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SECTION 15971 - BUILDING MANAGEMENT AND AUTOMATIC TEMPERATURE

CONTROL SYSTEM

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS

A.
The General and Supplementary conditions and General Requirements apply to the work specified in this section.

1.02 SCOPE

A.
The control system shall be by Johnson Controls. 

B.
Provide all materials, equipment, labor and supervision necessary for a complete and operating control system and building automation system.  The control system shall be turned over to the Owner in a fully operating condition.

C.
All electric control interlock and power wiring in connection with the controls and instrumentation system shall be furnished by this contractor.  Provide all wiring and conduit, including low voltage wiring (less than 100 volts) and power wiring (over 100 volts) for complete operation of control system, unless specifically  shown on the electrical drawings .

D.
Control contractor shall be responsible for all controls installations including electric actuators and electronic components.  Provide all necessary wiring, conduit, programming, engineering and training. 

E.
Provide electric DDC operators for all control valves and control dampers.  Provide electric/electronic operators with DDC controls for all air terminal units.

1.03 COORDINATION

A.
Mechanical contractor for Section 15 shall receive, handle, mount and install automatic temperature control valves, separable wells for immersion elements and couplings for flow and pressure switches.  Terminal unit VAV box manufacturer shall mount and wire all VAV terminal units at the factory.   All control valve actuators shall be mounted  the upright vertical position.  Actuators shall not be insulated.

B.
Sheet metal subcontractor shall install all automatic dampers.  It shall be the responsibility of the mechanical contractor or his sheet metal subcontractor to provide and install blank-off plates when the control application requires dampers smaller than duct size.  

C.
The direct digital portions and automatic temperature control  system shall be installed by the control contractor.

1.04 ADJUSTMENT, PERFORMANCE TEST AND CERTIFICATION

A.
After completion of the installation, regulate, adjust and calibrate all thermostats, control valves, control motors, controllers and other equipment provided in this contract.

B.
Tune control loops such that controlled process variable is maintained at set point throughout the year, without cycling or requiring modifications to the control system.

C.
Conduct a complete performance test for all control systems to assure compliance with the contract documents.  Performance test shall include minimum of two-day log of discharge temperature, duct pressures, air flows and any other parameters selected by Engineer for each air handling unit.  Any components on systems found defective or not performing satisfactorily shall be readjusted and retested after necessary corrective measures are performed.

D.
Corrective measures may include modification or addition of equipment and devices, control strategies and/or software program.

E.
Upon completion of the work, but before final acceptance of the systems, submit a written report signed by the control contractor's project engineer supervising installation.  The report shall indicate that all control sequences as specified have been implemented and are performing properly.  The report shall include trend log recordings.  The report after approval shall be included in the operating and maintenance instructions.

F.
All corrective modifications made by Control  Contractor during warranty periods shall be incorporated and updated in the operating and maintenance manuals.

G.
In addition to initial performance test, conduct second test at a date determined by Engineer, but not later than one year after final acceptance.

1.05 SYSTEM WARRANTY

A.
All temperature control devices provided by this contractor shall be warranted to be free of defects in workmanship and material for a period of one year from the date of the job acceptance by the Owner.  Any equipment found to be defective during this period shall be repaired or replaced without expense to the Owner.  This work shall be accomplished by the contractor on a 24 hour basis.  A representative of this contractor shall provide to the owner a checklist of preventative maintenance activities required for the correct operation of the system.  These preventive maintenance activities are not part of this contract and are the responsibility of the owner.  A preventative maintenance contract shall be provided to the Owner at the start of the warranty period to cover the HVAC equipment and related building management system.  In addition, a complete service contract shall be represented for budget  purposes to continue uninterrupted service after the warranty period.

1.06 OWNER TRAINING

A.
Provide a minimum of 40 hours of field training and 20 hours of front end training to Owner's Representatives, concerning proper operation and maintenance of all control systems, sensing, monitoring and control equipment.  Conduct training sessions during normal business hours before substantial completion.

B.
Scheduling of training session(s) will be established by Owner.

1.07 OPERATING AND MAINTENANCE INSTRUCTIONS AND SPARE PARTS

A.
Control Contractor shall furnish to Engineer, upon completion of the work but before final acceptance of the system, three (3) bound copies of typewritten instructions covering complete maintenance and operation of the system and a complete set of record drawings of control diagram.  This Contractor shall instruct Owner on care, operation, and maintenance of all parts of the system.

B.
Maintenance instructions shall include manufacturer's literature on all system equipment components.  All maintenance instructions shall be explicit concerning time intervals for all servicing and preventative maintenance, types and grades of oil and/or grease, packing materials, normal and abnormal clearance, methods of equipment adjustments, and complete description of replacement parts and materials for wearing items.

C.
Furnish sufficient thermostat wrenches, keys and calibration gauges with adapters required for maintenance.

D.
Control Contractor shall provide to Owner a portable service tool capable for communication on the communication BUS.

1.08 OPEN PROTOCALL

A.
The system must have Open Protocall capability.  The system must communicate with the chiller using the Open Protocall format.

1.09 SUBMITTAL REQUIREMENTS

A.
Submit the following data/information: 

1.
Complete description of operation.

2.
Control system CAD generated drawings including all pertinent data to provide a functional operating system.

3.
Damper schedules showing size, configuration, capacity and location of all equipment.

4.
Data sheets for all hardware and software control components.

5.
Interface capability with the submitted chiller manufacturer's data.

6.
A description of the installation materials including conduit, wire, flex, etc..

7.
Thermostat/sensor locations.

8.
Computer panel locations.

9.
Memory map of the operating system.

10.
Provide as part of the submittal five copies of all data and one sepia of each control drawing.

11.
Detailed point-to-point diagram of circuitry of all DDC panels.

1.10 QUALITY ASSURANCE

A.
The control contractor shall be a direct representative of the control systems manufacturer whose products have been in satisfactory use in similar service for not less than 5 years.  The control contractor shall have a service organization capable of servicing buildings with similar sizes as the one specified herein.

B.
Codes and Standards:

1.
Electrical Standards:  Provide electrical products which have been tested, listed and labeled by (UL) and comply with NEMA standards; UL 916, 864.

2.
NEMA Compliance:  Comply with NEMA standards pertaining to components and devices for electric control systems.

3.
NFPA Compliance:  Comply with NFPA 90A "Standard for the Installation of Air Conditioning and Ventilating Systems" where applicable to controls and control sequences, NFPA 92 - smoke purge and smoke control.

1.11 FCC COMPLIANCE

A.
All digital equipment furnished under this contract shall have been tested and made to comply with the limits for a Class A computing device pursuant to Subpart J of Part 15 of FCC Rules, which are designed to provide reasonable protection against interference when operated in a commercial environment.  All literature shall so note and all equipment shall be so labeled to show this compliance.

PART 2 - PRODUCTS

2.01 GCM (Global Control Module):

A.
The GCM shall be a modular multitasking 16 bit microprocessor based direct digital controller.

B.
The GCM shall contain an access protected user-friendly English language, alphanumeric liquid crystal display (LCD), full alphanumeric and function select keyboard and dual RS-232C communications interface ports.

C.
The GCM shall communicate Network controllers, VAV box controllers, and front end PC.

D.
GCM software functions shall include a full prompted English man-machine interface, direct digital control, standard and custom programming capability.

E.
The GCM shall contain a 30 day battery backup of real time clock and static ram.

F.
Provide IP address card for connection with the internet.

2.02 NETWORK CONTROLLERS


A.
General:  Provide an adequate number of Building Management Panels to provide the performance specified above.  Each of these panels shall meet the following requirements:

1. The Building Automation System shall be composed of one or more independent, stand-alone, microprocessor based System Application Controllers to manage the global strategies described in Application software section.

2. The system Application Controller shall have ample memory to support its operating system, database, and programming requirements.

3. The multi-tasking operating system of the Controller shall manage the input and output communications signals to allow distributed controllers to share real and virtual point information and allow central monitoring and alarms.

4. Data shall automatically be shared between System Application Controllers when they are networked together.

5. The database and custom programming routines of remoter system application controllers shall be adaptable from a single operator.

6. The Systems Applications Controllers shall have the capability of being remotely monitored over telephone modem.  Additional capabilities shall include automatically dialing out alarms, gathering alarms, reports and logs, programming and downloading databases.

7. The controller shall continually check the status of all processor and memory circuits.  If a failure is detected, the controller shall:

a)
Assume a predetermined failure mode.

b)
Emit an alarm.

c)
Display card failure identification.


B.
Communications:  Each Network controller shall reside on the peer to peer LAN.  This LAN shall be self configuring and shall automatically re-configure as nodes are added or removed.



1.
Hard Wired Connections:  Provide data transmission media between all nodes on the system LAN.

C.
Serviceability:  The Network controller should be designed in a modular fashion so that the enclosure may be roughed in prior to the installation of electronics.  Provide diagnostic LEDs for power, communications, and alarms.  The controller shall have provisions for expansion and future controller architectures.


D.
Memory:  The Network controller shall maintain all BIOS and programming information in the event of a power loss for at least 30 days.  If a battery backup is used, the batteries must be replaced at the end of the warranty period.  The system BIOS shall be easily upgradable from the PC workstation without the need for going out to the panel.

E.
In the event of loss of communications with the GCM.  The network controller shall be stand alone in controlling its associated equipment.

F.
Network controllers shall control FCU’s, AHU’s, heat exchanger and miscellaneous controls.

2.03 PACKAGING AND ENVIRONMENT

A.
The DDC panel enclosure shall be locking type, metal cabinet, with common keying.  The panels have a metal print pocket suitable for storing wiring, service and log information.  A NEMA 12 enclosure which provides additional protection for the remote's electronics shall be available as a standard option for industrial locations.  NEMA 1 is the minimum acceptable for indoor locations.

B.
The panel, when required, must functionally operate over the temperature range -30 degrees F to 120 degrees F and the humidity range 10 - 90% non-condensing.  Storage temperature shall be -50 degrees F to 150 degrees F.

C.
The DDC panel shall come with a minimum of six pre-existing available knockouts for ease of wiring during installation.  The panel shall have on/off  switch and shall be fused for power protection.  AHU DDC panels shall be provided with the required knockouts.

D.
The electrical requirements shall be 120 vac plus or minus 15%, 60 Hx ground required.  The current draw shall be 1 amp.  Power assumption, fully loaded, shall be less than 120 W.

E.
The wiring requirements for AC power shall be #12 AWG minimum.  The communications channel shall be Belden cable AWG twisted, shield pair or equivalent with a maximum distance of 4,000 feet.  Coordinate with manufacturer's recommendations.

F.
Binary inputs shall use #18 AWG twisted pair at 1000 ft. maximum distance.  The binary outputs should use #18 AWG twisted pair at 500 feet maximum.  Analog inputs shall use #18 AWG twisted, shielded pair at 300 feet maximum distance.

2.04 DIRECT DIGITAL CONTROL (DDC):

A.
Direct Digital Control shall provide the capability for local loop control.  The capability for direct digital control to maintain the desired setpoint shall be available in each remote.  The setpoint shall be available in each remote.  The setpoint values shall be determined manually by the operator's input or by an application program.  These values shall be established via the  operator input locally.

B.
The DDC panel shall have in firmware a direct digital control algorithm for calculations that are done in the remote station to maintain a setpoint accurately.  The algorithm shall utilize this desired setpoint value, mode factors, and feedback to maintain the setpoint.  The factors for the mode used in the direct digital control process shall include proportional, integral and derivative value.

C.
All DDC parameters shall have the capability to be downloaded from a portable programming device.  The portable programming device shall be equipped with a digital readout and keypad.  

D.
The DDC Analog Output (AOP) or Control Point Adjustment (CPA) output interface packages, shall support three types of outputs; 0-10V, 0-20 ma, and 6.5 - 9.5vdc.  Systems utilizing pulse width modulation method or time proportioning output are not acceptable, except for VAV boxes.

2.05 VAV TERMINAL UNIT CONTROLLERS

A.
VAV Terminal Unit Controllers shall support, but not be limited to, the control of the following configuration of VAV boxes to address current requirements as described in the Execution portion of this specification, and for future expansion:

1.
Single Duct Only (Cooling Only, or Cooling with Reheat)

B.
VAV Terminal Unit Controllers shall support the following types of point inputs and outputs:

1.
Proportional Cooling Outputs

2.
Heaters (stages).

C.
The modes of operation supported by the VAV Terminal Unit Controllers shall minimally include, but not limited to, the following:

1.
Day/Weekly Schedules

2.
Comfort/Occupancy Mode

3.
Economy Mode (Standby Mode, Unoccupied, etc.)

4.
Temporary Override Mode

D.
All control components required for correct operation of VAV terminals shall be supplied in a factory built enclosure by the temperature control contractor.

E.
All digital equipment furnished under this contract shall have been tested and made to comply with FCC requirements.

F.
Continuous Zone Temperature Histories:  Each VAV Terminal Unit Controller shall automatically and continuously maintain a history of the associated zone temperature to allow user to quickly analyze space comfort and equipment performance for the past 24 hours.  A minimum of two samples per hour shall be stored.

G.
Alarm Management:  Each VAV Terminal Unit Controller shall perform its own limit and status monitoring and analysis to maximize network performance by reducing unnecessary communications.

H.
Power Fail Protection:  All system setpoints, proportional bands, control algorithms, and any other programmable parameters shall be stored such that a power failure of any duration does not necessitate reprogramming the controller.

I.
Thermostats/Sensors:  Provide sensor with slide switch temperature setpoint and, deluxe sensor with four-button Digital Liquid Crystal Display.

2.06 TRANSIENT PROTECTION

A.
All communication channels between DDC panels, shall have transient suppression networks installed at the master station and at all remote stations.  The suppression network shall be automatic, self-restoring and be on duty at all times.  Clamping time shall not exceed 5 nanoseconds.

2.07 SOFTWARE

A.
Provide the following software features for the operation of the system:

1.
Password Security:  The system security software shall provide the means for ensuring secure operation of the system.  In doing so, the system security software shall perform the following:

a.
All system editing, control operations, and alarm acknowledgment shall be subject to access authorization prior to allowing such operations to take place.  Three levels of password protection are a minimum standard.

b.
Defining and  modifying system password and access assignments shall only be accomplished by the building owner or his designate.

c.
Associated with each password shall be an operation's name, access codes defining what system functions are allowed, and an operator designation.

2.
Application Software:  The application software includes in general the control functions which permit the operator to control the system, and access the associated application parameters.  In addition, the interaction between application programs provides the strategy for orderly management of the system as well as the following:  

a.
Maximum energy conservation.

b.
Minimum occupant discomfort.

c.
Unnecessary equipment cycling.


All application program editing must be accessible to the Owner and the Owner's personnel who have the proper password authority.  All displays necessary to create and edit the  system are provided.  All editing is done English by using the menu format and by answering prompted questions.  Provide to Owner a complete back-up copy of all software with an executed software licensing agreement from the factory.

3.
Programmed Scheduling:  The system shall provide the ability to automatically start up and shut down individual pieces of equipment based on a particular time of day.  In addition, the ability to disable alarming and application control for a particular load as a function of the time-of-day is also required.  All time programmed control will be done in accordance with the operator specified schedules.


There shall be a minimum of 32 master schedules of eight days each.


There shall be at least one schedule for each day of the week.  The capability to schedule holidays and special days a minimum of one year in advance shall be included.  The priorities of the time program functions relative to the other application program shall be operator definable.  The program shall have the capability of being down-loaded to all programmable remotes.

4.
Optimal Start/Stop:  The optimal start/stop program shall monitor the space  temperature and outside air temperature for each heating/cooling system specified by the operator.  The control algorithm shall start the system up at the latest possible time as is necessary to warm up or cool down the space to the required temperature needed at occupancy time.  The algorithm shall include a provision for historical data collection which is used to determine the self-adjusting optimal start and stop times.  The optimal start/stop program shall also shut the specified system down at the earliest possible stop time as is dictated by the space temperature, outside air temperature and building capacitance so at to maintain the space temperature within acceptable limits until the specified unoccupied time.

5.
Run-Time and Maintenance:  The system shall provide the ability to accumulate equipment run-time for operator specified equipment.  When equipment run time exceeds an operator-specified limit, the system shall alarm the condition and print and sequentially number the maintenance order automatically for the specified piece of equipment.  The system shall provide a summary of all points currently assigned to the run-time program as well as their current run time values.  Run-time limits shall be enforceable on either an hourly or calendar date basis.


The operator shall have the ability to define or modify any of the maintenance messages to be used by the runtime program.


Reports and Logs:  The system shall provide management reports and logs detailing certain system performance characteristics.  A portion of the reports shall be in a standard format, while others shall be defined by the operator.  As a minimum, the standard reports shall include the following:

a.
Equipment run-time report.

b.
Historical trend log report.

c.
Energy usage report.

d.
Chiller report.


The operator shall have the ability to define whether the report is a daily, weekly, monthly, etc.

2.08 HOST COMPUTER

A.
A host computer system shall be provided.  The system shall be complete with color graphic and operating system interface.  The system will include the following hardware:

1)
IBM PC Compatible Personal Computer Pentium 700 MgHZ

2)
10 Gb meg. Hard Drive.

3)
2 Serial Ports

4)
1 Parallel Port

5)
Mouse

6)
3 1/2 Floppy Drive

7)
Internal Modem

8)
15 VGA Color Monitor

9)
128 Mb

2.09 AUXILIARY CONTROL DEVICES

A.
Automatic Control Dampers:  Shall have interlocking blades and frames Dampers shall be designed an constructed so that the blades, frames and linkage mechanism shall present a rigid assembly with free and easy action.  Dampers shall be of galvanized steel blades and welded steel frame.  The damper bearings shall be brass or oil impregnated nylon with brass baring shafts.  Where the damper blades  are installed in a vertical position, a thrust type ball bearing shall be provided for the lower bearing.  All bearings in ducts or casings to the outside shall have the top and bottom edges on both ends trimmed with replaceable neoprene seal fastened in a approved manner, so as to be practically air tight when closed.  Closed dampers shall have leakage not more than one-half percent at 4" of water column  (10.2 cm) static pressure and 2,000' per minute space velocity.  Submit leakage and flow characteristics of dampers to engineer to specify performance.  Test leakage reports shall be in accordance  with AMCA standard 500-75.  Dampers used for throttling purposes shall be the post blade type with the maximum of 8" louver width by 48" in length.  When dampers are located at fan discharge they shall be designed to operate properly without fluttering, at velocities up to 4,000' and against a static pressure differential developed by the fan.  Maximum deflection shall be no more that 1/50 of the unsupported span distance.  Each automatic damper or section of damper if too large for one motor shall be operated by the required number of modulating motors.  The motors shall be of the proper size required to operate the damper with uniform and gradual movement and shall return the damper to the same position for a given signal during an opening or closing movement of the damper.  Damper operators shall be pneumatic with a positive positioner.  

B.
Control Valves:  All automatic control valves shall be of the fully modulating type unless specified otherwise in the sequence of operation.  Valve bodies shall be as follows.  1/2" to 1-1/4" shall be made of bronze, 1-1/2" to 6" shall be made of cast iron; the valves shall have the following characteristics; flow characteristics shall be of the equal percentage type with a stainless steel stem trim and maximum leakage of .05% at max. cv.  Maximum operating temperature of 1/2" to 2" valves shall be furnished for valves 2-1/2" to 6" shall be 425 degrees.  Valves shall be globe type.

C.
Maximum pressure drop through valve shall not exceed pressure drop across coil or 5 psi, whichever is less.

D.
Differential Pressure Switches:  Provide a differential pressure switch with single pole double through contacts.  Switch operation shall be adjustable over the operating range.  The switch shall  have a snap-acting Form C contact rated for the application.  The switch contacts shall be rated for 5 amps at 120 volts as a minimum.  The switch shall be manufactured for the medium being sensed.

E.
VAV Differential Pressure Transducer:

1.
The differential pressure transducer shall provide a proportional signal to the controller based on velocity pressure at the terminal box.

2.
The range of the differential pressure transducer shall correspond to VAV box manufacturer's recommendations.

3.
The accuracy of the differential pressure transducer shall be 5% nominal hysteresis and linearity.

4.
The differential pressure transducer shall mount directly to the terminal  box.  The pressure inputs to the transducer shall connect directly to the box manufacturers pressure sensing ports.

5.
The differential pressure transducer shall operate within the following limits:

a.
Temperature:  
32 to 140°F

b.
Humidity:

10 to 90% RH (85°F maximum dew point)

c.
Supply voltage:
5 VDC

d.
Output voltage:
1-2 VDC

6.
The differential pressure transducer shall withstand storage conditions as follows:

a.
Temperature:

-40° to 140°F

b.
Humidity:

0 to 90% RH (85°F maximum dewpoint)

F.
Humidity Sensors:  Provide a solid state humidity sensor with a range of 10 to 80% relative humidity with an accuracy of plus or minus 4% at 70°F.  The sensing element shall be of the non-saturating type.  Provide either duct or wall mounted versions based on the application required.

G.
Temperature Sensors:  Resister Temperature Detector (RTD):  RTD's shall have a range of minus 50 to plus 250°F, with a resistance tolerance of .25% at 70°F.  The RTD shall be encapsulated in epoxy, Series 300 stainless steel, or a copper sheath.  The RTD's shall be provided in either probe mounting, averaging element, or for mounting in a separable well for liquid sensing applications.  Room temperature sensors shall be provided with concealed setpoint, adjustment and indication covers.

H.
High Limit Thermostats (Fire Stats):  Manual reset type set 120 degrees F.

I.
Safety Low Limit Controls (Freeze Stats):  Electric 2 position type with temperature sensing element and manual reset.  Controls to be capable of opening the circuit if any one foot length of sensing element is subject to a temperature below the setting.  Sensing element shall not be less than one lineal foot per square foot of coil surface areas.  Unless otherwise indicated, set low limit controls at 38°F.

J.
Solid State Status Sensor (Ir) Current Relay:  Sensor shall be solid state, designed to determine the operating condition of equipment used in HVAC and industrial automation applications by detecting changes in the flow of current to the equipment.  The sensor shall also provide indication of normal operation during scheduled off-times, alerting the user to manual overrides, failed contact, etc.


The sensor shall be equivalent to the Hawkeye 700 by Veris Industries, Inc. or equivalent meeting or exceeding the following specifications:

1.
Amperage Ratings

0 to 135 continuous

2.
Horsepower (HP) Ratings
0 to 100 HP

3.
Sensor Supply Voltage
Induced from monitored conductor

4.
Supply Current

Induced from monitored conductor






(minimum conductor current required 1 A.






 Maximum rating 135A)

5.
Isolation


600 VAC rms.

6.
Trip set-point


Adjustable to + 1% of range.

7.
Zero adjustment

None

8.
Span adjustment

None

9.
Sealing


NEMA 1, 12, 13

10.
Temperature range

-15 to 85 C

11.
Humidity range

0-95% non-condensing

12.
Dimensions


(L x W x H) 3.125" x 2.15" x 1.00"

K.
Control Wiring:

1.
All conductors shall be of stranded copper wire.

2.
All  EMT/conduit and outlet boxes shall conform to the requirements specified under Division 16, Electrical.

3.
All wiring cables shall have 600 volt insulation.

4.
Cables shall be properly identified/tagged as to the control point.

5.
All 120 volt wiring shall be in conduit (EMT).  Plenum cable may be used for low voltage communications wiring.

PART 3 - EXECUTION

3.01 CONTROL WIRING

A.
Provide conduit and outlet boxes.

B.
Provide over-current protection for all control and interlock wiring as specified in NFPA (70.1971) Art. 240-5 (a), Exception #4 and Art.  430-72 exception.

C.
Line voltage wiring shall be run in conduit.

D.
No splices will be allowed except at  junction boxes and control centers.

E.
No two wires of the same color shall be run in one conduit unless wires of the same color are properly tagged at both ends and any splice points.  Do not change colors at splice points.

3.02 INSTALLATION

A.
The control sequences indicated in the specifications herein show the intended sequences of operation of the various control systems and shall be followed completely; deviations are not acceptable.

B.
Each control system shall be complete with all necessary thermostats, valves, relays, switches, accessories, etc., and all interconnections, and so arranged that they will provide the proper automatic sequence of operation between the various control devices as required to maintain the desired temperature, conditions and sequences.

C.
All control equipment shall be fully modulating unless otherwise noted, and relays or accessories not specifically mentioned but required for proper operation shall be included.

D.
The system shall be installed by competent mechanics and electricians regularly employed by the controls contractor.  Installation by mechanical or electrical contractor is not acceptable.  Programming and commissioning of the system shall be provided by an authorized representative of the manufacturer.

E.
Control and instrument wiring and capillaries are to be secured to building structure - not to ductwork.

F.
The exact location of instruments, panel boards, accessories, etc., not definitely located shall be approved by the Architect.

G.
All automatic controls and accessories shall be located in accessible locations.

H.
All non-panel, as well as panel mounted instruments, shall be clearly labeled as to use and system served by means of engraved laminated nameplates.

I.
Where control instruments or accessories are to be installed on covered castings, ductwork, etc., they shall be mounted on the finished surface of the covering.  Care shall be taken that there are no leaks around the stems where they pass through the metal work.

J.
All modulating control valves, dampers, etc. shall operate in a slow, gradual manner without any jerking or slamming.

K.
All controls shall operate satisfactorily without any cycling or hunting.  The manufacturer shall furnish any necessary additional controls, relays or damping devices as required to correct cycling or hunt that occurs in any part of the control system after the system is in operation.

L.
Automatic control manufacturer shall provide power to all electrical actuators requiring external power source.

PART 4 - SEQUENCE OF OPERATIONS AND SETPOINTS

(See Drawings for Additional Sequence of Operations and Points)

END OF SECTION 15971
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