E:\15990- TOTAL Laboratory Air Flow Control System Sequence.doc

SECTION 15990
AUTOMATIC CONTROL SEQUENCES
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 

A. Control Sequences are defined as the manner and method by which automatic controls shall function. Requirements for each automatic control by type of operation are specified herein.

B. Operating equipment, devices and system components required for automatic control systems are specified in other Division 15 sections. 

1.02. RELATED WORK SPECIFIED ELSEWHERE

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


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

C. Section 15990-C
Variable Air Volume Fume Hood and Performance Specification (as a part of a TOTAL LAFCS)  

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. 

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

C. Submit manufacturer's installation instructions under provisions of Section 01300.

D. Quality control submittals:  Design data, operation and maintenance. 

1. Submit operations data under provisions of Section 01700.

2. Include start-up instructions, maintenance data, parts lists, controls, and accessories. Include troubleshooting guide. 

3. Submit maintenance data under provisions of Section 01700. 

Part 2   PRODUCTS (not applicable to this section)

Part 3   EXECUTION

3.01. Ganged Exhaust fan and Exhaust System Static Pressure Control (TYPE Q)

A. Exhaust fan VFD shall vary fan speed to maintain negative static pressure in the exhaust duct system at the control point where the duct system static pressure transducer sensor is installed.
B. LAFCS PAC shall continually examine the duct system static pressure against its setpoint to maintain the setpoint pressure in the duct, modulating the speed of the VFD serving the fan motor to increase or decrease the fan rational speed necessary to maintain the exhaust duct negative setpoint pressure level. 

3.02. Fume Hood Constant Infrential Face Velocity Control (TYPE A)

A. PAC maintains fume hood inferential face velocity constant by modulating damper D-1 in the hood exhaust in direct proportion to the hood sash opening signal determined by spring potentiometer (SP-1) to produce and maintain constant fume hood face velocity at any hood sash opening.

B. The voltage output signal from spring loaded recoil reel string potentiometer (SP-1), when supplied a regulated dc power supply, produces and transmits to the PAC a 0-10 vdc signal linearly proportional to the fume hood sash opening.

C. PAC calculates needed hood exhaust set point flow (cfm) based on SP-1 hood sash position, hood width and set point face velocity (SPFV typical 100 lfpm).
D. Differential pressure transducer (DP-1) connected to flow diamond (FM-1) installed and as a part of the fume hood exhaust valve assembly, senses flow induced differential pressure across FM-1, transmitting a 0-10 vdc signal to PAC.

E. PAC receives DP-1 transducer signal and calculates metered hood exhaust flow, compares this to sash position set point flow to modulate and control D-1 making metered hood exhaust flow equal set point flow based sash opening and SPFV.

F. Dc voltage output control signal from PAC is transmitted to electronic to pneumatic (E/P-1), and with E/P- 1 supplied with a regulated 20 psig main air, E/P-1 transmits a pneumatic control signal to actuator A-1 to modulate and maintain the position of damper D-1. 

G. PAC, on the basis of continuously monitored flow signal and calculated fume hood face velocity, transmits performance signal to Hood Performance Indicator (HPI) mounted on the fume hood face continually displays either (toggled) hood calculated face velocity or hood set point exhaust flow. Continuous hood exhaust operation status is indicated through the lighting of green, yellow or red LEDs and if PAC cannot achieve and maintain set point exhaust flow within error or time response limits, HPI activates an audible alarm, user silenceable and automatically self with restoration of proper PAC control.    

3.03. Ganged AHU SUPPly fan and Supply System Static Pressure Control (TYPE Q)

A. AHU supply fan VFD shall vary fan speed to maintain positive static pressure in the supply trunk duct system at the control point where the duct system static pressure transducer DP-1 is installed.
B. PAC shall continually examine the duct system static pressure against its setpoint to maintain the setpoint pressure in the duct, modulating the VDF serving the AHU motor to increase or decrease the fan rational speed necessary to maintain the supply duct positive setpoint pressure level.
3.04. ROOm Supply Air flow synchronization and Control 

A. LAFCS PAC shall receive and sum all fume hood and room exhaust flows associated with the room, and in a closed loop operational mode configuration, adjust, maintain and slaved room supply flow at a fixed constant differential offset room make up air flow rate maintained by throttling supply rate with  throttling supply air damper D-2.
B. Space pressure control sequence of operation shall continue to control general exhaust air damper D-3 and override supply air damper D-2 as required to maintain a negative space pressure (P2 - P1), defined by the hood exhaust flow by modulation of D-1 in the hood exhaust VAV box in parallel with the synchronized room supply air flow rate.  

C. The LAFCS PAC through the metered hood exhaust feedback flow signal shall continuously modulate D-1 to maintain setpoint flow according to the SP-1 signal.  D-1 shall increase hood exhaust flow until hood maximum air flow limit set by SP-1 is satisfied.

3.05. Room heating and Cooling

A. Reheat V-1 shall be under the control of room thermostat T-1 based on the following cooling or heating mode of operation
1. Cooling: 
a. AHU cooling coil controller shall maintain AHU leaving air temperature at 55ºF.  For maximum cooling, room supply air at 55ºF shall be delivered to the room through the supply VAV box.
b. As the call for cooling is satisfied, room thermostat T-1 shall modulate the reheat valve V-1 from its closed position to an open position, increasing the temperature of the air being supplied into the room.
2. Heating:

a. The temperature of the air being supplied into the room shall continue to increase with a continued call from room thermostat until reheat valve V-1 is in it full open position
3. Optional Added Room Cooling Modes #1 and #2: With a continued room thermostat T-1 call for room cooling and with reheat valve V-1 fully closed, T-1 through LAFCS PAC shall:

a. Option #1- Modulate the room exhaust VAV box to increase net room exhaust flow, allowing slaved room makeup supply flow to increase until room T-1 is satisfied.  As T-1 is satisfied, net room exhaust and additional cooling air supplied into the room at 55ºF shall decrease.
b. Option #2 - Absent any room exhaust VAV boxes, increase net hood exhaust by resetting inferential fume hood face velocities upward by a fixed percentage (over-ride reset not to exceed + 10%) to increase net hood exhaust flow, allowing slaved room makeup supply flow to increase until room T-1 is satisfied.  As T-1 is satisfied, hood face velocities on hood shall be reset downward to base set point, decreasing net hood exhaust flow and additional cooling air supplied into the room at 55ºF shall decrease.
3.06. Fume Hood FIRE Purge

A. With activation of an internally mounted hood “heat switch”, the LAFCS PAC serving the fume hood(s) of incidence shall take over ride control of the hood(s)’ exhaust flows by modulation of D-1 in the hood exhaust VAV box to its full [flow or open] position.
B. LAFCS PAC shall concurrently take over ride control of room supply VAV box supply air flow(s) by modulation of D-2 in the room supply box to its full [flow or closed] position. 
C. Upon deactivation of the switch, LAFCS PAC shall resume hood and room flow controls to their previously control states.
3.07. Room Emergency Purge

A. With activation of wall mounted emergency purge switches, LAFCS PAC serving the fume hoods in the room of incidence shall take over ride control of the hoods’ exhaust flows by modulation of D-1s in the respective hood exhaust VAV box to their [full flow or open] position. 
B. LAFCS PAC shall concurrently take over ride control of room supply VAV box supply air flows by modulation of D-2s in the room supply boxes to their [full flow or closed] position. 
C. Upon deactivation of the emergency switch(es), LAFCS PAC shall resume respective hood and room flow controls to their previously control states.
3.08. Sash Closure Control

A. SPs Performance 

1. Sash Opening Control
a. Option #1- Manual operations 
1) Power to the motor shall remain off

2) Magnetic clutch shall remain disengaged

b. Option #2 – Automatic sash opening

1) Starting in a closed sash position, when activated by user presence motion sensor mounted on the front fume, hood shall activate the sPs electronic controller to operate the electronic motor in the motor box assembly.

2) Magnetic clutch for motor drive shall engage.


3) Upward sash movement shall be initiated and shall continue at a fixed rate until voltage signal from the string potentiometer sash positioning sensor, through the controller, disengages power to the sPs drive motor.
4) Magnetic clutch for motor drive shall disengage.
2. Automatic Sash Closure

a. With departure of the user in front of the fume hood, starting from any sash open position, user presence is no longer detected and after a delay, the sPs electronic controller actives to

1) Engage the magnetic clutch for motor drive assembly.

2) operate the electronic motor in the motor box assembly.

3) Downward sash movement is initiated and continues at a fixed rate until voltage signal from the string potentiometer sash positioning sensor, through the controller, at the sash closed position disengages power to the sPs drive motor.
4) Magnetic clutch for motor drive shall disengage.
b. Under sash tape switch interrupt [optional]  - Downward sash motion interrupts and sPs decoupled control

1) Interrupt by under sash safety sensor is accomplished when the sash motion stops

a) Motor power is disengaged

b) Magnetic clutch for motor drive disengages

c) Alarm is triggered, with user override silence control 

2) Removal of the obstruction and upward movement of the sash reset the control circuit. 

c. Pad Switch disable in front of the hood [optional] - sPs controller is disabled by pad switch in front of the fume hood
1) As an added safety device, when a pad switch is installed in front of the fume hood, sPs will not activate as long as switch is closed.
2) Switch closure is caused by human or object weight applied to the pad switch with weight removal required before sash closure sequence can begin.

B. SSa Performance - User manually opens and closes the Sash
1. When the sash is open and the user exits the user presence sensing zone 
a. Controller receives a signal that no user is present

b. Controller also receives a signal from string potentiometer indicating sash open. between Controller activates an audible alarm that remain active until user silenced or sash is closed.

c. Alarm is silenced and controller rest with full sash closure.

2. Alarm sounds only when sash is open and no user presence is sensed before the sash opening.

END OF SECTION
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