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PART 1 - GENERAL

1.1 GENERAL

A The "provide" in this Division shall be interpreted as "supply,
install, and connect".

2 Energy Monitoring and Control System (BAS) shall in clude Direct
Digital Control (DDC) of mechanical systems as spec ified for this
project.

3 Building Automation System (BAS) shall include the BAS as

specified for this project.

1.2 DESCRIPTION OF SYSTEM

1 Extend the existing Networked DDC Control System to meet the
requirements specified for this project. The new an d extended DDC
products and services shall be fully compatible wit h the existing

FACA{Andover-Controlssystem——— Johnson Control s Metasys system
2 Exi sting Account Contact:

lain Hill

Account Executive

Johnson Controls Canada LP
CELL: 647-688-0702

3 The extended Control System shall consist of but is not limited
to the following:

A Laboratory Airflow Control System (LAFCS) as specif ied;

2 Software required to implement a complete and opera tional
system.

3 Input and output control devices including sensors,
actuators, conduit and wiring, as required to provi de the

operations specified.

1.3 QUALITY ASSURANCE

A The System Manufacturer shall match base building B uilding
Automation System (BAS).

2 The System Manufacturer must have maintained a loca | office
within 400 kilometers of job site for at least 5 ye ars with
technical staff to provide technical information, r outine and
emergency maintenance on the system and all system components,
and to provide training instructions to O&M staff.

3 The System Manufacturer must have proven record of successful
experience on projects of similar type and size.

4 Submit the following information for review by Depa rtmental
Representative:

A Location of local office.
2 Names and phone numbers of technical staff.
3 Specification sheets for Master Control Units, Loca | Control

Units and Terminal Control Units.
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4 Data communication network performance information including
network protocols to be used, data rate, maximum nu mber of
nodes per Local Area Network (LAN).
14 CO-ORDINATION
A Co-ordinate work with Mechanical and Electrical Tra des. Unless
noted otherwise, provide all interface devices, con trol wiring,
and controls as required to provide the control ope ration
specified.
2 Unless noted in Division 26, provide line voltage a nd low voltage
control wiring for equipment specified in Division 25. Refer to
Division 26 for power wiring, starters, disconnect switches,
etc., to be provided for mechanical equipment.
3 Provide all necessary power and dedicated circuits as required
from local 120 volt branch circuits panel board for all Master
Control Units. Install tamper locks on breakers of circuit panel.
4 Unless noted otherwise, provide all other installat ion work
required for the complete installation of BAS, incl uding all
interface devices, control and power wiring, contro Is and

controlled devices.

1.5 LOCKABLE PANELS

A

Provide lockable panels with key lock handle operat
doors.

Panels located in climate controlled environments t
12 rating. Panels located in non-climate controlled

to be NEMA 3R or 4 rating. Panels exposed to corros
environments to be NEMA 4X rating.

Equip all panels for Master Control Units with stan
alike cabinet locks, keyed to same key.

1.6 NAMEPLATES

A

Provide nameplates on all control items listed or s
submittal and approved control diagrams.

Identify all panels and items mounted on panel face
plastic nameplates 3 mm thick. Lettering shall be a
aligned and engraved into the white core. Size of n
shall be 20 mm by 100 mm minimum. Lettering shall b
high normal black lettering.

Identify field sensors and controlled devices by pl
cards attached to the device by chain.

Warning signage: provide each motor starter under r
automatic control (DO point on I/O Point Schedules)
warning of automatic starting under control of BAS.
"Caution - this equipment is under automatic remote
BAS").
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1.7 SHOP DRAWINGS
A Submit shop drawings and product data in accordance with Section
23 05 00. Submit control shop drawings within 15 da ys of Award of
Contract.
2 Shop drawings shall include:

A
2

o Ul h w

Description of software programs included.

Specification sheets for each piece of equipment or
devices to be provided.

Equipment and DDC Controllers location drawings.
Mechanical control schematics.

Sequence of operation for each mechanical system.
DDC control point schedules.

1.8 INSTALLATION AND COMPLETION TESTS

A

2

3

Installation and Calibration:

A

Set control points and calibrate sensors immediatel
installing controls.

Completion Tests:

A

.10

After installation of each part of the system and c
of mechanical and electrical hood-up, perform tests
confirm correct installation and operation of equip

Check and calibrate each Al using a calibrated digi
thermometer, humidistat, velometer or transducer.

Check each DI to insure proper settings and switchi
contacts.

Check each AO to insure proper operation of valves
dampers. Verify tight closing, input and output sig

Check each DO to insure proper operation and lag ti
Check all operating software.

Check all application software. Provide samples of
and commands.

Debug all software.

Fine tuning and adjusting all control devices and m
modifications as required to provide a fully operat
BAS.

Submit test report with checklist showing all input
control points and all software programs.

All reported results are subject to verification by
Departmental Representative.

1.9 SYSTEM STARTUP VERIFICATION TESTING

A

Provide technical personnel and instrumentation to
startup verification and testing.

Verification:

A
2

Perform point-by-point verification of entire syste

Verify the calibration of all Al devices individual
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3 Verify the calibration of all DI devices individual

A4 Verify all AO devices are functional, start and spa
correct, direction and normal positions are correct

5 Verify that all DO devices operate properly and tha
normal positions are correct.

.6 Verify the system sequences of operation. Simulate
of operation.

7 Verify the stability of all DDC loops and optimum s
routines.

.8 Check each alarm separately.

9 Verify interlocks and conditional control response.

.10 Simulate alarm conditions to check the initiating v
variable and interlock action.

3 Complete and submit System Startup Verification For

on the verification forms shall be signed off as ve
or not verified (no) and actual date of verificatio
signed by testing technician.

1.10 OPERATION AND MAINTENANCE MANUAL

A The manual shall be custom designed for this projec
only information relevant to this project.

2 The manual shall provide full and complete coverage
following subjects:

A

Operational Requirements: This document shall descr
concise English terms, all the functional and opera
requirements for the system and its functions that
implemented.

System Operation: Complete step by step procedures
operation of the system, including required actions
operator station; operation of computer peripherals
and output formats; and emergency, alarm, and failu
recovery. Step-by-step instructions for system star
back-up equipment operation, and execution of all s
functions and operating modes shall be provided.

Maintenance: Documentation of all maintenance proce
each and all system component including inspection,
preventive maintenance, fault diagnosis, and repair
replacement of defective module.

Test Procedures and Reports: The test implementatio
be recorded with a description of the test exercise

of events and documented as Test Procedures. A prov
the measurement or observation of results, based on
previously published Test Specification, forms the
Reports.

Configuration Control: Documentation of the basic s
design and configuration with provisions and proced
planning, implementing, and recording any hardware
software modifications required during the installa
test, and operating lifetime of the system.
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1.11 TRAINING

A Provide the services of competent instructors who w ill provide

instruction to designated personnel in the adjustme
and maintenance, including pertinent safety require
equipment and system specified. Instructors shall b
familiar with all aspects of the subject matter the
teach.

1.12  WARRANTY AND MAINTENANCE

A

Provide all services; materials and equipment neces
maintenance of the Automatic Control Systems for a
12 months concurrent with the warranty period.

Provide three minor inspections or as required by t
manufacturer and one major inspection per year, and
for the required maintenance. Major inspection shal
in April or November. A major inspection shall invo
point check and/or calibration. Provide dated datab
indicate executed point to point system check.

Emergency Service: Departmental Representative will
service calls when there is indication that the Aut
System is not functioning properly. Provide qualifi
available during the contract period to provide ser
“critical" overall control system components whenev
no additional cost Contract. Furnish the Department
Representative with a telephone number where the se
personnel can be reached at all times. The service
shall be on the job ready to service the control sy

4 hours after receiving a request for service. The
performed continuously until the control system is
reliable operating condition. This service shall be

24 hours basis 7 days a week.

Upon completion of each inspection or emergency ser
fully detailed report in writing to Departmental Re

PART 2 - PRODUCTS

LCM and HPFC fully user programmable DDC Controller

2.1 BAS DATA COMMUNICATION NETWORK
A The Control Manufacturer shall design, supply, inst
connect a data communication network to link all Te
Units, Local Control Units, Master Control Units, a
Workstation.
2 Local (field) Control Units (LCUs): Stand-alone suc
on BAS-BUS.
2.2 OWS SOFTWARE

A

Provide to existing OWS, the software programs reco
system manufacturer to update existing software, to
command entry, information management, alarm manage
database management functions for the new laborator
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control system, Laboratory Air Contaminant Concentr ation System
and High Plume Exhaust Fan System.
2 Workstation operating system shall be multitasking and Windows 10
based.
3 Workstation software shall include but not be limit ed to the
following functions:
A Operator's commands and programming.
2 Access control.
3 Graphics software.
4 Alarm management.
5 Reports and logs.
.6 Database back-up and download.
4 Refer to the specification for additional requireme nts of each
function.

2.3 OPERATOR'S COMMANDS AND PROGRAMMING

A Provide software to enable non-programmer operator to perform
global supervision tasks such as to view, and edit if applicable,
the status of any object and property in the system .

2 Operator shall be able to terminate automatic softw are control,
initiate DO and AO manual commands, and return DO a nd AO manual
commands to automatic software controls.

3 Provide programming software at OWS to allow operat or to create,
edit, and download custom application programs to s upport MCUs
and LCUs. On-line programming/configuration shall n ot interfere

with normal system operation and control.

2.4 ACCESS CONTROL

A A minimum of 4 levels of access shall be supported:
A Level 0 No Password = Data Access and Display.
2 Level 1 = Operator Overrides.
3 Level 2 = Level 1 + Database Modification and Gener ation.
4 Level 3 = Level 3 + Password Assignment: Addition /
Modification.
.2 User-definable, automatic log-off timers of from 1 to 60 minutes
shall be provided to prevent operators from inadver tently leaving

devices on-line. Default setting shall be 3 minutes

2.5 GRAPHICS SOFTWARE

A Provide OWS with upgraded graphics software necessa ry to permit
the operator to create, modify, delete, file, and r ecall all
graphics. Operators shall be able to start and stop equipment or
change set points from graphical displays.

2 Utilize the graphics software to generate the custo m Building
Outline Drawings, Equipment and Sensors Location Di agrams, and

Control Schematic Diagrams for this project.
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3 Operator shall be able to build graphic displays th at include on-
line point data from multiple MCU panels. Data shal | be updated
every 10 seconds or less.
4 Windowing: the windowing environment of the OWS sha Il allow the
user to simultaneously view several graphics at the same time.

2.6

ALARM MANAGEMENT

2.7

A Provide the software to notify the operator of the
an alarm condition. All alarm messages shall be dis
printed. Alarm messages shall include as a minimum:
alarm, time of occurrence, and type of alarm. Each
have its own message. Assignment of messages to a p
an operator editable function.

LAB CONTROL SYSTEM SPECIFICATION

2.8

1 Refer to Section 25 50 00.

TEMPERATURE SENSORS AND TRANSMITTERS

29

A General: temperature sensors shall be RTD platinum
otherwise noted.

2 Temperature sensors shall be of the following types
A Space RTD - suitable for wall mounting, with protec
guard.

2 Duct point RTD - suitable for insertion into air du
any angle, insertion length of 460 mm unless otherw
noted on schedule or drawings.

3 Mixed Air Averaging RTD: continuous filament with p
length of 6000 mm minimum. Maximum 6 mm cross secti
per sensor. Probe to be bent, at field installation
a minimum radius of 100 mm at any point along the p
length without degradation in performance.

3 Provide each sensor with a temperature transmitter
following minimum specifications:
A Output signal of 4-20 mA into maximum of 500 ohm lo

2 Combined nonlinearity, repeatability and hysteresis
not to exceed +£0.5% of full scale output.

3 Integral, zero and span adjustments.
4 Temperature effect of £1.0% full scale or less.

4 Range of sensors to suit application and to be subm
shop drawings.

HUMIDITY SENSORS AND TRANSMITTERS

1 .Provide humidity sensors with the following minimu
specifications:
1 Operating range: 10-90% RH.
2 Operating temperature: 0°C to 60°C.
3 Accuracy: +2% RH at 25°C.
4 Response time: 60 seconds from 90% to 10% RH.

occurrence of
played and
location of
point shall
oint shall be

type, unless

tive

cts at
ise as

robe
on area
time, to
robe

having the

ad.
effects

itted with



NRCAN MAPS Lab Reno  AUTOMATIC CONTROL SYSTEM -
PWGSC Project
#R.106310.002

EXTEND EXISTING BAS

Sect ion 2510 10
Page 8
2020/11/06

2

Provide transmitters for all supplied relative humi
with the following minimum specifications:

A
2

3
A4
5

Output signal of 4-20 mA or 0 to 10 VDC.

Maximum output linearity error of +1.0% of full sca
output.

Integral zero and span adjustments.
Temperature effect of £1.0% full scale or less.
Drift: not to exceed 1% over 12 months.

dity sensors

2.10 AIR SYSTEM STATIC PRESSURE SENSORS AND TRANSMITTERS

A

2

Sensors shall meet the following:

A
2

3

Multipoint element with self-averaging manifold.

Maximum pressure loss: 160 Pa at 10 m/s. (air strea
manifold).

Accuracy: +1% of actual duct static pressure.

Provide each sensor with a transmitter to meet the
requirements:

A
2

o ~NOoO UMW

Output signal: 4 - 20 mA linear into 500 ohm maximu

Calibrated span: not to exceed 150% of duct static
at maximum flow.

Accuracy: +1.0% of full scale.

Repeatability: within 0.5% of output.
Linearity: within 1.5% of span.

Deadband or hysteresis: 0.1% of span.
External exposed zero and span adjustment.

Range: 0 to 125 Pa static pressure downstream of VA
and 0 to 373 Pa static pressure upsteam of VAV boxe
otherwise noted.

2.11 AIR SYSTEM VELOCITY SENSOR/TRANSMITTER

A

Sensors shall meet the following requirements:

A

2
3

Multipoint static and total pressure sensing elemen
self-averaging manifold, and with integral air equa
straightener section.

Maximum pressure loss: 37 Pa at 10 m/s.
Accuracy: +1% of actual duct velocity.

Provide each sensor with a transmitter to meet the
requirements:

A

o Ul w

Output signal: 4 - 20 mA or 0 - 10VDC linear into 5
maximum load.

Calibrated span: not to exceed 25% of duct static p
at maximum flow.

Accuracy: +0.4% of span.
Repeatability: within 0.1% of output.
Linearity: within 0.5% of span.
Deadband or hysteresis: 0.1% of span.
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7 External exposed zero and span adjustment.
.8 Air velocity range: 1 m/s to 10 m/s at 15°C.
2.12 PRESSURE/CURRENT TRANSMITTERS
1 Provide pressure-to-current transmitters having the following
minimum specifications:

A Internal materials of the transducer suitable for ¢ ontinuous
contact with industrial standard instrument air, co mpressed
air, water or steam as applicable.

2 Output signal of 4-20 mA into a maximum of 500 ohm load.

3 Output variations of less than 0.2% full scale for supply
voltage variations of £10%.

4 Combined nonlinearity, repeatability and hysteresis effects
not to exceed +£0.5% of full scale output over entir e range.

5 Integral zero and span adjustment.

.6 Temperature effect of +1.5% full scale/50°C or less

7 Output short circuit and open circuit protection.

.8 Over-pressure input protection to a minimum of twic e rated

input.
9 Pressure ranges to suit application.
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2.13 DIFFERENTIAL PRESSURE TRANSMITTERS
A Provide differential pressure transmitters having t he following
minimum specifications:

A Internal materials to be suitable for continuous co ntact
with the process material measured including compre ssed air,
water, glycol, or steam as applicable.

2 Output signal of 4-20 mA into maximum of 500 ohm lo ad.

3 Output variation of less than 0.2% full scale for s upply
voltage variations of £10%.

4 Combined nonlinearity repeatability and hysteresis effects
not to exceed +£0.5% of full scale output over entir e range.

5 External exposed integral zero and span adjustment.

.6 Temperature effect of +1.5% full scale/50°C or less

7 Output short circuit and open circuit protection.

.8 Over-pressure input protection to a minimum of twic e rated
input.

9 Differential Pressure ranges to suit application.

2.14 PRESSURE SWITCHES

A

Provide pressure or differential pressure switches
indicated on point schedule.

Pressure sensing elements shall be bourdon tube, be
diaphragm type.

Adjustable setpoint and differential.

Pressure switches shall be snap action type rated a
15 amps AC or 24 volts DC.

Sensor assembly shall operate automatically and res
automatically when condition returns to normal.

2.15 TEMPERATURE SWITCHES

A

Provide High/Low temperature switches for ranges as
point schedule.

Temperature sensing element shall be liquid, vapour
type.

Adjustable setpoint and differential.

Snap action type rated at 120 Volts, 15 amps or 24
required.

Sensors shall operate automatically and reset autom
Sensors used for freeze detection or fire detection
manually reset type.

Temperature switches shall be of the following type
A General Purpose Duct type - suitable for insertion
ducts, insertion length of 457 mm.

2 Thermowell type - with compression fitting for 20 m
well mounting, length of 100 mm. Immersion wells sh
stainless steel.
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3 Freeze detection type - continuous element with ins ertion
length of 6000 mm minimum, suitable for duct mounti ng to

detect the coldest temperature in any 30 mm section

7 Temperature accuracy shall be +1°C.

2.16 CURRENT/PNEUMATIC TRANSDUCERS

1 Provide current to pneumatic transducers having the following
minimum specifications:
A Input range of 4-20 mA or 0 to 10 VDC as suitable f or
interfacing with the FID digital-to-analog converte r output
subsystem.

2 Directly proportioned output range of 20-104 kPa.
Dustproof housing or panel mounted.

A4 Internal materials of the converter suitable for co ntinuous
contact with industrial standard instrument air.

Combined nonlinearity, repeatability and hysteresis effects
not to exceed +2% of full scale over the entire ran ge.

Integral zero and span adjustment.

Temperature effect of +2.0% full scale or less.

Maximum regulated supply pressure of 138 kPa or les S.
Provide air gauge on outlet.

.10 Air consumption: 0.008 scfm at 103 KPa supply.

w

ol

© 0 N O

2.17 CONTROL RELAYS
A1 Contacts rated at 5 amps at 120 V AC.
2 Relays to be plug in type with termination base.

2.18 CURRENT TRANSDUCER

1 Provide current transducers with range to match loa d being
metered.
2 Current transducers shall measure line current and produce a

proportional signal in one of the following ranges.
A 4-20 mA dc.

.2 0-1V dc.

3 0-10 V dc.

4 0-20 V dc.

2.19 CURRENT SENSING RELAY

1 Provide adjustable current-operated solid-state rel ays with
integral zero leakage LED for switching AC or DC ci rcuits.

2 The contacts shall close when the current level sen sed by the
internal current transformer exceeds the trip point set by the

multi-turn adjustment.

3 Range of monitored AC current to suit application a nd to be
submitted with shop drawings.
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2.20 CONTROL DAMPERS

A Construction: Blades shall not exceed 200 mm wide o r 1250 mm
long. Modular maximum size 1250 mm wide x 1500 mm h igh. Multiple
sections to have stiffening mullions and jack shaft s.

2 Materials:

1 Frame: 2.3 mm (13 gauge) galvanized sheet steel.

2 Blades: two sheets 0.5 mm (22 gauge) or 1.6 mm (16 gauge)
galvanized steel.

3 Bearings: oil impregnated sintered bronze. Provide
additional thrust bearings for vertical blades.

4 Linkage and shafts: zinc plated steel.

5 Seals: Replaceable neoprene seals or stain-less ste el spring
on sides, top and bottom of frame and along all bla de edges
and blade ends.

3 Performance:

A 50 L/s/m 2 maximum allowable leakage against 1000 Pa static
pressure.

2 Temperature range: minus 50°C to 100°C.

2.21 DAMPER OPERATORS ELECTRONIC

A Provide direct coupled type electronic proportional damper
operators where indicted or required.

2 Spring return for "fail-safe" in Normally Open or N ormally Closed
position where required.

3 Size operators to control dampers against maximum p ressure or
dynamic closing pressure whichever is greater.

A4 For modulating services, provide feedback circuit t o indicate
actuator position.

Power Requirements 12 VA maximum at 24 V AC.

Input signal: 2 to 10 VDC or 4 to 20 mA.

2.22 EXISTING CONTROLS

A Unless noted otherwise or approved by the Departmen tal
Representative in writing, provide all new control devices
required for a complete and working BAS System.

2 Submit written requests to disconnect any controls and to obtain
equipment down time. Only after receiving these req uests shall
such work be allowed to proceed.

3 Be responsible for repair costs due negligence or a buse of
existing equipment, or failure in reporting defecti ve controls
within 30 days of Award of Contract.

A4 Shop drawings shall show all signal levels, pressur es, etc.,
where tying into existing control equipment.

.5 Where existing controls are not to be reused or not required,
they shall be removed and placed in storage for fut ure
disposition as directed by Departmental Representat ive.
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2.23 CONDUIT AND WIRE
A Use type FT6 plenum rated cable for low voltage BAS wiring in
ceiling return plenum. Support FT6 cables in ceilin g return
plenum using cable straps and clamps screwed on to ceiling slab.
Spacing to be 2 m maximum. Do not use ceiling suspe nsion wires
for fastening cables. Exact routings shall suit sit e conditions
and shall be to the approval of the Departmental Re presentative.
.2 Use EMT conduit for wiring in mechanical, electrica [, janitor
rooms or equipment rooms.
.3 Unless noted otherwise, install network cable withi n building in
EMT conduit and install network cable between build ings in buried
PVC conduit. Provide conduits with spare capacity n ot less than
50%.
4 Field wiring for each digital input and output shal | be No. 20
AWG, stranded twisted pair. For multi-conductor wir e having four
or more conductors, wire size shall be not less tha n No. 22 AWG
solid copper. Analog input shall be wired with shie lded No.
20 AWG, stranded twisted pair, copper wire. Analog output shall
be wired with 3 shielded No. 20 AWG stranded twiste d copper
wires.
5 Where conduits pass through fire rated walls or flo ors, provide
schedule 40 steel sleeves filled with fire stopping material and
approved sealant around conduits to maintain fire r ating

integrity.

2.24 RESPONSIBILITY FOR QUANTITIES

A

Provide correct lengths or sizes of conduit or corr
wire or the correct number of DDC panels. No additi
for these materials is acceptable.

2.25 WIRING IDENTIFICATION

A

4

Provide numbered tape markings on all branch contro
pneumatic tubing.

At all junction boxes, splitters, cabinets and outl
maintain identification system.

Use colour coded wires in communication cables, mat
throughout system.

Identify all power sources at each panel location.

2.26  CONDUIT IDENTIFICATION

A
2

Colour code all Control System conduits.

Coding to be located on all conduits and cables exp
completion of construction in all locations includi
accessible ceilings, tunnels and shafts.

Coding to be plastic tape or paint at all points wh
cable enters wall, ceiling, or floor, and at 15000

Coding to be 25 mm wide, and fluorescent orange. Co

with the Departmental Representative at commencemen

project.
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2.27 MANUFACTURER'S AND CSA LABELS
A Manufacturers' nameplates and CSA labels to be visi ble and
legible after equipment is installed.
PART 3 - EXECUTION
3.1 GENERAL
A All equipment shall be installed in according to ma nufacturers'
published instructions.
2 Provide programming for the system and adhere to th e sequence of
operation specified.
3 Coordinate with work of Division 26 to provide requ ired power

3.2 BUILDING AUTOMATION SYSTEM (BAS) NETWORK ARCHITECTRE

feeds to BAS devices.

A

Building Automation System (BAS) Network Architectu
the Mechanical Drawings.

3.3 DDC INPUT/OUTPUT POINT SCHEDULE

A

DDC Input/Output Point Schedule, as shown on the Me
Drawings.

Naming convention: PWGSC Standardized Identifiers a
of Building Names, System Names and Point Names sha
identification. ldentifiers shall be not more than
alphanumeric characters, and Expansions shall not m

40 characters.

The Application Programs shall be assigned with the
points as indicated on the DDC Input/Output Schedul
addition, the Application Program shall be assigned
following point types:

A Alarm Program with: all space temperature Al points
supply air temperature Al points, all supply air an
air humidity Al points, all air filter pressure dro
points, all supply air static pressure Al points, a
points of heating water supply and return temperatu
Al points of chilled water supply and return temper
all DI points of fans and pumps.

2 Auto Start/Stop Program with: all DO points of fans

pumps.

3 Run Time Total Program with: all DO points.

4 Heavy Equipment Delay Program with: all DO points o
of 15 kw and larger.

5 PID Control Program with: all AO points of control

(except terminal heating control valves and radiati
control valves) and control dampers (except termina
control dampers).

.6 Analog/PI Total Program with all Al or Pl points of
meters and energy meters.
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4 All DI or DO points assigned with "alarm" and "run time total"
programs shall be provided with "critical" and "mai ntenance"
alarms. All Al or AO points assigned with "alarm" p rogram shall
be provided with "critical" and "cautionary" alarms

3.4 INSTALLATION OF SENSORS

A Install sensors in accordance with the manufacturer 's
recommendations.

2 Sensors used in mixing plenums shall be the averagi ng type.
Averaging sensors shall be installed in a serpentin € manner
vertically across the duct. Each bend shall be supp orted with a
capillary clip.

3 Low-limit sensors used in mixing plenums shall be i nstalled in a
serpentine manner horizontally across duct. Each be nd shall be
supported with a capillary clip. Provide 3 m of sen sing element
for each 1 m of cross section area.

4 All pipe mounted temperature sensors shall be insta lled in wells.

Install all liquid temperature sensors with heat co
in thermal wells.

5 Outdoor air temperature sensors shall be installed
complete with sun shield at designated location.

.6 Building static pressure sensors: Pipe the low pres
the differential air static pressure sensor to the
pressure port located on the outside of the buildin
high volume accumulator. Pipe the high pressure por
location behind a thermostat cover.

7 Supply duct static pressure sensor: Pipe the high p
the differential air static pressure sensor to the
pitot tube. Pipe the low pressure port to a tee in
pressure tap tubing of the corresponding building s
sensor.

3.5 INSTALLATION OF ACTUATORS

A Install actuators in accordance with the manufactur
recommendations.

2 Electronic dampers: Actuators shall be direct mount
shaft or jackshaft unless shown as a linkage instal
low leakage dampers with seals, the actuator shall
with a minimum 5 degree available for tightening th
seals.

3 Electronic Valves: Actuators shall be connected to
adapters approved by the actuator manufacturer. Act
adapters shall be mounted following the actuator ma
recommendations.

END OF SECTION
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