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MAUTO-FLOW

Sequence of Operation

Application #1: Single Bench Fume Hood
General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LEDs capable of displaying current hood
operating status in up to three different
conditions

e audibleaarm

e audible alarm silence key

* key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator

interface as well as data/alarm logging and storage.

The controller functions as a stand-alone unit for all

hood control aspects so that a falure of the

communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood and perpendicular to the sash
opening using the air foil pitot method. The controller
executes a process loop using proportional, integral,
and derivative control action. The face velocity
reading is the measured variable for the controller’'s
PID loop. The setpoint for face velocity is usually set
as 100 feet per minute, and is adjustable either locally
or remotely. The controller's PID output is calculated
by the controller software providing an equal

Velocity Unsafe
Table1 Velocity Low
Velocity High

percentage control output to the fume hood exhaust
damper. The fume hood exhaust damper is positioned

<80 FPM or >120 FPM
<90 FPM
>110 FPM
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as required by the controller with an electronic
damper actuator. The damper actuator incorporates
internal feedback for positive positioning. The
controller executes its control loop twenty times per
second. When face velocity fals below the desired
setpoint the controller modulates the normally open
fume hood exhaust damper toward the open position.
If velocity continues to fall below setpoint, the
controller generates alocal alarm (as described in the
aarming section) after an adjustable time delay.
When face velocity rises above the desired setpoint
the controller modulates the normally open fume
hood exhaust damper toward the closed position. If
velocity continues to rise above setpoint, the
controller generates alocal alarm after an adjustable
time delay.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood. Such
devices wusually consist of emergency panic
pushbuttons located at the exits of a space. Initiation
of either device positions the hood exhaust damper to
an user-defined fixed position. In this mode the
controller display indicates that the hood is in
emergency mode while the audible alarm sounds and
the red LED pulses. Clearing this mode requires that
the controller display’s enter key be pushed if the
condition isinitiated locally.

Alarming

The controller has the ability to initiate alarms both
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm



Sequence of Operation

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display's red LED and the
audible alarm pulse. Audible alarms can be silenced
by pressing the silence key on the controller’s display
module. This key does not cancel the alarm condition
but does silence the alarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote alarm light that
mimics the operation of the built-in audible alarm.

Laboratory and Fume Hood
Controls Engineering Guide
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MAUTO-FLOW

Sequence of Operation

Application #2: Single Walk-in or Distillation
Fume Hood

General

The fume hood is equipped with a stand-aone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

* two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

e audiblealarm

¢ audible darm silence key

e key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
hood control aspects so that a failure of the
communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening with a space
pressure primary sensor. The controller executes a
process loop using proportional, integral, and
derivative control action. The face velocity reading
acts as the measured variable for the controller's PID
loop. The setpoint for face velocity is usually set as
100 feet per minute, and is adjustable either locally or

Velocity Unsafe
Tablel Velocity Low
Velocity High

remotely. The controller's PID output is calculated by

<80 FPM or >120 FPM
<90 FPM
>110 FPM
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the controller software providing an adjusted
percentage control output to the fume hood exhaust
damper. The fume hood exhaust damper is positioned
as required by the controller with a fully electronic
damper actuator. The damper actuator incorporates
internal feedback for positive positioning. The
controller executes its complete control loop 20 times
per second. When face velocity fals below the
desired setpoint the controller modulates the normally
open fume hood exhaust damper toward the open
position. If flow continues to fall below setpoint, after
an adjustable time delay the controller generates a
local alarm (as described in the alarming section).
When face velocity rises above the desired setpoint
the controller modulates the normally open fume
hood exhaust damper toward the closed position. If
velocity continues to rise above setpoint, the
controller generates a local alarm after an adjustable
time delay.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed postion. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’s enter key be
pushed if the condition isinitiated locally.

Alarming

The controller has the ability to initiate alarms locally
and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm
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In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the red LED and the audible alarm pulse.
Audible alarms are silenced by pressing the silence
key on the controller’s display module.. This key
does not cancel the alarm condition but does silence
the alarm for a programmable time period. After the
time delay the audible alarm returns if the condition
has not been corrected. The controller provides a
dedicated digital output for initiating a remote alarm
klaxon or remote aarm light that paralels the
operation of the built-in audible alarm.

Laboratory and Fume Hood
Controls Engineering Guide
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MAUTO-FLOW

Sequence of Operation

Application #3: Single Bench Fume Hood with Air
Flow Tracking

General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LEDs capable of displaying current hood
operating status in up to three different
conditions

e audiblealarm

¢ audible darm silence key

e key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator

interface as well as data/alarm logging and storage.

The controller functions as a stand-alone unit for all

hood control aspects so that a failure of the

communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller’'s PID loop. The setpoint
for face velocity is usually set as100 feet per minute,
and is adjustable either localy or remotely. The
controller’s PID output is calculated by the controller
software providing an adjusted percentage control
output to the fume hood exhaust damper. The fume
hood exhaust damper is positioned as required by the
controller using an electronic damper actuator. The
damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop twenty times per second. When face

Laboratory and Fume Hood
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velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the open position. If flow continues to
fall below setpoint, after an adjustable time delay the
controller generates alocal alarm (as described in the
aarming section). When face velocity rises above the
desired setpoint the controller modulates the normally
open fume hood exhaust damper toward the closed
position. If velocity continues to rise above setpoint
the controller generates a local aarm after an
adjustable time delay.

Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a parallel plate pitot
aray in the fume hood exhaust duct. This
measurement is scaled into cubic feet per minute for
use by the laboratory pressure controller in
calculating total lab exhaust volume. The controller
provides a dedicated input and output for receiving a
cascaded flow signa from another fume hood
controller, adding its own exhaust flow value and
transmitting a totalized signal to either another fume
hood controller or the laboratory pressure controller.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed postion. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’s enter key be
pushed if the condition isinitiated locally.

Alarming
The controller has the ability to initiate alarms locally

and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):
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Velocity Unsafe
Velocity Low
Velocity High

Tablel

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controler's display
module. This key does not cancel the alarm condition
but does silence the alarm for a programmable time
period.

Laboratory and Fume Hood
Controls Engineering Guide

<80 FPM or >120 FPM
<90 FPM
>110 FPM
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AUTO-FLOW.

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

After the time delay the audible alarm returns if the
condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote alarm light that
paralels the operation of the built-in audible alarm.
The controller also provides an alarm for the exhaust
flow value based on user adjustable limits. This alarm
does not annunciate locally, it is transmitted over the
communications network to the remote operator
interface device.
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MAUTO-FLOW

Sequence of Operation

Application #4: Single Walk-in or Digtillation
Style Fume Hood with Air Flow Tracking

General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has built-in
local operator interface capabilities consisting of but
not limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LED(s) caepable of displaying current hood
operating status in up to three different
conditions

e audiblealarm

¢ audible darm silence key

e key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
hood control aspects so that a failure of the
communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the space
pressure primary sensor method. The controller
executes a process loop using proportional, integral,
and derivative control action. The face velocity
reading is the measured variable for the controller's
PID loop. The setpoint for face velocity is usually set
as 100 feet per minute, and is adjustable either locally
or remotely. The controller’s PID output is calculated
by the controller software providing an equal
percentage control output to the fume hood exhaust
damper. The fume hood exhaust damper is positioned
as required by the controller with an electronic
damper actuator. The damper actuator incorporates
internal  feedback for positive positioning. The
controller executes its control loop twenty times per
second. When face velocity fals below the desired
setpoint the controller modulates the normally open
fume hood exhaust damper toward the open position.

Laboratory and Fume Hood
Controls Engineering Guide

If flow continues to fall below setpoint, after an
adjustable time delay the controller generates a local
aarm (as described in the alarming section). When
face velocity rises above the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the closed position. If the face
velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.

Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a parallel plate pitot
aray in the fume hood exhaust duct. This
measurement is scaled into cubic feet per minute for
use by the laboratory pressure controller in
calculating total lab exhaust volume. The controller
provides a dedicated input and output for receiving a
cascaded flow signal from another fume hood
controller, adding its own exhaust flow value and
transmitting a totalized signal to either another fume
hood controller or the laboratory pressure controller.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed postion. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’s enter key be
pushed if the condition isinitiated locally.
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Alarming

The controller has the ability to initiate alarms locally
and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

In addition, the controller provides the capability to

Velocity Unsafe
Velocity Low
Velocity High

Table 1

alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’'s display
module.

Laboratory and Fume Hood
Controls Engineering Guide

<80 FPM or >120 FPM
<90 FPM
>110 FPM
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This key does not cancel the alarm condition but does
silence the aarm for a programmable time period.
After the time delay the audible alarm returns if the
condition has not been corrected. The controller
provides a dedicated digital output for initiating a

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

remote alarm klaxon or remote alarm light that
paralels the operation of the built-in audible alarm.
The controller also provides an alarm for the exhaust
flow value based on user adjustable limits. Thisalarm
does not annunciate locally, it is transmitted over the
communications network to the remote operator
interface device.
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MAUTO-FLOW

Sequence of Operation

Application #5: Single Bench Fume Hood with
Auxiliary M akeup Supply Air

General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

* two line LCD or LED display capable of
displaying scaled point values and English
language text point descriptors simultaneously

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

e audiblealarm

e audible darm silence

o key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
hood control aspects so that a failure of the
communications network has no effect on fume hood
control.

Exhaust Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading acts as the measured
variable for the controller’'s PID loop. The setpoint
for face velocity is usually set as 100 feet per minute,
and is adjustable either locally or remotely. The
controller’'s PID output is calculated by the controller
software providing an adjusted control output to the
fume hood exhaust damper. The fume hood exhaust
damper is positioned as required by the controller
with an electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control loop
twenty times per second. When face

velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust

Laboratory and Fume Hood
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damper toward the open position. If flow continues to
fall below setpoint, after an adjustable time delay the
controller generates alocal alarm (as described in the
aarming section). When face velocity rises above the
desired setpoint the controller modulates the normally
open fume hood exhaust damper toward the closed
position. If the face velocity continues to rise above
setpoint the controller generates alocal alarm after an
adjustable time del ay.

Auxiliary M akeup Air Control

The controller measures the exhaust air flow volume
leaving the fume hood with a paralel plate pitot array
in the fume hood exhaust duct. The controller aso
measures the auxiliary supply air being delivered to
the hood with a parallel plate pitot array in the fume
hood auxiliary supply air duct. These measurements
are scaled into cubic feet per minute. The controller
executes a process |oop using a proportional, integral,
derivative equation. The auxiliary supply air flow
reading acts as the measured variable for the
controller's PID loop. The setpoint for auxiliary
supply air is seventy percent (adjustable) of the
measured fume hood exhaust volume. The
controller's PID output is characterized within the
controller software in order to calculate an equal
percentage control output to the fume hood auxiliary
supply air damper. The fume hood auxiliary supply
air damper is positioned as required by the controller
with a fully electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. If the supply air flow falls below the
desired setpoint the controller modulates the normally
closed fume hood auxiliary supply air damper toward
the open position. If the supply air flow rises above
the desired setpoint the controller modulates the
normally closed fume hood auxiliary supply air
damper toward the closed position. The fume hood
exhaust flow measurement is also used by the
laboratory pressure controller to calculate total lab
exhaust volume (if required). The controller provides
a dedicated input and output for receiving a cascaded
flow signa from another fume hood controller,
adding its own exhaust flow value and transmitting a
totalized signal to either another fume hood controller
or the laboratory pressure controller.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
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an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed postion. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’s enter key be
pushed if the condition isinitiated locally.

Alarming
The controller has the ability to initiate alarms locally

and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

Velocity Unsafe <80 FPM or >120 FPM

Velocity Low <90 FPM
Table1 Velocity High >110 FPM
Laboratory and Fume Hood 18
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In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’'s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’'s display
module. This key does not cancel the alarm condition
but does silence the alarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote aarm light that
parallels the operation of the built-in audible alarm.

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

The controller also allows for aarms on the exhaust
and auxiliary supply air flow values based on user-
adjustable limits. These alarms do not annunciate
locally, they shalare transmitted over the
communications network to the remote operator
interface device.
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Application #6

Single Walk-in or Distillation
Fume Hood with Auxiliary

Makeup Supply Air

In this Sequence:

General

Exhaust Control
Auxiliary Makeup Air
Control

Emergency Override
Alarming
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MAUTO-FLOW

Sequence of Operation

Application #6: Single Walk-in or Distillation
Fume Hood with Auxiliary M akeup Supply Air

General

The fume hood is equipped with a stand-aone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has built-in
local operator interface capabilities consisting of but
not limited to the following:

e two line LCD or LED display capable of
displaying scaled point values and English
language text point descriptors simultaneously

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

e audiblealarm

¢ audible darm silence key

* key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
hood control aspects so that a failure of the
communications network has no effect on fume hood
control.

Exhaust Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the space
pressure primary sensor method. The controller
executes a process loop using proportional, integral,
and derivative control action. The face velocity
reading is the measured variable for the controller's
PID loop. The setpoint for face velocity is usually set
as 100 feet per minute, and is adjustable either locally
or remotely. The controller’s PID output is calculated
by the controller software providing an adjusted
percentage control output to the fume hood exhaust
damper. The fume hood exhaust damper is positioned
as required by the controller with an electronic
damper actuator. The damper actuator incorporates
internal feedback for positive positioning. The
controller executes its control loop twenty times per
second. When face velocity fals below the desired
setpoint the controller modulates the normally open
fume hood exhaust damper toward the open position.

Laboratory and Fume Hood
Controls Engineering Guide

If flow continues to fall below setpoint, after an
adjustable time delay the controller generates a local
aarm (as described in the alarming section). When
face velocity rises above the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the closed position. If the face
velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.

Auxiliary Makeup Air Control

The controller measures the exhaust air flow volume
leaving the fume hood with a parallel plate pitot array
in the fume hood exhaust duct. The controller aso
measures the auxiliary supply air being delivered to
the hood with a parallel plate pitot array in the fume
hood auxiliary supply air duct. These measurements
are scaled into cubic feet per minute. The controller
executes a process |oop using a proportional, integral,
derivative equation. The auxiliary supply air flow
reading acts as the measured variable for the
controller's PID loop. The setpoint for auxiliary
supply air is seventy percent (adjustable) of the
measured fume hood exhaust volume. The
controller's PID output is characterized within the
controller software in order to calculate an equal
percentage control output to the fume hood auxiliary
supply air damper. The fume hood auxiliary supply
air damper is positioned as required by the controller
with a fully electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. If the supply air flow falls below the
desired setpoint the controller modulates the normally
closed fume hood auxiliary supply air damper toward
the open position. If the supply air flow rises above
the desired setpoint the controller modulates the
normally closed fume hood auxiliary supply air
damper toward the closed position. The fume hood
exhaust flow measurement is also used by the
laboratory pressure controller to calculate total lab
exhaust volume (if required). The controller provides
a dedicated input and output for receiving a cascaded
flow signa from another fume hood controller,
adding its own exhaust flow value and transmitting a
totalized signal to either another fume hood controller
or the laboratory pressure controller.



Sequence of Operation
Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display's enter key be
pushed if the condition isinitiated locally.

Alarming
The controller has the ability to initiate alarms locally

and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

Velocity Unsafe <80 FPM or >120 FPM
Table 1 Velocity Low <90 FPM

Velocity High >110 FPM
Laboratory and Fume Hood 22
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In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible aarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’'s display
module. This key does not cancel the alarm condition
but does silence the aarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote aarm light that
parallels the operation of the built-in audible alarm.
The controller also allows for aarms on the exhaust
and auxiliary supply air flow values based on user-
adjustable limits. These alarms do not annunciate
locally, they are transmitted over the communications
network to the remote operator interface device.

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm
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Single Supply for Pressure
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* Pressure Control
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MUTO-FLOW.

Sequence of Operation

Application #7: Single Supply for Pressure
Contral

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels which supports multiple
levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data/alarm logging and
storage. The contraller functions as a stand-alone
unit for al |ab control aspects so that a failure of the
communications network will have no effect on
laboratory pressure control.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading is the measured variable
for the contraller’s PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, and is adjustable either locally or
remotely. The controller’s PID output is used to
control output to the laboratory supply damper. The
laboratory supply damper is postioned by the
controller with a fully electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
complete contral loop five times per second. If the
total pressure differential falls below the desired
Setpoint the controller modulates the normally dosed
laboratory supply damper toward the open position.
If total pressure differential goes above the desired
Setpoint the controller modulates the normally dosed
laboratory supply damper toward the closed pasition.

Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory using a paralld plate pitot array in
the laboratory supply air duct. This measurement is
scaled into cubic feet per minute. If the measured
supply air flow volume falls below its desired
minimum air flow rate, as required to maintain the

Laboratory and Fume Hood
Controls Engineering Guide

necessary air changes per hour, the pressure control
PID loop is overridden and the laboratory supply
damper is controlled to maintain the desired
minimum air flow. Should the measured supply air
flow volume go above the desired maximum air flow
rate the pressure control PID loop is overridden and
the laboratory supply damper is controlled to
maintain the desired maximum air flow.

Alarming

The controller provides the capahility to alarm based
on actuator failures related to either |oss of power or
actuator position feedback that does not meet
commanded position. The controller also allows for
alarmsinvolving the supply air flow or total pressure
differential measurements that are based on user
adjustable limits. These alarms are not annunciated
locally, they are transmitted via the communications
network to the remote operator interface device.
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MUTO-FLOW.

Sequence of Operation

Application #8. Single Supply for Air Flow
Contral

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The controller functions independently of
the network for al lab control aspects so that a
fallure of the communications network has no effect
over laboratory pressure control.

Air Flow Contral

The controller measures the supply air flow delivered
to the |aboratory with a paralld plate pitot array in
the laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller
executes a process |oop using proportional, integral,
and derivative control action. The supply air flow is
the measured variable for the controller’s PID loop.
The setpoint for supply ar flow is reset from local
fume hood controllers or remotely from the BAS
system. The controller’'s PID output is used to
control output to the laboratory supply damper. The
laboratory supply damper is positioned as required
by the controller by a fully eectronic damper
actuator. The damper actuator incorporates internal
feedback for pogtive positioning. The controller
executes its compl ete control 1oop a minimum of five
times per second. If the supply air flow falls below
the desired setpoint the controller modulates the
normally closed |aboratory supply damper toward the
open position. If the supply air flow rises above the
desired setpoint the controller modulates the
normally closed |aboratory supply damper toward the
dosed position.

Volume Limit Control
If the measured supply air flow volume falls below

its desired minimum rate (adjustable) as required to
maintain the necessary air changes per hour, the

Laboratory and Fume Hood
Controls Engineering Guide

supply flow control PID loop is overridden and the
laboratory supply damper is controlled to maintain
the desired minimum air flow. If the measured
supply air flow volume rises above its desired
maximum air flow rate (adjustable) the supply flow
control PID loop is overridden and the laboratory
supply damper is controlled to maintain the desired
maximum air flow.

Alarming

The controller provides the capahility to alarm based
on actuator failures related to either |oss of power or
actuator position feedback that does not meet
commanded position. The controller also allows for
aarms involving the supply air flow or total
pressure differential measurements that are based on
user adjustable limits. These aarms are not
annunciated locally, they are transmitted via the
communications network to the remote operator
interface device.
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* Pressure Control

* Volume Limit Control
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MUTO-FLOW.

Sequence of Operation

Application #9: Sngle Supply/General Exhaust
for Pressure Control with Temperature Override

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The contraller functions as a stand-alone
unit for al |ab control aspects so that a failure of the
communications network has no effect on laboratory
pressure contral.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading is the measured variable
for the contraller’s PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, a setpoint that is adjustable either
locally or remotely. The controller’s PID output is
used to control output to the l|aboratory supply
damper. The laboratory supply damper is positioned
by the controller with an electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
complete control loop a minimum of five times per
second. If the total pressure differential falls below
the desired setpoint the controller modulates the
normally closed |aboratory supply damper toward the
open position. If total pressure differential goes
ahove the desired setpoint the controller modulates
the normally closed |ahoratory supply damper toward
the closed position.

Volume Limit Control

The controller measures the supply air flow delivered
to the |aboratory with a paralld plate pitot array in
the laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller
executes a process |oop using proportional, integral,

Laboratory and Fume Hood
Controls Engineering Guide

and derivative control action. The supply air flow
reading is the measured variable for the controller’s
PID loop. The setpoint for supply air flow rate is that
which maintains the desired minimum number of air
changes per hour. The setpoint is adjustable either
locally or remotely. The controller’s PID output is
used to control output to the laboratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes a complete
control |oop five times per second. When the supply
ar flow rate fals below the desired minimum
Setpoint the controller modulates the normally open
laboratory general exhaust damper toward the open
position. Opening the damper causes a drop in total
pressure differential that results in an increase in
supply air delivered to the laboratory. When the
supply air flow rate goes ahove the desired minimum
Setpoint the controller modulates the normally open
laboratory general exhaust damper toward the closed
position. This action results in an increase in total
pressure differential causing a reduction in the
supply air delivered to the lab.

Temperature Override

The controller accepts an input from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired |aboratory temperature. As the supply
override signal increases, the controller increases the
minimum supply air flow setpoint associated with
the PID loop contralling the general exhaust ar
damper toward its maximum value (the maximum
design CFM for the lab supply). As the supply
override signal decreases, the controller decreases
the minimum supply air flow setpoint associated
with the PID loop contralling the general exhaust air
damper toward its minimum value (the minimum
design CFM for the required air change rate).

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller
also allows for alarms on the supply air flow and
general exhaust air flow measurements based on



Sequence of Operation

user-adjustable limits These aarms are not
annunciated locally. They are transmitted over the
communications network to the remote operator
interface device.

Laboratory and Fume Hood
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MUTO-FLOW.

Sequence of Operation

Application #10: Single Supply/General Exhaust
for Air Flow Control with Temperature Override

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The contraller functions as a stand-alone
unit for al |ab control aspects so that a failure of the
communications network has no effect on laboratory
pressure contral.

Air Flow Contral

The controller measures the |aboratory supply ar
flow with a parallel plate pitot array in the laboratory
supply air duct and it measures the exhaust air flow
with a paralld plate pitot array in the |aboratory
general exhaust duct. These measurements are scaled
into cubic feet per minute (CFM). The controller
executes its process loops using proportional,
integral, and derivative contral action. The supply
ar flow is the measured variable for one of the
controller’s PID loops. The setpoint for supply air
flow is the minimum air flow rate required for the
desired air changes per hour, reset from the
temperature override signal. The exhaust air flow
Setpoint is based on a calculation derived to maintain
a congtant differential CFM. This differentidl CFM
is the mathematical result of the total exhaust air
leaving the space minus the total supply air entering
the space. The differentid CFM setpoint is a
constant value that is user adjustable. The exhaust
air flow setpoint is based on the following equation:

Exhaust CFM Setpoint = Current Supply CFM +
DCFM Setpoint

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’s PID output is
used to control output to the laboratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper

Laboratory and Fume Hood
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actuator incorporates internal feedback for positive
positioning. The controller executes its control |oop
five times per second. When general exhaust air flow
fals below the desred setpoint the controller
modulates the normally open l|aboratory general
exhaust air damper toward the open position. When
general exhaust air flow rises above the desired
setpoint the controller modulates the normally open
laboratory general exhaust air damper toward the
dosed position.

Temperature Override

The controller accepts an input from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired |aboratory temperature. As the supply
override signal increases, the controller increases the
minimum supply air flow setpoint associated with
the PID loop contralling the supply air damper
toward its maximum value (the maximum design
CFM for the lab supply). As the supply override
signal decreases, the controller decreases the
minimum supply air flow setpoint associated with
the PID loop contralling the supply air damper
toward its minimum value (the minimum design
CFM for the required air change rate).

Volume Limit Contral

Should the measured supply air flow volume fall
below its desired minimum air flow rate (adjustable)
as required to maintain the necessary air changes per
hour, the supply flow control PID loop is overridden
and the |aboratory supply damper is controlled to
maintain the desired minimum air flow. Should the
measured supply air flow volume rise above its
desired maximum air flow rate (adjustable), the
supply flow control PID loop is overridden and the
laboratory supply damper is controlled to maintain
the desired maximum air flow.

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller
also allows for alarms on the supply air flow and
general exhaust air flow measurements based on
user-adjustable limits. These aarms are not
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annunciated locally. They are transmitted over the
communications network to the remote operator
interface device.

Laboratory and Fume Hood 36
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MUTO-FLOW.

Sequence of Operation

Application #11: Single Supply/General Exhaust for
Pressure Control with Full Temperature Control

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data/alarm logging and
storage. The contraller functions as a stand-alone
unit for al |ab control aspects so that a failure of the
communications network will have no effect on
laboratory pressure control.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading is the measured variable
for the contraller’s PID loop. The setpoint for total
pressure differential is -0.005"wc with respect to the
adjacent corridor, which is adjustable either locally
or remotely. The controller’s PID output is used to
control output to the laboratory supply damper. The
laboratory supply damper is positioned as required
by the controller using an electronic damper
actuator. The damper actuator incorporates internal
feedback for pogtive positioning. The controller
executes its control loop five times per second. When
total pressure differential  falls below the desired
Setpoint the controller modulates the normally dosed
laboratory supply damper toward the open position.
When total pressure differential rises above the
desired setpoint the controller modulates the
normally closed |aboratory supply damper toward the
dosed position.

Volume Limit Control

The controller measures the supply air flow delivered
to the |aboratory with a paralld plate pitot array in
the laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller
executes a process |oop using proportional, integral,

Laboratory and Fume Hood
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and derivative control action. The supply air flow
reading is the measured variable for the controller's
PID loop. The setpoint for supply air flow rate is that
which maintains the desired minimum number of air
changes per hour. The setpoint is adjustable either
locally or remotely. The controller’s PID output is
used to control output to the laboratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes a control |oop
five times per second. When the supply air flow rate
fals below the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the open paosition.
Opening the damper causes a drop in total pressure
differential that results in an increase in supply ar
delivered to the |aboratory. When the supply air flow
rate goes above the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the closed paosition.
This action results in an increase in total pressure
differential causing a reduction in the supply ar
delivered to the lab.

Temperature Control

The controller measures the temperature of the
supply air in the supply duct serving the laboratory
space and the temperature of the |ahoratory space
itself. These temperatures combined with the
measured supply air flow rate are used to calculate
the ingtantaneous BTUs used by the space to
maintain its temperature. The equation for this
processis asfollows:

BTUs = [ (Supply Discharge Temperature - Space
Temperature) » Supply Air How Rate] » 1.085

One of the controller’'s PID loops is used in
conjunction with the measured space temperature
and its required setpoint to determine the desired
instantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current
BTUs and a PID loop to control the |aboratory
supply duct reheat coil. Additionaly, the BTU
Setpoint and calculated current BTUs work in a reset
fashion with the minimum supply flow setpoint and
the associated PID loop controlling the general
exhaust air damper. If the BTUs fall below the
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required setpoint the controller decreases the
minimum supply air flow setpoint associated with
the PID loop contralling the general exhaust ar
damper toward its minimum value (the minimum
design CFM for the required air change rate). As the
calculated BTUs continue to fall below the required
Setpoint the controller modulates the output to the
reheat coil valve toward the open position. If
calculated BTUs rise above the desired setpoint the
controller modulates the reheat coil output toward
the closed position. On a continued rise above the
desired setpoint the controller resets the minimum
supply air flow setpoint associated with the PID loop
contralling the general exhaust air damper toward its
maximum value (the maximum design CFM for the

\ab supply).

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button
which indicates the emergency purge mode. In this
mode the laboratory general exhaust air and supply
ar dampers are overridden to a fixed (user
adjustable) position and an alarm is transmitted over
the communications network to the remote operator
interface device. These dampers remain in this
position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator fallure, from any of the eectronic
actuators connected to the contraller, related to
either loss of power or actuator position feedback
that does not meet the commanded position. The
controller also allows for alarms on the supply ar
flow, general exhaust ar flow, supply duct
temperature, space temperature or total pressure
differential measurements based on user-adjustable
limits. These alarms are not annunciated locally,
they are transmitted over the communications
network to the remote operator interface device.

Laboratory and Fume Hood
Controls Engineering Guide
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MUTO-FLOW.

Sequence of Operation

Application #12: Single Supply/General Exhaust
for Air Flow Contra with Full Temperature
Contral

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels which supports multiple
levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities alow for remote operator
interface as well as data/alarm logging and storage.
The contraller functions as a stand-alone unit for al
lab control aspects so that a falure of the
communications network has no effect on laboratory
pressure contral.

Air Flow Contral

The controller measures the supply air flow delivered
to the |aboratory with a paralld plate pitot array in
the lahoratory supply air duct and measures the
exhaust air flow leaving the space with a parale
plate pitot array in the laboratory general exhaust
duct. These measurements are scaled into cubic feet
per minute. The controller executes its process |oops
with proportional, integral, and derivative control
action. The supply air flow is the measured variable
for one of the contraller’s PID loops. The setpoint for
supply air flow isthe minimum air flow rate required
for the desired air changes per hour, reset from the
temperature control. The exhaust air flow setpoint is
based on a calculation derived to maintain a constant
differentiadl CFM. This differentid CFM is the
mathematical result of the total exhaust air leaving
the space minus the total supply ar entering the
space. The differentiadl CFM setpoint is a constant
value which is user adjustable. The exhaust air flow
Setpoint is based on the following equation:

Exhaust CFM Setpoint = (Current Supply CFM +
oCFM Setpoint)

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’s PID output is
used to control output to the laboratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller

Laboratory and Fume Hood
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through an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control |oop
five times per second. If general exhaust air flow
fals below the desred setpoint the controller
modulates the normally open l|aboratory general
exhaust air damper toward the open position. On a
rise in general exhaust air flow above the desired
Setpoint the controller modulates the normally open
laboratory general exhaust air damper toward the
dosed position.

Temper ature Control

The controller measures the temperature of the
supply air in the supply duct serving the laboratory
space and the temperature of the |ahoratory space
itself. These temperatures, combined with the
measured supply air flow rate, are used to calculate
the ingtantaneous BTUs used by the space to
maintain temperature. The equation for this process
isasfollows

BTUs = [ (Supply Discharge Temperature - Space
Temperature) » Supply Air FHow Rate] » 1.085

One of the controller’'s PID loops is used in
conjunction with the measured space temperature
and its required setpoint to determine the desired
ingtantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current
BTUs and a PID loop to control the |aboratory
supply duct reheat coil. Additionaly, the BTU
Setpoint and calculated current BTUs work in a reset
fashion with the minimum supply flow setpoint and
the associated PID loop to control the laboratory
supply air damper. |If BTUs fal below the required
setpoint the controller decreases the minimum
supply air flow setpoint associated with the PID loop,
controlling the supply ar damper toward its
minimum value (the minimum design CFM for the
required air change rate). As the calculated BTUs
continue to fall below the required setpoint the
controller modulates the output to the reheat coil
valve toward the open position. If calculated BTUs
rise ahove the desired setpoint, the controller
modulates the reheat coil output toward the closed
position. On a continued rise above the desired
Setpoint the controller resets the minimum supply air
flow setpoint associated with the PID loop,
contralling the supply ar damper toward its
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maximum value (the maximum design CFM for the
lab supply).

Volume Limit Control

Should the measured supply air flow volume fall
below its desired minimum air flow rate as required
to maintain the necessary air changes per hour, the
supply flow control PID loop is overridden and the
laboratory supply damper is controlled to maintain
the desired minimum air flow. If the measured
supply air flow volume rises above its desired
maximum air flow rate the supply flow control PID
loop is overridden and the |aboratory supply damper
is contralled to maintain the desired maximum air
flow.

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button to
indicate the emergency purge mode. In this mode the
laboratory general exhaust air and supply air
dampers are overridden to a fixed (user-adjustable)
position and an aarm is transmitted over the
communications network to the remote operator
interface device. These dampers remain in this
position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator failure from any of the eectronic
actuators connected to it that is related to either loss
of power or to actuator position feedback that does
not meet commanded position. Additionally, the
controller also alows for aarms related to the
supply air flow, general exhaust air flow, supply duct
temperature and space temperature measurements.
The setpoints for these are alarms are based on user-
adjustable limits. These alarms are not annunciated
locally, they ae transmitted over the
communications network to the remote operator
interface device.

Laboratory and Fume Hood
Controls Engineering Guide
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MUTO-FLOW.

Sequence of Operation

Application #13: Single Supply for Pressure
Contral with Single Bench Fume Hood

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities alow for remote operator
interface as well as data/alarm logging and storage.
The contraller functions as a stand-alone unit for al
lab control aspects so that a falure of the
communications network has no effect on laboratory
pressure contral.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading acts as the measured
variable for the contraller’s PID loop. The setpoint
for total pressure differential is - 0.005'wc with
respect to the adjacent corridor, a setpoint that is
adjustable either locally or remotely. The controller’s
PID output is used to contral output to the |aboratory
supply damper. The laboratory supply damper is
positioned by the controller with an eectronic
damper actuator. The damper actuator incorporates
internal feedback for positive postioning. The
controller executes its control loop five times per
second. If the total pressure differential falls below
the desired setpoint the controller modulates the
normally closed |aboratory supply damper toward the
open position. If total pressure differential goes
ahove the desired setpoint the controller modulates
the normally closed |ahoratory supply damper toward
the closed position.

Laboratory and Fume Hood
Controls Engineering Guide

Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory using a paralld plate pitot array in
the laboratory supply air duct. This measurement is
scaled into cubic feet per minute. If the measured
supply air flow volume falls below its desired
minimum air flow rate, as required to maintain the
necessary air changes per hour, the pressure control
PID loop is overridden and the laboratory supply
damper is controlled to maintain the desired
minimum air flow. Should the measured supply air
flow volume go above the desired maximum air flow
rate the pressure control PID loop is overridden and
the laboratory supply damper is controlled to
maintain the desired maximum air flow.

Alarming

The controller provides the capahility to alarm based
on actuator failures related to either |loss of power or
actuator position feedback that does not meet
commanded position. The controller also allows for
aarms involving the supply air flow or total
pressure differential measurements that are based on
user-adjustable limits These aarms are not
annunciated locally, they are transmitted via the
communications network to the remote operator
interface device.

FUME HOOD
General

The fume hood is equipped with a stand aone
networkable microprocessor- based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capahbilities consisting of but not
limited to the following:

two line LCD or LED display capable of
simultaneoudly displaying scaled point values
and English language text point descriptors
LED(s) capable of displaying current hood
operating Status in up to three different
conditions

audible alarm

audible alarm silence key
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key style interface to enter password and gain
menu access

The networking capabilities alow for remote
operator interface as well as data/alarm logging and
storage. The contraller functions as a stand-alone
unit for al hood control aspects so that a failure of
the communications network has no effect on fume
hood contral.

Contral

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air
foil pitot method. The controller executes a process
loop using proportional, integral, and derivative
control action. The face velocity reading is the
measured variable for the contraller’s PID loop. The
setpoint for face velocity is usually set as 100 feet per
minute, which is adjustable ether locally or

Veocity Unsafe
Tablel Velocity Low
Velocity High

remotely. The controller’s PID output is calculated
by the controller software in order to calculate an
adjusted percentage contral output to the fume hood
exhaust damper. The fume hood exhaust damper is
positioned as required by the controller using an
eectronic damper actuator. The damper actuator
incorporates  internal  feedback for  positive
positioning. The controller executes its control |oop
twenty times per second. When face velocity falls
below the desired setpoint the controller modulates
the normally open fume hood exhaust damper
toward the open position. If flow continues to fall
below setpoint, after an adjustable time delay the
controller generates a local alarm (as described in
the alarming section). When face velocity rises above
the desired setpoint the controller modulates the
normally open fume hood exhaust damper toward
the closed position. If the face velocity continues to
rise above setpoint the controller, after an adjustable
time delay, generates a local alarm as described in
the alarming section.

Laboratory and Fume Hood
Controls Engineering Guide

AUTO-FLOW.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller
has an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’'s enter key be
pushed if the condition isinitiated locally.

Alarming

The controller has the ability to initiate alarms
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

<80FPMor >120FPM  Red LED and continuous audible alarm
<90 FPM
>110 FPM

Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
aarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded postion. In this aarm
condition the controller display’s red LED and the
audible alarm pulse Audible alarms are silenced by
pressing the silence key on the controller’s display
module. This key does not cance the aarm
condition but does slence the aarm for a
programmable time period. After the time delay the
audible alarm returns if the condition has not been
corrected. The controller provides a dedicated digital
output for initiating a remote alarm klaxon or remote
alarm light that parallels the operation of the built-in
audible larm.
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MAUTO-FLOW

Sequence of Operation

Application #14: Single Supply for Air Flow
Control with Single Bench Fume Hood

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions independently of the network
for al lab control aspects so that a failure of the
communications network has no effect over
laboratory pressure control.

Air Flow Control

The controller measures the supply air flow delivered
to the laboratory with a parallel plate pitot array in the
laboratory supply air duct. This measurement is
scaled into units of cubic feet per minute. The
controller executes a process loop using proportional,
integral, and derivative control action. The supply air
flow is the measured variable for the controller's PID
loop. The setpoint for supply air flow is reset to
satisfy the fume hood exhaust volume as read from
the cascaded output of the fume hood controller
minus a set user-adjustable differential volume. The
controller's PID output is used to control the
laboratory supply damper. The laboratory supply
damper is positioned as required by the controller by
an electronic damper actuator. The damper actuator
incorporates  internal  feedback for  positive
positioning. The controller executes its control loop
of five times per second. If the supply air flow falls
below the desired setpoint the controller modulates
the normally closed laboratory supply damper toward
the open position. If the supply air flow rises above
the desired setpoint the controller modulates the
normally closed laboratory supply damper toward the
closed position.

Laboratory and Fume Hood
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Volume Limit Control

If the measured supply air flow volume falls below its
desired minimum rate (adjustable) as required to
maintain the necessary air changes per hour, the
supply flow control PID loop is overridden and the
laboratory supply damper is controlled to maintain
the desired minimum air flow. If the measured supply
air flow volume rises above its desired maximum air
flow rate (adjustable) the supply flow control PID
loop is overridden and the laboratory supply damper
is controlled to maintain the desired maximum air
flow.

Alarming

The controller provides the capability to alarm based
on actuator failures related to either loss of power or
actuator position feedback that does not meet
commanded position. The controller aso allows for
aarmsinvolving the supply air flow or total pressure
differential measurements that are based on user-
adjustable limits. These alarms are not annunciated
locally, they are transmitted via the communications
network to the remote operator interface device.

FUME HOOD
General

The fume hood is equipped with a stand aone
networkable microprocessor- based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

e audiblealarm

¢ audible larm silence key

* key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
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hood control aspects so that a falure of the
communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller’'s PID loop. The setpoint
for face velocity is usually set at100 feet per minute,
and is adjustable either locally or remotely. The
controller's PID output is calculated by the controller
software providing an adjusted percentage control
output to the fume hood exhaust damper. The fume
hood exhaust damper is positioned as required by the
controller using a fully electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its

Velocity Unsafe
Velocity Low
Velocity High

Tablel

control loop twenty times per second. When face
velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the open position. If flow continues to
fall below setpoint, after an adjustable time delay the
controller generates alocal alarm (as described in the
alarming section). When face velocity rises above the
desired setpoint the controller modulates the normally
open fume hood exhaust damper toward the closed
position. If the face velocity continues to rise above
setpoint the controller generates alocal alarm after an
adjustable time delay.

Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood via a parallel plate pitot array
in the fume hood exhaust duct. This measurement is
scaled into cubic feet per minute (CFM) for use by
the laboratory pressure controller in calculating total
lab exhaust volumeThe controller provides a
dedicated input and output for receiving a cascaded
flow signa from another fume hood controller,
adding its own exhaust flow value and transmitting a

Laboratory and Fume Hood
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<80 FPM or >120 FPM
<90 FPM
>110 FPM
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totalized signal to either another fume hood controller
or to the laboratory pressure controller.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’s enter key be
pushed if the condition isinitiated locally.

Alarming

The controller has the ability to initiate alarms locally
and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this aarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’s display
module. This key does not cancel the alarm condition
but does silence the aarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote alarm light that
parallels the operation of the built-in audible alarm.
The controller also provides an alarm for the exhaust
flow value that is based on user-adjustable limits.
This aarm is not annunciated locally, but is
transmitted over the communications network to the
remote operator interface device.
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MAUTO-FLOW

Sequence of Operation

Application #15: Single Supply/General Exhaust
for Pressure Control with Temperature Override
and Single Bench Fume Hood

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
lab control aspects so that a failure of the
communications network has no effect on laboratory
pressure control.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process loop using proportional,
integral, and derivative control action. The total
pressure differential reading is the measured variable
for the controller's PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, a setpoint that is adjustable either
locally or remotely. The controller's PID output is
used to control output to the laboratory supply
damper. The laboratory supply damper is positioned
by the controller with an electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
control loop of five times per second. If the total
pressure differential falls below the desired setpoint
the controller modulates the normaly closed
laboratory supply damper toward the open position. If
total pressure differential goes above the desired
setpoint the controller modulates the normally closed
laboratory supply damper toward the closed position.

Laboratory and Fume Hood
Controls Engineering Guide

Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory with a parallel plate pitot array in the
laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller
executes a process loop using proportional, integral,
and derivative control action. The supply air flow
reading is the measured variable for the controller's
PID loop. The setpoint for supply air flow rate is that
which maintains the desired minimum number of air
changes per hour. The setpoint is adjustable either
locally or remotely. The controller's PID output is
used to control output to the laboratory general
exhaust air damper. The laboratory general exhaust
air damper is positioned as required by the controller
with an electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control loop
five times per second. When the supply air flow rate
fals below the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the open position.
Opening the damper causes a drop in total pressure
differential that results in an increase in supply air
delivered to the laboratory. When the supply air flow
rate goes above the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the closed position.
This action results in an increase in total pressure
differential causing a reduction in the supply air
delivered to the lab.

Temperature Override

The controller accepts an input from the Building
Automation System (BAYS) to determine the amount
of supply flow override required to maintain the
desired temperature in the laboratory. As the supply
override signal increases the controller increases the
minimum supply air flow setpoint associated with the
PID loop controlling the general exhaust air damper
toward its maximum vaue (the maximum design
CFM for the lab supply). As the supply override
signal decreases the controller decreases the
minimum supply air flow setpoint associated with the
PID loop controlling the general exhaust air damper
toward its minimum value (the minimum design CFM
for the required air change rate).
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Emergency Mode

The controller has the capability to accept an externa
contact from an emergency push button used to
indicate the emergency purge mode. In this mode the
laboratory general exhaust air and supply air dampers
are overridden to a fixed (user-adjustable) position
and an alarm is transmitted over the communications
network to the remote operator interface device.
These dampers remain in this position until the
emergency push button isreset to its normal state.

Alarming

The controller provides the capability to alarm based
on an actuator failure, from any of the electronic
actuators connected to the controller, related to either
loss of power or actuator position feedback that does
not meet the commanded position. The controller also
alows for alarms on the supply air flow, general
exhaust air flow, supply duct temperature, space
temperature or total  pressure  differential
measurements based on user-adjustable limits. These
alarms are not annuciated locally, they are transmitted
over the communications network to the remote
operator interface device.

FUME HOOD
General

The fume hood is equipped with a stand aone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

¢ audibleaarm

¢ audible adarm silence key

« key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
hood control aspects so that a failure of the

Laboratory and Fume Hood
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communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller’s PID loop. The setpoint
for face velocity is usually set as 100 feet per minute,
and is adjustable either localy or remotely. The
controller's PID output is calculated by the controller
software providing an adjusted percentage control
output to the fume hood exhaust damper. The fume
hood exhaust damper is positioned as required by the
controller using an electronic damper actuator. The
damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop of twenty times per second. When face
velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the open position. If flow continues to
fall below setpoint, after an adjustable time delay the
controller generates alocal alarm (as described in the
alarming section). When face velocity rises above the
desired setpoint the controller modulates the normally
open fume hood exhaust damper toward the closed
position. If the face velocity continues to rise above
setpoint the controller generates alocal alarm after an
adjustable time delay.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed postion. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’s enter key be
pushed if the condition isinitiated locally.
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Alarming

The controller has the ability to initiate alarms locally
and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

Velocity Unsafe
Velocity Low
Velocity High

Tablel

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by

<80 FPM or >120 FPM
<90 FPM
>110 FPM

58
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pressing the silence key on the controller’'s display
module. This key does not cancel the alarm condition
but does silence the aarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

remote alarm klaxon or remote alarm light that
parallels the operation of the built-in audible alarm.

Laboratory and Fume Hood
Controls Engineering Guide
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Sequence of Operation

Application #16

Single Supply/General
Exhaust for Air Flow Control
with Temperature Override
and Single Bench Hood
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Sequence of Operation

Application #16: Single Supply/General Exhaust
for Air Flow Contral with Temperature Override
and Single Bench Hood

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities alow for remote operator
interface as well as data/alarm logging and storage.
The contraller functions as a stand-alone unit for al
lab control aspects so that a falure of the
communications network has no effect on laboratory
pressure contral.

Air Flow Contral

The controller measures the |aboratory supply ar
flow with a parallel plate pitot array in the laboratory
supply air duct and it measures the exhaust air flow
with a paralld plate pitot array in the |aboratory
general exhaust duct. These measurements are scaled
into cubic feet per minute (CFM). The controller
executes its process loops using  proportional,
integral, and derivative contral action. The supply
air flow acts as the measured variable for the one of
the contraller’s PID loops. The setpoint for supply
air flow is the minimum air flow rate required for
the desired air changes per hour, reset from the
temperature override signal or the ar flow rate
required to satisfy the fume hood makeup air
volume, whichever is greater. The supply makeup air
flow rate is determined by the following equation:

Supply Make-Up FHow Setpoint CFM = (Total Hood
Exhaust Air How CFM + Minimum Genera
Exhaust Air How CFM - Desired Differentiad CFM
Setpoint)

The contraller’s PID output is used to control output
to the laboratory supply air damper. The laboratory
supply air damper is positioned as required by the
controller with an electronic damper actuator. The
damper actuator incorporatesinternal feedback for

Laboratory and Fume Hood
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positive positioning. The controller executes its
control loop of five times per second. When supply
air flow falls below the desred setpoint the
controller modulates the normally closed laboratory
supply air damper toward the open position. When
supply air flow rises above the desired setpoint the
controller modulates the normally closed laboratory
supply air damper toward the closed paosition.

The exhaust air flow setpoint is based on a
caculation derived to maintain a congtant
differentiadl CFM. This differentid CFM is the
mathematical result of the total exhaust air leaving
the space minus the total supply ar entering the
space. The differentiadl CFM setpoint is a constant
value that is user adjustable. The exhaust air flow
Setpoint is based on the following equation:

Exhaust CFM Setpoint = Current Supply CFM +
DCFM Setpoint - Total Hood Exhaust CFM

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’s PID output is
used to control output to the lahoratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control |oop
of five times per second. When general exhaust air
flow falls below the desired setpoint the controller
modulates the normally open l|aboratory general
exhaust air damper toward the open position. When
general exhaust air flow rises above the desired
Setpoint the controller modulates the normally open
laboratory general exhaust air damper toward the
closed position.

Temperature Override

The controller accepts an input from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired |aboratory temperature. As the supply
override signal increases, the controller increases the
minimum supply air flow setpoint associated with
the PID loop contralling the supply air damper
toward its maximum value (the maximum design
CFM for the lab supply). As the supply override
signal decreases, the controller decreases the
minimum supply air flow setpoint associated with



Sequence of Operation

the PID loop contralling the supply air damper
toward its minimum value (the minimum design
CFM for the required air change rate).

Volume Limit Control

Should the measured supply air flow volume fall
below its desired minimum air flow rate (adjustable)
as required to maintain the necessary air changes per
hour, the supply flow control PID loop is overridden
and the |aboratory supply damper is controlled to
maintain the desired minimum air flow. Should the
measured supply air flow volume rise above its
desired maximum air flow rate (adjustable), the
supply flow control PID loop is overridden and the
laboratory supply damper is controlled to maintain
the desired maximum air flow.

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button
which indicates the emergency purge mode. In this
mode the laboratory general exhaust air and supply
air dampers are overridden to a fixed (user-
adjustable) position and an alarm is transmitted over
the communications network to the remote operator
interface device. These dampers remain in this
position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller
also alows for the alarming of the supply air flow
and general exhaust air flow measurements based on
user-adjustable limits These aarms are not
annunciated locally. They are transmitted via the
communications network to the remote operator
interface device.

FUME HOOD
General

The fume hood is equipped with a stand-alone
networkable microprocessor- based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local

Laboratory and Fume Hood
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operator interface capabilities congisting of but not
limited to the following:

two line LCD or LED display capable of
simultaneoudly displaying scaled point values
and English language text point descriptors
LED(s) capable of visually displaying current
hood operating status in up to three different
conditions

audible larm

audible larm silence

key style interface to enter password and gain
menu access

The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The contraller functions as a stand-alone
unit for al hood control aspects so that a failure of
the communications network has no effect onfume
hood contral.

Contral

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air
foil pitot method. The controller executes a process
loop using proportional, integral, and derivative
control action. The face velocity reading is the
measured variable for the controller’s PID loop. The
setpoint for face velocity is usually set as 100 feet per
minute, and is adjustable either locally or remotely.
The contraller’s PID output is calculated by the
controller software providing an adjusted percentage
control output to the fume hood exhaust damper. The
fume hood exhaust damper is positioned as required
by the controller using an electronic damper
actuator. The damper actuator incorporates internal
feedback for podtive positioning. The controller
executes its control loop of twenty times per second.
When face velocity falls below the desired setpoint
the controller modulates the normally open fume
hood exhaust damper toward the open postion. If
flow continues to fall below setpoint, after an
adjustable time delay the controller generates a local
alarm (as described in the alarming section). When
face velocity rises above the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the dosed postion. If the
face velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.
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Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a paralld plate pitot
array in the fume hood exhaust duct. This
measurement is scaled into cubic feet per minute for

Veocity Unsafe
Tablel Velocity Low
Velocity High

use by the laboratory pressure controller in
calculating total |ab exhaust volume. The controller
provides a dedicated input and output for receiving a
cascaded flow signal from another fume hood
controller, adding its own exhaust flow value and
transmitting a totalized signal to either another fume
hood controller or the |aboratory pressure controller.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller
has an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device pasitions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’'s enter key be
pushed if the condition isinitiated locally.

Sequence of Operation

Alarming

The controller has the ability to initiate alarms
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

<80FPMor >120FPM  Red LED and continuous audible alarm
<90 FPM
>110 FPM

Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
aarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this aarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’s display
module. This key does not canced the aarm
condition but does silence the aarm for a
programmable time period. After the time delay the
audible alarm returns if the condition has not been
corrected. The controller provides a dedicated digital
output for initiating a remote alarm klaxon or remote
alarm light that parallels the operation of the huilt-in
audible alarm. The controller also provides an aarm
for the exhaust flow value based on user adjustable
limits. This alarm does not annunciate locally, it is
transmitted over the communications network to the
remote operator interface device.

Laboratory and Fume Hood
Controls Engineering Guide
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AUTO'F LOW@ Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #17

Single Supply/General
Exhaust for Pressure Control
with Full Temperature Control
and Single Bench Fume Hood

In this Sequence:
LABORATORY

» General

* Pressure Control

* Volume Limit Control
» Temperature Control
 Emergency Mode

» Alarming

FUME HOOD

» General

« Control

« Emergency Override
» Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #17: Single Supply/General Exhaust
for Pressure Control with Full Temperature
Control and Single Bench Fume Hood

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
lab control aspects so that a failure of the
communications network has no effect on laboratory
pressure control.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process |oop using proportional,
integral, and derivative control action. The total
pressure differential reading is the measured variable
for the controller's PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, a setpoint that is adjustable either
locally or remotely. The controller's PID output is
used to control output to the laboratory supply
damper. The laboratory supply damper is positioned
by the controller with an electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
control loop five times per second. If the total
pressure differential falls below the desired setpoint
the controller modulates the normaly closed
laboratory supply damper toward the open position. If
total pressure differential goes above the desired
setpoint the controller modulates the normally closed
laboratory supply damper toward the closed position.

Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory with a parallel plate pitot array in the
laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller

Laboratory and Fume Hood
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executes a process loop using proportional, integral,
and derivative control action. The supply air flow
reading acts as the measured variable for the
controller's PID loop. The setpoint for supply air
flow rate is that which maintains the desired
minimum number of air changes per hour. The
setpoint is adjustable either locally or remotely. The
controller’'s PID output is used to control output to
the laboratory general exhaust air damper. The
laboratory general exhaust air damper is positioned as
required by the controller with an electronic damper
actuator. The damper actuator incorporates internal
feedback for positive positioning. The controller
executes its control loop five times per second. When
the supply air flow rate fals below the desired
minimum setpoint the controller modulates the
normaly open laboratory general exhaust damper
toward the open position. Opening the damper causes
adrop in total pressure differential that results in an
increase in supply air delivered to the laboratory.
When the supply air flow rate goes above the desired
minimum setpoint the controller modulates the
normally open laboratory general exhaust damper
toward the closed position. This action results in an
increase in total pressure differential causing a
reduction in the supply air delivered to the lab.

Temperature Control

The controller measures the temperature of the supply
air in the supply duct serving the laboratory space and
the temperature of the laboratory space itself. These
temperatures combined with the measured supply air
flow rate are used to calculate the instantaneous
BTUs used by the space to maintain its temperature.
The equation for this processis as follows:

BTU's = [ (Supply Discharge Temperature - Space
Temperature) x Supply Air Flow Rate] x 1.085

One of the controller's PID loops is used in
conjunction with the measured space temperature and
its required setpoint to determine the desired
instantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current BTUs
and a PID loop to control the laboratory supply duct
reheat coil. Additionaly, the BTU setpoint and
calculated current BTUs work in a reset fashion with
the minimum supply flow setpoint and the associated
PID loop controlling the general exhaust air damper.
If the BTUs fall below the required setpoint the
controller decreases the minimum supply air flow
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setpoint associated with the PID loop controlling the
general exhaust air damper toward its minimum value
(the minimum design CFM for the required air
change rate).

As the calculated BTUs continue to fall below the
required setpoint the controller modulates the output
to the reheat coil valve toward the open position. If
calculated BTUs rise above the desired setpoint the
controller modulates the reheat coil output toward the
closed position. On a continued rise above the desired
setpoint the controller resets the minimum supply air
flow setpoint associated with the PID loop controlling
the general exhaust air damper toward its maximum
value (the maximum design CFM for the lab supply).

Emergency Mode

The controller has the capability to accept an external
contact from an emergency push button which
indicates the emergency purge mode. In this mode the
laboratory general exhaust air and supply air dampers
are overridden to a fixed (user-adjustable) position
and an alarm is transmitted over the communications
network to the remote operator interface device.
These dampers remain in this position until the
emergency push button is reset to its normal state.

Alarming

The controller provides the capability to alarm based
on actuator failures related to either loss of power or
actuator position feedback that does not meet
commanded position. The controller also alows for
alarms involving the supply air flow or total pressure
differential measurements that are based on user-
adjustable limits. These alarms are not annunciated
locally, they are transmitted via the communications
network to the remote operator interface device.

FUME HOOD
General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

67

Sequence of Operation

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

» audibleaarm

« audible alarm silence key

» key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as astand-alone unit for all
hood control aspects so that a falure of the
communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller's PID loop. The setpoint
for face velocity is usually set as 100 feet per minute,
and is adjustable either localy or remotely. The
controller's PID output is calculate by the controller
software providing an adjusted percentage control
output to the fume hood exhaust damper. The fume
hood exhaust damper is positioned as required by the
controller using a fully electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
complete control loop twenty times per second. When
face velocity falls below the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the open position. If flow
continues to fall below setpoint, after an adjustable
time delay the controller generates a local alarm (as
described in the aarming section). When face
velocity rises above the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the closed position. If the face
velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In this mode
the controller display audible alarm sounds and the

Laboratory and Fume Hood
Controls Engineering Guide
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red LED pulses. Clearing this mode requires that the
controller display’s enter key be pushed if the
condition isinitiated locally.

Velocity Unsafe

Velocity Low <90 FPM
Tablel Velocity High >110 FPM
Laboratory and Fume Hood 68
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<80 FPM or >120 FPM

AUTO-FLOW.

The controller has the ability to initiate alarms locally
and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller's display
module. This key does not cancel the alarm condition
but does silence the alarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote alarm light that
parallels the operation of the built-in audible alarm.
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AUTO-FLOW

Sequence of Operation

Application #18

Single Supply/General
Exhaust for Air Flow Control
with Full Temperature Control
and Single Bench Hood

Laboratory and Fume Hood
Controls Engineering Guide

In this Sequence:

LABORATORY
 General

Air Flow Control
Temperature Control
Volume Limit Control
Emergency Mode
Alarming

FUME HOOD

General

Control

Exhaust Air Flow
Monitoring
Emergency Override
Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #18: Single Supply/General Exhaust
for Air Flow Control with Full Temperature
Control and Single Bench Hood

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
lab control aspects so that a failure of the
communications network has no effect on laboratory
pressure control.

Air Flow Control

The controller measures the supply air flow delivered
to the laboratory with a parallel plate pitot array in the
laboratory supply air duct and measures the exhaust
air flow leaving the space with a parallel plate pitot
array in the laboratory general exhaust duct. These
measurements are scaled into cubic feet per minute.
The controller executes its process loops with
proportional, integral, and derivative control action.
The supply air flow is the measured variable for the
one of the controller's PID loops. The setpoint for
supply air flow is the minimum air flow rate required
for the desired air changes per hour, reset from the
temperature override signal or the air flow rate
required to satisfy the fume hood makeup air volume,
whichever is greater. The supply makeup air flow rate
is determined by the following equation:

Supply Makeup Flow Setpoint CFM = (Total Hood
Exhaust Air Flow CFM + Minimum General Exhaust
Air Flow CFM - Desired Differential CFM Setpoint)

The controller's PID output is used to control output
to the laboratory supply air damper. The laboratory
supply air damperis positioned as required by the
controller with an electronic damper actuator. The
damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop five times per second. When supply air

Laboratory and Fume Hood
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flow falls below the desired setpoint the controller
modulates the normally closed laboratory supply air
damper toward the open position. When supply air
flow rises above the desired setpoint the controller
modulates the normally closed laboratory supply air
damper toward the closed position.

The exhaust air flow setpoint is based on a calculation
derived to maintain a constant differential CFM. This
differential CFM is the mathematical result of the total
exhaust air leaving the space minus the total supply air
entering the space. The differential CFM setpoint is a
constant value which is adjustable by the user. The
exhaust air flow setpoint is based on the following
equation:

Exhaust CFM Setpoint = (Current Supply CFM +
Differential CFM Setpoint - Total Hood Exhaust
CFM)

The exhaust air flow PID is controlled to maintain this
differential CFM. The controller’s PID output is used
to control output to the laboratory general exhaust air
damper. The laboratory general exhaust air damper is
positioned as required by the controller through an
electronic damper actuator. The damper actuator
incorporates internal  feedback for  positive
positioning. The controller executes its control loop
five times per second. If general exhaust air flow falls
below the desired setpoint the controller modulates
the normally open laboratory general exhaust air
damper toward the open position. On arise in genera
exhaust air flow above the desired setpoint the
controller modulates the normally open laboratory
general exhaust air damper toward the closed position.

Temperature Control

The controller measures the temperature of the supply
air in the supply duct serving the laboratory space and
the temperature of the laboratory space itself. These
temperatures combined with the measured supply air
flow rate are used to calculate the instantaneous BTUs
used by the space to maintain its temperature. The
equation for this processis as follows:

BTU's = [ (Supply Discharge Temperature - Space
Temperature) x Supply Air Flow Rate] x 1.085

One of the controller’'s PID loops is used in
conjunction with the measured space temperature and
its required setpoint to determine the desired
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instantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current BTUs
and a PID loop to control the laboratory supply duct
reheat coil. Additionaly, the BTU setpoint and
calculated current BTUs work in a reset fashion with
the minimum supply flow setpoint and the associated
PID loop controlling the general exhaust air damper.
If the BTUs fall below the required setpoint the
controller decreases the minimum supply air flow
setpoint associated with the PID loop controlling the
laboratory supply air damper. If the BTUs fall below
the required setpoint the controller decreases the
minimum supply air flow setpoint associated with the
PID loop controlling the supply air damper toward its
minimum value (the minimum design CFM for the
required air change rate). As the calculated BTUs
continue to fall below the required setpoint the
controller modulates the output to the reheat coil valve
toward the open position. If calculated BTUs rise
above the desired setpoint the controller modulates the
reheat coil output toward the closed position. On a
continued rise above the desired setpoint the
controller resets the minimum supply air flow setpoint
associated with the PID loop controlling the supply air
damper toward its maximum value (the maximum
design CFM for the lab supply).

VolumeLimit Control

Should the measured supply air flow volume fall
below its desired minimum air flow rate (adjustable)
as required to maintain the necessary air changes per
hour, the supply flow control PID loop is overridden
and the laboratory supply damper is controlled to
maintain the desired minimum air flow. Should the
measured supply air flow volume rise above its
desired maximum air flow rate (adjustable), the supply
flow control PID loop is overridden and the laboratory
supply damper is controlled to maintain the desired
maximum air flow.

Emergency Mode

The controller has the capability to accept an external
contact from an emergency push button which
indicates the emergency purge mode. In this mode the
laboratory general exhaust air and supply air dampers
are overridden to a fixed (user-adjustable) position
and an alarm is transmitted over the communications
network to the remote operator interface device. These
dampers remain in this position until the emergency
push button isreset to its normal state.

Alarming

Laboratory and Fume Hood
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Tablel
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The controller provides the capability to alarm based
on an actuator failure related to either loss of power or
actuator position feedback not meeting its commanded
position. Additionaly, the controller also alows for
the aarming of the supply air flow and general
exhaust ar flow measurements based on user
adjustable limits. These alarms are not annunciated
locally. They are transmitted over the communications
network to the remote operator interface device.

FUME HOOD
General

The fume hood is equipped with a stand aone
networkable microprocessor- based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values and
English language text point descriptors

e LED(s) capable of displaying current hood
operating status in up to three different conditions

» audible alarm

e audible alarm silence key

» key gyle interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
hood control aspects so that a failure of the
communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller’s PID loop. The setpoint for
face velocity is usually set as 100 feet per minute, and
is adjustable either locally or remotely. The
controller’s PID output is calculated by the controller
software providing an adjusted percentage control
output to the fume hood exhaust damper. The fume
hood exhaust damper is positioned as required by the
controller using an electronic damper actuator. The
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damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop twenty times per second. When face
velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the open position. If flow continues to
fall below setpoint, after an adjustable time delay the
controller generates alocal alarm
Tablel (as described in the aarming
section). When face velocity rises above the desired
setpoint the controller modulates the normally open
fume hood exhaust damper toward the closed position.
If the face velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.

Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a parallel plate pitot array
in the fume hood exhaust duct. This measurement is
scaled into cubic feet per minute for use by the
laboratory pressure controller in calculating total lab
exhaust volume. The controller provides a dedicated
input and output for receiving a cascaded flow signal
from another fume hood controller, adding its own
exhaust flow value and transmitting a totalized signal
to either another fume hood controller or the
laboratory pressure controller.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an externa emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In emergency
mode the controller display audible alarm sounds and
the red LED pulses. Clearing this mode requires that
the controller display's enter key be pushed if the
condition isinitiated locally.

Alarming

The controller has the ability to initiate alarms locally
and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this aarm
condition the red controller display’'s LED and the

Velocity Unsafe
Velocity Low
Velocity High

<80 FPM or >120 FPM
<90 FPR3
>110 FPM

Sequence of Operation

audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’s display
module. This key does not cancel the alarm condition
but does silence the alarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote aarm light that
paralels the operation of the built-in audible alarm.
The controller also provides an alarm for the exhaust
flow value based on user adjustable limits. This alarm
does not annunciate locally, it is transmitted over the
communications network to the remote operator
interface device.

Red LED and continuous audible alarm
Yellow LED and_aiisragoaudibberlensHood
Yellow LED andJoulsiolg audiblessliagrGuide
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AUTO'F LOW@ Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #19

Single Supply/General
Exhaust for Pressure Control
with Temperature Override
and Dual Bench Fume Hoods

In this Sequence:
LABORATORY

« General

* Pressure Control

* Volume Limit Control
 Temperature Override
 Emergency Mode

» Alarming

FUME HOODS

» General

« Control
 Emergency Override
» Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #19: Single Supply/General Exhaust
for Pressure Control with Temperature Override
and Dual Bench Fume Hoods

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
lab control aspects so that a failure of the
communications network has no effect over
laboratory pressure control.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process |oop using proportional,
integral, and derivative control action. The total
pressure differential reading is the measured variable
for the controller's PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, a setpoint that is adjustable either
locally or remotely. The controller's PID output is
used to control output to the laboratory supply
damper. The laboratory supply damper is positioned
by the controller with an electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
control loop five times per second. If the total
pressure differential falls below the desired setpoint
the controller modulates the normaly closed
laboratory supply damper toward the open position. If
total pressure differential goes above the desired
setpoint the controller modulates the normally closed
laboratory supply damper toward the closed position.

Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory with a parallel plate pitot array in the
laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller

Laboratory and Fume Hood
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executes a process loop using proportional, integral,
derivative control action. The supply air flow reading
is the measured variable for the controller’s PID loop.
The setpoint for supply air flow rate is that which
maintains the desired minimum number of air
changes per hour. The setpoint is adjustable either
locally or remotely. The controller’s PID output is
used to control output to the laboratory general
exhaust air damper. The laboratory general exhaust
air damper is positioned as required by the controller
with an electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes a control loop
five times per second. When the supply air flow rate
fals below the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the open position.
Opening the damper causes a drop in total pressure
differential that results in an increase in supply air
delivered to the laboratory. When the supply air flow
rate goes above the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the closed position.
This action results in an increase in total pressure
differential causing a reduction in the supply air
delivered to the lab.

Temperature Override

The controller accepts an input from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired laboratory temperature. As the supply
override signal increases, the controller increases the
minimum supply air flow setpoint associated with the
PID loop controlling the general exhaust air damper
toward its maximum vaue (the maximum design
CFM for the lab supply). As the supply override
signal decreases, the controller decreases the
minimum supply air flow setpoint associated with the
PID loop controlling the general exhaust air damper
toward its minimum value (the minimum design CFM
for the required air change rate).

Emergency Mode

The controller has the capability to accept an external
contact from an emergency push button which
indicates the emergency purge mode. In this mode the
laboratory general exhaust air and supply air dampers
are overridden to a fixed (user-adjustable) position
and an aarm is transmitted over the communications
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network to the remote operator interface device.
These dampers remain in this position until the
emergency push button is reset to its normal state.

Alarming

The controller provides the capability to alarm based
on an actuator failure, from any of the electronic
actuators connected to the controller, related to either
loss of power or actuator position feedback that does
not meet the commanded position. The controller also
alows for alarms on the supply air flow or total
pressure differential measurements based on user-
adjustable limits. These alarms are not annuciated
locally, they are transmitted over the communications
network to the remote operator interface device.

FUME HOODS
General

The fume hood is equipped with a stand alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

¢ audibleaarm

e audible alarm silence key

* key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
hood control aspects so that a falure of the
communications network has no effect on fume hood
control.

77

Sequence of Operation
Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller's PID loop. The setpoint
for face velocity is usually set as 100 feet per minute,
which is adjustable either locally or remotely. The
controller’s PID output is calculated by the controller
software providing an equal percentage control output
to the fume hood exhaust damper. The fume hood
exhaust damper is positioned as required by the
controller using a fully electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
complete control loop twenty times per second. When
face velocity fals below the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the open position. If flow
continues to fall below setpoint, after an adjustable
time delay the controller generates a local alarm (as
described in the aarming section). When face
velocity rises above the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the closed position. If the face
velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed postion. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display's enter key be
pushed if the condition isinitiated locally.

Laboratory and Fume Hood
Controls Engineering Guide



Sequence of Operation
Alarming

The controller has the ability to initiate alarms locally
and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1) :

Velocity Unsafe
Velocity Low
Velocity High

Tablel

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the

Laboratory and Fume Hood
Controls Engineering Guide

<80 FPM or >120 FPM
<90 FPM
>110 FPM
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audible aarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’'s display
module. This key does not cancel the alarm condition
but does silence the alarm for a time period. After the
time delay the audible alarm returns if the condition

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

has not been corrected. The controller provides a
dedicated digital output for initiating a remote alarm
klaxon or remote alarm light that paralels the
operation of the built-in audible alarm.
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AUTO'F LOW@ Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #20

Single Supply/General
Exhaust for Air Flow Control
with Temperature Override
and Dual Bench Hoods

In this Sequence:
LABORATORY

» General

» Air Flow Control
 Temperature Override
* Volume Limit Control
 Emergency Mode

» Alarming

FUME HOODS

» General

« Control

« Exhaust Air Flow
Monitoring

« Emergency Override
» Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #20: Single Supply/General Exhaust
for Air Flow Contral with Temperature Override
and Dual Bench Hoods

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities alow for remote operator
interface as well as data/alarm logging and storage.
The contraller functions as a stand-alone unit for al
lab control aspects so that a falure of the
communications network has no effect on laboratory
pressure contral.

Air Flow Contral

The controller measures the |aboratory supply ar
flow with a parallel plate pitot array in the laboratory
supply air duct and it measures the exhaust air flow
with a paralld plate pitot array in the |ahoratory
general exhaust duct. These measurements are scaled
into cubic feet per minute (CFM). The controller
executes its process loops using  proportional,
integral, and derivative contral action. The supply
air flow acts as the measured variable for the one of
the controller’s PID loops. The setpoint for supply
air flow is the minimum air flow rate required for
the desired air changes per hour, reset from the
temperature override signal or the ar flow rate
required to satisfy the fume hood makeup air
volume, whichever is greater. The supply makeup air
flow rate is determined by the following equation:

Supply Make-Up FHow Setpoint CFM = (Total Hood
Exhaust Air How CFM + Minimum Genera
Exhaust Air How CFM - Desired Differentiad CFM
Setpoint)

The contraller’s PID output is used to control output
to the laboratory supply air damper. The laboratory
supply air damper is positioned as required by the
controller with an electronic damper actuator. The
damper actuator incorporates internal feedback for

Laboratory and Fume Hood
Controls Engineering Guide

positive positioning. The controller executes its
control loop five times per second. When supply air
flow falls below the desired setpoint the controller
modul ates the normally closed |aboratory supply air
damper toward the open position. When supply air
flow rises ahove the desired setpoint the controller
modul ates the normally closed |aboratory supply air
damper toward the closed paosition.

The exhaust air flow setpoint is based on a
caculation derived to maintain a congtant
differentiadl CFM. This differentid CFM is the
mathematical result of the total exhaust air leaving
the space minus the total supply ar entering the
space. The differentiadl CFM setpoint is a constant
value that is user adjustable. The exhaust air flow
Setpoint is based on the following equation:

Exhaust CFM Setpoint = Current Supply CFM +
DCFM Setpoint-Total Hood Exhaust CFM

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’s PID output is
used to control output to the lahoratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its complete
control loop five times per second. When general
exhaust air flow falls below the desired setpoint the
controller modulates the normally open laboratory
general exhaust air damper toward the open pasition.
When general exhaust air flow rises above the
desired setpoint the controller modulates the
normally open |aboratory general exhaust air damper
toward the closed position.

Temperature Override

The controller accepts an input from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired |aboratory temperature. As the supply
override signal increases, the controller increases the
minimum supply air flow setpoint associated with
the PID loop contralling the supply air damper
toward its maximum value (the maximum design
CFM for the lab supply). As the supply override
signal decreases, the controller decreases the
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minimum supply air flow setpoint associated with
the PID loop contralling the supply air damper
toward its minimum value (the minimum design
CFM for the required air change rate).

Volume Limit Control

Should the measured supply air flow volume fall
below its desired minimum air flow rate (adjustable)
as required to maintain the necessary air changes per
hour, the supply flow control PID loop is overridden
and the |aboratory supply damper is controlled to
maintain the desired minimum air flow. Should the
measured supply air flow volume rise above its
desired maximum air flow rate (adjustable), the
supply flow control PID loop is overridden and the
laboratory supply damper is controlled to maintain
the desired maximum air flow.

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button
which indicates the emergency purge mode. In this
mode the laboratory general exhaust air and supply
air dampers are overridden to a fixed (user-
adjustable) position and an alarm is transmitted over
the communications network to the remote operator
interface device. These dampers remain in this
position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller
also alows for the alarming of the supply air flow
and general exhaust air flow measurements based on
user adjustable limits These aarms are not
annunciated locally. They are transmitted over the
communications network to the remote operator
interface device.

FUME HOODS
General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
Laboratory and Fume Hood
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operator interface capabilities congisting of but not
limited to the following:

two line LCD or LED display capable of
simultaneoudly displaying scaled point values
and English language text point descriptors
LED(s) capable of displaying current hood
operating Status in up to three different
conditions

audible alarm

audible larm silence key

key style interface to enter password and gain
menu access

The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The contraller functions as a stand-alone
unit for al hood control aspects so that a failure of
the communications network has no effect on fume
hood contral.

Contral

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air
foil pitot method. The controller executes a process
loop using proportional, integral, and derivative
control action. The face velocity reading is the
measured variable for the controller’s PID loop. The
setpoint for face velocity is usually set as 100 feet per
minute, and is adjustable either locally or remotely.
The contraller’s PID output is calculated by the
controller software an adjusted percentage control
output to the fume hood exhaust damper. The fume
hood exhaust damper is positioned as required by the
controller using an electronic damper actuator. The
damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop twenty times per second. When face
velocity falls below the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the open position. If flow
continues to fall below setpoint, after an adjustable
time delay the controller generates alocal alarm (as
described in the alarming section). When face
velocity rises above the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the dosed postion. If the
face velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.



AUTO-FLOW.

Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a paralld plate pitot
array in the fume hood exhaust duct. This
measurement is scaled into cubic feet per minute for
use by the laboratory pressure controller in

Veocity Unsafe
Velocity Low
Velocity High

Tablel

calculating total |ab exhaust volume. The controller
provides a dedicated input and output for receiving a
cascaded flow signa from another fume hood
controller, adding its own exhaust flow value and
transmitting a totalized signal to either another fume
hood controller or the |aboratory pressure controller.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller
has an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’'s enter key be
pushed if the condition isinitiated locally.

Sequence of Operation

Alarming

The controller has the ahility to initiate alarms both
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

<80FPMor >120FPM  Red LED and continuous audible alarm
<90 FPM
>110 FPM

Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
aarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded postion. In this aarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’s display
module. This key does not cancd the aarm
condition but does silence the aarm for a
programmable time period. After the time delay the
audible alarm returns if the condition has not been
corrected. The controller provides a dedicated digital
output for initiating a remote alarm klaxon or remote
alarm light that parallels the operation of the built-in
audible alarm. The controller also provides an aarm
for the exhaust flow value based on user-adjustable
limits. This alarm does not annunciate locally, it is
transmitted over the communications network to the
remote operator interface device.

Laboratory and Fume Hood
Controls Engineering Guide
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AUTO'F LOW@ Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #21

Single Supply/General

Exhaust for Pressure Control
with Full Temperature Control
and Dual Bench Fume Hoods

In this Sequence:
LABORATORY

» General

* Pressure Control

* Volume Limit Control
 Temperature Control
 Emergency Mode

» Alarming

FUME HOODS

» General

« Control

« Emergency Override
» Alarming

Bill of Material
Drawing



MAUTO-FLOW

Sequence of Operation

Application #21: Single Supply/General Exhaust
for Pressure Control with Full Temperature
Control and Dual Bench Fume Hoods

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions for all lab control aspects so
that a failure of the communications network has no
effect on laboratory pressure control.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process |oop using proportional,
integral, and derivative control action. The total
pressure differential reading is the measured variable
for the controller's PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, a setpoint that is adjustable either
locally or remotely. The controller's PID output is
used to control output to the laboratory supply
damper. The laboratory supply damper is positioned
by the controller with an electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
control loop of five times per second. If the total
pressure differential falls below the desired setpoint
the controller modulates the normaly closed
laboratory supply damper toward the open position. If
total pressure differential goes above the desired
setpoint the controller modulates the normally closed
laboratory supply damper toward the closed position.

Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory with a parallel plate pitot array in the
laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller
executes a process loop using proportional, integral,

Laboratory and Fume Hood
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and derivative control action. The supply air flow
reading is the measured variable for the controller's
PID loop. The setpoint for supply air flow rate is that
which maintains the desired minimum number of air
changes per hour. The setpoint is adjustable either
locally or remotely. The controller’'s PID output is
used to control output to the laboratory general
exhaust air damper. The laboratory general exhaust
air damper is positioned as required by the controller
with an electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes a complete
control loop five times per second. When the supply
air flow rate falls below the desired minimum setpoint
the controller modulates the normally open laboratory
general exhaust damper toward the open position.
Opening the damper causes a drop in total pressure
differential that results in an increase in supply air
delivered to the laboratory. When the supply air flow
rate goes above the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the closed position.
This action results in an increase in total pressure
differential causing a reduction in the supply air
delivered to the lab.

Temperature Control

The controller measures the temperature of the supply
air in the supply duct serving the laboratory space and
the temperature of the laboratory space itself. These
temperatures combined with the measured supply air
flow rate are used to calculate the instantaneous
BTUs used by the space to maintain its temperature.
The equation for this processis as follows:

BTUs = [ (Supply Discharge Temperature - Space
Temperature) x Supply Air Flow Rate] x 1.085

One of the controller's PID loops is used in
conjunction with the measured space temperature and
its required setpoint to determine the desired
instantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current BTUs
and a PID loop to control the laboratory supply duct
reheat coil. Additionaly, the BTU setpoint and
calculated current BTUs work in a reset fashion with
the minimum supply flow setpoint and the associated
PID loop to control the general exhaust air damper. If
the BTUs fal below the required setpoint the
controller decreases the minimum supply air flow
setpoint associated with the PID loop controlling the
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general exhaust air damper toward its minimum value
(the minimum design CFM for the required air
change rate). As the calculated BTUs continue to fall
below the required setpoint the controller modulates
the output to the reheat coil valve toward the open
position. If calculated BTUs rise above the desired
setpoint the controller modulates the reheat coil
output toward the closed position. On a continued rise
above the desired setpoint the controller resets the
minimum supply air flow setpoint associated with the
PID loop controlling the general exhaust air damper
toward its maximum value (the maximum design
CFM for the lab supply).

Emergency Mode

The controller has the capability to accept an external
contact from an emergency push button which
indicates the emergency purge mode. In this mode the
laboratory general exhaust air and supply air dampers
are overridden to a fixed (user-adjustable) position
and an alarm is transmitted over the communications
network to the remote operator interface device.
These dampers remain in this position until the
emergency push button is reset to its normal state.

Alarming

The controller provides the capability to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller also
alows for the alarming of the supply air flow and
general exhaust air flow measurements based on user-
adjustable limits. These alarms are not annunciated
localy. They are transmitted over the
communications network to the remote operator
interface device.

FUME HOODS
General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors
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Sequence of Operation

e LED(s) capable of displaying current hood
operating status in up to three different
conditions

¢ audibleaarm

e audible aarm silence key

« key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for al
hood control aspects so that a falure of the
communications network has no effect on fume hood
control.

Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller’'s PID loop. The setpoint
for face velocity is usually set as 100 feet per minute,
which is adjustable either locally or remotely. The
controller’s PID output is calculated by the controller
software providing an equal percentage control output
to the fume hood exhaust damper. The fume hood
exhaust damper is positioned as required by the
controller with an electronic damper actuator. The
damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop twenty times per second. When face
velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the open position. If flow continues to
fall below setpoint, after an adjustable time delay the
controller generates alocal alarm (as described in the
aarming section). When face velocity rises above the
desired setpoint the controller modul ates the normally
open fume hood exhaust damper toward the closed
position. If the face velocity continues to rise above
setpoint the controller generates alocal alarm after an
adjustable time delay.

Laboratory and Fume Hood
Controls Engineering Guide



Sequence of Operation
Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display's enter key be
pushed if the condition isinitiated locally.

Alarming
The controller has the ability to initiate alarms locally

and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1) :

Velocity Unsafe <80 FPM or >120 FPM
Velocity Low <90 FPM
Table 1 Velocity High >110 FPM
Laboratory and Fume Hood 88
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In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible aarm pulse. Audible alarms are silenced by
the silence key on the controller's display module.
This key does not cancel the alarm condition but does
silence the aarm for a programmable time period.
After the time delay the audible alarm returns if the
condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote aarm light that
parallels the operation of the built-in audible alarm.

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm
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Sequence of Operation

Application #22

Single Supply/General

Exhaust for Air Flow Control
with Full Temperature Control

and Dual Bench Hoods

Laboratory and Fume Hood

Controls Engineering Guide

In this Sequence:
LABORATORY

General

Air Flow Control
Temperature Control
Volume Limit Control
Emergency Mode
Alarming

FUME HOODS

General
Control

Exhaust Air Flow
Monitoring

Emergency Override
Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #22: Single Supply/General Exhaust
for Air Flow Contra with Full Temperature
Contral and Dual Bench Hoods

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities alow for remote operator
interface as well as data/alarm logging and storage.
The contraller functions as a stand-alone unit for al
lab control aspects so that a falure of the
communications network has no effect on laboratory
pressure contral.

Air Flow Contral

The controller measures the |aboratory supply ar
flow with a parallel plate pitot array in the laboratory
supply air duct and it measures the exhaust air flow
with a paralld plate pitot array in the |aboratory
general exhaust duct. These measurements are scaled
into cubic feet per minute (CFM). The controller
executes its process loops using proportional,
integral, and derivative contral action. The supply
air flow is the measured variable for the one of the
controller’s PID loops. The setpoint for supply air
flow is the minimum air flow rate required for the
desired air changes per hour, reset from the
temperature override signal or the ar flow rate
required to satisfy the fume hood makeup air
volume, whichever is greater. The supply makeup air
flow rate is determined by the following equation:

Supply Make-Up FHow Setpoint CFM = (Total Hood
Exhaust Air How CFM + Minimum Genera
Exhaust Air How CFM - Desired Differentiad CFM
Setpoint)

The controller’s PID output is used to control output
to the laboratory supply air damper. The laboratory
supply air damper is positioned as required by the
controller with an electronic damper actuator. The
damper actuator incorporates internal feedback for

Laboratory and Fume Hood
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positive positioning. The controller executes its
control loop of five times per second. When supply
air flow falls below the desred setpoint the
controller modulates the normally closed laboratory
supply air damper toward the open position. When
supply air flow rises above the desired setpoint the
controller modulates the normally closed laboratory
supply air damper toward the closed paosition.

The exhaust air flow setpoint is based on a
caculation derived to maintain a congtant
differentiadl CFM. This differentid CFM is the
mathematical result of the total exhaust air leaving
the space minus the total supply ar entering the
space. The differentiadl CFM setpoint is a constant
value that is user adjustable. The exhaust air flow
Setpoint is based on the following equation:

Exhaust CFM Setpoint = Current Supply CFM +
DCFM Setpoint-Total Hood Exhaust CFM

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’s PID output is
used to control output to the lahoratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control |oop
five times per second. When general exhaust air flow
fals below the desred setpoint the controller
modulates the normally open l|aboratory general
exhaust air damper toward the open position. When
general exhaust air flow rises above the desired
Setpoint the controller modulates the normally open
laboratory general exhaust air damper toward the
closed position.

Temperature Control

The controller measures the temperature of the
supply air in the supply duct serving the laboratory
space and the temperature of the |ahoratory space
itself. These temperatures combined with the
measured supply air flow rate are used to calculate
the ingtantaneous BTUs used by the space to
maintain its temperature. The equation for this
processis asfollows:

BTUs = [ (Supply Discharge Temperature - Space
Temperature) » Supply Air How Rate] » 1.085



Sequence of Operation

One of the controller’'s PID loops is used in
conjunction with the measured space temperature
and its required setpoint to determine the desired
ingtantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current
BTUs and a PID loop to control the |aboratory
supply duct reheat coil. Additionally, the BTU
Setpoint and calculated current BTUs work in a reset
fashion with the minimum supply flow setpoint and
the associated PID loop contralling the laboratory
supply air damper. If the BTUs fal below the
required setpoint the controller decreases the
minimum supply air flow setpoint associated with
the PID loop contralling the supply air damper
toward its minimum value (the minimum design
CFM for the required air change rate). As the
calculated BTUs continue to fall below the required
Setpoint the controller modulates the output to the
reheat coil valve toward the open position. If
calculated BTUs rise above the desired setpoint the
controller modulates the reheat coil output toward
the closed position. On a continued rise above the
desired setpoint the controller resets the minimum
supply air flow setpoint associated with the PID loop
controlling the supply ar damper toward its
maximum value (the maximum design CFM for the

\ab supply).

Volume Limit Control

Should the measured supply air flow volume fall
below its desired minimum air flow rate (adjustable)
as required to maintain the necessary air changes per
hour, the supply flow control PID loop is overridden
and the |aboratory supply damper is controlled to
maintain the desired minimum air flow. Should the
measured supply air flow volume rise above its
desired maximum air flow rate (adjustable), the
supply flow control PID loop is overridden and the
laboratory supply damper is controlled to maintain
the desired maximum air flow.

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button
which indicates the emergency purge mode. In this
mode the laboratory general exhaust air and supply
air dampers are overridden to a fixed (user-
adjustable) position and an alarm is transmitted over
the communications network to the remote operator
interface device. These dampers remain in this

Laboratory and Fume Hood
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position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller
also alows for the alarming of the supply air flow
and general exhaust air flow measurements based on
user-adjustable limits. These aarms are not
annunciated locally. They are transmitted over the
communications network to the remote operator
interface device.

FUME HOODS
General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

two line LCD or LED display capable of
simultaneoudly displaying scaled point values
and English language text point descriptors
LED(s) capable of displaying current hood
operating Status in up to three different
conditions

audible larm

audible alarm silence key

key style interface to enter password and gain
menu access

The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The contraller functions as a stand-alone
unit for al hood control aspects so that a failure of
the communications network has no effect over fume
hood contral.

Contral

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air
foil pitot method. The controller executes a process
loop using proportional, integral, and derivative
control action. The face velocity reading is the
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measured variable for the controller’s PID loop. The
setpoint for face velocity is usually set as 100 feet per
minute, which is adjustable ether locally or
remotely. The controller’s PID output is calculated
by the controller software providing an adjusted
percentage control output to the fume hood exhaust
damper. The fume hood exhaust damper is
positioned as required by the controller using an
eectronic damper actuator. The damper actuator
incorporates  internal  feedback for  positive
positioning. The controller executes its control |oop
twenty times per second. When face velocity falls
below the desired setpoint the controller modulates
the normally open fume hood exhaust damper
toward the open position. If flow continues to fall
below setpoint, after an adjustable time delay the
controller generates a local alarm (as described in
the alarming section). When face velocity rises above
the desired setpoint the controller modulates the

Veocity Unsafe
Tablel Velocity Low
Velocity High

normally open fume hood exhaust damper toward
the closed position. If the face velocity continues to
rise above setpoint the controller generates a local
alarm after an adjustable time delay.

Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a paralld plate pitot
array in the fume hood exhaust duct. This
measurement is scaled into cubic feet per minute for
use by the laboratory pressure controller in
calculating total |ab exhaust volume. The controller
provides a dedicated input and output for receiving a
cascaded flow signal from another fume hood
controller, adding its own exhaust flow value and
transmitting a totalized signal to either another fume
hood controller or the |aboratory pressure controller.

Sequence of Operation

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller
has an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’'s enter key be
pushed if the condition isinitiated locally.

Alarming

The controller has the ahility to initiate alarms both
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

<80FPMor >120FPM  Red LED and continuous audible alarm
<90 FPM
>110 FPM

Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
aarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this aarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’s display
module. This key does not cance the aarm
condition but does slence the aarm for a
programmable time period. After the time delay the
audible alarm returns if the condition has not been
corrected. The controller provides a dedicated digital
output for initiating a remote alarm klaxon or remote
alarm light that parallels the operation of the huilt-in
audible alarm. The controller also provides an aarm
for the exhaust flow value based on user-adjustable
limits. This alarm does not annunciate locally, it is
transmitted over the communications network to the
remote operator interface device.

Laboratory and Fume Hood
Controls Engineering Guide
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Sequence of Operation

Application #23

Single Supply/General
Exhaust for Pressure Control
with Temperature Override
and Pressure Controlled

Laboratory and Fume Hood
Controls Engineering Guide

Internal Office

In this Sequence:

General
Lab Pressure Control

Lab Office Pressure
Control

Lab Volume Limit
Control

Lab Office Volume Limit
Control

Lab Temperature
Override

Lab Office Temperature
Override
Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #23: Single Supply/General Exhaust
for Pressure Control with Temperature Override
and Pressure Controlled Internal Lab Office

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
lab control aspects so that a failure of the
communications network has no effect on laboratory
pressure control.

Lab Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process |oop using proportional,
integral, and derivative control action. The total
pressure differential reading acts as the measured
variable for the controller's PID loop. The setpoint
for total pressure differential is - 0.005"wc with
respect to the adjacent corridor, a setpoint that is
adjustable either locally or remotely. The controller's
PID output is used to control output to the laboratory
supply damper. The laboratory supply damper is
positioned by the controller with an electronic
damper actuator. The damper actuator incorporates
internal feedback for positive positioning. The
controller executes its control loop five times per
second. If the total pressure differential falls below
the desired setpoint the controller modulates the
normally closed laboratory supply damper toward the
open position. If total pressure differential goes above
the desired setpoint the controller modulates the
normally closed laboratory supply damper toward the
closed position.

Lab Office Pressure Control

The total pressure differential is measured between
the laboratory office space and the surrounding
laboratory. The controller executes a process loop
using proportional, integral, and derivative control
action. The total pressure differential reading is the

Laboratory and Fume Hood
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measured variable for the controller's PID loop. The
setpoint for total pressure differential is + 0.005"wc
with respect to the surrounding laboratory, a setpoint
that is adjustable either locally or remotely. The
controller’'s PID output is used to control output to
the laboratory office supply damper. The laboratory
office supply damper is positioned by the controller
with an electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. If the total pressure differential falls
below the desired setpoint the controller modulates
the normally closed laboratory office supply damper
toward the open position. If total pressure differential
goes above the desired setpoint the controller
modulates the normally closed laboratory office
supply damper toward the closed position.

Lab Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory with a parallel plate pitot array in the
laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller
executes a process loop using proportional, integral,
and derivative control action. The supply air flow
reading is the measured variable for the controller’s
PID loop. The setpoint for supply air flow rate is that
which maintains the desired minimum number of air
changes per hour. The setpoint is adjustable either
locally or remotely. The controller's PID output is
used to control output to the laboratory general
exhaust air damper. The laboratory general exhaust
air damper is positioned as required by the controller
with a fully electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control loop
five times per second. When the supply air flow rate
falls below the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the open position.
Opening the damper causes a drop in total pressure
differential that results in an increase in supply air
delivered to the laboratory. When the supply air flow
rate goes above the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the closed position.
This action results in an increase in total pressure
differential causing a reduction in the supply air
delivered to the lab.



L ab Office Volume Limit Control

The controller measures the supply air flow being
delivered to the laboratory office using a paralel
plate pitot array in the laboratory office supply air
duct. This measurement is scaled into cubic feet per
minute. The setpoint for supply air flow rate is that
which maintains the desired minimum air changes per
hour. The setpoint is adjustable either locally or
remotely. The controller resets the total pressure
differential PID loop setpoint in order to maintain the
minimum or maximum supply flow limits. When the
supply air flow rate falls below the desired minimum
setpoint the controller resets the desired differential
setpoint upward in order to increase supply flow.
When the supply air flow rate rises above the desired
minimum setpoint the controller resets the desired
setpoint downward in order to decrease supply air
flow.

Lab Temperature Override

The controller accepts an input from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired laboratory temperature. As the supply
override signal increases, the controller increases the
minimum supply air flow setpoint associated with the
PID loop controlling the general exhaust air damper
toward its maximum value (the maximum design
CFM for the lab supply). As the supply override
signal decreases, the controller decreases the
minimum supply air flow setpoint associated with the
PID loop controlling the general exhaust air damper
toward its minimum value (the minimum design CFM
for the required air change rate).

Lab Office Temperature Override

The controller accepts an input from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired laboratory office temperature. As the
supply override signal increases the controller
increases the minimum supply air flow setpoint
associated with the reset of the differential setpoint.
As the supply override signal decreases the controller
decreases the minimum supply air flow setpoint
associated with the reset of the differential setpoint.
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Alarming

The controller provides the capability to alarm based
on an actuator failure, related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally the controller also
alows for the alarming of either of the supply air
flows or total pressure differential measurements
based on user-adjustable limits. These alarms are not
annunciated locally. They are transmitted over the
communications network to the remote operator
interface device.
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AUTO'F LOW® Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #24

Single Supply/General

Exhaust for Air Flow Control
with Temperature Override
and Flow Controlled Internal

Lab Office

In this Sequence:

General
Lab Air Flow Control

Lab Office Air Flow
Control

Temperature Override
Volume Limit Control
Alarming

Bill of Material
Drawing



MUTO-FLOW.

Sequence of Operation

Application #24: Single Supply/General Exhaust
for Air Flow Contral with Temperature Override
and Flow Contralled Internal Lab Office

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data/alarm logging and
storage. The contraller functions as a stand-alone
unit for al |ab control aspects so that a failure of the
communications network has no effect on laboratory
pressure contral.

Lab Air Flow Contral

The controller measures the |aboratory supply ar
flow with a parallel plate pitot array in the laboratory
supply air duct and it measures the exhaust air flow
with a paralld plate pitot array in the |aboratory
general exhaust duct. These measurements are scaled
into cubic feet per minute (CFM). The controller
executes its process loops using proportional,
integral, and derivative contral action. The supply
ar flow is the measured variable for one of the
controller’s PID loops. The setpoint for supply ar
flow is the minimum air flow rate required for the
desired air changes per hour, reset from the
temperature override signal. The exhaust air flow
Setpoint is based on a calculation derived to maintain
a congtant differential CFM. This differentidl CFM
is the mathematical result of the total exhaust air
leaving the space minus the total supply air entering
the space. The differentid CFM setpoint is a
constant value that is user-adjustable. The exhaust
air flow setpoint is based on the following equation:

Exhaust CFM Setpoint = Current Supply CFM +
Current Office Supply CFM + DCFM Setpoint

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’s PID output is
used to control output to the laboratory general
exhaust air damper. The |laboratory general exhaust
air damper is positioned as required by the controller

Laboratory and Fume Hood
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with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control |oop
five times per second. When general exhaust air flow
fals below the desred setpoint the controller
modulates the normally open l|aboratory general
exhaust air damper toward the open position. When
general exhaust air flow rises above the desired
Setpoint the controller modulates the normally open
laboratory general exhaust air damper toward the
dosed position.

L ab Office Air Flow Control

The controller measures the supply air flow delivered
to the lahoratory office with a parallel plate pitot
array in the laboratory office supply air duct. This
measurement is scaled into units of cubic feet per
minute. The controller executes a process |0op using
proportional, integral, and derivative control action.
The lab office supply ar flow is the measured
variable for the one of the contraller’s PID loops.
The setpoint for lab office supply air flow is the
minimum air flow rate required for the desired air
changes per hour, reset from the temperature
override signal. The damper actuator incorporates
internal feedback for positive positioning. If the
laboratory office supply air flow falls below the
desired setpoint the controller modulates the
normally closed |aboratory office supply air damper
toward the open position. If the lahoratory office
supply air flow rises ahove the desired setpoint the
controller modulates the normally closed laboratory
office supply air damper toward the closed position.

Temperature Override

The controller accepts inputs from the Building
Automation System (BAS) which determines the
amount of supply flow override required to maintain
the desired temperature in the lahoratory and the
laboratory office. As either supply override signal
increases the controller increases the respective
minimum supply air flow setpoint associated with
the PID loop contralling the supply air damper
toward its maximum value (the maximum design
CFM for the lab supply). As the supply override
signal decreases, the controller decreases the
respective minimum supply air flow setpoint
associated with the PID loop contralling the supply



air damper toward its minimum value (the minimum
design CFM for the required air change rate).

Volume Limit Control

Should either laboratory or laboratory office
measured supply air flow volume fal below its
desred minimum air flow rate (adjustable) as
required to maintain the necessary air changes per
hour, the respective supply flow control PID loop is
overridden and the respective supply damper is
controlled to maintain the desired minimum air flow.
Should the measured supply air flow volume rise
ahove its desired maximum air flow rate (adjustable)
the respective supply flow control PID loop is
overridden and the respective supply damper is
controlled to maintain the desired maximum air
flow.

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller
also alows for alarms on either of the supply ar
flows and the general exhaust air flow measurements
based on user-adjustable limits. These alarms are not
annunciated locally. They are transmitted over the
communications network to the remote operator
interface device.
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AUTO-FLOW

Sequence of Operation

Application #25

Single Supply/General
Exhaust for Pressure Control
with Full Temperature Control
and Internal Lab Office with
Pressure Control and Full
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Temperature Control

In this Sequence:

General
Lab Pressure Control

Lab Office Presssure
Control

Lab Volume Limit
Control

Lab Office Volume Limit
Control

Lab Temperature
Control

Lab Office Temperature
Control

Emergency Mode
Alarming

Bill of Material
Drawing



MUTO-FLOW.

Sequence of Operation

Application #25. Single Supply/General Exhaust
for Pressure Control with Full Temperature
Control and Internal Lab Office with Pressure
Contral and Full Temperature Control

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities alow for remote operator
interface as well as data/alarm logging and storage.
The contraller functions as a stand-alone unit for al
lab control aspects so that a falure of the
communications network has no effect on laboratory
pressure contral.

Lab Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading is the measured variable
for the contraller’s PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, a setpoint that is adjustable either
locally or remotely. The controller’s PID output is
used to control output to the l|aboratory supply
damper. The laboratory supply damper is positioned
by the controller with an electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
control loop five times per second. If the total
pressure differential falls below the desired setpoint
the controller modulates the normally dosed
laboratory supply damper toward the open position.
If total pressure differential goes above the desired
Setpoint the controller modulates the normally dosed
laboratory supply damper toward the closed pasition.

L ab Office Pressure Control

The total pressure differential is measured between
the laboratory office space and the surrounding
laboratory. The controller executes a process |oop
using proportional, integral, and derivative control
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action. The total pressure differential reading is the
measured variable for the contraller’s PID loop. The
setpoint for total pressure differential is + 0.005"'wc
with respect to the surrounding |aboratory, a setpoint
that is adjustable either locally or remotely. The
controller’s PID output is used to contral output to
the laboratory office supply damper. The laboratory
office supply damper is positioned by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. If the total pressure differential falls
below the desired setpoint the controller modulates
the normally closed laboratory office supply damper
toward the open postion. If total pressure
differential goes above the desired setpoint the
controller modulates the normally closed laboratory
office supply damper toward the closed position.

Lab Volume Limit Control

The controller measures the supply air flow delivered
to the laboratory with a paralld plate pitot array in
the laboratory supply air duct. This measurement is
scaled into cubic feet per minute. The controller
executes a process |oop using proportional, integral,
and derivative control action. The supply air flow
reading is the measured variable for the controller’s
PID loop. The setpoint for supply air flow rate is that
which maintains the desired minimum number of air
changes per hour. The setpoint is adjustable either
locally or remotely. The controller’s PID output is
used to control output to the lahoratory general
exhaust air damper. The |aboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes a control |oop
five times per second. When the supply air flow rate
fals below the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the open paosition.
Opening the damper causes a drop in total pressure
differential that results in an increase in supply ar
delivered to the |aboratory. When the supply air flow
rate goes above the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the closed paosition.
This action results in an increase in total pressure
differential causing a reduction in the supply ar
delivered to the lab.
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L ab Office Volume Limit Control

The controller measures the supply air flow being
delivered to the laboratory office using a parale
plate pitot array in the laboratory office supply air
duct. This measurement is scaled into cubic feet per
minute. The setpoint for supply air flow rate is that
which maintains the desired minimum air changes
per hour. The setpaint is adjustable either locally or
remotely. The controller resets the total pressure
differential PID loop setpoint in order to maintain
the minimum or maximum supply flow limits. When
the supply air flow rate falls below the desired
minimum setpoint the controller resets the desired
differential setpoint upward in order to increase
supply flow. When the supply air flow rate rises
ahove the desired minimum setpoint the controller
resets the desired setpoint downward in order to
decrease supply air flow.

Lab Temperature Control

The controller measures the temperature of the
supply air in the supply duct serving the laboratory
space and the temperature of the |ahoratory space
itself. These temperatures combined with the
measured supply air flow rate are used to calculate
the ingtantaneous BTUs used by the space to
maintain its temperature. The equation for this
processis asfollows:

BTUs = [ (Supply Discharge Temperature - Space
Temperature) » Supply Air How Rate] s 1.085

One of the controller’'s PID loops is used in
conjunction with the measured space temperature
and its required setpoint to determine the desired
ingtantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current
BTUs and a PID loop to control the |aboratory
supply duct reheat coil. Additionally, the BTU
Setpoint and calculated current BTUs work in a reset
fashion with the minimum supply flow setpoint and
the associated PID loop contralling the general
exhaust air damper. If the BTUs fal below the
required setpoint the controller decreases the
minimum supply air flow setpoint associated with
the PID loop contralling the general exhaust ar
damper toward its minimum value (the minimum
design CFM for the required air change rate). As the
calculated BTUs continue to fall below the required
Setpoint the controller modulates the output to the
reheat coil valve toward the open position. If
calculated BTUs rise above the desired setpoint the
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controller modulates the reheat coil output toward
the closed position. On a continued rise above the
desired setpoint the controller resets the minimum
supply air flow setpoint associated with the PID loop
contralling the general exhaust air damper toward its
maximum value (the maximum design CFM for the

\ab supply).

Lab Office Temperature Control

The controller measures the temperature of the
supply air in the supply duct serving the laboratory
office space and the temperature of the laboratory
office space itself. These temperatures comhined
with the measured |aboratory office supply ar flow
rate are used to calculate the instantaneous BTUs
used by the space to maintain temperature. The
equation for this processis asfollows:

BTU's =[ (Supply Discharge Temperature - Space
Temperature) » Supply Air FHow Rate] » 1.085

One of the controllers PID loops is used in
conjunction with the measured space temperature
and its required setpoint to determine the desired
ingtantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current
BTUs and a PID loop to control the |aboratory
supply duct reheat coil. Additionally the BTU
Setpoint and calculated current BTUs work in a reset
fashion with the minimum laboratory office supply
flow setpoint and the associated PID loop. If the
BTUs fall below the required setpoint the controller
decreases the minimum laboratory office supply ar
flow toward its minimum value (the minimum
design CFM for the required air change rate). As the
calculated BTUs continue to fall below the required
setpoint the controller modulates the output to the
reheat coil valve toward the open position. If
calculated BTUs rise above the desired setpoint the
controller modulates the reheat coil output toward
the closed position. On a continued rise above the
desired setpoint the controller resets the minimum
laboratory office supply air flow setpoint toward its
maximum value (the maximum design CFM for the
lab office supply).

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button
which indicates the emergency purge mode. In this
mode the laboratory general exhaust air and supply
air dampers are overridden to a fixed (user-

Laboratory and Fume Hood
Controls Engineering Guide



Sequence of Operation

adjustable) position and an alarm is transmitted over
the communications network to the remote operator
interface device. These dampers remain in this
position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator fallure, from any of the eectronic
actuators connected to the contraller, related to
either loss of power or actuator position feedback
that does not meet the commanded position. The
controller also allows for alarms on the supply ar
flow, general exhaust ar flow, supply duct
temperature, space temperature or total pressure
differential measurements based on user-adjustable
limits. These alarms are not annunciated locally,
they are transmitted over the communications
network to the remote operator interface device.

Laboratory and Fume Hood
Controls Engineering Guide
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AUTO'F LOW@ Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #26

Single Supply/General

Exhaust for Air Flow Control
with Full Temperature Control
and Internal Lab Office with
Air Flow Control and Full

Temperature Control

In this Sequence:

General
Lab Air Flow Control

Lab Office Air Flow
Control

Lab Temperature
Control

Lab Office Temperature
Control

Volume Limit Control
Emergency Mode
Alarming

Bill of Material
Drawing



MAUTO-FLOW

Sequence of Operation

Application #26: Single Supply/General Exhaust
for Air Flow Control with Full Temperature
Control and Internal Lab Office with Air Flow
Control and Full Temperature Control

General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities allow for remote operator
interface as well as data/alarm logging and storage.
The controller functions as a stand-alone unit for all
lab control aspects so that a falure of the
communications network will have no effect on
laboratory pressure control.

Lab Air Flow Control

The controller measures the laboratory supply air
flow with a parallel plate pitot array in the laboratory
supply air duct and it measures the exhaust air flow
with a paralel plate pitot array in the laboratory
general exhaust duct. These measurements are scaled
into cubic feet per minute (CFM). The controller
executes its process loops using proportional,
integral, and derivative control action. The supply air
flow acts as the measured variable for one of the
controller's PID loops. The setpoint for supply air
flow is the minimum air flow rate required for the
desired air changes per hour, reset from the
temperature override signal. The exhaust air flow
setpoint is based on a calculation derived to maintain
a congtant differential CFM. This differential CFM is
the mathematical result of the total exhaust air leaving
the space minus the total supply air entering the
space. The differential CFM setpoint is a constant
value that is user adjustable. The exhaust air flow
setpoint is based on the following equation:

Exhaust CFM Setpoint = Current Lab Supply CFM +
Current Lab Office CFM + ACFM Setpoint

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’'s PID output is
used to control output to the laboratory general
exhaust air damper. The laboratory general exhaust
air damper is positioned as required by the controller
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with an electronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its complete
control loop five times per second. When general
exhaust air flow falls below the desired setpoint the
controller modulates the normally open laboratory
genera exhaust air damper toward the open position.
When general exhaust air flow rises above the desired
setpoint the controller modulates the normally open
laboratory general exhaust air damper toward the
closed position.

Lab Office Air Flow Control

The controller measures the supply air flow delivered
to the laboratory office with a paralel plate pitot
array in the laboratory office supply air duct. This
measurement is scaled into units of cubic feet per
minute. The controller executes a process loop using
proportional, integral, and derivative control action.
The lab office supply air flow is the measured
variable for one of the controller’'s PID loops. The
setpoint for lab office supply air flow is the minimum
air flow rate required for the desired air changes per
hour, reset from the temperature override signal. The
damper actuator incorporates internal feedback for
positive positioning. If the laboratory office supply
air flow falls below the desired setpoint the controller
modulates the normally closed laboratory office
supply air damper toward the open position. If the
laboratory office supply air flow rises above the
desired setpoint the controller modulates the normally
closed laboratory office supply air damper toward the
closed position.

Lab Temperature Control

The controller measures the temperature of the supply
air in the supply duct serving the laboratory space and
the temperature of the laboratory space itself. These
temperatures combined with the measured supply air
flow rate are used to calculate the instantaneous
BTUs used by the space to maintain its temperature.
The equation for this processis as follows:

BTUs = [(Supply Discharge Temperature - Space
Temperature) x Supply Air Flow Rate] x 1.085

One of the controller’'s PID loops is used in
conjunction with the measured space temperature and
its required setpoint to determine the desired
instantaneous BTU setpoint. This BTU setpoint is
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used in conjunction with the calculated current BTUs
and a PID loop to control the laboratory supply duct
reheat coil. Additionally, the BTU setpoint and
calculated current BTUs work in a reset fashion with
the minimum supply flow setpoint and the associated
PID loop controlling the laboratory supply air
damper. If the BTUs fall below the required setpoint
the controller decreases the minimum supply air flow
setpoint associated with the PID loop controlling the
supply air damper toward its minimum value (the
minimum design CFM for the required air change
rate). As the calculated BTUs continue to fall below
the required setpoint the controller modulates the
output to the reheat coil valve toward the open
position. If calculated BTUs rise above the desired
setpoint the controller modulates the reheat coil
output toward the closed position. On a continued rise
above the desired setpoint the controller resets the
minimum supply air flow setpoint associated with the
PID loop controlling the supply air damper toward its
maximum value (the maximum design CFM for the

lab supply).

Lab Office Temperature Control

The controller measures the temperature of the supply
air in the supply duct serving the laboratory office
space and the temperature of the laboratory office
space itself. These temperatures combined with the
measured laboratory office supply air flow rate are
used to calculate the instantaneous BTUs used by the
space to maintain its temperature. The equation for
this processis asfollows:

BTUs = [(Supply Discharge Temperature - Space
Temperature) x Supply Air Flow Rate] x 1.085.

One of the controller's PID loops is used in
conjunction with the measured space temperature and
its required setpoint to determine the desired
instantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current BTUs
and a PID loop to control the laboratory supply duct
reheat coil. Additionally the BTU setpoint and
calculated current BTUs work in a reset fashion with
the minimum laboratory office supply flow setpoint
and the associated PID loop. If the BTUs fal below
the required setpoint the controller decreases the
minimum laboratory office supply air flow toward its
minimum value (the minimum design CFM for the
required air change rate). As the calculated BTUs
continue to fall below the required setpoint the
controller modulates the output to the reheat coil
valve toward the open position. If the calculated
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BTUs rise above the desired setpoint the controller
modulates the reheat coil output toward the closed
position. On a continued rise above the desired
setpoint the controller resets the minimum laboratory
office supply air flow setpoint toward its maximum
value (the maximum design CFM for the lab office

supply).
Volume Limit Control

Should the measured supply ar flow volume fall
below its desired minimum air flow rate (adjustable)
as required to maintain the necessary air changes per
hour, the respective supply flow control PID loop is
overridden and the respective supply damper is
controlled to maintain the desired minimum air flow.
Should the measured supply air flow volume rise
above its desired maximum air flow rate (adjustable),
the respective supply flow control PID loop is
overridden and the respective supply damper is
controlled to maintain the desired maximum air flow.

Emergency Mode

The controller has the capability to accept an external
contact from an emergency push button which
indicates the emergency purge mode. In this mode the
laboratory general exhaust air and supply air dampers
are overridden to a fixed (user-adjustable) position
and an aarm is transmitted over the communications
network to the remote operator interface device.
These dampers remain in this position until the
emergency push button isreset to its normal state.

Alarming

The controller provides the capability to alarm based
on an actuator falure, from any of the electronic
actuators connected to the controller, related to either
loss of power or actuator position feedback that does
not meet the commanded position. The controller also
alows for alarms on the supply air flow, general
exhaust air flow, supply duct temperature, space
temperature or total pressure differential
measurements based on user-adjustable limits. These
aarms are not annunciated localy, they are
transmitted over the communications network to the
remote operator interface device.
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AUTO'F LOW@ Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #27

Dual Supply Single General

Exhaust for Pressure Control
with Full Temperature Control
and Four Bench Fume Hoods

In this Sequence:
LABORATORY

« General

* Pressure Control

* Volume Limit Control
» Temperature Control
 Emergency Mode

» Alarming

FUME HOODS

» General

« Control

« Emergency Override
» Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #27: Dual Supply Single General
Exhaust for Pressure Contra with Full
Temperature Control and Four Bench Fume
Hoods

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The contraller functions as a stand-alone
unit for al |ab control aspects so that a failure of the
communications network has no effect on laboratory
pressure contral.

Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading acts as the measured
variable for the contraller’s PID loop. The setpoint
for total pressure differentia is -0.005"'wc with
respect to the adjacent corridor, which is adjustable
either locally or remotely. The contraller’s PID
output is used to contral each output to the laboratory
supply dampers. The |aboratory supply dampers are
positioned as required by the controller by eectronic
damper actuators. The damper actuators incorporate
internal feedback for positive postioning. The
controller executes its control loop five times per
second. When total pressure differential falls below
the desired setpoint the controller modulates the
normally closed |aboratory supply damper toward the
open position. When total pressure differential rises
ahove the desired setpoint the controller modulates
the normally closed laboratory supply dampers
toward the closed position.

Laboratory and Fume Hood
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Volume Limit Control

The controller measures the supply air flow delivered
to the |aboratory with a paralld plate pitot array in
each of the laboratory supply air ducts. This
measurement is scaled into cubic feet per minute.
The controller executes a process loop using a
proportional, integral, and derivative control action.
The total supply air flow reading acts as the
measured variable for the contraller’s PID loop. The
setpoint for total supply air flow rate shall be that
which maintains the desired minimum air changes
per hour. The setpaint is adjustable either locally or
remotely. The controller’s PID output is used to
control the output to the laboratory general exhaust
air damper. The lahoratory general exhaust air
damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes a control |oop
five times per second. When the total supply air flow
rate falls below the desired minimum setpoint the
controller modulates the normally open laboratory
general exhaust damper toward the open paosition.
Opening the damper causes a drop in total pressure
differential that results in an increase in supply ar
delivered to the |aboratory. When the total supply air
flow rate goes above the desired minimum setpoint
the controller modulates the normally open
laboratory general exhaust damper toward the closed
position. This action results in an increase in total
pressure differential causing a reduction in the
supply air delivered to the lab.

Temperature Control

The controller measures the temperature of the
supply air in each of the supply ducts serving the
laboratory space and the temperature of the
laboratory space itself. These temperatures combined
with the measured supply air flow rate are used to
calculate the instantaneous BTUs used by the space
to maintain temperature. The equation for this
processis asfollows:

BTUs = [ (Supply Discharge Temperature - Space
Temperature) » Supply Air FHow Rate] » 1.085

This equation is calculated for each supply duct
serving the lab space and summed to provide a total
BTU result. One of the controller’s PID loops is used
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in conjunction with the measured space temperature
and its required setpoint to determine the desired
ingtantaneous BTU setpoint. This BTU setpoint is
used in conjunction with the calculated current
BTUs and a PID loop to control the |aboratory
supply duct reheat coils. Additionaly, the BTU
Setpoint and calculated current BTUs work in a reset
fashion with the minimum supply flow setpoint and
the associated PID loop contralling the general
exhaust air damper. If the BTUs fal below the
required setpoint the controller decreases the
minimum supply air flow setpoint associated with
the PID loop contralling the general exhaust ar
damper toward its minimum value (the minimum
design CFM for the required air change rate). As the
calculated BTUs continue to fall below the required
Setpoint the controller modulates the output to the
reheat coil valve toward the open position. If
calculated BTUs rise above the desired setpoint the
controller modulates the reheat coil output toward
the closed position. On a continued rise above the
desired setpoint the controller resets the minimum
supply air flow setpoint associated with the PID loop
contralling the general exhaust air damper toward its
maximum value (the maximum design CFM for the

\ab supply).

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button
which indicates the emergency purge mode. In this
mode the laboratory general exhaust air and supply
air dampers are overridden to a fixed (user-
adjustable) position and an alarm is transmitted over
the communications network to the remote operator
interface device. These dampers remain in this
position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator fallure, from any of the eectronic
actuators connected to the contraller, related to
either loss of power or actuator position feedback
that does not meet the commanded position. The
controller also allows for alarms on the supply ar
flow, supply duct temperature, space temperature or
total pressure differential measurements based on
user-adjustable limits. These aarms are not
annunciated locally, they are transmitted over the
communications network to the remote operator
interface device.

115
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FUME HOODS
General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities congisting of but not
limited to the following:

two line LCD or LED display capable of
simultaneoudly displaying scaled point values
and English language text point descriptors
LED(s) capable of displaying current hood
operating Status in up to three different
conditions

audible larm

audible alarm silence key

key style interface to enter password and gain
menu access

The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The contraller functions as a stand-alone
unit for al hood control aspects so that a failure of
the communications network has no effect on fume
hood contral.

Contral

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air
foil pitot method. The controller executes a process
loop using proportional, integral, and derivative
control action. The face velocity reading is the
measured variable for the controller’s PID loop. The
setpoint for face velocity is usually set as 100 feet per
minute, and is adjustable either locally or remotely.
The contraller’s PID output is calculated by the
controller software providing an adjusted percentage
control output to the fume hood exhaust damper. The
fume hood exhaust damper is positioned as required
by the controller using an electronic damper
actuator. The damper actuator incorporates internal
feedback for positive positioning. The controller
executes its control loop twenty times per second.
When face velocity falls below the desired setpoint
the controller modulates the normally open fume
hood exhaust damper toward the open postion. If
flow continues to fall below setpoint, after an

Laboratory and Fume Hood
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adjustable time delay the controller generates a local
alarm (as described in the alarming section). When
face velocity rises above the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the dosed position. If the

Veocity Unsafe
Tablel Velocity Low <90 FPM
Velocity High >110 FPM

face velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.

Emergency Override

The contraller has an emergency override key on its
local operator interface. In addition, the controller
has an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’'s enter key be
pushed if the condition isinitiated locally.

Laboratory and Fume Hood
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The controller has the ability to initiate alarms
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

<80FPMor >120FPM  Red LED and continuous audible alarm

Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
aarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded postion. In this aarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pushing the silence key on the controller’s display
module. This key does not cance the aarm
condition but does slence the aarm for a
programmable time period. After the time delay the
audible alarm returns if the condition has not been
corrected. The controller provides a dedicated digital
output for initiating a remote alarm klaxon or remote
alarm light that parallels the operation of the built-in
audible larm.
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AUTO'F LOW@ Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #28

Dual Supply Single General
Exhaust for Air Flow Control
with Full Temperature Control
and Four Bench Hoods

In this Sequence:
LABORATORY

» General

» Air Flow Control

» Temperature Control
* Volume Limit Control
 Emergency Mode

» Alarming

FUME HOODS

» General

« Control

« Exhaust Air Flow
Monitoring

 Emergency Override
» Alarming

Bill of Material
Drawing
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Sequence of Operation

Application #28: Dual Supply Single General
Exhaust for Air Flow Contra with Full
Temper ature Control and Four Bench Hoods

LABORATORY
General

The laboratory is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local display devices.
The networking capabilities alow for remote
operator interface as well as data/alarm logging and
storage. The contraller functions as a stand-alone
unit for al |ab control aspects so that a failure of the
communications network has no effect on laboratory
pressure contral.

Air Flow Contral

The controller measures the |aboratory supply ar
flow with a paralld plate pitot array in both of the
laboratory supply air ducts and measures the exhaust
air flow leaving the space with a parallel plate pitot
array in the laboratory general exhaust duct. These
measurements are scaled into cubic feet per minute
(CFM). The controller executes its process loops
using proportional, integral, and derivative control
action. The supply air flows are the measured
variables for two of the contraller’s PID loops. The
setpoint for each supply air flow is haf of the
minimum air flow rate required for the desired air
changes per hour, reset from the temperature control
signal or half of the air flow rate required to satisfy
the fume hood makeup air volume, whichever is
greater. The supply maekeup air flow rate is
determined by the following equation:

Supply Makeup How Setpoint CFM = (Total Hood
Exhaust Air How CFM + Minimum Genera
Exhaust Air How CFM - Desired Differentiadl CFM
Setpoint)

The contraller’s PID outputs are used to control
output to each of the laboratory supply air dampers.
The laboratory supply air dampers are positioned as
required by the controller with eectronic damper

Laboratory and Fume Hood
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actuators. The damper actuators incorporate internal
feedback for podtive positioning. The controller
executes its control loop five times per second. When
supply air flow falls below the desired setpoint the
controller modulates the normally closed laboratory
supply air dampers toward the open position. When
supply air flow rises above the desired setpoint the
controller modulates the normally closed laboratory
supply air dampers toward the closed position.

The exhaust air flow setpoint is based on a
caculation derived to maintain a congtant
differentiadl CFM. This differentid CFM is the
mathematical result of the total exhaust air leaving
the space minus the total supply ar entering the
space. The differentiadl CFM setpoint is a constant
value that is user adjustable. The exhaust air flow
Setpoint is based on the following equation:

Exhaust CFM Setpoint = Current Supply CFM +
DCFM Setpoint-Total Hood Exhaust CFM

The exhaust air flow PID is controlled to maintain
this differential CFM. The controller’s PID output is
used to control output to the lahoratory general
exhaust air damper. The |laboratory general exhaust
air damper is positioned as required by the controller
with an eectronic damper actuator. The damper
actuator incorporates internal feedback for positive
positioning. The controller executes its control |oop
five times per second. When general exhaust air flow
fals below the desred setpoint the controller
modulates the normally open l|aboratory general
exhaust air damper toward the open position. When
general exhaust air flow rises above the desired
Setpoint the controller modulates the normally open
laboratory general exhaust air damper toward the
closed position.

Temper ature Control

The controller measures the temperature of the
supply air in the supply duct serving the laboratory
space and the temperature of the |ahoratory space
itself. These temperatures combined with the
measured supply air flow rate are used to calculate
the ingtantaneous BTUs used by the space to
maintain its temperature. The equation for this
processis asfollows:



Sequence of Operation

BTUs = [ (Supply Discharge Temperature - Space
Temperature) » Supply Air How Rate] s 1.085

This equation is calculated twice, one for each
supply duct. One of the controller’'s PID loops is
used in conjunction with the measured space
temperature and its required setpoint to determine
the desired instantaneous BTU setpoint. Half of this
BTU setpoint is used in conjunction with the
respective calculated current BTUs and aPID loop to
control each of the |aboratory supply duct reheat
coils. Additionally, the BTU setpoint and calculated
current BTUs work in a resst fashion with the
minimum supply flow setpoint and each of the
associated PID loops controlling the laboratory
supply ar dampers. If the BTUs fall below the
required setpoint the controller decreases the
minimum supply air flow setpoint associated with
the respective PID loop contralling each of the
supply air dampers toward its minimum value (the
minimum design CFM for the required air change
rate). As the calculated BTUs continue to fall below
the required setpoint the controller modulates the
outputs to the reheat coil valves toward the open
position. If calculated BTUs rise above the desired
setpoint the controller modulates the reheat coil
outputs toward the closed position. On a continued
rise above the desired setpoint the controller resets
the minimum supply air flow setpoint associated
with the respective PID loop contralling each of the
supply air dampers toward its maximum value (the
maximum design CFM for the |ab supply).

Volume Limit Control

Should the measured supply air flow volume fall
below its desired minimum air flow rate (adjustable)
as required to maintain the necessary air changes per
hour, each of the supply flow control PID loops is
overridden and the laboratory supply dampers are
controlled to maintain the desired minimum air flow.
Should the measured supply air flow volume rise
ahove its desired maximum air flow rate (adjustable)
each of the supply flow control PID loops is
overridden and the laboratory supply dampers are
controlled to maintain the desired maximum air
flow.

Emer gency Mode

The controller has the capability to accept an
external contact from an emergency push button
which indicates the emergency purge mode. In this
mode the laboratory general exhaust air and supply

Laboratory and Fume Hood
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AUTO-FLOW.

air dampers are overridden to a fixed (user-
adjustable) position and an alarm is transmitted over
the communications network to the remote operator
interface device. These dampers remain in this
position until the emergency push button is reset to
itsnormal state.

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power
or actuator position feedback not meeting its
commanded position. Additionally, the controller
aso alows for alarms on the supply air flows,
general exhaust air flow, supply duct temperatures
and space temperature measurements based on user-
adjustable limits. These alarms are not annunciated
locally. They ae transmitted over the
communications network to the remote operator
interface device.

FUME HOODS
General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has huilt-in
local operator interface capabilities consisting of but
not limited to the following:

two line LCD or LED display capable of
simultaneoudly displaying scaled point values
and English language text point descriptors
LED(s) capable of displaying current hood
operating Status in up to three different
conditions

audible larm

audible alarm silence key

key style interface to enter password and gain
menu access

The networking capabilities alow for remote
operator interface as well as data’alarm logging and
storage. The controller functions as a stand-alone
unit for al hood control aspects so that a failure of
the communications network has no effect on fume
hood contral.



AUTO-FLOW.

Contral

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air
foil pitot method. The controller executes a process
loop using proportional, integral, and derivative
control action. The face velocity reading acts as the
measured variable for the contraller’s PID loop. The
setpoint for face velocity is usually set as 100 feet per
minute, which is adjustable ether locally or
remotely. The controller’s PID output is calculated
by the controller software providing an adjusted
percentage control output to the fume hood exhaust
damper. The fume hood exhaust damper is
positioned as required by the controller using an
eectronic damper actuator. The damper actuator
incorporates  internal  feedback for  positive
positioning. The controller executes its control |oop
twenty times per second. When face velocity falls
below the desired setpoint the controller modulates
the normally open fume hood exhaust damper

Veocity Unsafe
Tablel Velocity Low <90 FPM
Velocity High >110 FPM

toward the open position. If flow continues to fall
below setpoint, after an adjustable time delay the
controller generates a loca aarm. When face
velocity rises above the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the dosed postion. If the
face velocity continues to rise above setpoint the
controller generates a local alarm after an adjustable
time delay.

Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a paralld plate pitot
array in the fume hood exhaust duct. This
measurement is scaled into cubic feet per minute for
use by the laboratory pressure controller in
calculating total |ab exhaust volume. The controller
provides a dedicated input and output for receiving a
cascaded flow signa from another fume hood
controller, adding its own exhaust flow value and
transmitting a totalized signal to either another fume
hood controller or the |aboratory pressure controller.

121

Sequence of Operation

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller
has an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display’'s enter key be
pushed if the condition isinitiated locally.

Alarming

The controller has the ability to initiate alarms
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

<80FPMor >120FPM  Red LED and continuous audible alarm

Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
aarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this aarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’s display
module. This key does not cance the aarm
condition but does slence the aarm for a
programmable time period. After the time delay the
audible alarm returns if the condition has not been
corrected. The controller provides a dedicated digital
output for initiating a remote alarm klaxon or remote
alarm light that parallels the operation of the huilt-in
audible alarm. The controller also provides an aarm
for the exhaust flow value based on user adjustable
limits. This alarm does not annunciate locally, it is
transmitted over the communications network to the
remote operator interface device.

Laboratory and Fume Hood
Controls Engineering Guide
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AUTO'F LOW@ Laboratory and Fume Hood

Seqguence of Operation Controls Engineering Guide

Application #29

Constant Volume On/Off or
Switched Setpoint Control

In this Sequence:
» General

 Air Flow Control

» Alarming
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MUTO-FLOW.

Sequence of Operation

Application #29: Constant Volume
On/Off or Switched Setpoint Contral

General

The constant volume device is equipped with a
stand-alone  networkable  microprocessor-based
controller. The controller has password protection at
both the loca and remote interface levels. This
protection supports multiple levels of access. The
controller is capable of interfacing with local
network interface devices such as hand-held or wall-
mounted local displays. The networking capabilities
alow for remote operator interface as well as
dala/darm logging and sStorage. The controller
functions independently of the network for al lab
control aspects so that a falure of the
communications network has no effect over contral.

Air Flow Contral

The controller measures the flow through the device
with a paralld plate pitot array in the duct servicing
the device. These measurements are scaled into cubic
feet per minute. The controller executes its process
loops using proportional, integral, and derivative
control action. The controller and sensor
combination act a a completdy pressure
independent contral unit. Air flow is the measured
variable for the contraller’s PID loop. The setpoint
for air flow is fixed and user adjustable. The setpoint
has the capability to change to a different fixed
(user-adjustable) value based on input to the
contraller from an external switch or based on atime
of day schedule. The controller’'s PID output is used
to control output to the device's air regulating
damper. The air regulating damper is positioned as
required by the controller with an electronic damper
actuator. The damper actuators incorporate internal
feedback for pogtive positioning. The controller
executes its control loop of five times per second. If
air flow falls below the desred setpoint the
controller modulates the ar regulating damper
toward the open position. If the air flow rises above
the desired setpoint the controller modulates the air
regulating damper toward the closed paosition.

Alarming

The controller provides the capahility to alarm based
on an actuator failure related to either loss of power

Laboratory and Fume Hood
Controls Engineering Guide

or actuator position feedback that does not meet the
commanded position. The controller also allows for
adarms on the air flow measurements based on user-
adjustable limits. These alarms annunciate locally or
remotely or a combination of both.
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AUTO'F LOW@ Laboratory and Fume Hood

Seqguence of Operation Controls Engineering Guide

Application #30

Glove Box Pressure Control

In this Sequence:
* General

* Pressure Control

» Alarming
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AUTO'F LOW® Laboratory and Fume Hood

Sequence of Operation Controls Engineering Guide

Application #30: Glove Box Pressure Control
General

The glove box is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The contraller is capable of
interfacing with local network interface devices such
as hand-held or wall-mounted local displays. The
networking capabilities alow for remote operator
interface as well as data/alarm logging and storage.
The contraller functions as a stand-alone unit for al
lab control aspects so that a falure of the
communications network has no effect on contral.

Pressure Control

The total pressure differential is measured between
the glove box interior and the surrounding space.
The controller executes a process loop using
proportional, integral, and derivative control action.
The tota pressure differential reading is the
measured variable for the contraller’s PID loop. The
setpoint for total pressure differential is -0.01"'wc
with respect to the surrounding space, a setpoint that
is adjustable either localy or remotely. The
controller’s PID output is used to contral output to
the glove box exhaust air damper. The exhaust ar
damper is positioned by the controller with an
eectronic damper actuator. The damper actuators
incorporate  internal  feedback for  positive
positioning. The controller executes its control |oop
five times per second. If the pressure differential falls
below the desired setpoint the controller modulates
the exhaust air damper toward the open position. |If
the pressure differential goes above the desired
setpoint the controller modulates the exhaust ar
damper toward the closed pasition.

Alarming

The controller provides the capahility to alarm based
on an actuator failures related to either loss of power
or actuator position feedback that does not meet
commanded position. The controller also allows for
aarms of the differential pressure measurements
based on user-adjustable limits. These aarms
annunciate hoth locally and remotely.
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AUTO'F LOW@ Laboratory and Fume Hood

Seqguence of Operation Controls Engineering Guide

Application #31

Biological Safety Cabinet

In this Sequence:
e General

« Control

 Emergency Override
» Alarming
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MAUTO-FLOW

Sequence of Operation

Application #31: Single Bench Biological Safety
Cabinet

General

The biological safety cabinet is equipped with a
stand-alone  networkable  microprocessor-based
controller. The controller has password protection at
both the local and remote interface levels. This
protection supports multiple levels of access. The
controller has local operator interface capabilities
consisting of but not limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LEDs capable of displaying current cabinet
operating status in up to three different
conditions

e audibleaarm

¢ audible aarm silence

* key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator

interface as well as data/alarm logging and storage.

The controller functions as a stand-alone unit for all

hood control aspects so that a falure of the

communications network has no effect on biological
safety cabinet control.

Control

The controller measures the exhaust air flow volume
leaving the biological safety cabinet with a parallel
plate array in the cabinet exhaust duct. This
measurement is scaled into cubic feet per minute
(CFM) for use by the biological safety cabinet
controller. The controller executes a process loop
using proportional, integral, and derivative control
action. The exhaust air flow reading is the measured
variable for the controller's PID loop. The setpoint
for exhaust air flow is a flow rate that trandates to an
average face velocity of 75 (Class I, Type A) or 100
(Class I, Type B1, 2, &3) feet per minute, and is
adjustable either locally or remotely. The controller's
PID output is calculated by the controller software

Velocity Unsafe
Velocity Low
Velocity High

Tablel

<20 FPM or >20 FPM
<10 FPM
>10 FPM

Laboratory and Fume Hood
Controls Engineering Guide

providing an equal percentage control output to the
biological safety cabinet exhaust damper. The
biological safety cabinet exhaust flow damper is
positioned as required by the controller with an
electronic damper actuator. The damper actuator
incorporates internal  feedback for  positive
positioning. The controller executes its control loop
twenty times per second. When exhaust flow falls
below the desired setpoint the controller modulates
the normally open biological safety cabinet exhaust
damper toward the open position. If exhaust flow
continues to fal below setpoint, the controller
generates a local alarm (as described in the alarming
section) after an adjustable time delay. When exhaust
flow rises above the desired setpoint the controller
modulates the normally open biological safety cabinet
exhaust damper toward the closed position. If exhaust
flow continues to rise above setpoint, the controller
generates alocal alarm after an adjustable time delay.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the cabinet.
Initiation of either device positions the biological
safety cabinet exhaust damper to an user-defined
fixed position. In this mode the controller display
indicates that the hood is in emergency mode while
the audible alarm sounds and the red LED pulses.
Clearing this mode requires that the controller
display’s enter key be pushed if the condition is
initiated locally or areset of the remote device.

Alarming

The controller has the ability to initiate alarms both
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm



In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible aarm pulse. Audible alarms can be silenced
by pressing the silence key on the controller’s display
module. This key does not cancel the alarm condition
but does silence the alarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote alarm light that
mimics the operation of the built-in audible alarm.

131
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Application #32

Single Bench Fume Hood with
Exhaust Bypass Control

In this Sequence:
e General

« Control

 Emergency Override
» Alarming
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MAUTO-FLOW

Sequence of Operation

Application #32: Single Bench Fume Hood with
Exhaust Bypass Control

General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LEDs capable of displaying current hood
operating status in up to three different
conditions

e audibleaarm

¢ audible aarm silence

* key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator

interface as well as data/alarm logging and storage.

The controller functions as a stand-alone unit for all

hood control aspects so that a falure of the

communications network has no effect on fume hood
control.

Fume Hood Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller’'s PID loop. The setpoint
for face velocity is usually set as 100 feet per minute,
and is adjustable either locally or remotely. The
controller's PID output is calculated by the controller
software providing an equal percentage control output
to the fume hood exhaust damper. The fume hood
exhaust damper is positioned as required by the
controller with an electronic damper actuator. The
damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop twenty times per second. When face
velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the open position. If velocity
continues to fall below setpoint, the controller

Laboratory and Fume Hood
Controls Engineering Guide

generates a local alarm (as described in the alarming
section) after an adjustable time delay. When face
velocity rises above the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the closed position. If velocity
continues to rise above setpoint, the controller
generates alocal alarm after an adjustable time delay.

Exhaust Bypass Damper Control

The controller measures static pressure in the
common exhaust duct plenum using a duct static
pressure sensor. The controller executes a process
loop using proportional, integral, and derivative
control action. The exhaust duct static pressure
reading is the measured variable for the controller's
PID loop. The setpoint for exhaust duct static
pressure is determined in the field and is adjustable
either locally or remotely. The controller's PID
output is calculated by the controller software
providing an equal percentage control output to the
exhaust bypass damper. The exhaust bypass damper
is positioned as required by the controller with an
electronic damper actuator. The damper actuator
incorporates internal  feedback for  positive
positioning. When exhaust duct static pressure falls
below the desired setpoint the controller modulates
the normally closed exhaust bypass exhaust damper
toward the open position.. When exhaust duct static
pressure rises above the desired setpoint the
controller modulates the normally closed exhaust
bypass damper toward the closed position.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood..
Initiation of either device positions the hood exhaust
damper and exhaust bypass damper to a user-defined
fixed postion. In this mode the controller display
indicates that the hood is in emergency mode while
the audible alarm sounds and the red LED pulses.
Clearing this mode requires that the controller
display’'s enter key be pushed if the condition is
initiated locally.



Alarming

The controller has the ability to initiate alarms both
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

Velocity Unsafe <80 FPM or >120 FPM Red LED and continuous audible alarm
Tablel Velocity Low <90 FPM Yellow LED and pulsing audible alarm
Velocity High >110 FPM Yellow LED and pulsing audible alarm

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’'s red LED and the
audible alarm pulse. Audible alarms can be silenced
by pressing the silence key on the controller’s display
module. This key does not cancel the alarm condition
but does silence the alarm for a programmable time
period. After the time delay the audible alarm returns
if the condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote aarm light that
mimics the operation of the built-in audible alarm.
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MAUTO-FLOW

Sequence of Operation

Application #33: Single Bench Fume Hood with
General Exhaust Air Flow Tracking

General

The fume hood is equipped with a stand-aone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities consisting of but not
limited to the following:

e two line LCD or LED display capable of
simultaneously displaying scaled point values
and English language text point descriptors

e LEDs capable of displaying current hood
operating status in up to three different
conditions

e audiblealarm

e audible darm silence

o key style interface to enter password and gain
menu access

The networking capabilities allow for remote operator

interface as well as data/alarm logging and storage.

The controller functions as a stand-alone unit for all

hood control aspects so that a failure of the

communications network has no effect on fume hood
control.

Fume Hood Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air foil
pitot method. The controller executes a process loop
using proportional, integral, and derivative control
action. The face velocity reading is the measured
variable for the controller’'s PID loop. The setpoint
for face velocity is usually set as 100 feet per minute,
and is adjustable either locally or remotely. The
controller’s PID output is calculated by the controller
software providing an adjusted percentage control
output to the fume hood exhaust damper. The fume
hood exhaust damper is positioned as required by the
controller using an electronic damper actuator. The
damper actuator incorporates internal feedback for
positive positioning. The controller executes its
control loop twenty times per second. When face
velocity falls below the desired setpoint the controller
modulates the normally open fume hood exhaust
damper toward the open position. If flow continues to
fall below setpoint, after an adjustable time delay the
controller generates alocal alarm (as described in the

Laboratory and Fume Hood
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alarming section). When face velocity rises above the
desired setpoint the controller modulates the normally
open fume hood exhaust damper toward the closed
position. If velocity continues to rise above setpoint
the controller generates a local alarm after an
adjustable time del ay.

Fume Hood Exhaust Air Flow Monitoring

The controller measures the exhaust air flow volume
leaving the fume hood using a parallel plate pitot
aray in the fume hood exhaust duct. This
measurement is scaled into cubic feet per minute for
use by the controller in calculating total lab exhaust
volume.

General Exhaust Air Flow Control

The controller measures the exhaust air flow volume
leaving the general exhaust grille with a parallel plate
pitot array and differential pressure transmitter in the
general exhaust duct. This measurement is scaled into
cubic feet per minute. The controller executes its
process loop with proportional, integral, and
derivative control action. The general exhaust air
flow is the measured variable for the controller's PID
loop.. The general exhaust air flow setpoint is based
on the following equation:

General Exhaust Setpoint = (Total exhaust flow
capacity- fume hood exhaust flow)

The setpoint is adjustable either locally or remotely.
The controller’s PID output is used to control output
to the laboratory general exhaust air damper. The
general exhaust air damper is positioned as required
by the controller through an electronic damper
actuator. The damper actuator incorporates internal
feedback for positive positioning. If general exhaust
air flow falls below the desired setpoint the controller
modulates the normally closed general exhaust air
damper toward the open position. On arise in general
exhaust air flow above the desired setpoint the
controller modulates the normally closed general
exhaust air damper toward the closed position.



Sequence of Operation
Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller has
an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device positions the hood exhaust
damper to a user-defined fixed position. In
emergency mode the controller display audible alarm
sounds and the red LED pulses. Clearing this mode
requires that the controller display's enter key be
pushed if the condition is initiated locally, or a
resetting of the remote device.

Alarming
The controller has the ability to initiate alarms locally

and remotely (if required) based on the following
(adjustable) face velocity values (See Table 1):

Velocity Unsafe <80 FPM or >120 FPM
Tablel Velocity Low <90 FPM
Velocity High >110 FPM

In addition, the controller provides the capability to
alarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this alarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms are silenced by
pressing the silence key on the controller’'s display
module. This key does not cancel the alarm condition
but does silence the aarm for a programmable time
period.

Laboratory and Fume Hood
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AUTO-FLOW.

After the time delay the audible alarm returns if the
condition has not been corrected. The controller
provides a dedicated digital output for initiating a
remote alarm klaxon or remote aarm light that
parallels the operation of the built-in audible alarm.
The controller also provides an alarm for the exhaust
flow value based on user adjustable limits. This alarm
does not annunciate locally, it is transmitted over the
communications network to the remote operator
interface device.

Red LED and continuous audible alarm
Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm
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MUTO-FLOW.

Sequence of Operation

Application #34: | solation Room Control

General

The isolation room is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities so that it can interface
with hand-held or wall-mounted local display
devicess The networking capabilities alow for
remote operator interface as well as dataladlarm
logging and storage. The controller functions as a
stand-alone unit for al lab control aspects so that a
falure of the communications network has no effect
on fume hood contral.

Configuration

The isolation room ventilation is configured as
described in this section. The supply air to the space
is controlled separately to its design requirements.
The space is served by an exhaust air duct with a
modulating control damper. A Space pressure
sensing device measures the total pressure
differential  across the barrier wall between the
controlled space and the adjacent space. The
controller pand includes a face-mounted alarm light,
aarm horn, horn silence hutton, space pressure LCD
display, isolation/normal selector switch, and a
positive/negative sdector switch,

Mode Control

When the isolation/normal selector switch is in the
normal position the exhaust control damper is
modulated to maintain the space pressure at the
neutral setpoint. When the isolation/normal selector
switch isin the isolation position the exhaust control
damper is modulated to maintain the space pressure
a the setpoint determined by the position of the
positivelnegative  selector  switch. When the
positive/negative selector switch is in the positive
position the space pressure setpoint is a user-
adjustable positive value and the space pressure
sensor is set to measure a positive differentia in the
space with reference to the adjacent area. When the
positive/negative selector switch is in the negative
position the space pressure setpoint is a user-
adjustable negative value and the space pressure

Laboratory and Fume Hood
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Sensor is Set to measure a negative differential in the
space with reference to the adjacent area.

Pressure Control

The total pressure differential is measured between
the isolation room and the adjacent space. The
controller executes a process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading is the measured
variable for the controlle’s PID loop. The
controller’s PID output is used to contral either the
exhaust control damper or the return air control
damper based on the current operating mode. The
control damper is positioned as required by the
controller with a fully electronic damper actuator.
The controller executes its complete control loop a
minimum of five times per second.

Alarming

The controller provides the capability to detect an
aarm based on an actuator failure related to either
loss of power or actuator position feedback that does
not meet commanded position. The controller also
alows for alarming of the differential pressure
measurements based on user-adjustable limits. The
aarm pand light and horn energize whenever the
space pressure is outside the user-adjustable limits
for the current setpoint. When a pressure alarm
occurs the user has the option of silencing the
audible alarm horn by pressing the alarm silence
button on the pand face. The pressure display
continuoudly shows the current space pressure value.
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MUTO-FLOW.

Sequence of Operation

Application #35: Single Bench Fume Hood with
Single Supply Pressure Control

General

The fume hood is equipped with a stand-alone
networkable microprocessor-based controller. The
controller has password protection at both the local
and remote interface levels. This protection supports
multiple levels of access. The controller has local
operator interface capabilities congisting of but not
limited to the following:

two line LCD or LED display capable of

simultaneoudly displaying scaled point values

and English language text point descriptors

LEDs capable of displaying current hood

operating Status in up to three different

conditions

audible larm

audible larm silence key

key style interface to enter password and gain

menu access
The networking capabilities alow for remote
operator interface as well as data/alarm logging and
storage. The contraller functions as a stand-alone
unit for al hood control aspects so that a failure of
the communications network has no effect on fume
hood contral.

Fume Hood Control

The controller measures face velocity directly in the
plane of the fume hood sash opening using the air
foil pitot method. The controller executes a process
loop using proportional, integral, and derivative
control action. The face velocity reading is the
measured variable for the contraller’s PID loop. The
setpoint for face velocity is usually set as 100 feet per
minute, and is adjustable either locally or remotely.
The contraller’s PID output is calculated by the
controller software providing an equal percentage
control output to the fume hood exhaust damper. The
fume hood exhaust damper is positioned as required
by the controller with an electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
control loop twenty times per second. When face
velocity falls below the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the open paosition. If velocity
continues to fal below setpoint, the controller

Laboratory and Fume Hood
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generates alocal alarm (as described in the alarming
section) after an adjustable time delay. When face
velocity rises above the desired setpoint the
controller modulates the normally open fume hood
exhaust damper toward the dosed position. If
velocity continues to rise above setpoint, the
controller generates a local alarm after an adjustable
time delay, as described in the alarming section.

Lab Pressure Control

The total pressure differential is measured between
the laboratory space and the adjacent corridor. The
controller executes a process loop using proportional,
integral, and derivative contral action. The total
pressure differential reading is the measured variable
for the contraller’s PID loop. The setpoint for total
pressure differential is - 0.005"wc with respect to the
adjacent corridor, and is adjustable either locally or
remotely. The controller’s PID output is used to
control output to the laboratory supply damper. The
laboratory supply damper is postioned by the
controller with a fully electronic damper actuator.
The damper actuator incorporates internal feedback
for positive positioning. The controller executes its
complete control loop five times per second. If the
total pressure differential falls below the desired
Setpoint the controller modulates the normally closed
laboratory supply damper toward the open position.
If total pressure differential goes ahove the desired
Setpoint the controller modulates the normally cosed
laboratory supply damper toward the closed pasition.

Emergency Override

The controller has an emergency override key on its
local operator interface. In addition, the controller
has an external emergency override input to cover
initiating devices located away from the hood.
Initiation of either device pasitions the hood exhaust
damper and the lab supply damper to user-defined
fixed positions. In this mode the controller display
indicates that the hood is in emergency mode while
the audible alarm sounds and the red LED pulses.
Clexxing this mode requires that the controller
display’'s enter key be pushed if the condition is
initiated locally or reset of the remote device.



Sequence of Operation
Fume Hood Alar ming

The controller has the ahility to initiate alarms both
locally and remotely (if required) based on the
following (adjustable) face velocity values (See Table
1):

AUTO-FLOW.

Veocity Unsafe <80FPMor >120 FPM  Red LED and continuous audible alarm
Tablel Velocity Low <90 FPM
Velocity High >110 FPM

In addition, the controller provides the capability to
adarm based on an actuator failure related either to
loss of power or because actuator position feedback
did not meet commanded position. In this aarm
condition the controller display’s red LED and the
audible alarm pulse. Audible alarms can be silenced
by pressing the slence key on the controller's
display module. This key does not cancel the alarm
condition but does slence the aarm for a
programmable time period. After the time delay the
audible alarm returns if the condition has not been
corrected. The controller provides a dedicated digital
output for initiating a remote alarm klaxon or remote
alarm light that mimics the operation of the huilt-in
audible larm.

Laboratory and Fume Hood
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Yellow LED and pulsing audible alarm
Yellow LED and pulsing audible alarm
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MAUTO-FLOW

Sequence of Operation

Application #36: Single Bench Fume Hood- Face
Velocity Monitoring Only

General

The fume hood is equipped with an electronic fume
hood monitor. The monitor has built-in local operator
interface capabilities that include the following:

Normal flow indicator
Alarm flow indicator
Test/reset button
Power on indicator
Audible alarm

Alarm setpoint adjustment potentiometer

Hood Monitoring

The monitor measures face velocity by the flow of air
passing through the air inlet located on the face of the
HM1. The air flow passes over dua hot/cold
thermistors and exits through the sidewall of the
hood.

Alarming

The controller has the ability to initiate alarms both
locally and remotely (if required) based on the
following (adjustable) face velocity values:

Velocity Safe >80 FPM (adjustable from
50 to 150 FPM)

Velocity Low <80 FPM (adjustable from
50 to 150 FPM)

Laboratory and Fume Hood
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Green LED on

Red LED and continuous audible alarm
OPTIONAL NC relay contact (24V 0.3A
DCor AC
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