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PART 1   GENERAL 

1.1
SUMMARY

A.
General:  General Conditions, Supplementary Conditions, and Division 1 listed in index to Specifications apply to work under this Section.

B.
Related Work:  The requirements of Section 23 05 00, Common HVAC Materials and Methods, also apply to this section.

C.
Requirements Include:  

1.
Provide an Energy Management and Direct Digital Automatic Temperature Control System.  

2.
The system shall be complete in all respects including all labor, material, equipment, programming, engineering, and services as required.

1.2
QUALITY ASSURANCE

A.
Acceptable Manufacturers:  All automatic temperature control equipment manufactured by Alerton, Siemens.  Provide equipment from a single manufacturer where possible.  

B.
Automatic Temperature Controls Subcontract:  Contractor shall be qualified and certified by the control equipment manufacturer and shall provide all installation labor, operating software, calibration and adjustment labor, operator training, warranty and all other necessary material and labor to furnish a complete and operating system.

C.
Provide equipment from a single manufacturer where possible. 

1.
Subcontract the control work to the local branch office or authorized local representative of one of the following temperature control manufacturers: Alerton or Siemens approved.

2.
Only systems meeting or exceeding these specifications shall be considered.

1.3
SHOP DRAWINGS

A.
Make submittals in accordance with Section 23 05 00, Common HVAC Materials and Methods.

B.
Submit manufacturer's product information on all hardware items along with descriptive literature for all software programs to show compliance with specifications.

C.
Control Diagrams:

1.
System wiring diagrams with sequence of operation for each systems specified.

2.
System configuration diagram showing all panel types and locations as well as communications network and workstations.

D.
Where installation procedures, or any part thereof, are required to be in accord with the recommendations of the manufacturer of the material being installed, submit printed copies of these recommendations prior to installation.  

E.
Record Drawings:  Prior to final acceptance, update the shop drawings to reflect the actual "as-constructed" condition and submit for inclusion into the Operating and Maintenance Manual.

PART 2   PRODUCTS

2.1
SYSTEM DESCRIPTION

A.
Provide a Distributed Processing System complete with Direct Digital Control (DDC).  

B.
System shall be completely precalibrated with no controller setpoint adjustments or calibration required.

C.
The Control System shall be fully integrated and Installed as a complete package of controls and instrumentation. 

D.
The system shall include all computer software and hardware, operator input/output devices, sensors and controls required for complete operation.  

E.
Provide all wiring, installation, supervision and labor, including calibration, adjustments, operator training and check-out necessary for a full operating system.  

F.
Locate system Host Computer as indicated on the Drawings.

2.2
SYSTEM STRUCTURE

A.
System Hardware:  Minimum system configuration shall include the following:

1.
A host computer and printer for central monitoring and control.  The host computer shall be provided with all specified software programs.

2.
Stand-alone Digital Controllers (SDC) and Stand-alone Application Specific Controllers (ASC) as required to control the HVAC equipment specified in the sequence of operations.

3.
A Local Area Network (LAN) linking the SDCs with the host computer for central reporting and system communications.  The LAN shall have a minimum information transfer rate of 1 megabyte baud.

4.
System shall provide all hardware and software for web based control.  Contractor shall provide software as required to permit designated web based computers to have full access for monitoring and control.

2.3
PERSONAL COMPUTER OPERATOR WORKSTATION HARDWARE

A.
Provide personal computer operator workstations for command entry, information management, network alarm management and database management functions.  All real-time control functions shall be resident in the DDC Controllers to facilitate greater fault tolerance and reliability. 

1.
Workstation shall consist of a color monitor, personal computer with minimum Pentium IV processor, 19 RAM, 200 gigabyte hard drive and controller, 3-1/2", CD-RW drive, Microsoft or Logitech mouse and 101-key enhanced keyboard.

2.
Provide for system operation a 15” diagonal screen measurement with a minimum display resolution of 1024 x 764 pixels.  Separate controls shall be provided for color, contrasts and brightness and the screen shall be non-reflective.  132 columns by 44 RMS text resolution.  Provide a matching color graphics card in the PC.

B.
Provide a printer at each workstation location for recording alarms, operator transactions and systems reports, meeting the following minimum requirements:

1.
132 column/160 character per second print speed.

2.
9 x 9 DOT matrix character structure switchable to 9 x 18 DOT matrix for letter quality output.

3.
Compressed mode option for 220 characters per line.

4.
Software selectable under, emphasized, double strike and expanded (double width) characters capability.

5.
Adjustable line spacing of 6 or 8 lines per inch.

6.
Adjustable tractor for 5 inch to 15 inch paper widths.

7.
96 ASCII upper and lower case character set.

C.
Stand-alone Digital Controllers (SDCs):

1.
The SDCs are stand-alone microprocessor-based controllers, fully equipped with power supply, input and output terminals and self-charging battery backup.

2.
Each SDC shall be a modular multitasking 16 bit micro-processor based direct digital controller with a minimum of 1 megabyte of Eprom, EEprom, and RAM memory fully programmed to perform all control functions as specified and shall be capable of performing all specified control functions independently.

3.
Systems utilizing controllers that operate in a default mode only as a Stand-alone will not be acceptable.  The controllers shall maintain all software programs as defined and specified under software functions.

4.
The SDCs shall be strategically located at data concentration points and shall monitor specific analog and digital inputs, process the data received, and produce analog or digital outputs to control the systems specified.

5.
Control strategies shall include two-position, digital output (DO) for fan start/stop, damper control, and other ON-OFF controls.  Control decisions based on external digital inputs (DI) or internally set adjustable limits of measured analog inputs.

6.
Control strategies shall also include variable, analog output (AO) for temperature control loops.  Control decisions based on analog inputs (AI) of a single variable for proportional control.  Also, internal high and/or low signal select or averaging from several analog inputs for resetting proportional control of a controlled variable.  Proportional plus integral and derivative (PID) control available for precise control.

7.
Each control loop shall be fully user definable in terms of inputs and outputs that are a part of the control strategy, control mode, gain, and control action.

8.
Each SDC shall be equipped with a liquid crystal display (LCD) with a minimum of 40 characters, an operator's keypad, an RS232C communication interface connection, a minimum of 16 universal analog or digital inputs or outputs, and shall communicate via the LAN to the host computer.

9.
SDCs operating in conjunction with multiple slave chassis can be utilized in applications requiring control strategies with more than 16 points, such as chiller plant control. Slave chassis shall be individually programmed for default protection should the SDC fail.

D.
Capability:  

1.
The control system shall monitor and control all functions relating to building control as specified.  

2.
The point monitoring and controlling functions to be performed by the EMCS shall include but not limited to the following capabilities: binary inputs (contact closures), analog (electrical) inputs, binary output (start/stop), analog outputs (varying voltage signals), PWM (pulse width modulation) with feedback position indication.

E.
The system SDCs shall directly control all units, fans, dampers and control valves.  All control software shall be implemented in the stand-alone controller.  The sequence of operation precisely identifies all points of monitoring and control. 

F.
Capacity:  System to have a minimum 1500 point capacity. Additions to system shall be accomplished by adding subsequent SDCs while system is on line. 

G.
Remote Operation:  All hardware and software necessary for web based control shall be provided.

H.
Printer:  The printer shall be provided for hard copy printouts and shall be at a minimum a dot matrix, full page type (Okidata, DEC, or equal).

2.4
SYSTEM SOFTWARE

A.
Stand-alone Digital Controller (SDC) Software:

1.
All stand-alone controllers shall have as a standard feature, a complete library of control algorithms for DDC, Energy Management, and Facilities Management functions.  These resident libraries of algorithms shall be drawn from for the creation of the application programming of each individual controller.

2.
Contractor shall provide a blueprint documentation of the software application program for each controller.  Documentation provided shall include block software flowchart showing the interconnection between each of the control algorithms and sequences.  

3.
For systems utilizing program listings:  A program listing shall be printed onto the same blueprint, along with the program flowchart, and description of the sequence of operation. This blueprint shall be stored and maintained in each controller. 

4.
System acceptance shall not be completed until this documentation is provided.

5.
The stand-alone software library shall include as a minimum, the following programs:

a.
Direct Digital Control Functions:

1)
Setpoint Reset
7)
Linear Sequencer

2)
Ramp
8)
Rotating Sequencer

3)
Floating ON/OFF
9)
Binary Sequencer

4)
2-Position ON/OFF
10)
High/Low Select

5)
PID Loop
11)
Energy Dead Band

6)
Self-tune PID Loop
12)
Thermostat

b.
Energy Management Control Functions:

1)
Duty Cycle

2)
Temperature Compensated Duty Cycling

3)
Optimum Start/Stop

4)
Electric Demand Limiting

5)
Weekly Scheduling

6)
Calendar Scheduling

7)
Enthalpy Changeover

c.
Math and Logic Functions:

1)
Add
9)
Summation

2)
Subtract
10)
Totalize

3)
Multiply
11)
Pulse Count Conversion

4)
Divide
12)
Time Delay

5)
Square root
13)
Sensor Curve Fit

6)
and, or, xor, nand, nor
14)
CFM Calculation

7)
Invert
15)
BTUH Calculation

8)
Averaging


d.
Facilities Management Functions:

1)
Analog High/Low Alarm

2)
Digital Alarm

3)
Trend Log Reporting

4)
Daily EMS Report

5)
Monthly EMS Report

6)
Maintenance Time Reminders

7)
BTUH Trend

e.
HVAC Application Functions:

1)
Constant Volume Single Zone

2)
Heat Pump

3)
Multizone

4)
Variable Air Volume (Dual & Single Fan VAV Systems)

5)
Fan Tracking VAV

6)
Boiler Optimization

7)
Chiller Optimization

8)
MICROFLO /TM/ Interface

9)
MICROZONE /TM/ Interface

10)
Supply Air Optimization

11)
Hot Deck Optimization

12)
Cold Deck Optimization

6.
Stand-alone controllers not capable of performing the above listed software programs without the host computer will not be acceptable.  Programs must be maintained regardless of communication with the host computer.

7.
Programs shall be provided as required to meet the sequence of operation as specified.

8.
All programming resident to the stand-alone controller including, but not limited to, application programs and point database, shall be protected from loss due to power failure for a minimum of six months.  Systems not providing nonvolatile memory shall provide battery backup sufficient to provide protection for six months.

B.
Host Computer Software:

1.
Since the primary operating software is resident to the stand-alone controllers, the primary purpose of the host computer and software is enhanced man-machine interfacing, enhanced reporting, and centralized monitoring and control.  In addition, the host computer shall have software which shall permit owner/operator programming.  Any program created in the host computer shall be capable of being downloaded to any of the “stand-alone” computers in the bus system.

2.
Host software programs shall include as a minimum:

a.
Colorgraphic Operator Interface:

1)
Each colorgraphic terminal shall be driven by software allowing the operator to access any system information via a "system penetration" method.  

2)
System penetration shall allow the operator to begin at an entire site plan color graphic display and progressively select portions of the site plan to be chosen for closer inspection or selection of a more detailed colorgraphic display of a desired system information without being required to enter any commands via the keyboard.

b.
Accessible System Information:

1)
Available for display or modification in any specific color graphic display shall include, but not be limited to:

a)
The real-time value display of any connected point in the system

b)
The alarm status condition of any desired system alarm point

c)
Any software parameter such as setpoints for control sequences, minimum position adjustments, or throttling ranges

c.
Centralized Scheduling and Modification:

1)
The colorgraphic terminal shall support operator access to the global Scheduling Screens which allow the operator to review and modify any or all schedules as desired.  The centralized Scheduling function shall allow modification of equipment and lighting operating schedules, modification of facility holiday schedules, and when desired allow assignment of temporary schedules for designated portions of the facility or specific equipment.

d.
Energy Management Reporting:

1)
The host software shall provide daily, weekly, monthly, yearly formatted reports of facility metered electrical consumption.  

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

3)
Reports shall be created to provide individual reporting as desired by the owner for multiple facility meters, multiple sites, or aggregate facility metering combining multiple meters.

4)
Host software shall retain daily summary energy data for up to five years.  Reports can be designated as automatically printed, or called-up for report print out on demand.

e.
Optimum Start Control:

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

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

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

f.
Trend Reports:

1)
The host software shall support logging and historical accumulation of trended data from the entire facility, or multiple sites as required and shall include the capacity for acquiring trend data from at least 100 sites.

2)
The host software shall provide capacity to store to disk a directory of at least 150 trend logs.  Such trend logs can be accessed from the directory by the operator at any time for analysis of selected sets of the trended data, display onto the screen, or hard copy documentation.

g.
Third Party Software Packages:

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

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

h.
Graphic Chart Plotting and Bar Graph Software:

1)
Provide software which will enable the operator to command X-Y graphic plots of specific energy history data, or accumulated real-time system information.  

2)
Software shall in addition, provide bar charts of energy usage information, such as charts of daily peak demand, etc.  

3)
All graphic plots and bar charts shall be screen printable onto a dot-matrix printer, or onto multi-pen plotter where available. 

i.
Stand-alone Controller Database Archiving:

1)
The host software shall provide capability to upload global control functions being performed by the network of controllers and the individual database and application programming resident in each controller in the facility, or on remote sites.  

2)
Uploaded programs shall be retained on hard disk for system backup.  

3)
Programs may be modified using Editor functions, and downloaded to individual controllers as desired.  Downloading of databases shall not interrupt alarm reporting functions, or other multi-tasked functions which are ongoing.

j.
Facility Management Database Maintenance Reports and Overrides Report:

1)
The host software shall provide a daily report of all modifications made to any software function.  

2)
Report shall include the fact that specific setpoints, schedules, sequence parameters, or limits were modified and the time and location of the modification, and the identification of the operator making the modification.

3)
The host software shall provide a daily report of all overrides issued, and all overrides in force.  Overrides report shall allow tracking of operator functions and maintenance of desired operational conditions.

4)
The host software shall provide a weekly report of maintenance items on an automatic printout basis.  The maintenance report shall segregate maintenance items into four categories minimum.  

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

b)
A "Pending" report shall be generated for those items which have been previously annunciated.  

c)
An "Overdue" report shall be generated for those items which have exceeded their critical past due maintenance settings.  

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

2.5
CONTROL COMPONENTS

A.
Sensors:

1.
All sensing inputs shall be provided via industry standard signals.  Temperatures, humidities, differential pressure signals, and all other signal inputs shall be one of the following types:

a.
0 - 20 mA

b.
4 - 20 mA

c.
0 - 5 VDC

d.
0 - 12 VDC

2.
All signal inputs shall be compatible with the controllers, used and with the requirement for readout of variables as specified. 

3.
All temperature sensors to be solid state electronic utilizing a RTD platinum sensor.  

4.
Sensors shall provide a linear resistance change per degree temperature change.  Wall sensors to be housed in tamperproof enclosures.  Duct sensors to be electronically identical, housing suitable for the application.  

5.
Metal guards shall be provided as shown on Drawings.

B.
Room Thermostats:  Provide 60-80 degree F dial, concealed adjustments, locking covers with no thermometers.  Special range where required.

C.
Freeze Protection Thermostat:

1.
Low temperature cutout control, snap acting, normally closed contacts.

2.
Sensing element, with any 16-inch portion of the element sensing at or lower than setpoint, the contacts open.

3.
Manual reset.

D.
Transformers:

1.
Transformers selected and sized for appropriate VA capacity and installed and fused according to applicable Codes. 

2.
Provide wiring to nearest suitable power source as required.

E.
Smoke Detectors:

1.
Dual chamber ionization type with duct sampling tubes.  UL approved with adjustable sensitivity.  

2.
Arrange to stop associated fan on presence of smoke.  Provide extra alarm contact for use by fire alarm system.  

3.
Wiring to fire alarm system by Division 16 contractor.  

4.
Provide for all fan systems 2000 CFM and above.  

5.
Mount as required to meet all applicable codes.

F.
Flow Switches:

1.
Provide McDonnell-Miller or approved equal.  

2.
Install in piping in such a manner so as to eliminate nuisance fluttering.  

3.
Provide time delay relays where required to eliminate false alarms when equipment is started.

G.
Static Pressure and Velocity Controllers:

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

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

2.6
Electronic Actuators and Valves 

A.
Quality Assurance for Actuators and Valves:

1.
UL Listed Standard 873 and C.S.A. Class 4813 02 certified.

2.
NEMA 2 rated enclosures for inside mounting, provide with weather shield for outside mounting.

3.
Five-year manufacturer’s warranty. Two-year unconditional and three-year product defect from date of installation.

B. 
Execution Details for Actuators and Valves:

1.
Furnish a Freeze-stat and install “Hard Wire” interlock to disconnect the mechanical spring return actuator power circuit for fail-safe operation. Use of the control signal to drive the actuators closed is not acceptable.

2.
Each DDC analog output point shall have an actuator feedback signal, independent of control signal, wired and terminated in the control panel for true position information and troubleshooting.  Or the actuator feedback signal may be wired to the DDC as an analog input for true actuator position status.

3.
VAV box damper actuation shall be Floating type or Analog (2-10vdc, 4-20ma).

4.
Booster-heat valve actuation shall be Floating type or Analog (2-10vdc, 4-20ma).

5.
Primary valve control shall be Analog (2-10vdc, 4-20ma).

C.
Actuators for Damper and Control Valves ½" to 6" shall be electric unless otherwise specified; provide actuators as follows:

1.
UL Listed Standard 873 and Canadian Standards Association Class 481302 shall certify Actuators.

2.
NEMA 2 rated actuator enclosures are. Use additional weather shield to protect actuator when mounted outside.

3.
Five-year Manufacturer’s Warranty:  Two-year unconditional plus three-year product defect from date of installation.

4.
Mechanical spring shall be provided when specified. Capacitors or other non-mechanical forms of fail-safe are not acceptable.  

5.
Position indicator device shall be installed and made visible to the exposed side of the Actuator.  For damper short shaft mounting, a separate indicator shall be provided to the exposed side of the Actuator.

6.
Overload Protection: Actuators shall provide protection against actuator burnout by using an internal current limiting circuit or digital motor rotation sensing circuit.  Circuit shall ensure that actuators cannot burn out due to stalled damper or mechanical and electrical paralleling.  End switches to deactivate the actuator at the end of rotation are acceptable only for butterfly valve actuators.

7.
A push button gearbox release shall be provided for all non-spring actuators. 

8.
Modulating actuators shall be 24Vac and consume 10VA power or less.  

9.
Conduit connectors are required when specified and when code requires it.

D.
Damper Actuators:

1.
Outside Air and Exhaust Air Damper Actuators shall be Mechanical Spring Return. Capacitors or other non-mechanical forms of fail-safe are not acceptable. The actuator mounting arrangement and spring return feature shall permit normally open or normally closed positions of the damper as required. 

2.
Economizer Actuators shall utilize Analog control 2-10 VDC; floating control is not acceptable.

3.
Electric damper actuators (including VAV box actuators) shall be direct shaft mounted and use a V-bolt and toothed V-clamp causing a cold weld effect for positive gripping. Single bolt or setscrew type fasteners are not acceptable. 

4.
One electronic actuator shall be direct shaft mounted per damper section.  No connecting rods or jackshafts shall be needed. Small outside air and return air economizer dampers may be mechanically linked together if one actuator has sufficient torque to drive both and damper drive shafts are both horizontal installed.

5.
Multi-section dampers with electric actuators shall be arranged so that each damper section operates individually. One electronic actuator shall be direct shaft mounted per damper section.  (See below execution section for more installation details.)

E.
Valve Actuators ½" to 6":

1.
Mechanical spring shall be provided on all actuators for pre-heat coil and actuators for AHU heating or cooling coil when units are mounted outside. See plans for fail-safe flow function:  Normal Open or Normal Closed. Capacitors or other non-mechanical forms of fail-safe are not acceptable.

2. 
All zone service actuators shall be non-spring return unless otherwise specified.

3. 
The valve actuator shall be capable of providing the minimum torque required for proper valve close-off for the required application.

4. 
All control valve actuators shall have an attached 3-foot cable for easy installation to a junction box. 

5. 
Override handle and gearbox release shall be provided for all non-spring return valve actuators.

F.   
Control Dampers:  The BAS contractor shall furnish and size all automatic control dampers unless provided with packaged equipment.  The sheet metal contractor shall install all dampers unless provided with packaged equipment.   

1.
All dampers used for modulating service shall be opposed blade type arranged for normally open or normally closed operation as required.  The damper is to be sized so that when wide open the pressure drop is a sufficient amount of its close-off pressure drop for effective throttling.

2.
All dampers used for two-position or open-close control shall be parallel blade type arranged for normally open or closed operation as required.

3.
Damper linkage hardware shall be constructed of aluminum or corrosion resistant zinc & nickel-plated steel and furnished as follows: 

a.
Bearing support bracket and drive blade pin extension shall be provided for each damper section.  Sheet metal contractor shall install bearing support bracket and drive blade pin extension. Sheet metal contractor shall provide permanent indication of blade position by scratching or marking the visible end of the drive blade pin extension.

b.
Drive pin may be round only if V-bolt and toothed V-clamp is used to cause a cold weld effect for positive gripping.  For single bolt or setscrew type actuator fasteners, round damper pin shafts must be milled with at least one side flat to avoid slippage.

c.
Damper manufacturer shall supply alignment plates for all multi-section dampers.

G.
Control Valves ½” to 6”: The BAS contractor shall furnish all specified motorized control valves and actuators. BAS contractor shall furnish all control wiring to actuators.  The plumbing contractor shall install all valves.  Equal percentage control characteristic shall be provided for all water coil control valves. Linear valve characteristic is acceptable for 3-way valves 2½ inches and above.

1.
Characterized Control Valves shall be used for hydronic heating or cooling applications and small to medium AHU water coil applications to 100 GPM.  Actuators are non-spring return for terminal unit coil control unless otherwise noted.  If the coil is exposed to the outside air stream then see plans for Spring Return requirement. 

a.
Leakage is zero percent, close-off is 200psi, maximum differential is 30psi. Rangeability is 500:1.

b.
Valves 1/2 inch through 2 inches shall be nickel-plated forged brass body, NPT screw type connections.

c.
Valves 1/2 inch through 1-1/4 inches shall be rated for ANSI Class 600 working pressure. Valves 1-1/2 inch and 2 inches shall be rated for ANSI Class 400 working pressure.

d.
The operating temperature range shall be 0° to 250° F.

e.
Stainless steel ball & stem shall be furnished on all modulating valves.

f.
Seats shall be fiberglass reinforced Teflon.

g.
Two-way and three-way valves shall have an equal percentage control port.  Full stem rotation is required for maximum flow to ensure stable BTU control of the coil.

h.
Three-way valve shall be applicable for both mixing and diverting.

i.
The characterizing disc is made of TEFZEL and shall be keyed and held secure by a retaining ring.

j.
The valves shall have a blow-out proof stem design.

k.
The stem packing shall consist of two lubricated O-rings designed for on-off or modulating service and require no maintenance.

l.
The valves shall have an ISO type 4-bolt flange for mounting actuator in any orientation parallel or perpendicular to the pipe.  

m.
A non-metallic thermal isolation adapter shall separate valve flange from actuator.

n.
One fastening screw shall secure the direct coupling of the thermal isolation adapter between the actuator and the valve. This will prevent all lateral or rotational forces from affecting the stem and its packing O-rings.

2.
Globe valves ½" to 2" shall be used for steam control or water flow applications.

a.
Valves shall be bronze body, NPT screw type, and shall be rated for ANSI Class 250 working pressure.

b.
Valves 1/2 inch (DN15) through 2 inches (DN50) with spring return actuators shall close off against 50 psi pressure differential with Class III leakage (0.1%).

c.
The operating temperature range shall be 20° to 280° F.

d.
Spring loaded TFE packing shall protect against leakage at the stem.

e.
Two-way valves shall have an equal percentage control port.

f.
Three-way valves shall a linear control and bypass port.

g.
Mixing and diverting valves must be installed specific to the valve design.

3.
Globe Valve 2 ½ to 6”:

a.
Valves 2-1/2 inch (DN65) through 6 inches (DN50) shall be iron body, 125 lb. flanged with Class III (.1%) close-off leakage at 50 psi differential.

b.
Valves with spring return actuators shall close off against 50 psi pressure differential with Class III leakage (.1%).

c.
Flow type for two-way valves shall be equal percentage.  Flow type for three-way valves shall be linear.

d.
Mixing and diverting valves must be installed specific to the valve design.

H.
Butterfly Valves:  Butterfly Valves shall be sized for modulating service at 60-70 degree stem rotation.  Isolation valves shall be line-size. Design velocity shall be less than 12 feet per second when used with standard EPDM seats.

1.
Body is Cast Iron.

2.
Disc is Aluminum Bronze standard.

3.
Seat is EPDM Standard.

4.
Body Pressure is 200 psi, -30F to 275F.

5.
Flange is ANSI 125/250.

6.
Media Temperature Range is –22F to 240F.

7.
Maximum Differential Pressure is 200 psi for 2” to 6” size.

I.
Butterfly Valve Industrial Actuators:

1.
Actuators shall be approved under Canadian Standards Association or other Nationally Recognized Testing Laboratory to UL standards.  CSA Class 4813 02 or equal.  Enclosure shall be NEMA 4 (weatherproof) enclosure and will have an industrial quality coating.

a.
Actuator shall have a motor rated for continuous duty. The motor shall be fractional horsepower; permanent split capacitor type designed to operate on a 120 VAC, 1 pH, 60 Hz supply.  Two adjustable cam-actuated end travel limit switches shall be provided to control direction of travel. A self-resetting thermal switch shall be imbedded in the motor for overload protection. 

b.
Reduction gearing shall be designed to withstand the actual motor stall torque. Gears shall be hardened alloy steel, permanently lubricated.  A self-locking gear assembly or a brake shall be supplied.

c.
Actuator shall have a 6-ft. wiring harness provided for ease in field wiring (above 1500 in-lbs).  Two adjustable SPDT cam-actuated auxiliary switches rated at 250 VAC shall be provided for indication of open and closed position.  Actuator shall have heater and thermostat to minimize condensation within the actuator housing.

d.
Actuator shall be equipped with a hand wheel for manual override to permit operation of the valve in the event of electrical power failure or system malfunction.  Hand wheel must be permanently attached to the actuator and, when in manual operation, electrical power to the actuator will be permanently interrupted. The hand wheel will not rotate while the actuator is electrically driven.

e.
The actuator shall be Analog, floating, or two position as called out in the control sequence of operation.  All Analog valves shall be positive positioning, and respond to a 2-10 VDC, 4-20 mA, or adjustable signal as required. Analog actuators shall have a digital control card allowing any voltage input for control and any DC voltage feedback signal for position indication.

2.
Performance Verification Test:

a.
Control loops shall cause productive actuation with each movement of the actuator and actuators shall modulate at a rate which is stable and responsive.  Actuator movement shall not occur before the effects of previous movement have affected the sensor. 

b.
Actuator shall have capability of signaling a trouble alarm when the actuator Stop-Go Ratio exceeds 30%.

3.
Actuator Mounting for damper and valve arrangements shall comply to the following:

a.
Damper Actuators: Shall not be installed in the air stream.

b.
A weather shield shall be used if actuators are located outside.  For Damper Actuators use clear plastic enclosure.

c.
Damper or valve actuator ambient temperature shall not exceed 122 degrees F through any combination of medium temperature or surrounding air.  Appropriate air gaps, thermal isolation washers or spacers, standoff legs, or insulation shall be provided as necessary.

d.
Actuator cords or conduit shall incorporate a drip leg if condensation is possible. Water shall not be allowed to contact actuator or internal parts.  Location of conduits in temperatures dropping below dew point shall be avoided to prevent water from condensing in conduit and running into actuator.

e.
Damper mounting arrangements shall comply to the following:

1)
The ventilation subcontractor shall furnish and install damper channel supports and sheet metal collars.  

2)
No jack shafting of damper sections shall be allowed.

3)
Multi-section dampers shall be arranged so that each damper section operates individually.  One electronic actuator shall be direct shaft mounted per section.  

f.
Size damper sections based on actuator manufacturers specific recommendations for face velocity, differential pressure and damper type.  In general:

1)
Damper section shall not exceed 24 ft-sq. with face velocity £ 1500 FPM. 

2)
Damper section shall not exceed 18 ft-sq. with face velocity £ 2500 FPM. 

3)
Damper section shall not exceed 13 ft-sq. with face velocity £ 3000 FPM. 

g.
Multiple section dampers of two or more shall be arranged to allow actuators to be direct shaft mounted on the outside of the duct.

h.
Multiple section dampers of three or more sections wide shall be arranged with a 3-sided vertical channel (8’’ wide by 6” deep) within the duct or fan housing and between adjacent damper sections.  Vertical channel shall be anchored at the top and bottom to the fan housing or building structure for support.  The sides of each damper frame shall be connected to the channels.  Holes in the channel shall allow damper drive blade shafts to pass through channel for direct shaft mounting of actuators.  Open side of channel shall be faced down stream of the airflow, except for exhaust air dampers.

i.
Multiple section dampers to be mounted flush within a wall or housing opening shall receive either vertical channel supports as described above or sheet metal standout collars.  Sheet metal collars (12” minimum) shall bring each damper section out of the wall to allow direct shaft mounting of the actuator on the side of the collar.

4.
Valve Sizing for Water Coil:

a.
On/Off Control Valves shall be line size.

b.
Modulating Control Valve Body Size may be reduced at most two pipe sizes from the line size or not less than ½ the pipe size. The BAS contractor shall size all water coil control valves for the application as follows: 

1)
Booster-heat valves shall be sized not to exceed 4-9psi differential pressure. Size valve for 50% Valve Authority.  Valve design pressure drop is equal to the sum of coil drop plus the balance valve drop.

2)
Primary valves shall be sized not to exceed 5-15psi differential pressure. Size valve for 50% Valve Authority.  Valve design pressure drop is equal to the sum of coil drop plus the balance valve drop.

3)
Butterfly valves shall be sized for modulating service at 60-70 degree rotation. Design velocity shall be 12 feet per second or less when used with standard EPDM seats.

c.
Valve Mounting arrangements shall comply to the following:

1)
Unions shall be provided on all ports of two-way and three-way valves.

2)
Install three-way equal percentage Characterized Control valves in a mixing configuration with the “A” port piped to the coil. 

3)
Install 2½ inch and above, three-way globe valves, as manufactured for mixing or diverting service to the coil.  

4)
Two-Way valve shall be piped in the return side of the coil in order to minimize ambient heat at the actuator. 

2.7
CONTROL SYSTEM

A.
The control system shall be accessible and workable through the World Wide Web Intranet System.  All necessary software and hardware for control from a personal computer and the intranet shall be provided.  

PART 3   EXECUTION

3.1
INSTALLATION, CALIBRATION AND START-UP

A.
Instrument Mounting:  Securely mount and adequately reinforce and make air-tight all duct and wall penetrations.  Locate instrument mounting free of vibrations.  Do not mount operators directly to sheet metal lighter than 18 gauge without adequate reinforcing.

B.
Control Adjustment:  Temperature control settings indicated are approximate and intended to indicate mid-range of instruments to be used.  Make adjustments as required by individual location, job requirements and local conditions.

C.
Calibration and Start-Up:  Calibrate and adjust all control systems and components and place in proper operation.  Check system control sequence and adjust for complete and proper operation.

D.
Outdoor Temperature Sensing Devices:  Protect all such controls from effects of the sun, direct or indirect.

E.
Wiring:  Include all connections necessary and any miscellaneous wiring or conduit not shown on the Electrical Drawings for complete system.  Comply with Division 16 for electrical requirements, especially where "plenum rated wiring" is indicated.

F.
When so directed by the Architect, provide a technician fully familiar with the project to demonstrate proper operation of all control facilities.
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