
SECTION 15955PRIVATE 

DIRECT DIGITAL CONTROLS

PART 1 GENERAL

1.01
SECTION INCLUDES: Requirements for a Direct Digital Control (DDC) system to control, monitor, and manage the HVAC heat pump systems serving the building. [Designer Note:  It is the intention of this specification to provide sufficient performance requirements to a controls subcontractor such that the controls subcontractor can design a DDC system to meet the job requirements.  Requirements in the form of the control diagram, sequences of operation, and the control loop schedule (found on the drawings) and the graphical operator interface are coupled with specification requirements for such hardware devices as sensors, controllers, workstations, networking devices, etc.  It is not intended for the designer to perform the detailed hardware design layout, but to specify the performance and hardware requirements for such a control system.]

1.02
REFERENCES

A.
American National Standards Institute, ANSI B31.1-1983 Power Piping

B.
ANSI C2-1984 National Electrical Safety Code.

C.
ANSI MC96.1-1982 Temperature Measurement Thermocouples.

D.
American Society of Heating, Refrigeration and Air-Conditioning Engineers, ASHRAE Publication, Handbook, Fundamentals, 1997.

E.
Federal Communications Commission (FCC) Rules and Regulations 
Part 68, Connection of Terminal Equipment to the Telephone Network Vol. X, 1977.

F.
Electronic Industries Associated (EIA) Publications RS-232-C, Circuit Terminating Equipment Employing Serial Binary Data Interchange, 1987.

G.
EIA RS-485 Standard for Electrical Characteristics for Generators and Receivers for Use in Balanced Digital Multipoint Systems, 1983.

H.
Institute of Electrical and Electronics Engineers (IEEE) Publications Std 587-1980 Guide for Surge Voltage in Low Voltage AC Power Circuits.

I.
IEEE Std 142-1982 Recommended Practice for Grounding of Industrial and Commercial Power Systems.

J.
National Fire Protection Association (NFPA) NFPA 70 National Electrical Code - 1999.

K.
Occupational Safety and Health Administration (OSHA) OSHA 1910 General Industry.

1.03
DEFINITIONS

A.
Analog signal: A continuous electrical or pneumatic signal which communicates a change in a controlled/monitored variable by varying amplitude or frequency over time.

B.
Binary signal: An electrical signal which communicates a change in a controlled/monitored variable by changing state (voltage or current) between one of two possible values.

C.
Direct Digital Control (DDC): The use of microprocessor based controllers utilizing preprogrammed software instructions to monitor and control a variable(s).

D.
Distributed Control: The use of stand-alone digital controllers to perform all control responsibilities without the required use of a supervisory host computer or controller.

E.
Erasable, Programmable, Read-Only Memory (EPROM): A semi-permanent form of memory which is retained when power is lost.  EPROM memory may be over-ridden if desired.

F.
Field Access Terminal (FAT): A portable laptop computer which operates as a workstation when connected into the LAN bus by a modem.

G.
Firmware: Software which resides in a stand-alone controller which provides the algorithms and performs all calculations necessary to monitor and control a variable(s).

H.
Gateway: A communications bus interface which allows access to a local area network, thus allowing communications between stand-alone digital controllers (SADC) and operator workstations.

I.
Local Area Network (LAN): A communications link interfacing SADC's thus affording peer-to-peer communication between all devices on the network.

J.
Operator Workstation: A personal computer-based terminal residing on the local area network which interfaces with the SADCs, allowing the operator to interrogate and status all control functions and change setpoints of all devices on the system.

K.
Peer to Peer: The layout of SADCs operating on a LAN giving each equivalent status in communications and control hierarchy and affording distributed control of its control loops.

L.
Point: A source of input monitored or output controlled by the control loop.

M.
Portable Operator's Tool (POT): A hand held instrument used to provide local interrogation and programming of SADC's in the field.

N.
Programmable Field Control Unit (PFCU): A stand-alone digital controller which operates on a peer to peer bus and manages distributed control for multiple control loops on large equipment such as air handling units, chillers, etc. The PFCU provides a means for global control, information management, and network communications for the peer bus and any lower tier buses operating PTCU's.

O.
ProgrammableTerminal Control Unit (PTCU): A stand-alone digital controller which provides distributed control for one or two control loops on small terminal equipment such as  fan coil units, VAV boxes, reheat valves, etc.

P.
Random Access Memory (RAM): A volatile form of memory which requires continuous power to exist.

Q.
Real Time Clock: The internal clock in a controller which tracks time, day, day of week, month, and year.

R.
Stand-Alone Digital Controller (SADC): A digital controller which contains all the hardware and software necessary to control a variable(s) without external supervisory instruction, thus affording distributed control. This includes Programmable Field Control Units, Programmable Terminal Control Units, etc. Master/Slave controller arrangements are not SADC's.

1.04
SUBMITTALS

A.
Submit the following for approval:

1.
A power and controls schematic illustrating the control system including power and control hardware components in a single-line format.

2.
A terminal strip diagram for components identifying wiring terminations with termination identifiers. 

3.
Physical drawings showing the location of space-mounted devices, i.e., sensors, panels, transformers, controllers, workstations, etc. 

4.
Vendor data in the form of a hardware manual containing product descriptions and specifications, operation and maintenance procedures, and software manual containing product description of  programs, algorithms, and the graphical operator interface. 

5.
A point description table containing description, identification and nomenclature of each point including identification of  the point as a "RAM" point or "EPROM" point.

6.
A separate point list of point addresses and descriptors.

7.
A hardcopy of the source code for all controller application programming.

8.
Step-by-step testing procedures for the Functional & Diagnostic Test, and the Operational Acceptance Test prior to beginning testing.

9.
As-designed Sequence of Operation, prior to beginning construction. Sequence of Operation to include specific control logic to be programmed into the controllers, including setpoints, input parameters, time delays, etc.

B.
Submit the following for information:

1.
As-built drawings of items in 1.04.A.

2.
Results of Functional and Diagnostic Tests in 1.04.A.8 prior to initiation of Operational Acceptance test.

3.
As-built Sequence of Operation after construction is complete.

4.
8-1/2" x 11" color hardcopy plots of control loop trends

PART 2 PRODUCTS

2.01
MATERIAL

A.
Thermowells to be monel, brass or copper for use in copper pipe and 300 series stainless steel for other applications.

B. Enclosures to conform to requirements of NEMA 250 for the types specified. Finish color to be manufacturers standard. [Designer Note: Designer may specify otherwise.]

Enclosures located in a clean, dry indoor environment may be NEMA 1, and NEMA 12 otherwise. Enclosures located  outdoors to be NEMA 4.  [Designer Note:  Unless otherwise specified.]

C.
Control wiring for 24 VDC circuits to be 18 AWG min, twisted, 100% shielded, and rated for 300 VAC service. Analog control wiring to contain a stranded drain. Wire size to be in accordance with NEC Article 310.

D.
Multicolor control cables to be moisture-resistant. Cables run in wireways or cable trays to be Type TC (tray cable), 600 F, 90 degrees C per NEC Article 340. Cable size to be in accordance with NEC Article 310.

2.02
SENSORS/SWITCHES

A.
Resistance Temperature Detectors (RTD) to be platinum elements encapsulated in epoxy, series 300 stainless steel, anodized aluminum or copper.  Sensor accuracy to be 0.1% of actual resistance at 32oF.  Stability error over 5 years must not exceed 0.25oF, cumulative. RTDs to use three wire or four wire configuration for compensation of the lead wire resistance.  Total error for a RTD circuit not to exceed 0.5oF, including sensor error, lead resistance error or transmitter error, and A/D conversion resolution error.

B.
Thermistors to have a range of 40oF to 100oF with an accuracy within 0.4oF.  Stability error over 5 years must not exceed 0.25oF.  Lead resistance error not to exceed 0.1oF.  Total error for thermistor not to exceed 0.5oF,  including sensor and lead resistance error.

C.
Temperature transmitters to have 4-20 ma output linearly scaled to the variable being sensed.  Transmitter to be matched to the resistance range of the sensor, factory calibrated and sealed.  The output error not to exceed 0.1 percent of the calibrated span.  Input power to be 24 VDC.  The transmitter to include offset and span adjustments that are noninteractive unless the RTD element is integral to the transmitter and system calibration is provided.  Transmitter stability not to exceed 0.02% of calibrated span over a 6-month period.

D.
Room temperature sensors may be either RTD or thermistor type as specified above.  Temperature sensor/transmitters to be a concealed element type behind a protective cover matched to the room interior.  The sensor/transmitter shall have a minimum span of 50oF.  Room temperature sensor to have thumbwheel control which provides an analog input to the local TCU (or PFCU) for space temperature control during occupied hours. Provide pushbutton (override) with LED indicator to allow the user to take command of the space temperature setpoint during unoccupied times using the thumbwheel.  The period of temporary override control to be fixable at the operator workstation as desired by CM Operations.  Subsequent energizing of the pushbutton will reset the temporary override condition.

E.
Duct-mounted sensors and associated transmitters to be RTD type as specified above.  Temperature sensor/transmitters to be continuous averaging type for ductwork applications of 12 sq-ft cross-sectional area and greater.  Ductwork sensors/transmitters to have a (-50) - (275) oF minimum span. Continuous averaging sensors to be a low-mass quick response type with a maximum element diameter of 3/16".

F.
Pipe-mounted sensors and associated transmitters to be RTD type as specified above.  The pipe-mounted temperature sensor to be installed in a thermowell with thermal transmission material compatible with the immersion sensor.  The minimum sensor span to be 200oF.

G.
Outside air sensor may be either RTD or thermistor type as specified above.  The sensor to be provided with a sunshade which does not inhibit the flow of air across the sensor and protects the sensor from snow, ice, rain, and direct sunlight. The outside air temperature/sensor to have a minimum span of 125oF.

H.
Differential pressure switches to be diaphragm type for binary (two-position) operation.  Switch to withstand pressures up to 150% of rated pressure.  Contacts to be single pole, double throw and to be capable of being wired in normally open or normally closed operation.  Trip setpoint to be adjustable.  Pressure switch to be sized so that operating pressure drop point is approximately midpoint of pressure switch adjustable range.  Switch contact rating to be in accordance with NEMA ICS.  Repetitive accuracy to be within 2%.

I.
Differential pressure sensor range to provide 150% of maximum differential pressure.

J.
Relative humidity sensor/transmitter to be integral humidity transducer and transmitter. Output of device to be a 4-20 ma signal proportional to 0-100% relative humidity input.  Accuracy to be within 2.5% of full scale within the range of 20-80% relative humidity.  Noninteracting zero and span controls to be provided if required to maintain calibration.  Sensing element to be chilled mirror type, polymer, or thin film polymer type.

K.
Freezestat to be a continuous serpentine sensing type element capable of sensing the coldest 12-inch section for low-limit temperature.  Freezestat to be furnished with two SPST snap switches, one 120/208/240 v switch to provide direct "hard-wired" shutdown of motor-driven equipment, the second 24v switch to provide alarm status for input to DDC.  Freezestat setpoint to be selectable by manual setting on furnished controller.  Temperature sensing range to be 15 oF to 55 oF.

L.
Motor analog current sensor to have 4-20 ma. linear output.  Sensor to be adjustable between 3 to 135 amps with 1.5 amp accuracy.  Sensor to be 100% solid state with power and status LEDs. Sensor to be split core design to allow installation without removing conductor. 

M.
Local Hand-Off-Auto (HOA) switches to be double pole type for the purpose of status indication.

2.03
LOCAL AREA NETWORK

A.
SADC's and local operator workstations to be connected through a single communication local area network (LAN).  The LAN shall include but not be limited to the following features:

1.
Permit sharing input and output information between PFCUs, TCUs and workstations allowing execution of dynamic control strategies and coordinated response to alarm conditions.

2.
Interrogation from the workstation of all point information accessible from SADC's.

3.
Communicate at a minimum of 9600 baud.

4.
Communicate via existing voice grade telephone lines with remotely located operator workstations using modems.  Communication shall be two way, allowing unsolicited alarm and trending information to be sent to the workstation as well as commands sent to the SADCs from the workstation.

5.
Communications with remotely located operator workstations shall be via phone lines.  Provide the necessary communications equipment for the transmission of data over the existing telephone lines.

6.
The failure of a device on the network shall not impair communications between remaining devices on the network.

7.
A maximum of eight PTCUs may be powered from one transformer. Each PFCU to have its own transformer.

8.
Provide for remote dialup from a remote workstation utilizing one or more modems via a phone connection into the LAN.  A gateway may serve as the point of interface between the workstations and the LAN.

2.04
STAND-ALONE DIGITAL CONTROLLERS (SADC's)

A.
SADC's to be listed by Underwriters Laboratories (UL) against fire and shock hazard as a signal system appliance unit and be completely enclosed in a NEMA 1 metal cabinet min. One SADC shall be provided to control each piece of HVAC equipment (AHU's, VAV boxes, etc.) 

B.
Programmable Field Control Units (PFCU)

1.
Each PFCU to have its own microcomputer controller, power supply, I/O modules, termination modules, communications controller, battery, spare A/C outlet, clock, and calendar.

2.
An additional 25% point capacity to be provided above and beyond the binary and analog inputs and outputs brought directly to the PFCU from the field devices.

3.
Provide back up of RAM memory for a minimum of 24 continuous hours.  An AC power failure not to inhibit the PFCU or PTCU from performing  previous control functions once power is restored. 

4.
PFCU's shall have a main power switch for isolation of the PFCU from AC power.

5.
PFCU cabinets to contain a 120 VAC, 15 amp, 60 Hz duplex power outlet.  The outlet to be on a separate circuit from the PFCU.

6.
PFCU cabinets to be locked by a key lock.  One key shall access all PFCU cabinets in the building.

7.
Provisions for connection of a Field Access Terminal for network-wide information access and control.

2.05
MISCELLANEOUS DEVICES

A.
LAN wiring to have surge protection rated for the application.  Surge protection devices to be mounted in a NEMA 1 metal control cabinet.

B.
Motor control relays to be double pole, double throw (DPDT), with contacts rated to the application, and enclosed in a dustproof enclosure.  Relay to be equipped with a light indicator which is lit when the coil is energized and off when the coil de-energizes.  Relays to be socket type, plug into a fixed base, and be replaceable without need of tools or removing wiring.  Motor control relays to be mounted in a NEMA 1 metal control cabinet.

C.
Current to pressure (I/P) transducers to convert a 4-20ma DC input signal to a proportional 3-15 psig pressure output signal.  Accuracy to be within 0.25% of span (including linearity, hysteresis, and deadband).  Supply voltage shall be 24 volts DC.  The transducer to be rated for an operating temperature of 0 to 140oF. I/P transducer to be manufactured by the SADC manufacturer.

D.
Pressure to current (P/I) transducers to convert a 3-15 psig input signal to a proportional 4-20ma DC output signal.  Supply voltage, accuracy, and operating temperature requirements to be the same as specified for I/P transducers.

E.
Transducers to be mounted in a NEMA 1 metal control cabinet.

F.
Pressure gauges, 0-30 psig.

2.06
OPERATOR WORKSTATION

A. Operator workstations (both local and remote) to be used for system interrogation, database management, and alarm monitoring. An operator command issued from an operator workstation (and changes in monitored conditions from the lowest level controller) to be witnessed in no more than 20 seconds between the lowest level controller and the operator workstation. Temperature control strategies, monitoring and energy management routines for each SADC to be accessible by an operator from each workstation (remote or local) on the LAN.  The workstation to be configured  with equipment and documentation necessary to allow an operator full access to each SADC's controlling and monitoring capability (all point information).  [Designer Note:  Describe the number and location of workstations to be provided.]
B.
The central processing unit to be a commercially available, general purpose personal computer.  The computer shall not be required by the control system for daily operation.  The computer to utilize DOS and MS-Windows, have an Intel Pentium microprocessor, and include the following features:

1.
Minimum of one 1Gbyte hard drive configured with DOS operating system.

2.
Minimum of 16 Mbytes on-board RAM

3.
1024 x 768 SVGA card with a minimum of 2Mbytes RAM

4.
Minimum of two serial ports

5.
Minimum of two parallel ports

6.
Battery backed real time clock

7.
One 1.4 Mbyte 3.50 inch floppy drive

8.
101 key keyboard and a mouse

9.
Internal Hayes compatible auto dial/auto answer modem capable of communicating at 9600 baud

10.
One 2Gbyte 4mm internal tape backup system

C.
The monitor to be color VGA with a minimum size of 19 inches (measured diagonally) with capability to support 1024 x 768 pixel resolution and a display of 256 colors minimum.

D.
Printer, Hewlett Packard Laserjet 5, parallel port laser with 600 dpi printing resolution to print all visual output shown on the monitor including graphics and reports.   Print speed to be 8 pages/minute minimum, have 8 Mbytes RAM, use the PCL 5 printer language and Postscript.  Lower cassette assembly for 500 sheets of letter or legal size paper.

2.07 PORTABLE OPERATOR's TERMINAL (POT)

[Designer Note:  If required by project.]

A.
Provide portable operator's tool (POT) which allows access to all points located on a specific SADC. The POT to have the capability to completely interrogate, command and display data on all SADC points in the system (locally).

2.08
FIELD ACCESS TERMINAL (FAT)

[Designer Note:  If required by project.]

A.
Provide a portable Field Access Terminal (FAT) which allows access to all points on each SADC on the network.  The FAT to be capable of accessing data and performing commands, graphical and otherwise as a workstation, when connected to the LAN. The operator shall have the capability to make program changes from the FAT.  Access to the network through the FAT shall use the same passwords as for access through the operator workstations.  The FAT shall have access to the network through a network interface port at any PFCU or peer bus and shall include all necessary hardware for connection to the LAN.  FAT to be a laptop style PC computer, Texas Instruments TI Travelmate 32 bit 80486 WinDX with the following features:

1.
minimum operating speed of 66 MHz

2.
minimum of 16 Mbyte RAM

3.
integral active matrix Liquid Crystal display

4.
VGA card with 1 Mbyte of RAM

5.
minimum of 450 Mbyte hard disk

6.
3.5-inch floppy drive with minimum 1.44 Mbyte capacity

7.
rechargeable battery pack with AC power adapter

8.
bus port mouse

2.09
SADC SOFTWARE

A.
Configure the PFCU with necessary software for system operation, communication, programming, and control applications.  As a minimum, each PFCU to be capable of controlling the HVAC system as described in the control diagram and performing the following energy management routines:

1.
Time of day/week scheduling for  equipment 

2.
Start/stop time optimization for equipment

3.
Duty cycling for  redundant equipment

4.
Supply air temperature reset at each air handling unit (AHU) based on space 

5.
Simultaneous heating and cooling monitoring at each AHU

6.
Event initiated programs

7.
Manual operator override of automatic functions

8.
Time and date of each alarm occurrence

B.
SADC's to support two-position, proportional, proportional plus integral, and proportional plus integral plus derivative (PID) control with built-in self-tuning PID algorithms.

C.
Database modification for the entire system to be accessible via an operator workstation or FAT.  Database and program modification to be accomplished with menu-driven software which prompts the operator for input and does not require interfacing directly to the line-by-line programming. 

D.
Provide necessary software, documentation, and training to allow the operator to completely and autonomously configure a controller for a new application and to make modifications to existing controller configurations and setpoints.  On-line help to be available to provide general operating instructions and context-specific help.

2.10
OPERATOR WORKSTATION AND FAT SOFTWARE

A.
Configure each operator workstation and FAT such that the operator may use other software applications such as word processors, spreadsheets, and database management programs with the same operating system software used to run the DDC workstation software.

B.
Workstation and FAT software to provide for data exchange between the host computer and the SADC's.  This data to include, but not be limited to, system parameters, alarms, and operator commands.

C.
User access to be controlled through use of multiple levels of password protection.  A minimum of three user assignable password levels to be available.  Passwords to be the same for all operator devices and to be downloaded to all PFCUs/Gateways when modified.

D.
Commands to be clear, easily understood words or acronyms to allow use of the system without extensive training or a data processing background.  The operator workstation to use a mouse-oriented operator interface and prompt the user for the input of words, phrases, acronyms, or mouse point-and-click commands.  The software to be capable to provide change in setpoints, schedules, and equipment operation by using the mouse point-and-click feature on an object-oriented graphical screen.  Operator workstation software to provide a means for the entry of control and monitoring commands which to include but not be limited to the following:

1.
Requests for and termination of communications with SADC's

2.
Operator selected displays or printouts of input or output points connected to SADC's

3.
Startup or shut down selected devices

4.
Modify time and event scheduling

5.
Adjust setpoints

6.
Generate reports

7.
Adjust PFCU time base

8.
Trending

9.
Alarms

E. The software to provide capability to create and execute sequences for automated control of equipment based on times, events, and conditions without extensive training or a data processing background. On-line help to be available to the operator providing general operating instructions and context specific help.  

[Designer Note:  The following descriptive requirements are primarily performance oriented.  In addition to these requirements, the designer may choose to specify the exact number and type of graphics required for the project, including the use of hypertext to navigate through the various graphics. Also, the designer may choose to provide the graphical programming in lieu of the controls subcontractor.]

F.
The operator workstation to have high resolution graphics for monitoring the operation of the system and making changes in the setpoints, schedules, and equipment operation.  Operator interaction with the system to be through a mouse-driven, menu-prompted interface.  Provide animated color graphic displays for floor plans and mechanical system schematics such as AHUs, chilled water, and hot water systems. Display current updated status indication for data values in their actual location on the floorplan Color to be used to represent the alarm status of building space temperature in relation to the setpoint.  Access to the various graphic floor plans and mechanical system schematics to be provided by menu selection, mouse point-and-click, or text commands. Graphic displays to be linked allowing the operator to move to another graphic using a mouse.  Status changes and alarms shall be indicated by objects changing color, location, or by blinking. 

G.
Additional software to be provided to enable the CM to edit and/or add new graphic screens using graphic libraries provided. The library to include symbols and shapes common to the HVAC industry.  The graphic software to have built-in control panel objects such as buttons, knobs, gauges, and line graphs that mimic the mechanical equivalents.  

H.
The operator workstation software to provide the capability to generate and create user defined summaries on any point in the system.  Reports to be generated automatically or manually and displayed in an easy to read format to a CRT.  The user to have the capability to output the report to a printer for a hard copy, or file the report to disk.  The format of the report to be logically arranged for ease of interpretation.

I.
Data available at the SADC's to be uploaded to the operator workstation hard disk when desired.  Uploading to be performed at user-defined intervals.

J.
Logging of historical data for trending any point on the system shall be provided. The point shall be sampled at user-defined intervals and stored for a period of no less than 24 hours.  Up to eight points to be sampled at individually assigned intervals.  The capability to define and edit sample intervals on-line shall be provided.

K. Each workstation to be notified of alarm conditions by a visual and audible alarm contained in the graphics.  Communication of alarms to the operator workstations shall be unsolicited.  Alarm messages to provide the point identification, time, date,  and an alarm message up to 60 characters in length.  The alarm to remain in the visual alarm mode until the alarm condition clears.  Each workstation printer shall print the alarm message when the alarm is received.  Specific alarm conditions required are identified as follows: [Designer Note: Insert specific alarm requirements if desired.]

L.
The operator workstation software to provide the capability to change the operating parameters, the alarm limits, and the start/stop schedules of equipment for downloading to the field control units.  The software shall have the capability to schedule system operation based on but not limited to the following parameters:

1.
Summer, winter or intermediate season operation

2.
Day of week

3.
Holidays

4.
Time of day

5.
Occupancy schedules

6.
Equipment constraints

7.
Temporary schedule override

2.11
REAL TIME CLOCK

A. Real time clock to maintain network devices on the LAN to clock resolution of 0.1 second. Internal 4 day battery backup provided. Internal 60 hz. line frequency, temperature conpensated crystal oscillator. Clock to be a serial device with RS-232C, RS-422, RS-423 and 20ma current loop compatibility. Clock to provide calendar year, month, date, hour (12 and 24 hour formats), minute and second time. Display to be re-settable from manual switches on front panel. Chrono-Log Corp. K-series.  [Designer Note: The Real Time Clock is a feature required for a large DDC network. Only one real time clock is required on a single network. Small control applications would not require this feature.]
PART 3 EXECUTION

3.01
INSTALLATION/APPLICATION/ERECTION

A.
Install pipe mounted temperature sensors and other temperature sensors that are subject to corrosion and/or vibration in a thermowell with a thermal conductive medium.  Size thermowells to accommodate the temperature sensor and be rigidly supported.  Installation to allow for easy replacement of the sensor.

B.
Ductwork mounted sensors to be inserted a sufficient distance into the duct so as to obtain an accurate representation of the air stream temperature.

C.
Mount outdoor temperature sensors a minimum of 3 inches from the building. Accompanying transmitter electronics and associated terminations mounted outside to be enclosed in a NEMA 4X enclosure.

D.
Provide laminated plastic nameplates for all equipment devices furnished in accordance with Engineering Standard ES-2.2-1.  Each nameplate to identify the device and its function with a minimum 1/4 inch high engraved block lettering.  Laminated plastic to be one-eighth inch thick, white with black center core.  Attach nameplates to the device when possible, or securely fastened in the immediate vicinity of the device. Label each SADC cabinet with its own unique identification number and  node number.

E.
Analog control wiring to contain a stranded drain which ultimately connects to a dedicated ground in the PFCU cabinet.  Drains at the sensor/transducer to remain open and not be permitted to contact ground or any other conductor.

F.
Conceal installation of wiring in finished areas whenever possible.  Where concealing is not possible, written approval for exposed work must be obtained from the CM prior to installation.  Conceal wiring in exposed areas in conduit painted to match the decor of the interior finishes.  Exposed wiring may be run above the ceiling with the prior written approval of the CM. Clearly identify  exposed wiring/cabling a minimum of every 100 feet with tags.

G.
Install 0-30 psi pressure gauge in-line just after SADC transducer pneumatic outputs. Mount a similar gauge in-line on the main air supply.

3.02
FIELD QUALITY CONTROL

A.
Provide field testing, adjustment, and on-site operational testing of the complete DDC system. Provide the personnel, equipment, instrumentation, and supplies necessary to perform testing.  Provide written notification of planned testing at least 14 calendar days prior to the testing. Perform and supervise all tests unless specifically noted otherwise in this specification.  Coordinate testing with the CM. Do not perform testing without the prior written approval of the CM.  The CM will witness testing.

B.
Functional and Diagnostic Test:  Upon completion of installation of equipment, perform the following:

1.
Calibrate field equipment and verify transmission media operation before the system is placed on line.

2.
Perform a detailed cross-check by comparing the reading at the sensor to the reading at the operator workstation.  Use a calibration standard that is traceable to the National Bureau of Standards

3.
Provide a cross-check of each control point within the system by comparing the control command at the operator workstation to operation of the field-controlled device.

4.
Verify the stand-alone noncommunicating operation mode capabilities.

5.
Verify systems return to PFCU control automatically upon resumption of power.

6.
Verify the system shutdown mode capabilities.

7.
Verify each graphic point is linked to the appropriate point information.

8.
Verify alarm setpoints are set at appropriate levels.

9.
Provide a historical trend on each point in the system.  Results to be plotted on each point within each of the control loops within the system. Plot each control loop on a separate color graph for comparison of actual control characteristics vs. desired control characteristics. Each control loop to be demonstrated "under control" by inducing a step change in setpoint from the workstation, with the variable change to meet setpoint observed on each graph. Acceptance of the project is contingent upon submittal of each control loop trend plot with satisfactory control demonstrated for each control loop. Submit graphs as 8-1/2"x11" color hard-copy plots.

10. Submit the results of the Functional and Diagnostic Tests and equipment calibrations in accordance with the approved test plans prior to initiation of the Operational Acceptance Test.

C.
Operational Acceptance Test:  The Operational Acceptance Test to begin after successful completion of the Functional and Diagnostic Test. The test to be conducted for 30 consecutive days, 24 hours per day, on the entire DDC system to demonstrate that the system functions in accordance with requirements. The correct operation of monitored and controlled points, as well as the operation and capabilities of software to be demonstrated. The equipment to operate at an availability of at lease 95% of the 30 consecutive calendar days. In the event the required availability is not maintained during the period, extend the test on a day-to-day basis until the required availability is reached for 30 consecutive calendar days. Availability is defined as follows:





Availability = (TP - Summation of Outages)/TP





Where:  TP is the test period in hours



Summation of Outages:
The total number of points out of service divided by the total number of points in the system times the length of outage in hours.  The summation shall be totalized and updated each hour of the test period.

D.
Outages result whenever the DDC system is unable to fulfill required functions due to malfunction of hardware or software.  Outages of the system resulting from the following causes will not be considered failures:

1.
An outage of the main power supply in excess of the capability of backup power source for the PFCU, provided that the automatic initiation of backup sources was accomplished and that automatic shutdown and restart of the system fulfills the requirements.

2.
Failure of a communications link, provided that the PFCU automatically and correctly operates in the non-communicating stand-alone mode and that the failure was not due to Contractor-supplied equipment.

3.
Failure of existing equipment.

4.
Failure resulting from a sensor or controller provided that the system has recorded the fault and no more than one percent of the sensors and controllers are out of service at any time.

5.
A system hardware failure, provided that the initiation of the DDC functional requirements for backup provisions are accomplished, and if hardware is restored to service within 72 hours.

3.03
OPERATOR/MAINTENANCE TRAINING

A.
Conduct training courses for designated personnel on the maintenance and operation of the DDC system.  Provide training manuals for each trainee with two additional copies provided for record.  The manuals shall include an agenda, defined objectives for each lesson, and a detailed description of the subject matter for each lesson. Furnish audiovisual equipment and other training materials and supplies.  For portions of the course presented using audiovisuals, supply copies of the audiovisuals.  A training day is defined as eight hours of classroom instruction which includes two 15-minute breaks and excludes lunchtime, Monday through Friday, during the normal first shift in effect at the facility.  The personnel to be trained should be assumed to have a high school education or equivalent.  Instruction to be provided by competent instructors and to include the adjustment, operation, maintenance, and custom process programming. Orient the training specifically to the system installed.  Forty hours of training to be provided for a class size of 10 persons.  [Designer Note:  The actual length of the course and size of the class vary according to the needs of the customer. Also, specific course information may be added here.]

B.
The CM will perform maintenance of the entire system after the warranty period.   Maintenance training to provide the CM maintenance department with all the knowledge, literature, and tools necessary to perform all maintenance operations.  The maintenance portion of the training to be separate from the operator portion of the training.

END OF SECTION







 
15955-1
3-31-2000

