SECTION 15992 -C
LABORATORY AIR FLOW CONTROL SYSTEM AND PREFORMANCE REQUIREMENTS

(AS A PART OF THE TOTAL LABORATORY AIR FLOW CONTROL SYSTEM)

Part 1   GENERAL

Drawings and general provisions of Contract, including General and Supplemental Conditions and Division-1 Specification, apply to work of this section.

1.01. SYSTEM DESCRIPTION AND PREFORMAnce REQUIRED

A. Provide a laboratory air flow control system (LAFCS) for application with a vertical rising, constant face velocity, variable air volume (VAV) fume hood engineered, designed and manufactured to achieve maximum emission capture containment within the fume hood at any sash opening for optimal user safety performance, when installed as a part of a Total Laboratory Air Flow Control System (Total LAFCS)

B. LAFCS shall include VAV room supply control valves complete with electric, hot water or steam reheat elements. 

C. LAFCS exhaust and supply controls shall be capable of off set flow tracking based on a fixed offset to achieve the following:

1. Supply flow set less then room exhaust to produce a pressure negative space relative to adjacent spaces to ensure infiltration into the space at all times.

2. Exhaust flow set less then room supply to produce a pressure positive space relative to adjacent spaces to ensure exfilteration from the space at all times.

D. LAFCS control system basis shall be digital Programmable Automation Controller (PAC) programmed and incorporating closed loop control for each air supply or exhaust valve serving a function in the room.  Air valves shall be single bladed damper type furnished integral with a flow cross or flow diamond orifice type flow sensor in a “VAV box” assembly.  VAV boxes shall be used for fume hood exhaust flow control with hood sash position, room exhaust flow control based on thermostat control, and room offset flow tracking based on room and hood exhaust summed mass flow reset.  Features of the PAC shall satisfy the following minimum requirements.

a. 32 Bit Ethernet Controller, 100 Mbits, 512K programmable memory, 128 K memory retention, with operating system capable of multi-tasking complex control 
b. Direct access via LAN or WAN with communication and diagnostics via standard IT connection

c. Standalone solution for complex tasks to include control, monitoring, data and trend logging, RTU, and communications. 

d. Fast process data exchange with user programmable visualization capabilities, (soft) PLCs, allowing office application or interoperable communications with other field devices via standard application protocols Modbus/TCP, EtherNet/IP, PROflnet  or BACnet

e. Distributed control network via decentralized resources in the controller

f. Open programming of user protocols  (HTTP, UCP, TAP, SOAP and others)

2. Integrated control system shall include but not limited to VAV boxes, pneumatic or electronic air valve actuators, reheat coils for supply VAV boxes, analog electronic differential pressure transmitters for orifice type element sensing, string potentiometer type sash position sensors, electronic to pneumatic transducers (E/Ps) for VAV box damper positioning, electronic temperature sensors, pneumatic tubing and wiring to yield a complete functional laboratory airflow control system.
3. System shall be expanded to include component-oriented automation based on open standards to include control functions such as
a. HVAC functions to include temperature, humidity, fan,

b. Security and alarm functions 

c. Industrial and process controls and other automated function. 

4. System shall be capable of inclusion of the following indicator and alarm functions

a. Hood performance indication and alarm  to include

1) Local indication and alarm functions

i) Transitional function with sash repositioning

(a) If the differences  in flows between setpoint and metered flow is less then 10%, indicate green with not alarm

(b) If the differences in flow between setpoint and metered flow is greater or equal to 10% but less then 20%, indicate yellow and no alarm

(c) If the differences in flow between setpoint and metered flow is greater then 20% indicate red 

ii) Steady state with alarm condition lasting 20 seconds or more in length 

(a) If the differences in flow between setpoint and metered flow is greater or equal to 10% but less then 20%, indicate yellow and no alarm

(b) If the differences in flow between setpoint and metered flow is greater then 20% indicate red 

(c) Alarm silenced locally on the hood or automatically reset when controls self reset.

iii) Indicator/display of calculated inferential fume hood face velocity with toggle to indicated metered hood exhaust flow, with units in fps or mps and cfm or cubic m/min., audible alarm and light indicator mounted on each hood.

iv) Visual and audible alarm mounted in close proximity of the fume hood for indication of an abnormal (high or low flow) situation.

2) Remote indication and alarm functions

i) Indicator/display of calculated inferential fume hood face velocity with toggle to indicated metered hood exhaust flow, with units in fps or mps and cfm or cubic m/min., audible alarm and light indicator mounted on each hood.

ii) Steady state with alarm condition lasting 20 seconds are logged and reported  

(a) If the differences in flow between setpoint and metered flow is greater or equal to 10% but less then 20%, indicate yellow and no alarm

(b) If the differences in flow between setpoint and metered flow is greater then 20% indicate red 

iii) Email transmission of problem alarm to targeted hood users, EH&S safety personnel, and facilities maintenance and operating personnel

b. Status of Switches

1) Status of (on/off) laboratory exit door purge switches
2) Status of sash opening to include position and flow 
3) Status of under sash safety switch (on/off)
4) Status of pad safety switch (on/off)
E. Control loop configurations for fume hood exhaust, room exhaust, and supply control loops shall exhibit or be capable of exhibiting 
1. PID closed loop control with adjustable P, I and D gains with each control loop tuned to accomplish the following minimums 

a. Processor control loop response speed of 0.1 seconds or less when serving ten or less individual control loops with one PAC (time measure from beginning of a step input feed back signal, through PID control loop calculation to conclusion of time associated with output reset signal transmission from the controller) 

b. Integrated (inclusive of all sensor and transmitter elements to include E/P needed for damper positioning) control loop time response to a step input change 2 second or less with  
c. Accuracy and repeatability of PAC relative to the same input signal: ± 0.2% of reading
d. Precision of the integrated control loop: ± 1.5% 

e. Integrated control loop stability when tuned: exhibiting less then a +5% overshoot and achieving ± 1.5% of final set point in less then 2 seconds when subjected to a full step change in process set point.   

f. System static pressure independent VAV box control based on metered volumetric air flows 

1) VAV box and orifice type flow metering elements designed and built to be unaffected by upstream supplying or exhausting duct connections, allowing box installation independent of orientation

2) VAV box dampers furnished with electronic or pneumatic actuation, providing failsafe operation with pneumatic actuation.

g. Anti fouling air train, valve and fan scroll design guaranteed by installation of stainless steel screens in the fume hood or by use of perforated plate element in Total LAFCS hood applications.
2. PAC must be capable, when no additional sensor or actuator actions are required, of being reprogrammed to allow controller function in modes other then PID to include

a. Network enabled interdependent control 

b. Multi-variable sample data step control

c. Other control algorithm, linear or not linear, that can function within the controller

3. Remote Programming - PAC must be capable of remote or allow download and servicing via the internet either directly through the owner’s network or via use of VNC or similar remote desktop application software with a laptop equipped wireless broadband coverage (Wi-Fi, Bluetooth, satellite coverage if available) or other access where required.     

4. LAFCS as part of Total Laboratory Airflow Control System (Total LAFCS)
a. When LAFCS is included as the as a part of the TOTAL LAFCS, TOTAL LAFCS must provide the capture containment ventilation system performance established and defined in Section 15992 -Variable Air Volume Fume. 
b. When LAFCS is installed but with installation lacking elements associated with TOTAL LAFCS, LAFCS shall perform to meet the control response times associated with the LAFCS integrated system when provided with pneumatic air valve actuators. 

1.02. RELATED WORK SPECIFIED ELSEWHERE

A. Division 11
Laboratory Equipment 

B. Division 12
Laboratory Case Work

C. Division 15 
Plumbing and exhaust Duct work
D. Section 15920 
Sequences of Control

E. Section 15990-A 
Laboratory Air Flow Control System (LAFCS) and Performance Specification (as part of a TOTAL LAFCS)


F. Section 15990-B
Vertical Rising Hood Sash Positioning System and Performance Specification (as part of a TOTAL LAFCS)

G. Division 16
Electrical Fitting and Connections

H. Division 16
Field Installed Electric Wiring

1.03. REFERENCE CODES AND STANDARDS - LATEST REVISIONS

A. ANSI/ASHRAE 90A - Energy Conservation in New building Design 
B. ANSI/ASHRAE 110 Standard for Testing Performance of Fume Hoods, Latest Revision

C. ANSI/AIHA Z9.5 Laboratory Ventilation, Latest Revision 
D. ASTM-E-84: Standard Test Method for Surface Burning Characteristics of Building Materials
E. International Mechanical Code, 2003 or latest revision
F. NFPA 45 - Fire Protecting for Laboratories Using Chemicals, latest revision

G. SEFA 1-2005 Laboratory Fume Hoods
H. SEFA 2.3-1997 Installation of Scientific Laboratory Furniture and Equipment
I. SEFA 8-1999 Laboratory Furniture, Casework, Shelving and Tables
J. UL 508 - Industrial Control Equipment
K. UL 1805 - Laboratory Hoods and Cabinets
L. UL 3101 - Underwriters Laboratories
1.04. SUBMITTALS

A. Submit shop drawings under provisions of Section 01300:  Indicating components, assembly, dimensions, weights and loadings, required clearances, and location and size of field connections. Indicate power, control wiring and pneumatic services and suggested routing of these services to termination devices required for complete system. 

B. General product data - Submit under provisions of Section 01300:  Submit product data indicating rated capacities, weights, specialties and accessories. 

1.05. DELIVERY, STORAGE, AND HANDLING 

A. Manufacturer shall deliver products to site under provisions of Section 01600.

B. Owner or receiving contractor shall store and protect products under provisions of Section 01600. 

C. Comply with manufacturer's installation instructions for transporting and unloading of units. 

D. Owner or receiving contractor shall protect units from physical damage until installation.

E. Comply with manufacturer's piping, wiring and panel installation instructions. 

1.06. WARRANTY

A. The complete unit shall be covered by a parts warranty during the first year of operation.  This warranty period shall start on the date of start-up or six months after the date of shipment.

B. Labor warranty during the unit’s first year of operation shall be provided by the installing contractor.

Part 2   PRODUCTS 

2.01. Construction and Design - All controls, instrumentation, and accessories provided have been designed to meet sustained LAFCS requirements and able to withstand daily use in laboratory settings for a minimum of 10 years if properly maintained.
2.02. Instrumentation, CONTROLLers, and Accessories

A. Programmable Automation Controller (PAC) 
1. PAC Digital Controller

a. 32 bit cased CPU capable of multi-tasking 

b. Minimum of 100 Mbit/s Baud rate and 512K programmable memory 

c. Battery backed real-time clock

d. Normal operating temperature: 32 ºF to +104 ºF

e. 24 VDC Operation

f. Accuracy: +/- 0.2%

g. Analog Inputs, 12 bit minimum resolution

1) 4-20 ma

2) 0-20 ma

3) 0-10V 

4) RTD

5) Thermocouple

h. Analog Outputs, 12 bit minimum resolution

1) 4-20ma

2) 0-10V

i. Digital Inputs

1) DC 5V,

2) AC/DC 24V  

3) AC 120V

j. Digital Outputs

1) DC 5V, output max 20mA

2) DC 24V, output max 0.5A

k. Other I/O functions required by owner’s processes and control goals
2. Mount PAC in panels or other protected enclosure

B. Hood Performance Indicator
1. shall be configured for Modbus slave and have an RS-485 interface

2. shall have 3 color backlit LED screen of green, orange, and red 
3. configured to display PAC process information  
4. touch screen user interface 

5. optionally configured with keypad for user restriction
Part 3   Execution
A. Instrumentation

1. Digital Temperature Sensor 
a. Input power: DC +5V

b. Output Signal: 4-20mA over range of +34 ºF to +104 ºF

c. Accuracy: ± 0.36ºF 
2. Spring loaded Recoil Reel, Sash Position Transmitter

a. Input Power: 10 V DC

b. Output Signal: 0-10V DC

c. Accuracy: ± 3%

d. Linearity: ± 0.1% across range
e. Normal Operating Temperature: +32 ºF to +104 º

3. Electronic to Pneumatic Transducer

a. Input Power: + 24 V DC, 120 mA max.

b. Input signal: 0-10V DC

c. Output signal: 0-15 psig, 

d. Supply pressure: 18-20 psig laboratory grade
e. Normal Operating Temperature: +32 ºF to +104 ºF

f. Speed of response with 20 psig main pressure: 0.05 seconds

4. Presence Sensor

a. Input Power: AC/DC 12-24V, ±10%

b. Power Consumption: 2VA or 80mA max.

c. Detection Method: Floor Reflection method, Active Infrared

d. Normal Operating Temperature: 32 ºF to +104 ºF

e. Max Installation Height: 9ft

f. Presence Timer Setting: 2, 15, 60 sec & infinity

g. Response Time: 0.01 seconds

5. Presence Sensor Matt Switch
a. Input Power: 24 vdc

b. Force Actuation: 7 psi at any point

c. NEMA 4

6. Interference Detection Tape Switch
a. Input Power: 24 vdc

b. Force Actuation: 24 oz max.
7. Differential Pressure Sensor/Transmitter

a. Input Power:  24Vac, 3.5mA

b. Input Pressure: 0-1 inches WC ( other ranges available)

c. Output: 0-5.0 V DC

d. Repeatability: ± 1% of full scale

e. Response Time: 0.01 seconds

f. Normal Operating Temperature: 32 ºF to +104 ºF

B. Room and hood mounted emergency switches 

1. Emergency Purge Switch is designed to activate purge sequence in laboratory. Switch shall have “Emergency Purge” labeled on switch with lettering in white on red background. Switch shall be located at every door in laboratory that is path of egress. Contact shall be normally closed during normal lab operation with rating of NEMA A600.

2. All other toggle, dip, or momentary switches shall have a NEMA rating of 4

C. Accessories

1. Pneumatic Tubing:   1/4 inch OD Polyethylene Tubing NFPA90A Flame-retardant.  Single tube for actuators and Twin tube for velocity pressure signals.   
2. Low Voltage Wiring:  NEC Class 2 or 3, Type CL2, CL3 or NEC permitted substitution, 22 AWG stranded copper.  Cable shall be listed as being suitable for general-purpose use, with the exception of risers, ducts, plenums, and other space used for environmental air, and shall also be listed as being resistant to the spread of fire.

3. Control Panels:  NEMA I enclosure, surface mounted with plastic engraved nameplate and common key lock

D. Supply and Exhaust Variable Air Volume Terminal Units
1. The entire terminal unit shall be designed and built as a single unit, incorporating single bladed damper and flow measuring station into design. The units shall be provided with a primary variable air volume damper that controls the air quantity in response to flow signal. 

2. Fume hood VAV exhaust air valves shall incorporate
a. pneumatic or electronic air valve damper actuators configured normally open (NO) with spring return if electronic. 
b. Integral transverse orifice type flow induced equipped with differential pressure transducer matched to the anticipated flow range of the orifice type flow diamond or cross
c. Provided in galvanized, stainless or epoxy coated galvanized steel.

3. Room supply VAV box with externally insulated reheating element integral to and installed with the device shall incorporate

a. pneumatic or electronic air valve damper actuators configured normally open (NC) with spring return if electronic.
b. Integral transverse orifice type flow induced equipped with differential pressure transducer matched to the anticipated flow range of the orifice type flow diamond or cross

c. Provided in galvanized, stainless or epoxy coated galvanized steel

3.02. Sequence of Controls

A. Single or multiple vertical rising sash equipped fume hood.

1. The instantaneous average inferential face velocity across fume hood sash opening shall be controlled to 100 feet per minute, ± 5 feet per minute, within in two seconds or less after sash movement has ceased.
a. A spring loaded recoil reel, sash position transmitter shall be used to sense sash opening.

1) If single vertical rising sash is used, string potentiometer sash be used to determine sash opening

2) If multiple vertical rising sashes are used, multiple potentiometers shall be used with the PAC summing the net sash opening sensor shall output a signal linearly proportional to sash opening to the PAC for exhaust flow control.

b. The PAC shall receive the sash opening signal and determine set point exhaust flow required from the hood to maintain average sash face velocity of 100 feet per minute.  The PAC shall simultaneously received VAV box flow induced orifice type differential pressure signal, calculating metered hood exhaust flow and compare the metered hood exhaust flow with the sash determined set point flow.

c. The PAC, through an E/P if pneumatic actuator is use, shall transmit a metered hood exhaust flow signal to modulate the hood exhaust flow to match the set point flow signal from the sash position sensor, throttling hood exhaust flow with damper position to achieve set point hood exhaust flow.

2. Controlled Room exhaust flow control.
a. PAC shall receive a controlled room exhaust flow signal

1) If controlled room flow set-point signal is from the room thermostat, PAC shall adjust room flow exhaust flow through the room exhaust box until the thermostat setpoint signal is satisfied.  

i) Room exhaust VAV box control through the PAC shall increase or decrease room exhaust flow while concurrently increasing or decreasing room supply make up air flow and while concurrently modulating the supply box reheat to satisfy room thermostat control.

2) If constant room air volume is required, PAC shall monitor room supply flow while continually summing the room and fume hood exhaust flows.

i) As flow through any fume hood is increased or reduced, PAC shall modulate room exhaust flow to maintain room supply flow constant.

ii) Room thermostat shall independently modulation of supply VAV box reheat control to maintain room temperature set point.

iii) If multiple vertical rising sashes are used, multiple potentiometers shall be used with the PAC summing the net sash opening sensor shall output a signal linearly proportional to sash opening to the PAC for exhaust flow control.

B. The PAC shall receive the sash opening signal and determine set point exhaust flow required from the hood.  The PAC will simultaneously received VAV box flow induced orifice type differential pressure signal, calculating metered hood exhaust flow and compare the metered hood exhaust flow with the sash determined set point flow

3.03. APPROVED MANUFACTURERS:

A. Programmable Automation Controllers

1. WAGO Series 750-800 PAC

2. Allen Bradley PAC, Control Logic or equal 

B. VAV Boxes and Room supply Terminal Units 
1. Nailor VAV exhaust air valves
2. Nailor VAV supply terminal units 
3.04. Site Examination

A. The owner and/or his representative shall certify building conditions conducive to the installation of a finished goods product, including all critical dimensions.

3.05. INSTALLATION

A. Preparation: Prior to beginning installation of the laboratory airflow control system, check and verify that no irregularities exist that would affect quality of execution of work specified

B. Coordination:  Coordinate the work of the Section with the schedule and other requirements of other work being preformed in the area at the same time both with regard to mechanical and electrical connections to fume hood and general construction work

C. Performance: Guaranteed by trend logging of the process data with time responses analyzed on metered control loop step response data via an Excel spread sheet.
D. Install all system components in accordance with the manufacture’s recommendations and as shown on shop drawings. Install sensor control and monitoring wiring in accordance with Division 16 requirements. Do not install any damaged units.

E. Protection: 

1. Provide reasonable protective measures to prevent casework and equipment from being exposed to other construction activity

2. Advise owner and/or his representative of procedures and precautions for protection of material, installed laboratory casework and fixtures from damage by work of other trades

3.06. DEMONSTRATION TESTING  

3.07. USER TRAINING

A. Upon completion of the installation of the laboratory air flow control system, Manufacturer must conduct a training seminar for the Owner’s users at the job site discussing proper operation. Training session must be at least one day in length, not including a question and answer session. Training session must be scheduled within 30 days on completion of the installation.
END OF SECTION
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