SECTION 23 09 23
LABORATORY AIR FLOW CONTROL SYSTEMS

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Provide a complete system for the variable air volume control and/or constant volume tracking of laboratory air flow systems.

B. The laboratory air flow control system shall precisely control the space air supply and exhaust volumes to maintain the desired pressure relationship. Fume hoods shall be controlled to maintain a constant average open sash face velocity regardless of sash position. The laboratory air flow control system shall be capable of operating as a stand-alone system or be integrated with the Building Management System specified under Section 15970.

C. System shall include, but not be limited to, control panels, supply variable air volume boxes, general room exhaust valves, fume hood exhaust valves, air flow sensing stations and fume hood sash position sensors.

D. The total system shall be installed and commissioned by, or under the direct supervision of, factory trained and authorized field engineers.

E. The total system shall be installed and commissioned by the Temperature Control Contractor under the direct supervision of factory trained and authorized field engineers.

1.2 RELATED WORK

A. Section 23 05 00:  Common Work Results for HVAC
B. Section 23 29 23:  Variable Frequency Controllers (VFDs)

C. Section 15856:  Factory Custom Air Handling Units

D. Section 23 34 16:  Fans

E. Section 23 31 10:  Ductwork

F. Section 23 33 00:  Ductwork Accessories

G. Section 23 37 13:  Air Distribution Devices

H. Section 23 09 00:  Building Control Systems

I. Section 15960:  Air Flow Control Systems

J. Section 15970:  Building Management Systems

K. Section 23 09 93:  Control Sequences of Operation

L. Section 23 05 93:  Testing, Adjusting and Balancing

1.3 JOB CONDITIONS

A. Coordinate exact sizes and locations of components with the contractor installing the ductwork, temperature controls, and Division 16 work.

1.4 SUBMITTALS

A. Submit a minimum of eight (8) copies of laboratory fume hood control shop drawings, which include the following information:

1. Manufacturer’s catalog data for all components provided and installed for this project.

2. AutoCAD or Visio generated schematic drawings for the entire control system. Drawings shall include a diagram depicting the complete system architecture complete with a communications riser, point-to-point wiring diagrams, all temperature controls, start-stop arrangement for each piece of equipment, equipment interlocks, wiring terminal numbers, and any special connection information required for properly controlling the mechanical equipment. 

3. Software documentation regarding the proposed PC operating system, third party utilities, and application programs, and the proposed application program for the Control Units.

4. Logical and physical diagrams for each channel indicating each node (control devices and ID’s), node address (domain, subnet and group), channel type and router specifications.

5. System color graphics using AutoCAD or Visio generated schematic drawing. Dynamic points, menu icons, commandable points, etc. shall be clearly identified.

6. Identify color conventions proposed for all graphics.

7. Submit temperature control diagrams for each mechanical system served by the HVAC control system. Indicate and tag each input/output served by each control unit or intelligent device. Diagrams shall indicate control device setpoints and ranges.

8. Complete description of control sequences for each system.

B. Provide as-built diagrams and maintenance manuals to the Owner after completion of the project as required in Section 15010, General Provisions. 

1. Control diagrams shall be corrected as necessary to show as-built conditions, including set points and ranges. 

2. Include AutoCAD drawings or Visio files of all generated shop drawings on CD-ROM disks.

3. Provide GUI Software users manual.

4. Include network management software user manual to each tool package provided.

5. Document all maintenance and repair/replacement procedures. Provide ordering number for each system component and supply source. Provide a list of recommended spare parts.

6. Provide documentation of network variables, network node configurations, priority interrupts, node binding, addressing structure, etc.

1.5 QUALITY ASSURANCE

A. Supplier of this Section systems shall be regularly engaged in the production, assembly, and installation of laboratory fume hood control systems and have a proven track record of a minimum of 5 years.

B. Supplier of this Section systems shall assume single source responsibility for the complete installation, calibration, and startup of the fume hood tracking systems. Systems shall be left in a completely automated, fully functioning mode of operation.

1.6 WARRANTY

A. Refer to Section 23 05 00, Common Work Results for HVAC, for warranty requirements. The laboratory air flow control system shall comply with the requirements of that Section, with the added requirement that the equipment and system performance shall be warrantied for a period of three (3) years from the date of final acceptance. 

1.7 PREVENTIVE MAINTENANCE

A. The laboratory air flow control system supplier shall include five (5) years of preventative maintenance (starting at date of final acceptance) on all air flow sensors (e.g. pitot tube, flow cross, orifice ring, air bar, hot wire, vortex shedding, side wall sensors, etc.) and flow transducers provided under this Section. Air flow sensors shall be removed, inspected and cleaned annually during the five year period. The transducer shall be checked and recalibrated annually, even if auto-zero style of transducers. At the conclusion of each annual preventative maintenance inspection, a report shall be turned over to the Owner identifying the work that was completed and identifying any problems and corrective actions taken.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Anemostat Systems Group, Phoenix Controls Corporation Celeris 2, Siemens Building Technologies or approved equal.

2.2 GENERAL

A. Fume hood tracking system shall use closed loop control to continually monitor and adjust the supply, general room exhaust, and fume hood exhaust volumes. Open loop control systems or systems that can control by pressure only are unacceptable and will not be considered.

B. Fume hood tracking system shall use either open or closed loop control to continually monitor and adjust the supply, general room exhaust, and fume hood exhaust volumes. 

2.3 SYSTEMS DESIGN

A. In all cases, systems shall failsafe to a mode that achieves the maximum safety to personnel in the spaces served by the systems.

B. Each individual laboratory shall have a laboratory air flow control system that operates independently of other spaces.

C. Room pressurization control will be accomplished by volumetric flow synchronization (air flow tracking) or by direct space pressure control, or by a combination of both. Unless specifically identified elsewhere, all systems on this Project shall utilize volumetric flow synchronization as the mode of control. Air flows from the supply, general room exhaust, and fume hood exhaust will be measured and controlled to maintain a safe, comfortable, and energy efficient environment.

D. Fume hood face velocity control (vertical rising sash) will be used to maintain a preset adjustable face velocity setpoint. Inputs to the controller shall include sash position and fume hood exhaust air flow, from which the controller will calculate the hood face velocity. The minimum hood exhaust flow turndown ration shall be 5 to 1. 

E. The fume hood exhaust air flow control devices shall respond to a changing fume hood sash opening by achieving 90% of the required value within two seconds, and stable condition within five seconds. The rate of sash movement shall be between 1.0 and 1.5 feet per second.

F. The fume hood exhaust air flow control device shall be automatically switched between in-use and standby levels based on operator presence immediately in front of the hood. A presence and motion sensor shall activate the switching. The response of the air flow device shall be similar to the response for a change in sash position.

G. A pneumatic, normally open, rotary damper motor will drive an exhaust valve as required to maintain the fume hood face velocity setpoint.

H. The volume of the supply air and exhaust air systems will be varied as required to maintain duct static pressure. [***Control of those systems will be by the Temperature Control Contractor, as specified under Section 15960, Air Flow Control Systems, and Section 23 09 93, Control Sequences of Operation.***] [***Air flow volume control of these systems will be the responsibility of the laboratory air flow control system supplier.***]

2.4 EQUIPMENT

A. Hood Interface Module: Equal to Anemostat HMI (Hood Mounted Interface) to provide emergency override, high flow alarm, low flow alarm, hood status lights and audible alarm (95 db at 1 meter). Module designed to fit in a 2 inch by 4 inch (single gang) electrical box and mounted on the face of the fume hood. Connection using phone jack termination. All alarm setpoints shall be fully field programmable as well as the time delay interval prior to alarming. HMI shall also allow high/low sash alarms and limits. All points shall be monitored at the laboratory room control panels and building management system. Alarm and mute functions shall automatically reset when the alarm condition ceases to exist. Alarm annunciation shall be as follows:

1. Normal condition - green LED lighted.

2. Alarm condition - red LED lighted, indicating either:

a. Low face velocity

b. High face velocity

c. Emergency override

3. Caution or control transition: green and red LED flash alternately.

4. Buzzer: energized in any alarm or override condition.

5. Push button functions:

a. Override - Push once

b. Reset to normal operation - Push once

c. Alarm acknowledgement (audible mute) - Push twice (LED remains lighted while alarm condition exists)

6. Alarms shall be transmitted over a building communications network to the supervisory system.

B. Auxiliary emergency override switch: Each laboratory space connected to the laboratory air flow control system shall include a hall mounted emergency override switch, located near the exist door from the space. The switch shall be flush mounted and provided with an engraved label that reads “EMERGENCY VENTILATION – PUSH TO ACTIVATE”. Provide a security cover over switch, similar to Safety Technology International, Inc. model STI 6500 clear cover which requires lifting to activate switch. Provide LED indicator lights to indicate position of switch – “green” for normal and “red” for emergency. Label lights accordingly with engraved labels. The switch position shall be transmitted over a building communications network to the supervisory system.

C. Space and Duct temperature sensors: Refer to Section 23 09 00, Building Control Systems.

D. Pressure Transmitters: Refer to Section 23 09 00, Building Control Systems.

E. Sash Position Sensors: Sash position will be sensed using an industrial quality, rotary position transducer connected to the counterweight system of the hood with a stainless steel cable. The sash sensor shall have an expected life of over 250,000 full height sash openings or closings. A sash sensor shall also be provided for horizontal overlapping sashes.

F. Sash Position Sensor (Through the Wall): Where rotary position transducers cannot be used, and if approved by the Engineer, through the wall flow sensors may be used. These shall be through the wall hot wire flow sensor designed for installation in the upper cavity portion of the fume hood sidewall. Sensor shall be located where room air supply, furnishings, and hood sash will not interfere with its operation and sensing.

G. Presence and Motion sensor: Provided to determine an operator’s presence in front of a hood by detecting the presence and/or motion of an operator. Used to command the laboratory air flow control system form an in-use operating face velocity of 100 fpm to a standby face velocity of 60 fpm, and vice versa.

1. Sensor shall define a detection zone that extended approximately 20 inches from in front of the fume hood. If sensor does not detect presence and/or motion within five seconds, it shall command the system to the user adjustable standby face velocity. When presence and/or motion is detected, it shall command the system to the in-use face velocity.

2. Sensor shall have a control circuit that adapts to its specific surroundings and automatically adjusts for inanimate objects placed within its detection zone. It shall map the area into memory and, after a period of five minutes, nullify the image of the inanimate object and return to a standby mode. If the inanimate object is moved or taken out of the zone, the unit shall automatically re-map the area.

H. Flow Transducers: Accuracy shall be no less than + 0.15% of span (to equal + 5% of signal with a 15 to 1 turndown) over the appropriate full scale range including the combined effects of nonlinearity, hysteresis, repeatability, drift over a one year period, and temperature effect.

I. Laboratory Room Control Panels: Laboratory control panels shall include all control components for the system logic, input signal conditioning, output signal conditioning, power supplied and operator interface. Laboratory control panels shall be located to facilitate maintenance and troubleshooting. Panels shall be of standalone design with the ability to operate the entire laboratory space it serves upon loss of communications from the laboratory network. Each panel shall be fully field programmable, open architecture type. In no case will it be acceptable to mount input or output devices, or system components used for control logic, on the supply variable air volume boxes, general exhaust boxes, or fume hood exhaust boxes. Laboratory control panels shall be located to facilitate maintenance and troubleshooting.

J. Central Processing Unit (CPU): Industrial quality with the following minimum performance parameters:

1. Scan Rate: The time used by the control system to read a sensor value, calculate a control response, and output a signal to the controlled element shall not exceed 1/2 second. If a communications link is used to pass control information, then the communications rate and protocol lag time must still allow the control loop to obtain the 1/2 second scan rate.

2. Input Accuracy: To maintain the accuracy of the pressurization control, the input section of the electronics (A/D converter) shall be at least 12 bits (0.024%).

K. Control Modes: The control system shall incorporate proportional, integral and derivative modes of control. 

L. Air flow controller devices:

1. Microprocessor based and operate using a peer-to-peer control architecture. The room level air flow control devices shall function as a stand-alone network.

2. The room-level control network shall utilize a LonTalk communications protocol.

3. Air flow control shall use closed loop control to regulate the air flow based on a digital control signal. The device shall generate a digital feedback signal that represents its air flow.

4. The air flow control device shall store its control algorithms in non-volatile, re-writable memory. The device shall be able to stand-alone or be networked with other room level control devices using industry standard protocol.

5. The air flow control device shall have provisions to connect to a notebook PC commissioning tool and every node on the network shall be accessible from any point in the system.

6. The controller shall have built-in integral Input/Output connections to address fume hood control, temperature control, humidity control, occupancy control, emergency control, and non-network sensors, switches and control devices.

7. The air flow control device shall meet FCC Part 15 Subpart J Class A, and be UL916 listed.

M. Control Functions: The air flow control devices shall utilize a peer-to-peer, distributed control architecture to perform room level control functions. The minimum control functions included shall be:

1. Pressurization control: Control supply and auxiliary exhaust air flow devices in order to maintain a volumetric offset (either positive or negative). Offset shall be maintained regardless of any changes in flow or static pressure. Offset shall be field adjustable. The pressurization control algorithm shall support the ability to regulate the distribution of total supply flow across multiple supply air flow control devices.

2. Temperature Control: Regulate the space temperature through a combination of volumetric thermal override and control of reheat coils and/or auxiliary temperature control devices. Separate cooling and heating set points shall be writable from the BMS.

3. Humidity Control: Allow the monitoring and control of the relative humidity level in the controlled zone. Configurable deadband adjustment to prevent the humidification and dehumidification control functions from operating as at the same time.

4. Occupancy Control: Ability to change the minimum ventilation and/or temperature control setpoints, based on the occupied state. May be set either by the BMS as a scheduled event, or through the use of a local occupancy sensor or switch. System shall support a local occupancy override switch that allows a user to override the occupancy mode and set the space to occupied for a predetermined interval. The local occupancy sensor/switch or bypass switch shall be given priority over a BMS command.

5. Emergency Mode Control: Provide a means of overriding temperature and pressurization control in response to a command. The emergency control mode may be initiated either be a local contact input or BMS command.

6. Local Alarm Control: Direct alarms to BMS.

7. Fume Hood Control: Provide the following information to the BMS:

a. Commanded air flow value.

b. Sash position value.

c. User presence signal.

d. Flow feedback signal.

e. Alarm signals.

N. Interface to Building Management System (BMS):

1. All points shall be available through the interface to the BMS for trending, archiving, graphics, alarm notification and status reports.

2. The required software interface drivers to the BMS shall be developed and located in a dedicated interface device furnished by the laboratory air flow control system supplier.

3. The building level network shall be a high speed LonTalk (1.25 mbps) communications protocol. 

O. Supply Variable Air Volume (VAV) Boxes: Furnish VAV boxes as shown on the drawings and specified under Section 23 37 13, Air Distribution Devices. Controls for the VAV box shall be located in the laboratory control panel for ease of adjustment, calibration, and troubleshooting.

P. Supply Box Reheat Coils: Furnish reheat coils as shown on the drawings and specified under Section 23 37 13, Air Distribution Devices.

Q. General Room Exhaust Valves: Furnish general room exhaust valves as shown on the drawings and specified under Section 23 37 13, Air Distribution Devices. Controls for the exhaust valves shall be located in the laboratory control panel for ease of adjustment, calibration, and troubleshooting.

R. Fume Hood Exhaust Valves: Furnish fume hood exhaust valves as shown on the drawings and specified under Section 23 37 13, Air Distribution Devices. Controls for the exhaust valves shall be located in the laboratory control panel for ease of adjustment, calibration, and troubleshooting.

S. All air flow control devices shall be provided with controllers, whether used for constant position or variable position.

2.5 SEQUENCES OF OPERATION

A. Refer to Section 23 09 93, Control Sequences of Operation.

PART 3 - EXECUTION

3.1 INSTALLATION

A. The laboratory air flow control manufacturer shall be responsible for ensuring that the control system is installed and operates properly as intended and designed. 

B. The Sheet Metal Contractor shall be responsible for the installation of the supply VAV boxes, fume hood exhaust valves, general exhaust valves, air flow sensing stations and any other devices to be installed in the air streams.

C. The Sheet Metal Contractor shall be responsible for installing duct access doors at each air flow sensor where it is impractical to remove the air flow sensors for servicing.

D. The Temperature Control Contractor shall be responsible for the mounting of the control panels, wiring the field sensing and interface devices, providing a source of clean, dry, control grade 20 psig air as required, providing appropriately sized and fused 24 Vac transformers suitable for NEC Class II wiring, and all other miscellaneous installation as required for a complete and functioning system. The laboratory control manufacturer shall provide detailed control schematics to the TCC for use in preparing field installation drawings. The TCC shall provide all electrical wiring, pneumatic tubing and miscellaneous installation hardware in addition to labor. The TCC shall utilize cables specifically recommended by the laboratory air flow control supplier.

E. The laboratory control system supplier shall be responsible for the mounting of the control panels, wiring the field sensing and interface devices, and all other miscellaneous installation as required for a complete and functioning system. The laboratory control manufacturer shall provide detailed control schematics and prepare field installation drawings. Provide all electrical wiring, pneumatic tubing and miscellaneous installation hardware in addition to labor. The Temperature Control Contractor shall provide a source of clean, dry, control grade 20 psig air as required.

F. The Division 16 contractor will provide a 120 vac power receptacle for each laboratory control panel.

G. The laboratory control manufacturer shall send the fume hood interface modules and sash position sensors to the successful fume hood supplier for mounting at the fume hood manufacturer's factory. Provide detailed mounting schematics.

3.2 MINIMUM QUANTITY OF LABORATORY ROOM CONTROL PANELS

A. Provide a minimum of one (1) laboratory room control panel for each of the following identified areas:

3.3 SYSTEM START-UP

A. All point to point terminations, setpoint adjustment and calibration, system start-up, and final calibration shall be performed by, or under the direct supervision of, factory trained and authorized field engineers.

B. Each fume hood system shall be calibrated and tuned to provide safe, efficient, fail-safe operation. Sash position sensors shall be calibrated for sash area, flow transducers shall be calibrated for zero and span, and control loops shall be tuned for each mode of proportional, integral and derivative control. All dampers, damper operators, flow sensors, etc., shall be checked for proper operation. Alarm systems and fail-safe modes shall be checked for each and every device.

C. Each tracking system shall be calibrated and tuned to provide fail-safe, efficient operation. Flow transducers shall be calibrated for zero and span, the control loop shall be tuned for each mode of proportional, integral and derivative control. All dampers, damper operators, flow sensors, etc., shall be checked for proper operation. The flow volume control system shall be run through its entire range and calibrated as required to linearize the output. Alarm systems and fail-safe modes shall be checked for each and every device.

D. The laboratory air flow control system supplier shall work closely with the balancing contractor to ensure proper air distribution in the HVAC system. The balancing contractor shall coordinate the work of the hood and tracking systems supplier with the hood certification testing and the HVAC balancing. It is imperative that the methods of testing air flow at the hoods are known and understood by all parties involved. Where there is a conflict as to proper methods to use for balancing, the Engineer shall have the final say.

E. The Balancing Contractor shall be responsible for providing cfm versus signal data to the laboratory fume hood control system supplier, who will then generate cfm versus signal air flow charts for each box. This data shall be provided to the Owner as a part of the Operation and Maintenance manuals.

3.4 DOCUMENTATION AND TRAINING

A. The laboratory air flow control supplier shall provide all the documentation and training necessary so that the Owner can be capable of operating and maintaining the control system.

B. Provide three (3) days of onsite training to personnel designated by the Owner. Training is to include: systems operation, troubleshooting, instrument calibration, alarm handling and system reconfiguration.

C. Provide five working days of training for three (3) people, of the Owner's choosing, at a factory training site. Transportation, lodging and meals expenses will be at Owner’s expense. The training presented shall be the same training that the factory field engineers receive.

D. Documentation shall consist of dimensional data for control panels, supply boxes, exhaust valves, flow measuring sensors, etc.  Control schematics, equipment sizing, instrumentation data sheets and Sequences of Operation shall be included.

3.5 COMMUNICATIONS NETWORK

A. Provide a 56K baud modem with the system to permit offsite monitoring.
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