrenches, pliers, and other tools that damage surfaces of rods, nuts, and other parts are 
prohibited for work of assembling and tightening fasteners. 

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force 
or by oversized wrenches. 

3. Lubricate threads of bolts, nuts, and screws with graphite and oil before assembly. 

I. If product locations are not indicated, install products in locations that are accessible and that 
will permit service and maintenance from floor, equipment platforms, or catwalks without 
removal of permanently installed furniture and equipment. 

3.5 INSTALLATION OF GATEWAYS 

A. Install gateways if required for DDC system communication interface requirements indicated. 

B. Test gateways to verify that communication interface functions properly. 
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3.6 INSTALLATION OF ROUTERS 

A. Install routers if required for DDC system communication interface requirements indicated. 

B. Test routers to verify that communication interface functions properly. 

3.7 INSTALLATION OF CONTROLLERS 

A. Install controllers in enclosures to comply with indicated requirements. 

B. Connect controllers to field power supply. 

C. Install controllers with latest version of applicable software and configure to execute 
requirements indicated. 

D. Test and adjust controllers to verify operation of connected I/O to achieve performance 
indicated requirements while executing sequences of operation. 

E. Installation of Network Controllers: 

1. DDC system provider and DDC system manufacturer to determine quantity and location 
of network controllers to satisfy requirements indicated. Provide minimum quantity 
indicated. 

2. Install controllers in a protected location that is easily accessible by operators. 
3. Locate top of controller within 72 inches of finished floor. 

F. Installation of Programmable Application Controllers: 

1. DDC system provider and DDC system manufacturer to determine quantity and location 
of programmable application controllers to satisfy requirements indicated. Provide 
minimum quantity indicated. 

2. Install controllers in a protected location that is easily accessible by operators. 
3. Locate top of controller within 72 inches of finished floor, except where dedicated 

controllers are installed at terminal units. 

G. Application-Specific Controllers: 

1. DDC system provider and DDC system manufacturer to determine quantity and location 
of application-specific controllers to satisfy requirements indicated. Provide minimum 
quantity indicated. 

2. For controllers not mounted directly on equipment being controlled, install controllers in 
a protected location that is easily accessible by operators. 

3.8 INSTALLATION OF ENCLOSURES 

A. Install the following items in enclosures, to comply with indicated requirements: 

1. Gateways. 
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2. Routers. 
3. Controllers. 
4. Electrical power devices. 
5. UPS units. 
6. Relays. 
7. Accessories. 
8. Instruments. 
9. Actuators. 

B. Attach wall-mounted enclosures to wall using the following types of steel struts: 

1. For NEMA 250, Type 12 Enclosures: Use painted steel or galvanized-steel strut and 
hardware. 

2. For NEMA 250, Type 4 Enclosures and Enclosures Located Outdoors: Use stainless steel 
strut and hardware. 

3. Install plastic caps on exposed cut edges of strut. 

C. Align top of adjacent enclosures of like size. 

D. Install continuous and fully accessible wireways to connect conduit, wire, and cable to multiple 
adjacent enclosures. Wireways used for application are to have protection equal to NEMA 250 
rating of connected enclosures. 

3.9 ELECTRIC POWER CONNECTIONS 

A. Connect electrical power to DDC system products requiring electrical power connections. 

B. Design of electrical power to products not indicated with electric power is delegated to DDC 
system provider and installing trade to provide a fully functioning DDC system. Work is to 
comply with NFPA 70 and other requirements indicated. 

C. Comply with requirements in Section 26 05 19 "Low-Voltage Electrical Power Conductors and 
Cables" for electrical power conductors and cables. 

D. Comply with requirements in Section 26 05 33 "Raceway and Boxes for Electrical Systems" for 
electrical power raceways and boxes. 

3.10 INSTALLATION OF IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements in 
Section 26 05 53 "Identification for Electrical Systems" for identification products and 
installation. 

B. Install laminated acrylic or melamine plastic signs with unique identification on face for each of 
the following: 

1. Gateway. 
2. Router. 
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3. Protocol analyzer. 
4. DDC controller. 
5. Enclosure. 
6. Electrical power device. 
7. UPS unit. 
8. Accessory. 

C. Install unique instrument identification for each instrument connected to DDC controller. 

D. Install unique identification for each control damper and valve actuator connected to DDC 
controller. 

E. Where product is installed above an inaccessible ceiling, also install identification on face of 
access door directly below. 

F. Warning Labels and Signs: 

1. Permanently attach to equipment that can be automatically started by DDC control 
system. 

2. Locate where highly visible near power service entry points. 

3.11 INSTALLATION OF NETWORKS 

A. Install balanced twisted pair cable when connecting between the following network 
devices located in same building: 
1. Network controllers. 

B. Install balanced twisted pair or copper cable (as required by equipment) when connecting 
between the following: 

1. Gateways. 
2. Gateways and network controllers or programmable application controllers. 
3. Routers. 
4. Routers and network controllers or programmable application controllers. 
5. Network controllers and programmable application controllers. 
6. Programmable application controllers. 
7. Programmable application controllers and application-specific controllers. 
8. Application-specific controllers. 

C. Install cable in continuous raceway. 

1. Cable trays may be used for copper cable in lieu of conduit. Submit locations for 
approval. 

3.12 NETWORK NAMING AND NUMBERING 

A. Coordinate with Owner and provide unique naming and addressing for networks and devices. 
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B. ASHRAE 135 Networks: 

1. MAC Address: 

a. Assign and document a MAC address unique to its network for every network 
device. 

b. Ethernet Networks: Document MAC address assigned at its creation. 
c. MS/TP Networks: Assign from 00 to 64. 

2. Network Numbering: 

a. Assign unique numbers to each new network. 
b. Provide ability for changing network number through device switches or operator 

interface. 
c. DDC system, with all possible connected LANs, can contain up to 65,534 unique 

networks. 

3. Device Object Identifier Property Number: 

a. Assign unique device object identifier property numbers or device instances for 
each device network. 

b. Provide for future modification of device instance number by device switches or 
operator interface. 

c. LAN is to support up to 4,194,302 unique devices. 

4. Device Object Name Property Text: 

a. Device object name property field to support 32 minimum printable characters. 
b. Assign unique device "Object Name" property names with plain-English 

descriptive names for each device. 

1) Example 1: Device object name for device controlling heating water boiler 
plant at Building 1000 would be "Heating Water System Bldg. 1000." 

2) Example 2: Device object name for VAV terminal unit controller could be 
"VAV Unit 102." 

5. Object Name Property Text for Other Than Device Objects: 

a. Object name property field is to support 32 minimum printable characters. 
b. Assign object name properties with plain-English names descriptive of application. 

1) Example 1: "Zone 1 Temperature." 
2) Example 2 "Fan Start and Stop." 

6. Object Identifier Property Number for Other Than Device Objects: 

a. Assign object identifier property numbers according to Drawings indicated. 
b. If not indicated, object identifier property numbers may be assigned at Installer's 

discretion but must be approved by Owner in advance, be documented, and be 
unique for like object types within device. 
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3.13 INSTALLATION OF PROCESS TUBING 

A. Install process tubing for signal to instruments in liquid systems. Instruments include, but are 
not limited to, the following: 

1. Meters. 
2. Sensors. 
3. Switches. 
4. Transmitters. 

B. Support tubing in accordance with MSS SP-58, but at intervals no more than 60 inches apart. 

C. Install minimum NPS 1/2 process tubing for industrial-grade sensors, transmitters, and 
switches. Install bushings where required. 

D. Make smooth tubing bends with a bending tool. Flattened or wrinkled bends are unacceptable. 

E. Support tubing independent of other trades. 

F. Route tubing parallel to and at right angles to building construction. 

G. Install tubing concealed in areas with ceilings. 

H. Install dirt leg with an isolation valve and threaded plug in drain valve at each connection to a 
transmitter and switch. 

I. Insulate process piping and tubing connected to hot water and steam systems for personnel 
protection if surface temperature exceeds 120 deg F. Only insulate piping and tubing within 
maintenance personnel reach from floor, platform, or catwalk. 

J. Wrap pipe threads of fitting in process tubing with service temperatures below 350 deg F with 
single wrap of PTFE tape. 

K. Coat pipe threads of fittings on process tubing in services with temperatures exceeding 350 
deg F with pipe compound before being made up to reduce possibility of galling. 

L. Do not make tubing connections to a fitting before completing makeup of connection. 

M. Check tubing for correct diameter and wall thickness. Cut the tube ends square and deburred. 
Exercise care during cutting to keep tubing round. 

N. Do not install fittings close to a bend. Straight length of tubing, not deformed by bending, is 
required for proper connection. 

O. Align tubing with fitting when installed. Avoid springing tube into position. 

P. Install tubing with extreme care to keep foreign matter out of system. Plug open tubing ends to 
keep out dust, dirt, and moisture. 
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Q. Do not attach tubing to equipment that may be removed frequently for maintenance or may 
impart vibration and expansion from temperature change. 

R. Identify above-grade process tubing as follows: 

1. Every 50 ft. of straight run. 
2. At least once for each branch within 36 inches of main tee. 
3. Near each change in direction. 
4. Within 36 inches of each ceiling, floor, roof, and wall penetration. 
5. Where exposed to and where concealed from view, including above ceiling plenums, 

shafts, and chases. 
6. Near each isolation valve. 
7. Mark each instrument tube connection with a number-coded identification. Each unique 

tube is to have same unique number at instrument connection and termination at opposite 
end of tube. 

S. Process Tubing Isolation Valves Installation: 

1. Install valves full size of piping and tubing. 
2. Install isolation valves at the following locations: 

a. Process connection. 
b. Inlet to each instrument including, sensors, transmitters, switches, gauges, and 

other control devices. 

3. Locate valves to be readily accessible from floor. 
4. Install needle valves for isolation and throttling applications. Option to install ball valves 

in lieu of needle valves for isolation only applications. 

3.14 INSTALLATION OF CONTROL WIRE, CABLE, AND RACEWAY 

A. Comply with NECA 1. 

B. Wire and Cable Installation: 

1. Comply with installation requirements in Section 26 05 23 "Control-Voltage Electrical 
Power Cables." 

2. Install cables with protective sheathing that is waterproof and capable of withstanding 
continuous temperatures of 90 deg C with no measurable effect on physical and electrical 
properties of cable. 

a. Provide shielding to prevent interference and distortion from adjacent cables and 
equipment. 

3. Terminate wiring in a junction box. 

a. Clamp cable over jacket in a junction box. 
b. Individual conductors in the stripped section of cable is to be slack between the 

clamping point and terminal block. 
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4. Terminate field wiring and cable not directly connected to instruments and control 
devices having integral wiring terminals using terminal blocks. 

5. Install signal transmission components in accordance with IEEE C2, REA Form 511a, 
NFPA 70, and as indicated. 

6. Use shielded cable to transmitters. 
7. Use shielded cable to temperature sensors. 
8. Perform continuity and meager testing on wire and cable after installation. 

C. Conduit Installation: 

1. Comply with Section 26 05 33 "Raceway and Boxes for Electrical Systems" for control-
voltage conductors. 

3.15 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. 
Certify compliance with test parameters. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 
equipment. 

3.16 DDC SYSTEM I/O CHECKOUT PROCEDURES 

A. Check installed products before continuity tests, leak tests, and calibration. 

B. Check instruments for proper location and accessibility. 

C. Check instruments for proper installation on direction of flow, elevation, orientation, insertion 
depth, or other applicable considerations that will impact performance. 

D. Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, and 
support. 

E. Control Damper Checkout: 

1. Verify that new controls function with existing control dampers. Validate all points of 
operation. 

F. Control Valve Checkout: 

1. Verify that new controls function with existing control valves. Validate all points of 
operation. 

G. Instrument Checkout: 

1. Verify that instrument is correctly installed for location, orientation, direction, and 
operating clearances. 
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2. Verify that attachment is properly secured and sealed. 
3. Verify that conduit connections are properly secured and sealed. 
4. Verify that wiring is properly labeled with unique identification, correct type, and size 

and is securely attached to proper terminals. 
5. Inspect instrument tag against approved submittal. 
6. For instruments with tubing connections, verify that tubing attachment is secure and 

isolation valves have been provided. 
7. For flow instruments, verify that recommended upstream and downstream distances have 

been maintained. 
8. For temperature instruments, verify the following: 

a. Sensing element type and proper material. 
b. Length and insertion. 

3.17 DDC SYSTEM I/O ADJUSTMENT, CALIBRATION, AND TESTING 

A. Calibrate each instrument installed that is not factory calibrated and provided with calibration 
documentation. 

B. Provide written description of proposed field procedures and equipment for calibrating each 
type of instrument. Submit procedures before calibration and adjustment. 

C. For each analog instrument, make three-point test of calibration for both linearity and accuracy. 

D. Equipment and procedures used for calibration to comply with instrument manufacturer's 
written instructions. 

E. Provide diagnostic and test equipment for calibration and adjustment. 

1. Use field testing and diagnostic instruments and equipment with an accuracy at least 
twice the instrument accuracy of instrument to be calibrated. For example, test and 
calibrate an installed instrument with accuracy of 1 percent using field testing and 
diagnostic instrument with accuracy of 0.5 percent or better. 

F. Calibrate each instrument in accordance with instruction manual supplied by instrument 
manufacturer. 

G. If after calibration the indicated performance cannot be achieved, replace out-of-tolerance 
instruments. 

H. Comply with field testing requirements and procedures indicated by ASHRAE's Guideline 11, 
"Field Testing of HVAC Controls Components," in the absence of specific requirements, and to 
supplement requirements indicated. 

I. Analog Signals: 

1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100 
percent. 

2. Check analog current signals using a precision current meter at zero, 50, and 100 percent. 
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3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating 
span using a precision-resistant source. 

J. Digital Signals: 

1. Check digital signals using a jumper wire. 
2. Check digital signals using an ohmmeter to test for contact making or breaking. 

K. Control Dampers: 

1. Stroke and adjust control dampers following manufacturer's recommended procedure, 
from 100 percent open to 100 percent closed and back to 100 percent open. 

2. Check and document open and close cycle times for applications with cycle time less 
than 30 seconds. 

3. For control dampers equipped with positive position indication, check feedback signal at 
multiple positions to confirm proper position indication. 

L. Control Valves: 

1. Stroke and adjust control valves following manufacturer's recommended procedure, from 
100 percent open to 100 percent closed and back to 100 percent open. 

2. Check and document open and close cycle times for applications with cycle time less 
than 30 seconds. 

3. For control valves equipped with positive position indication, check feedback signal at 
multiple positions to confirm proper position indication. 

M. Meters: Check meters at zero, 50, and 100 percent of Project design values. 

N. Sensors: Check sensors at zero, 50, and 100 percent of Project design values. 

O. Switches: Calibrate switches to make or break contact at set points indicated. 

P. Transmitters: 

1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values. 
2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a 

precision-resistant source. 

3.18 DDC SYSTEM CONTROLLER CHECKOUT 

A. Verify power supply. 

1. Verify voltage, phase, and hertz. 
2. Verify that protection from power surges is installed and functioning. 
3. Verify that ground fault protection is installed. 
4. If applicable, verify if connected to UPS unit. 
5. If applicable, verify if connected to backup power source. 
6. If applicable, verify that power conditioning units are installed. 



YSD HVAC DDC UPGRADES  COFFMAN ENGINEERS, INC 
AKIACHAK, AKIAK, TULUKSAK, ALASKA  PROJECT NO. 211163 
100% DELIVERABLE  NOVEMBER 8, 2021 
 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 23 09 23 - 71 

B. Verify that wire and cabling are properly secured to terminals and labeled with unique 
identification. 

C. Verify that spare I/O capacity is provided. 

3.19 DDC CONTROLLER I/O CONTROL LOOP TESTS 

A. Testing: 

1. Test every I/O point connected to DDC controller to verify that safety and operating 
control set points are as indicated and as required to operate controlled system safely and 
at optimum performance. 

2. Test every I/O point throughout its full operating range. 
3. Test every control loop to verify that operation is stable and accurate. 
4. Adjust control loop proportional, integral, and derivative settings to achieve optimum 

performance while complying with performance requirements indicated. Document 
testing of each control loop's precision and stability via trend logs. 

5. Test and adjust every control loop for proper operation according to sequence of 
operation. 

6. Test software and hardware interlocks for proper operation. Correct deficiencies. 
7. Operate each analog point at the following: 

a. Upper quarter of range. 
b. Lower quarter of range. 
c. At midpoint of range. 

8. Exercise each binary point. 
9. For every I/O point in DDC system, read and record each value at operator workstation, 

at DDC controller, and at field instrument simultaneously. Value displayed at operator 
workstation, at DDC controller, and at field instrument must match. 

10. Prepare and submit report documenting results for each I/O point in DDC system and 
include in each I/O point a description of corrective measures and adjustments made to 
achieve desire results. 

3.20 DDC SYSTEM VALIDATION TESTS 

A. Perform validation tests before requesting final review of system. Before beginning testing, first 
submit Pretest Checklist and Test Plan. 

B. After approval of Pretest Checklist and Test Plan, execute all tests and procedures indicated in 
plan. 

C. After testing is complete, submit completed Pretest Checklist. 

D. Pretest Checklist: Submit the following list with items checked off once verified: 

1. Detailed explanation for any items that are not completed or verified. 
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2. Required mechanical installation work is successfully completed and HVAC equipment 
is working correctly. 

3. HVAC equipment motors operate below full-load amperage ratings. 
4. Required DDC system components, wiring, and accessories are installed. 
5. Installed DDC system architecture matches approved Drawings. 
6. Control electric power circuits operate at proper voltage and are free from faults. 
7. Required surge protection is installed. 
8. DDC system network communications function properly, including uploading and 

downloading programming changes. 
9. Using BACnet protocol analyzer, verify that communications are error free. 
10. Each controller's programming is backed up. 
11. Equipment, products, tubing, wiring cable, and conduits are properly labeled. 
12. All I/O points are programmed into controllers. 
13. Testing, adjusting, and balancing work affecting controls is complete. 
14. Dampers and actuators zero and span adjustments are set properly. 
15. Each control damper and actuator goes to failed position on loss of power and loss of 

signal. 
16. Valves and actuators zero and span adjustments are set properly. 
17. Each control valve and actuator goes to failed position on loss of power and loss of 

signal. 
18. Meter, sensor, and transmitter readings are accurate and calibrated. 
19. Control loops are tuned for smooth and stable operation. 
20. View trend data where applicable. 
21. Each controller works properly in standalone mode. 
22. Safety controls and devices function properly. 
23. Interfaces with fire-alarm system function properly. 
24. Electrical interlocks function properly. 
25. Operator workstations and other interfaces are delivered, all system and database 

software is installed, and graphics are created. 
26. Record Drawings are completed. 

E. Test Plan: 

1. Prepare and submit validation Test Plan including test procedures for performance 
validation tests. 

2. Address all specified functions of DDC system and sequences of operation in Test Plan. 
3. Explain detailed actions and expected results to demonstrate compliance with 

requirements indicated. 
4. Explain method for simulating necessary conditions of operation used to demonstrate 

performance. 
5. Include Test Checklist to be used to check and initial that each test has been successfully 

completed. 
6. Submit Test Plan documentation 20 business days before start of tests. 

F. Validation Test: 

1. Verify operating performance of each I/O point in DDC system. 

a. Verify analog I/O points at operating value. 
b. Make adjustments to out-of-tolerance I/O points. 
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1) Identify I/O points for future reference. 
2) Simulate abnormal conditions to demonstrate proper function of safety 

devices. 
3) Replace instruments and controllers that cannot maintain performance 

indicated after adjustments. 

2. Simulate conditions to demonstrate proper sequence of control. 
3. Readjust settings to design values and observe ability of DDC system to establish desired 

conditions. 
4. 24 hours after initial validation test, do as follows: 

a. Re-check I/O points that required corrections during initial test. 
b. Identify I/O points that still require additional correction and make corrections 

necessary to achieve desired results. 

5. 24 Hours after second validation test, do as follows: 

a. Re-check I/O points that required corrections during second test. 
b. Continue validation testing until I/O point is normal on two consecutive tests. 

6. Completely check out, calibrate, and test all connected hardware and software to ensure 
that DDC system performs according to requirements indicated. 

7. After validation testing is complete, prepare and submit report indicating results of 
testing. For all I/O points that required correction, indicate how many validation re-tests 
it took to pass. Identify adjustments made for each test and indicate instruments that were 
replaced. 

G. DDC System Network Bandwidth Test: 

1. Test network bandwidth usage on all DDC system networks to demonstrate bandwidth 
usage under DDC system normal operating conditions and under simulated HLC. 

2. To pass, none of DDC system networks are to use more than 70 percent of available 
bandwidth under normal and HLC operation. 

3.21 VERIFICATION OF DDC SYSTEM WIRELESS NETWORK 

A. DDC system Installer is to design wireless DDC system networks to comply with performance 
requirements indicated. 

B. Verify wireless network performance through field testing and document results in a field test 
report. 

C. Testing and verification of all wireless devices to include, but not be limited to, the following: 

1. Speed. 
2. Online status. 
3. Signal strength. 
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3.22 FINAL REVIEW 

A. Submit written request to Owner and Commissioning Agent when DDC system is ready for 
final review. State the following: 

1. DDC system has been thoroughly inspected for compliance with Contract Documents 
and found to be in full compliance. 

2. DDC system has been calibrated, adjusted, and tested and found to comply with 
requirements of operational stability, accuracy, speed, and other performance 
requirements indicated. 

3. DDC system monitoring and control of HVAC systems results in operation according to 
sequences of operation indicated. 

4. DDC system is complete and ready for final review. 

B. Upon receipt of written request for final review, Owner and Commissioning Agent to start 
review within reasonable period and upon completion issue field report(s) documenting 
observations and deficiencies. 

C. Take prompt action to remedy deficiencies indicated in reviewer's field report(s) and submit 
second written request after all deficiencies have been corrected. Repeat process until no 
deficiencies are reported. 

D. Prepare and submit closeout submittals when no deficiencies are reported. 

E. Part of DDC system final review shall to include demonstration to parties participating in final 
review. 

1. Provide staff familiar with DDC system installed to demonstrate operation of DDC 
system during final review. 

2. Provide testing equipment to demonstrate accuracy and other performance requirements 
of DDC system that is requested by reviewers during final review. 

3. Demonstration to include, but not be limited to, the following: 

a. Accuracy and calibration of 10 I/O points randomly selected by reviewers. If 
review finds that some I/O points are not properly calibrated and not satisfying 
performance requirements indicated, additional I/O points may be selected by 
reviewers until total I/O points being reviewed that satisfy requirements equals 
quantity indicated. 

b. HVAC equipment and system hardwired and software safeties and life-safety 
functions are operating according to sequence of operation. Up to 10 I/O points to 
be randomly selected by reviewers. Additional I/O points may be selected by 
reviewers to discover problems with operation. 

c. Correct sequence of operation after electrical power interruption and resumption 
after electrical power is restored for randomly selected HVAC systems. 

d. Operation of randomly selected dampers and valves in normal-on, normal-off, and 
failed positions. 

e. Reporting of alarm conditions for randomly selected alarms, including different 
classes of alarms, to ensure that alarms are properly received by operators and 
operator workstations. 

f. Trends, summaries, logs, and reports set up for Project. 
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g. For up to three HVAC systems randomly selected by reviewers, use graph trends 
to show that sequence of operation is executed in correct manner and that HVAC 
systems operate properly through complete sequence of operation including 
different modes of operations indicated. Show that control loops are stable and 
operating at set points and respond to changes in set point of 20 percent or more. 

h. Software's ability to communicate with controllers, operator workstations, and 
uploading and downloading of control programs. 

i. Software's ability to edit control programs offline. 
j. Data entry to show Project-specific customizing capability including parameter 

changes. 
k. Step through penetration tree, display all graphics, demonstrate dynamic update, 

and direct access to graphics. 
l. Execution of digital and analog commands in graphic mode. 
m. Spreadsheet and curve plot software and its integration with database. 
n. Online user guide and help functions. 
o. Multitasking by showing different operations occurring simultaneously on four 

quadrants of split screen. 
p. System speed of response compared to requirements indicated. 
q. For Each Network and Programmable Application Controller: 

1) Memory: Programmed data, parameters, trend, and alarm history collected 
during normal operation are not to be lost during power failure. 

2) Operator Interface: Ability to connect directly to each type of digital 
controller with portable workstation and mobile device. Show that 
maintenance personnel interface tools perform as indicated in 
manufacturer's technical literature. 

3) Standalone Ability: Demonstrate that controllers provide stable and reliable 
standalone operation using default values or other method for values 
normally read over network. 

4) Electric Power: Ability to disconnect any controller safely from its power 
source. 

5) Wiring Labels: Match control drawings. 
6) Network Communication: Ability to locate controller's location on network 

and communication architecture matches Shop Drawings. 
7) Nameplates and Tags: Accurate and permanently attached to control panel 

doors, instrument, actuators, and devices. 

r. Communications and Interoperability: Demonstrate proper interoperability of data 
sharing, alarm and event management, trending, scheduling, and device and 
network management. Use ASHRAE 135 protocol analyzer to help identify 
devices, view network traffic, and verify interoperability. Requirements must be 
met even if only one manufacturer's equipment is installed. 

1) Data Presentation: On each operator workstation, demonstrate graphic 
display capabilities. 

2) Reading of Any Property: Demonstrate ability to read and display any used 
readable object property of any device on network. 

3) Set-Point and Parameter Modifications: Show ability to modify set points 
and tuning parameters indicated. Modifications are made with messages and 
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write services initiated by operator using workstation graphics, or by 
completing a field in menu with instructional text. 

4) Peer-to-Peer Data Exchange: Network devices are installed and configured 
to perform without need for operator intervention to implement Project 
sequence of operation and to share global data. 

5) Alarm and Event Management: Alarms and events are installed and 
prioritized according to Owner. Demonstrate that time delays and other 
logic are set up to avoid nuisance tripping. Show that operators with 
sufficient privileges are permitted. 

6) Schedule Lists: Schedules are configured for start and stop, mode change, 
occupant overrides, and night setback as defined in sequence of operations. 

7) Schedule Display and Modification: Ability to display any schedule with 
start and stop times for calendar year. Show that all calendar entries and 
schedules are modifiable from any connected operator workstation by an 
operator with sufficient privilege. 

8) Archival Storage of Data: Data archiving is handled by operator workstation 
and server and local trend archiving and display is accomplished. 

9) Modification of Trend Log Object Parameters: Operator with sufficient 
privilege can change logged data points, sampling rate, and trend duration. 

10) Device and Network Management: 

a) Display of network device status. 
b) Display of BACnet object information. 
c) Silencing devices transmitting erroneous data. 
d) Time synchronization. 
e) Remote device re-initialization. 
f) Backup and restore network device programming and master 

database(s). 
g) Configuration management of routers. 

3.23 EXTENDED OPERATION TEST 

A. Operate DDC system for operating period of 28 consecutive calendar days following 
Substantial Completion. Coordinate exact start date of testing with Owner. 

B. During operating period, DDC system to demonstrate correct operation and accuracy of 
monitored and controlled points as well as operation capabilities of sequences, logs, trends, 
reports, specialized control algorithms, diagnostics, and other software indicated. 

1. Correct defects of hardware and software when they occur. 

C. Definition of Failures and Downtime during Operating Period: 

1. Failed I/O point constituting downtime is I/O point failing to perform its intended 
function consistently and a point physically failed due to hardware and software. 

2. Downtime is when any I/O point in DDC system is unable to fulfill its required function. 
3. Calculate downtime as elapsed time between detected point failure as confirmed by 

operator, and time point is restored to service. 
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4. Maximum time interval allowed between DDC system detection of failure occurrence 
and operator confirmation is to be 0.5 hours. 

5. Log downtime in hours to nearest 0.1 hour. 
6. Power outages do not count as downtime, but do suspend test hours unless systems are 

provided with UPS and served through a backup power source. 
7. Hardware or software failures caused by power outages do count as downtime. 

D. During operating period, log downtime and operational problems are encountered. 

1. Identify source of problem. 
2. Provide written description of corrective action taken. 
3. Record duration of downtime. 
4. Maintain log showing the following: 

a. Time of occurrence. 
b. Description of each occurrence and pertinent written comments for reviewer to 

understand scope and extent of occurrence. 
c. Downtime for each failed I/O point. 
d. Running total of downtime and total time of I/O point after each problem has been 

restored. 

5. Make log available to Owner for review at any time. 

E. For DDC system to pass extended operation test, total downtime is limited to 1 percent of total 
point-hours during operating period. 

1. If DDC system testing results fail to comply with minimum requirements of passing at 
end of operating period indicated, extend operating period one consecutive day at a time 
until DDC system passes requirement. 

F. Base evaluation of DDC system passing test on the following calculation: 

1. Count downtime on point-hour basis where total number of DDC system point-hours is 
equal to total number of I/O points in DDC system multiplied by total number of hours 
during operating period. 

2. One point-hour of downtime is one I/O point down for one hour. For example, three I/O 
points down for five hours is total of 15 point-hours of downtime. Four points down for 
one-half hour is two point-hours of downtime. 

3. Example Calculation: Maximum allowable downtime for 30-day test for DDC system 
with 1000 total I/O points (combined analog and binary) and passing score of 1 percent 
downtime is computed by 30 days x 24 h/day x 1000 points x 1 percent equals 7200 
point-hours of maximum allowable downtime. 

G. Prepare test and inspection reports. 

3.24 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.  
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3.25 MAINTENANCE SERVICE 

A. Beginning at Substantial Completion, verify that maintenance service includes 12 months' full 
maintenance by DDC system manufacturer's authorized service representative. Include monthly 
preventive maintenance, repair or replacement of worn or defective components, cleaning, 
calibration, and adjusting as required for proper operation. Use only manufacturer's authorized 
replacement parts and supplies. 

3.26 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, verify that service agreement includes 
software support for two year(s). 

B. Upgrade Service: At Substantial Completion, update software to latest version. Install and 
program software upgrades that become available within two year(s) from date of Substantial 
Completion. Verify that upgrading software includes operating system and new or revised 
licenses for using software. 

1. Upgrade Notice: No fewer than 30 days to allow Owner to schedule and access system 
and to upgrade computer equipment if necessary. 

3.27 DEMONSTRATION 

A. Engage a factory-authorized service representative with complete knowledge of Project-
specific system installed to train Owner's maintenance personnel to adjust, operate, and 
maintain DDC system. 

B. Extent of Training: 

1. Base extent of training on scope and complexity of DDC system indicated and training 
requirements indicated. Provide extent of training required to satisfy requirements 
indicated even if more than minimum training requirements are indicated. 

2. Inform Owner of anticipated training requirements if more than minimum training 
requirements are indicated. 

3. Minimum Training Requirements: 

a. Provide not less than three days of training total. 
b. Stagger training over multiple training classes to accommodate Owner's 

requirements. All training to occur before end of warranty period. 
c. Break down total days of training into not more than three separate training 

classes. 
d. Schedule training so each training class is not less than three consecutive day(s). 

C. Training Schedule: 

1. Schedule training to provide Owner with at least 10 business days of notice in advance of 
training. 
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2. Training to occur within normal business hours at mutually agreed on time. Unless 
otherwise agreed to, training to occur Monday through Friday, except on U.S. Federal 
holidays, with two morning sessions and two afternoon sessions. Each morning session 
and afternoon session to be split in half with 15-minute break between sessions. Morning 
and afternoon sessions to be separated by 60-minute lunch period. Training, including 
breaks and excluding lunch period, are not to exceed eight hours per day. 

3. Provide staggered training schedule as requested by Owner. 

D. Training Attendee List and Sign-in Sheet: 

1. Request from Owner in advance of training a proposed attendee list with name, phone 
number, and email address. 

2. Provide preprinted sign-in sheet for each training session with proposed attendees listed 
and no fewer than six blank spaces to add additional attendees. 

3. Include preprinted sign-in sheet with training session number, date and time, instructor 
name, phone number, email address, and brief description of content to be covered during 
session. List attendees with columns for name, phone number, and email address and a 
column for attendee signature or initials. 

4. Circulate sign-in sheet at beginning of each session and solicit attendees to sign or initial 
in applicable location. 

5. At end of each training day, send Owner an email with attachment of scanned copy 
(PDF) of circulated sign-in sheet for each session. Indicate which attendees, if any, joined 
for only part of training sessions. 

E. Training Attendee Headcount: 

1. Plan in advance of training for five attendees. 
2. Make allowance for Owner to add up to two attendee(s) at time of training. 
3. Headcount may vary depending on training content covered in session. Attendee access 

may be restricted to some training content for purposes of maintaining system security. 

F. Training Attendee Prior Knowledge: For guidance in planning required training and instruction, 
assume attendees have the following: 

1. High school education and degree. 
2. Basic user knowledge of computers and office applications. 
3. Basic knowledge of HVAC systems. 
4. No knowledge of DDC systems. 
5. No knowledge of DDC system and products installed. 

G. Attendee Training Manuals: 

1. Provide each attendee with color hard copy of all training materials and visual 
presentations. 

2. Organize hard-copy materials in three-ring binder with table of contents and individual 
divider tabs marked for each logical grouping of subject matter. Organize material to 
provide space for attendees to take handwritten notes within training manuals. 

3. In addition to hard-copy materials included in training manual, provide each binder with 
a sleeve or pocket that includes DVD or flash drive with PDF copy of all hard-copy 
materials. 
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H. Instructor Requirements: 

1. One or multiple qualified instructors, as required, to provide training. 

I. Organization of Training Sessions: 

1. Organize training sessions into logical groupings of technical content and to reflect 
different levels of operators having access to system. Plan training sessions to 
accommodate the following three levels of operators: 

a. Daily operators. 
b. Advanced operators. 
c. System managers and administrators. 

2. Plan and organize training sessions to group training content to protect DDC system 
security. Some attendees may be restricted to some training sessions to ensure DDC 
system security. 

J. Training Outline: 

1. Submit training outline for Owner review at least 10 business day before scheduling 
training. 

2. Include in outline a detailed agenda for each training day that is broken down into each of 
four training sessions that day, training objectives for each training session, and synopses 
for each lesson planned. 

K. On-Site Training: 

1. Owner will provide conditioned classroom or workspace with ample desks or tables, 
chairs, power, and data connectivity for instructor and each attendee. 

2. Provide training materials, projector, and other audiovisual equipment used in training. 
3. Provide as much of training located on-site as deemed feasible and practical by Owner. 
4. Include on-site training with regular walk-through tours, as required, to observe each 

unique product type installed with hands-on review of operation, calibration, and service 
requirements. 

5. Use operator workstation that is to be used with DDC system in the training. If operator 
workstations are unavailable, provide temporary workstation to convey training content. 

6. Provide capability to remotely access to Project DDC system for use in training. 
7. Provide operator workstation for use by each attendee. 

L. Training Content for Daily Operators: 

1. Basic operation of system. 
2. Understanding DDC system architecture and configuration. 
3. Understanding each unique product type installed including performance and service 

requirements for each. 
4. Understanding operation of each system and equipment controlled by DDC system 

including sequences of operation, each unique control algorithm, and each unique 
optimization routine. 

5. Operating operator workstations, printers, and other peripherals. 
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6. Logging on and off system. 
7. Accessing graphics, reports, and alarms. 
8. Adjusting and changing set points and time schedules. 
9. Recognizing DDC system malfunctions. 
10. Understanding content of operation and maintenance manuals including control 

drawings. 
11. Understanding physical location and placement of DDC controllers and I/O hardware. 
12. Accessing data from DDC controllers. 
13. Operating portable operator workstations. 
14. Review of DDC testing results to establish basic understanding of DDC system operating 

performance and HVAC system limitations as of Substantial Completion. 
15. Running each specified report and log. 
16. Displaying and demonstrating each data entry to show Project-specific customizing 

capability. Demonstrating parameter changes. 
17. Stepping through graphics penetration tree, displaying all graphics, demonstrating 

dynamic updating, and direct access to graphics. 
18. Executing digital and analog commands in graphic mode. 
19. Demonstrating control loop precision and stability via trend logs of I/O for not less than 

10 percent of I/O installed. 
20. Demonstrating DDC system performance through trend logs and command tracing. 
21. Demonstrating scan, update, and alarm responsiveness. 
22. Demonstrating spreadsheet and curve plot software, and its integration with database. 
23. Demonstrating on-line user guide, and help function and mail facility. 
24. Demonstrating multitasking by showing dynamic curve plot, and graphic construction 

operating simultaneously via split screen. 
25. Demonstrating the following for HVAC systems and equipment controlled by DDC 

system: 

a. Operation of HVAC equipment in normal-off, normal-on, and failed conditions 
while observing individual equipment, dampers, and valves for correct position 
under each condition. 

b. For HVAC equipment with factory-installed software, show that integration into 
DDC system is able to communicate with DDC controllers or gateways, as 
applicable. 

c. Using graphed trends, show that sequence of operation is executed in correct 
manner, and HVAC systems operate properly through complete sequence of 
operation including seasonal change, occupied and unoccupied modes, warm-up 
and cool-down cycles, and other modes of operation indicated. 

d. Hardware interlocks and safeties function properly and DDC system performs 
correct sequence of operation after electrical power interruption and resumption 
after power is restored. 

e. Reporting of alarm conditions for each alarm, and confirm that alarms are received 
at assigned locations, including operator workstations. 

f. Each control loop responds to set-point adjustment and stabilizes within time 
period indicated. 

g. Sharing of previously graphed trends of all control loops to demonstrate that each 
control loop is stable and set points are being maintained. 
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M. Training Content for System Managers and Administrators: 

1. DDC system software maintenance and backups. 
2. Uploading, downloading, and offline archiving of all DDC system software and 

databases. 
3. Interface with Project-specific, third-party operator software. 
4. Understanding password and security procedures. 
5. Adding new operators and making modifications to existing operators. 
6. Operator password assignments and modification. 
7. Operator authority assignment and modification. 
8. Workstation data segregation and modification. 

N. Video of Training Sessions: 

1. Provide digital video and audio recording of each training session. Create separate 
recording file for each session. 

2. Stamp each recording file with training session number, session name, and date. 
3. Provide Owner with one copy of digital files on cloud and flash drives for later reference 

and for use in future training. 
4. Owner retains right to make additional copies for intended training purposes without 

having to pay royalties. 

END OF SECTION 23 09 23 
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SECTION 26 00 00 

GENERAL ELECTRICAL REQUIRMENTS 

PART 1 - GENERAL: 

A. SUMMARY 

1. This section includes general requirements for the electrical installation. 

B. SCOPE OF WORK 

1. Provide all labor, equipment, materials, and services required for a complete installation, 

testing, and startup of all systems denoted on the plans and specifications. 

2. Verify existing and local conditions affecting the electrical work prior to commencement 

of project. 

C. ELECTRICAL DRAWINGS AND SYMBOLS 

1. Electrical drawings are diagrammatic and are not intended to show all features of work.  

However, the contractor shall provide products necessary for a complete and operable 

system in accordance with NEC, and all local amendments. 

2. Drawing symbols used for basic materials, equipment, etc., are denoted by industry 

standard symbols.  Special items are denoted by symbol legend or called out on the 

drawings or specification. 

D. COORDINATION 

1. Exposed raceways and cables where specifically allowed shall be routed in such a 

manner agreeable to the owner. Exposed raceway shall be painted to match building 

color. Coordinate all such work prior to installation. 

2. Obtain written permission from architect/engineer prior to cutting, drilling, or weakening 

structural components. 

1.2 PAINTING AND REPAIR 

A. All buildings materials, equipment and furniture damaged during the installation of the work 

must be repaired or replaced with materials in like kind and quality of the original by skilled 

labor experienced in that building trade. 

B. Items scratched or marred in shipment or installation shall be refinished with touchup paint 

selected to match installed equipment finish. 

1.3 SHOP DRAWINGS 

A. The Contractor shall furnish shop drawings and proper transmittal forms for all materials, and 

equipment to be incorporated in the work. 

B. Shop drawings on component items forming a system or that are interrelated shall be submitted 

at one time as a single submittal in order to demonstrate that the items have been properly 

coordinated and will function properly as a system.  A notation shall be made on each shop 

drawing submitted as to the items specific use, either by a particular type number referenced on 
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the drawings or in the specifications, or by a reference to the applicable paragraph of the 

specifications or by a description of its specific location.  The shop drawings shall be organized 

and bound into sets with each set collated. 

1.4 CODES AND STANDARDS 

A. The electrical work shall be in accordance with all applicable state and local codes, building 

ordinances and the N.E.C.  The electrical work shall merit the approval of the state and local 

enforcing authorities. 

1.5 QUALITY ASSURANCE 

A. Workmanship is considered important and is subject to approval.  Employ workmen skilled in 

the trade and familiar with particular techniques applicable to various sections of work. 

B. Provide all materials to conform with applicable industry standards and underwriters 

laboratories standards.  Whenever possible, similar items shall be supplied by the same 

manufacturer throughout the project. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. Materials and equipment shall be acceptable to the authority having jurisdiction as suitable for 

the use intended.  All electrical equipment shall bear the seal of a nationally recognized testing 

laboratory for the purpose for which it is installed. 

2.2 FIRESTOPPING 

A. Apply firestopping to penetrations of all fire rated ceiling and wall assemblies for electrical 

installations to restore original fire-resistant rating of assembly. Firestop sealant shall be 3m fire 

barrier sealant cp 25wb+ or approved equal. 

PART 3 - - EXECUTION 

3.1 FIELD QUALITY CONTROL 

A. Inspections:  Inspect all work after installation and prior to cover to assure that all requirements 

have been met.  Notify the authority having jurisdiction over installed electrical work in the 

area in a timely manner to inspect installed work.  Any work rendered inaccessible before 

inspection due to failure to notify Inspection Department or Owner's Representative shall be 

uncovered at the sole expense of the Contractor and with no extension of the contract schedule. 
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3.2 DEMONSTRATION 

A. Demonstrate a completely operational wiring system to the Owner's Representative prior to 

project completion.  Any systems which fail to operate during this demonstration shall be 

corrected and demonstrated at a later date. 
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SECTION 26 05 19 

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Copper building wire. 

2. Metal-clad cable, Type MC. 

3. Connectors and splices. 

B. Related Requirements: 

 

1. Section 26 05 23 "Control-Voltage Electrical Power Cables" for control systems 

communications cables and Classes 1, 2, and 3 control cables. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, location, and termination locations. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with 

an overall insulation layer or jacket, or both, rated 600 V or less. 

B. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 

intended location and use. 

2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

C. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 

for stranded conductors. 
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D. Conductor Insulation:  

1. Type THHN and Type THWN-2: Comply with UL 83. 

2. Type XHHW-2: Comply with UL 44. 

E. Shield: 

1. Type TC-ER: Cable designed for use with ASDs, with oversized crosslinked 

polyethylene insulation, spiral-wrapped foil plus 85 percent coverage braided shields and 

insulated full-size ground wire, and sunlight- and oil-resistant outer PVC jacket. 

2.2 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 

overall metallic sheath. 

B. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 

intended location and use. 

2. Comply with UL 1569. 

3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

C. Circuits: 

1. Single circuit and multicircuit with color-coded conductors. 

2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

D. Conductors:  Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 

for stranded conductors. 

E. Ground Conductor:  Insulated. 

F. Conductor Insulation: 

1. Type TFN/THHN/THWN-2: Comply with UL 83. 

2. Type XHHW-2: Comply with UL 44. 

G. Armor:  Aluminum, interlocked. 

H. Jacket: PVC applied over armor. 

2.3 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, 

type, and class for application and service indicated; listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and use. 
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B. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set 

screws, designed to connect conductors specified in this Section. 

C. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 

1. Material:  Copper. 

2. Type:  Two hole with standard barrels. 

3. Termination:  Compression. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: 

1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

 

B. Branch Circuits: 

1. Copper. Solid for No. 12 AWG and smaller; stranded for No. 10 AWG and larger. 

C. ASD Output Circuits Cable: Extra-flexible stranded for all sizes. 

D. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS 

AND WIRING METHODS 

A. Exposed Feeders:  Type THHN/THWN-2, single conductors in raceway. 

B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN/THWN-2, 

single conductors in raceway. 

C. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN/THWN-2, single conductors 

in raceway. 

D. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN/THWN-2, single 

conductors in raceway. 

E. ASD Output Circuits:  Type XHHW-2 in metal conduit. 

3.3 INSTALLATION, GENERAL 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 
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B. Complete raceway installation between conductor and cable termination points according to 

Section 26 05 33 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 

cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 

must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 

maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 

not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, 

and follow surface contours where possible. 

3.4 INSTALLATION OF FIRE-ALARM WIRE AND CABLE 

A. Comply with NFPA 72. 

B. Wiring Method: Install wiring as described below. 

1. Install plenum cable in environmental airspaces, including plenum ceilings. 

2. Fire-alarm circuits and equipment control wiring associated with fire-alarm system must 

be installed in a dedicated pathway system. 

a. Cables and pathways used for fire-alarm circuits, and equipment control wiring 

associated with fire-alarm system, may not contain any other wire or cable. 

3. Fire-Rated Cables: Use of two-hour, fire-rated fire-alarm cables, NFPA 70, Types MI and 

CI, is permitted. 

4. Signaling Line Circuits: Power-limited fire-alarm cables may be installed in the same 

cable or pathway as signaling line circuits. 

C. Wiring within Enclosures: Separate power-limited and non-power-limited conductors as 

recommended by manufacturer. Install conductors parallel with or at right angles to sides and 

back of the enclosure. Bundle, lace, and train conductors to terminal points with no excess. 

Connect conductors that are terminated, spliced, or interrupted in any enclosure associated with 

fire-alarm system to terminal blocks. Mark each terminal according to system's wiring 

diagrams. Make all connections with approved crimp-on terminal spade lugs, pressure-type 

terminal blocks, or plug connectors. 

D. Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes; cabinets; or 

equipment enclosures where circuit connections are made. 

E. Color-Coding: Color-code fire-alarm conductors differently from the normal building power 

wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-

code audible alarm-indicating circuits differently from alarm-initiating circuits. Use different 

colors for visible alarm-indicating devices. Paint fire-alarm system junction boxes and covers 

red. 
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F. Risers: Install at least two vertical cable risers to serve the fire-alarm system. Separate risers in 

close proximity to each other with a minimum one-hour-rated wall, so the loss of one riser does 

not prevent receipt or transmission of signals from other floors or zones. 

G. Wiring to Remote Alarm Transmitting Device: 1 inch (25 mm) conduit between the fire-alarm 

control panel and the transmitter. Install number of conductors and electrical supervision for 

connecting wiring as needed to suit monitoring function. 

3.5 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values. If manufacturer's torque values are not indicated, use those specified in 

UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material. 

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inch (150 mm) of slack. 

3.6 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 26 05 53 "Identification for 

Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 

conductor, and identify as spare conductor. 

3.7 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL 

PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 

with requirements in Section 26 05 44 "Sleeves and Sleeve Seals for Electrical Raceways and 

Cabling." 

3.8 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 

original fire-resistance rating of assembly according to Section 07 84 13 "Penetration 

Firestopping." 

3.9 FIELD QUALITY CONTROL 

A. Tests and Inspections: 
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1. After installing conductors and cables and before electrical circuitry has been energized, 

test service entrance and feeder conductors for compliance with requirements. 

2. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and correct 

connection according to the single-line diagram. 

b. Test bolted connections for high resistance using one of the following: 

1) A low-resistance ohmmeter. 

2) Calibrated torque wrench. 

3) Thermographic survey. 

c. Inspect compression-applied connectors for correct cable match and indentation. 

d. Inspect for correct identification. 

e. Inspect cable jacket and condition. 

f. Insulation-resistance test on each conductor for ground and adjacent conductors. 

Apply a potential of 500 V(dc) for 300 V rated cable and 1000 V(dc) for 600 V 

rated cable for a one-minute duration. 

g. Continuity test on each conductor and cable. 

h. Uniform resistance of parallel conductors. 

3. Initial Infrared Scanning: After Substantial Completion, but before Final Acceptance, 

perform an infrared scan of each splice in conductors No. 3 AWG and larger. Remove 

box and equipment covers so splices are accessible to portable scanner. Correct 

deficiencies determined during the scan. 

a. Instrument: Use an infrared scanning device designed to measure temperature or to 

detect significant deviations from normal values. Provide calibration record for 

device. 

b. Record of Infrared Scanning: Prepare a certified report that identifies switches 

checked and that describes scanning results. Include notation of deficiencies 

detected, remedial action taken, and observations after remedial action. 

4. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each 

switch 11 months after date of Substantial Completion. 

B. Cables will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports to record the following: 

1. Procedures used. 

2. Results that comply with requirements. 

3. Results that do not comply with requirements, and corrective action taken to achieve 

compliance with requirements. 

END OF SECTION 26 05 19 
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SECTION 26 05 23 

CONTROL-VOLTAGE ELECTRICAL POWER CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Category 6a balanced twisted pair cable. 

2. Balanced twisted pair cable hardware. 

3. Twin-axial data highway cable. 

4. Control cable. 

5. Control-circuit conductors. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 INFORMATIONAL SUBMITTALS 

A. Source quality-control reports. 

B. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. Flame Travel and Smoke Density in Plenums: As determined by testing identical products 

according to NFPA 262, by a qualified testing agency. Identify products for installation in 

plenums with appropriate markings of applicable testing agency. 

1. Flame Travel Distance: 60 inch or less. 

2. Peak Optical Smoke Density: 0.5 or less. 

3. Average Optical Smoke Density: 0.15 or less. 

C. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As 

determined by testing identical products according to UL 1666. 

D. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum 

Building Spaces: As determined by testing identical products according to UL 1685. 
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2.2 CATEGORY 6a BALANCED TWISTED PAIR CABLE 

A. Description: Four-pair, balanced-twisted pair cable, certified to meet transmission 

characteristics of Category 6a cable at frequencies up to 500 MHz. 

B. Standard: Comply with TIA-568-C.2 for Category 6a cables. 

C. Conductors: 100 ohm, No. 23 AWG solid copper. 

D. Shielding/Screening:  Unshielded twisted pairs (UTP). 

E. Cable Rating:  Plenum. 

F. Jacket:  White thermoplastic. 

2.3 BALANCED TWISTED PAIR CABLE HARDWARE 

A. Description: Hardware designed to connect, splice, and terminate balanced twisted pair copper 

communications cable. 

B. General Requirements for Balanced Twisted Pair Cable Hardware: 

1. Comply with the performance requirements of Category 6. 

2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down caps or 

tools. 

3. Cables must be terminated with connecting hardware of same category or higher. 

C. Source Limitations:  Obtain balanced twisted pair cable hardware from single source from 

single manufacturer. 

D. Connecting Blocks:  110-style IDC for Category 6. Provide blocks for the number of cables 

terminated on the block, plus 25 percent spare, integral with connector bodies, including plugs 

and jacks where indicated. 

E. Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and 

permit interconnection between cables. 

1. Number of Terminals per Field:  One for each conductor in assigned cables. 

F. Patch Panel: Modular panels housing numbered jack units with IDC-type connectors at each 

jack location for permanent termination of pair groups of installed cables. 

1. Features: 

a. Universal T568A and T568B wiring labels. 

b. Labeling areas adjacent to conductors. 

c. Replaceable connectors. 

d. 24 or 48 ports. 

2. Construction: 16-gauge steel and mountable on 19 inch equipment racks. 



YSD HVAC DDC UPGRADES  COFFMAN ENGINEERS, INC 

AKIACHAK, AKIAK, TULUKSAK, ALASKA  PROJECT NO. 211163 

100% DELIVERABLE  NOVEMBER 8, 2021 

 

CONTROL-VOLTAGE ELECTRICAL POWER CABLES 26 05 23 - 3 

3. Number of Jacks per Field: One for each four-pair cable indicated. 

G. Patch Cords: Factory-made, four-pair cables in 36 inch lengths; terminated with an eight-

position modular plug at each end. 

1. Patch cords must have bend-relief-compliant boots and color-coded icons to ensure 

performance. Patch cords must have latch guards to protect against snagging. 

2. Patch cords must have color-coded boots for circuit identification. 

H. Plugs and Plug Assemblies: 

1. Male; eight position; color-coded modular telecommunications connector designed for 

termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair 

cable. 

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and 

IEC 60603-7.5. 

3. Marked to indicate transmission performance. 

I. Jacks and Jack Assemblies: 

1. Female; eight position; modular; fixed telecommunications connector designed for 

termination of a single four-pair 100 ohm unshielded or shielded balanced twisted pair 

cable. 

2. Designed to snap-in to a patch panel or faceplate. 

3. Standards: 

a. Category 5e, unshielded balanced twisted pair cable must comply with IEC 60603-

7-2. 

b. Category 5e, shielded balanced twisted pair cable must comply with IEC 60603-7-

3. 

c. Category 6, unshielded balanced twisted pair cable must comply with IEC 60603-

7-4. 

d. Category 6, shielded balanced twisted pair cable must comply with IEC 60603-7.5. 

e. Category 6a, unshielded balanced twisted pair cable must comply with IEC 60603-

7-41. 

f. Category 6a, shielded balanced twisted pair cable must comply with IEC 60603-

7.51. 

4. Marked to indicate transmission performance. 

J. Faceplate:  

1. Two port, vertical single-gang faceplates designed to mount to single-gang wall boxes. 

2. Eight 10 port, vertical double-gang faceplates designed to mount to double-gang wall 

boxes. 

3. Plastic Faceplate: High-impact plastic. Coordinate color with Section 26 27 26 "Wiring 

Devices." 

4. Metal Faceplate:  Stainless steel, complying with requirements in Section 26 27 26 

"Wiring Devices." 
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5. For use with snap-in jacks accommodating any combination of balanced twisted pair, 

optical fiber, and coaxial work area cords. 

a. Flush mounting jacks, positioning the cord at a 45-degree angle. 

K. Legend: 

1. Machine printed, in the field, using adhesive-tape label. 

2. Snap-in, clear-label covers and machine-printed paper inserts. 

2.4 CONTROL CABLE 

A. Plenum-Rated, Paired Cable: NFPA 70, Type CMP. 

1. Multi-pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance: Comply with NFPA 262. 

2.5 CONTROL-CIRCUIT CONDUCTORS 

A. Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in 

raceway. 

B. Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in 

raceway. 

C. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2, 

complying with UL 83 in raceway. 

D. Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That Supply Critical 

Circuits: Circuit Integrity (CI) cable. 

1. Smoke control signaling and control circuits. 

2.6 SOURCE QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to evaluate cables. 

B. Factory test twisted pair cables according to TIA-568-C.2. 

C. Cable will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Test cables on receipt at Project site. 

1. Test each pair of twisted pair cable for open and short circuits. 

3.2 INSTALLATION OF RACEWAYS AND BOXES 

A. Comply with requirements in Section 26 05 33 "Raceways and Boxes for Electrical Systems" 

for raceway selection and installation requirements for boxes, conduits, and wireways as 

supplemented or modified in this Section. 

1. Outlet boxes must be no smaller than 2 inch wide, 3 inch high, and 2-1/2 inch deep. 

2. Outlet boxes for cables must be no smaller than 4 inch square by 1-1/2 inch deep with 

extension ring sized to bring edge of ring to within 1/8 inch of the finished wall surface. 

3. Flexible metal conduit must not be used. 

B. Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends 

between pull points. 

C. Install manufactured conduit sweeps and long-radius elbows if possible. 

D. Raceway Installation in Equipment Rooms: 

1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is 

installed, or in the corner of the room if multiple sheets of plywood are installed around 

perimeter walls of the room. 

2. Install cable trays to route cables if conduits cannot be located in these positions. 

3. Secure conduits to backboard if entering the room from overhead. 

4. Extend conduits 3 inch above finished floor. 

5. Install metal conduits with grounding bushings and connect with grounding conductor to 

grounding system. 

E. Backboards: Install backboards with 96 inch dimension vertical. Butt adjacent sheets tightly 

and form smooth gap-free corners and joints. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1. 

B. General Requirements for Cabling: 

1. Comply with TIA-568-C Series of standards. 

2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." 
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3. Terminate all conductors; cable must not contain unterminated elements. Make 

terminations only at indicated outlets, terminals, and cross-connect and patch panels. 

4. Cables may not be spliced and must be continuous from terminal to terminal. Do not 

splice cable between termination, tap, or junction points. 

5. Cables serving a common system may be grouped in a common raceway. Install network 

cabling and control wiring and cable in separate raceway from power wiring. Do not 

group conductors from different systems or different voltages. 

6. Secure and support cables at intervals not exceeding 30 inch and not more than 6 inch 

from cabinets, boxes, fittings, outlets, racks, frames, and terminals. 

7. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's 

limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, 

"Copper Structured Cabling Systems." Install lacing bars and distribution spools. 

8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard 

cable if damaged during installation and replace it with new cable. 

9. Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use 

heat lamps for heating. 

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling 

Systems." Monitor cable pull tensions. 

11. Support: Do not allow cables to lie on removable ceiling tiles. 

12. Secure: Fasten securely in place with hardware specifically designed and installed so as 

to not damage cables. 

13. Provide strain relief. 

14. Keep runs short. Allow extra length for connecting to terminals. Do not bend cables in a 

radius less than 10 times the cable OD. Use sleeves or grommets to protect cables from 

vibration at points where they pass around sharp corners and through penetrations. 

15. Ground wire must be copper, and grounding methods must comply with IEEE C2. 

Demonstrate ground resistance. 

C. Balanced Twisted Pair Cable Installation: 

1. Comply with TIA-568-C.2. 

2. Install termination hardware as specified in Section 27 15 13 "Communications Copper 

Horizontal Cabling" unless otherwise indicated. 

3. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of termination 

to maintain cable geometry. 

D. Installation of Control-Circuit Conductors: 

1. Install wiring in raceways. 

2. Use insulated spade lugs for wire and cable connection to screw terminals. 

3. Comply with requirements specified in Section 26 05 33 "Raceways and Boxes for 

Electrical Systems." 

E. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces 

with terminating hardware and interconnection equipment. 

2. Suspend copper cable not in a wireway or pathway a minimum of 8 inch above ceilings 

by cable supports not more than 30 inch apart. 



YSD HVAC DDC UPGRADES  COFFMAN ENGINEERS, INC 

AKIACHAK, AKIAK, TULUKSAK, ALASKA  PROJECT NO. 211163 

100% DELIVERABLE  NOVEMBER 8, 2021 

 

CONTROL-VOLTAGE ELECTRICAL POWER CABLES 26 05 23 - 7 

3. Cable must not be run through or on structural members or in contact with pipes, ducts, 

or other potentially damaging items. Do not run cables between structural members and 

corrugated panels. 

F. Installation of Cable Routed Exposed under Raised Floors: 

1. Install plenum-rated cable only. 

2. Install cabling after the flooring system has been installed in raised floor areas. 

3. Below each feed point, neatly coil a minimum of 72 inch  of cable in a coil not less than 

12 inch  in diameter. 

G. Separation from EMI Sources: 

1. Comply with BICSI TDMM and TIA-569-D recommendations for separating unshielded 

copper voice and data communications cable from potential EMI sources including 

electrical power lines and equipment. 

2. Separation between open communications cables or cables in nonmetallic raceways and 

unshielded power conductors and electrical equipment must be as follows: 

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5 inch. 

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 

12 inch. 

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 24 inch. 

3. Separation between communications cables in grounded metallic raceways and 

unshielded power lines or electrical equipment must be as follows: 

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-

1/2 inch. 

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 

6 inch. 

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12 inch. 

4. Separation between communications cables in grounded metallic raceways and power 

lines and electrical equipment located in grounded metallic conduits or enclosures must 

be as follows: 

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement. 

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 

3 inch. 

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6 inch. 

5. Separation between Communications Cables and Electrical Motors and Transformers, 

5 kVA or 5 HP and Larger: A minimum of 48 inch. 

6. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 

5 inch. 
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3.4 REMOVAL OF CONDUCTORS AND CABLES 

A. Remove abandoned conductors and cables. Abandoned conductors and cables are those 

installed that are not terminated at equipment and are not identified with a tag for future use. 

3.5 CONTROL-CIRCUIT CONDUCTORS 

A. Minimum Conductor Sizes: 

1. Class 1 remote-control and signal circuits; No 12 AWG. 

2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG. 

3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG. 

3.6 FIRESTOPPING 

A. Comply with requirements in Section 078 4 13 "Penetration Firestopping." 

B. Comply with TIA-569-D, Annex A, "Firestopping." 

C. Comply with BICSI TDMM, "Firestopping" Chapter. 

3.7 GROUNDING 

A. For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding 

and Grounding (Earthing)" Chapter. 

B. For control-voltage wiring and cabling, comply with requirements in Section 26 05 26 

"Grounding and Bonding for Electrical Systems." 

3.8 IDENTIFICATION 

A. Comply with requirements for identification specified in Section 26 05 53 "Identification for 

Electrical Systems." 

B. Identify data and communications system components, wiring, and cabling according to TIA-

606-B; label printers must use label stocks, laminating adhesives, and inks complying with 

UL 969. 

C. Identify each wire on each end and at each terminal with a number-coded identification tag. 

Each wire must have a unique tag. 

3.9 FIELD QUALITY CONTROL 

A. Tests and Inspections: 
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1. Visually inspect cable jacket materials for UL or third-party certification markings. 

Inspect cabling terminations to confirm color-coding for pin assignments, and inspect 

cabling connections to confirm compliance with TIA-568-C.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment 

and patch cords, and labeling of all components. 

3. Test cabling for direct-current loop resistance, shorts, opens, intermittent faults, and 

polarity between conductors. Test operation of shorting bars in connection blocks. Test 

cables after termination, but not after cross-connection. 

a. Test instruments must meet or exceed applicable requirements in TIA-568-C.2. 

Perform tests with a tester that complies with performance requirements in its 

"Test Instruments (Normative)" Annex, complying with measurement accuracy 

specified in its "Measurement Accuracy (Informative)" Annex. Use only test cords 

and adapters that are qualified by test equipment manufacturer for channel or link 

test configuration. 

B. Document data for each measurement. Print data for submittals in a summary report that is 

formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the 

instrument to the computer, save as text files, print, and submit. 

C. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 26 05 23 
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SECTION 26 05 33 

RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Type EMT-A and Type EMT-SS raceways and elbows. 

2. Type EMT-S raceways and elbows. 

3. Type ENT raceways and fittings. 

4. Type ERMC-A and Type ERMC-SS raceways, elbows, couplings, and nipples. 

5. Type ERMC-S raceways, elbows, couplings, and nipples. 

6. Type FMC-S and Type FMC-A raceways. 

7. Fittings for conduit, tubing, and cable. 

8. Threaded metal joint compound. 

9. Solvent cements. 

10. Surface metal raceways and fittings. 

11. Surface nonmetallic raceways. 

12. Strut-type channel raceways and fittings. 

13. Wireways and auxiliary gutters. 

14. Metallic outlet boxes, device boxes, rings, and covers. 

15. Nonmetallic outlet boxes, device boxes, rings, and covers. 

16. Termination boxes. 

17. Cabinets, cutout boxes, junction boxes, pull boxes, and miscellaneous enclosures. 

18. Cover plates for device boxes. 

19. Hoods for outlet boxes. 

B. Related Requirements: 

1. Section 26 05 19 "Low-Voltage for Electrical Power Conductors and Cables" for 

nonmetallic underground conduit with conductors (Type NUCC). 

1.2 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Wireways and auxiliary gutters. 

2. Surface metal raceways. 

3. Surface nonmetallic raceways. 

4. Floor boxes. 

5. Cabinets, cutout boxes, and miscellaneous enclosures. 

1.3 INFORMATIONAL SUBMITTALS 
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A. Manufacturers' Instructions: 

1. For Type ERMC-S-PVC. 

PART 2 - PRODUCTS 

2.1 TYPE EMT-A AND TYPE EMT-SS RACEWAYS AND ELBOWS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 797A and UL Category Control Number FJMX. 

B. Aluminum Electrical Metal Tubing (EMT-A) and Elbows: 

1. Material: Aluminum. 

2. Options: 

a. Minimum Trade Size:  Metric designator 16 (trade size 1/2). 

b. Colors: As indicated on Drawings. 

C. Stainless Steel Electrical Metal Tubing (EMT-SS) and Elbows: 

1. Material: Stainless steel. 

2. Options: 

a. Minimum Trade Size:  Metric designator 16 (trade size 1/2). 

b. Colors: As indicated on Drawings. 

2.2 TYPE EMT-S RACEWAYS AND ELBOWS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 797 and UL Category Control Number FJMX. 

B. Steel Electrical Metal Tubing (EMT-S) and Elbows: 

1. Material: Steel. 

2. Options: 

a. Exterior Coating:  Zinc. 

b. Interior Coating:  Zinc. 

c. Minimum Trade Size:  Metric designator 16 (trade size 1/2). 

d. Colors: As indicated on Drawings. 
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2.3 TYPE ENT RACEWAYS AND FITTINGS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 1653 and UL Category Control Number FKHU. 

B. Electrical Nonmetallic Tubing (ENT) and Fittings: 

1. Options: 

a. Minimum Trade Size:  Metric designator 16 (trade size 1/2). 

b. Fittings: 

1) Mechanically Attached Fittings: UL 1653. 

2) Solvent-Attached Fittings: UL 651. 

2.4 TYPE ERMC-A AND TYPE ERMC-SS RACEWAYS, ELBOWS, COUPLINGS, AND 

NIPPLES 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 6A and UL Category Control Number DYWV. 

2.5 TYPE ERMC-S RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 6 and UL Category Control Number DYIX. 

B. Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings, and 

Nipples: 

1. Exterior Coating: Zinc. 

2. Options: 

a. Interior Coating:  Zinc with organic top coating. 

b. Minimum Trade Size:  Metric designator 16 (trade size 1/2). 

c. Colors: As indicated on Drawings. 

2.6 TYPE FMC-S AND TYPE FMC-A RACEWAYS 

A. Performance Criteria: 
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1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 1 and UL Category Control Number DXUZ. 

B. Steel Flexible Metal Conduit (FMC-S): 

1. Material: Steel. 

2. Options: 

a. Minimum Trade Size:  Metric designator 16 (trade size 1/2). 

b. Colors: As indicated on Drawings. 

C. Aluminum Flexible Metal Conduit (FMC-A): 

1. Material: Aluminum. 

2. Options: 

a. Minimum Trade Size:  Metric designator 16 (trade size 1/2). 

b. Colors: As indicated on Drawings. 

2.7 FITTINGS FOR CONDUIT, TUBING, AND CABLE 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

B. Fittings for Type ERMC, and Type RTRC Raceways: 

1. General Characteristics: UL 514B and UL Category Control Number DWTT. 

2. Options: 

a. Material:  Steel. 

b. Coupling Method:  Compression coupling. 

c. Conduit Fittings for Hazardous (Classified) Locations: UL 1203. 

d. Expansion and Deflection Fittings: UL 651 with flexible external bonding jumper. 

C. Fittings for Type EMT Raceways: 

1. General Characteristics: UL 514B and UL Category Control Number FKAV. 

2. Options: 

a. Material:  Steel. 

b. Coupling Method:  Compression coupling. 

c. Conduit Fittings for Hazardous (Classified) Locations: UL 1203. 

d. Expansion and Deflection Fittings: UL 651 with flexible external bonding jumper. 

D. Fittings for Type FMC Raceways: 
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1. General Characteristics: UL 514B and UL Category Control Number ILNR. 

2.8 ELECTRICALLY CONDUCTIVE CORROSION-RESISTANT COMPOUNDS FOR 

THREADED CONDUIT 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 2419 and UL Category Control Number FOIZ. 

2.9 SOLVENT CEMENTS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: As recommended by conduit manufacturer in accordance with 

UL 514B and UL Category Control Number DWTT. 

3. Sustainability Characteristics: 

B. Solvent Cements for Type PVC Raceways and Fittings: 

2.10 SURFACE METAL RACEWAYS AND FITTINGS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 5 and UL Category Control Number RJBT. 

B. Surface Metal Raceways and Fittings with Metal Covers: 

1. Options:  

a. Galvanized steel base with snap-on covers. 

b. Prime coated, ready for field painting. 

c. Wiring Channels:  Single.  

C. Surface Metal Raceways and Fittings with Nonmetallic Covers: 

1. Additional Characteristics: UL 94, V-0 requirements for self-extinguishing 

characteristics. 

2. Options:  

a. Galvanized steel base with snap-on covers. 

b. Provide texture and color selected by Architect from manufacturer's standard 

colors. 
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c. Wiring Channels:  Single.  

2.11 SURFACE NONMETALLIC RACEWAYS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: 

a. UL 5A and UL Category Control Number RJTX. 

b. UL 94, V-0 requirements for self-extinguishing characteristics. 

B. Surface Nonmetallic Raceways and Fittings with Nonmetallic Covers: 

1. Options: 

a. Provide texture and color selected by Architect from manufacturer's standard 

colors. 

b. Wiring Channels:  Single.  

C. Surface Nonmetallic Raceways and Fittings with Metallic Covers: 

1. Options: 

a. Prime coated, ready for field painting. 

b. Wiring Channels:  Single.  

2.12 STRUT-TYPE CHANNEL RACEWAYS AND FITTINGS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 5B and UL Category Control Number RIUU. 

B. Strut-Type Channel Raceways and Fittings with Metallic Covers: 

1. Options: 

a. Prime coated, ready for field painting. 

C. Strut-Type Channel Raceways and Fittings with Nonmetallic Covers: 

1. Additional Characteristics: UL 94, V-0 requirements for self-extinguishing 

characteristics. 

2. Options: 
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a. Provide texture and color selected by Architect from manufacturer's standard 

colors. 

2.13 WIREWAYS AND AUXILIARY GUTTERS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 870 and UL Category Control Number ZOYX. 

B. Metal Wireways and Auxiliary Gutters: 

1. Additional Characteristics: 

a. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion 

joints, adapters, hold-down straps, end caps, and other fittings to match and mate 

with wireways as required for complete system. 

b. Finish: Manufacturer's standard enamel finish. 

2. Options: 

a. Degree of Protection:  Type 1 unless otherwise indicated. 

b. Wireway Covers:  Screw-cover type unless otherwise indicated. 

C. Nonmetallic Wireways and Auxiliary Gutters: 

1. Additional Characteristics: 

a. Fittings and Accessories: Couplings, offsets, elbows, expansion joints, adapters, 

hold-down straps, end caps, and other fittings must match and mate with wireways 

as required for complete system. 

b. PVC Solvents and Adhesives: As recommended by wireway manufacturer. 

2. Sustainability Characteristics: 

3. Options: 

a. Material: 

1) Fiberglass polyester, extruded and fabricated to required size and shape, 

without holes or knockouts. Cover must be gasketed with oil-resistant gasket 

material and fastened with captive screws treated for corrosion resistance. 

Connections must be flanged and have stainless steel screws and oil-

resistant gaskets. 

2) PVC, extruded and fabricated to required size and shape, and having snap-

on cover, mechanically coupled connections, and plastic fasteners. 

2.14 METALLIC OUTLET BOXES, DEVICE BOXES, RINGS, AND COVERS 
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A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 514A and UL Category Control Number QCIT. 

B. Metallic Outlet Boxes: 

1. Description: Box having pryout openings, knockouts, threaded entries, or hubs in either 

the sides of the back, or both, for entrance of conduit, conduit or cable fittings, or cables, 

with provisions for mounting outlet box cover, but without provisions for mounting 

wiring device directly to box. 

2. Options: 

a. Material:  Sheet steel. 

b. Sheet Metal Depth: Minimum 1.5 inch (38 mm). 

c. Cast-Metal Depth: Minimum 1.8 inch (44.5 mm). 

d. Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled for 

attachment of luminaire weighing up to 50 lb (23 kg). 

e. Paddle Fan Outlet Boxes and Covers: Nonadjustable, designed for attachment of 

paddle fan weighing up to 70 lb (32 kg). 

C. Metallic Conduit Bodies: 

1. Description: Means for providing access to interior of conduit or tubing system through 

one or more removable covers at junction or terminal point. In the United States, conduit 

bodies are listed in accordance with outlet box requirements. 

D. Metallic Device Boxes: 

1. Description: Box with provisions for mounting wiring device directly to box. 

2. Options: 

a. Material:  Sheet steel. 

b. Sheet Metal Depth: minimum 1.5 inch (38 mm). 

c. Cast-Metal Depth: minimum 1.8 inch (44.5 mm). 

E. Metallic Extension Rings: 

1. Description: Ring intended to extend sides of outlet box or device box to increase box 

depth, volume, or both. 

F. Metallic Floor Boxes and Floor Box Covers: 

1. Description: Box mounted in floor with floor box cover and other components to 

complete floor box enclosure. 

G. Metallic Raised-Floor Boxes and Floor Box Covers: 
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1. Description: Box mounted in raised-floor with floor box cover and other components to 

complete floor box enclosure. 

H. Metallic Recessed Access-Floor Boxes and Recessed Floor Box Covers: 

1. Description: Floor box with provisions for mounting wiring devices below floor surface 

and floor box cover with provisions for passage of cords to recessed wiring devices 

mounted within floor box. 

I. Metallic Concrete Boxes and Covers: 

1. Description: Box intended for use in poured concrete. 

2.15 NONMETALLIC OUTLET BOXES, DEVICE BOXES, RINGS, AND COVERS 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 514C and UL Category Control Number QCMZ. 

B. Nonmetallic Outlet Boxes: 

1. Description: Box having pryout openings, knockouts, threaded entries, or hubs in either 

the sides or the back, or both, for entrance of conduit, conduit or cable fittings, or cables, 

with provisions for mounting outlet box cover, but without provisions for mounting 

wiring device directly to box. 

C. Nonmetallic Conduit Bodies: 

1. Description: Means for providing access to interior of conduit or tubing system through 

one or more removable covers at junction or terminal point. In the United States, conduit 

bodies are listed in accordance with outlet box requirements. 

D. Nonmetallic Device Boxes: 

1. Description: Box with provisions for mounting wiring device directly to box. 

E. Nonmetallic Extension Rings: 

1. Description: Ring intended to extend sides of outlet box or device box to increase box 

depth, volume, or both. 

F. Nonmetallic Floor Boxes and Floor Box Covers: 

1. Description: Box mounted in floor with floor box cover and other components to 

complete floor box enclosure. 

G. Nonmetallic Raised-Floor Boxes and Floor Box Covers: 
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1. Description: Box mounted in raised-floor with floor box cover and other components to 

complete floor box enclosure. 

H. Nonmetallic Recessed Access-Floor Boxes and Recessed Floor Box Covers: 

1. Description: Floor box with provisions for mounting wiring devices below floor surface 

and floor box cover with provisions for passage of cords to recessed wiring devices 

mounted within floor box. 

I. Nonmetallic Floor Nozzles: 

1. Description: Enclosure intended primarily as housing for receptacle, provided with 

means, such as collar, for surface-mounting on floor, which may or may not include stem 

to support it above floor level, and is sealed against the entrance of scrub water at floor 

level. 

J. Nonmetallic Concrete Boxes and Covers: 

1. Description: Box intended for use in poured concrete. 

2.16 TERMINATION BOXES 

A. Description: Enclosure for termination base consisting of lengths of bus bars, terminal strips, or 

terminal blocks with provision for wire connectors to accommodate incoming or outgoing 

conductors or both. 

B. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: UL 1773 and UL Category Control Number XCKT. 

C. Termination Boxes and Termination Bases for Installation on Line Side of Service Equipment: 

1. Additional Characteristics: Listed and labeled for installation on line side of service 

equipment. 

D. Termination Boxes and Termination Bases for Installation on Load Side of Service Equipment: 

1. Additional Characteristics: Listed and labeled for installation on load side of service 

equipment. 

2.17 CABINETS, CUTOUT BOXES, JUNCTION BOXES, PULL BOXES, AND 

MISCELLANEOUS ENCLOSURES 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 
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2. General Characteristics: 

a. Non-Environmental Characteristics: UL 50. 

b. Environmental Characteristics: UL 50E. 

B. Indoor Sheet Metal Cabinets: 

1. Description: Enclosure provided with frame, mat, or trim in which swinging door or 

doors are or can be hung. 

2. Additional Characteristics: UL Category Control Number CYIV. 

3. Options: 

a. Degree of Protection:  Type 1. 

C. Indoor Sheet Metal Cutout Boxes: 

1. Description: Enclosure that has swinging doors or covers secured directly to and 

telescoping with walls of enclosure. 

2. Additional Characteristics: UL Category Control Number CYIV. 

3. Options: 

a. Degree of Protection:  Type 1. 

D. Indoor Sheet Metal Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 

raceway or cable. 

2. Additional Characteristics: UL Category Control Number BGUZ. 

3. Options: 

a. Degree of Protection:  Type 1. 

E. Indoor Cast-Metal Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 

raceway or cable. 

2. Additional Characteristics: UL Category Control Number BGUZ. 

3. Options: 

a. Degree of Protection:  Type 1. 

F. Indoor Polymeric Junction and Pull Boxes: 

1. Description: Box with a blank cover that serves the purpose of joining different runs of 

raceway or cable. 

2. Additional Characteristics: UL Category Control Number BGUZ. 
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3. Options: 

a. Degree of Protection:  Type 1. 

G. Indoor Sheet Metal Miscellaneous Enclosures: 

1. Additional Characteristics: UL 1773 and UL Category Control Number XCKT. 

2. Options: 

a. Degree of Protection:  Type 1. 

2.18 COVER PLATES FOR DEVICES BOXES 

A. Performance Criteria: 

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked 

for intended location and use. 

2. General Characteristics: 

a. Reference Standards: UL 514D and UL Category Control Numbers QCIT and 

QCMZ. 

b. Wallplate-Securing Screws: Metal with head color to match wallplate finish. 

B. Metallic Cover Plates for Device Boxes: 

1. Options: 

a. Damp and Wet Locations: Listed, labeled, and marked for location and use. 

Provide gaskets and accessories necessary for compliance with listing. 

b. Wallplate Material:  0.032 inch (0.8 mm) thick Type 302/304 non-magnetic 

stainless steel with brushed finish Cast aluminum. 

C. Nonmetallic Cover Plates for Device Boxes: 

1. Options: 

a. Damp and Wet Locations: Listed, labeled, and marked for location and use. 

Provide gaskets and accessories necessary for compliance with listing. 

b. Wallplate Material:  0.060 inch (1.5 mm) thick high-impact thermoplastic (nylon) 

with smooth finish and color matching wiring device. 

c. Color:  Gray. 

D. Illuminating Cover Plates for Device Boxes: 

1. Options: 

a. Damp and Wet Locations: Listed, labeled, and marked for location and use. 

Provide gaskets and accessories necessary for compliance with listing. 
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b. Wallplate Material:  0.060 inch (1.5 mm) thick high-impact thermoplastic (nylon) 

with smooth finish and color matching wiring device. 

c. Color:  Gray. 

2.19 SELECTION OF BOXES AND ENCLOSURES 

A. Unless more stringent requirements are specified in Contract Documents or manufacturers' 

written instructions, comply with NFPA 70 for selection of boxes and enclosures. Consult 

Architect for resolution of conflicting requirements. 

B. Degree of Protection: 

1. Indoors: 

a. Type 1 unless otherwise indicated. 

b. Damp or Dusty Locations:  Type 2. 

c. Surface Mounted in Kitchens and Other Locations Exposed to Oil or Coolants: 

Type 12. 

d. Flush Mounted in Kitchens and Other Locations Exposed to Oil or Coolants:  

Type 12. 

e. Locations Exposed to Spraying Oil or Coolants: Type 13. 

C. Exposed Boxes Installed Less Than 2.5 m (8 ft) Above Floor: 

1. Provide cast-metal boxes. 

2. Provide exposed cover. Flat covers with angled mounting slots or knockouts are 

prohibited. 

2.20 INSTALLATION OF RACEWAYS 

A. Installation Standards: 

1. Unless more stringent requirements are specified in Contract Documents or 

manufacturers' written instructions, comply with NFPA 70 for installation of raceways. 

Consult Architect for resolution of conflicting requirements. 

2. Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies 

and number of floors. 

3. Comply with requirements in Section 26 05 29 "Hangers and Supports for Electrical 

Systems" for hangers and supports. 

4. Comply with NECA NEIS 101 for installation of steel raceways. 

5. Comply with NECA NEIS 102 for installation of aluminum raceways. 

6. Comply with NECA NEIS 111 for installation of nonmetallic raceways. 

7. Install raceways square to the enclosure and terminate at enclosures without hubs with 

locknuts on both sides of enclosure wall. Install locknuts hand tight, plus one-quarter turn 

more. 

8. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of 

boxes or cabinets. Install bushings on conduits up to metric designator 35 (trade size 1-

1/4) and insulated throat metal bushings on metric designator 41 (trade size 1-1/2) and 
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larger conduits terminated with locknuts. Install insulated throat metal grounding 

bushings on service conduits. 

9. Raceway Terminations at Locations Subject to Moisture or Vibration: 

a. Provide insulating bushings to protect conductors, including conductors smaller 

than No. 4 AWG. Install insulated throat metal grounding bushings on service 

conduits. 

B. General Requirements for Installation of Raceways: 

1. Complete raceway installation before starting conductor installation. 

2. Provide stub-ups through floors with coupling threaded inside for plugs, set flush with 

finished floor. Plug coupling until conduit is extended above floor to final destination or a 

minimum of 2 ft (0.6 m) above finished floor. 

3. Install no more than equivalent of three 90-degree bends in conduit run except for control 

wiring conduits, for which no more than equivalent of two 90-degree fewer bends are 

permitted. Support within 12 inch (300 mm) of changes in direction. 

4. Make bends in raceway using large-radius preformed ells except for parallel bends. Field 

bending must be in accordance with NFPA 70 minimum radii requirements. Provide only 

equipment specifically designed for material and size involved. 

5. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. 

Install conduits parallel or perpendicular to building lines. 

6. Support conduit within 12 inch (300 mm) of enclosures to which attached. 

7. Install raceway sealing fittings at accessible locations in accordance with NFPA 70 and 

fill them with listed sealing compound. For concealed raceways, install fitting in flush 

steel box with blank cover plate having finish similar to that of adjacent plates or 

surfaces. Install raceway sealing fittings in accordance with NFPA 70. 

8. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings 

or boxes are between the seal and the following changes of environments. Seal interior of 

raceways at the following points: 

a. Where conduits pass from warm to cold locations, such as boundaries of 

refrigerated spaces. 

b. Where an underground service raceway enters a building or structure. 

c. Conduit extending from interior to exterior of building. 

d. Conduit extending into pressurized duct and equipment. 

e. Conduit extending into pressurized zones that are automatically controlled to 

maintain different pressure set points. 

f. Where otherwise required by NFPA 70. 

9. Do not install raceways or electrical items on "explosion-relief" walls or rotating 

equipment. 

10. Do not install conduits within 2 inch (50 mm) of the bottom side of a metal deck roof. 

11. Keep raceways at least 6 inch (150 mm) away from parallel runs of flues and steam or 

hot-water pipes. Install horizontal raceway runs above water and steam piping. 

12. Cut conduit perpendicular to the length. For conduits metric designator 53 (trade size 2) 

and larger, use roll cutter or a guide to make cut straight and perpendicular to the length. 

Ream inside of conduit to remove burrs. 
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13. Install pull wires in empty raceways. Provide polypropylene or monofilament plastic line 

with not less than 200 lb (90 kg) tensile strength. Leave at least 12 inch (300 mm) of 

slack at both ends of pull wire. Cap underground raceways designated as spare above 

grade alongside raceways in use. 

C. Requirements for Installation of Specific Raceway Types: 

1. Types EMT-A, ERMC-A, and FMC-A: 

a. Do not install aluminum raceways or fittings in contact with concrete or earth. 

2. Types ERMC: 

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor 

Conditions: Apply listed compound that maintains electrical conductivity to 

threads of raceway and fittings before making up joints. Follow compound 

manufacturer's written instructions. 

3. Type ERMC-S-PVC: 

a. Follow manufacturer's installation instructions for clamping, cutting, threading, 

bending, and assembly. 

b. Provide PVC-coated sealing locknut for exposed male threads transitioning into 

female NPT threads that do not have sealing sleeves, including transitions from 

PVC couplings/female adapters to Type ERMC-S-PVC elbows in direct-burial 

applications. PVC-coated sealing locknuts must not be used in place of conduit 

hub. PVC-coated sealing locknut must cover exposed threads on Type ERMC-S-

PVC raceway. 

c. Coat field-cut threads on PVC-coated raceway with manufacturer-approved 

corrosion-preventing conductive compound prior to assembly. 

4. Types FMC, LFMC, and LFNC: 

a. Comply with NEMA RV 3. Provide a maximum of 36 inch (915 mm) of flexible 

conduit forequipment subject to vibration, noise transmission, or movement; and 

for transformers and motors. 

5. Arrange raceways to cross building expansion joints with expansion fittings at right 

angles to the joint. 

D. Stub-ups to Above Recessed Ceilings: 

1. Provide EMT or ERMC for raceways. 

2. Provide a conduit bushing or insulated fitting to terminate stub-ups not terminated in 

hubs or in an enclosure. 

E. Raceway Fittings: Install fittings in accordance with NEMA FB 2.10 guidelines. 

1. ERMC-S-PVC: Provide only fittings listed for use with this type of conduit. Patch and 

seal joints, nicks, and scrapes in PVC coating after installing conduits and fittings. 
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Provide sealant recommended by fitting manufacturer and apply in thickness and number 

of coats recommended by manufacturer. 

2. EMT: Provide compression, steel fittings. Comply with NEMA FB 2.10. 

3. Flexible Conduit: Provide only fittings listed for use with flexible conduit type. Comply 

with NEMA FB 2.20. 

F. Expansion-Joint Fittings: 

1. Install in runs of aboveground PVC that are located where environmental temperature 

change may exceed 30 deg F (17 deg C) and that have straight-run length that exceeds 

25 ft (7.6 m). Install in runs of aboveground ERMC and EMT conduit that are located 

where environmental temperature change may exceed 100 deg F (55 deg C) and that have 

straight-run length that exceeds 100 ft (30 m). 

2. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 

of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C) 

of temperature change for PVC conduits. Install fitting(s) that provide expansion and 

contraction for at least 0.000078 inch per foot of length of straight run per deg F 

(0.0115 mm per meter of length of straight run per deg C) of temperature change for 

metal conduits. 

3. Install expansion fittings at locations where conduits cross building or structure 

expansion joints. 

4. Install expansion-joint fitting with position, mounting, and piston setting selected in 

accordance with manufacturer's written instructions for conditions at specific location at 

time of installation. Install conduit supports to allow for expansion movement. 

G. Raceways Penetrating Rooms or Walls with Acoustical Requirements: 

1. Seal raceway openings on both sides of rooms or walls with acoustically rated putty or 

firestopping. 

2.21 INSTALLATION OF SURFACE RACEWAYS 

A. Install surface raceways only where indicated on Drawings. 

B. Install surface raceway with a minimum 2 inch (50 mm) radius control at bend points. 

C. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 

48 inch (1200) mm) and with no less than two supports per straight raceway section. Support 

surface raceway in accordance with manufacturer's written instructions. Tape and glue are 

unacceptable support methods. 

2.22 INSTALLATION OF BOXES AND ENCLOSURES 

A. Provide boxes in wiring and raceway systems wherever required for pulling of wires, making 

connections, and mounting of devices or fixtures. 
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B. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 

individually indicated, give priority to ADA requirements. Install boxes with height measured 

to center of box unless otherwise indicated. 

C. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, 

and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a 

raintight connection between box and cover plate or supported equipment and box, whether 

installed indoors or outdoors. 

D. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 

vertical channel. 

E. Locate boxes so that cover or plate will not span different building finishes. 

F. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid. 

G. Support boxes of three gangs or more from more than one side by spanning two framing 

members or mounting on brackets specifically designed for purpose. 

H. Fasten junction and pull boxes to, or support from, building structure. Do not support boxes by 

conduits. 

I. Set metal floor boxes level and flush with finished floor surface. 

J. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface. 

K. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth. 

L. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 

the locknut area prior to assembling conduit to enclosure to ensure a continuous ground path. 

M. Boxes and Enclosures in Areas or Walls with Acoustical Requirements: 

1. Seal openings and knockouts in back and sides of boxes and enclosures with acoustically 

rated putty. 

2. Provide gaskets for wallplates and covers. 

2.23 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 

requirements in Section 07 84 13 "Penetration Firestopping." 

2.24 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 

manufacturer. 
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2. Repair damage to PVC coatings or paint finishes with matching touchup coating 

recommended by manufacturer. 

2.25 CLEANING 

A. Boxes: Remove construction dust and debris from device boxes, outlet boxes, and floor-

mounted enclosures before installing wallplates, covers, and hoods. 

END OF SECTION 26 05 33 
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SECTION 26 05 53  

IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Labels. 

2. Bands and tubes. 

3. Tapes and stencils. 

4. Tags. 

5. Signs. 

6. Cable ties. 

7. Miscellaneous identification products. 

1.2 ACTION SUBMITTALS 

A. Product Data: 

1. Include construction details, material descriptions, dimensions of individual components 

and profiles, and finishes for electrical identification products. 

B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering style, 

mounting provisions, and graphic features of identification products. 

C. Identification Schedule: For each piece of electrical equipment and electrical system 

components to be index of nomenclature for electrical equipment and system components used 

in identification signs and labels. Use same designations indicated on Drawings. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1. 

B. Comply with 29 CFR 1910.144 for color identification of hazards; 29 CFR 1910.145 for 

danger, caution, warning, and safety instruction signs and tags; and the following: 

1. Fire-protection and fire-alarm equipment, including raceways, must be finished, painted, 

or suitably marked safety red. 

2. Ceiling-mounted hangers, supports, cable trays, and raceways must be finished, painted, 

or suitably marked safety yellow where less than 7.7 ft (2.3 m) above finished floor. 
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C. Signs, labels, and tags required for personnel safety must comply with the following standards: 

1. Safety Colors: NEMA Z535.1. 

2. Facility Safety Signs: NEMA Z535.2. 

3. Safety Symbols: NEMA Z535.3. 

4. Product Safety Signs and Labels: NEMA Z535.4. 

5. Safety Tags and Barricade Tapes for Temporary Hazards: NEMA Z535.5. 

D. Comply with NFPA 70E requirements for arc-flash warning labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 

used by label printers, must comply with UL 969. 

F. Thermal Movements: Allow for thermal movements from ambient and surface temperature 

changes. 

1. Temperature Change:  120 deg F (67 deg C), ambient; 180 deg F (100 deg C), material 

surfaces. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 1000 V or Less:  

1. Black letters on orange field. 

2. Legend: Indicate voltage. 

B. Color-Coding for Phase- and Voltage-Level Identification, 1000 V or Less: Use colors listed 

below for ungrounded feeder and branch-circuit conductors. 

1. Color must be factory applied or field applied for sizes larger than 8 AWG if authorities 

having jurisdiction permit. 

2. Colors for 208Y/120 V Circuits: 

a. Phase A: Black. 

b. Phase B: Red. 

c. Phase C: Blue. 

3. Color for Neutral:  White. 

4. Color for Equipment Grounds:  Green. 

5. Colors for Isolated Grounds: Green with two or more yellow stripes. 

C. Warning Label Colors: 

1. Identify system voltage with black letters on orange background. 

D. Warning labels and signs must include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 

EQUIPMENT HAS MULTIPLE POWER SOURCES." 
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2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 

FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 3 FEET 

MINIMUM." 

E. Equipment Identification Labels: 

1. Black letters on white field. 

2.3 LABELS 

A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with clear, weather- and 

chemical-resistant coating and matching wraparound clear adhesive tape for securing label 

ends. 

B. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with 

diameters sized to suit diameters and that stay in place by gripping action. 

C. Self-Adhesive Wraparound Labels:  Preprinted, 3 mil (0.08 mm) thick, polyester or vinyl 

flexible label with acrylic pressure-sensitive adhesive. 

1. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, protective 

shield over legend. Labels sized such that clear shield overlaps entire printed legend. 

2. Marker for Labels: 

a. Permanent, waterproof, black ink marker recommended by tag manufacturer. 

D. Self-Adhesive Labels:  Polyester or Vinyl, thermal, transfer-printed, 3 mil (0.08 mm) thick, 

multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for 

intended use and location. 

1. Minimum Nominal Size: 

a. 1-1/2 by 6 inch (37 by 150 mm) for raceway and conductors. 

b. 3-1/2 by 5 inch (76 by 127 mm) for equipment. 

c. As required by authorities having jurisdiction. 

2.4 BANDS AND TUBES 

A. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 

2 inch (50 mm) long, with diameters sized to suit diameters and that stay in place by gripping 

action. 

B. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed 

identification labels, sized to suit diameter and shrunk to fit firmly. Full shrink recovery occurs 

at maximum of 200 deg F (93 deg C). Comply with UL 224. 

2.5 TAPES AND STENCILS 
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A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 

legend machine printed by thermal transfer or equivalent process. 

2.6 TAGS 

A. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped 

legend, punched for use with self-locking cable tie fastener. 

B. Nonmetallic Preprinted Tags: Polyethylene tags, 0.015 inch (0.38 mm) thick, color-coded for 

phase and voltage level, with factory screened permanent designations; punched for use with 

self-locking cable tie fastener. 

C. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and 

Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F (23 deg C) in accordance with ASTM D638: 12,000 psi 

(82.7 MPa). 

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 

4. Color: Black, except where used for color-coding. 

D. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking. 

1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F (23 deg C) in accordance with ASTM D638: 7000 psi 

(48.2 MPa). 

3. UL 94 Flame Rating: 94V-0. 

4. Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C). 

5. Color: Black. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 

requirements. Retain paint system applicable for surface material and location (exterior or 

interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless steel screws or stainless steel machine 

screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, clean 

substrates of substances that could impair bond, using materials and methods recommended by 

manufacturer of identification product. 
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3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with 

requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 

manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 

designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 

and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and 

maintenance of electrical systems and connected items. 

G. System Identification for Raceways and Cables under 1000 V: Identification must completely 

encircle cable or conduit. Place identification of two-color markings in contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

H. System Identification for Raceways and Cables over 1000 V: Identification must completely 

encircle cable or conduit. Place adjacent identification of two-color markings in contact, side by 

side. 

1. Secure tight to surface of conductor, cable, or raceway. 

I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, 

and signal connections. 

J. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 

viewing from floor. 

K. Vinyl Wraparound Labels: 

1. Secure tight to surface of raceway or cable at location with high visibility and 

accessibility. 

2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive 

appropriate to location and substrate. 

L. Snap-Around Labels: Secure tight to surface at location with high visibility and accessibility. 

M. Self-Adhesive Wraparound Labels: Secure tight to surface at location with high visibility and 

accessibility. 

N. Self-Adhesive Labels: 
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1. Install unique designation label that is consistent with wiring diagrams, schedules, and 

operation and maintenance manual. 

2. Unless otherwise indicated, provide single line of text with 1/2 inch (13 mm) high letters 

on 1-1/2 inch (38 mm) high label; where two lines of text are required, use labels 2 inch 

(50 mm) high. 

O. Snap-Around Color-Coding Bands: Secure tight to surface at location with high visibility and 

accessibility. 

P. Heat-Shrink, Preprinted Tubes: Secure tight to surface at location with high visibility and 

accessibility. 

Q. Marker Tapes: Secure tight to surface at location with high visibility and accessibility. 

R. Self-Adhesive Vinyl Tape: Secure tight to surface at location with high visibility and 

accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for minimum 

distance of 6 inch (150 mm) where splices or taps are made. Apply last two turns of tape 

with no tension to prevent possible unwinding. 

S. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and 

paint application. 

T. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's instructions. 

1. Limit use of underground-line warning tape to direct-buried cables. 

2. Install underground-line warning tape for direct-buried cables and cables in raceways. 

U. Metal Tags: 

1. Place in location with high visibility and accessibility. 

2. Secure using plenum-rated cable ties. 

V. Nonmetallic Preprinted Tags: 

1. Place in location with high visibility and accessibility. 

2. Secure using plenum-rated cable ties. 

W. Write-on Tags: 

1. Place in location with high visibility and accessibility. 

2. Secure using plenum-rated cable ties. 

X. Baked-Enamel Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to 

location and substrate. 
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2. Unless otherwise indicated, provide single line of text with 1/2 inch (13 mm) high letters 

on minimum 1-1/2 inch (38 mm) high sign; where two lines of text are required, use 

signs minimum 2 inch (50 mm) high. 

Y. Metal-Backed Butyrate Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to 

location and substrate. 

2. Unless otherwise indicated, provide single line of text with 1/2 inch (13 mm) high letters 

on 1-1/2 inch (38 mm) high sign; where two lines of text are required, use labels 2 inch 

(50 mm) high. 

Z. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to 

location and substrate. 

2. Unless otherwise indicated, provide single line of text with 1/2 inch (13 mm) high letters 

on 1-1/2 inch (38 mm) high sign; where two lines of text are required, use labels 2 inch 

(50 mm) high. 

AA. Cable Ties: General purpose, for attaching tags, except as listed below: 

1. Outdoors: UV-stabilized nylon. 

2. In Spaces Handling Environmental Air: Plenum rated. 

3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 

interference with operation and maintenance of equipment. Install access doors or panels to 

provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, 

and locations of high visibility. Identify by system and circuit designation. 

C. Accessible Raceways and Metal-Clad Cables, 1000 V or Less, for Service, Feeder, and Branch 

Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive raceway labels. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50 ft 

(15 m) maximum intervals in straight runs, and at 25 ft (7.6 m) maximum intervals in 

congested areas. 

D. Power-Circuit Conductor Identification, 1000 V or Less: For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use vinyl wraparound labels to identify phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50 ft 

(15 m) maximum intervals in straight runs, and at 25 ft (7.6 m) maximum intervals in 

congested areas. 
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E. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 

manholes, and handholes, use self-adhesive labels with conductor or cable designation, origin, 

and destination. 

F. Control-Circuit Conductor Termination Identification: For identification at terminations, 

provide heat-shrink preprinted tubes with conductor designation. 

G. Conductors to Be Extended in Future: Attach marker tape to conductors and list source. 

H. Instructional Signs: Self-adhesive labels, including color code for grounded and ungrounded 

conductors. 

I. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-

adhesive labels. 

1. Apply to exterior of door, cover, or other access. 

2. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following: 

a. Power-transfer switches. 

b. Controls with external control power connections. 

J. Operating Instruction Signs:  Self-adhesive labels. 

K. Equipment Identification Labels: 

1. Indoor Equipment:  Self-adhesive label. 

2. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in location provided by panelboard 

manufacturer. Panelboard identification must be in form of self-adhesive, 

engraved, laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 

c. Access doors and panels for concealed electrical items. 

d. Emergency system boxes and enclosures. 

e. Enclosed switches. 

f. Enclosed circuit breakers. 

g. Enclosed controllers. 

h. Variable-speed controllers. 

i. Push-button stations. 

j. Remote-controlled switches, dimmer modules, and control devices. 

k. Monitoring and control equipment. 

l. UPS equipment. 

END OF SECTION 26 05 53 
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SECTION 26 29 23 

VARIABLE-FREQUENCY MOTOR CONTROLLERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes separately enclosed, preassembled, combination VFCs, rated 600 V and less, 

for speed control of three-phase, squirrel-cage induction motors. 

1.3 DEFINITIONS 

A. CE: Conformite Europeene (European Compliance). 

B. CPT: Control power transformer. 

C. DDC: Direct digital control. 

D. EMI: Electromagnetic interference. 

E. LED: Light-emitting diode. 

F. NC: Normally closed. 

G. NO: Normally open. 

H. OCPD: Overcurrent protective device. 

I. PID: Control action, proportional plus integral plus derivative. 

J. RFI: Radio-frequency interference. 

K. VFC: Variable-frequency drive motor controller (VFD). 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type and rating of VFC indicated. 

1. Include dimensions and finishes for VFCs. 
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2. Include rated capacities, operating characteristics, electrical characteristics, and furnished 

specialties and accessories. 

B. Shop Drawings: For each VFC indicated. 

1. Include mounting and attachment details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

3. Include diagrams for power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Floor plans, drawn to scale, showing dimensioned layout on which the 

following items are shown and coordinated with each other, using input from installers of the 

items involved: 

1. Required working clearances and required area above and around VFCs. 

2. Show VFC layout and relationships between electrical components and adjacent 

structural and mechanical elements. 

3. Show support locations, type of support, and weight on each support. 

4. Indicate field measurements. 

B. Qualification Data: For testing agency. 

C. Seismic Qualification Data: Certificates, for each VFC, accessories, and components, from 

manufacturer. 

1. Certificate of compliance. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based, 

and their installation requirements. 

D. Product Certificates: For each VFC from manufacturer. 

E. Harmonic Analysis Report: Provide Project-specific calculations and manufacturer's statement 

of compliance with IEEE 519. 

F. Source quality-control reports. 

G. Field quality-control reports. 

H. Sample Warranty: For special warranty. 
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1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For VFCs to include in emergency, operation, and 

maintenance manuals. 

1. Operation and Maintenance Data are to include the following: 

a. Manufacturer's written instructions for testing and adjusting thermal-magnetic 

circuit breaker and motor-circuit protector trip settings. 

b. Manufacturer's written instructions for setting field-adjustable overload relays. 

c. Manufacturer's written instructions for testing, adjusting, and reprogramming 

microprocessor control modules. 

d. Manufacturer's written instructions for setting field-adjustable timers, controls, and 

status and alarm points. 

e. Load-Current and Overload-Relay Heater List: Compile after motors have been 

installed, and arrange to demonstrate that selection of heaters suits actual motor 

nameplate, full-load currents. 

f. Load-Current and List of Settings of Adjustable Overload Relays: Compile after 

motors have been installed, and arrange to demonstrate that switch settings for 

motor-running overload protection suit actual motors to be protected. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Power Fuses: Equal to 10 percent of quantity installed for each size and type, but no 

fewer than three of each size and type. 

2. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but 

no fewer than two of each size and type. 

3. Indicating Lights:  Two of each type and color installed. 

4. Auxiliary Contacts: Furnish one spare(s) for each size and type of magnetic controller 

installed. 

5. Power Contacts: Furnish three spares for each size and type of magnetic contactor 

installed. 

1.8 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Accredited by NETA. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 

testing. 
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1.9 DELIVERY, STORAGE, AND HANDLING 

A. If stored in space that is not permanently enclosed and air conditioned, remove loose packing 

and flammable materials from inside controllers and install temporary electric heating, with at 

least 250 W per controller. 

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for VFCs, 

including clearances between VFCs, and adjacent surfaces and other items. 

1.10 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace VFCs that fail in materials or 

workmanship within specified warranty period. 

1. Warranty Period:  Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. ABB ACH550 series or approved equal. 

2.2 SYSTEM DESCRIPTION 

A. General Requirements for VFCs: 

1. VFCs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing 

agency, and marked for intended location and application. 

2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A. 

B. Application:  Constant torque and variable torque. 

C. VFC Description: Variable-frequency motor controller, consisting of power converter that 

employs pulse-width-modulated inverter, factory built and tested in an enclosure, with integral 

disconnecting means and overcurrent and overload protection; listed and labeled by an NRTL 

as a complete unit; arranged to provide self-protection, protection, and variable-speed control of 

one or more three-phase induction motors by adjusting output voltage and frequency. 

1. Units suitable for operation of NEMA MG 1, Design A and Design B motors, as defined 

by NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed 

Motors Used on a Sinusoidal Bus with Harmonic Content and General Purpose Motors 

Used with Adjustable-Voltage or Adjustable-Frequency Controls or Both." 

2. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1, 

Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors." 

3. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL 

acceptable to authorities having jurisdiction. 

http://www.specagent.com/LookUp/?ulid=2177&mf=04&src=wd
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D. Design and Rating: Match load type, such as fans, blowers, and pumps; and type of connection 

used between motor and load such as direct or through a power-transmission connection. 

E. Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency throughout 

voltage range; maximum voltage equals input voltage. 

F. Unit Operating Requirements: 

1. Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFC input voltage rating. 

2. Input AC Voltage Unbalance: Not exceeding 5 percent. 

3. Input Frequency Tolerance: Plus or minus 3 percent of VFC frequency rating. 

4. Minimum Efficiency:  96 percent at 60 Hz, full load. 

5. Minimum Displacement Primary-Side Power Factor:  96 percent under any load or speed 

condition. 

6. Minimum Short-Circuit Current (Withstand) Rating:  10 kA. 

7. Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 deg F. 

8. Humidity Rating: Less than 95 percent (noncondensing). 

9. Altitude Rating: Not exceeding 3300 feet. 

10. Vibration Withstand: Comply with NEMA ICS 61800-2. 

11. Overload Capability:  1.1 times the base load current for 60 seconds; minimum of 1.8 

times the base load current for three seconds. 

12. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz. 

13. Speed Regulation: Plus or minus 5 percent. 

14. Output Carrier Frequency: Selectable; 0.5 to 15 kHz. 

15. Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking. 

G. Inverter Logic: Microprocessor based, 16 or 32 bit, isolated from all power circuits. 

H. Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum 40:1 

speed range. 

1. Signal:  Electrical. 

I. Internal Adjustability Capabilities: 

1. Minimum Speed: 5 to 25 percent of maximum rpm. 

2. Maximum Speed: 80 to 100 percent of maximum rpm. 

3. Acceleration:  0.1 to 999.9 seconds. 

4. Deceleration:  0.1 to 999.9 seconds. 

5. Current Limit: 30 to minimum of 150 percent of maximum rating. 

J. Self-Protection and Reliability Features: 

1. Surge Suppression: Factory installed as an integral part of the VFC, complying with 

UL 1449 SPD, Type 1 or Type 2. 

2. Surge Suppression: Field-mounted surge suppressors complying with Section 26 43 13 

"Surge Protection for Low-Voltage Electrical Power Circuits," UL 1449 SPD, Type 2. 

3. Loss of Input Signal Protection: Selectable response strategy, including speed default to a 

percent of the most recent speed, a preset speed, or stop; with alarm. 

4. Under- and overvoltage trips. 
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5. Inverter overcurrent trips. 

6. VFC and Motor-Overload/Overtemperature Protection: Microprocessor-based thermal 

protection system for monitoring VFCs and motor thermal characteristics, and for 

providing VFC overtemperature and motor-overload alarm and trip; settings selectable 

via the keypad. 

7. Critical frequency rejection, with three selectable, adjustable deadbands. 

8. Instantaneous line-to-line and line-to-ground overcurrent trips. 

9. Loss-of-phase protection. 

10. Reverse-phase protection. 

11. Short-circuit protection. 

12. Motor-overtemperature fault. 

K. Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power after an 

interruption and before shutting down for manual reset or fault correction; adjustable delay time 

between restart attempts. 

L. Power-Interruption Protection: To prevent motor from re-energizing after a power interruption 

until motor has stopped, unless "Bidirectional Autospeed Search" feature is available and 

engaged. 

M. Bidirectional Autospeed Search: Capable of starting VFC into rotating loads spinning in either 

direction and returning motor to set speed in proper direction, without causing damage to drive, 

motor, or load. 

N. Torque Boost: Automatically varies starting and continuous torque to at least 1.5 times the 

minimum torque to ensure high-starting torque and increased torque at slow speeds. 

O. Motor Temperature Compensation at Slow Speeds: Adjustable current fall-back based on 

output frequency for temperature protection of self-cooled, fan-ventilated motors at slow 

speeds. 

P. Integral Input Disconnecting Means and OCPD:  UL 489, instantaneous-trip circuit breaker 

with pad-lockable, door-mounted handle mechanism. 

1. Disconnect Rating: Not less than 115 percent of VFC input current rating. 

2. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load current rating 

or VFC input current rating, whichever is larger. 

3. Auxiliary Contacts: NO or NC, arranged to activate before switch blades open. 

4. Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle. 

5. NC alarm contact that operates only when circuit breaker has tripped. 

2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: VFCs shall withstand the effects of earthquake motions determined 

according to ASCE/SEI 7. The designated VFCs shall be tested and certified by an NRTL as 

meeting the ICC-ES AC 156 test procedure requirements. 
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1. The term "withstand" means "the unit will remain in place without separation of any parts 

when subjected to the seismic forces specified and the unit will be fully operational after 

the seismic event." 

2.4 CONTROLS AND INDICATION 

A. Status Lights: Door-mounted LED indicators displaying the following conditions: 

1. Power on. 

2. Run. 

3. Overvoltage. 

4. Line fault. 

5. Overcurrent. 

6. External fault. 

B. Panel-Mounted Operator Station: Manufacturer's standard front-accessible, sealed keypad and 

plain-English-language digital display; allows complete programming, program copying, 

operating, monitoring, and diagnostic capability. 

1. Keypad: In addition to required programming and control keys, include keys for HAND, 

OFF, and AUTO modes. 

2. Security Access: Provide electronic security access to controls through identification and 

password with at least three levels of access: View only; view and operate; and view, 

operate, and service. 

a. Control Authority: Supports at least four conditions: Off, local manual control at 

VFC, local automatic control at VFC, and automatic control through a remote 

source. 

C. Historical Logging Information and Displays: 

1. Real-time clock with current time and date. 

2. Running log of total power versus time. 

3. Total run time. 

4. Fault log, maintaining last four faults with time and date stamp for each. 

D. Indicating Devices: Digital display and additional readout devices as required, mounted flush in 

VFC door and connected to display VFC parameters including, but not limited to: 

1. Output frequency (Hz). 

2. Motor speed (rpm). 

3. Motor status (running, stop, fault). 

4. Motor current (amperes). 

5. Motor torque (percent). 

6. Fault or alarming status (code). 

7. PID feedback signal (percent). 

8. DC-link voltage (V dc). 

9. Set point frequency (Hz). 

10. Motor output voltage (V ac). 
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E. Control Signal Interfaces: 

1. Electric Input Signal Interface: 

a. A minimum of two programmable analog inputs:  0- to 10-V dc. 

b. A minimum of six multifunction programmable digital inputs. 

 

2. Remote Signal Inputs: Capability to accept any of the following speed-setting input 

signals from the DDC system for HVAC or other control systems: 

a. 0- to 10-V dc. 

b. 4- to 20-mA dc. 

c. Potentiometer using up/down digital inputs. 

d. Fixed frequencies using digital inputs. 

3. Output Signal Interface: A minimum of one programmable analog output signal(s) (0- to 

10-V dc), which can be configured for any of the following: 

a. Output frequency (Hz). 

b. Output current (load). 

c. DC-link voltage (V dc). 

d. Motor torque (percent). 

e. Motor speed (rpm). 

f. Set point frequency (Hz). 

4. Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs 

(120-V ac, 1 A) for remote indication of the following: 

a. Motor running. 

b. Set point speed reached. 

c. Fault and warning indication (overtemperature or overcurrent). 

d. PID high- or low-speed limits reached. 

F. PID Control Interface: Provides closed-loop set point, differential feedback control in response 

to dual feedback signals. Allows for closed-loop control of fans and pumps for pressure, flow, 

or temperature regulation. 

1. Number of Loops:  One. 

G. Interface with DDC System for HVAC: Factory-installed hardware and software shall interface 

with DDC system for HVAC to monitor, control, display, and record data for use in processing 

reports. VFC settings shall be retained within VFC's nonvolatile memory. 

1. Hardwired Points: 

a. Monitoring: On-off status,. 

b. Control: On-off operation,. 

2. Communication Interface: Comply with ASHRAE 135. Communication shall interface 

with DDC system for HVAC to remotely control and monitor lighting from a DDC 
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system for HVAC operator workstation. Control features and monitoring points displayed 

locally at lighting panel shall be available through the DDC system for HVAC. 

2.5 LINE CONDITIONING AND FILTERING 

A. Input Line Conditioning: Based on the manufacturer's harmonic analysis study and report, 

provide input filtering, as required, to limit total demand (harmonic current) distortion and total 

harmonic voltage demand at the defined point of common coupling to meet IEEE 519 

recommendations. 

2.6 BYPASS SYSTEMS 

A. Bypass Operation: Safely transfers motor between power converter output and bypass circuit, 

manually, automatically, or both. Selector switches set modes and indicator lights indicate 

mode selected. Unit is capable of stable operation (starting, stopping, and running) with motor 

completely disconnected from power converter. 

B. Bypass Mode: Manual operation only; requires local operator selection at VFC. Transfer 

between power converter and bypass contactor, and retransfer shall only be allowed with the 

motor at zero speed. 

C. Bypass Mode: Field-selectable automatic or manual, allows local and remote transfer between 

power converter and bypass contactor and retransfer, either via manual operator interface or 

automatic-control system feedback. 

D. Bypass Controller: Two-contactor-style bypass allows motor operation via the power converter 

or the bypass controller. 

1. Bypass Contactor: Load-break, NEMA-rated contactor. 

2. Output Isolating Contactor: Non-load-break, NEMA-rated contactor. 

3. Isolating Switch: Non-load-break switch arranged to isolate power converter and permit 

safe troubleshooting and testing of the power converter, both energized and de-energized, 

while motor is operating in bypass mode; pad-lockable, door-mounted handle 

mechanism. 

E. Bypass Controller: Three-contactor-style bypass allows motor operation via the power 

converter or the bypass controller arranged to isolate the power converter input and output and 

permit safe testing of the power converter, both energized and de-energized, while motor is 

operating in bypass mode. 

1. Bypass Contactor: Load-break, NEMA-rated contactor. 

2. Input and Output Isolating Contactors: Non-load-break, NEMA-rated contactors. 

3. Isolating Switch: Non-load-break switch arranged to isolate power converter and permit 

safe troubleshooting and testing of the power converter, both energized and de-energized, 

while motor is operating in bypass mode; pad-lockable, door-mounted handle 

mechanism. 
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F. Bypass Contactor Configuration:  Full-voltage (across-the-line) type. 

1. NORMAL/BYPASS selector switch. 

2. HAND/OFF/AUTO selector switch. 

3. NORMAL/TEST Selector Switch: Allows testing and adjusting of VFC while the motor 

is running in the bypass mode. 

4. Contactor Coils: Pressure-encapsulated type. 

a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating, 

manufacturer's standard matching control power or line voltage. 

b. Power Contacts: Totally enclosed, double break, and silver-cadmium oxide; 

assembled to allow inspection and replacement without disturbing line or load 

wiring. 

5. Control Circuits:  120-V ac; obtained from integral CPT, with primary and secondary 

fuses, with CPT of sufficient capacity to operate all integral devices and remotely located 

pilot, indicating, and control devices. 

a. CPT Spare Capacity:  50 VA. 

6. Overload Relays: NEMA ICS 2. 

a. Melting-Alloy Overload Relays: 

1) Inverse-time-current characteristic. 

2) Class 10 tripping characteristic. 

3) Heaters in each phase matched to nameplate full-load current of actual 

protected motor and with appropriate adjustment for duty cycle. 

b. Bimetallic Overload Relays: 

1) Inverse-time-current characteristic. 

2) Class 10 tripping characteristic. 

3) Heaters in each phase matched to nameplate full-load current of actual 

protected motor and with appropriate adjustment for duty cycle. 

4) Ambient compensated. 

5) Automatic resetting. 

c. Solid-State Overload Relays: 

1) Switch or dial selectable for motor-running overload protection. 

2) Sensors in each phase. 

3) Class 10 tripping characteristic selected to protect motor against voltage and 

current unbalance and single phasing. 

4) Class II ground-fault protection, with start and run delays to prevent 

nuisance trip on starting. 

5) Analog communication module. 

d. NC isolated overload alarm contact. 

e. External overload, reset push button. 
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2.7 OPTIONAL FEATURES 

A. Multiple-Motor Capability: VFC suitable for variable-speed service to multiple motors. 

Overload protection shuts down VFC and motors served by it, and generates fault indications 

when overload protection activates. 

1. Configure to allow two or more motors to operate simultaneously at the same speed; 

separate overload relay for each controlled motor. 

2. Configure to allow two motors to operate separately; operator selectable via local or 

remote switch or contact closures; single overload relay for both motors; separate output 

magnetic contactors for each motor. 

3. Configure to allow two motors to operate simultaneously and in a lead/lag mode, with 

one motor operated at variable speed via the power converter and the other at constant 

speed via the bypass controller; separate overload relay for each controlled motor. 

B. Damper control circuit with end-of-travel feedback capability. 

C. Sleep Function: Senses a minimal deviation of a feedback signal and stops the motor. On an 

increase in speed-command signal deviation, VFC resumes normal operation. 

D. Motor Preheat Function: Preheats motor when idle to prevent moisture accumulation in the 

motor. 

E. Firefighter's Override (Smoke Purge) Input: On a remote contact closure from the firefighter's 

control station, this password-protected input: 

1. Overrides all other local and external inputs (analog/digital, serial communication, and all 

keypad commands). 

2. Forces VFC to operate motor, without any other run or speed command, at a field-

adjustable, preset speed. 

3. Forces VFC to transfer to bypass mode and operate motor at full speed. 

4. Causes display of override mode on the VFC display. 

5. Reset VFC to normal operation on removal of override signal automatically. 

F. Remote Indicating Circuit Terminals: Mode selection, controller status, and controller fault. 

G. Remote digital operator kit. 

H. Communication Port: RS-232 port, USB 2.0 port, or equivalent connection capable of 

connecting a printer. 

2.8 ENCLOSURES 

A. VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location. 

1. Dry and Clean Indoor Locations:  Type 1. 

B. Plenum Rating: UL 1995; NRTL certification label on enclosure, clearly identifying VFC as 

"Plenum Rated." 
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2.9 ACCESSORIES 

A. General Requirements for Control-Circuit and Pilot Devices: NEMA ICS 5; factory installed in 

VFC enclosure cover unless otherwise indicated. 

1. Push Buttons:  Covered. 

2. Pilot Lights: Push to test. 

3. Selector Switches:  Rotary type. 

4. Stop and Lockout Push-Button Station: Momentary-break, push-button station with a 

factory-applied hasp arranged so padlock can be used to lock push button in depressed 

position with control circuit open. 

B. NC bypass contactor auxiliary contact(s). 

C. Control Relays: Auxiliary and adjustable solid-state time-delay relays. 

D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state sensing 

circuit with isolated output contacts for hard-wired connections. Provide adjustable 

undervoltage, overvoltage, and time-delay settings. 

1. Current Transformers: Continuous current rating, basic impulse insulating level (BIL) 

rating, burden, and accuracy class suitable for connected circuitry. Comply with 

IEEE C57.13. 

E. Supplemental Digital Meters: 

1. Elapsed-time meter. 

2. Kilowatt meter. 

3. Kilowatt-hour meter. 

F. Cooling Fan and Exhaust System: For NEMA 250, Type 1; UL 508 component recognized: 

Supply fan, with composite intake and exhaust grills and filters; 120-V ac; obtained from 

integral CPT. 

G. Spare control-wiring terminal blocks; unwired. 

2.10 SOURCE QUALITY CONTROL 

A. Testing: Test and inspect VFCs according to requirements in NEMA ICS 61800-2. 

1. Test each VFC while connected to its specified motor. 

2. Verification of Performance: Rate VFCs according to operation of functions and features 

specified. 

B. VFCs will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance 

with requirements for installation tolerances, and other conditions affecting performance of the 

Work. 

B. Examine VFC before installation. Reject VFCs that are wet, moisture damaged, or mold 

damaged. 

C. Examine roughing-in for conduit systems to verify actual locations of conduit connections 

before VFC installation. 

D. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 

the Work 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Wall-Mounting Controllers: Install with tops at uniform height and with disconnect operating 

handles not higher than 79 inches above finished floor, unless otherwise indicated, and by 

bolting units to wall or mounting on lightweight structural-steel channels bolted to wall. For 

controllers not on walls, provide freestanding racks complying with Section 26 05 29 "Hangers 

and Supports for Electrical Systems." 

B. Floor-Mounting Controllers: Install VFCs on 4-inch nominal thickness concrete base. Comply 

with requirements for concrete base specified in Section 03 30 00 "Cast-in-Place Concrete." 

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, 

install dowel rods on 18-inch centers around the full perimeter of concrete base. 

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 

base and anchor into structural concrete floor. 

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams, 

instructions, and directions furnished with items to be embedded. 

4. Install anchor bolts to elevations required for proper attachment to supported equipment. 

C. Roof-Mounting Controllers: Install VFC on roofs with tops at uniform height and with 

disconnect operating handles not higher than 79 inches above finished roof surface unless 

otherwise indicated, and by bolting units to curbs or mounting on freestanding, lightweight, 

structural-steel channels bolted to curbs. Seal roof penetrations after raceways are installed. 

1. Curbs and roof penetrations are specified in Section 07 72 00 "Roof Accessories." 

2. Structural-steel channels are specified in Section 26 05 29 "Hangers and Supports for 

Electrical Systems." 
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D. Seismic Bracing: Comply with requirements specified in Section 26 05 48.16 "Seismic 

Controls for Electrical Systems." 

E. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

F. Install fuses in each fusible-switch VFC. 

G. Install fuses in control circuits if not factory installed. Comply with requirements in Section 26 

28 13 "Fuses." 

H. Install heaters in thermal-overload relays. Select heaters based on actual nameplate full-load 

amperes after motors are installed. 

I. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 

equipment. 

J. Comply with NECA 1. 

3.3 CONTROL WIRING INSTALLATION 

A. Install wiring between VFCs and remote devices and facility's central-control system. Comply 

with requirements in Section 26 05 23 "Control-Voltage Electrical Power Cables." 

B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic-control devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices 

that have no safety functions when switches are in manual-control position. 

2. Connect selector switches with control circuit in both manual and automatic positions for 

safety-type control devices such as low- and high-pressure cutouts, high-temperature 

cutouts, and motor-overload protectors. 

3.4 IDENTIFICATION 

A. Identify VFCs, components, and control wiring. Comply with requirements for identification 

specified in Section 26 05 53 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label each VFC with engraved nameplate. 

3. Label each enclosure-mounted control and pilot device. 

B. Operating Instructions: Frame printed operating instructions for VFCs, including control 

sequences and emergency procedures. Fabricate frame of finished metal, and cover instructions 

with clear acrylic plastic. Mount on front of VFC units. 
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3.5 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 

inspect components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections with the assistance of a factory-authorized service representative. 

D. Acceptance Testing Preparation: 

1. Test insulation resistance for each VFC element, bus, component, connecting supply, 

feeder, and control circuit. 

2. Test continuity of each circuit. 

E. Tests and Inspections: 

1. Inspect VFC, wiring, components, connections, and equipment installation. Test and 

adjust controllers, components, and equipment. 

2. Test insulation resistance for each VFC element, component, connecting motor supply, 

feeder, and control circuits. 

3. Test continuity of each circuit. 

4. Verify that voltages at VFC locations are within 10 percent of motor nameplate rated 

voltages. If outside this range for any motor, notify Owner before starting the motor(s). 

5. Test each motor for proper phase rotation. 

6. Perform tests according to the Inspection and Test Procedures for Adjustable Speed 

Drives stated in NETA Acceptance Testing Specification. Certify compliance with test 

parameters. 

7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

8. Perform the following infrared (thermographic) scan tests and inspections, and prepare 

reports: 

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days 

after Final Acceptance, perform an infrared scan of each VFC. Remove front 

panels so joints and connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of 

each VFC 11 months after date of Substantial Completion. 

c. Instruments and Equipment: Use an infrared scanning device designed to measure 

temperature or to detect significant deviations from normal values. Provide 

calibration record for device. 

9. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 

malfunctioning controls and equipment. 

F. VFCs will be considered defective if they do not pass tests and inspections. 

G. Prepare test and inspection reports, including a certified report that identifies the VFC and 

describes scanning results. Include notation of deficiencies detected, remedial action taken, and 

observations made after remedial action. 
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3.6 STARTUP SERVICE 

A. Perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 

3.7 ADJUSTING 

A. Program microprocessors for required operational sequences, status indications, alarms, event 

recording, and display features. Clear events memory after final acceptance testing and prior to 

Substantial Completion. 

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay 

pickup and trip ranges. 

C. Adjust the trip settings of instantaneous-only circuit breakers and thermal-magnetic circuit 

breakers with adjustable, instantaneous trip elements. Initially adjust to 6 times the motor 

nameplate full-load amperes and attempt to start motors several times, allowing for motor cool-

down between starts. If tripping occurs on motor inrush, adjust settings in increments until 

motors start without tripping. Do not exceed 8 times the motor full-load amperes (or 11 times 

for NEMA Premium Efficient motors if required). Where these maximum settings do not allow 

starting of a motor, notify Owner before increasing settings. 

D. Set the taps on reduced-voltage autotransformer controllers. 

E. Set field-adjustable circuit-breaker trip ranges 

F. Set field-adjustable pressure switches. 

3.8 PROTECTION 

A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's 

written instructions until controllers are ready to be energized and placed into service. 

B. Replace VFCs whose interiors have been exposed to water or other liquids prior to Substantial 

Completion. 

3.9 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, reprogram, and maintain VFCs. 

END OF SECTION 26 29 23 
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	SECTION 23 09 23
	DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Direct digital control (DDC) system equipment and components for monitoring and controlling of HVAC, exclusive of instrumentation and control devices.


	1.2 DEFINITIONS
	A. Algorithm: A logical procedure for solving a recurrent mathematical problem. A prescribed set of well-defined rules or processes for solving a problem in a finite number of steps.
	B. Analog: A continuously varying signal value, such as current, flow, pressure, or temperature.
	C. BACnet Specific Definitions:
	1. BACnet: Building Automation Control Network Protocol, ASHRAE 135. A communications protocol allowing devices to communicate data and services over a network.
	2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of BACnet functionality that is needed to perform a particular task. BIBBs are combined to build the BACnet functional requirements for a device.
	3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet messages over IP networks. A BACnet/IP network is a collection of one or more IP subnetworks that share the same BACnet network number.
	4. BACnet Testing Laboratories (BTL): Organization responsible for testing products for compliance with ASHRAE 135, operated under direction of BACnet International.

	D. Binary: Two-state signal where a high signal level represents "ON" or "OPEN" condition and a low signal level represents "OFF" or "CLOSED" condition. "Digital" is sometimes used interchangeably with "Binary" to indicate a two-state signal.
	E. Controller: Generic term for any standalone, microprocessor-based, digital controller residing on a network, used for local or global control. Three types of controllers are indicated: network controllers, programmable application controllers, and ...
	F. Control System Integrator: An entity that assists in expansion of existing enterprise system and support of additional operator interfaces to I/O being added to existing enterprise system.
	G. COV: Changes of value.
	H. DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer and responsible for execution of DDC system Work indicated.
	I. Distributed Control: Processing of system data is decentralized and control decisions are made at subsystem level. System operational programs and information are provided to remote subsystems and status is reported back. On loss of communication, ...
	J. Gateway: Bidirectional protocol translator that connects control systems that use different communication protocols.
	K. HLC: Heavy load conditions.
	L. I/O: System through which information is received and transmitted. I/O refers to analog input (AI), binary input (BI), analog output (AO) and binary output (BO). Analog signals are continuous and represent control influences such as flow, level, mo...
	M. LAN: Local area network.
	N. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control, signaling power-limited circuits.
	O. Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular data network and running a native control application or accessing a web interface.
	P. Modbus TCP/IP: An open protocol for exchange of process data.
	Q. MS/TP: Master-slave/token-passing, ISO/IEC/IEEE 8802-3. Datalink protocol LAN option that uses twisted-pair wire for low-speed communication.
	R. MTBF: Mean time between failures.
	S. Network Controller: Digital controller, which supports a family of programmable application controllers and application-specific controllers, that communicates on peer-to-peer network for transmission of global data.
	T. Network Repeater: Device that receives data packet from one network and rebroadcasts it to another network. No routing information is added to protocol.
	U. Peer to Peer: Networking architecture that treats all network stations as equal partners.
	V. POT: Portable operator's terminal.
	W. RAM: Random access memory.
	X. RF: Radio frequency.
	Y. Router: Device connecting two or more networks at network layer.
	Z. Server: Computer used to maintain system configuration, historical and programming database.
	AA. TCP/IP: Transport control protocol/Internet protocol.
	BB. UPS: Uninterruptible power supply.
	CC. USB: Universal Serial Bus.
	DD. User Datagram Protocol (UDP): This protocol assumes that the IP is used as the underlying protocol.
	EE. VAV: Variable air volume.
	FF. WLED: White light emitting diode.

	1.3 PREINSTALLATION MEETINGS
	A. Preinstallation Conference: Conduct conference at a site with telephonic, video conference, and screensharing capabilities.

	1.4 ACTION SUBMITTALS
	A. Multiple Submissions:
	1. If multiple submissions are required to execute work within schedule, first submit a coordinated schedule clearly defining intent of multiple submissions. Include a proposed date of each submission with a detailed description of submittal content t...
	2. Clearly identify each submittal requirement indicated and in which submission the information will be provided.
	3. Include an updated schedule in each subsequent submission with changes highlighted to easily track the changes made to previous submitted schedule.

	B. Product Data:
	1. Construction details, material descriptions, dimensions of individual components and profiles, and finishes.
	2. Operating characteristics, electrical characteristics, and furnished accessories indicating process operating range, accuracy over range, control signal over range, default control signal with loss of power, calibration data specific to each unique...
	3. Product description with complete technical data, performance curves, and product specification sheets.
	4. Installation, operation, and maintenance instructions including factors effecting performance.
	5. Bill of materials of indicating quantity, manufacturer, and extended model number for each unique product.
	a. Protocol analyzers.
	b. DDC controllers.
	c. Enclosures.
	d. Electrical power devices.
	e. UPS units.
	f. Accessories.
	g. Instruments.
	h. Control dampers and actuators.
	i. Control valves and actuators.

	6. When manufacturer's product datasheets apply to a product series rather than a specific product model, clearly indicate and highlight only applicable information.
	7. Each submitted piece of product literature to clearly cross reference specification and drawings that submittal is to cover.

	C. Software Submittal:
	1. Cross-referenced listing of software to be loaded on each operator workstation, server, gateway, and DDC controller.
	2. Description and technical data of all software provided and cross-referenced to products in which software will be installed.
	3. Operating system software, operator interface and programming software, color graphic software, DDC controller software, maintenance management software, and third-party software.
	4. Include a flow diagram and an outline of each subroutine that indicates each program variable name and units of measure.
	5. Listing and description of each engineering equation used with reference source.
	6. Listing and description of each constant used in engineering equations and a reference source to prove origin of each constant.
	7. Description of operator interface to alphanumeric and graphic programming.
	8. Description of each network communication protocol.
	9. Description of system database, including all data included in database, database capacity, and limitations to expand database.
	10. Description of each application program and device drivers to be generated, including specific information on data acquisition and control strategies showing their relationship to system timing, speed, processing burden, and system throughout.
	11. Controlled Systems: Instrumentation list with element name, type of device, manufacturer, model number, and product data. Include written description of sequence of operation including schematic diagram.

	D. Shop Drawings:
	1. General Requirements:
	a. Include cover drawing with Project name, location, Owner, Architect, Contractor, and issue date with each Shop Drawings submission.
	b. Include a drawing index sheet listing each drawing number and title that matches information in each title block.
	c. Drawings Size: one electronic copy of 22 inches by 34 inches, one electronic copy of 11 inches by 17 inches. No hard copies without prior approval by owner.

	2. Include plans, elevations, sections, and mounting details where applicable.
	3. Include details of product assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	4. Detail means of vibration isolation and show attachments to rotating equipment.
	5. Plan Drawings indicating the following:
	a. Screened backgrounds of walls, structural grid lines, HVAC equipment, ductwork, and piping.
	b. Room names and numbers with coordinated placement to avoid interference with control products indicated.
	c. Each desktop workstation network port, server, gateway, router, DDC controller, control panel instrument connecting to DDC controller, and damper and valve connecting to DDC controller, if included in Project.
	d. Exact placement of products in rooms, ducts, and piping to reflect proposed installed condition.
	e. Network communication cable and raceway routing.
	f. Information, drawn to scale, of plan views.
	g. Proposed routing of wiring, cabling, conduit, and tubing; coordinated with building services for review before installation.

	6. Schematic drawings for each controlled HVAC system indicating the following:
	a. I/O points labeled with point names shown. Indicate instrument range, normal operating set points, and alarm set points. Indicate fail position of each damper and valve, if included in Project.
	b. I/O listed in table format showing point name, type of device, manufacturer, model number, and cross-reference to product data sheet number.
	c. A graphic showing location of control I/O in proper relationship to HVAC system.
	d. Wiring diagram with each I/O point having a unique identification and indicating labels for all wiring terminals.
	e. Unique identification of each I/O that to be consistently used between different drawings showing same point.
	f. Elementary wiring diagrams of controls for HVAC equipment motor circuits including interlocks, switches, relays, and interface to DDC controllers.
	g. Narrative sequence of operation.
	h. Graphic sequence of operation, showing all inputs and output logical blocks.

	7. Control panel drawings indicating the following:
	a. Panel dimensions, materials, size, and location of field cable, raceways, and tubing connections.
	b. Interior subpanel layout, drawn to scale and showing all internal components, cabling and wiring raceways, nameplates, and allocated spare space.
	c. Front, rear, and side elevations and nameplate legend.
	d. Unique drawing for each panel.

	8. DDC system network riser diagram indicating the following:
	a. Each device connected to network with unique identification for each.
	b. Interconnection of each different network in DDC system.
	c. For each network, indicate communication protocol, speed and physical means of interconnecting network devices, such as copper cable type, or optical fiber cable type. Indicate raceway type and size for each.
	d. Each network port for connection of an operator workstation or other type of operator interface with unique identification for each.

	9. DDC system electrical power riser diagram indicating the following:
	a. Each point of connection to field power with requirements (volts/phase//hertz/amperes/connection type) listed for each.
	b. Each control power supply including, as applicable, transformers, power-line conditioners, transient voltage suppression and high filter noise units, DC power supplies, and UPS units with unique identification for each.
	c. Each product requiring power with requirements (volts/phase//hertz/amperes/connection type) listed for each.
	d. Power wiring type and size, race type, and size for each.

	10. Monitoring and control signal diagrams indicating the following:
	a. Control signal cable and wiring between controllers and I/O.
	b. Point-to-point schematic wiring diagrams for each product.
	c. Control signal tubing to sensors, switches, and transmitters.
	d. Process signal tubing to sensors, switches, and transmitters.

	11. Color graphics indicating the following:
	a. Itemized list of color graphic displays to be provided.
	b. For each display screen to be provided, a true color copy showing layout of pictures, graphics, and data displayed.
	c. Intended operator access between related hierarchical display screens.


	E. System Description:
	1. Full description of DDC system architecture, network configuration, operator interfaces and peripherals, servers, controller types and applications, gateways, routers and other network devices, and power supplies.
	2. Complete listing and description of each report, log and trend for format and timing, and events that initiate generation.
	3. System and product operation under each potential failure condition including, but not limited to, the following:
	a. Loss of power.
	b. Loss of network communication signal.
	c. Loss of controller signals to inputs and outpoints.
	d. Operator workstation failure.
	e. Server failure.
	f. Gateway failure.
	g. Network failure.
	h. Controller failure.
	i. Instrument failure.
	j. Control damper and valve actuator failure.

	4. Complete bibliography of documentation and media to be delivered to Owner.
	5. Description of testing plans and procedures.
	6. Description of Owner training.

	F. Delegated Design Submittals: For DDC system products and installation indicated as being delegated.
	1. Supporting documentation showing DDC system design complies with performance requirements indicated, including calculations and other documentation necessary to prove compliance.
	2. Schedule and design calculations for damper and valve control actuators.
	a. Flow at Project design and minimum flow conditions.
	b. Face velocity at Project design and minimum airflow conditions.
	c. Pressure drop across damper at Project design and minimum airflow conditions.
	d. AMCA 500-D damper installation arrangement used to calculate and schedule pressure drop, as applicable to installation.
	e. Maximum close-off pressure.
	f. Leakage airflow at maximum system pressure differential (fan close-off pressure).
	g. Torque required at worst case condition for sizing actuator.
	h. Actuator selection indicating torque provided.
	i. Actuator signal to control damper (on, close, or modulate).
	j. Actuator position on loss of power.
	k. Actuator position on loss of control signal.

	3. Schedule and design calculations for control valves and actuators.
	a. Flow at Project design and minimum flow conditions.
	b. Pressure-differential drop across valve at Project design flow condition.
	c. Maximum system pressure-differential drop (pump close-off pressure) across valve at Project minimum flow condition.
	d. Design and minimum control valve coefficient with corresponding valve position.
	e. Maximum close-off pressure.
	f. Leakage flow at maximum system pressure differential.
	g. Torque required at worst case condition for sizing actuator.
	h. Actuator selection indicating torque provided.
	i. Actuator signal to control damper (on, close or modulate).
	j. Actuator position on loss of power.
	k. Actuator position on loss of control signal.

	4. Schedule and design calculations for selecting flow instruments.
	a. Instrument flow range.
	b. Project design and minimum flow conditions with corresponding accuracy, control signal to transmitter, and output signal for remote control.
	c. Extreme points of extended flow range with corresponding accuracy, control signal to transmitter, and output signal for remote control.
	d. Pressure-differential loss across instrument at Project design flow conditions.
	e. Where flow sensors are mated with pressure transmitters, provide information for each instrument separately and as an operating pair.



	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings:
	1. Plan drawings and corresponding product installation details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved.
	2. Reflected ceiling plans and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved.

	B. Qualification Statements:
	1. Systems Provider's Qualification Data:
	a. Resume of project manager assigned to Project.
	b. Resumes of application engineering staff assigned to Project.
	c. Resumes of installation and programming technicians assigned to Project.
	d. Resumes of service technicians assigned to Project.
	e. Brief description of past project including physical address, floor area, number of floors, building system cooling and heating capacity, and building's primary function.
	f. Description of past project DDC system, noting similarities to Project scope and complexity indicated.
	g. Names of staff assigned to past project that will also be assigned to execute work of this Project.
	h. Owner contact information for past project including name, phone number, and email address.
	i. Contractor contact information for past project including name, phone number, and email address.
	j. Architect and Engineer contact information for past project including name, phone number, and email address.

	2. Manufacturer's qualification data.
	3. Testing agency's qualification data.

	C. Product Certificates:
	1. Data Communications Protocol Certificates: Certifying that each proposed DDC system component complies with ASHRAE 135.

	D. Test and Evaluation Reports:
	1. Product Test Reports: For each product, for tests performed by manufacturer.
	2. Preconstruction Test Reports: For each separate test performed.

	E. Source Quality-Control Submittals:
	1. Source quality-control reports.

	F. Field Quality-Control Submittals:
	1. Field quality-control reports.

	G. Sample warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For DDC system.
	1. In addition to items specified in Section 01 78 23 "Operation and Maintenance Data," include the following:
	a. Project Record Drawings of as-built versions of submittal Shop Drawings provided in electronic PDF format.
	b. Testing and commissioning reports and checklists of completed final versions of reports, checklists, and trend logs.
	c. As-built versions of submittal Product Data.
	d. Names, addresses, email addresses, and 24-hour telephone numbers of Installer and service representatives for DDC system and products.
	e. Operator's manual with procedures for operating control systems including logging on and off, handling alarms, producing point reports, trending data, overriding computer control, and changing set points and variables.
	f. Programming manuals with description of programming language and syntax, of statements for algorithms and calculations used, of point database creation and modification, of program creation and modification, and of editor use.
	g. Engineering, installation, and maintenance manuals that explain how to do the following:
	1) Design and install new points, panels, and other hardware.
	2) Perform preventive maintenance and calibration.
	3) Debug hardware problems.
	4) Repair or replace hardware.

	h. Documentation of all programs created using custom programming language including set points, tuning parameters, and object database.
	i. Backup copy of graphic files, programs, and databases on electronic media.
	j. List of recommended spare parts with part numbers and suppliers.
	k. Complete original-issue documentation, installation, and maintenance information for furnished third-party hardware including computer equipment and sensors.
	l. Complete original-issue copies of furnished software, including operating systems, custom programming language, operator workstation software, and graphics software.
	m. Licenses, guarantees, and warranty documents.
	n. Recommended preventive maintenance procedures for system components, including schedule of tasks such as inspection, cleaning, and calibration; time between tasks; and task descriptions.
	o. Owner training materials.



	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Include product manufacturers' recommended parts lists for proper product operation over four-year period following warranty period. Parts list to be indicated for each year.

	1.8 QUALITY ASSURANCE
	A. DDC System Manufacturer Qualifications:
	1. Nationally recognized manufacturer of DDC systems and products.
	2. DDC systems with similar requirements to those indicated for a continuous period of five years within time of bid.
	3. DDC systems and products that have been successfully tested and in use on at least five past projects.
	4. Having complete published catalog literature, installation, operation, and maintenance manuals for all products intended for use.
	5. Having full-time in-house employees for the following:
	a. Product research and development.
	b. Product and application engineering.
	c. Product manufacturing, testing, and quality control.
	d. Technical support for DDC system installation training, commissioning, and troubleshooting of installations.
	e. Owner operator training.


	B. DDC System Provider Qualifications:
	1. Authorized representative of, and trained by, DDC system manufacturer.
	2. In-place facility located in Alaska.
	3. Demonstrate past experience with installation of DDC system products being installed for period within five consecutive years before time of bid.
	4. Demonstrate past experience on five projects of similar complexity, scope, and value.
	5. Demonstrate past experience of each person assigned to Project.
	6. Staffing resources of competent and experienced full-time employees that are assigned to execute work according to schedule.
	7. Service and maintenance staff assigned to support Project during warranty period.
	8. Product parts inventory to support ongoing DDC system operation for a period of not less than five years after Substantial Completion.
	9. DDC system manufacturer's backing to take over execution of the Work if necessary to comply with requirements indicated. Include Project-specific written letter, signed by manufacturer's corporate officer, if requested.


	1.9 WARRANTY
	A. Special Warranty: Manufacturer and Installer agree to repair or replace products that fail in materials or workmanship within specified warranty period.
	1. Adjust, repair, or replace failures at no additional cost or reduction in service to Owner.
	2. Include updates or upgrades to software and firmware if necessary to resolve deficiencies.
	a. Install updates only after receiving Owner's written authorization.

	3. Perform warranty service during normal business hours and commence within the fastest practical time after a warranty request (given the location of the project).
	4. Warranty Period:  Two year(s) from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 DDC SYSTEM MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1. Alerton Inc.
	2. Automated Logic Corporation.
	3. Delta Controls Inc.
	4. Distech Controls.
	5. Honeywell International Inc.
	6. Johnson Controls, Inc.
	7. Siemens Industry, Inc., Building Technologies Division.
	8. Trane.


	2.2 DDC SYSTEM DESCRIPTION
	A. Microprocessor-based monitoring and control including analog/digital conversion and program logic. A control loop or subsystem in which digital and analog information is received and processed by a microprocessor, and digital control signals are ge...
	1. DDC system consisting of high-speed, peer-to-peer network of distributed DDC controllers, other network devices, operator interfaces, and software.

	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.3 WEB ACCESS
	A. DDC system to be web based or web compatible.
	1. Web-Based Access to DDC System:
	a. DDC system software based on server thin-client architecture, designed around open standards of web technology. DDC system server accessed using a web browser over DDC system network, using Owner's LAN, and remotely over Internet.
	b. Intent of thin-client architecture is to provide operators complete access to DDC system via a web browser. No special software other than a web browser is required to access graphics, point displays, and trends; to configure trends, points, and co...
	c. Password-protected web access.

	2. Web-Compatible Access to DDC System:
	a. DDC system to support web browser access to building data. Operator using a standard web browser is able to access control graphics and change adjustable set points.
	b. Password-protected web access.



	2.4 PERFORMANCE REQUIREMENTS
	A. ASME Compliance:
	1. DDC system for monitoring and controlling of HVAC systems.

	B. Delivery of selected control devices to equipment and systems manufacturers for factory installation and to HVAC systems installers for field installation.
	C. Delegated Design, Qualified Professional Engineer: Engage a qualified professional engineer to design DDC system to satisfy requirements indicated.
	1. System Performance Objectives:
	a. DDC system manages HVAC systems.
	b. DDC system operates HVAC systems to achieve optimum operating costs while using least possible energy and maintaining specified performance.
	c. DDC system responds to power failures, HVAC equipment failures, and adverse and emergency conditions encountered through connected I/O points.
	d. DDC system operates while unattended by an operator and through operator interaction.
	e. DDC system records trends and transactions of events and produces report information such as performance, energy, occupancies, and equipment operation.


	D. Surface-Burning Characteristics: Products installed in ducts, equipment, and return-air paths complying with ASTM E84; testing by a qualified testing agency. Identify products with appropriate markings of applicable testing agency.
	1. Flame-Spread Index:  25 or less.
	2. Smoke-Developed Index:  50 or less.

	E. DDC System Speed:
	1. Response Time of Connected I/O:
	a. Update AI point values connected to DDC system at least every two seconds for use by DDC controllers. Points used globally to also comply with this requirement.
	b. Update BI point values connected to DDC system at least every two seconds for use by DDC controllers. Points used globally to also comply with this requirement.
	c. AO points connected to DDC system to begin to respond to controller output commands within one second(s). Global commands to also comply with this requirement.
	d. BO point values connected to DDC system to respond to controller output commands within one second(s). Global commands to also comply with this requirement.

	2. Display of Connected I/O:
	a. Update and display analog point COV connected to DDC system at least every five seconds for use by operator.
	b. Update and display binary point COV connected to DDC system at least every five seconds for use by operator.
	c. Update and display alarms of analog and digital points connected to DDC system within 15 seconds of activation or change of state.
	d. Update graphic display refresh within four seconds.
	e. Point change of values and alarms displayed from workstation to workstation when multiple operators are viewing from multiple workstations to not exceed graphic refresh rate indicated.


	F. Network Bandwidth: Design each network of DDC system to include spare bandwidth with DDC system operating under normal and heavy load conditions indicated. Calculate bandwidth usage, and apply a safety factor to ensure that requirement is satisfied...
	1. Level 1 Networks:  20.
	2. Level 2 Networks:  20.
	3. Level 3 Networks:  10.

	G. DDC System Data Storage:
	1. Include capability to archive not less than 24 consecutive months of historical data for all I/O points connected to system, including alarms, event histories, transaction logs, trends, and other information indicated.
	2. Cloud Storage:
	a. Provide application-based and web browser interfaces to configure, upload, download, and manage data and to service plan with storage adequate to store all data for term indicated. Cloud storage uses IT industry standard database platforms and is c...


	H. DDC Data Access:
	1. When logged into the system, operator able to also interact with any DDC controllers connected to DDC system as required for functional operation of DDC system.
	2. Use for application configuration; for archiving, reporting, and trending of data; for operator transaction archiving and reporting; for network information management; for alarm annunciation; and for operator interface tasks and controls applicati...

	I. Future Expandability:
	1. DDC system size is expandable to an ultimate capacity of at least 1.5 times total I/O points indicated.
	2. Design and install system networks to achieve ultimate capacity with only addition of DDC controllers, I/O, and associated wiring and cable. Design and install initial network infrastructure to support ultimate capacity without having to remove and...
	3. Operator interfaces installed initially do not require hardware and software additions and revisions for system when operating at ultimate capacity.

	J. Input Point Values Displayed Accuracy: Meet following end-to-end overall system accuracy, including errors associated with meter, sensor, transmitter, lead wire or cable, and analog to digital conversion.
	1. Energy:
	a. Thermal: Within 5 percent of reading.
	b. Electric Power: Within 1 percent of reading.

	2. Flow:
	a. Air: Within 5 percent of design flow rate.
	b. Air (Terminal Units): Within 10 percent of design flow rate.
	c. Fuel Oil: Within 5 percent of design flow rate.
	d. Water: Within 5 percent of design flow rate.

	3. Gas:
	a. Carbon Dioxide: Within 50 ppm.

	4. Moisture (Relative Humidity):
	a. Air: Within 5 percent RH.
	b. Space: Within 5 percent RH.
	c. Outdoor: Within 2 percent RH.

	5. Level: Within 5 percent of reading.
	6. Pressure:
	a. Air, Ducts and Equipment:  1 percent of instrument range.
	b. Space: Within 1 percent of instrument range.
	c. Water: Within 1 percent of instrument range.

	7. Speed: Within 5 percent of reading.
	8. Temperature, Dew Point:
	a. Air: Within 1 deg F.
	b. Space: Within 1 deg F.
	c. Outdoor: Within 2 deg F.

	9. Temperature, Dry Bulb:
	a. Air: Within 1 deg F.
	b. Space: Within 1 deg F.
	c. Outdoor: Within 2 deg F.
	d. Heating Hot Water: Within 1 deg F.
	e. Temperature Difference: Within 0.25 deg F.
	f. Other Temperatures Not Indicated: Within 1 deg F.

	10. Temperature, Wet Bulb:
	a. Air: Within 1 deg F.
	b. Space: Within 1 deg F.
	c. Outdoor: Within 2 deg F.


	K. Precision of I/O Reported Values: Values reported in database and displayed to have following precision:
	1. Current:
	a. Milliamperes: Nearest 1/100th of a milliampere.
	b. Amperes: Nearest 1/10th of an ampere up to 100 A; nearest ampere for 100 A and more.

	2. Energy:
	a. Electric Power:
	1) Rate (Watts): Nearest 1/10th of a watt through 1000 W.
	2) Rate (Kilowatts): Nearest 1/10th of a kilowatt through 1000 kW; nearest kilowatt above 1000 kW.
	3) Usage (Kilowatt-Hours): Nearest kilowatt through 10,000 kW; nearest 10 kW between 10,000 and 100,000 kW; nearest 100 kW for above 100,000 kW.

	b. Fuel Oil (Usage): For gallons, nearest 1/10th of a gallon up to 100 gal.; nearest gallon for above 100 gal..
	c. Thermal, Rate:
	1) Heating: For British thermal units per hour, nearest British thermal unit per hour up to 1000 Btu/h; nearest 10 Btu/h between 1000 and 10,000 Btu/h; nearest 100 Btu/h for above 10,000 Btu/h. For MBh, round to nearest MBh up to 1000 MBh; nearest 10 ...

	d. Thermal, Usage:
	1) Heating: For British thermal unit, nearest British thermal unit up to 1000 Btu; nearest 10 Btu between 1000 and 10,000 Btu; nearest 100 Btu for above 10,000 Btu. For MBtu, round to nearest MBtu up to 1000 MBtu; nearest 10 MBtu between 1000 and 10,0...


	3. Flow:
	a. Air: Nearest 1/10th of a cubic feet per minute through 100 cfm; nearest cubic feet per minute between 100 and 1000 cfm; nearest 10 cfm between 1000 and 10,000 cfm; nearest 100 cfm above 10,000 cfm.
	b. Fuel Oil: Nearest 1/10th of a gallon per minute through 100 gpm; nearest gallon per minute between 100 and 1000 gpm.
	c. Water: Nearest 1/10th of a gallon per minute through 100 gpm; nearest gallon per minute between 100 and 1000 gpm; nearest 10 gpm between 1000 and 10,000 gpm; nearest 100 gpm above 10,000 gpm..

	4. Gas:
	a. Carbon Dioxide (ppm): Nearest ppm.

	5. Moisture (Relative Humidity):
	a. Relative Humidity (Percentage): Nearest 1 percent.

	6. Level: Nearest 1/100th of an inch through 10 inches; nearest 1/10 of an inch between 10 and 100 inches; nearest inch above 100 inches.
	7. Speed:
	a. Rotation (rpm): Nearest 1 rpm.
	b. Velocity: Nearest 1/10th of feet per minute through 100 fpm; nearest feet per minute between 100 and 1000 fpm; nearest 10 fpm above 1000 fpm.

	8. Position, Dampers and Valves (Percentage Open): Nearest 1 percent.
	9. Pressure:
	a. Air, Ducts and Equipment: Nearest 1/10th of an inch water closet.
	b. Space: Nearest 1/100th of an inch water closet.
	c. Water: Nearest 1/10 of a pound per square inch gauge through 100 psig; nearest pound per square inch gauge above 100 psig.

	10. Temperature:
	a. Air, Ducts and Equipment: Nearest 1/10th of a degree.
	b. Outdoor: Nearest degree.
	c. Space: Nearest 1/10th of a degree.
	d. Heating Hot Water: Nearest degree.

	11. Voltage: Nearest 1/10 V up to 100 V; nearest volt above 100 V.

	L. Control Stability: Control variables indicated within the following limits:
	1. Flow:
	a. Air, Ducts and Equipment, except Terminal Units: Within 5 percent of design flow rate.
	b. Air, Terminal Units: Within 10 percent of design flow rate.
	c. Water: Within 5 percent of design flow rate.

	2. Gas:
	a. Carbon Dioxide: Within 50 ppm.

	3. Moisture (Relative Humidity):
	a. Air: Within 5 percent RH.
	b. Space: Within 5 percent RH.
	c. Outdoor: Within 5 percent RH.

	4. Level: Within 5 percent of reading.
	5. Pressure:
	a. Air, Ducts and Equipment:  1 percent of instrument range.
	b. Space: Within 1 percent of instrument range.
	c. Water: Within 1 percent of instrument range.

	6. Temperature, Dew Point:
	a. Air: Within 1 deg F.
	b. Space: Within 1 deg F.

	7. Temperature, Dry Bulb:
	a. Air: Within 2 deg F.
	b. Space: Within 2 deg F.
	c. Heating Hot Water: Within 2 deg F.

	8. Temperature, Wet Bulb:
	a. Air: Within 1 deg F.
	b. Space: Within 1 deg F.


	M. Environmental Conditions for Controllers, Gateways, and Routers:
	1. Products to operate without performance degradation under ambient environmental temperature, pressure, and humidity conditions encountered for installed location.
	a. If product alone cannot comply with requirement, install product in a protective enclosure that is isolated and protected from conditions impacting performance. Enclosure to be internally insulated, electrically heated, cooled, and ventilated as re...

	2. Protect products with enclosures satisfying the following minimum requirements unless more stringent requirements are indicated. House products not available with integral enclosures complying with requirements indicated in protective secondary enc...
	a. Outdoors, Protected:  Type 12.
	b. Outdoors, Unprotected:  Type 4.
	c. Indoors, Heated with Filtered Ventilation:  Type 2.
	d. Indoors, Heated with Non-Filtered Ventilation:  Type 12.
	e. Mechanical Equipment Rooms:
	1) Boiler Rooms:  Type 12.
	2) Air-Moving Equipment Rooms:  Type 12.

	f. Localized Areas Exposed to Washdown:  Type 4.
	g. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible Condensation:  Type 12.
	h. Within Duct Systems and Air-Moving Equipment Exposed to Possible Condensation:  Type 4.
	i. Hazardous Locations: Explosion-proof rating for condition.


	N. Environmental Conditions for Instruments and Actuators:
	1. Instruments and actuators to operate without performance degradation under the ambient environmental temperature, pressure, humidity, and vibration conditions specified and encountered for installed location.
	a. If instruments and actuators alone cannot comply with requirement, install instruments and actuators in protective enclosures that are isolated and protected from conditions impacting performance. Enclosure is internally insulated, electrically hea...

	2. Protect instruments, actuators, and accessories with enclosures satisfying the following minimum requirements unless more stringent requirements are indicated. House instruments and actuators not available with integral enclosures complying with re...
	a. Outdoors, Protected:  Type 12.
	b. Outdoors, Unprotected:  Type 4.
	c. Indoors, Heated with Filtered Ventilation:  Type 2.
	d. Indoors, Heated with Non-Filtered Ventilation:  Type 12.
	e. Mechanical Equipment Rooms:
	1) Boiler Rooms:  Type 12.
	2) Air-Moving Equipment Rooms:  Type 12.

	f. Localized Areas Exposed to Washdown:  Type 4.
	g. Within Duct Systems and Air-Moving Equipment Not Exposed to Possible Condensation:  Type 12.
	h. Within Duct Systems and Air-Moving Equipment Exposed to Possible Condensation:  Type 4.
	i. Hazardous Locations: Explosion-proof rating for condition.


	O. DDC System Reliability:
	1. Design, install, and configure DDC controllers, gateways, routers, and components to yield a MTBF of at least 20,000 hours, based on a confidence level of at least 90 percent. MTBF value includes any failure for any reason to any part of products i...
	2. If required to comply with MTBF indicated, include DDC system and product redundancy to maintain DCC system, and associated systems and equipment being controlled, operational, and under automatic control.

	P. Electric Power Quality:
	1. Power-Line Surges:
	a. Protect DDC system products connected to ac power circuits from power-line surges to comply with requirements of IEEE C62.41.1 and IEEE C62.41.2.
	b. Do not use fuses for surge protection.
	c. Test protection in the normal mode and in the common mode, using the following two waveforms:
	1) 10-by-1000-microsecond waveform with a peak voltage of 1500 V and a peak current of 60 A.
	2) 8-by-20-microsecond waveform with a peak voltage of 1000 V and a peak current of 500 A.


	2. Power Conditioning:
	a. Protect DDC system products connected to ac power circuits from irregularities and noise rejection. Characteristics of power-line conditioner are as follows:
	1) At 85 percent load, output voltage to not deviate by more than plus or minus 1 percent of nominal when input voltage fluctuates between minus 20 percent to plus 10 percent of nominal.
	2) During load changes from zero to full load, output voltage to not deviate by more than 2 percent of nominal.
	3) Accomplish full correction of load switching disturbances within five cycles, and 95 percent correction within two cycles of onset of disturbance.
	4) Total harmonic distortion to not exceed 2 percent at full load.


	3. Ground Fault: Protect products from ground fault by providing suitable grounding. Products to not fail due to ground fault condition.

	Q. Backup Power Source:
	1. Serve DDC system products that control HVAC systems and equipment served by a backup power source also from a backup power source.

	R. UPS:
	1. DDC system products powered by UPS units are to include the following:
	a. DDC controllers.

	2. DDC system instruments and actuators powered by UPS units are to include the following:
	a. Instruments: where associated with the following systems controlled by DDC system:
	1) Heating Systems.
	2) Ventilation Systems.

	b. Damper Actuators: where associated with the following systems controlled by DDC system:
	1) Heating Systems.
	2) Ventilation Systems.

	c. Valve Actuators: where associated with the following systems controlled by DDC system:
	1) Heating Systems.
	2) Ventilation Systems.



	S. Continuity of Operation after Electric Power Interruption:
	1. Equipment and associated factory-installed controls, field-installed controls, electrical equipment, and power supply connected to building normal and backup power systems are to automatically return equipment and associated controls to operating s...


	2.5 PANEL-MOUNTED, MANUAL OVERRIDE SWITCHES
	A. Manual Override of Control Dampers:
	1. Include panel-mounted, two-position, selector switch for each automatic control damper being controlled by DDC controller.
	2. Label each switch with damper designation served by switch.
	3. Label switch positions to indicate either "Manual" or "Auto" control signal to damper.
	4. With switch in "Auto" position, control signal to damper actuator with control loop output signal from DDC controller.
	5. With switch in "Manual" position, control signal to damper actuator at panel with either an integral or a separate switch to include local control.
	a. For Binary Control Dampers: Manual two-position switch with "Close" and "Open" switch positions indicated. With switch in "Close" position, close damper. With switch in "Open" position, open damper.
	b. For Analog Control Dampers: A gradual switch with "Close" and "Open" switch limits indicated. Operator switches knob to adjust damper to any position from close to open.

	6. DDC controller to monitor and report position of each manual override selector switch. With switch placed in "manual" position, DDC controller to signal an override condition to alert operator that damper is under manual, not automatic, control.
	7. Configure manual override switches to allow operator to manually operate damper while at panel without DDC controller operational.

	B. Manual Override of Control Valves:
	1. Include panel-mounted, two-position, selector switch for each automatic control valve being controlled by DDC controller.
	2. Label each switch with valve designation served by switch.
	3. Label switch positions to indicate either "Manual" or "Auto" control signal to valve.
	4. With switch in "Auto" position, control signal to valve actuator with a control loop output signal from DDC controller.
	5. With switch in "Manual" position, control signal to valve actuator at panel with either an integral or a separate switch to include local control.
	a. For Binary Control Valves: Manual two-position switch with "Close" and "Open" switch positions indicated. With switch in "Close" position, close valve. With switch in "Open" position, open valve.
	b. For Analog Control Valves: A gradual switch with "Open" and "Close" switch limits indicated. Operator rotates switch knob to adjust valve to any position from close to open.

	6. DDC controller to monitor and report position of each manual override selector switch. With switch placed in "manual" position, DDC controller to signal an override condition to alert operator that valve is under manual, not automatic, control.
	7. Configure manual override switches to allow operator to manually operate valve while at panel without DDC controller operational.


	2.6 SYSTEM ARCHITECTURE
	A. System architecture consisting of no more than two or three levels of LANs.
	1. Level 2 LAN: Connect network controllers and operator workstations.
	2. Level 1 or Level 2 LAN: Connect programmable application controllers to other programmable application controllers and to network controllers.
	3. Level 2 or Level 3 LAN: Connect application-specific controllers to programmable application controllers and to network controllers.

	B. Minimum Data Transfer and Communication Speed:
	1. LAN Connecting Operator Workstations and Network Controllers:  100 Mbps.
	2. LAN Connecting Programmable Application Controllers:  1000 kbps.
	3. LAN Connecting Application-Specific Controllers:  115,000 bps.

	C. Provide dedicated and separated DDC system LANs that are not shared with other building systems and tenant data and communication networks.
	D. Provide modular system architecture with inherent ability to expand to not less than 1.5 times system size indicated with no impact to performance indicated.
	E. Configure architecture to minimize need to remove and replace existing network equipment for system expansion.
	F. Make number of LANs and associated communication transparent to operator. Configure all I/O points residing on any LAN to be capable of global sharing between all system LANs.
	G. Design system to eliminate dependence on any single device for system alarm reporting and control execution. Design each controller to operate independently by performing own control, alarm management, and historical data collection.

	2.7 DDC SYSTEM OPERATOR INTERFACES
	A. Operator Means of System Access: Operator able to access entire DDC system through any of multiple means including, but not limited to, the following:
	1. Owner provided desktop and/or portable workstation from the internet.
	2. Owner provided Mobile device and application with secured wireless connection through LAN router or cellular data service.
	3. Remote connection through web access.

	B. Make access to system, regardless of operator means used, transparent to operator.
	C. Desktop Workstations:
	1. Connect owner-furnished desktop workstation(s) to DDC through the internet.
	2. Able to communicate with any device in DDC system once logged in.

	D. Mobile Device (Tablet and Smart Phone):
	1. Connect Owner-furnished mobile devices to system through the internet.
	2. Able to communicate with any DDC controller connected to DDC system using dedicated application and secure web access.

	E. Critical Alarm Reporting:
	1. Send operator-selected critical alarms to notify operator of critical alarms that require immediate attention.
	2. Send alarm notification to multiple recipients that are assigned for each alarm.
	3. Notify recipients by any or all means, including email, text message, and prerecorded phone message to mobile and landline phone numbers.

	F. Simultaneous Operator Use: Capable of accommodating up to 10 simultaneous operators that are accessing DDC system through any of operator interfaces indicated.

	2.8 NETWORKS
	A. Acceptable networks for connecting workstations, mobile devices, and network controllers include the following:
	1. IP.
	2. ISO/IEC/IEEE 8802-3, Ethernet.

	B. Acceptable networks for connecting programmable application controllers include the following:
	1. IP.
	2. ISO/IEC/IEEE 8802-3, Ethernet.

	C. Acceptable networks for connecting application-specific controllers include the following:
	1. TIA 485-A.
	2. IP.
	3. ISO/IEC/IEEE 8802-3, Ethernet.


	2.9 NETWORK COMMUNICATION PROTOCOL
	A. Use network communication protocol(s) that are open to Owner and available to other companies for use in making future modifications to DDC system.
	B. ASHRAE 135 Protocol:
	1. Use ASHRAE 135 communication protocol as sole and native protocol used throughout entire DDC system.
	2. DDC system to not require use of gateways except to integrate HVAC equipment and other building systems and equipment; not required to use ASHRAE 135 communication protocol.
	3. If used, gateways to connect to DDC system using ASHRAE 135 communication protocol and Project object properties and read/write services indicated by interoperability schedule.
	4. Use operator workstations, controllers, and other network devices that are tested and listed by BTL.

	C. Industry Standard Protocols:
	1. Use any one or a combination of the following industry standard protocols for network communication while complying with other DDC system requirements indicated:
	a. ASHRAE 135.
	b. Modbus Application Protocol Specification V1.1b3.

	2. Operator workstations and network controllers are to communicate through ASHRAE 135 protocol.
	3. Provide portions of DDC system networks using ASHRAE 135 communication protocol as an open implementation of network devices complying with ASHRAE 135. Use network devices that are tested and listed by BTL.
	4. Provide portions of DDC system networks using Modbus Application Protocol Specification V1.1b3 communication protocol as an open implementation of network devices and technology complying with Modbus Application Protocol Specification V1.1b3.
	5. Use gateways to connect networks and network devices with different protocols.


	2.10 DDC SYSTEM WIRELESS NETWORKS
	A. Use Zigbee or an open industry standard and technology used by multiple DDC system manufacturers technology to create a wireless mesh network to provide wireless connectivity for network devices at multiple system levels including communications fr...
	B. Design and install wireless networks to comply with DDC system performance requirements indicated using wireless network devices that can co-exist on same network with hardwired devices.
	C. Provide hardwired controllers capable of retrofitting to wireless devices with no special software.
	D. Provide a wireless coordinator for wireless interface between programmable application controllers, application-specific controllers, and network controllers.
	E. Wireless Coordinators:
	1. Use for initiation and formation of each wireless mesh network.
	2. Use direct-sequence spread spectrum RF technology.
	3. Operate on 2.4 GHz ISM Band.
	4. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems.
	5. FCC compliant to 47 CFR 15, Subpart B, Class A.
	6. Operate as a bidirectional transceiver with sensors and routers to confirm and synchronize data transmission.
	7. Capable of communication with sensors and routers up to a maximum distance of 250 ft. in line of sight.
	8. Include visual indicators to provide diagnostic information required for operator verification of operation.

	F. Wireless Routers:
	1. Use wireless routers with any controller to provide a wireless interface to a network controller, through a wireless coordinator.
	2. Use direct-sequence spread spectrum RF technology.
	3. Operate on 2.4 GHz ISM Band.
	4. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems.
	5. FCC compliant to 47 CFR 15, Subpart B, Class A.
	6. Operate as a bidirectional transceiver with other mesh network devices to ensure network integrity.
	7. Capable of communication with other mesh network devices at a maximum distance of 250 ft. in line of sight.
	8. Include indication for use in commissioning and troubleshooting.

	G. Wireless Temperature Sensors:
	1. Wireless temperature sensors to sense and transmit room temperatures, temperature set point, room occupancy notification, and low battery condition to an associated router.
	2. Use direct-sequence spread spectrum RF technology.
	3. Operate on 2.4 GHz ISM Band.
	4. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems.
	5. FCC compliant to 47 CFR 15, Subpart B, Class A.
	6. Include set-point adjustment between 55 to 85 deg F.
	7. Configure so multiple sensors can report to a router connected to DDC controller for averaging or high and low selection.

	H. One-to-One Wireless Network Receivers:
	1. One-to-one wireless receivers receive wireless RF signals containing temperature data from multiple wireless room temperature sensors and communicate information to programmable application controllers or application-specific controllers.
	a. Use direct-sequence spread spectrum RF technology.
	b. Operate on 2.4 GHz ISM Band.
	c. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems.
	d. FCC compliant to 47 CFR 15, Subpart B, Class A.
	e. Operate as a bidirectional transceiver with sensors to confirm and synchronize data transmission.
	f. Capable of communication up to a distance of 200 ft..
	g. Include visual indication of the following:
	1) Power.
	2) Receiver activity.
	3) Wireless RF transmission from wireless sensors.
	4) No transmission, weak signal, adequate signal, or excellent signal.



	I. One-to-One Wireless Network Sensors:
	1. One-to-one wireless sensors sense and report room temperatures to one-to-one receiver.
	a. Use direct-sequence spread spectrum RF technology.
	b. Operate on 2.4 GHz ISM Band.
	c. Comply with IEEE 802.15.4 for low-power, low duty-cycle RF transmitting systems.
	d. FCC compliant to 47 CFR 15, Subpart B, Class A.
	e. Include set-point adjustment between 55 to 85 deg F.



	2.11 SYSTEM SOFTWARE
	A. System Software Minimum Requirements:
	1. Real-time multitasking and multiuser 32- or 64-bit operating system that allows concurrent multiple operator workstations operating and concurrent execution of multiple real-time programs and custom program development.
	2. Operating system capable of operating DOS and Microsoft Windows applications.
	3. Database management software to manage all data on an integrated and non-redundant basis. Additions and deletions to database are to be without detriment to existing data. Include cross linkages so no data required by a program can be deleted by an...
	4. Network communications software to manage and control multiple network communications to provide exchange of global information and execution of global programs.
	5. Operator interface software to include day-to-day operator transaction processing, alarm and report handling, operator privilege level and data segregation control, custom programming, and online data modification capability.
	6. Scheduling software to schedule centrally based time and event, temporary, and exception day programs.

	B. Operator Interface Software:
	1. Minimize operator training through use of English language prorating and English language point identification.
	2. Minimize use of a typewriter-style keyboard through use of a pointing device similar to a mouse.
	3. Make operator sign-off a manual operation or, if no keyboard or mouse activity takes place, an automatic sign-off.
	4. Make automatic sign-off period programmable from one to 60 minutes in one-minute increments on a per operator basis.
	5. Record operator sign-on and sign-off activity and send to printer.
	6. Security Access:
	a. Use password control for operator access to DDC system.
	b. Assign an alphanumeric password (field assignable) to each operator.
	c. Grant operators access to DDC system by entry of proper password.
	d. Use same operator password regardless of which computer or other operator interface means are used.
	e. Automatically update additions or changes made to passwords.
	f. Assign each operator an access level to restrict access to data and functions the operator is cable of performing.
	g. Provide software with at least five access levels.
	h. Assign each menu item an access level so that a one-for-one correspondence between operator assigned access level(s) and menu item access level(s) is required to gain access to menu item.
	i. Display menu items to operator with those capable of access highlighted. Make menu and operator access level assignments online programmable and under password control.

	7. Data Segregation:
	a. Include data segregation for control of specific data routed to a workstation, to an operator or to a specific output device, such as a printer.
	b. Include at least 32 segregation groups.
	c. Make segregation groups selectable such as "fire points," "fire points on second floor," "space temperature points," "HVAC points," and so on.
	d. Make points assignable to multiple segregation groups. Display and output of data to printer or monitor is to occur where there is a match of operator or peripheral segregation group assignment and point segregations.
	e. Make alarms displayed and printed at each peripheral to which segregation allows, but only those operators assigned to peripheral and having proper authorization level will be allowed to acknowledge alarms.
	f. Assign operators and peripherals to multiple segregation groups and make all assignments online programmable and under password control.

	8. Operators able to perform commands including, but not limited to, the following:
	a. Start or stop selected equipment.
	b. Adjust set points.
	c. Add, modify, and delete time programming.
	d. Enable and disable process execution.
	e. Lock and unlock alarm reporting for each point.
	f. Enable and disable totalization for each point.
	g. Enable and disable trending for each point.
	h. Override control loop set points.
	i. Enter temporary override schedules.
	j. Define holiday schedules.
	k. Change time and date.
	l. Enter and modify analog alarm limits.
	m. Enter and modify analog warning limits.
	n. View limits.
	o. Enable and disable demand limiting.
	p. Enable and disable duty cycle.
	q. Display logic programming for each control sequence.

	9. Reporting:
	a. Generated automatically and manually.
	b. Sent to displays, printers and disc files.
	c. Types of Reporting:
	1) General listing of points.
	2) List points currently in alarm.
	3) List of off-line points.
	4) List points currently in override status.
	5) List of disabled points.
	6) List points currently locked out.
	7) List of items defined in a "Follow-Up" file.
	8) List weekly schedules.
	9) List holiday programming.
	10) List of limits and deadbands.


	10. Summaries: For specific points, for a logical point group, for an operator selected group(s), or for entire system without restriction due to hardware configuration.

	C. Graphic Interface Software:
	1. Include a full interactive graphical selection means of accessing and displaying system data to operator. Include at least five levels with the penetration path operator assignable (for example, site, building, floor, air-handling unit, and supply ...
	2. Include a hierarchical-linked dynamic graphic operator interface for accessing and displaying system data and commanding and modifying equipment operation. Interface is to use a pointing device with pull-down or penetrating menus, color, and animat...
	3. Include at least 10 levels of graphic penetration with the hierarchy operator assignable.
	4. Make descriptors for graphics, points, alarms, and such modifiable through operator's workstation under password control.
	5. Make graphic displays online user definable and modifiable using the hardware and software provided.
	6. Make data displayed within a graphic assignable regardless of physical hardware address, communication, or point type.
	7. Make graphics online programmable and under password control.
	8. Make points assignable to multiple graphics where necessary to facilitate operator understanding of system operation.
	9. Graphics to also contain software points.
	10. Penetration within a graphic hierarchy is to display each graphic name as graphics are selected to facilitate operator understanding.
	11. Provide a back-trace feature to permit operator to move upward in the hierarchy using a pointing device. Back trace to show all previous penetration levels. Include operator with option of showing each graphic full-screen size with back trace as h...
	12. Display operator accessed data on the monitor.
	13. Provide operator with ability to select further penetration using pointing device to click on a site, building, floor, area, equipment, and so on. Display defined and linked graphic below that selection.
	14. Include operator with means to directly access graphics without going through penetration path.
	15. Make dynamic data assignable to graphics.
	16. Display points (physical and software) with dynamic data provided by DDC system with appropriate text descriptors, status or value, and engineering unit.
	17. Use color, rotation, or other highly visible means, to denote status and alarm states. Make colors variable for each class of points, as chosen by operator.
	18. Provide dynamic points with operator adjustable update rates on a per point basis from one second to over a minute.
	19. For operators with appropriate privilege, command points directly from display using pointing device.
	a. For an analog command point such as set point, display current conditions and limits so operator can position new set point using pointing device.
	b. For a digital command point such as valve position, show valve in current state such as open or closed so operator could select alternative position using pointing device.
	c. Include a keyboard equivalent for those operators with that preference.

	20. Give operator ability to split or resize viewing screen into quadrants to show one graphic on one quadrant of screen and other graphics or spreadsheet, bar chart, word processing, curve plot, and other information on other quadrants on screen. Thi...
	21. Help Features:
	a. Online context-sensitive help utility to facilitate operator training and understanding.
	b. Bridge to further explanation of selected keywords and contain text and graphics to clarify system operation.
	1) If help feature does not have ability to bridge on keywords for more information, provide a complete set of user manuals in an indexed word-processing program, which runs concurrently with operating system software.

	c. Available for Every Menu Item:
	1) Index items for each system menu item.



	D. Project-Specific Graphics: Graphics documentation including, but not limited to, the following:
	1. Site plan showing each building, and additional site elements, which are being controlled or monitored by DDC system.
	2. Plan for each building floor, including interstitial floors, and each roof level of each building, showing the following:
	a. Room layouts with room identification and name.
	b. Locations and identification of all monitored and controlled HVAC equipment and other equipment being monitored and controlled by DDC system.
	c. Location and identification of each hardware point being controlled or monitored by DDC system.

	3. Control schematic for each of following, including a graphic system schematic representation, similar to that indicated on Drawings, with point identification, set point and dynamic value indication, sequence of operation and control logic diagram.
	4. Graphic display for each piece of equipment connected to DDC system through a data communications link. Include dynamic indication of all points associated with equipment.
	5. DDC system network riser diagram that shows schematic layout for entire system including all networks and all controllers, gateways operator workstations and other network devices.

	E. Customizing Software:
	1. The following capabilities in this subsection shall be granted to authorized users only.
	2. Software to modify and tailor DDC system to specific and unique requirements of equipment installed, to programs implemented and to staffing and operational practices planned.
	3. Online modification of DDC system configuration, program parameters, and database using menu selection and keyboard entry of data into preformatted display templates.
	4. At a minimum, include the following modification capability:
	a. Operator Assignment: Designation of operator passwords, access levels, point segregation, and auto sign-off.
	b. Peripheral Assignment: Assignment of segregation groups and operators to consoles and printers, designation of backup workstations and printers, designation of workstation header points, and enabling and disabling of print-out of operator changes.
	c. System Configuration and Diagnostics; Communications and peripheral port assignments, DDC controller assignments to network, DDC controller enable and disable, assignment of command trace to points, and application programs and initiation of diagno...
	d. System Text Addition and Change: English or native language descriptors for points, segregation groups and access levels and action messages for alarms, run time, and trouble condition.
	e. Time and Schedule Change: Time and date set, time and occupancy schedules, exception and holiday schedules, and daylight-savings time schedules.
	f. Point related change capability is to include the following:
	1) System and point enable and disable.
	2) Run-time enable and disable.
	3) Assignment of points to segregation groups, calibration tables, lockout, and run time and to a fixed I/O value.
	4) Assignment of alarm and warning limits.

	g. Application program change capability is to include the following:
	1) Enable and disable of software programs.
	2) Programming changes.
	3) Assignment of comfort limits, global points, time and event initiators, time and event schedules and enable and disable time and event programs.


	5. Provide software to allow operator ability to add points, or groups of points, to DDC system and to link them to energy optimization and management programs. Make additions and modifications online programmable using operator workstations, download...
	6. Include high-level language programming software capability for implementation of custom DDC programs. Include a compiler, linker, and up- and down-load capability.
	7. Include a library of DDC algorithms, intrinsic control operators, arithmetic, logic, and relational operators for implementation of control sequences. Also include, at a minimum, the following:
	a. Proportional control (P).
	b. Proportional plus integral (PI).
	c. Proportional plus integral plus derivative (PID).
	d. Adaptive and intelligent self-learning control.
	1) Algorithm monitors loop response to output corrections and adjust loop response characteristics in accordance with time constant changes imposed.
	2) Algorithm operates in a continuous self-learning manner and retains in memory a stored record of system dynamics so that on system shut down and restart, learning process starts from where it left off.


	8. Fully implemented intrinsic control operators including sequence, reversing, ratio, time delay, time of day, highest select AO, lowest select AO, analog controlled digital output, analog control AO, and digitally controlled AO.
	9. Logic operators such as "And," "Or," "Not," and others that are part of a standard set available with a high-level language.
	10. Arithmetic operators such as "Add," "Subtract," "Multiply," "Divide," and others that are part of a standard set available with a high-level language.
	11. Relational operators such as "Equal to," "Not Equal to," "Less Than," "Greater Than," and others that are part of a standard set available with a high-level language.

	F. Alarm Handling Software:
	1. Include alarm handling software to report all alarm conditions monitored and transmitted through DDC controllers, gateways and other network devices.
	2. Include first in, first out handling of alarms in accordance with alarm priority ranking, with most critical alarms first, and with buffer storage in case of simultaneous and multiple alarms.
	3. Make alarm handling active at all times to ensure that alarms are processed even if an operator is not currently signed on to DDC system.
	4. Alarms display is to include the following:
	a. Indication of alarm condition such as "Abnormal Off," "Hi Alarm," and "Low Alarm."
	b. "Analog Value" or "Status" group and point identification with native language point descriptor such as "Space Temperature, Building 110, 2nd Floor, Room 212."
	c. Discrete per point alarm action message, such as "Call Maintenance Dept. Ext-5561."
	d. Include extended message capability to allow assignment and printing of extended action messages. Capability is to be operator programmable and assignable on a per point basis.

	5. Direct alarms to appropriate operator workstations, printers, and individual operators by privilege level and segregation assignments.
	6. Send email alarm messages to designated operators.
	7. Send email, page, text, and voice messages to designated operators for critical alarms.
	8. Categorize and process alarms by class.
	a. Class 1:
	1) Associated with fire, security, and other extremely critical equipment monitoring functions; have alarm, trouble, return to normal, and acknowledge conditions printed and displayed.
	2) Unacknowledged alarms to be placed in unacknowledged alarm buffer.
	3) All conditions make an audible alarm sound and require individual acknowledgment to silence audible sound.

	b. Class 2:
	1) Critical, but not life-safety related, and processed same as Class 1 alarms, except do not require individual acknowledgment.
	2) Acknowledgement may be through a multiple alarm acknowledgment.

	c. Class 3:
	1) General alarms; printed, displayed, and placed in unacknowledged alarm buffer queues.
	2) Configure so each new alarm received makes an audible alarm sound that are silenced by "acknowledging" alarm or by pressing a "silence" key.
	3) Make acknowledgement of queued alarms either on an individual basis or through a multiple alarm acknowledgement.
	4) Print alarms returning to normal condition without an audible alarm sound or require acknowledgment.

	d. Class 4:
	1) Routine maintenance or other types of warning alarms.
	2) Alarms to be printed only, with no display, no audible sound and no acknowledgment required.


	9. Include an unacknowledged alarm indicator on display to alert operator that there are unacknowledged alarms in system. Operator able to acknowledge alarms on an individual basis or through a multiple alarm acknowledge key, depending on alarm class.
	10. To ensure that no alarm records are lost, make it possible to assign a backup printer to accept alarms in case of failure of primary printer.

	G. Reports and Logs:
	1. Include reporting software package that allows operator to select, modify, or create reports using DDC system I/O point data available.
	2. Setup each report so data content, format, interval, and date are operator definable.
	3. Sample and store report data on DDC controller, within storage limits of DDC controller, and then uploaded to archive on server for historical reporting.
	4. Make it possible for operators to obtain real-time logs of all I/O points by type or status, such as alarm, point lockout, or normal.
	5. Store reports and logs in a format that is readily accessible by other standard software applications, including spreadsheets and word processing.
	6. Make reports and logs readily printable and set to be print either on operator command or at a specific time each day.

	H. Standard Reports: Provide standard DDC system reports with operator ability to customize reports later.
	1. All I/O: With current status and values.
	2. Alarm: All current alarms, except those in alarm lockout.
	3. Disabled I/O: All I/O points that are disabled.
	4. Alarm Lockout I/O: All I/O points in alarm lockout, whether manual or automatic.
	5. Alarm Lockout I/O in Alarm: All I/O in alarm lockout that are currently in alarm.
	6. Logs:
	a. Alarm history.
	b. System messages.
	c. System events.
	d. Trends.


	I. Custom Reports: Operator able to easily define and prepare any system data into a daily, weekly, monthly, annual, or other historical report. Reports to include a title with time and date stamp.
	J. Standard Trends:
	1. Trend all I/O point present values, set points, and other parameters indicated for trending.
	2. Associate trends into groups, and setup a trend report for each group.
	3. Store trends within DDC controller and uploaded to hard drives automatically on reaching 75 percent of DDC controller buffer limit, or by operator request, or by archiving time schedule.
	4. Preset trend intervals for each I/O point after review with Owner.
	5. Make trend intervals operator selectable from 10 seconds up to 60 minutes. Make minimum number of consecutive trend values stored at one time 100 per variable.
	6. When drive storage memory is full, overwrite oldest data with most recent data.
	7. Make archived and real-time trend data available for viewing numerically and graphically by operators.

	K. Custom Trends: Operator-definable custom trend log for any I/O point in DDC system.
	1. Include each trend with interval, start time, and stop time.
	2. Sample and store data on DDC controller, within reaching 75 percent storage limits of DDC controller, and then uploaded to archive on server hard drives.
	3. Make data retrievable for use in spreadsheets and standard database programs.


	2.12 ANALYTICS SOFTWARE
	A. Scope: Incorporate analytics software into DDC System:
	1. Licensing, without Recurring Cost: No re-occurring cost for licensing and subscriptions.
	2. Purpose: Analyze energy and operational data to identify faults and opportunities for improved performance and reduced energy use.
	3. Verification: Verify that HVAC systems and associated sequence of operations are executing as specified or as described on Drawings, through the analysis of energy and operational data, identification of faults showing where control sequences are n...

	B. Use during Project Life:
	1. During Construction: Use for verification of performance during startup, commissioning, and final acceptance of DDC system.
	2. During Warranty Period: Use for continuous operational tuning of DDC system and verification of operation and designed to identify warranty issues preemptively, thus reducing failures and potential down time.
	3. After Warranty Period: Use to diagnose ongoing operational degradation and for Owner to perform continuous monitoring-based commissioning.

	C. Minimum Features and Capabilities:
	1. Operating Systems: Current version of Windows-based operating systems.
	2. Time Series Database: Database technology, designed for efficient storage and analysis of large volumes of time series data, using tagging to model and describe data; supports an open-source tagging standard.
	3. Data Import: Ability to accept and normalize data from a variety of sources including SQL compatible databases, CSV format files, XML format files or web services, and other EDI techniques. Once imported, software is to provide a unified data forma...
	4. Open Interfaces: Open, REST-based APIs to enable integration with third-party software applications. Open APIs are to enable data to be entered/imported into database, exported from database, posting of analytic queries, and output of analytic resu...
	5. Host: Local deployed on DDC system network.
	6. Weather Data Service: Built-in worldwide weather service providing weather data including, but not limited to, the following:
	a. Current temperature.
	b. High temperature for the day.
	c. Low temperature for the day.
	d. Sunrise and sunset times.
	e. Relative humidity.
	f. Degree days (heating and cooling with adjustable balance point value).
	g. Seven-day forecast.
	h. Historical weather data extending back at least one year.

	7. Email Notification: Automatic notification of detected issues via email including, but not limited to, the following:
	a. Immediate notification of detected issues.
	b. Daily digest or summary of detected issues.
	c. Ability to delineate which notifications are sent to which recipients down to the level of specifying individual issues sent to individual recipients.


	D. Hardware Requirements:
	1. Host on a server in a virtual environment complying with Owner's security requirements.
	2. Comply with standard software and hardware profiles required by Owner.

	E. Analytic Rules:
	1. Custom Rule Development: Develop customized rules and algorithms tailored to operational needs and characteristics of individual facilities and needs of monitoring and verification project and fault-detection requirements of Project without dependi...
	2. Standard Analytic Functions: Library of standard analytic functions is to use these standard analytic functions as elements to build custom analytic rules for specific needs of individual facilities.
	3. Existing library of not less than 200 standard analytic rules written for applications similar to those required for this Project.

	F. Reporting:
	1. Standard Views of Analytic Results: Standard views to present analytic results, automatically generated when issues are found by analytic rules including, but not limited to, the following:
	a. Rules violations across a portfolio of sites, rules violations per site, including time, date, and duration of all violations.
	b. Ability to assign cost relationships to rule logic to provide cost per violation.
	c. Standard filters to enable operator to easily look at rule violations by site, data, and violation type for any selected date or date range.
	d. Automatic calculation and presentation of Key Performance Indicators (KPIs) and to define custom KPIs as needed.

	2. Custom Views of Analytic Results:
	a. Any standard system view is to be able to be saved as a custom report including its configuration criteria, e.g., time range, sites, rule violations, or other configuration options as applicable to standard system view.
	b. Created by making queries against the database and saving the query as a saved report executed by single mouse click.
	c. Export: Support report views export into CSV, Excel, XML, and HTML format, accomplished in a couple of mouse clicks.


	G. Implementation:
	1. Apply analytic rules to all HVAC systems and equipment monitored and controlled by DDC system. To extent available, use a subset of rules in existing rules library.
	2. Implement rules to aid in determining proper operation of any HVAC system with a programmed sequence of operation.
	3. Generate reports to aid in verification of proper operation during initial system startup and commissioning to supplement (not replace) commissioning agent reports.
	4. Prepare quarterly reports summarizing faults detected and KPIs, including recommended corrective action.

	H. Training:
	1. Train Owner sufficiently to use software without need for external support.


	2.13 ASHRAE 135 GATEWAYS
	A. Include BACnet communication ports, whenever available as an equipment OEM standard option, for integration via a single communication cable. BACnet-controlled plant equipment includes, but is not limited to, boilers, and variable-speed drives.
	B. Include gateways to connect BACnet to legacy systems where indicated, existing non-BACnet devices, and existing non-BACnet DDC-controlled equipment.
	C. Include with each gateway an interoperability schedule showing each point or event on legacy side that BACnet "client" will read, and each parameter that BACnet network will write to. Describe this interoperability of BACnet services, or BIBBs, def...
	D. Gateway Minimum Requirements:
	1. Read and view all readable object properties on non-BACnet network to BACnet network, and vice versa, where applicable.
	2. Write to all writable object properties on non-BACnet network from BACnet network, and vice versa, where applicable.
	3. Include single-pass (only one protocol to BACnet without intermediary protocols) translation from non-BACnet protocol to BACnet, and vice versa.
	4. Comply with requirements of Data Sharing Read Property, Data Sharing Write Property, Device Management Dynamic Device Binding-B, and Device Management Communication Control BIBBs in accordance with ASHRAE 135.
	5. Hardware, software, software licenses, and configuration tools for operator-to-gateway communications.
	6. Backup programming and parameters on CD media with ability to modify, download, backup, and restore gateway configuration.


	2.14 ASHRAE 135 PROTOCOL ANALYZER
	A. Analyzer and required cables and fittings for connection to ASHRAE 135 network.
	B. Include the following minimum capabilities:
	1. Capture and store to a file data traffic on all network levels.
	2. Measure bandwidth usage.
	3. Filtering options with ability to ignore select traffic.


	2.15 DDC CONTROLLERS
	A. DDC system consisting of a combination of network controllers, programmable application controllers, and application-specific controllers to satisfy performance requirements indicated.
	B. DDC controllers to perform monitoring, control, energy optimization, and other requirements indicated.
	C. DDC controllers are to use a multitasking, multiuser, real-time digital control microprocessor with a distributed network database and intelligence.
	D. Each DDC controller is capable of full and complete operation as a completely independent unit and as a part of DDC system wide distributed network.
	E. Environment Requirements:
	1. Controller hardware suitable for anticipated ambient conditions.
	2. Controllers located in conditioned space rated for operation at 32 to 120 deg F.
	3. Controllers located outdoors rated for operation at -40 to 150 deg F.

	F. Power and Noise Immunity:
	1. Operate controller at 90 to 110 percent of nominal voltage rating and perform an orderly shutdown below 80 percent of nominal voltage.
	2. Protect against electrical noise of 5 to 120 Hz and from keyed radios with up to 5 W of power located within 36 inches of enclosure.

	G. DDC Controller Spare Processing Capacity:
	1. Include spare processing memory for each controller. RAM, PROM, or EEPROM will implement requirements indicated with the following spare memory:
	a. Network Controllers:  50 percent.
	b. Programmable Application Controllers: Not less than 60 percent.
	c. Application-Specific Controllers: Not less than 70 percent.

	2. Memory for DDC controller's operating system and database are to include the following:
	a. Monitoring and control.
	b. Energy management, operation, and optimization applications.
	c. Alarm management.
	d. Historical trend data of all connected I/O points.
	e. Maintenance applications.
	f. Operator interfaces.
	g. Monitoring of manual overrides.


	H. DDC Controller Spare I/O Point Capacity: Include spare I/O point capacity for each controller.
	I. Maintenance and Support: Include the following features to facilitate maintenance and support:
	1. Mount microprocessor components on circuit cards for ease of removal and replacement.
	2. Means to quickly and easily disconnect controller from network.
	3. Means to quickly and easily access connect to field test equipment.
	4. Visual indication that controller electric power is on, of communication fault or trouble, and that controller is receiving and sending signals to network.

	J. I/O Point Interface:
	1. Connect hardwired I/O points to network, programmable application, and application-specific controllers.
	2. Protect I/O points so shorting of point to itself, to another point, or to ground will not damage controller.
	3. Protect I/O points from voltage up to 24 V of any duration so that contact will not damage controller.
	4. AIs:
	a. Include monitoring of low-voltage (0 to 10 V dc), current (4 to 20 mA) and resistance signals from thermistor and RTD sensors.
	b. Compatible with, and field configurable to, sensor and transmitters installed.
	c. Perform analog-to-digital (A-to-D) conversion with a minimum resolution of 12 bits or better to comply with accuracy requirements indicated.
	d. Signal conditioning including transient rejection for each AI.
	e. Capable of being individually calibrated for zero and span.
	f. Incorporate common-mode noise rejection of at least 50 dB from 0 to 100 Hz for differential inputs, and normal-mode noise rejection of at least 20 dB at 60 Hz from a source impedance of 10000 ohms.
	g. External conversion resistors are not permitted.

	5. AOs:
	a. Perform analog-to-digital (A-to-D) conversion with a minimum resolution of 12 bits or better to comply with accuracy requirements indicated.
	b. Output signals range of 4 to 20 mA dc or 0 to 10 V dc as required to include proper control of output device. Note that 4 to 20 mA is preferred, but does not omit 0 to 10 V dc.
	c. Capable of being individually calibrated for zero and span.
	d. Drift is to be not greater than 0.4 percent of range per year.
	e. External conversion resistors are not permitted.

	6. BIs:
	a. Accept contact closures and ignore transients of less than 5 ms duration.
	b. Isolate and protect against an applied steady-state voltage of up to 180 V ac peak.
	c. Include a wetting current of at least 12 mA to be compatible with commonly available control devices and protected against effects of contact bounce and noise.
	d. Sense "dry contact" closure without external power (other than that provided by controller) being applied.
	e. Pulse accumulation input points complying with all requirements of BIs and accept up to 10 pulses per second for pulse accumulation. Include buffer to totalize pulses. Pulse accumulator is to accept rates of at least 20 pulses per second. Reset the...

	7. BOs:
	a. Include relay contact closures or triac outputs for momentary and maintained operation of output devices.
	1) Relay contact closures to have a minimum duration of 0.1 second and at least 180 V of isolation.
	2) Include electromagnetic interference suppression on all output lines to limit transients to non-damaging levels.
	3) Minimum contact rating to be 1 A at 24 V ac.
	4) Triac outputs to have at least 180 V of isolation and minimum contact rating of 1 A at 24 V ac.

	b. Include BOs with two-state operation or a pulsed low-voltage signal for pulse-width modulation control.
	c. BOs to be selectable for either normally open or normally closed operation.
	d. Include tristate outputs (two coordinated BOs) for control of three-point, floating-type electronic actuators without feedback.
	e. Limit use of three-point floating devices to VAV terminal unit control applications. Control algorithms to operate actuator to one end of its stroke once every 24 hours for verification of operator tracking.



	2.16 NETWORK CONTROLLERS
	A. General:
	1. Include adequate number of controllers to achieve performance indicated.
	2. Provide one or more independent, standalone, microprocessor-based network controllers to manage global strategies indicated.
	3. Include enough memory to support its operating system, database, and programming requirements with spare memory indicated.
	4. Share data between networked controllers and other network devices.
	5. Operating system of controller to manage I/O communication signals to allow distributed controllers to share real and virtual object information and allow for central monitoring and alarms.
	6. Include network controllers with a real-time clock.
	7. Controller to continually check status of its processor and memory circuits. If an abnormal operation is detected, controller is to assume a predetermined failure mode and generate an alarm notification.
	8. Make controllers fully programmable.

	B. Communication:
	1. Network controllers communicate with other devices on DDC system Level 1 network.
	2. Network controller to also perform routing if connected to network of programmable application controllers and application-specific controllers.

	C. Operator Interface:
	1. Equip controllers with a service communications port for connection to desktop operator's workstation or mobile device.
	2. Local Keypad and Display:
	a. Equip controller with local keypad and digital display for interrogating and editing data.
	b. Use of keypad and display requires a security password.


	D. Serviceability:
	1. Equip controller with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Connect wiring and cable connections to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Maintain Basic Input Output System (BIOS) and programming information in event of power loss for at least 96 hours.


	2.17 PROGRAMMABLE APPLICATION CONTROLLERS
	A. General:
	1. Include adequate number of controllers to achieve performance indicated.
	2. Provide enough memory to support its operating system, database, and programming requirements with spare memory indicated.
	3. Share data between networked controllers and other network devices.
	4. Include controller with operating system to manage I/O communication signals to allow distributed controllers to share real and virtual object information and allow for central monitoring and alarms.
	5. Include controllers that perform scheduling with a real-time clock.
	6. Controller is to continually check status of its processor and memory circuits. If an abnormal operation is detected, controller assumes a predetermined failure mode and generates an alarm notification.
	7. Fully programmable.

	B. Communication:
	1. Programmable application controllers are to communicate with other devices on network.

	C. Operator Interface:
	1. Equip controllers with a service communications port for connection to desktop operator's workstation or mobile device.
	2. Local Keypad and Display:
	a. Equip controller with local keypad and digital display for interrogating and editing data.
	b. Protect use of keypad and display by security password.


	D. Serviceability:
	1. Equip controller with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Connect wiring and cable connections to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Maintain BIOS and programming information in event of power loss for at least 72 hours.


	2.18 APPLICATION-SPECIFIC CONTROLLERS
	A. Description: Microprocessor-based controllers, which through hardware or firmware design are dedicated to control a specific piece of equipment or system. Controllers are not fully user-programmable but are configurable and customizable for operati...
	1. Capable of standalone operation and continued control functions without being connected to network.
	2. Share data between networked controllers and other network devices.

	B. Communication: Application-specific controllers are to communicate with other application-specific controllers and devices on network, and to programmable application controllers and network controllers.
	C. Operator Interface: Equip controllers with a service communications port for connection to desktop workstation or mobile device. Connection is to extend to port on space temperature sensor that is connected to controller.
	D. Serviceability:
	1. Equip controller with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Connect wiring and cable connections to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Use nonvolatile memory and maintain all BIOS and programming information in event of power loss.


	2.19 CONTROLLER SOFTWARE
	A. General:
	1. Software applications are to reside and operate in controllers. Edit applications through operator workstations or mobile devices.
	2. Identify I/O points by up to 30-character point name and up to 16-character point descriptor. Use same names throughout, including at operator workstations.
	3. Execute control functions within controllers using DDC algorithms.
	4. Configure controllers to use stored default values to ensure fail-safe operation. Use default values when there is a failure of a connected input instrument or loss of communication of a global point value.

	B. Security:
	1. Secure operator access using individual security passwords and user names.
	2. Passwords restrict operator to points, applications, and system functions as assigned by system manager.
	3. Record operator log-on and log-off attempts.
	4. Protect from unauthorized use by automatically logging off after last keystroke. Make the delay time operator-definable.

	C. Scheduling: Include capability to schedule each point or group of points in system. Each schedule is to consist of the following:
	1. Weekly Schedule:
	a. Include separate schedules for each day of week.
	b. Each schedule should include capability for start, stop, optimal start, optimal stop, and night economizer.
	c. Each schedule may consist of up to 10 events.
	d. When a group of objects are scheduled together, include capability to adjust start and stop times for each member.

	2. Exception Schedules:
	a. Include ability for operator to designate any day of the year as an exception schedule.
	b. Exception schedules may be defined up to a year in advance. Once an exception schedule is executed, it will be discarded and replaced by regular schedule for that day of week.

	3. Holiday Schedules:
	a. Include capability for operator to define up to 99 special or holiday schedules.
	b. Place schedules on scheduling calendar with ability to repeated each year.
	c. Operator able to define length of each holiday period.


	D. System Coordination:
	1. Include standard application for proper coordination of equipment.
	2. Include operator with a method of grouping together equipment based on function and location.
	3. Include groups that may be for use in scheduling and other applications.

	E. Binary Alarms:
	1. Set each binary point to alarm based on operator-specified state.
	2. Include capability to automatically and manually disable alarming.

	F. Analog Alarms:
	1. Provide each analog object with both high and low alarm limits.
	2. Include capability to automatically and manually disable alarming.

	G. Alarm Reporting:
	1. Include ability for operators to determine action to be taken in event of an alarm.
	2. Route alarms to appropriate operator workstations based on time and other conditions.
	3. Include ability for alarms to start programs, print, be logged in event logs, generate custom messages, and display graphics.

	H. Remote Communication:
	1. Include ability for system to notify operators by phone message, text message, and email in event of an alarm.

	I. Sequencing: Include application software based on sequences of operation indicated to properly sequence boilers and other applicable HVAC equipment.
	J. Control Loops:
	1. Support any of the following control loops, as applicable to control required:
	a. Two-position (on/off, open/close, slow/fast) control.
	b. Proportional control.
	c. Proportional plus integral (PI) control.
	d. Proportional plus integral plus derivative (PID) control.
	1) Include PID algorithms with direct or reverse action and anti-windup.
	2) Algorithm to calculate a time-varying analog value used to position an output or stage a series of outputs.
	3) Make controlled variable, set point, and PID gains operator-selectable.

	e. Adaptive (automatic tuning).


	K. Staggered Start: Prevent all controlled equipment from simultaneously restarting after a power outage. Make the order which equipment (or groups of equipment) is started, along with the time delay between starts, operator-selectable.
	L. Energy Calculations:
	1. Include software to allow instantaneous power or flow rates to be accumulated and converted to energy usage data.
	2. Include algorithm that calculates a sliding-window average (rolling average). Make algorithm flexible to allow window intervals to be operator specified (such as 15, 30, or 60 minutes).
	3. Include algorithm that calculates a fixed-window average. Use a digital input signal to define start of window period (such as signal from utility meter) to synchronize fixed-window average with that used by utility.

	M. Anti-Short Cycling:
	1. Protect BO points from short cycling.
	2. Feature to allow minimum on-time and off-time to be selected.

	N. On and Off Control with Differential:
	1. Include algorithm that allows BO to be cycled based on a controlled variable and set point.
	2. Use direct- or reverse-acting algorithm and incorporate an adjustable differential.

	O. Run-Time Totalization:
	1. Include software to totalize run-times for all BI and BO points.
	2. Assign a high run-time alarm, if required, by operator.


	2.20 ENCLOSURES
	A. General:
	1. House each controller and associated control accessories in single enclosure. Enclosure is to serve as central tie-in point for control devices such as switches, transmitters, transducers, power supplies, and transformers.
	2. Do not house more than one controller in single enclosure.
	3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures and include one pair of keys per enclosure.
	4. Equip doors of enclosures housing controllers and components with analog or digital displays with windows to allow visual observation of displays without opening enclosure door.
	5. Individual, wall-mounted, single-door enclosures maximum of 36 inches wide and 60 inches high.
	6. Include wall-mounted enclosures with brackets suitable for mounting enclosures to wall or freestanding support stand as indicated.
	7. Supply each enclosure with complete set of as-built schematics, tubing, and wiring diagrams and product literature located in pocket on inside of door. For enclosures with windows, include pocket on bottom of enclosure.

	B. Internal Arrangement:
	1. Arrange internal layout of enclosure to group and protect electric, and electronic components associated with controller, but not an integral part of controller.
	2. Arrange layout to group similar products together.
	3. Include a barrier between line-voltage and low-voltage electrical and electronic products.
	4. Factory or shop install products, tubing, cabling, and wiring complying with requirements and standards indicated.
	5. Terminate field cable and wire using heavy-duty terminal blocks.
	6. Include spare terminals, equal to not less than 10 percent of used terminals.
	7. Include spade lugs for stranded cable and wire.
	8. Install maximum of two wires on each side of terminal.
	9. Include enclosure field electric power supply with toggle-type switch located at entrance inside enclosure to disconnect power.
	10. Include enclosure with line-voltage nominal 20 A GFCI duplex receptacle for service and testing tools. Wire receptacle on hot side of enclosure disconnect switch and include with 5 A circuit breaker.
	11. Mount products within enclosure on removable internal panel(s).
	12. Include products mounted in enclosures with engraved, laminated phenolic nameplates (black letters on a white background). Nameplates are to have at least 1/4-inch-high lettering.
	13. Route tubing cable and wire located inside enclosure within a raceway with continuous removable cover.
	14. Label each end of cable, wire, and tubing in enclosure following an approved identification system that extends from field I/O connection and all intermediate connections throughout length to controller connection.
	15. Size enclosure internal panel to include at least 15 percent spare area on face of panel.

	C. Environmental Requirements:
	1. Evaluate temperature and humidity requirements of each product to be installed within each enclosure.
	2. Calculate enclosure internal operating temperature considering heat dissipation of all products installed within enclosure and ambient effects on enclosure.
	3. Where required by application, include temperature-controlled electrical heat to maintain inside of enclosure above minimum operating temperature of product with most stringent requirement.
	4. Where required by application, include temperature-controlled ventilation fans with filtered louver(s) to maintain inside of enclosure below maximum operating temperature of product with most stringent requirement.
	5. Include temperature-controlled cooling within the enclosure for applications where ventilation fans cannot maintain inside temperature of enclosure below maximum operating temperature of product with most stringent requirement.
	6. Where required by application, include humidity-controlled electric dehumidifier or cooling to maintain inside of enclosure below maximum relative humidity of product with most stringent requirement and to prevent surface condensation within enclos...

	D. Wall-Mounted, NEMA 250, Types 4 and 12:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Cooper B-line; brand of Eaton, Electrical Sector.
	b. Hammond Mfg. Co. Inc.

	2. NRTL listed in accordance with UL 508A.
	3. Seam and joints are continuously welded and ground smooth.
	4. Where recessed enclosures are indicated, include enclosures with face flange for flush mounting.
	5. Externally formed body flange around perimeter of enclosure face for continuous perimeter seamless gasket door seal.
	6. Single-door enclosure sizes up to 60 inches tall by 36 inches wide.
	7. Double-door enclosure sizes up to 36 inches tall by 60 inches wide.
	8. Construct enclosure of steel, not less than the following:
	a. Size Less Than 24 Inches:  0.053 inch thick.
	b. Size 24 Inches and Larger: 0.067 inch thick.

	9. Finish enclosure with polyester powder coating that is electrostatically applied and then baked to bond to substrate.
	a. Exterior Color:  Gray.
	b. Interior Color:  Gray.

	10. Corner-formed door, full size of enclosure face, supported using multiple concealed hinges with easily removable hinge pins.
	a. Sizes through 24 Inches Tall: Two hinges.
	b. Sizes between 24 Inches through 48 Inches Tall: Three hinges.
	c. Sizes Larger Than 48 Inches Tall: Four hinges.

	11. Double-door enclosures with overlapping door design to include unobstructed full-width access.
	a. Single-door enclosures 48 inches and taller, and all double-door enclosures, with three-point (top, middle and bottom) latch system.

	12. Removable internal panel with gray polyester powder coating that is electrostatically applied and then baked to bond to substrate.
	a. Size Less Than 24 Inches:  Solid or perforated steel, 0.053 inch thick.
	b. Size 24 Inches and Larger: Solid aluminum, 0.10 inch or steel, 0.093 inch thick.

	13. Internal panel mounting studs with hardware, grounding hardware, and sealing washers.
	14. Grounding stud on enclosure body.
	15. Thermoplastic pocket on inside of door for record Drawings and Product Data.


	2.21 RELAYS
	A. General-Purpose Relays:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Allen Bradley; by Rockwell Automation.
	b. Eaton.
	c. Square D; Schneider Electric USA.

	2. NRTL listed.
	3. Heavy-duty, electromechanical type; rated for at least 10 A at 250 V ac and 60 Hz.
	4. SPDT, DPDT, or three-pole double-throw, as required by control application.
	5. Plug-in-style relay with 8-pin octal or multiblade plug for DPDT relays and 11-pin octal or multiblade plug for three-pole double-throw relays.
	6. Construct contacts of silver, silver alloy, or gold.
	7. Enclose relay in a clear transparent polycarbonate dust-tight cover.
	8. Include LED indication and push-to-test button to test manual operation of relay without power on coil.
	9. Performance:
	a. Mechanical Life: At least 10 million cycles.
	b. Electrical Life: At least 100,000 cycles at rated load.
	c. Pickup Time:  15 ms or less.
	d. Dropout Time:  10 ms or less.
	e. Pull-in Voltage:  85 percent of rated voltage.
	f. Dropout Voltage:  50 percent of nominal rated voltage.
	g. Power Consumption:  5 VA or less.
	h. Ambient Operating Temperatures: Minus 40 to 115 deg F.

	10. Equip relays with coil transient suppression to limit transients to non-damaging levels.
	11. Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in control panels into sockets that are mounted on a DIN rail.
	12. Include relay socket with screw terminals. Mold into socket the coincident screw terminal numbers.

	B. Multifunction Time-Delay Relays:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Allen Bradley; by Rockwell Automation.
	b. Eaton.
	c. Square D; Schneider Electric USA.

	2. NRTL listed.
	3. Continuous-duty type, rated for at least 10 A at 240 V ac and 60 Hz.
	4. Relay with up to 8 programmable functions to provide on/off delay, interval, and recycle timing functions.
	5. Plug-in-style relay with either multi-pin or blade plug.
	6. Construct contacts of silver, silver alloy, or gold.
	7. Enclose relay in a dust-tight cover.
	8. Include knob and dial scale for alternative digital interface for setting delay time.
	9. Visual Status Indication: Power "On" and Output "On" status.
	10. Performance:
	a. Mechanical Life: At least 10 million cycles.
	b. Electrical Life: At least 100,000 cycles at rated load.
	c. Timing Ranges: Multiple ranges from 0.1 seconds to 100 minutes.
	d. Repeatability: Within 2 percent.
	e. Recycle Time:  45 ms.
	f. Minimum Pulse-Width Control:  50 ms.
	g. Power Consumption: 5 VA or less.
	h. Ambient Operating Temperatures: Minus 40 to 115 deg F.

	11. Equip relays with transient suppression to limit transients to non-damaging levels.
	12. Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in control panels into sockets that are mounted on a DIN rail.
	13. Include relay socket with screw terminals. Mold into socket the coincident screw terminal numbers.

	C. Latching Relays:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Allen Bradley; by Rockwell Automation.
	b. Eaton.
	c. Square D; Schneider Electric USA.

	2. NRTL listed.
	3. Continuous-duty type, rated for at least 10 A at 250 V ac and 60 Hz.
	4. SPDT, DPDT, or three-pole double-throw, as required by control application.
	5. Plug-in-style relay with either multi-pin or blade plug.
	6. Construct contacts of silver, silver alloy, or gold.
	7. Enclose relay in a clear transparent polycarbonate dust-tight cover.
	8. Performance:
	a. Mechanical Life: At least 10 million cycles.
	b. Electrical Life: At least 100,000 cycles at rated load.
	c. Pickup Time:  15 ms or less.
	d. Dropout Time:  10 ms or less.
	e. Pull-in Voltage:  85 percent of rated voltage.
	f. Dropout Voltage:  50 percent of nominal rated voltage.
	g. Power Consumption:  5 VA or less.
	h. Ambient Operating Temperatures: Minus 40 to 115 deg F.

	9. Equip relays with coil transient suppression to limit transients to non-damaging levels.
	10. Plug each relay into industry-standard, 35 mm DIN rail socket. Plug all relays located in control panels into sockets that are mounted on a DIN rail.
	11. Relay socket with screw terminals. Mold into socket the coincident screw terminal numbers.

	D. Current Sensing Relays:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Eaton.
	b. Functional Devices Inc.
	c. Square D; Schneider Electric USA.

	2. NRTL listed.
	3. Monitors ac current.
	4. Independent adjustable controls for pickup and dropout current.
	5. Energized when supply voltage is present and current is above pickup setting.
	6. De-energizes when monitored current is below dropout current.
	7. Dropout current is adjustable from 50 to 95 percent of pickup current.
	8. Visual indication of contact status.
	9. Include current transformer, if required for application.
	10. House current sensing relay and current transformer if required in its own enclosure. Use NEMA 250, Type 12 enclosure for indoors applications and NEMA 250, Type 4 for outdoor applications.

	E. Combination On-Off Status Sensor and On-Off Control Relays:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Functional Devices Inc.

	2. Description:
	a. On-off control and on-off status indication in a single device.
	b. LED status indication of activated relay and current trigger.
	c. Closed-Open-Auto override switch located on the load side of relay.

	3. Performance:
	a. Ambient Temperature: Minus 30 to 140 deg F.
	b. Voltage Rating: Single-phase loads rated for 300 V ac. Three-phase loads rated for 600 V ac.

	4. Status Indication:
	a. Current Sensor: Integral sensing for single-phase loads up to 20 A and external solid or split sensing ring for three-phase loads up to 150 A.
	b. Current Sensor Range: As required by application.
	c. Current Set Point:  Fixed or adjustable, as required by application.
	d. Current Sensor Output:
	1) Solid-state, SPDT contact rated for 30 V ac and dc and for 0.4 A.
	2) Solid-state, SPDT contact rated for 120 V ac and 1.0 A.
	3) Analog, 0 to 5 or 10 V dc.
	4) Analog, 4 to 20 mA, loop powered.


	5. Relay: SPDT, continuous-duty coil; rated for 10-million mechanical cycles.
	6. Enclosure: NEMA 250, Type 12 enclosure for indoor applications; NEMA 250, Type 4 enclosure for outdoor applications.


	2.22 ELECTRICAL POWER DEVICES
	A. Control Transformers:
	1. Sizing Criteria: Size control transformers for total connected load, plus additional 25 percent of connected load for future spare capacity.
	2. Transformer Minimum Capacity:  100 VA.
	3. Protection: Provide transformers with both primary and secondary fuses. Integral circuit breaker is acceptable in lieu of fuses.
	4. Enclosure: House control transformers in NEMA 250 enclosures, type as indicated in "Performance Requirements" Article for application.

	B. Power-Line Conditioners:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Eaton.
	b. Emerson Electric Co.

	2. General Power-Line Conditioner Requirements:
	a. Design to ensure maximum reliability, serviceability, and performance.
	b. Overall function of power-line conditioner is to receive raw, polluted electrical power and purify it for use by electronic equipment. Power-line conditioner is to provide isolated, regulated, transient, and noise-free sinusoidal power to loads ser...

	3. Standards: NRTL listed per UL 1012.
	4. Performance:
	a. Single phase, continuous, 100 percent duty rated kVA/kW capacity. Design to supply power for linear or nonlinear, high crest factor, resistive and reactive loads.
	b. Automatically regulate output voltage to within 2 percent or better with input voltage fluctuations of plus 10 to minus 20 percent of nominal when system is loaded 100 percent. Use Variable Range Regulation to obtain improved line voltage regulatio...
	1) At 75 Percent Load: Output voltage automatically regulated to within 3 percent with input voltage fluctuations of plus 10 to minus 35 percent of nominal.
	2) At 50 Percent Load: Output voltage automatically regulated to within 3 percent with input voltage fluctuations of plus 10 to minus 40 percent of nominal.
	3) At 25 Percent Load: Output voltage automatically regulated to within 3 percent with input voltage fluctuations of plus 10 to minus 45 percent of nominal.

	c. With input voltage distortion of up to 40 percent, limit the output voltage sine wave to maximum harmonic content of 5 percent.
	d. Automatically regulate output voltage to within 2.5 percent when load (resistive) changes from zero to 100 to zero percent.
	e. Output voltage returns to 95 percent of nominal level within two cycles and to 100 percent within three cycles when output is taken from no load to full-resistive load, or vice versa. Recovery from partial resistive load changes is corrected in a s...
	f. K Factor:  30, designed to operate with nonlinear, non-sinusoidal, high crest factor loads without overheating.
	g. Input power factor within 0.95 approaching unity with load power factor as poor as 0.6.
	h. Attenuate load-generated odd current harmonics 23 dB at the input.
	i. Electrically isolate the primary from the secondary. Meet isolation criteria as defined in NFPA 70, Article 250-5D.
	j. Lighting and Surge Protection: Compares to UL 1449 rating of 330 V when subjected to Category B3 (6000 V/3000 A) combination waveform as established by IEEE C62.41.1 and IEEE C62.41.2.
	k. Common-mode noise attenuation of 140 dB.
	l. Transverse-mode noise attenuation of 120 dB.
	m. With loss of input power for up to 16.6 ms, output sine wave remains at usable ac voltage levels.
	n. Reliability of 200,000 hours' MTBF.
	o. At full load, when measured at 1 m distance, audible noise is not to exceed 54 dB.
	p. Approximately 92 percent efficient at full load.

	5. Transformer Construction:
	a. Ferroresonant, dry type, convection cooled, 600 V class. Transformer windings of Class H (220 deg C) insulated copper.
	b. Use Class H installation system throughout with operating temperatures not to exceed 150 deg C over a 40 deg C ambient temperature.
	c. Configure transformer primary for multi-input voltage. Include input terminals for source conductors and ground.
	d. Manufacture transformer core using M-6 grade, grain-oriented, stress-relieved transformer steel.
	e. Configure transformer secondary in 240/120 V split with 208 V tap or straight 120 V, depending on power output size.
	f. Electrically isolate the transformer secondary windings from primary windings. Bond neutral conductor to cabinet enclosure and output neutral terminal.
	g. Include interface terminals for output power hot, neutral, and ground conductors.
	h. Label leads, wires, and terminals to correspond with circuit wiring diagram.
	i. Vacuum impregnate transformer with epoxy resin.

	6. Cabinet Construction:
	a. Design for panel or floor mounting.
	b. NEMA 250, Type 2 enclosure for indoor applications. NEMA 250, Type 4 for outdoor applications.
	c. Manufacture the cabinet from heavy gauge steel complying with UL 50 or UL 508A.
	d. Include textured baked-on paint finish.


	C. DC Power Supplies:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Emerson Electric Co.

	2. Description: Linear or switched, regulated power supplies with ac input to one dc output(s).
	a. Include both line and load regulation to ensure stable output.
	b. To protect both power supply and load, include power supply with an automatic current limiting circuit.

	3. Features:
	a. Connection: Plug-in style suitable for mating with standard socket. Include power supply with mating mounting socket.
	b. Housing: Enclose circuitry in a housing.
	c. Local Adjustment: Include screw adjustment on exterior of housing for dc voltage output.
	d. Mounting: DIN rail.
	e. Visual status indicator.

	4. Performance:
	a. Input Voltage: Nominally 120 V ac, 60 Hz.
	b. Output Voltage: Nominally 24 V dc with plus or minus 1 V dc adjustment.
	c. Output Current: Minimum 100 mA.
	d. Load Regulation: Within 0.1 percent.
	e. Line Regulation: Within 0.05 percent.
	f. Stability: Within 0.1 percent of rated volts after warmup period.
	g. Ripple:  1 mV rms.



	2.23 UNINTERRUPTABLE POWER SUPPLY (UPS) UNITS
	A. Furnish local UPS units, of type indicated, installed with DDC system.
	B. DIN Rail Mounted UPS:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Emerson Electric Co.

	2. Provide continuous, regulated output power without using batteries during brown-out, surge, and spike conditions.
	3. Performance:
	a. Capacity: Load not to exceed 75 percent of rated capacity.
	b. Efficiency: Minimum 94 percent.
	c. Input Voltage: Single phase, 120 V ac, compatible with field power source.
	d. Load Power Factor Range (Crest Factor):  0.65 to 1.0.
	e. Output Voltage: 101 to 132 V ac, while input voltage varies between 89 and 152 V ac.
	f. On Battery Output Voltage: Sine wave.
	g. Inverter Overload Capacity: Minimum 150 percent for 30 seconds.
	h. Battery Backup:  15 minutes of operation at full load with battery power.
	i. Battery Recharge Time: Maximum of four hours to 90 percent capacity after full discharge.
	j. Transfer Time:  6 ms.
	k. Surge Voltage Withstand Capacity: IEEE C62.41.1 and IEEE C62.41.2, Categories A and B.

	4. Automatic bypass operation during fault or overload conditions.
	5. Integral line-interactive, power condition topology to eliminate all power contaminants.
	6. Include power switch and visual indication of power, battery, fault, and temperature.
	7. Include audible alarm of faults with silence feature.
	8. Include dry contacts (digital output points) for low battery condition and battery-on (primary utility power failure) and connect points to DDC system.
	9. Batteries: Sealed; maintenance free; replacement without dropping load.

	C. Tower UPS Models through 1000 VA:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Eaton.

	2. Provide continuous, regulated output power without using batteries during brown-out, surge, and spike conditions.
	3. Performance:
	a. Capacity: Load not to exceed 75 percent of rated capacity.
	b. Efficiency: Complying with ENERGY STAR requirements; minimum 91 percent.
	c. Input Voltage: Single phase, 120 V ac, compatible with field power source.
	d. Load Power Factor Range (Crest Factor):  0.65 to 1.0.
	e. Output Voltage: 101 to 132 V ac, while input voltage varies between 89 and 152 V ac.
	f. On Battery Output Voltage: Sine wave.
	g. Inverter Overload Capacity: Minimum 150 percent for 30 seconds.
	h. Battery Backup:  15 minutes of operation at full load with battery power.
	i. Battery Recharge Time: Maximum of four hours to 90 percent capacity after full discharge to cutoff.
	j. Transfer Time:  0 ms.
	k. Surge Voltage Withstand Capacity: IEEE C62.41.1 and IEEE C62.41.2, Categories A and B; 6 kV/200 and 500 A; 100 kHz ring wave.

	4. Automatic bypass operation during fault or overload conditions.
	5. Integral line-interactive, power condition topology to eliminate all power contaminants.
	6. Include power switch and visual indication of power, battery, fault, and temperature.
	7. Include audible alarm of faults and front panel silence feature.
	8. Receptacles: Minimum four, NEMA WD 1, NEMA WD 6 Configuration 5-15R receptacles.
	9. Remote Alarms: Include dry contacts (digital output points)for low battery condition and battery-on (primary utility power failure) and connect points to DDC system.
	10. Batteries: Sealed type; maintenance free. Battery replacement is to be front accessible by user without dropping load.
	11. Install tower models in enclosures rated for location.

	D. Tower and Rack UPS Models through 3000 VA:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Eaton.

	2. NRTL Listing: UL 1778.
	3. Provide continuous, regulated output power without using batteries during brown-out, surge, and spike conditions.
	4. Performance:
	a. Capacity: Load not to exceed 75 percent of UPS rated capacity.
	b. Efficiency: Complying with ENERGY STAR requirements; minimum 91 percent.
	c. Input Voltage: Single phase, 120 V ac, plus 20 to minus 30 percent.
	d. Power Factor: Minimum 0.95 at full load.
	e. Output Voltage: Single phase, 120 V ac, within 3 percent.
	f. Inverter overload capacity to be minimum 150 percent for 30 seconds.
	g. Battery Backup:  15 minutes of operation at full load with battery power.
	h. Battery Recharge Time: Maximum of 8 hours to 90 percent capacity.
	i. Transfer Time:  0 ms.

	5. LCD display with operator interface.
	6. Receptacles: Minimum 6, NEMA WD 1, NEMA WD 6 Configuration 5-15R or 5-20R receptacles.
	7. Automatic bypass operation during fault or overload conditions.
	8. Remote Alarms: Include dry contacts (digital output points)for low battery condition and battery-on (primary utility power failure) and connect points to DDC system.
	9. Batteries: Sealed; maintenance free.
	10. Enclosures: Install tower models in enclosures rated for location. Install rack models installed on matching racks, as applicable to particular installation location and space availability/configuration.


	2.24 PROCESS TUBING
	A. Products in this article are intended for signals to instruments connected to liquid and steam systems.
	B. Copper Tubing:
	1. Seamless phosphor deoxidized copper, drawn tempered with chemical and physical properties in accordance with ASTM B75/B75M.
	2. Performance, dimensions, weight, and tolerance in accordance with ASTM B280.
	3. Diameter, as required by application, of not less than nominal 1/2 inch.
	4. Wall thickness, as required by application, but not less than 0.030 inch.
	5. Copper Tubing Connectors and Fittings (for Process Tubing) - Brass, Compression Type:
	a. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1) BrassCraft Manufacturing Co.; a Masco company.
	2) Parker Hannifin Corporation.

	b. Single or double ferrule design creating a constant tension between fitting body and fitting nut for leak-free seal.

	6. Copper Tubing Connectors and Fittings (for Process Tubing) - Brass, Solder-Joint Type:
	a. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1) Mueller Streamline Co.; a company of Mueller Industries.
	2) NIBCO INC.

	b. Copper Solder-Joint Fittings: Cast, ASME B16.18 or wrought, ASME B16.22.



	2.25 CONTROL WIRE AND CABLE
	A. Wire: Single conductor control wiring above 24 V.
	1. Wire Size: Minimum 14 AWG.
	2. Conductors: 7/24 soft annealed copper strand with 2- to 2.5-inch lay.
	3. Conductor Insulation: 600 V, Type THWN or Type THHN, and 90 deg C in accordance with UL 83.
	4. Conductor Insulation Colors: Black (hot), white (neutral), and green (ground).
	5. Furnish on spools.

	B. Single, Twisted-Shielded, Instrumentation Cable above 24 V:
	1. Wire Size: Minimum 18 AWG.
	2. Conductors: Twisted, 7/24 soft annealed copper strand with a 2- to 2.5-inch lay.
	3. Conductor Insulation: Type THHN/THWN or Type TFN rating.
	4. Conductor Insulation Colors:
	a. Twisted Pair: Black and white.
	b. Twisted Triad: Black, red, and white.

	5. Shielding: 100 percent type, 0.35/0.5-mil aluminum/Mylar tape, helically applied with 25 percent overlap, and aluminum side in with tinned copper drain wire.
	6. Outer Jacket Insulation: 600 V, 90 deg C rating, and Type TC cable.
	7. Furnish on spools.

	C. Single, Twisted-Shielded, Instrumentation Cable 24 V and Less:
	1. Wire Size: Minimum 18 AWG.
	2. Conductors: Twisted, 7/24 soft annealed copper stranding with a 2- to 2.5-inch lay.
	3. Conductor Insulation: Nominal 15-mil thickness, constructed from flame-retardant PVC.
	4. Conductor Insulation Colors:
	a. Twisted Pair: Black and white.
	b. Twisted Triad: Black, red, and white.

	5. Shielding: 100 percent type, 1.35-mil aluminum/polymer tape, helically applied with 25 percent overlap, and aluminum side in with tinned copper drain wire.
	6. Outer Jacket Insulation: 300 V, 105 deg C rating, and Type PLTC cable.
	7. Furnish on spools.

	D. LAN and Communication Cable: Comply with DDC system manufacturer requirements for network being installed.
	1. Comply with following requirements for balanced twisted pair cable:
	a. Plenum rated.
	b. Unique color that is different from other cables used on Project.



	2.26 RACEWAYS
	A. Submit raceways for approval, should any be required for professional and workmanlike cable management.

	2.27 ACCESSORIES
	A. Control Damper Blade Limit Switches:
	1. Application: Sense positive open and/or closed position of damper blades.
	2. NEMA 250, Type 13, oiltight construction. Install in instrument enclosure where required for additional environmental protection.
	3. Arrange for mounting application, and to prevent "over-center" operation.

	B. Instrument Enclosures:
	1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	a. Hammond Mfg. Co. Inc.

	2. Application: Include instrument enclosure for secondary protection to comply with requirements indicated in "Performance Requirements" Article.
	3. Certification: NRTL listed and labeled to UL 50 or UL 508A as applicable.
	4. Subpanel:
	a. Size enclosure with least 25 percent spare area on subpanel.
	b. Mount instrument(s) within enclosure on internal subpanel(s).

	5. Identification: Include on face of enclosure an engraved, laminated phenolic nameplate for each instrument installed within enclosure.
	6. Raceways: For enclosures housing multiple instruments, route tubing, cable, and wiring within enclosure in a raceway having continuous removable cover.
	7. Access: Provide enclosures larger than 12 inches with hinged full-size face cover.
	8. Security: Equip enclosures with lock and common key.

	C. Manual Valves:
	1. Bronze Body Ball Valves:
	a. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	1) Apollo Valves; a part of Aalberts Integrated Piping Systems.
	2) NIBCO INC.

	b. Standard: MSS SP-110.
	c. SWP Rating: 150 psig.
	d. CWP Rating: 600 psig.
	e. Body Design: Two piece.
	f. Body Material: Bronze.
	g. Ends: Threaded.
	h. Seats: PTFE.
	i. Stem: Stainless steel.
	j. Ball: Stainless steel, vented.
	k. Handle: Stainless steel with vinyl grip.
	l. Port: Full.



	2.28 IDENTIFICATION
	A. Control Equipment, Instruments, and Control Devices:
	1. Laminated acrylic or melamine plastic sign bearing unique identification.
	a. Include instruments with unique identification identified by equipment being controlled or monitored, followed by point identification.

	2. Letter size as follows:
	a. Servers: Minimum of 0.5 inch high.
	b. DDC Controllers: Minimum of 0.5 inch high.
	c. Gateways: Minimum of 0.5 inch high.
	d. Repeaters: Minimum of 0.5 inch high.
	e. Enclosures: Minimum of 0.5 inch high.
	f. Electrical Power Devices: Minimum of 0.25 inch high.
	g. UPS units: Minimum of 0.5 inch high.
	h. Accessories: Minimum of 0.25 inch high.
	i. Instruments: Minimum of 0.25 inch high.
	j. Control Damper and Valve Actuators: Minimum of 0.25 inch high.

	3. Engraved phenolic consisting of three layers of rigid laminate. Top and bottom layers color-coded black with contrasting white center exposed by engraving through outer layer.
	4. Fastened with drive pins.
	5. Instruments, control devices, and actuators with Project-specific identification tags having unique identification numbers following requirements indicated and provided by original manufacturer do not require additional identification.

	B. Valve Tags:
	1. Brass tags and brass chains attached to valve.
	2. Tag Size: Minimum 1.5 inches in diameter.
	3. Include tag with unique valve identification indicating control influence such as flow, level, pressure, or temperature; followed by location of valve, and followed by three-digit sequential number. For example: TV-1.001.
	4. Valves with Project-specific identification tags having unique identification numbers following requirements indicated and provided by original manufacturer do not require an additional tag.

	C. Raceway and Boxes:
	1. Comply with requirements for identification specified in Section 26 05 53 "Identification for Electrical Systems."
	2. Paint cover plates on junction boxes and conduit same color as tape banding for conduits. After painting, label cover plate "HVAC Controls" using engraved phenolic tag.

	D. Equipment Warning Labels:
	1. Self-adhesive label with pressure-sensitive adhesive back and peel-off protective jacket.
	2. Lettering size at least 14-point type with white lettering on red background.
	3. Warning label to read "CAUTION-Equipment operated under remote automatic control and may start or stop at any time without warning. Switch electric power disconnecting means to OFF position before servicing."
	4. Lettering to be enclosed in a white line border. Edge of label is to extend at least 0.25 inch beyond white border.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	1. Verify compatibility with and suitability of substrates.

	B. Examine roughing-in for instruments installed in piping to verify actual locations of connections before installation.
	C. Examine roughing-in for instruments installed in duct systems to verify actual locations of connections before installation.
	D. Examine walls, floors, roofs, and ceilings for suitable conditions where product will be installed.
	E. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the Work.
	F. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 DDC SYSTEM INTERFACE WITH OTHER SYSTEMS AND EQUIPMENT
	A. Communication Interface to Equipment with Integral Controls:
	1. DDC system has communication interface with equipment having integral controls and having communication interface for remote monitoring or control.


	3.3 DDC SYSTEM INTERFACE WITH EXISTING SYSTEMS
	A. Interface with Existing Systems:
	1. Remove and discard existing building controls. Provide new controls as indicated on the drawings. HVAC motors and VFDs to be replaced. Aside from motor replacement , no new HVAC, Plumbing, or fuel oil systems are to be provided.


	3.4 GENERAL INSTALLATION REQUIREMENTS
	A. Install products to satisfy more stringent of all requirements indicated.
	B. Install products level, plumb, parallel, and perpendicular with building construction.
	C. Support products, tubing, piping wiring, and raceways. Brace products to prevent lateral movement and sway or a break in attachment when subjected to seismic force.
	D. If codes and referenced standards are more stringent than requirements indicated, comply with requirements in codes and referenced standards.
	E. Fabricate openings and install sleeves in ceilings, floors, roof, and walls required by installation of products. Before proceeding with drilling, punching, and cutting, check for concealed work to avoid damage. Patch, flash, grout, seal, and refin...
	F. Firestop Penetrations Made in Fire-Rated Assemblies: Comply with requirements in Section 07 84 13 "Penetration Firestopping."
	G. Seal penetrations made in acoustically rated assemblies. Comply with requirements in Section 07 92 00 "Joint Sealants."
	H. Fastening Hardware:
	1. Wrenches, pliers, and other tools that damage surfaces of rods, nuts, and other parts are prohibited for work of assembling and tightening fasteners.
	2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force or by oversized wrenches.
	3. Lubricate threads of bolts, nuts, and screws with graphite and oil before assembly.

	I. If product locations are not indicated, install products in locations that are accessible and that will permit service and maintenance from floor, equipment platforms, or catwalks without removal of permanently installed furniture and equipment.

	3.5 INSTALLATION OF GATEWAYS
	A. Install gateways if required for DDC system communication interface requirements indicated.
	B. Test gateways to verify that communication interface functions properly.

	3.6 INSTALLATION OF ROUTERS
	A. Install routers if required for DDC system communication interface requirements indicated.
	B. Test routers to verify that communication interface functions properly.

	3.7 INSTALLATION OF CONTROLLERS
	A. Install controllers in enclosures to comply with indicated requirements.
	B. Connect controllers to field power supply.
	C. Install controllers with latest version of applicable software and configure to execute requirements indicated.
	D. Test and adjust controllers to verify operation of connected I/O to achieve performance indicated requirements while executing sequences of operation.
	E. Installation of Network Controllers:
	1. DDC system provider and DDC system manufacturer to determine quantity and location of network controllers to satisfy requirements indicated. Provide minimum quantity indicated.
	2. Install controllers in a protected location that is easily accessible by operators.
	3. Locate top of controller within 72 inches of finished floor.

	F. Installation of Programmable Application Controllers:
	1. DDC system provider and DDC system manufacturer to determine quantity and location of programmable application controllers to satisfy requirements indicated. Provide minimum quantity indicated.
	2. Install controllers in a protected location that is easily accessible by operators.
	3. Locate top of controller within 72 inches of finished floor, except where dedicated controllers are installed at terminal units.

	G. Application-Specific Controllers:
	1. DDC system provider and DDC system manufacturer to determine quantity and location of application-specific controllers to satisfy requirements indicated. Provide minimum quantity indicated.
	2. For controllers not mounted directly on equipment being controlled, install controllers in a protected location that is easily accessible by operators.


	3.8 INSTALLATION OF ENCLOSURES
	A. Install the following items in enclosures, to comply with indicated requirements:
	1. Gateways.
	2. Routers.
	3. Controllers.
	4. Electrical power devices.
	5. UPS units.
	6. Relays.
	7. Accessories.
	8. Instruments.
	9. Actuators.

	B. Attach wall-mounted enclosures to wall using the following types of steel struts:
	1. For NEMA 250, Type 12 Enclosures: Use painted steel or galvanized-steel strut and hardware.
	2. For NEMA 250, Type 4 Enclosures and Enclosures Located Outdoors: Use stainless steel strut and hardware.
	3. Install plastic caps on exposed cut edges of strut.

	C. Align top of adjacent enclosures of like size.
	D. Install continuous and fully accessible wireways to connect conduit, wire, and cable to multiple adjacent enclosures. Wireways used for application are to have protection equal to NEMA 250 rating of connected enclosures.

	3.9 ELECTRIC POWER CONNECTIONS
	A. Connect electrical power to DDC system products requiring electrical power connections.
	B. Design of electrical power to products not indicated with electric power is delegated to DDC system provider and installing trade to provide a fully functioning DDC system. Work is to comply with NFPA 70 and other requirements indicated.
	C. Comply with requirements in Section 26 05 19 "Low-Voltage Electrical Power Conductors and Cables" for electrical power conductors and cables.
	D. Comply with requirements in Section 26 05 33 "Raceway and Boxes for Electrical Systems" for electrical power raceways and boxes.

	3.10 INSTALLATION OF IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements in Section 26 05 53 "Identification for Electrical Systems" for identification products and installation.
	B. Install laminated acrylic or melamine plastic signs with unique identification on face for each of the following:
	1. Gateway.
	2. Router.
	3. Protocol analyzer.
	4. DDC controller.
	5. Enclosure.
	6. Electrical power device.
	7. UPS unit.
	8. Accessory.

	C. Install unique instrument identification for each instrument connected to DDC controller.
	D. Install unique identification for each control damper and valve actuator connected to DDC controller.
	E. Where product is installed above an inaccessible ceiling, also install identification on face of access door directly below.
	F. Warning Labels and Signs:
	1. Permanently attach to equipment that can be automatically started by DDC control system.
	2. Locate where highly visible near power service entry points.


	3.11 INSTALLATION OF NETWORKS
	A. Install balanced twisted pair cable when connecting between the following network devices located in same building:
	1. Network controllers.

	B. Install balanced twisted pair or copper cable (as required by equipment) when connecting between the following:
	1. Gateways.
	2. Gateways and network controllers or programmable application controllers.
	3. Routers.
	4. Routers and network controllers or programmable application controllers.
	5. Network controllers and programmable application controllers.
	6. Programmable application controllers.
	7. Programmable application controllers and application-specific controllers.
	8. Application-specific controllers.

	C. Install cable in continuous raceway.
	1. Cable trays may be used for copper cable in lieu of conduit. Submit locations for approval.


	3.12 NETWORK NAMING AND NUMBERING
	A. Coordinate with Owner and provide unique naming and addressing for networks and devices.
	B. ASHRAE 135 Networks:
	1. MAC Address:
	a. Assign and document a MAC address unique to its network for every network device.
	b. Ethernet Networks: Document MAC address assigned at its creation.
	c. MS/TP Networks: Assign from 00 to 64.

	2. Network Numbering:
	a. Assign unique numbers to each new network.
	b. Provide ability for changing network number through device switches or operator interface.
	c. DDC system, with all possible connected LANs, can contain up to 65,534 unique networks.

	3. Device Object Identifier Property Number:
	a. Assign unique device object identifier property numbers or device instances for each device network.
	b. Provide for future modification of device instance number by device switches or operator interface.
	c. LAN is to support up to 4,194,302 unique devices.

	4. Device Object Name Property Text:
	a. Device object name property field to support 32 minimum printable characters.
	b. Assign unique device "Object Name" property names with plain-English descriptive names for each device.
	1) Example 1: Device object name for device controlling heating water boiler plant at Building 1000 would be "Heating Water System Bldg. 1000."
	2) Example 2: Device object name for VAV terminal unit controller could be "VAV Unit 102."


	5. Object Name Property Text for Other Than Device Objects:
	a. Object name property field is to support 32 minimum printable characters.
	b. Assign object name properties with plain-English names descriptive of application.
	1) Example 1: "Zone 1 Temperature."
	2) Example 2 "Fan Start and Stop."


	6. Object Identifier Property Number for Other Than Device Objects:
	a. Assign object identifier property numbers according to Drawings indicated.
	b. If not indicated, object identifier property numbers may be assigned at Installer's discretion but must be approved by Owner in advance, be documented, and be unique for like object types within device.



	3.13 INSTALLATION OF PROCESS TUBING
	A. Install process tubing for signal to instruments in liquid systems. Instruments include, but are not limited to, the following:
	1. Meters.
	2. Sensors.
	3. Switches.
	4. Transmitters.

	B. Support tubing in accordance with MSS SP-58, but at intervals no more than 60 inches apart.
	C. Install minimum NPS 1/2 process tubing for industrial-grade sensors, transmitters, and switches. Install bushings where required.
	D. Make smooth tubing bends with a bending tool. Flattened or wrinkled bends are unacceptable.
	E. Support tubing independent of other trades.
	F. Route tubing parallel to and at right angles to building construction.
	G. Install tubing concealed in areas with ceilings.
	H. Install dirt leg with an isolation valve and threaded plug in drain valve at each connection to a transmitter and switch.
	I. Insulate process piping and tubing connected to hot water and steam systems for personnel protection if surface temperature exceeds 120 deg F. Only insulate piping and tubing within maintenance personnel reach from floor, platform, or catwalk.
	J. Wrap pipe threads of fitting in process tubing with service temperatures below 350 deg F with single wrap of PTFE tape.
	K. Coat pipe threads of fittings on process tubing in services with temperatures exceeding 350 deg F with pipe compound before being made up to reduce possibility of galling.
	L. Do not make tubing connections to a fitting before completing makeup of connection.
	M. Check tubing for correct diameter and wall thickness. Cut the tube ends square and deburred. Exercise care during cutting to keep tubing round.
	N. Do not install fittings close to a bend. Straight length of tubing, not deformed by bending, is required for proper connection.
	O. Align tubing with fitting when installed. Avoid springing tube into position.
	P. Install tubing with extreme care to keep foreign matter out of system. Plug open tubing ends to keep out dust, dirt, and moisture.
	Q. Do not attach tubing to equipment that may be removed frequently for maintenance or may impart vibration and expansion from temperature change.
	R. Identify above-grade process tubing as follows:
	1. Every 50 ft. of straight run.
	2. At least once for each branch within 36 inches of main tee.
	3. Near each change in direction.
	4. Within 36 inches of each ceiling, floor, roof, and wall penetration.
	5. Where exposed to and where concealed from view, including above ceiling plenums, shafts, and chases.
	6. Near each isolation valve.
	7. Mark each instrument tube connection with a number-coded identification. Each unique tube is to have same unique number at instrument connection and termination at opposite end of tube.

	S. Process Tubing Isolation Valves Installation:
	1. Install valves full size of piping and tubing.
	2. Install isolation valves at the following locations:
	a. Process connection.
	b. Inlet to each instrument including, sensors, transmitters, switches, gauges, and other control devices.

	3. Locate valves to be readily accessible from floor.
	4. Install needle valves for isolation and throttling applications. Option to install ball valves in lieu of needle valves for isolation only applications.


	3.14 INSTALLATION OF CONTROL WIRE, CABLE, AND RACEWAY
	A. Comply with NECA 1.
	B. Wire and Cable Installation:
	1. Comply with installation requirements in Section 26 05 23 "Control-Voltage Electrical Power Cables."
	2. Install cables with protective sheathing that is waterproof and capable of withstanding continuous temperatures of 90 deg C with no measurable effect on physical and electrical properties of cable.
	a. Provide shielding to prevent interference and distortion from adjacent cables and equipment.

	3. Terminate wiring in a junction box.
	a. Clamp cable over jacket in a junction box.
	b. Individual conductors in the stripped section of cable is to be slack between the clamping point and terminal block.

	4. Terminate field wiring and cable not directly connected to instruments and control devices having integral wiring terminals using terminal blocks.
	5. Install signal transmission components in accordance with IEEE C2, REA Form 511a, NFPA 70, and as indicated.
	6. Use shielded cable to transmitters.
	7. Use shielded cable to temperature sensors.
	8. Perform continuity and meager testing on wire and cable after installation.

	C. Conduit Installation:
	1. Comply with Section 26 05 33 "Raceway and Boxes for Electrical Systems" for control-voltage conductors.


	3.15 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS. Certify compliance with test parameters.
	2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.


	3.16 DDC SYSTEM I/O CHECKOUT PROCEDURES
	A. Check installed products before continuity tests, leak tests, and calibration.
	B. Check instruments for proper location and accessibility.
	C. Check instruments for proper installation on direction of flow, elevation, orientation, insertion depth, or other applicable considerations that will impact performance.
	D. Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, and support.
	E. Control Damper Checkout:
	1. Verify that new controls function with existing control dampers. Validate all points of operation.

	F. Control Valve Checkout:
	1. Verify that new controls function with existing control valves. Validate all points of operation.

	G. Instrument Checkout:
	1. Verify that instrument is correctly installed for location, orientation, direction, and operating clearances.
	2. Verify that attachment is properly secured and sealed.
	3. Verify that conduit connections are properly secured and sealed.
	4. Verify that wiring is properly labeled with unique identification, correct type, and size and is securely attached to proper terminals.
	5. Inspect instrument tag against approved submittal.
	6. For instruments with tubing connections, verify that tubing attachment is secure and isolation valves have been provided.
	7. For flow instruments, verify that recommended upstream and downstream distances have been maintained.
	8. For temperature instruments, verify the following:
	a. Sensing element type and proper material.
	b. Length and insertion.



	3.17 DDC SYSTEM I/O ADJUSTMENT, CALIBRATION, AND TESTING
	A. Calibrate each instrument installed that is not factory calibrated and provided with calibration documentation.
	B. Provide written description of proposed field procedures and equipment for calibrating each type of instrument. Submit procedures before calibration and adjustment.
	C. For each analog instrument, make three-point test of calibration for both linearity and accuracy.
	D. Equipment and procedures used for calibration to comply with instrument manufacturer's written instructions.
	E. Provide diagnostic and test equipment for calibration and adjustment.
	1. Use field testing and diagnostic instruments and equipment with an accuracy at least twice the instrument accuracy of instrument to be calibrated. For example, test and calibrate an installed instrument with accuracy of 1 percent using field testin...

	F. Calibrate each instrument in accordance with instruction manual supplied by instrument manufacturer.
	G. If after calibration the indicated performance cannot be achieved, replace out-of-tolerance instruments.
	H. Comply with field testing requirements and procedures indicated by ASHRAE's Guideline 11, "Field Testing of HVAC Controls Components," in the absence of specific requirements, and to supplement requirements indicated.
	I. Analog Signals:
	1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100 percent.
	2. Check analog current signals using a precision current meter at zero, 50, and 100 percent.
	3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating span using a precision-resistant source.

	J. Digital Signals:
	1. Check digital signals using a jumper wire.
	2. Check digital signals using an ohmmeter to test for contact making or breaking.

	K. Control Dampers:
	1. Stroke and adjust control dampers following manufacturer's recommended procedure, from 100 percent open to 100 percent closed and back to 100 percent open.
	2. Check and document open and close cycle times for applications with cycle time less than 30 seconds.
	3. For control dampers equipped with positive position indication, check feedback signal at multiple positions to confirm proper position indication.

	L. Control Valves:
	1. Stroke and adjust control valves following manufacturer's recommended procedure, from 100 percent open to 100 percent closed and back to 100 percent open.
	2. Check and document open and close cycle times for applications with cycle time less than 30 seconds.
	3. For control valves equipped with positive position indication, check feedback signal at multiple positions to confirm proper position indication.

	M. Meters: Check meters at zero, 50, and 100 percent of Project design values.
	N. Sensors: Check sensors at zero, 50, and 100 percent of Project design values.
	O. Switches: Calibrate switches to make or break contact at set points indicated.
	P. Transmitters:
	1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values.
	2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a precision-resistant source.


	3.18 DDC SYSTEM CONTROLLER CHECKOUT
	A. Verify power supply.
	1. Verify voltage, phase, and hertz.
	2. Verify that protection from power surges is installed and functioning.
	3. Verify that ground fault protection is installed.
	4. If applicable, verify if connected to UPS unit.
	5. If applicable, verify if connected to backup power source.
	6. If applicable, verify that power conditioning units are installed.

	B. Verify that wire and cabling are properly secured to terminals and labeled with unique identification.
	C. Verify that spare I/O capacity is provided.

	3.19 DDC CONTROLLER I/O CONTROL LOOP TESTS
	A. Testing:
	1. Test every I/O point connected to DDC controller to verify that safety and operating control set points are as indicated and as required to operate controlled system safely and at optimum performance.
	2. Test every I/O point throughout its full operating range.
	3. Test every control loop to verify that operation is stable and accurate.
	4. Adjust control loop proportional, integral, and derivative settings to achieve optimum performance while complying with performance requirements indicated. Document testing of each control loop's precision and stability via trend logs.
	5. Test and adjust every control loop for proper operation according to sequence of operation.
	6. Test software and hardware interlocks for proper operation. Correct deficiencies.
	7. Operate each analog point at the following:
	a. Upper quarter of range.
	b. Lower quarter of range.
	c. At midpoint of range.

	8. Exercise each binary point.
	9. For every I/O point in DDC system, read and record each value at operator workstation, at DDC controller, and at field instrument simultaneously. Value displayed at operator workstation, at DDC controller, and at field instrument must match.
	10. Prepare and submit report documenting results for each I/O point in DDC system and include in each I/O point a description of corrective measures and adjustments made to achieve desire results.


	3.20 DDC SYSTEM VALIDATION TESTS
	A. Perform validation tests before requesting final review of system. Before beginning testing, first submit Pretest Checklist and Test Plan.
	B. After approval of Pretest Checklist and Test Plan, execute all tests and procedures indicated in plan.
	C. After testing is complete, submit completed Pretest Checklist.
	D. Pretest Checklist: Submit the following list with items checked off once verified:
	1. Detailed explanation for any items that are not completed or verified.
	2. Required mechanical installation work is successfully completed and HVAC equipment is working correctly.
	3. HVAC equipment motors operate below full-load amperage ratings.
	4. Required DDC system components, wiring, and accessories are installed.
	5. Installed DDC system architecture matches approved Drawings.
	6. Control electric power circuits operate at proper voltage and are free from faults.
	7. Required surge protection is installed.
	8. DDC system network communications function properly, including uploading and downloading programming changes.
	9. Using BACnet protocol analyzer, verify that communications are error free.
	10. Each controller's programming is backed up.
	11. Equipment, products, tubing, wiring cable, and conduits are properly labeled.
	12. All I/O points are programmed into controllers.
	13. Testing, adjusting, and balancing work affecting controls is complete.
	14. Dampers and actuators zero and span adjustments are set properly.
	15. Each control damper and actuator goes to failed position on loss of power and loss of signal.
	16. Valves and actuators zero and span adjustments are set properly.
	17. Each control valve and actuator goes to failed position on loss of power and loss of signal.
	18. Meter, sensor, and transmitter readings are accurate and calibrated.
	19. Control loops are tuned for smooth and stable operation.
	20. View trend data where applicable.
	21. Each controller works properly in standalone mode.
	22. Safety controls and devices function properly.
	23. Interfaces with fire-alarm system function properly.
	24. Electrical interlocks function properly.
	25. Operator workstations and other interfaces are delivered, all system and database software is installed, and graphics are created.
	26. Record Drawings are completed.

	E. Test Plan:
	1. Prepare and submit validation Test Plan including test procedures for performance validation tests.
	2. Address all specified functions of DDC system and sequences of operation in Test Plan.
	3. Explain detailed actions and expected results to demonstrate compliance with requirements indicated.
	4. Explain method for simulating necessary conditions of operation used to demonstrate performance.
	5. Include Test Checklist to be used to check and initial that each test has been successfully completed.
	6. Submit Test Plan documentation 20 business days before start of tests.

	F. Validation Test:
	1. Verify operating performance of each I/O point in DDC system.
	a. Verify analog I/O points at operating value.
	b. Make adjustments to out-of-tolerance I/O points.
	1) Identify I/O points for future reference.
	2) Simulate abnormal conditions to demonstrate proper function of safety devices.
	3) Replace instruments and controllers that cannot maintain performance indicated after adjustments.


	2. Simulate conditions to demonstrate proper sequence of control.
	3. Readjust settings to design values and observe ability of DDC system to establish desired conditions.
	4. 24 hours after initial validation test, do as follows:
	a. Re-check I/O points that required corrections during initial test.
	b. Identify I/O points that still require additional correction and make corrections necessary to achieve desired results.

	5. 24 Hours after second validation test, do as follows:
	a. Re-check I/O points that required corrections during second test.
	b. Continue validation testing until I/O point is normal on two consecutive tests.

	6. Completely check out, calibrate, and test all connected hardware and software to ensure that DDC system performs according to requirements indicated.
	7. After validation testing is complete, prepare and submit report indicating results of testing. For all I/O points that required correction, indicate how many validation re-tests it took to pass. Identify adjustments made for each test and indicate ...

	G. DDC System Network Bandwidth Test:
	1. Test network bandwidth usage on all DDC system networks to demonstrate bandwidth usage under DDC system normal operating conditions and under simulated HLC.
	2. To pass, none of DDC system networks are to use more than 70 percent of available bandwidth under normal and HLC operation.


	3.21 VERIFICATION OF DDC SYSTEM WIRELESS NETWORK
	A. DDC system Installer is to design wireless DDC system networks to comply with performance requirements indicated.
	B. Verify wireless network performance through field testing and document results in a field test report.
	C. Testing and verification of all wireless devices to include, but not be limited to, the following:
	1. Speed.
	2. Online status.
	3. Signal strength.


	3.22 FINAL REVIEW
	A. Submit written request to Owner and Commissioning Agent when DDC system is ready for final review. State the following:
	1. DDC system has been thoroughly inspected for compliance with Contract Documents and found to be in full compliance.
	2. DDC system has been calibrated, adjusted, and tested and found to comply with requirements of operational stability, accuracy, speed, and other performance requirements indicated.
	3. DDC system monitoring and control of HVAC systems results in operation according to sequences of operation indicated.
	4. DDC system is complete and ready for final review.

	B. Upon receipt of written request for final review, Owner and Commissioning Agent to start review within reasonable period and upon completion issue field report(s) documenting observations and deficiencies.
	C. Take prompt action to remedy deficiencies indicated in reviewer's field report(s) and submit second written request after all deficiencies have been corrected. Repeat process until no deficiencies are reported.
	D. Prepare and submit closeout submittals when no deficiencies are reported.
	E. Part of DDC system final review shall to include demonstration to parties participating in final review.
	1. Provide staff familiar with DDC system installed to demonstrate operation of DDC system during final review.
	2. Provide testing equipment to demonstrate accuracy and other performance requirements of DDC system that is requested by reviewers during final review.
	3. Demonstration to include, but not be limited to, the following:
	a. Accuracy and calibration of 10 I/O points randomly selected by reviewers. If review finds that some I/O points are not properly calibrated and not satisfying performance requirements indicated, additional I/O points may be selected by reviewers unt...
	b. HVAC equipment and system hardwired and software safeties and life-safety functions are operating according to sequence of operation. Up to 10 I/O points to be randomly selected by reviewers. Additional I/O points may be selected by reviewers to di...
	c. Correct sequence of operation after electrical power interruption and resumption after electrical power is restored for randomly selected HVAC systems.
	d. Operation of randomly selected dampers and valves in normal-on, normal-off, and failed positions.
	e. Reporting of alarm conditions for randomly selected alarms, including different classes of alarms, to ensure that alarms are properly received by operators and operator workstations.
	f. Trends, summaries, logs, and reports set up for Project.
	g. For up to three HVAC systems randomly selected by reviewers, use graph trends to show that sequence of operation is executed in correct manner and that HVAC systems operate properly through complete sequence of operation including different modes o...
	h. Software's ability to communicate with controllers, operator workstations, and uploading and downloading of control programs.
	i. Software's ability to edit control programs offline.
	j. Data entry to show Project-specific customizing capability including parameter changes.
	k. Step through penetration tree, display all graphics, demonstrate dynamic update, and direct access to graphics.
	l. Execution of digital and analog commands in graphic mode.
	m. Spreadsheet and curve plot software and its integration with database.
	n. Online user guide and help functions.
	o. Multitasking by showing different operations occurring simultaneously on four quadrants of split screen.
	p. System speed of response compared to requirements indicated.
	q. For Each Network and Programmable Application Controller:
	1) Memory: Programmed data, parameters, trend, and alarm history collected during normal operation are not to be lost during power failure.
	2) Operator Interface: Ability to connect directly to each type of digital controller with portable workstation and mobile device. Show that maintenance personnel interface tools perform as indicated in manufacturer's technical literature.
	3) Standalone Ability: Demonstrate that controllers provide stable and reliable standalone operation using default values or other method for values normally read over network.
	4) Electric Power: Ability to disconnect any controller safely from its power source.
	5) Wiring Labels: Match control drawings.
	6) Network Communication: Ability to locate controller's location on network and communication architecture matches Shop Drawings.
	7) Nameplates and Tags: Accurate and permanently attached to control panel doors, instrument, actuators, and devices.

	r. Communications and Interoperability: Demonstrate proper interoperability of data sharing, alarm and event management, trending, scheduling, and device and network management. Use ASHRAE 135 protocol analyzer to help identify devices, view network t...
	1) Data Presentation: On each operator workstation, demonstrate graphic display capabilities.
	2) Reading of Any Property: Demonstrate ability to read and display any used readable object property of any device on network.
	3) Set-Point and Parameter Modifications: Show ability to modify set points and tuning parameters indicated. Modifications are made with messages and write services initiated by operator using workstation graphics, or by completing a field in menu wit...
	4) Peer-to-Peer Data Exchange: Network devices are installed and configured to perform without need for operator intervention to implement Project sequence of operation and to share global data.
	5) Alarm and Event Management: Alarms and events are installed and prioritized according to Owner. Demonstrate that time delays and other logic are set up to avoid nuisance tripping. Show that operators with sufficient privileges are permitted.
	6) Schedule Lists: Schedules are configured for start and stop, mode change, occupant overrides, and night setback as defined in sequence of operations.
	7) Schedule Display and Modification: Ability to display any schedule with start and stop times for calendar year. Show that all calendar entries and schedules are modifiable from any connected operator workstation by an operator with sufficient privi...
	8) Archival Storage of Data: Data archiving is handled by operator workstation and server and local trend archiving and display is accomplished.
	9) Modification of Trend Log Object Parameters: Operator with sufficient privilege can change logged data points, sampling rate, and trend duration.
	10) Device and Network Management:
	a) Display of network device status.
	b) Display of BACnet object information.
	c) Silencing devices transmitting erroneous data.
	d) Time synchronization.
	e) Remote device re-initialization.
	f) Backup and restore network device programming and master database(s).
	g) Configuration management of routers.





	3.23 EXTENDED OPERATION TEST
	A. Operate DDC system for operating period of 28 consecutive calendar days following Substantial Completion. Coordinate exact start date of testing with Owner.
	B. During operating period, DDC system to demonstrate correct operation and accuracy of monitored and controlled points as well as operation capabilities of sequences, logs, trends, reports, specialized control algorithms, diagnostics, and other softw...
	1. Correct defects of hardware and software when they occur.

	C. Definition of Failures and Downtime during Operating Period:
	1. Failed I/O point constituting downtime is I/O point failing to perform its intended function consistently and a point physically failed due to hardware and software.
	2. Downtime is when any I/O point in DDC system is unable to fulfill its required function.
	3. Calculate downtime as elapsed time between detected point failure as confirmed by operator, and time point is restored to service.
	4. Maximum time interval allowed between DDC system detection of failure occurrence and operator confirmation is to be 0.5 hours.
	5. Log downtime in hours to nearest 0.1 hour.
	6. Power outages do not count as downtime, but do suspend test hours unless systems are provided with UPS and served through a backup power source.
	7. Hardware or software failures caused by power outages do count as downtime.

	D. During operating period, log downtime and operational problems are encountered.
	1. Identify source of problem.
	2. Provide written description of corrective action taken.
	3. Record duration of downtime.
	4. Maintain log showing the following:
	a. Time of occurrence.
	b. Description of each occurrence and pertinent written comments for reviewer to understand scope and extent of occurrence.
	c. Downtime for each failed I/O point.
	d. Running total of downtime and total time of I/O point after each problem has been restored.

	5. Make log available to Owner for review at any time.

	E. For DDC system to pass extended operation test, total downtime is limited to 1 percent of total point-hours during operating period.
	1. If DDC system testing results fail to comply with minimum requirements of passing at end of operating period indicated, extend operating period one consecutive day at a time until DDC system passes requirement.

	F. Base evaluation of DDC system passing test on the following calculation:
	1. Count downtime on point-hour basis where total number of DDC system point-hours is equal to total number of I/O points in DDC system multiplied by total number of hours during operating period.
	2. One point-hour of downtime is one I/O point down for one hour. For example, three I/O points down for five hours is total of 15 point-hours of downtime. Four points down for one-half hour is two point-hours of downtime.
	3. Example Calculation: Maximum allowable downtime for 30-day test for DDC system with 1000 total I/O points (combined analog and binary) and passing score of 1 percent downtime is computed by 30 days x 24 h/day x 1000 points x 1 percent equals 7200 p...

	G. Prepare test and inspection reports.

	3.24 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.

	3.25 MAINTENANCE SERVICE
	A. Beginning at Substantial Completion, verify that maintenance service includes 12 months' full maintenance by DDC system manufacturer's authorized service representative. Include monthly preventive maintenance, repair or replacement of worn or defec...

	3.26 SOFTWARE SERVICE AGREEMENT
	A. Technical Support: Beginning at Substantial Completion, verify that service agreement includes software support for two year(s).
	B. Upgrade Service: At Substantial Completion, update software to latest version. Install and program software upgrades that become available within two year(s) from date of Substantial Completion. Verify that upgrading software includes operating sys...
	1. Upgrade Notice: No fewer than 30 days to allow Owner to schedule and access system and to upgrade computer equipment if necessary.


	3.27 DEMONSTRATION
	A. Engage a factory-authorized service representative with complete knowledge of Project-specific system installed to train Owner's maintenance personnel to adjust, operate, and maintain DDC system.
	B. Extent of Training:
	1. Base extent of training on scope and complexity of DDC system indicated and training requirements indicated. Provide extent of training required to satisfy requirements indicated even if more than minimum training requirements are indicated.
	2. Inform Owner of anticipated training requirements if more than minimum training requirements are indicated.
	3. Minimum Training Requirements:
	a. Provide not less than three days of training total.
	b. Stagger training over multiple training classes to accommodate Owner's requirements. All training to occur before end of warranty period.
	c. Break down total days of training into not more than three separate training classes.
	d. Schedule training so each training class is not less than three consecutive day(s).


	C. Training Schedule:
	1. Schedule training to provide Owner with at least 10 business days of notice in advance of training.
	2. Training to occur within normal business hours at mutually agreed on time. Unless otherwise agreed to, training to occur Monday through Friday, except on U.S. Federal holidays, with two morning sessions and two afternoon sessions. Each morning sess...
	3. Provide staggered training schedule as requested by Owner.

	D. Training Attendee List and Sign-in Sheet:
	1. Request from Owner in advance of training a proposed attendee list with name, phone number, and email address.
	2. Provide preprinted sign-in sheet for each training session with proposed attendees listed and no fewer than six blank spaces to add additional attendees.
	3. Include preprinted sign-in sheet with training session number, date and time, instructor name, phone number, email address, and brief description of content to be covered during session. List attendees with columns for name, phone number, and email...
	4. Circulate sign-in sheet at beginning of each session and solicit attendees to sign or initial in applicable location.
	5. At end of each training day, send Owner an email with attachment of scanned copy (PDF) of circulated sign-in sheet for each session. Indicate which attendees, if any, joined for only part of training sessions.

	E. Training Attendee Headcount:
	1. Plan in advance of training for five attendees.
	2. Make allowance for Owner to add up to two attendee(s) at time of training.
	3. Headcount may vary depending on training content covered in session. Attendee access may be restricted to some training content for purposes of maintaining system security.

	F. Training Attendee Prior Knowledge: For guidance in planning required training and instruction, assume attendees have the following:
	1. High school education and degree.
	2. Basic user knowledge of computers and office applications.
	3. Basic knowledge of HVAC systems.
	4. No knowledge of DDC systems.
	5. No knowledge of DDC system and products installed.

	G. Attendee Training Manuals:
	1. Provide each attendee with color hard copy of all training materials and visual presentations.
	2. Organize hard-copy materials in three-ring binder with table of contents and individual divider tabs marked for each logical grouping of subject matter. Organize material to provide space for attendees to take handwritten notes within training manu...
	3. In addition to hard-copy materials included in training manual, provide each binder with a sleeve or pocket that includes DVD or flash drive with PDF copy of all hard-copy materials.

	H. Instructor Requirements:
	1. One or multiple qualified instructors, as required, to provide training.

	I. Organization of Training Sessions:
	1. Organize training sessions into logical groupings of technical content and to reflect different levels of operators having access to system. Plan training sessions to accommodate the following three levels of operators:
	a. Daily operators.
	b. Advanced operators.
	c. System managers and administrators.

	2. Plan and organize training sessions to group training content to protect DDC system security. Some attendees may be restricted to some training sessions to ensure DDC system security.

	J. Training Outline:
	1. Submit training outline for Owner review at least 10 business day before scheduling training.
	2. Include in outline a detailed agenda for each training day that is broken down into each of four training sessions that day, training objectives for each training session, and synopses for each lesson planned.

	K. On-Site Training:
	1. Owner will provide conditioned classroom or workspace with ample desks or tables, chairs, power, and data connectivity for instructor and each attendee.
	2. Provide training materials, projector, and other audiovisual equipment used in training.
	3. Provide as much of training located on-site as deemed feasible and practical by Owner.
	4. Include on-site training with regular walk-through tours, as required, to observe each unique product type installed with hands-on review of operation, calibration, and service requirements.
	5. Use operator workstation that is to be used with DDC system in the training. If operator workstations are unavailable, provide temporary workstation to convey training content.
	6. Provide capability to remotely access to Project DDC system for use in training.
	7. Provide operator workstation for use by each attendee.

	L. Training Content for Daily Operators:
	1. Basic operation of system.
	2. Understanding DDC system architecture and configuration.
	3. Understanding each unique product type installed including performance and service requirements for each.
	4. Understanding operation of each system and equipment controlled by DDC system including sequences of operation, each unique control algorithm, and each unique optimization routine.
	5. Operating operator workstations, printers, and other peripherals.
	6. Logging on and off system.
	7. Accessing graphics, reports, and alarms.
	8. Adjusting and changing set points and time schedules.
	9. Recognizing DDC system malfunctions.
	10. Understanding content of operation and maintenance manuals including control drawings.
	11. Understanding physical location and placement of DDC controllers and I/O hardware.
	12. Accessing data from DDC controllers.
	13. Operating portable operator workstations.
	14. Review of DDC testing results to establish basic understanding of DDC system operating performance and HVAC system limitations as of Substantial Completion.
	15. Running each specified report and log.
	16. Displaying and demonstrating each data entry to show Project-specific customizing capability. Demonstrating parameter changes.
	17. Stepping through graphics penetration tree, displaying all graphics, demonstrating dynamic updating, and direct access to graphics.
	18. Executing digital and analog commands in graphic mode.
	19. Demonstrating control loop precision and stability via trend logs of I/O for not less than 10 percent of I/O installed.
	20. Demonstrating DDC system performance through trend logs and command tracing.
	21. Demonstrating scan, update, and alarm responsiveness.
	22. Demonstrating spreadsheet and curve plot software, and its integration with database.
	23. Demonstrating on-line user guide, and help function and mail facility.
	24. Demonstrating multitasking by showing dynamic curve plot, and graphic construction operating simultaneously via split screen.
	25. Demonstrating the following for HVAC systems and equipment controlled by DDC system:
	a. Operation of HVAC equipment in normal-off, normal-on, and failed conditions while observing individual equipment, dampers, and valves for correct position under each condition.
	b. For HVAC equipment with factory-installed software, show that integration into DDC system is able to communicate with DDC controllers or gateways, as applicable.
	c. Using graphed trends, show that sequence of operation is executed in correct manner, and HVAC systems operate properly through complete sequence of operation including seasonal change, occupied and unoccupied modes, warm-up and cool-down cycles, an...
	d. Hardware interlocks and safeties function properly and DDC system performs correct sequence of operation after electrical power interruption and resumption after power is restored.
	e. Reporting of alarm conditions for each alarm, and confirm that alarms are received at assigned locations, including operator workstations.
	f. Each control loop responds to set-point adjustment and stabilizes within time period indicated.
	g. Sharing of previously graphed trends of all control loops to demonstrate that each control loop is stable and set points are being maintained.


	M. Training Content for System Managers and Administrators:
	1. DDC system software maintenance and backups.
	2. Uploading, downloading, and offline archiving of all DDC system software and databases.
	3. Interface with Project-specific, third-party operator software.
	4. Understanding password and security procedures.
	5. Adding new operators and making modifications to existing operators.
	6. Operator password assignments and modification.
	7. Operator authority assignment and modification.
	8. Workstation data segregation and modification.

	N. Video of Training Sessions:
	1. Provide digital video and audio recording of each training session. Create separate recording file for each session.
	2. Stamp each recording file with training session number, session name, and date.
	3. Provide Owner with one copy of digital files on cloud and flash drives for later reference and for use in future training.
	4. Owner retains right to make additional copies for intended training purposes without having to pay royalties.
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