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NOTE: This guide specification is issued by the
Atlantic Division, Naval Facilities Engineering
Command for regional use in Italy.
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NOTE: This guide specification covers the
requirenents for direct digital control (DDC) of
heating, ventilating, and air conditioning (HVAC
systens. The intent of this specificationis to
provide a nultiloop, stand-alone, and distributed
digital control system as nanufactured by conpanies
in the HVAC control field. This control system
provides for all HVAC control functions. Analog and
digital (binary, on/off, open/close) control signals
are input to mcroprocessor based digita
controllers. The digital controllers performthe
control logic and output analog and digital signals
to the HVAC equi pnent.

This control systemw |l have interface ports to
al | ow connection to a ternminal, portable conputer
and a central site conputer. The interface

equi pnent will not provide day to day control of the
HVAC system but it will allow the operator to
enabl e and di sabl e equi pnent, change setpoints,
change operating schedul es, receive trends and

al arns, and al |l ow downl oadi ng of control prograns.
This guide specification can be used to acquire a
direct digital control systemthat consists of:

DDC of HVAC equi pnent with graphic operator work
station. The operator workstation can be located in
the building (directly connected to a conmnuni cations
LAN) or at a renpte site (connected to the digita
controller through a LAN or nodens and a tel ephone
line).
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The DDC systens shoul d have not ebook conputers,
hand-hel d term nals, or panel nmounted displays and
keypads for direct connection to the digital
controllers.

If there are questions on the design of direct
digital control systens, contact the Engineering
Field D vision, Naval Facilities Engineering Conmand
Mechani cal Engi neering Branch, or the Naval
Facilities Engi neering Service Center.

Conmment s and suggestion on this specification are
wel cone and should be directed to the technical
proponent of the specification. A listing of the
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Use of electronic comunication is encouraged.

Brackets are used in the text to indicate designer
choices or locations where text nust be supplied by
t he desi gner.
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NOTE: Show the followi ng information on project
dr awi ngs:

1. Mechanical Flow Drawing: Show relative position
of all individual HVAC conponents, controller inputs
(tenperature sensors, pressure sensors, equi pnent
proofs, override buttons, etc.), controller outputs
(actuators, valves, danpers, etc.), and hardw red
safeties (snoke detectors and freeze protection
thernostats). On the sane drawi ng show a sinple
points list. For exanple:

Equi pnent
VAV Air Handling Unit

Supply Fan Status - Anperage Al
Supply Air Tenperature Al
Return Air Tenperature Al
Duct Static Pressure Al
Chilled Water Val ve A0
M xed Air Danper Control AO
Supply Fan Vari abl e Frequency Drive Speed AO
Supply Fan VFD St atus DI
Supply Fan Start/ Stop DO
VAV Box

Space Tenperature Al
Set poi nt Adj ust nent Al
VAV Box Airflow - CFM Al
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VAV Box Supply Tenperature Al

VAV Box Danper AO
VAV Box Reheat Coil AO
Pushbut t on Overri de DI

Not e: Above VAV Box Supply Tenperature (from box to
space) greatly hel ps nmai nt enance and
t roubl eshoot i ng.

2. Direct Digital Controller Architecture
Schenmatic: Show general architecture of DDC system
i ncluding controllers, comruni cation LANs,

wor kstation term nal, etc.

3. Danpers: Show type of danper (opposed or
paral | el bl ade).

4. Control Valves: Show control val ve nonina
size, flow capacities, type of fluid, inlet
pressure, naxi mum and m ni nrum pressure drop at
design flow, and cal cul ated Cv.

5. Include the follow ng required controller
par aneters

a. detailed sequence of operation

b. schedules and setpoints for all control |oops
and HVAC equi pnent

c. specify "dead-band" between heating and cooling
d. differential setpoints for two position contro
6. Show pressure and tenperature indicator scale

ranges and | ocation. Show |location of tenperature

wel | s and pressure taps.

7. Indicate snoke detection systemand |ocation of
key-operated override switch, when required.

8. Indicate location of neters provided in this and
other sections if nonitored by the DDC system

9. Show | ocation of room sensors, pressure sensors
and outdoor air tenperature sensors.
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PART 1 GENERAL
1.1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
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basi ¢ designation only.

EUROPEAN COVMUNI TY QUALI TY MARKS ( CE)
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NOTE: CE (European Conmunity) is a European
quality marking systemindicating that the

equi pnent or product confornms to EEC (European
Econoni ¢ Community) standards concerning quality
of safety and health and conforns with all the
Italian technical standards in force. Al
products (El ectrical, Mechanical and El ectronic
Equi pnent and sinmilar itens) that are marked CE
conformto the standards and Laws enforced in
Europe. In Italy, the CE marking is a nandatory
requi renent and nust be shown on all applicable
equi pnent and products attesting to the confornity
with the EEC standards.
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CE

European Quality Mark

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO
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NOTE: An | SO Standard is published by the
International Standard Organization which is a
wor | dwi de federation of national standards bodies
from 120 countries. |SO standards cover all fields
except electric and el ectroni cal engineering
standards. 1SO s are available in both English
and French | anguage.
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| SO 5219

| SO 5220/ A1

(1984) Air distribution and air diffusion
- Laboratory aerodynami c testing and
rating of air term nal devices

(1981/84) Air distribution and air

di ffusion - Aerodynanmic testing and rating
of constant and variable dual or single
duct boxes and single duct units

| TALI AN ELECTROTECHNI CAL COVM TTEE STANDARDS ( CEl)
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NOTE: A CEl Normis an Italian technical nornative
for electrical systens recognized by Italian Law,
submitted by a private organi zation "Conitato

El ectrotecnico Italiano" for the Italian
territory, available in the Italian | anguage and
only in some cases in English
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CEl 14-8 (1999) Dry type power transforners

CEl 38-4 (1998) Instrunent transforners - Part 3
Conbi ned transforners

CEl 64-8/V1 (1998/01) Electrical Installations of
Bui | di ng

CEl 103-1/12 (1997) Private tel ephone exchanges - Part
12: Protection of the private tel ephone
exchanges

CEl EN 60521 (1997) dass 0,5 1 and 2

alternating-current watthour neters

CEl EN 60742 (1995) Isolating transforners and safety
isolating transfornmers - Requirenments

| TALI AN LAWS AND NORMS (D. M) (LAW (CI RC.)
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NOTE: Italian laws and normatives are the

| egi sl ative regul ati ons and decrees issued by the
Italian governnment in the formof |aws, norns,
decrees, circulars, and letters. These Laws and
Decrees concur together with Norns and Standards
in formng the governing directives for
construction.
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DM 1/12/75 Safety requirenents for equipnent
contai ning hot |iquids

DPR 412 (26/8/1993) Design, construction and
mai nt enance of thernal plants in execution
of Law 10/91

| TALI AN NATI ONAL ASSOCI ATI ON FOR UNI FI CATI ON OF STANDARDS (UNI)
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NOTE: A UNl Normis a technical normative
recogni zed as ltalian Law, submitted by a private
organi zation "Ente Nazionale Italiano d
Uni ficazione" for Italy and is available only in
the Italian |language. It is the National Standard.
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UNI 2249 (1967) Metallic pipe flanges - Circul ar
screwed flanges - Nomi nal pressure 1

UNI 2250 (1967) Metallic pipe flanges - Circul ar
screwed flanges - Nominal pressure 2,5

UNI 2253 (1967) Metallic pipe flanges - Circul ar
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UNI

UNI

UNI

UNI

UNI

UNI

UNI

UNI

5339

6884

screwed flanges - Nomi nal pressure 6

(1969) Pipes, fittings and speci al
castings for gray cast iron pressure nain
lines - Centrifugally or vertically sand
cast socket and spigot pipes - Tass A

(1987) Shutting and regol ation val ves for
fluid - Supply and test conditions

7125/ FA 109 (1972/82) Flanged gate val ves for water

7182

7183

9753

9765

9953

pi pelines - Technical conditions of
delivery

(1973) Steel fornmed heads for wel ded
pressure vessels and boiler druns - Wth
centre nmanhol e type

(1973) Steel fornmed heads for wel ded
pressure vessels and boiler druns - Wth
eccentric nmanhol e type

(1990) Technical rules for control valves
of hot water heating plants

(1991) Pressure and vacuum gauges W th
bel l ows el astic elenent - Construction
characteristics

(1993) Air-air regenerators in air
conditioning plants - Definition and
classification, efficiency index and tests

| TALI AN/ EUROPEAN HARMONI ZATI ON STANDARDS (UNI EN) (UNI ENV) (CEl EN)

(UNI EN 1SO) (UNI |SO)
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NOTE: A UNI EN, UNI ENV, CEl EN, UNI EN | SO or UN
ISOis a European Standard with a coi nci dent
Italian National Standard or Internationa
Standard. The two standards are identical, with
nost (but not all) EN s available in the English

| anguage and the UNI available only in the Italian
| anguage.
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UNI

UNI

EN 837-1

EN 1057

(1998) Pressure gauges - Bourdon tube
pressure gauges - Dinensions, netrol ogy,
requi renents and testing

(1997) Copper and copper alloys -

Seaml ess, round copper tubes for water and
gas in sanitary and heating applications
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UNI EN 1254-1 (1998) Copper and copper alloys - Pl unbing
fittings - Part 1. Fittings with ends for
capillary soldering or capillary brazing
to copper tubes

UNI EN 1254-2 (1998) Copper and copper alloys - Pl unbing
fittings - Part 2: Fittings with
conpression ends for use with copper tubes

UNI EN 1505 (2000) Ventilation for buildings - Sheet
metal air ducts and fittings with
rectangul ar cross section - Dinensions

UNI EN 1506 (2000) Ventilation for buildings - Sheet
metal air ducts and fittings with circul ar
cross-section - Dinensions

UNI ENV 1805-1 (1998) Data Comuni cation for HVAC
Appl i cati on Managenment Net - Buil ding
Aut omat i on and Control Networking (BACnet)

UNI EN | SO 3677 (1996) Filler metal for soft soldering,
brazing and braze wel ding - Designation

.2 RELATED REQUI REMENTS

Section 15050, "Basic Mechanical Materials and Methods," applies to this
section, with the additions and nodifications specified herein

.3 DEFI NI TI ONS
. 3.1 Digital Controller

A control nodul e which is m croprocessor based, programuable by the user
has integral input/output within the nodule or on network connected
nodul es, and perforns stand-al one operations.

. 3.2 Direct Digital Control (DDC)

Digital controls, as defined in this specification, perform ng control
logic. The controller directly senses building environment and nakes
control decisions based on user defined, controller resident prograns. The
control l er outputs control signals that directly operate val ves, danpers,
and notor controllers. No conventional control devices, pneumatic or

el ectronic, such as receiver-controllers, thernostats, and logic units are
present within or interface with a direct digital control |oop. Actuators
are electric or pneunatic, and the controller output is converted to the
appropriate type of signal

.3.3 DDC System

A system nade up of one or nore digital controllers which conmunicate on a
net wor k.
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1

3.4 Di stributed Control

The intent of distributed control is to install the controllers near their
respective control |l ed equi pnent. The control system consists of
stand-al one controllers, with the total nunber of input and output points
l[imted to 48 or less per controller. Failure of any single controller
will not cause the | oss of nore then 48 control points.

.3.5 Dynami ¢ Control

A process that optimzes energy efficiency of HVAC systens (air handling
units, converters, chillers, and boilers) by increasing and decreasing
setpoints or starting and stopping equi pnent in response to heating and
cooling needs of the facility. A requirenent of dynamic control is know ng
t he heating/cooling denand status of the process. Therefore dynam c control
requires controllers connected in a comuni cati ons networKk.

.3.6 Fi r mnvar e

Firmvare is software programmed into read only nenory (ROM and erasabl e
progranmmabl e read only nenmory (EPROV) chips. Software may not be changed
wi t hout physically altering the chip

.3.7 Hand- Hel d Term na

A hand-held terminal is a manufacturer specific device connected directly
to a conmunications port on a controller, through which the controller is
accessed and, in sone cases, progranmed.

.3.8 I nput/Qutput (1/0O Points

I/O points refer to analog inputs (Al), digital inputs (D), anal og outputs
(AO), and digital outputs (DO in a digital controller. Another termfor
digital inputs and outputs is binary inputs and outputs. |Inputs are from
anal og sensors (tenperature, pressure, humdity, flow) and digital sensors
(rmotor status, flow switches, switch position, and pul se output devices).
Qut puts operate nodul ati ng and on/of f control devices.

.3.9 | / O Expansi on Uni t

An 1/ 0O expansion unit provides additional point capacity to a digita
control l er and comuni cates with the stand-al one digital controller on a
LAN. An I/Ouwunit is not stand-al one because the control program does not
reside in the I/Ounit. An I/O expander which connects directly to a stand
al one controller through a multi-line mcroprocessor bus is restricted to
reside within 900 nmof the stand alone controller and is considered part
of the stand al one controller

3.10 Local Area Network (LAN)
a. A comunications bus that interconnects digital controllers for
peer-to-peer (see "peer-to-peer" below comunications.

Different levels of LANs are possible within a single DDC system
In this case, a digital controller on a higher level LAN acts as a
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network controller to the controllers on the |ower level LAN. The
network controller, then, has at |east two LAN conmuni cations
ports. One port supports peer-to-peer conmmuni cations with other
digital controllers on the higher level LAN. The other port
supports comuni cations with the digital controllers on the | ower

| evel LAN

b. LANs permt sharing global information. This allows building and
site wide control strategies such as peak denmand liniting, dynamc
control strategies, coordinated response to alarmconditions, and
renote nonitoring and programm ng of digital controllers.

.3.11 M cropr ocessor

A mcroprocessor refers to the central processing unit (CPU that contains
all registers and logic circuitry that allow digital controllers to
functi on.

.3.12 Qut put Si gnal Conversion

Qut put signal conversion refers to changi ng one kind of control output into
a proportionally related signal appropriate for direct actuation of the
control |l ed device. An exanple is converting a 4 to 20 nA or 0 to 10 VDC
signal to a proportional 21 to 103 kPa signal to operate a pneunatic
actuator.

.3.13 Optinum Start

Optimum start is a method of starting HVAC equi prent prior to schedul ed
occupancy in order to have the building at setpoint when occupied. Optinum
start is based on the zone tenperatures, zone setpoints, and outdoor

t emper at ure.

.3.14 Peer -t 0- Peer

Peer-to-peer refers to controllers connected on a conmuni cati ons LAN t hat
act independently, as equals, and conmunicate with each other to pass

i nformation.

.3.15 PI D

PID refers to proportional, integral, and derivative control; the three
types of action that are used in controlling nodul ati ng equi pnent.

.3.16 Resol ution

Refers to the nunber of possible states an input value or output value can
take and is a function of the digital controller 1/Ocircuitry; the AAD
converter for input and the DA converter for output. Ten bit resolution
has 1024 possi bl e states.

.3.17 St and- Al one Contr ol

Refers to the digital controller perforning required climte control, and
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ener gy nanagenent functions w thout connection to another digita
controller or conputer. Requirements for stand-al one control are a tine
clock, a mcroprocessor, resident control progranms, PID control, and I/Q
Al'l stand-al one controllers have a conmunication port and firmvare for
direct connection and interrogation with a |aptop conputer or sinilar
hand- hel d device. This interrogation includes paraneter changes and

pr ogr am downl oads.

1.3.18 Term nal Control Unit (TCU)

An off-the-shelf, stand-alone digital controller equipped for conmunication
on a lower level LAN. TCUs nay deviate from stand-al one only in receiving
energy nanagenent and time information froma stand alone digita
controller. A TCU is comonly application specific and is used for

di stributed control of specific HVAC subsystens. A TCU comunicates with
other digital controllers. Typically, a TCU communicates on a | ower |evel
LAN. Exanpl es where TCUs are used include snmall air handling units (AHUs),
variable air volune (VAV) boxes, fan coil units, and heat punps.

1.4 DDC SYSTEM DESCRI PTI ON

EE R R R R R R R R R R R R R R R R R R R R R R O R

Not es on Vendor Interoperability

The technol ogy for sharing infornmation between two
or nore proprietary controllers is not fully
developed. It is not realistic to sinply specify a
"comon architecture"” or gateway that seam essly
bridges the gap of vendor specific hardware,
progranm ng, and network comuni cati ons.

It is possible, however to share rel evant point

i nformati on between different manufacturer's
controllers on a case by case basis. Severa
control manufactures and nany nmanufacturers of plant
equi pnent, speed drives, and building security
systens have built in comrunication ports or

gat eways for external comunications. These ports
and gateways are able to comruni cate point
informati on to other vendors controllers using
proprietary or industry standard protocols. The
desi gner shoul d research new and exi sting
control |l er/ equi prent conbi nations to take advantage
of this option if it is readily avail able.

Speci fyi ng custom gat eways or new conmuni cation
ports that don't already exist comrercially is
costly and will increase risk.

To increase the chance of successfu
interoperability, begin with a sinple design schene
and specify only relevant shared point types and
paraneters. Also specify desired actions, vendor
responsi bility, operator display, and physica
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Wi ring where appropriate. Do not expect or specify
that two or nore systens will share all possible
control information. Focus nore on functionality
bet ween systens as opposed to protocols and interna
architecture.

For less conplex cases it is best to specify
interoperability directly on the controls draw ngs.
The foll owi ng exanpl e specifies comunications

bet ween a DDC network made by Vendor "A" and
centrifugal chiller controls nade by Vendor "B"

Sanpl e Speci fication:

Need: The DDC network will exchange poi nt
paraneters listed in Table (1) with the chiller
controls. A paraneter noted as a read point nmeans
that the value is read at 1-minute mninmumintervals
by any relevant network controller to acconplish
speci fi ed sequence of control. A paraneter noted
as a wite point neans the value is witten at
l1-minute mininumintervals by the controller network
to the chiller to acconplish the chiller sequence of
control

Capability: Point paranmeters read by the DDC
network shall be available for analysis, trending,
alarm ng, and other functions that are available for
other simlar paraneters that are native to the DDC
network. Any point scaling, unit conversion, or

ot her mani pul ati on necessary for correct program
execution shall be progranmed in the controller

| ogi ¢ or communication gateway and transparent to
the end user.

Met hod: Exchange of infornmation noted in Table (1)
shal | be over a single conmunication cabl e between

conmmuni cation ports on the chiller and DDC net worKk.
A gateway or translator device is allowabl e between
conmuni cation ports if necessary. The gateway and

comuni cation cable nust nmeet all relevant criteria
in the project specification

Presentation: Al read and wite point information
listed in Table (1) shall be presented at their

rel evant locations in real tine engineering units at
t he operator workstation

Table (1) Shared Information Between Chiller and Buil di ng DDC

Poi nt / Par anet er Units Wite to Chiller Read by DDC

Chill er Enable On/ O f X
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Chilled Water Supply

Tenperature Set Point deg. C X

Chill ed Water

Supply Tenperature deg. C X
Chill ed Water

Return Tenperature deg. C X
Ent eri ng Condenser

Wat er Tenperature deg. C X
Phase A Mdotor Current Anps X
Accumul ated Run Ti me Hour s X

EE R R R R R R R R R R R R R R R R R R R R R I R I I R

a. [Renove existing and] [provide new] [and] [nodify existing] DDC
systens including associ ated equi pnrent and accessori es.
Manuf acturer's products, including design, nmaterials, fabrication,
assenbly, erection, exam nation, inspection, and testing shall be
in accordance with CEl 64-8/V1, except as nodified herein or
i ndi cated ot herwi se.

b. Provide the DDC systens to naintain stable tenperature control and
all other conditions as indicated. The end-to-end accuracy of the
system including tenperature sensor error, wiring error, A/D
conversion, and display, shall be -17 degrees C or |ess.
[c. The existing DDC system was manufactured by [ | 1.1
[d. Provide a DDC systemw th a new workstati on and workstation
software. |If working with an existing DDC system of the sane
manuf acturer, upgrade the existing workstation software with the
manuf acturers' |atest software version.]
1.4.1 Desi gn Requi renents
1.4.1.1 Control System Schematic
Provi de control system schematic that includes the follow ng:

a. Location of each input and out put device

b. Flow diagram of each HVAC conponent, for instance flow through
coils, fans, danpers

c. Nane or synbol for each conponent such as V-1, DM 2, and T-1
for a valve, danper notor, and tenperature sensor, respectively

d. Setpoints
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e. Sensor range

f. Actuator range

g. Valve and danper schedul es and nornal position
h. Switch points on input swtches

i. Witten sequence of operation for each schematic

j. Schedul e identifying each sensor and controlled device with
the follow ng infornmation:

(1) LAN and Software point nane with send and receive address if
appl i cabl e

(2) Point type (AO A, DO DI)
(3) Point range

(4) Digital controller nunber for each point

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: |f DDC system consists of two |evels of loca
area network (LAN), identify controllers on the sub
LAN by a two nunber code. The first nunber will be
that of the controller on the higher |evel LAN that
acts as the lower |evel LAN network controller. The
second nunmber will be the nunber of the |ower |eve
controller. If controllers reside in nultiple
bui | di ngs, add building nunber to the LAN identifier

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

1.4.1.2 El ectrical Equi pnent Ladder Di agrans

Submit di agrans showi ng el ectrical equiprment interlocks, including voltages
and currents.

.4.1.3 Conponent Wring Di agrans

Submit a wiring diagramfor each type of input device and each type of
out put device. Diagramshall show how the device is wired and powered;
showi ng typical connections at the digital controller and each power
supply, as well as at the device itself. Show for all field connected
devices, including, but not Iimted to, control relays, notor starters,
electric or electronic actuators, and tenperature, pressure, flow, proof,
and humidity sensors and transmtters.

.4.1.4 Terminal Strip D agranms
Submit a diagram of each termnal strip, including digital controller

termnal strips, termnal strip |ocation, term nation nunbers and the
associ at ed poi nt nanes.
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1.4.1.5 Conmuni cati on Architecture Schematic

Submit a schematic showi ng communi cation networks used for all
controllers, workstations, and field interface devices.

1.5 SUBM TTALS

DDC system

Submit the following in accordance with Section 01330, "Submttal

Pr ocedur es":
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NOTE: Where a "G' in subnittal tags follows a
submittal item it indicates Governnent approval for
that item Add "G' in submittal tags follow ng any
added or existing subnmittal itens deened
sufficiently critical, conplex, or aesthetically
significantly to nerit approval by the Governnent.
Submittal itens not designated with a "G' will be
approved by the QC organizati on.

EE R R R R R R R R R R R R R R R R R R R R R R R I
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NOTE: Delete itens if not used in the control
system

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

SD-01 Preconstruction Submttals
Li st of Draw ngs
Li st of Synbols and Abbreviations Used on Draw ngs
List of I/0O Points
Equi pnent Conponents Li st
AC Power Tabl e
SD- 02 Shop Drawi ngs
Control system schematic
Ladder diagrans
Conponent wiring di agrans
Term nal strip diagrans
Conmuni cation architecture schematic
SD- 03 Product Data

DDC har dwar e
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DDC capabilities
Workstati on software
I nput devi ces
Qut put devi ces
Surge and transient protection
Not ebook conput er
Hand- hel d term na
Snmoke detectors
Pneunati c tubing
SD- 06 Test Reports
Field test plan; G
Performance verification test plan; G
Certified statement of field test conpletion; G
Field tests; G
Performance verification tests; G
SD-07 Certificates
Contractors' Qualifications
Trai ni ng
Pressure Tank Certification
SD- 10 Operation and Mai ntenance Data
Control s and HVAC System Operators Manua
DDC Manuf acturer's Hardware and Software Manual s
SD-11 C oseout Submittals
Post ed operating instructions:
Air conpressors
Refrigerated air dryer

Provi de adm ni strative and cl oseout submttals:
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1

1

1

6

Trai ni ng course docunentation
Servi ce organi zations

Contractor certification

Qperati ng envi ronnent

Protect conponents fromhunidity and tenperature variations, dust, and
ot her

7

7.

1

contam nants, within limts published by the manufacturer

QUALI TY ASSURANCE

b

St andard Products

Mat eri al and equi pnent shall be standard products of manufacturer
regul arly engaged in the manufacturing of such product, using
simlar materials, design and worknmanshi p. The standard products
shal | have been in commercial or industrial use for 2 years prior
to bid opening. The 2-year use shall include applications of
simlarly sized equipnent and naterials used under simlar
circunstances and sold on the comercial market through

adverti senents, manufacturers' catal ogs, or brochures.

Products are supported by a local service organization.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Delete itens bel ow that are not used

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

1.7.1.1

1

7.

1

a.

DDC Har dwar e

I/ O type and characteristics

Resi dent prograns

Conmruni cati ons ports

Prot ected nenory

Qperating tenperature limts

DDC Capabilities

Commmuni cati ons; baud rates, communication ports, hierarchy
Trendi ng capabilities

Al arm ng capabilities; capable of alarmgeneration as defined in
this specification

Messagi ng capabilities
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e. Self diagnostic capabilities

e. PIDcontrol capabilities
1.7.1.3 Wrkstation Software

a. Muse and keyboard operation

b. Communi cati ons

c. DDC Program downl oad capability

d. Dynami c point update

e. Program nodification

f. Database nodification

g. G aphics and graphics nodification

h. Penetration of graphics
1.7.1.4 | nput Devi ces

a. Transnitters

b. Tenperature sensors

c. Humidity sensors

d. Pressure sensors

e. Flow or notor proof

f. Sensor wells
1.7.1.5 Qut put Devi ces

a. Danpers

b. Valves

c. Actuators

d. Control relays

e. Solenoid air valves

f. Electronic to pneumatic transducer
1.7.1.6 Surge and Transient Protection

a. Power line
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b. Comunications |ines
c. Controller 1/0
1.7.2 Namepl at es and Tags
a. Naneplates and tags bearing device unique identifiers shall be
engraved or stanped. Pernanently attach naneplates to HVAC

control panel doors and back pl ates.

b. For each field nounted piece of equipnent attach a plastic or
metal tag with equi pnent nane and point identifier.

1.7.3 Verification of D nensions

The contractor shall verify all dimensions in the field, and shall advise
the Contracting O ficer of any discrepancy before perforning work.

1.7.4 Dr awi ngs
Because of the small scale of the drawings, it is not possible to indicate
all offsets, fittings, and accessories that may be required. The
Contractor shall carefully investigate the nechanical, electrical, and
finish conditions that could affect the work, and shall furnish all work
necessary to neet such conditions.

1.7.4.1 Li st of Draw ngs
Provide a |ist of draw ngs.

1.7.4.2 Li st of Synbols and Abbreviations Used on Draw ngs
Provi de an i ndex of synbols and abbreviations used on the draw ngs.

1.7.4.3 List of 1/O Points

For each input and output physically connected to a digital controller
provide, on a controller by controller basis, provide the follow ng:

a. Point description: for exanple: mixed air tenperature, supply fan
start/stop, etc.

b. Point type: AO Al, DO or DI.

c. Point range

d. Sensor range associated w th point range:

e. Software nanme(s) associated with point, if any.
f. Point connection term nal nunber

1.7.4.4 Equi pnent Conponents Li st
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Submit a listing of controllers and connected devices shown on control
system schematic. List the follow ng:

a. Control system schematic name
b. Description
c. Manufacturer of controller
d. Controller's nanme
e. Equi pnent part nunbers
f. Cv for valves
g. For actuators:
(1) Mdtive force (such as pneunatic, or electric)
(2) Normal position
(3) Nomi nal operating range (such as 21 to 48 kPa, 4 to 8 mA)
1.7.4.5 AC Power Tabl e
Submit a table listing each controller and the circuit breaker nunber,
panel box nunber, and physical |ocation of each controller's source of AC
power .
1.7.5 Contractors Qualifications
The Contractor or subcontractor perform ng the work shall have conpl eted at
| east three DDC systens installations of a simlar design and have
successfully operated a simlar sequence of operation for at |east three
years.
1.7.6 Pressure Tank Certification
Provide certification stating pressure tanks are constructed and | abeled in
accordance with UNI 7182 and UNI 7183 for a m ni mum of 862 kPa wor ki ng

pressure.

1.7.7 Trai ni ng Course Docunentation

Trai ni ng course docunentation shall include a manual for each trainee plus
two additional copies and two copi es of audiovisual training aids, if used.
Docurent ation shall include an agenda, defined objectives for each | esson

and detail ed description of the subject matter of each |esson
1.7.8 Service Organi zations
Qualified service organi zation list that shall include the nanes and

t el ephone nunbers of organizations qualified to service the HVAC control
syst ens.
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1.7.9 Contractor Certification

Provide certification that the installation of the control systemis
conpl ete and neets the technical requirenents of this section.

1.7.10 Control s and HVAC System Operators Mnual

Provide two copies of a Control and HVAC Systens Operators Manual . Provide
ina 3ring binder with a minimumof the following 7 sections. Use tabs to
di vi de each section.

a. Description of HVAC Systens: Provide a description of the HVAC
system conponents and control system |nclude sequence of
operation and a conplete points |ist.

b. Controls Drawings: Provide drawi ngs as specified in submttal
par agr aph.

c. Control ProgramlListings: Provide listing of all control
prograns, including term nal equi pnent controller setup pages if
used.

d. Current Operating Paraneters: Provide printouts of input and
out put setup information, (database setups). This section
provi des information such as point addresses, slopes and offsets
for all points, database of points, etc.

e. Design Information: Provide tab, but |leave this section blank.

f. Control Equi pmrent Technical Data Sheets: Provide technical data
sheets for all controller hardware and accessori es.

g. Backup of Control Program Provide backup copies of the control
program and ACAD control drawi ngs on 3.5 inch disks, [CD ROM,
[ 100MB Zi p Di sks].
1.7.11 DDC Manuf acturer's Hardware and Software Manual s

Provi de the foll owi ng nmanual s.

a. Installation and Technical Manuals for all digital controller
har dwar e.
[b. Installation and Technical Manuals for workstation.]

c. Operator Manuals for all digital controllers.
[d. Operator Manuals for all workstation software.]
e. Programmi ng Manuals for all digital controllers.

[f. Progranmm ng Manuals for workstation software.]
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1.7.12 Modi fi cati on of References

The advi sory provision in CEl 64-8/V1 are mandatory. Substitute the word
"shal | " for "should" wherever it appears and interpret all references to
the "authority having jurisdiction" and "owner" to nean the Contracting
Oficer.

PART 2 PRODUCTS
2.1 SCOURCE MANUFACTURERS
2.1.1 DDC System

The foll owi ng nanufacturers provide DDC systens that generally conply with
t hese specifications:

HONEYWELL S. p. A

Via P. Cobetti 2/B

20063 Cernusco sul Naviglio (M)
Tel : 02/921461

Fax: 02/92146888

wwv. honeywel | . com

JOHNSON CONTROLS S. p. A

Via Fratelli Casiraghi 409/413
20099 Sesto San G ovanni (M)
Tel : 02/ 262581

Fax: 02/26258230

www. j ohnsoncontrol s. com

SI EMENS S. p. A

Via Caldera, 21/D
20153 M LANO (M)
Tel : 02/48249. 1
Fax: 02/ 48204838

TREND CONTROL SYSTEMS Ltd
P.O. Box 34

Hor sham West Sussex
RH12- 2YF

Tel : +44(0) 1403211888
Fax: +44(0) 1403241608
www. t rend-control s. com

2.1.2 Not ebook Conput er

The foll owi ng nanufacturers provide notebook conmputers that generally
conply with these specifications:

COVPAQ COVPUTER S. p. A
Strada 1 - Pal azzo F/ 9
20090 Assago (M)

Tel . 02/575901

Fax 02/575006
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WWW. conpag. it

IBM I TALIA S. p. A
Circonval | azi one ldroscal o
20090 Segrate (M)

Tel . 02/59621

Fax 02/59624786
WWW. i bmi t

. 1.3 Energy Metering

The foll owi ng nanufacturers provide electric neters and steam neters that
generally conply with these specifications:

BTI CINO S. p. A
Via Messina 38
20154 M| ano
Tel : 02/ 34801
Fax: 0818/ 479605
www. bticino.it

DANFCSS S.r. | .

C.so Tazzoli, 221
10137 Torino (TO
Tel : 011/3000511
Fax: 011/3000576

TREND CONTROL SYSTEMS Ltd
P.O. Box 34

Hor sham West Sussex
RH12- 2YF

Tel : +44(0) 1403211888
Fax: +44(0) 1403241608
www. t rend-control s. com

.1.4 Danper s

The foll owi ng nanufacturers provide danper equi pnent that generally
conplies with these specifications:

FCR S. p. A

Via Enrico 3

20092 Cinisello Balsano (M) Italy
Tel: 39 2 617981

Fax: 39 2 61 798300

e-mail: fecr@ecr.it

CLI MA PRODUCT S.p. A

Via delle Gerole, 15
20040 Caponago (M)

Tel . 02/950071

Fax 02/95007238

Web: www. cl i maproduct. com
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TROX | TALI ANA S. p. A

Via Piemonte, 23/B/C

| 20098 San G uliano M| anese - Mlano (M)
Tel : 02/982974.1

Fax: 02/982974. 60

e-mail: trox@roxitaliana.it

.1.5 Transforners

The foll owi ng nanufacturers provide DDC systemtransforners that generally
conply with these specifications:

TRAFOMVEC S. p. A

Vi a Pievaiola

06068 Tavernell e
Perugia - Italy

Tel : +39 075 835371
Fax: +39 075 8355835
WWW. gr uppot r af omec. com

TAURI NO

Via San G ovanni Bosco 4/6
San Pancrazio Sal. (BR)

Tel : 0831/ 666072

Fax: 0831/667072

e-mail: taurino@ aurino. net

SI EMENS S. p. A

Via Caldera, 21/D
20153 M LANO (M)
Tel : 02/48249. 1
Fax: 02/ 48204838

.1.6 Surge Protectors

The foll owi ng nanufacturers provide surge protection equi pnent that
generally conplies with these specifications:

SCHNEI DER ELECTRIC S. p. A
20041 Agrate (M) Italia
Tel : (039) 6558111

Tfax: (039) 6056900

Tel ex: 301535 MAGGAL |
www. schnei der . it

CARPANETO & C. S.p. A

Via Ferrero, 10

10090 Cascine Vica - Rivoli (TO

Tel : 011/9590111

Fax Commercial e: 011/9590200

Fax Amm nistrativo/D v. Saldatura: 011/9590230
Fax Div. Autonazione: 011/9590250

WWW. car panet o. it
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DEHN | TALI A

39100 Bol zano (B2z)
Tel : 0471/561300
Fax: 0471/561399
www. dehn. it

1.7 Wring

The foll owi ng nanufacturers provide wiring material that generally conplies
wi th these specifications:

NEXANS | TALI A

Via del Crocifisso 18

04010 Borgo Piave - Latina (LT)
Tel : 0773/687.1

Fax: 0773/ 687440

WWW. nexans. com

PI RELLI S.p.A

Viale Sarca 222

20126 M| ano

Tel : 02/6442.1

Fax: 02/6442.9264

wwv. it.pirelli.confcables

.1.8 Snoke Det ectors

The foll owi ng nanufacturers provi de snoke detection equi pnent that
generally conplies with these specifications:

SI EMENS S. p. A

Viale Piero e Alberto Pirelli, 10
20126 M| ano

Tel . 02/66761

Fax 02/66762212

WWW. Si emens. it

NOTI FI ER | TALI A

Via Gandi, 22

S. Donato M| anese - M LANO (m)
Tel : 02/51897.1

Fax: 02/51897. 30

www. notifier.it

.1.9 I ndi cators

The foll owi ng nanufacturers provide thernoneters, pressure gages, and
simlar indicating devices that generally conply with these specifications:

CALEFFI S.p. A

Strada Statal e 229 Km 26, 500
28010 Fontaneto D Agogna ( Novara)
Tel : 0322/ 8491

Fax: 0322/863305

SECTI ON 15910 Page 24



G ACOM NI S.p. A

Via per Al zo 39
S.Maurizio D Opaglio (NO
Tel : 0322/923111

Fax: 0322/ 96256

CAZZANI GA S. p. A

via Parco

20046 Bi assono - M LANO (M)
Tel : 02/ 752804

.1.10 Ai r Conpressors

The foll owi ng nanufacturers provide air conpressors that generally conply
wi th these specifications:

ATLAS COPCO | TALIA S.p. A

Via Gacchi Fratelli 39
20092 Cinisiello Bal sano (M)
Tel : 02/617991

Fax: 02/6171949

CECCATO S.r. 1.

Via Battaglia 1

36075 Montecchi o Maggi ore (V1)
Tel : 0444/708411

Fax: 0444/ 695544

.1.11 Conpressed Air Tanks

The foll owi ng nanufacturers provide conpressed air tanks that generally
conply with these specifications:

ATLAS COPCO | TALIA S.p. A

Via Gacchi Fratelli 39
20092 Cinisiello Bal sano (M)
Tel : 02/617991

Fax: 02/6171949

CECCATO S.r. 1.

Via Battaglia 1

36075 Montecchi o Maggi ore (V1)
Tel : 0444/708411

Fax: 0444/ 695544

.1.12 Air Filters

The foll owi ng nmanufacturers provide pneunatic power systemintake air
filters, air discharge filters, and silencers that generally conply with
t hese specifications:

ATLAS COPCO | TALIA S. p. A

Via Gracchi Fratelli 39
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20092 Cinisiello Bal sano (M)
Tel : 02/617991
Fax: 02/6171949

CECCATO S.r. 1.

Via Battaglia 1

36075 Montecchi o Maggi ore (V1)
Tel : 0444/708411

Fax: 0444/ 695544

.1.13 Refrigerated Air Dryer

The foll owi ng nanufacturers provide refrigerated air dryer conponents that
generally conply with these specifications:

ATLAS COPCO | TALIA S.p. A

Via Gacchi Fratelli 39
20092 Cinisiello Bal sano (M)
Tel : 02/617991

Fax: 02/6171949

CECCATO S.r. 1.

Via Battaglia 1

36075 Montecchi o Maggi ore (V1)
Tel : 0444/708411

Fax: 0444/ 695544

.1.14 Reduci ng Station

The foll owi ng nanufacturers provide air pressure reducing station
conponents that generally conply with these specifications:

ATLAS COPCO | TALIA S.p. A

Via Gacchi Fratelli 39
20092 Cinisiello Bal sano (M)
Tel : 02/617991

Fax: 02/6171949

CECCATO S.r. 1.

Via Battaglia 1

36075 Montecchi o Maggi ore (V1)
Tel : 0444/708411

Fax: 0444/ 695544

.1.15 Pneunati ¢ Tubi ng

The foll owi ng nanufacturers provide pneunati c power system copper and
pol yet hyl ene tubing that generally conplies with these specifications:

ATLAS COPCO | TALIA S.p. A

Via Gacchi Fratelli 39
20092 Cinisiello Bal sano (M)
Tel : 02/617991

Fax: 02/6171949
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2.

CECCATO S.r. 1.

Via Battaglia 1

36075 Montecchi o Maggi ore (V1)
0444/ 708411

0444/ 695544

Tel :
Fax:

| NGERSOLL- RAND | TALI ANA S. p. A

| NGERSOLL- RAND | TALIA S.r. | .
Strada Provinci al e Cassanese, 108
20065 Vignate - M LANO (M)

02/ 95056. 1

02/ 95056. 315

Tel :
Fax:

.1.16

VFD s

The foll owi ng nmanufacturers provide variable frequency nmotor drives that
generally conply with these specifications:

SCHNEI DER ELECTRIC S. p. A
20041 Agrate (M) Italia
(039) 6558111

Tel :
Tf ax

Tel ex:
wwv. schnei der . it

(039) 6056900

301535 NMAGGAL |

GE PONER CONTROLS I TALIA S.p. A
Via Tortona, 27

20144 M| ano
Tel : (02) 4242.1
Fax: (02) 42.42.502

DANFCSS S.r. | .

C.so Tazzoli, 221
10137 Torino (TO
011/ 3000511
011/ 3000576

Tel :
Fax:

2

DDC SYSTEM

a.

Provide a DDC systemas a distributed control system The system
shal | have stand-al one digital controllers, a conmunications
Network[, and a separate workstation conputer with workstation
software].

Provi de an operator programmble systemto perform cl osed-I oop,
nodul ati ng control of building equi pnent. Connect all digita
controllers through the comunication network to share common data
and report to workstation conputers. Provide workstati on DDC
software capabl e of programm ng and nonitoring the digital
controllers. The control systemshall be capable of downl oadi ng
prograns between the workstation and digital controllers.

Provide the quantity of digital controllers indicated on the
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2.

2.

drawi ngs to performrequired climte control, energy nanagenent,
and alarmfunctions. The quantity of controllers shall be no |ess
than the nunber shown on drawings. Al naterial used shall be
currently in production

2.1 Direct Digital Controllers

DDC hardware shall be CEI EN 60742 rated.

2.1.1 Di stri buted Control

Apply digital controllers in a distributed control manner.

2.2.1.2 I/O Point Limtation

Total nunber of /0O hardware points, including those communi cated over a
LAN, used by a single stand-al one digital controller, including I/0O
expansi on units shall not exceed 48.

.2.1.3 Envi ronmental Qperating Limts

Provide digital controllers that operate in environmental conditions
bet ween 0 and 50 degrees C.

.2.1. 4 St and- Al one Contr ol

Provi de stand-alone digital controllers.

.2.1.5 I nternal C ock

Provide a clock with each stand-al one controller. Each controller shal
have its clock backed up by a battery or capacitor with sufficient capacity
to maintain clock operation for a mninumof 72 hours during power outage.

2.2.1.6 Menory

a. Provide sufficient menory for each controller to support required
control, comunication, trends, alarns, and nessages

b. Menory Protection: Prograns residing in nenory shall be protected
ei ther by using EEPROM flash nenory, or by an uninterruptible
power source (battery or uninterruptible power supply (UPS)). The
backup power source shall have sufficient capacity to maintain
volatile menory during an AC power failure. \Were the
uni nterrupti bl e power source is rechargeable (a rechargeabl e
battery), provide sufficient back-up capacity for a nini mum of
seventy-two hours. The rechargeabl e power source shall be
constantly charged while the controller is operating under norna
line power. Were a non-rechargeabl e power source is used,
provi de sufficient capacity for a mninumof tw years accunul ated
power failure. Batteries shall be replaceable w thout sol dering.

2.2.1.7 I nput s
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Provide input function integral to the direct digital controller. Provide

i nput type(s) as required by the DDC design. For each type of input used on
hi gh-1 evel controllers, provide at |east one simlar spare input point per

controller.

a. Analog Inputs: Allowable input types are 100 ohm (or higher)
pl ati num RTDs, thernmistors, 4 to 20 mA, and 0-10 VDC. Therm stor
and direct RTD inputs nust have appropriate conversion curves
stored in controller software or firmvare. Analog to digita
(A/ D) conversion shall have 10-bit m ni mumresol ution

b. Digital Inputs: Digital inputs shall sense open/close, on/off, or
other two state indications.

2.2.1.8 Qut put s

Provi de output function integral to the direct digital controller. Provide
out put type(s) as required by the DDC design. For each type of output used
on high-level controllers, provide at |east one simlar spare output point
per controller.

a. Analog Qutputs: Provide controllers with a m ni nrum out put
resolution of 10 bits. Qutput shall be 4 to 20 mA, 0 to 10 VDC
or 0 to 138 kPa. Each pneumatic output shall have feedback for
nmoni toring of the actual pneumatic signal

b. Digital Qutputs: Provide contact closure with contacts rated at a
m ni num of 1 anpere at 24 volts.

2.2.1.9 PI D Contr ol

Provide controllers with proportional integral, and derivative control
capability. Terminal controllers are not required to have the derivative
conponent .

2.2.1.10 Digital Controller Networking Capabilities

The upper level digital controllers shall be capable of networking with
other simlar upper level controllers. Upper level controllers shall also
be capabl e of communi cati ng over a network between buil di ngs.

2.2.1.11 Conmuni cati ons Ports

a. Controller-to-Controller LAN Conmunications Ports: Controllers in
the building DDC system shall be connected in a conmuni cations
network. Controllers shall have controller to controller
conmruni cati on ports to both peer controller (upper |eve
controllers) and ternmnal controllers (lower |level controllers).
Net work nmay consist of nore than one | evel of |ocal area network
and one level may have nultiple drops. Comunications network
shall permt sharing infornmation between controllers, allow ng
execution of dynanmic control strategies, and coordi nated response
to alarmconditions. M ninmumbaud rate for the | owest |evel LAN
shal | be 9600 Baud. M ninum baud rate for the highest |evel LAN
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2.2.1.12

shal |l be 9600 Baud. M ninum baud rate for a DDC system consi sting
of a single LAN shall be 9600 Baud.

On-Site Interface Ports: Provide a RS-232, RS-485, or RJ-11
communi cations port for each digital controller that allows direct
connection of a conputer or hand held term nal and through which
the controller may be fully accessed. Controller access shall not
be limted to access through another controller. On-site

i nterface comruni cation ports shall be in addition to the
conmmuni cati ons port(s) supporting controller to controller

comuni cations. Conmuni cation rate shall be 9600-Baud mi ni mum
Every controller on the highest |evel LAN shall have a
conmmuni cati ons port supporting direct connection of a conputer; a
hand held term nal port is not sufficient. By connecting a
conputer to this port, every controller in the direct digita
control systemshall be able to be fully accessed and progranmmed.
The followi ng operations shall be avail abl e: downl oadi ng and

upl oadi ng control prograns, nodifying prograns and program data
base, and retrieving or accepting trend reports, status reports,
messages, and al arns.

Renote Work Station Interface Port: Provide one additional direct
connect conputer port in each DDC system for pernmanent connection
of a renote operator's work station, unless the workstation is a
node on the LAN. All operations possible by directly connecting a
conputer to a controller at the highest |evel LAN shall be
avai | abl e through this port.

Tel econmuni cations Interface Port: Provide one additiona

tel econmuni cations port in each DDC systempernitting renote
communi cations via tel ephone. Al operations possible by directly
connecting a conputer to a controller at the highest |evel LAN
shal | be avail able through the tel ecomunications port. A

tel econmuni cations port provided on a digital controller shall be
in addition to the port required for directly connecting a
conputer to the controller. Tel ecommunication baud rate shall be
28000 mi ni num

Modem

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

NOTE: When a nodemis not required for

comuni cati on between the workstation and the DDC
system del ete the next paragraph. Add a nodemif a
| apt op conputer is specified with a desktop

wor kst ati on.

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

Provi de two nodens per DDC systemto conmuni cate between the digita

control

system and the conputer workstation. M nimum nodem baud rate is 56

Kbaud with v. 90 communi cati on standard.

EE R R R R R R R R R E R R R R R R R R ERE R E R R R R R

NOTE: Indicate control devices that nust be in
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encl osures with nore stringent requirenents than
that covered by NEMA 1.

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

2.2.1.13

Digital Controller Cabinet

Each i ndoor digital controller cabinet shall protect the controller from
dust and shall be rated NEMA 1, unless specified otherwi se. Each outdoor

digital

control |l er cabinet shall protect the controller fromall outside

conditions and shall be rated NEMA 4. Cabinets for high | evel controllers
shal | be hinged door, |ockable, and have of fset renovabl e netal back plate.

2.2.1.14

Mai n Power Switch

Each controller on the highest | evel LAN or each control cabinet shall have
a main external power switch for isolation of the controller from AC power.
The switch shall be located in the DDC cabi net.

2.2.2 Terminal Control Units

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: TCUs are digital controllers, as defined in
Definitions, for Terminal Control Units. TCUs
generally conmuni cate on a | ower |evel LAN

Desi gner shoul d specify location of the TCU on the
drawi ngs. Exanples of ternminal control unit
applications include VAV boxes, fan coil units, and
heat punps.
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2.2.3

2.2.3.1

The sane conpany as the digital controllers shall manufacture
TCUs.

TCUs shall automatically start-up on return of power after a
failure, and previous operating paraneters shall exist or shall be
autonmatically downl caded froma digital controller on a higher

| evel LAN

TCUs do not require an internal clock, if they get tine
informati on froma higher level digital controller

DDC Sof t war e

Sequence of Control
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NOTE: The sequence of control shall be witten to
i nclude all conventional control operations (e.g.
tenperature and pressure control |oops), tinme event
operations, energy managenent functions (night

set back, reset schedul es, and optinum start
routines), push button overrides, denmand |imting,
safeties, and energency conditions. The preferred
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| ocation for specifying and docunenting the sequence
of control is directly on the project draw ngs.

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

Provide, in the digital controllers, software to execute the sequence of
control. Provide one registered copy of all software used to program
control sequences in direct digital controllers, LAN controllers and field
configurable smart controllers on the stationary (notebook) workstation
Provi de any access keys which restrict progranm ng | anguage software
functions or the ability to conpile or prepare programm ng for downl oad to
controllers. Provide final copy of each programused in the systemin both
conpiled and editable fornats. \Where specially progranmred factory
configured snmart controllers are used in the system provide the m ni mum
factory progranm ng tools and specialized controller prograns ready for
downl oad to replacenment controllers. At mnimm controllers nust be
capabl e of perform ng progranm ng functions outlined in the follow ng
“Paraneter Mdification" section

.2.3.2 Par anmet er Mbdi fication

Provi de software to nodify control paraneters. Paraneter nodification
shal | be acconplished for all controllers (high Ievel and | ow | evel
application specific) through the main workstation conputer [and with

| apt op computer or keypad termnal directly at each controller]..

Modi fications shall be acconplished without having to make changes directly
in line-by-1ine programm ng. When the control programis of the
line-by-line type, database paraneters in the following list that take rea
nunber val ues shall require assignnment of variable nanes so paraneters can
be changed wi t hout nodifying programm ng. Alternatively, block progranmm ng
| anguages shall provide for nodification of these database paraneters in
fill-in-the-blank screens. Paranmeters of |ike type, including those in
different high Ievel and |ow |l evel controllers, may be grouped together for
a single, global change. For exanple, an operator may group all second
floor space tenperature setpoints into a group and rai se the setpoint by
two degrees with a single command. The foll owi ng paraneters shall be

nodi fiable in this way:

a. Setpoints

b. Dead band limts and spans

c. Reset schedul es

d. Switchover points

e. PID gains and time between control output changes
f. Time

g. Tined local override tine

h. Occupancy schedul es

i. Holidays
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j. Alarmpoints, alarmlimts, and al arm nessages
k. Point definition database

I. Point enable, disable, and override

m Trend points, trend intervals, trend reports
n. Analog input default val ues

0. Passwords

p. Communications paraneters including network and tel ephone
conmmuni cati ons set ups

2.2.3.3 Differentia

Where setpoint is in response to sone anal og i nput such as tenperature,
pressure, or humdity, include a setpoint differential for the control |oop
to prevent short cycling of control devices.

2.2.3.4 Mot or and Fl ow Status Del ay

Provi de an adj ustabl e del ay between when a nmotor is commanded on or off and
when the control programlooks to the notor or flow status input for
confirmation of successful command execution

2.2.3.5 Runtime Accunul ati on

Provide resettable run tinme accunul ati on for each controlled digital
out put .

2.2.3.6 Ti red Local Override

Provi de user definable adjustable run tinme for each push of a nonentary
contact timed |ocal override. Pushes shall be cunulative with each push
designating the sane length of tine. Provide a user definable limt on the
nunmber of contact closures sumred, such as 6, before the contact closures
are ignored. Tinmed |ocal overrides are disabled during occupancy peri ods.

2.2.3.7 Ti me Prograns

Provi de prograns to automatically adjust for |eap years, and nake dayli ght
savings tinme and standard tine adjustnents.

2.2.3.8 Schedul i ng

a. Individual controlled equi pnent shall be schedul able with schedul e
based on tine of day, day of week, and day of year. Equi pnent nay
be associated into groups. Each group nay be associated with a
di fferent schedule. Changing the schedule of a group shall change
the schedule of all equipnent in the group. G oups may be
nodi fi ed, created and del eted by the operator
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b. Provide capability that will allow current schedules to be viewed
and nodified in a seven-day week format. \Wien control program
does not automatically conpute holidays, provide capability to
enter holiday schedules one full year at a tine.

2.2.3.9 Poi nt Overri de

I/O and virtual points shall accept software overrides to any possible
val ue.

2.2.3.10 Al arni ng

I/ O points and software points shall be alarmable. Al arns nmay be enabl ed
and di sabled for every point. Alarmlinmts shall be adjustable on anal og
points. Controllers connected to an external communications device such as
a printer, termnal, or conputer, shall downl oad al arm and al ar m nessage
when al arm occurs. When a computer workstation is connected to a DDC system
with a nodem operator selected alarmconditions will initiate a call and
report to the conmputer [or an al phanuneric pager]. Qherwise alarns wll

be stored and autonatically downl oaded when a comunications |ink occurs.
The foll owi ng conditions shall generate al arns:

a. Mdtor is commanded on or off but the notor status input indicates
no change

b. Tenperature, hunmidity, or pressure strays outside selectable linits
c. An analog input takes a value indicating sensor failure
d. A nodule is not conmunicating on the LAN
e. A power outage occurs
2.2.3.11 Messages

Messages shall be operator defined and assigned to alarmor status
conditions. Messages shall be displayed on the workstation or printer when
t hese conditions occur.

2.2.3.12 Trendi ng

DDC system shall have the capability to trend all 1/0 and virtual points.
Points may be associated into groups. A trend report may be set up for
each group. The period between | oggi ng consecutive trend val ues shal

range fromone mnute to 60 mnutes at a mnimum The m ni mum nunber of
consecutive trend values stored at one tine shall be 30 per variable. When
trend nenory is full, the nost recent data shall overwite the ol dest data.
Trend data shall be capabl e of being uploaded to conputer. Trend data
shal |l be available on a real time basis; trend data shall appear
nunerically and graphically on a connected conputer's screen as the data is
processed fromthe DDC system Trend reports shall be capabl e of upl oadi ng
to conputer for storage.
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2.2.3.13 Status Display

Current status of 1/0O and virtual points shall be displayed on comrand.

Poi nts shall be associated into functional groups, such as all the I/0O and
virtual points associated with control of a single air handling unit, and
di spl ayed as a group, so the status of a single mechanical system can be
readi |y checked. A group shall be selectable froma nenu of groups having
nmeani ngf ul nanes; such as AHU-4, Second Floor, Chiller System and ot her
such names.

2.2.3.14 Di agnostics

Each controller shall performself-diagnostic routines and provi de nmessages
to an operator when errors are detected. The DDC system shall be capable
of recogni zing a non-responsive nmodul e on a LAN. The renai ning, responsive
nodul es on a LAN shall not operate in a degraded node.

2.2.3.15 Power Loss

During a power outage, each controller shall assune a disabled status and
outputs shall go to a user definable state. Upon restoration of power, DDC
system shall performan orderly restart, wth sequencing of outputs.

2.2.3.16 Pr ogram Tr ansf er

Provi de software for downl oad of control prograns and database froma
conputer to controllers and upload of same to conmputer fromcontrollers.
Every digital controller in the DDC system shall be capabl e of being

downl oaded and upl oaded to through a single controller on the highest |evel
LAN.

2.2.3.17 Password Protection

Provide at | east three |evels of password protection to the DDC system
permtting different |evels of access to the system The | owest |evel
allows nonitoring only. The highest level allows full control of al
functions, including setting new passwords.
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NOTE: Del ete all paragraphs referencing the
wor kst ati on when no workstation is specified.
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2.2.3.18 Energy Data Recordi ng

Provide a resettable signal accunulation for each neter at the main
building digital controller.

a. Calculate hot water thermal energy in Wusing chilled water supply
tenperature and flow and chilled water return tenperature signals

b. Calculate chilled water thernmal energy in Wusing chilled water

supply tenperature and flow and chilled water return tenperature
si gnal s.
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c. Record electrical energy in KWH [and el ectrical denmand in KW.

d. Record steamin kg/hr[ and annunci ate high presssure steam
pressure in kPa].

e. Record natural gas in L.

2.2. 4 Wor kst ati on

a. Provide a central workstation conputer with installed software to
provide an interface for nonitoring, troubl eshooting, and neking
adjustnents to the program or operating paraneters of all DDC
controllers, including TCUs. The workstation shall also be
capabl e of progranming all controllers, including TCUs.

b. DDC systemshall routinely operate continuously w thout connection
to the workstation. Information at the workstation is not
required for day to day operations of the direct digita
controllers.

2.2.4.1 Har dwar e
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NOTE: Update these criteria as technol ogy dictates.
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The DDC system nmanufacturer shall recommend all workstation conputer

equi pnment and peripherals. The workstation shall be configured to operate
according to the DDC system nanufacturer's specifications. W rkstation
hardware shall be configured to all ow operation of software, uploading and
downl oadi ng of prograns, and creation of graphics. At a mninumthe

wor kst ati on hardware shall consist of:

a. Conputer; conputer shall use Mcrosoft Wndows 2000 or XP, and
shal |l not have less than Intel Pentium 4 processor, running at 1.5
gi gahertz speed, 20 giga-byte hard disc, 256 negabyte RAM 2
serial, one parallel, and 2 USB ports, 17 inch nonitor with 740 x
1024 and 0.28 dpi mninmumresol ution, 101 character keyboard, a
1.4 negabyte 3 1/2 inch floppy drive, 52X internal CDR drive, and
10/ 100 conbo et hernet network card.

b. Muse

[c. Mddem 56 Kbaud, v.90 standard]

d. Printer; printer resolution shall be inkjet [laser] quality.

e. 220-volt terminal strip CEl 103-1/12 6-outlet with surge
protection.

2.2.4.2 Sof t war e

Workstation software shall be recomended and supported by the DDC system
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manuf acturer and configured to operate according to the DDC system

manuf acturer's specifications. Software shall be resident in the

wor kst ation conputer and permt nonitoring and troubl eshooting of the DDC
system Workstation software permts nodification of controller paraneters
and control for all controllers, both high | evel and | ow | evel application
specific. Operations shall be nmenu selected. Menu selections shall be
made wi th a nouse.

a. Menu System Menu systemshall allow an operator to select a
particul ar function or access a particular screen through
successi ve nenu penetration

b. Controller Paraneter Modification: The workstation software shal
be an interface for perfornmance specified in paragraph entitled
"Paraneter Mbdification" and avail abl e through direct connection
of a conputer to a digital controller. Paraneter nodification
shall require only that an operator "fill in the blank" for a
paraneter on a screen requesting the information in plain
| anguage. Paraneter nodifications shall download to the
appropriate controllers at operator request.

c. Program nodification: For systens using a |ine-by-Iine progranm ng
| anguage, provide an off-line text editor, simlar to a BASIC
programeditor, pernmitting nodification of controller resident
control prograns. For systens using block progranm ng | anguages
provide a capability for linking bl ocks together to create new
prograns or nodify existing prograns. Program nodifications shal
downl oad to appropriate controllers at operator request.

2.2.4.3 Graphi c- Based Sof tware

The workstation shall use graphic-based software to provide a user-friendly
interface to the DDC system G aphic-based software shall provide

graphi cal representation of the building, the buildings nechanical systens,
and the DDC system The current value and point nane of every |/ O point
shall be shown on at |east one graphic and in its appropriate physica

| ocation relative to building and nmechani cal systens.

a. Gaphics shall closely follow the style of the control drawings in
representing nmechani cal systens, sensors, controlled devices, and
poi nt nanes.

b. Gaphic Title: G aphics shall have an identifying title visible
when the graphic is being viewed.

c. Dynamic Update: Wen the workstation is on-line with the contro
system point data shall update dynamically on the graphic inages.

d. G aphic Penetration: Provide graphic penetration when the
capability exists. For systens wi thout graphic penetration
provi de menu penetration for selection of individual graphics to
gi ve the sane hierarchical affect provided by graphic penetration

e. Gaphic Types: G aphic-based software shall have graphics of the
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buil ding exterior, building section, floor plans, and nechanica
systens. Provide the follow ng graphics:

(1) Building Exterior Graphic: Show exterior architecture, nmjor
| andmar ks, and bui | di ng nunber.

(2) Building Section Graphic: Show floors in section graphic
with appropriate floor nane on each floor.

(3) Floor Plan Graphics: Provide a single graphic for each
floor, unless the graphic will contain nore information than can
reasonably be shown on a single graphic. Each heating or cooling
zone within a floor plan shall have a zone nane and its current
tenperature displayed within the zone outline. Show each
controlled variable in the zone. Provide visual warning for each
point in alarm

(4) Mechanical System Graphics: Provide two-di mensional draw ngs
to synbolize nechani cal equi pnent; do not use |line drawi ngs. Show
controll ed or sensed nechani cal equi pnment. Each graphic shal
consi st of a single nmechanical system exanples are a graphic for
an air handling unit, a graphic for a VAV box, a graphic for a
heating water system and a graphic for a chiller system Place
sensors and controll ed devices associ ated with mechanica

equi pnent in their appropriate |ocations. Place point nanme and
poi nt val ue adjacent to sensor or controlled device. Provide

vi sual warning of each point in alarm Condition, such as zone
tenperature, associated with the nechanical system shall be shown
on the graphic. Point values shall update dynanmically on the

gr aphi c.

f. Gaphic Editing: Full capacity as provided by a draw software
package shall be included for operator editing of graphics.
Graphics may be created, deleted, nodified, and text added.

Provi de capability to store graphic synbols in a synbol directory
and inport these synbols into graphics. A mninum of 256 colors
shal | be avail abl e.

g. Dynamic Point Editing: Provide full editing capability for
del eting, adding, and nodifying dynam c points on graphics.

h. Trending: Trend data shall be displayed graphically, with contro
vari abl e and process variable plotted as functions of time on the
same chart. Gaphic display of trend data shall be internal to
the workstation software and not resulting from downl oad of trend
data into a third-party spreadsheet program such as Excel, unless
such transfer is automatic and transparent to the operator, and
the third-party software is included with the workstation software
package. At the operator's discretion, trend data shall be
plotted real tine.
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NOTE: The not ebook conputer is designed to allow
HVAC nechanics to nonitor all points, nodify
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setpoints and operating paraneters. |f a notebook
conputer is not required, consider specifying
manufacturer's hand held interface device or LCD
di splay with keypad.
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2.2.5

Mai nt enance Personnel |nterface Tool s

Provi de a notebook conputer for field communication with the digital
controllers. In addition to changi ng setpoints, and maki ng operationa

changes,

field personnel shall be able to downl oad prograns with the

not ebook conput er.

2.2.5.1

a.

Not ebook Conput er

Provi de notebook conputer, necessary software, and direct
connection cable to communicate with all digital controllers [and
smart thernostats] when directly connect ed.

Provi de notebook conputer with the follow ng features as a m ni num
(1) Pentiumlll 1.2 GHz with a 15 inch active matrix col or screen

(2) Internal hard disk; mninmm20 G gabytes

(3) Internal battery operation; for a mninmmof 3 hours of
operation.

(4) RAM nininmum 256 Megabytes
(5) CD-RWand 3.5 inch 1.44 MB fl oppy drive
(6) I nternal nodem and 10/ 100 Et hernet conbo

(7) Serial interface port to comunicate with the digita
controller. Parallel port to comunicate with a printer. 2 USB
ports.

(8) Software: Digital control manufacturer's graphic DDC
software, and all other required prograns installed. Wndows 2000
or XP operating systeminstalled. Include all docunentation and
ori gi nal nedia.

2.3 SENSORS AND | NPUT HARDWARE

2.3.1

Field Installed Tenperature Sensors
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NOTE: Selection of the type of tenperature sensors
i s dependent on the local activity. The designer
shal | coordi nate standardi zati on of tenperature
sensors with existing DDC projects, or |oca
activity requirements. No nore than two types of
tenperature sensors should be used in one project.
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2.3.1.1 Therm stors

Precision therm stors may be used in tenperature sensing applications bel ow
93 degrees C. Sensor accuracy over the application range shall be -18
degrees C or | ess between the range of 0 to 66 degrees C. Stability error
of the therm stor over five years shall not exceed 0.14 degrees C

cunul ative. Sensor element and | eads shall be encapsul ated. Bead

therm stors are not allowed. A/ D conversion resolution error shall be kept
to 0.06 degrees C. Total error for a thermistor circuit shall not exceed
0. 28 degrees C, which includes sensor error and digital controller A/'D
conversion resolution error. Provide 1.0 mmtw sted and shi el ded cable for

t herm st ors.

2.3.1.2 Resi stance Tenperature Detectors (RTDs)

Provi de RTD sensors with 1000 ohm or higher, platinumelenments that are
conpatible with the digital controllers. Sensors shall be encapsulated in
epoxy, stainless steel, anodized alum num or copper. Tenperature sensor
accuracy shall be 0.1 percent (1 ohm) of expected ohns (1000 ohns) at O
degrees C. Tenperature sensor stability error over five years shall not
exceed 0.14 degree C cunulative. Direct connection of RTDs to digital
controllers, without transmtters, is preferred provided controller
supports direct connection of RTDs. Wen RTDs are connected directly to
the controller, keep lead resistance error to 0.14 degree C or less. Tota
error for a RTD circuit shall not exceed 0.28 degree C, which includes
sensor error, lead resistance error or 4 to 20 mA or 0 to 10 VDC
transmtter error, and A/ D conversion resolution error

2.3.1.3 Tenperature Sensor Details

a. Room Type: Conceal elenent behind protective cover natched to the
roominterior. Roomtenperature sensors connected directly to
application specific controllers shall have integral pushbutton,
systemoverride digital input button, and a setpoint adjustnent
| ever. Provide a connection to allow interrogation of the digita
controller.

b. Duct Averaging Type: Continuous averaging RTDs for ductwork
applications shall be 305 mmin length for each 0.37 mof ductwork
cross-sectional area with a mninmumlength of 1830 nm Probe type
duct sensors of 305 mmlength m ninum are acceptable in ducts 3660
nmm square and | ess.

c. Imersion Type: 76 mmtotal imersion for use with sensor wells,
unl ess ot herw se indi cat ed.

d. Sensor Wells: Stainless steel [brass] material. Provide
heat -sensitive transfer agent between exterior sensor surface and
interior well surface.

e. Qutside Air Type: Provide elenent on the buildings north side
with sunshade to mnimze solar effects. Munt elenent at |east
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76 mm from buil ding outside wall. Sunshade shall not inhibit the
flow of anmbient air across the sensing el enent. Shade shal
protect sensing elenent fromsnow, ice, and rain.
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NOTE: In nobst cases transnitters are not needed for
tenperature. An RTD sensor without transnmitter is
accurate for nost applications and may be cali brated
within controller software
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2.3.2

Transnmitters

Transmitters shall have 4 to 20 mA or O to 10 VDC output linearly scaled to
the tenperature, pressure, humdity, or flow range sensed. Transmtter

shal |
error

be matched to the sensor, factory calibrated, and sealed. Tota
shal | not exceed 0.1 percent at any point across the neasured span

Supply voltage shall be 24 volts ac or dc. Transmitters shall have
non-interactive of fset and span adjustments. For tenperature sensing,
transmtter stability shall not exceed 0.05 degrees C a year

2.3.2.1

Spans and Ranges

Transmtter spans or ranges shall meet the foll ow ng:

a.

2.3.3

Tenper at ur e:

(1) 28 degree C span: Room chilled water, cooling coil discharge
air, return air sensors

(2) 56 degree C span: Qutside air, hot water, heating coi
di scharge air, mxed air sensors

(3) 111 degree C span: High tenperature hot water, heating hot
wat er, chilled/ hot water system sensors.

Pressure

(1) -13to 13 mMmm[-6 to 6 nM water differential range: static
pressure control of roons

(2) 0to 127 mmwater differential range: Duct static pressure

(3) O0to 414 kPa [0 to 690 kPa] [0 to 1380 kPa] differenti al
Water differential pressure

Rel ative Hum dity:

(1) 10 to 90 percent mininmnumrelative humdity range

Rel ative Hunmidity Transmitters

Provide integral humidity transducer and transmtter. Qutput of relative
hum dity instrunent shall be a 4 to 20 mA or 0 to 10 VDC signa
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proportional to full range of relative humdity input. Accuracy shall be 2
percent of full scale, long-termstability shall be |ess than one percent
drift per year. Sensing elenent shall be polyner or thin film polyner type.

2.3.4 Pressure Transmitters

Provide integral pressure transducer and transmtter. Qutput of pressure
instrunment shall be a 4 to 20 mA signal proportional to the pressure span
Span shall be as specified. Accuracy shall be 1.0 percent. Linearity
shall be 0.1 percent.

2.3.5 Current Transducers

Provide current transducers to nonitor anperage of motors. Select current

transducer for nornmal neasured anperage to be near 50 percent of full-scale
range. Current transducers shall have an accuracy of one percent and 4 to

20 mMA or 0 to 10 VDC output signal
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NOTE: Choose between CO2 sensors and air quality
sensors, or use both. CO2 sensors provide
informati on to ensure adequate ventilation. Air
quality sensors are very useful to nonitor areas
that are vulnerable to organic contam nates |ike car
exhaust and industrial solvents.
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2.3.6 Air Quality Sensors
2.3.6.1 CO2 Sensor

Provide CO2 sensors with integral transducers where shown. Qutput signa
shall be 4 to 20 mA or O to 10 VDC. Accuracy shall be +5 percent of ful
scal e.

2.3.6.2 Air Quality Sensor

Provide full spectrumair quality sensors with filters utilizing hot wire
el ement based on the Taguchi principle. The sensor nonitors a w de range of
gaseous organic materials which are comon conponents of indoor air

contam nants. These gaseous materials include paints and sol vents, cooking
and cigarette snoke, and car exhaust. The Sensor nust conpensate for
tenperature and hum dity, have span and calibration potentioneters, operate
on 24 VDC power with output of 0-10 VDC and operating between 0 to 60
degrees C and 5 to 95 percent RH  Provide isolation power supply for each
sensor.

2.3.7 | nput Switches
2.3.7.1 Ti med Local Override
Provi de nonentary contact push button override with override tine set in

controller software. Provide to override DDC tinme of day program and
activate occupancy program for assigned units. Upon expiration of override
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time, the control systemshall return to tine-of-day program Tine
interval for the length of operation shall be software adjustable and shal
expire unl ess reset.

.3.7.2 Insertion Freeze Protection Switch

Electric switch shall be capillary type. Provide special purpose insertion
thernostats with flexible elenents a m ninumof 6100 nmin |length for coi
face areas up to 3.7 sq. m Switch contacts shall be rated for notor
starter circuit voltage being interrupted. Switch shall be equipped wth
auxiliary set of contacts for input of switch status to digital controller

Provi de additional elenents or |onger elenents for larger coils at the
rate of 305 mm of elenent per 0.37 sq. mof coil. Serpentine capillaries
perpendicular to the air flowto uniformy sense the entire airflow. A
freezing condition at 460 mmincrenents al ong the sensing el enent shal
activate the thernostatic switch. Switch shall require manual reset after
activation.

2.3.7.3 El ectronic Airfl ow Measurenent Stations and Transmitters

2

2.

a. Station - Each station shall contain an array of velocity sensing
el ements and strai ghteni ng vanes inside a flanged sheet netal
casing. The velocity sensing el enents shall be of the RTD or
therm stor type. The sensing elenents shall be distributed across
the duct cross section in the quantity and pattern set forth for
nmeasurenents and instrunents of DPR 412 and UNI ENV 1805-1 for the
traversing of ducted air flows. The resistance to airflow through
the airflow neasurenent station shall not exceed 2 nm water gage
at an airflow of 10 nmfs. Station construction shall be suitable
for operation at airflow of up to 25 nis over a tenperature range
of 4 to 49 degrees C, and accuracy shall be plus or nminus 3
percent over a range of 0.6 to 12.7 nis scaled to air vol une.

b. Each transmitter shall produce a linear, tenperature conpensated 4
to 20 mA or 0 to 10 VDC output corresponding to the actual air
flow The transmitter shall be a 2-wire, |oop powered device.

The output error of the transmtter shall not exceed 0.5 percent
of the calibrated neasurenent.

.3.7. 4 Non- Modul ating, Electric, Humidistat Switch

Provide a set point adjustable, wall nmounted humidistat. Contacts shall be
Singl e Pol e Double Throw (SPDT) for |ow voltage (24 volt) applications.

Adj ust abl e set-point range shall be 20 to 80 percent relative humdity.
Sensi ng el erent shall be bulk polyner or thin filmpolynmer with an accuracy
of plus or minus 2 percent over the entire range. Sensing elenment shall be
non-saturating and shall be capable of wthstanding a saturated condition
wi t hout permanently affecting calibration or sustaining damage. Humi di st at
cover shall consist of |ocking nmetal or heavy-duty plastic.

3.8 Energy Metering

EE R R R R R R R R R E R R R R R R R R ERE R E R R R R R

NOTE: The requirenent for nmetering shall be based
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on NAVFAC Mai ntenance Manual: UWilities Metering
(MD>-221) Criteria.

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

2.3.8.1 El ectric Meters

EE R R R R R R R R R R R R R R R R I R R R R I R

NOTE: Select the appropriate paragraph. Use the
first paragraph when additional requirenents for
electric neters are covered in another specification
section. Use the second paragraph when electric
nmeters are not covered in an additional
specification section.

EE R R R R R R R R R R R R R R R R R R R I R R R I O R

[Provide kil owatt-hour (kWh) nmeter as specified in Section | ,

" "], for building as indicated. [Provide contacts for kilowatt (kW
pul se accunul ation].] [Provide kilowatt-hour (kW) neter for building as
indicated. Integrate electric neter signal into DDC system neter signal
out put nust be conpatible with DDC i nput. DDC shall measure both

i nstant aneous and accumrul ated el ectrical usage.

a. Meter: CEl EN 60521. Provide watt-hour neter and socket
corresponding to the ratios of the current transforners and
transforner secondary voltage. Meters shall be selected for [ ]
-volt, three-phase, [three] [four] -wire [we] [delta] system
three-elenent type with three current transformers. Meters shall
be conplete with a box nounted socket having automatic circuit
cl osi ng bypass. Provide watt-hour neter with not |ess than four
poi nter-type kW registers, provisions for pulse initiation, and a
universal Class 2 indicating nmaxi mum kW denmand regi ster, sweep
poi nter indicating type, with a [15] [30] [60] -minute interval.
Met er accuracy shall be within plus or mnus one percent. The
correct multiplier shall be provided on face of neter.

b. Current Transfornmers: CEl 38-4. Provide three current
transforners with 600-volt insulation, rated for nmetering with
vol tage, BIL, nonentary, and burden ratings coordinated with the
rati ngs of the associated neters. Provide a butyl nolded donut or
wi ndow type transforners nounted on a bracket to all ow secondary
cables to connect to the transforner bushings. Identify the
wiring of the current transfornmer secondary feeders to permt
field current neasurenents to be taken with hook-on ammeters. ]

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R

NOTE: Locate steamneters in piping in accordance
with ASME, Fluid Meters; Their theory and
applications, Sixth Edition, 1971.

EE R R R R R R R R R E R R R R R R REEEERE R EEEE R R R R R R R R

2.3.8.2 St eam Meters

[ Requi rements for steamneters are specified in Section 02554, "Exterior
Aboveground Steam Di stribution.” Integrate steam neter consunption signal
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into the DDC system] Provide vortex steam neters as shown on draw ngs.
Steam neters, on pressure |ines bel ow 690 kPa, or where pressures may
fluctuate, shall be pressure conpensated. All steamneters shall have a

m ni mum turndown ratio of 10 to 1. Meter signal output nmust be conpatible
with DDC i nput. DDC shall neasure both instantaneous and accumul at ed st eam
flow.

2.4 OQUTPUT HARDWARE

2.4.1 Danper s
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NOTE: Use parallel blade danpers for m xing boxes
and when two-position control is required. Use
opposed bl ade danpers when nodul ati ng danpers on air
outlets of small cooling tower; use parallel blade
danpers for face and bypass control. Show the
danpers on the contract drawi ngs. |Indicate parallel
bl ade or opposed bl ade danpers as appropriate for
each application.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O O R

Danper shall conformto UNI EN 1505 and UNI EN 1506.

a. A single danper section shall have bl ades no | onger than 1220 nm
and shall be no higher than 1830 nmm Maxi num danper bl ade wi dth
shall be 203 mm Larger sized danper shall be nade froma
conbi nati on of sections.

b. Danpers shall be steel, or other nmaterials where shown. Flat
bl ades shall be nmade rigid by folding the edges. Bl ades shall be
provided with conpressible seals at points of contact. The
channel franmes of the danpers shall be provided with janb seals to
mnimze air | eakage. Danpers shall not |eak in excess of 102 L/s
per square neter at 996 Pa gage static pressure when cl osed.
Seal s shall be suitable for an operating tenperature range of m nus

40 degrees C to 93 degrees C. Danpers shall be rated at not |ess

than 10 m's air velocity. Al blade-operating |inkages shall be
within the frane so that bl ade-connecting devices within the sane
danper section will not be located directly in the air stream
Danper axles shall be 13 mm (mnimum plated steel rods supported
in the danper frane by stainless steel or bronze bearings. Bl ades
nmount ed vertically shall be supported by thrust bearings.
Pressure drop through danpers shall not exceed 10 Pa gage at 5 nis
in the wi de-open position. Frames shall not be less than 50 mmin
wi dth. Danpers shall be tested in accordance with | SO 5219 and
| SO 5220/ Al.

c. Operating links external to danpers (such as crankarns, connecting
rods, and line shafting for transmtting notion from danper
actuators to danpers) shall withstand a | oad equal to twice the
maxi mum r equi red danper-operating force. Rod |engths shall be
adjustable. Links shall be brass, bronze, zinc-coated steel, or
stainless steel. Mwving parts in contact with one anot her shal
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be of different materials. Wrking parts of joints and cl evises
shal | be brass, bronze, or stainless steel. Adjustnents of
crankarns shall control the open and cl osed position of danpers.

2.4.2 Val ves

EE R R R R R R R R R R R R R R R R I R R R R I R

NOTE: Avoid the selection of oversized contro

val ves. Sel ect valve Cv so that maxi num pressure
drops are used within constraints of available
pressures, pipe velocities, econony of design, and
noise criteria. Select steamvalves using critica
pressure drop (0.45 of absolute pressure) where
avai | abl e, and sel ect connected equi pnent using
resultant pressure on downstream side of val ve
Size water systemfor a mnimumdrop through contro
val ves of 21 kPa and include in hydraulic
calculations. List calculated Cv in schedul es (not
manufacturer's listed Cv) to allow bidders to
personal |y sel ect val ves

EE R R R R R R R R R R R R R R R R R R R R R R R R R O O R

2.4.2.1 Val ve Assenbly

Val ves shall have stainless steel stens. Valve bodies shall be designed
for not less than 862 kPa (gage) working pressure or 150 percent of the
system operating pressure, whichever is greater. Valve |eakage rating
shall be 0.01 percent of rated Cv. {ass 125 copper alloy val ve bodi es and
Class 150 steel or stainless steel valves shall conformto UNI 2249, UN
2250, UNI 2253, UNI 6884, and UNI 9753 as a mnimum Cast iron valve
conponents shall conformto UNI 5339 as a m ni num

2.4.2.2 Butterfly Val ve Assenbly
Butterfly val ves shall be threaded |ug type suitable for dead-end service
and for nodulation to the fully closed position, w th noncorrosive discs,
stai nl ess steel shafts supported by bearing, and EPDM seats suitable for
tenperatures frommnus 29 degrees Cto plus 121 degrees C. Valves shal
have a manual neans of operation independent of the actuator
2.4.2.3 Two- Wy Val ves
Two-way nodul ati ng val ves shall have equal percentage characteristics.
2.4.2.4 Thr ee- Wy Val ves
Three-way val ves shall have equal percentage characteristics.
2.4.2.5 Duct Coil and Terminal Unit Coil Valves
Provide control valves with either flare-type or sol der-type ends provided

for duct or termnal-unit coils. Provide flare nuts for each flare-type
end val ve
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2.4.2.6 Val ves for Chilled Water, Condenser Water and d ycol Service

a. Bodies for valves 40 mm and smaller shall be brass or bronze, with
t hreaded or union ends. Bodies for valves from50 to 80 nm
i nclusive shall be of brass, bronze or iron. Bodies for 50 nm
val ves shall have threaded ends. Bodies for valves from#65 to 80
mm shal | have fl anged-end connections. Internal valve trim shal
be brass or bronze except that valve stens may be Type 316
stainless steel. Water valves shall be sized for a [21 kPa]
[ ] differential through the valve at rated flow, except as
i ndi cated ot herw se. Sel ect valve flow coefficient (Cv) for an
actual pressure drop not less than 50 percent or greater than 125
percent of the design pressure drop at design fl ow

b. Valves 100 nm and | arger shall be butterfly val ves.
2.4.2.7 Val ves for Hot Water Service
Val ves for hot water service below 121 degrees C

a. Bodies for valves 40 mm and snaller shall be brass or bronze with
t hreaded or union ends. Bodies for valves larger than 50 nm shal
have fl anged-end connections. Water valves shall be sized for a
[21 kPa] [__ ] differential through the valve at rated fl ow,
except as indicated otherwise. Select valve flow coefficient (Cv)
for an actual pressure drop not |ess than 50 percent or greater
than 125 percent of the design pressure drop at design fl ow

b. Internal trim including seats, seat rings, nodul ation plugs, and
springs, of valves controlling water hotter than 99 degrees C
shal | be stainless steel

c. Internal trimfor valves controlling water 99 degrees C or |ess
shal | be brass or bronze

d. Non-netallic parts of hot water control valves shall be suitable
for a mnimum conti nuous operating tenperature of 121 degrees C or
28 degrees C above the system design tenperature, whichever is
hi gher.

e. Valves 100 mm and | arger shall be butterfly val ves.
2.4.2.8 Valves for Steam Service

Entire bodies for valves 40 nmand snaller shall be brass or bronze, with

t hreaded or union ends. Bodies for valves from50 to 80 mmi ncl usive shal
be of brass, bronze, or iron. Bodi es for valves 100 mm and | arger shal

be iron. Bodies for 50 mmval ves shall have threaded ends. Provide bodies
for valves 65 nmand |arger shall with flanged-end connections. Steam

val ves shall be sized for [103 kPa (gage)] | ] inlet steam pressure
with a maxi num[90 kPa] [ ] differential through the valve at rated
flow, except as indicated otherw se

2.4.2.9 Val ves for Hi gh Tenperature Hot Water Service
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Val ves for high tenperature hot water service above 121 degrees C. Valve
bodi es shall conformto UNI 7125/ FA 109. Valve and actuator conbination
shall be normally closed. Bodies shall be carbon steel, globe type with
wel ded ends on valves 25 mmand larger. Valves smaller than 25 nmm shal
have socket-weld ends. Packing shall be virgin polytetrafl uoroethyl ene
(PTFE). Internal valve trimshall be stainless steel. Water val ves shal
be sized for a [21 kPa] | ] through the valve at rated fl ow, except as
i ndi cated otherwi se. Select valve flow coefficient (Cv) for an actua
pressure drop not |ess than 50 percent or greater than 125 percent of the
desi gn pressure drop at design flow.

2.4.3 Act uat or

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Indicate on drawi ngs in sequence of operation
the nornmal position of each actuator wi thout power
or control signal. Select position with regard to

energy |l oss, freezing, noisture danage, and snoke or
fire transmission. Spring return actuators may be
necessary where rapid val ve opening or fail opening
woul d be hazardous.

I ndi cate on drawi ngs when coordi nated action is
required. For exanple, coordinated action may be
requi red when one control output may control both
the hot water 21 to 48 kpa and chilled water val ve
55 to 90 kPa.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

2.4.3.1 El ectric Actuators

Provide direct drive electric actuators for all control applications. Wen
operated at rated voltage, each actuator shall be capable of delivering
torque required for continuous uniformnotion and shall have end switch to
[imt travel, or shall w thstand continuous stalling w thout damage.
Actuators shall function properly with range of 85 to 110 percent of |ine
voltage. Provide gears nmanufactured from steel, copper alloy, fiber, or
reinforced nylon. Provide two-position actuators of the single direction
spring return, or reversing type. Provide proportioning actuators capabl e
of stopping at all points in the cycle and starting in either direction,
fromany point. Provide reversing and proportioning actuators with limt
switches to lint travel in either direction unless operator is stall type.
Actuators shall have a sinple switch for reversing direction, and a button
to di sengage clutch for manual adjustnents. Provide reversible shaded
pole, split capacitor, synchronous, or steper type electric notors.

2.4.3.2 Pneumati ¢ Actuators

Provi de piston or di aphragmtype actuator with full range or split range
springs to provide required sequence specified and fail safe operation

2.4. 4 Qut put Si gnal Conversion
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2.

2.

4.4.1 El ectronic to Pneunmtic Transducer

El ectronic to pneunatic transducer shall convert 4 to 20 nA or 0 to 10 VDC
digital controller output signal to a proportional 0 to 138 kPa pressure
signal (operator scal eable). Accuracy shall be 1.0 percent or better
Linearity shall be 0.1 percent. Transducer shall have feedback circuit
that converts pneumatic signal to a proportional 4 to 20 mA or 0 to 10 VDC
si gnal

.4.4.2 Pneumatic to El ectronic Pressure Transducer

Pneurmatic to el ectronic transducer shall convert O to 138 kPa signal to a
proportional 4 to 20 mA or O to 10 VDC signal (operator scaleable). Supply
vol tage shall be 24 VDC. Accuracy shall be 1.0 percent or better

Linearity shall be 0.1 percent.

.4.5 Qut put Swi t ches

.4.5.1 Control Rel ays

Shal | be doubl e pole, double throw (DPDT), CE narked, with contacts rated
to the application, indicator light, and dust proof enclosure. Light
indicator is Iit when coil is energized and is off when coil is not

energi zed. Relays shall be socket type, plug into a fixed base, and

repl aceabl e wi thout need of tools or renoving wiring. Encapsul ated "PAM
type relays are pernmissible for termnal control applications.

.4.5.2 Sol enoid Air Val ves

Each val ve shall have three port operation: comobn, nornally open, and
normal ly closed. Internal parts shall be brass, bronze, or stainless
steel. Valves shall be rated at 345 kPa m ni num when used in a control

systemoperating at 172 kPa or |less, or 1034 kPa when used in a control
systemoperating in the range 172 to 690 kPa.

EE R R R R R R R R R R R R R R R R R R R R R R I R R R O R

NOTE: |In nost cases, use Naval Facilities Cuide
Specification 16402, "Interior Distribution
Systens", for specifying electrical power and
wiring. Delete redundant or anbi guous sections out
of this specification after nodifying UFGS- E- 16402.

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

5 ELECTRI CAL POAER AND DI STRI BUTI ON

For control power provide a new, dedicated source 220 volts or |ess, 60 Hz,
three wire (black, white, and green). Run green ground wire to pane
ground; conduit grounds are not sufficient.

.5.1 Transforners

Transformers shall CElI 14-8 and CElI EN 60742. Power digital controllers
and ternminal control units (TCU s) fromdedicated circuit breakers with
surge protection specified. Transfornmers for digital controllers serving
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term nal

equi pnment on | ower |level LANs nmay be grouped to have specified

surge protection sized for the nunber of controllers on a single
transformer. Provide a fuse on the secondary side of the transforner.

2.5.2 Surge Protection

Surge and transient protection consist of devices installed externally to

digital

2.5.2.1

controll ers.

Power Line Surge Protection

Surge suppressors external to digital controller, shall be installed on al

i ncom ng AC power. Surge suppressor shall be in accordance to CEl 103-1/12,
have a fault indicating |light, and have cl ampi ng voltage ratings bel ow t he
followi ng |evels:

a.

k

2.5.2.2

Unit is a transient voltage surge suppressor 220 VAC/ 1 phase/2
wire plus ground, hard wire individual equipnment protector

Unit nust react within 5 nanoseconds and automatically reset.

Vol tage protection threshold, line to neutral, starts at no nore
than 300 volts peak on the 220 VAC |i ne.

The transient voltage surge suppressor nust have an i ndependent
secondary stage equal to or greater than the primary stage joule
rating.

The prinmary suppressi on system conponents nust be pure Silicon
Aval anche Di odes.

Silicon Aval anche Diodes or Metal Oxide Varistors are acceptable
in the independent secondary suppressi on system

The Transi ent Suppression Systemshall incorporate an indication
I ight which denotes whether the primary and/or secondary transient
protection conponents is/are functioning.

Al'l system functions of the Transi ent Suppression System nust be
i ndividually fused and not short circuit the AC power line at any
tinme.

The Transient Suppression System shall incorporate an EM/RFI
noise filter with a mninum attenuation of 13 dB at 10 kHz to 300
MHz .

The system nust conply with CEl 103-1/12 requirenents and be
tested according to CEl 103-1/12.

The system shall operate at -20 degrees C to +50 degrees C.

Tel ephone and Communi cation Line Surge Protection

Provi de transient surge protection to protect the DDC controllers and LAN
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rel ated devices fromsurges that occur on the phone |ines (nmbdem or direct
connect) and on inter-unit LAN conmunications. Devices shall be CE narked.

a.

2.5.2.3

The surge protection shall be a rugged package wi th conti nuous,
non-interrupting protection and not use crowbar technol ogy.
Instant automatic reset after safely elimnating transient surges,
i nduced lightning, and other forns of transient over voltages.

Unit nust react within 5 nanoseconds using only solid-state
silicone aval anche technol ogy.

Unit shall be installed at the proper distance as recomended by
t he manuf acturer.

Control ler Input/Qutput Protection

Control l er input/output points shall surge protection with optica
i solation, netal oxide varistors (M), or silicon aval anche devi ces.
Fuses are not permtted for surge protection

2.5.3

Wring

Provi de conplete electric wiring for DDC System including wiring to
transformer primaries. Control circuit wiring shall not run in the sane
conduit as power wiring over 100 volts. Circuits operating at nore than 100
Volts shall be in accordance with Section 16402, "Interior Distribution
System ™" Circuits operating at 100 Volts or |ess shall be defined as | ow
voltage and shall be run in rigid or flexible conduit, netallic tubing,

nmet al

raceways or wire trays, arnored cable, or nulti-conductor cable.

Provide circuit and wiring protection as required by CEl 64-8/VLl.

Al umi num sheat hed cabl e or al um num conduit may be used but shall not be
buried in concrete. Use conduit or plenumrated cable in HVAC pl enuns.
HVAC pl enuns include the space between a drop ceiling and the architectura

cei ling,

within walls, and within ductwork. Protect exposed wiring from

abuse and danage.

2.5.3.1

a.

2.5.3.2

AC Control Wring

Control wiring for 24 V circuits shall be insul ated copper 1.0 sq.
mm m ni num and rated for 300 VAC servi ce.

Wring for 220 V shall be 1.5 sq. mmmninumand rated for 600 V
servi ce.

Anal og Signal Wring

Anal og signal wiring shall be 1.0 sq. mmsingle or nultiple twisted pair.
Each cabl e shall be 100 percent shielded, and have 0.8 sq. nmdrain wre.
Each wire shall have insulation rated to 300 V ac. Cables shall have an

overal |

al um num pol yester or tinned-copper (cable-shield tape). Instal

anal og signal wiring in conduit separate from AC power circuits.

2.6 FI RE PROTECTI ON DEVI CES
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2.

Provi de snmoke detectors in return and supply air ducts on downstream side
of filters in accordance with DDM 1/12/75 and UNI 9953, except as

ot herwi se indicated. Provide CE narked approved detectors for duct
installation.

6.1 Snoke Det ectors
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NOTE: Choose one of the three options bel ow

1. Use first paragraph if project has Section
13852, "Interior Fire Alarm System "

2. Use second paragraph if building has an existing
fire evacuation alarmsystem . For connection to
exi sting system designer nust determne if the
existing fire alarmcontrol panel is conpatible with
snoke detectors and has spare zone capacity. Edit
accordingly. (Wen in doubt |eave choice of
connection to fire alarm panel or a separate contro
unit in paragraph). For sonme antiquated alarm
systens, it nmay be necessary to replace the contro
panel in which case Section 13852, "Interior Fire

Al arm Systenf nust be included in project and first
paragraph of this section entitled "Snoke Detectors"
shoul d be used.

3. Use third paragraph only with specific approva
of the Engineering Field Division Protection

Engi neer. Approval will normally be granted only if
the building has no fire alarm system and none is
required. Wen in doubt, contact the Fire
Protection Engi neer. Duct snoke detectors are not
required in air handling units of |less than 7079 L/s
capacity, in units serving one fire area or units

| ocated in buildings which are fully served with
sprinklers. Exception: Duct snoke detectors are
required in air handling units over 944 L/s capacity
which are located in hospitals, schools, and
detection facilities.

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

[Provide in systenms having air handling capacity over [7079 L/s] in
accordance with DM 1/12/75 and UNI 9953. Furni sh detectors under Section
13852, "Interior Fire Alarm System" and install under this section

[ Sroke control and exhaust systens shall have provision for [autonmatic and]
manual operation by neans of a key operated switch to override any ot her
shut down features and shall be |located [adjacent to the fire alarm system
control panel] [as indicated]].]

[Provide in systenms having air handling capacity over [7079 L/s] in
accordance with DM 1/12/75 and UNI 9953. Design for detection of
abnormal snoke densities by the [ionization] [or] [photoelectric]
principle, responsive to both invisible and visible particles of
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conbustion, and not susceptible to operation by changes to relative

hum dity. Provide CE marked approved detectors for duct installation
Provi de duct detectors with an approved duct housing, nounted exterior to
the duct, and with perforated sanpling tubes extending across the wi dth of
the duct. Provide pernanent descriptive zone |abels indicating in which
air handling units the detectors in alarmare |ocated. Provide detectors
with a test port [test switch] [and] [or] [renbte keyed test device].
Provi de control and power nodul es required for operation of detectors [in
their own control unit] [or] [integral with the nain building fire alarm
control panel]. A ground fault or single break or open condition in the
electrical circuitry to detector or its control or power units shall cause
activation of the building fire alarmcontrol panel trouble signals.

El ectrical supervision of wiring provided exclusively for air handling unit
shutdown is not required provided a break in wiring will cause shutdown of
the associated unit. Equi pnent and devices shall be conpatible and

operable in all respects with, and shall in no way inpair reliability or
operational functions of, existing building fire alarmsystem Existing
fire alarmcontrol panel was manufactured by | ]. [Snmoke control and

exhaust systens shall have provisions for [automatic and] manual operation
by nmeans of a key-operated switch to override shutdown features and shal
be | ocated [adjacent to the fire alarmsystemcontrol panel] [as

i ndi cated].]]

[Provide in systenms having air handling capacity over [7079 L/s] in
accordance with DM 1/12/75 and UNI 9953 [except as otherwi se indicated].
Desi gn for detection of abnormal snobke densities by the [ionization] [or]

[ phot oel ectric] principle, responsive to both invisible and visible
particles of conbustion, and not susceptible to operation by changes to
relative humdity. Provide CE narked approved detectors for duct
installation. Provide duct detectors with an approved duct housing,
nount ed exterior to duct, and with perforated sanpling tubes extending
across width of duct. Provide 115 V ac power supply unit integral wth
duct housing. Obtain power from[source to air handling unit or air
handl i ng unit controls] [location indicated]. Detectors shall have test
port or test switch. [Provide renpte alarmindicator [and keyed test]
device at | ] [location indicated]]. Provide each detector with a
visible indicator lanmp that |ights when detector is activated. Activation
of duct detector shall cause shutdown of associated air handling unit [and
cl osing of danpers] [and shall sound an alarmbell, mininmm 152 nm di anet er
in a normally occupied area |located [as directed] [as shown]]. [Provide a
separate bell for each air handling unit, with an engraved plastic or netal
| abel indicating which unit each bell annunciates.]]

2.7 | NDI CATORS

2.7.1 Ther nonet er s

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

NOTE: I ndicate on draw ngs which range or span is
preferred.
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Provi de bi-nmetal thernoneters in |ocations as indicated. Bi-netal
t hermonet ers shall have either 229 mm scales or 89 mmdials and shall have

SECTI ON 15910 Page 53



insertion, imersion or averaging elenments as indicated. Provide
thernowel I's for liquid sensing applications. Select thernoneter ranges so
normal tenperatures are approxinmately equal to nidpoint readings on the
scal e.

2.7.2 Pressure CGages
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NOTE: Indicate on draw ngs which range or span is
preferred.
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a. Provide pressure gages for all pneunatic outputs. Select gage
range so normal pressures are approxinmately equal to the m dpoint
readi ngs on the scale, unless otherw se specified. Accuracy shal
be plus or nminus 2 percent of the range. Gages shall conformto
UNI 9765 and UNI EN 837-1.

b. Gages indicating pneumatic outputs shall have 51 nm di aneter
faces. Scale shall be 0 to 207 kPa, with 7 kPa graduati ons.

c. Gages for low differential pressure neasurenents shall be 114 nm
(nominal) size with two sets of pressure taps, and shall have a
di aphragm actuated pointer, white dial with black figures, and
poi nter zero adjustnent. Gage shall have ranges and graduati ons
as shown. Accuracy shall be plus or minus 2 percent of scale
range.

2.8 PNEUMATI C POAER SUPPLY AND TUBI NG
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NOTE: Delete the follow ng section if pneumatic
actuators are not used in this specification.
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NOTE: Show conpressed air station | ocation on the
control draw ngs.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

2.8.1 Ai r Conpressors

EE R R R R R R R R R E R R R R R R R R R R E R R R R R R O R

NOTE: Provide duplex air conpressors for systens
havi ng greater than 50 control air users or
requiring greater than 0.71 L/s of air. Size duplex
systemair conpressors for 50 percent run tinme and
simpl ex systens for 33 percent run tinme. Show power
sources for conpressors, dryers and alternators

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

Provi de tank nounted, [duplex,] electric notor driven, oil type, air
cool ed, reciprocating type air conpressor including notor, controller
pressure switch, belt guard, pressure relief valve, and automatic noisture
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drain valve. Piston speed shall not exceed 2.29 mls. Set relief valve for
69 to 172 kPa above the control switch cut-off pressure. Pressure switch
shal |l start conpressor at 483 kPa and stop conpressor at 621 kPa. Size

[ each] compressor to run not nore than [33] [50] percent of the tinme with
full systemcontrol |oad. Conpressor shall have nmintaining type starter
for automatic restart after power failure. [Provide duplex air conpressors
with electric alternator switch assenbly.] Mtors 0.5 hp and | arger shal
be three-phase, 208 or 460-volt, 60 Hz.

.8.2 Conpressed Air Tank

Provi de steel tank constructed and | abeled in accordance wth UNI 7182 and
UNI 7183 for a m nimum of 862 kPa working pressure. Tank shall be of
sufficient volune so that the run tine is not nore than 50 percent for
dupl ex or 33 percent for sinmplex units.

.8.3 Intake Air Filter and Sil encer

Provi de dry-type conbination intake air filter and silencer w th baked
enanel steel housing. Filter shall be 99 percent efficient at 10 mcron
rating.

8.4 Refrigerated Air Dryer

a. Provide a refrigerant dryer sized for continuous operation to
reduce the conpressed air dew point tenperature, at 138 kPa out put
pressure, to 1 degree C with average tank pressure of 552 kPa and
anbient air tenperature between 13 and 35 degrees C. Provide
dryer with an automatic condensate drain trap with a manua
override feature. Provide refrigerant gages for suction |lines.

b. Connect dryer in the high pressure piping between tank and
pressure -reducing val ve.

8.5 Conpressed Air Discharge Filter

a. Provide dry type filter, 99 percent efficient in renoving oil and
solid particles at 0.03 micron rating, with baked enanel stee
housi ng and manual drain valve. Provide visual indicator to show
when oil filter el enent should be changed.

b. Provide disposable filter directly before each control nodule with
pneumati c outputs, Disposable filter shall elinnate 99.99
percent of all liquid or solid contanminants 0.1 micron or |arger
Provide filter with easy to renove fittings

8.6 Air Pressure-Reducing Station

Provi de pressure-reducing valve (PRV) with field adjustable range of 0 to
345 kPa di scharge pressure, with inlet pressure of 483 to 621 kPa. Provide
factory-set pressure relief valve to relieve overpressure downstream of PRV
exceeding 172 kPa. Provide inlet pressure gage with range of 0 to 690 kPa
and outlet pressure gage with range of 0 to 207 kPa. For two pressure
systens, provide an additional PRV and outlet pressure gage.
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8.7 Pneunati ¢ Tubi ng
8.7.1 Copper Tubi ng

Provide UNI EN 1057 rated tubing. Tubing 9.5 mm outside dianeter and

| arger shall have minimumwal |l thickness equal to UNI EN 1057. Tubing | ess

than 9.5 nmm outsi de diameter shall have minimmwall thickness of 0.635 mMn
Conceal ed tubing shall be hard or soft copper; nultiple tubing shall be
racked or bundl ed. Exposed tubing shall be hard copper; rack nmultiple

tubing. Tubing for working pressures greater than 207 kPa shall be hard
copper. Bundl ed tubing shall have each tube nunbered each six feet

m ni mum Racked and i ndividual tubes shall be permanently identified at

each end. Fittings shall be UNI EN 1254-1 sol der type using UNI EN | SO 3677,
95-5 tin-antinony solder, or UNIl EN 1254-2 conpression type.

2.8.7.2 Pol yet hyl ene Tubi ng

EE R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: Systens that are critical and require
operation for snoke renoval shall have tubing of
nonconbusti bl e material only.

EE R R R R R R R R R R R R R R R R R R R R R R O R

Provide flanme-resistant, nmultiple polyethylene tubing in flanme-resistant
protective sheath, or unsheathed pol yethylene tubing in rigid netal,
internediate netal, or electrical nmetallic tubing conduit for areas where
tubing is exposed. Single, unsheathed, flanme-resistant polyethyl ene tubing
may be used where concealed in walls or above ceilings and within control
panel s. Provide polyethylene tubing only for working pressures of 207 kPa
or less. Nunber each tube in sheathing each 600 mm nmi ninum Pernmanently
identify unsheathed tubing at each end. Fittings shall be conpression or
barbed push-on type. [Do not provide polyethylene tubing for snoke renoval
systems.] Extruded seanl ess pol yet hyl ene tubing shall conformto the
fol | owi ng:

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The Italian polyethylene tubing and plastic
pi pe systemis tested in conpliance with UNI Norns
and EN Nornms at High Density Val ues, not Average
Density as required by U S. or British Standards.

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

a. Mninmum Burst Pressure Requirenents: 690 kPa at 24 degrees Cto
172 kPa at 66 degrees C

b. Stress Crack Resistance: 160 hours mi ninmum
c. Tensile Strength (Mninum: 7584 kPa;
d. Flow Rate (Average): 0.30 decigram per m nute;

e. Density (Hgh): 920 kg/n8.
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NOTE: Delete the followi ng section if variable
frequency notor drives are not used in this
speci fication.

EE R R R R R R R R R R R R R R R R I R R R R I R

2.9 VAR ABLE FREQUENCY MOTOR DRI VES

The vari abl e frequency drive (VFD) shall convert 200 [220][240] or 340
[380][400][ __ ] volt (+/- 10 percent), three phase, 50 [60] Hz (+/- 5
percent), utility grade power to adjustable voltage/frequency, three phase,
AC power for stepless notor control from5 to 105 percent of base speed.

2.9.1

Description

The variabl e frequency drive (VFD) shall produce an adjustable AC voltage/
frequency output for conplete notor speed control. The VFD nust neet al
of the following criteria.

a

2.9.2

The VFD shall use sinecoded PWMtechnol ogy. The sinecoded PW
calculations are perfornmed by the VFD m croprocessor.

The VFD shall use I GBT transistors for the inverter's three phase
out put .

The VFD shall use a three phase di ode bridge converter to charge
the VFD constant voltage capacitor buss.

The VFD shall have the ability for control by either a renote 4-20
mA [0 to 10 VDC] control signal or froma | ocal control panel
| ocated on the VFD itself.

The VFD shall use mcroprocessor technology for VFD control. The
VFD shall be progranmable with a pernmanently nounted keypad
i ncluded with each VFD

The VFD shall be fully self diagnostic. No external progranmers
anal yzers, interrogators, or diagnostic boards, shall be needed to
annunciate VFD faults or drive internal status.

Code St andards

VFD shall be CE marked as delivered to the end user. The VFD shall neet

current

2.9.3

Nat i onal El ectrical Code.

VFD Qual ity Assurance

To ensure quality, each and every VFD shall be subject to a series of
in-plant quality controlled inspections before approval for shipnment from
the manufacture's facilities.

a.

Al'l conponents shall be tested prior to assenbly and the conpl ete
unit shall be tested under full load conditions to ensure maxi num

SECTI ON 15910 Page 57



2.9.4

product reliability.

The VFDs shall be the current standard production unit with at
| east 10 identical units already in the field.
Engi neering support shall be available fromthe factory of the
VFD. Phone support shall be free of charge to the end user for the
life of the equipnent. Factory support shall be available in the
Engl i sh | anguage.

VFD Servi ce

The VFD shall be supplied with:

a.

2.9.5

24 nmonth parts and | abor warranty. The warranty shall start when
the systemis accepted by the end user or 30 nonths fromdate of
shi pnent .

Installation, operation, and troubl eshooting guide(s).

A district service support group shall provide the foll ow ng
addi ti onal services

(1) Factory trained personal on-site for start-up for up to one
wor ki ng day at no additional cost. Personnel shall be conpetent
in operation and repair of the particular nodel of VFD that is

i nstall ed.

(2) On-site training of custonmer personnel in basic installation
troubl eshooti ng, and operation of VFDs at no additional cost.
This training shall be conducted for up to [6] personnel at the
installation site for a mnimumof 4 hours.

Basi ¢ VFD Feat ur es

The VFD shall have the follow ng basic features with no nore then three
separate internal electronic boards.

a.

VFD nount ed operator control keypad capabl e of:

(1) Renotel/lLocal operator selection with password access.
(2) Run/Stop and nmanual speed conmmands.

(3) Al programm ng functions.

(4) Scrolling through all display functions.

Digital display capable of indicating:

(1) VFD status.

(2) Frequency.

SECTI ON 15910 Page 58



2.

9.

6

(3) RPM of notor.

(4) Phase current.

(5) Fault diagnostics in descriptive text.
(6) Al programred paraneters.

Standard Pl loop controller with input termnal for controlled
vari abl e and paraneter settings nade while inverter running.

User interface termnals for end-user renpte control of VFD speed,
speed feedback, and isolated form C SPDT relay energi zed on drive
fault condition.

An isolated form C SPDT auxiliary relay energized on run conmand.

The VFD shall have a netal NEMA 1 encl osure.

The VFD shall have an adjustable carrier frequency with 16 KHz
m ni mum upper linmt.

The VFD shall have a built in or external |line reactor with 3
percent m ni mum i npedance to protect DC buss capacitors and
rectifier section diodes.

Pr ogr ammabl e Paraneters

The VFD shall include the follow ng operator programrabl e paraneters:

a. Upper linmt frequency.

b. Lower limt frequency.

c. Acceleration rate.

d. Deceleration rate.

e. Variable torque volts per Hertz curve.
f. Starting voltage |evel.

g. Starting frequency |evel.

h. Display speed scaling.

i. Enable/disable auto-restart feature.
j. Enabl e/disable softstall feature.

k. Mdtor overload |evel.

I. Mtor stall |evel.
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m Junp frequency and hysteresis band.

n. PWMcarrier frequency.

Protective Circuits and Features

An el ectronic adjustable inverse tinme current limt with
consideration for additional heating of the notor at frequencies
bel ow 45Hz, for the protection of the notor.

An el ectronic adjustable soft stall feature, allowing the VFD to

| ower the frequency to a point were the nmotor will run at FLA when
an overload condition exists at the requested frequency. The VFD
will automatically return to the requested frequency when | oad
condition pernit.

The VFD will have a separate electronic stall at 110 percent VFD
rated current and a separate hardware trip at 190 percent current.

The VFD shall have ground fault protection that protects output
cabl es and nmotor from grounds during both starting and conti nuous
runni ng conditions.

The VFD shall have the ability to restart after the foll ow ng
faults:

(1) Overcurrent (drive or notor).
(2) Power outage.

(3) Phase |oss.

(4) COvervol tage/ Undervolt age.

The VFD shall restart into a rotating | oad w thout tripping or
damagi ng the VFD or the notor.

The VFD shall keep a log of a mninmumof four previous fault
conditions, indicating type and tine of occurance in descriptive
text.

The VFD shall be able to sustain 110 percent rated current for 60
sec.

The VFD shall respond to and record the following fault conditions:

(1) Over current (and have an indication if the over current was
during accel eration, deceleration, or running).

(2) Overcurrent internal to the drive
(3) Motor overload at start-up

(4) Over voltage fromthe utility power.
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(5) Motor running overl oad.

(6) Overvoltage during decel eration

(7) VFD over heat.

(8) Load end ground fault.

(9) Abnornmal paranmeters or data in VFD EEPROM
2.9.8 Qperational Conditions

The VFD shall be designed and constructed to operate within the foll ow ng
servi ce conditions.

a. Anbient Tenperature Range, 0 to 49 degrees C
b. Non-condensing relative humidity to 90 percent.

2.9.9 Avai | abl e Options

Provide [Allow for future capability of] the follow ng options:

[a. RFI/EM filters]
[b. RS232 or RS422/485 interface card with application software
whi ch can both control and nonitor the VFD froma attached
conputer. ]
[c. A manual bypass circuit and switch integral [external] to the
drive to allow drive bypass drive and operate at 100 percent
speed. Overload fuses and other protective hardware shall remain

in the circuit during bypass.]

[d. One set of spare parts [per drive] including: all replacable
circuit cards, power diode assenble, DC Buss capacitor, power

out put transistor assenbly, all fuses, and all l|ights. Package
parts individually for long termstorage and clearly |abe
contents. ]

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

Performinstallation under supervision of conpetent technicians regularly
enployed in the installation of DDC systens.

3.1.1 Wring Criteria
a. Input/output identification: Permanently |abel each field wire,

cabl e, or pneumatic tube at each end with uni que descriptive
identification.
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b. Rigid or flexible conduit shall be ternminated at all sensors and
out put devi ces.

c. Surge Protection: Install surge protection per nmanufacturer's
speci fication.

d. Gounding: Gound controllers and cabinets to a good earth
ground. Ground controller to a ground in accordance with Section
16402, "Interior Distribution System" G ounding of the green ac
ground wire, at the breaker panel, alone is not adequate. Run
metal conduit fromcontroller panels to adequate buil ding grounds.

Ground sensor drain wire shields at controller end.

e. Contractor is responsible for correcting all associated ground
| oop problens.

d. Wring in panel enclosures shall be run in covered wire track
3.1.2 Digital Controllers

a. Do not divide control of a single nechanical system such as an air
handling unit, boiler, chiller, or term nal equipnent between two
or nore controllers. A single controller shall nmanage contro
functions for a single nechanical system It is permssible,
however, to manage nore than one nechanical systemw th a single
controller.

b. Provide digital control cabinets that protect digital controller
el ectronics fromdust, at |ocations shown on the draw ngs.

3.1.3 Tenper ature Sensors

Provi de tenperature sensors in |ocations to sense the appropriate
condition. Provide sensor where they are easy to access and service

wi t hout special tools. Calibrate sensors to accuracy specified. In no case
wi || sensors designed for one application be installed for another
application.

3.1.3.1 Room Tenper at ure Sensors

Provide on interior walls to sense average roomtenperature conditions.

Avoi d | ocations near heat sources or which may be covered by office

furniture. Roomtenperature sensors should not be nounted on exterior

wal | s when other locations are available. Munt center of sensor at 1525 mm
above finished floor.

3.1.3.2 Duct Tenperature Sensors

a. Provide sensors in ductwork in general |ocations as indicated.
Sel ect specific sensor location within duct to accurately sense
appropriate air tenperatures. Do not locate sensors in dead air
spaces or positions obstructed by ducts or equipnent. |nstal
gaskets between the sensor housing and duct wall. Seal duct and
i nsul ati on penetrations.
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b. String duct averagi ng sensors between two rigid supports in a
serpentine position to sense average conditions. |Insulate
tenperature sensing el enents from supports. Provide hinged duct
access doors to install averaging sensors if needed.

c. Locate freeze protection sensors in appropriate |locations to sense
| owest tenperatures, to avoid potential problens with air
stratification.

3.1.3.3 | mrer si on Tenperature Sensors

Provide thernmowel | s for sensors neasuring tenperatures in liquid
applications or pressure vessels. Locate wells to sense continuous fl ow
conditions. Do not install wells using extension couplings. Were piping
diameters are snaller than the length of the wells, provide wells in piping
at el bows to sense flow across entire area of well. Wlls shall not
restrict flow area to less than 70 percent of pipe area. |ncrease piping
size as required to avoid restriction. Provide thernowells with thernal
transm ssion material within the well.

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Designers should show the QA tenperature
sensor on the north side of the building. This
| ocation should be shown on the mechanical floor
pl an draw ngs.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

3.1.3.4 Qutside Air Tenperature Sensors
Provi de outside air tenmperature sensor in weatherproof enclosure on north
side of the building, away from exhaust hoods, air intakes and other areas
that may affect tenperature readings. Provide sunshields to fromdirect
sunl i ght.

3.1.4 Danper Actuators
Actuators shall not be mounted in the air stream

3.1.5 Ther nonet er s

Provi de thernoneters at | ocations indicated. Munt thernoneters to all ow
readi ng when standing on the floor

3.1.6 Pressure Sensors
a. Duct Static Pressure Sensing: Locate duct static pressure tip
approxi mately two-thirds of distance fromsupply fan to end of

duct with the greatest pressure drop

b. Punping Proof with Differential Pressure Switches: Install high
pressure side between punp di scharge and check val ve

c. Steam Pressure Sensing: Install snubbers and isolation valves on
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st eam pressure sensing applications.

d. Variable Speed Control: The cycle tinme and characteristics of the
i nput signal fromthe differential pressure sensors shall be fully
conpatible with the variable speed controller. Coordinate the
requirenents with the provi ded associ ated equi pnent.

1.7 Pressure CGages

Pneurmatic output lines shall have pressure gages nounted near the digita
controllers.

.1.8 Pneunati ¢ Tubi ng

Run conceal ed tubing in finished areas, and run exposed tubing in
unfi ni shed areas such as mechanical equi pnent roons. For tubing to be
enclosed in concrete, provide rigid netal conduit or internedi ate netal
conduit. Provide tubing parallel and perpendicular to building walls

t hr oughout. Maxi mum spaci ng between tubing supports shall be 1525 mm
Wth the conpressor turned off, test each tubing systempneumatically at
1.5 tinmes the working pressure, with a naxi mum pressure drop of 7 kPa.
Correct leaks. Caulking of joints will not be permtted. Do not run
tubing and el ectrical power conductors in the sane conduit.

. 1.9 Control Draw ngs

a. Post |am nated copies of as-built control systemdrawi ngs in each
mechani cal room

b. Provide 3 sets of as-built control drawings to the Contracting
Oficer.

.2 Test and bal ance support

Controls contractor will coordinate with and provide full tine on-site
techni cal support to test and bal ance (TAB) personnel specified under
Section 15950 or any other docunents in the project specification. This
support shall incl ude:

a. On-site operation of control systens for proper operating nodes
during all phases of bal ancing and testing.

b. Control setpoint adjustnents for proper balancing of all rel evant
mechani cal systens, including VAV boxes.

c. Setting all control |loops with setpoints and adjustnments
deternmi ned by TAB personnel

3 FI ELD QUALI TY CONTROL
3.1 Gener al
a. Denonstrate conpliance of the heating, ventilating, and air

conditioning control systemw th the contract docunents. Furnish
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personnel, equi pnent, instrunentation, and supplies necessary to
performcalibration and site testing. Ensure that test personne
are regularly enployed in the testing and calibration of DDC
syst ens.

b. Testing will include the field tests and the perfornance
verification tests. Field tests shall denonstrate proper
calibration of input and output devices, and the operation of
specific equipnent. Performance verification test shall ensure
proper execution of the sequence of operation and proper tuning of
control | oops.

c. Obtain approval of the field test plan and the perfornmance
verification test plan for each phase of testing before beginning
that phase of testing. Gve to the Contracting Oficer witten
notification of planned testing at |east 45 days prior to test.
Notification shall be acconpanied by the proposed test procedures.

In no case will the Contractor be allowed to start testing
wi thout witten Governnent approval of field test plan and the
performance verification test plan

d. Before scheduling the performance verification test, furnish the
field test docunentation and witten Certified Statement of Field
Test Conpletion to the Contracting Oficer for approval. The
statenent, certified by the DDC system provider, states that the
installed system has been calibrated, tested, and is ready for the
performance verification test. Do not start the perfornance
verification test prior to receiving witten perm ssion fromthe
Cover nnent .

e. Tests are subject to oversight and approval by the Contracting
O ficer. The testing shall not be run during schedul ed seasona
of f-periods of heating and cooling systens.

3.3.2 Test Reporting for Field Testing and Performance Verification Tests

a. During and after conpletion of the Field Tests, and again after
the Performance Verification Tests, identify, deterni ne causes,
replace, repair or calibrate equipnent that fails to neet the
specification, and submit a witten report to the Governnent.

b. Docunment all tests with detailed test results. Explain in detai
the nature of each failure and corrective action taken. Provide a
witten report containing test docunentation after the Field Tests
and again after the Perfornmance Verification Tests. Convene a
test review neeting at the job site to present the results to the
Governnent. As part of this test review neeting, denonstrate by
performng all portions of the field tests or perfornance
verification test that each failure has been corrected. Based on
the report and test review neeting, the Governnent will determ ne
either the restart point or successful conpletion of testing. Do
not retest until after receipt of witten notification by the
Governnent. At the conclusion of retest, assessment will be
r epeat ed.
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3.3.2.1 Field Test Pl an

ot ain approval of the field test plan for each phase of testing before

begi nni ng that phase of testing. Gve to the Contracting Oficer, witten
notification of planned testing at |east 45 days prior to test.

Notification shall be acconpainied by the proposed test procedures. In no
case will the Contractor be allowed to start testing without witten

CGover nment approval of test procedures. The field test plan shall consist
of detailed instructions for conplete testing to prove performance of the
heating, ventilating and air-conditioning systemand digital control system
and shall include tests requirenments specified in the PART 3 paragraph
entitled "Contractor's Field Testing"

.3.2.2 Perf ormance Verification Test Plan

ot ai n approval of the performance verification test plan for each phase of
testing before beginning that phase of testing. These test phases shal
cover the sane phases as those for the field tests. Submt this test plan
along with the field test plan. 1In no case will the Contractor be all owed
to start performance verification testing without witten Governnment
approval of the performance verification test plan. The test plan shal
consi st of detailed instructions for conplete testing to prove control
system nmmi ntains set points, control |oops are tuned, and controllers are
programmed for the correct sequence of operation. The test plan shall also
cover test requirenments specified in the PART 3 paragraph entitled
"Performance Verification Tests."

.3.3 Contractor's Field Tests
Field tests shall include the foll ow ng:
.3.3.1 System | nspecti on

bserve the HVAC systemin its shutdown condition. Check danpers and
val ves for proper nornmal positions. Document each position for the test
report.

.3.3.2 Calibration Accuracy and Operation of Inputs Test

Verify correct calibration and operation of input instrunents. For each
sensor and transmitter, including those for tenperature, pressure,

hum dity, and air quality, record the reading at the sensor or transmtter
| ocation using calibrated test equipnent. On the sane table, record the
corresponding reading at the digital controller for the test report.

The test equi pnent shall have been calibrated within one year of use. Test
equi pment calibration shall be traceable to the nmeasurenent standards of
the National Institute of Standards and Technol ogy.

.3.3.3 Actuat or Range Adjustnment Test
Wth the digital controller, apply a control signal to each actuator and

verify that the actuator operates properly fromits normal position to ful
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range of stroke position. Record actual spring ranges and nornmal positions
for all nodul ating control val ves and danpers. Include docunmentation in
the test report.

.3.3.4 Digital Controller Startup and Menory Test

Denonstrate that programming is not |lost after a power failure, and digita
controllers automatically resune proper control after a power failure.

.3.3.5 Surge Protection Test

Show that surge protection, neeting the requirenents of this specification,
has been installed on inconing power to the digital controllers and on
comuni cations |ines.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Use the follow ng paragraph only when
requiring workstation software in this contract.

EE R R R R R R R R R R R R R R R R R R R R R R R I

3.3.6 Application Software Operation Test
Test conpliance of the application software for

a. Ability to conmunicate with the digital controllers, uploading and
downl oadi ng of control prograns

b. Text editing program Denonstrate the ability to edit the contro
program of f |ine.

c. Reporting of alarmconditions: Force alarns conditions for each
alarm and ensure that workstation receives al arns.

d. Reporting trend and status reports: Denonstrate ability of
software to receive and save trend and status reports.

3.4 Per f ormance Verification Tests

Conduct the performance verification tests to denonstrate control system
mai ntai ns setpoints, control |oops are tuned, and controllers are
programmed for the correct sequence of operation. Conduct perfornance
verification test during seven days of continuous HVAC and DDC systens
operation and before final acceptance of work. Specifically the
performance verification test shall denonstrate the foll ow ng:

.3.4.1 Executi on of Sequence of Qperation

Denonstrate the HVAC system operates properly through the conpl ete sequence
of operation, for exanple seasonal, occupi ed/ unoccupi ed, and warntup
Denonstrate proper control systemresponse for abnornal conditions by

simul ating these conditions. Denobnstrate hardware interlocks and safeties
work. Denpnstrate the control systemperforns the correct sequence of
control after a | oss of power.
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3.3.4.2 Control Loop Stability and Accuracy

Furni sh the Governnent graphed trends of control |oops to denponstrate the
control loop is stable and that setpoint is mmintained. Control |oop
response shall respond to setpoint changes and stabilize in 3 mnutes.
Control loop trend data shall be real time and the time between data points
shall not be greater than one nminute. The contractor shall provide a
printer, either the project printer or tenporary, at the job site for
printing graphed trends. The printer shall remain on the job site

t hr oughout Performance Verification Testing to allow printing trends.
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NOTE: The A&E or designer of the system shoul d
prepare a spreadsheet for the PVT testing
(performance verification test) as applied to the
installed system It is suggested that the PVT be
shown on a separate "M drawing inmediately after
the Sequence of Operation with requirenments for
conducting the test using the workstation provided
by this specification. Use the Sequence of
Qperation as a guideline. Show on the spreadsheet
the workstation requirenents, surge protection, and
special inputs/outputs. As a mninmumthe
spreadsheet should contain the follow ng el enments..
PVT REQUI REMENT- - EXPECTED RESULT- - DATE- - REVI EMER' S
S| GNATURE
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3.4  TRAI N NG

Submit a training course schedule, syllabus, and training materials 14 days
prior to the start of training. Furnish a qualified instructor to conduct
training courses for designated personnel in the nmmintenance and operation
of the HVAC and DDC system Oient training to the specific system being
installed under this contract. Use operation and mai ntenance nanual as the
primary instructional aid in contractor provided activity personne
training. Base training on the Operations and M ntenance nanual s and a

DDC trai ning manual. Manuals shall be delivered for each trainee with two
addi tional sets delivered for archiving at the project site. Training
manual s shall include an agenda, defined objectives and a detail ed

description of the subject matter for each | esson. Furnish audi o-visua
equi pment and all other training naterials and supplies. A training day is
defined as 8 hours of classroomor lab instruction, including two 15 m nute
breaks and excluding lunch time, Mnday through Friday, during the daytine
shift in effect at the training facility. For guidance, the Contractor
shoul d assune the attendees will have a high school education and are

fam liar with HVAC systens.

3.4.1 DDC Trai ni ng Phase
The first class shall be taught for a period of [2] consecutive training
days at least 2 weeks prior to the schedul ed Perfornance Verification Test.

The first course shall be taught in a government provided facility on
base. Training shall be classroom but have hands-on operation of simlar
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digital controllers. A maxi numof [5] | ] personnel will attend this
course. Upon conpletion of this course, each student, using appropriate
docunent ati on, should be able to performelenentary operations, wth
gui dance, and descri be the general hardware architecture and functionality
of the system This course shall include but not be linmted to:

a. Theory of operation

b. Hardware architecture

c. Operation of the system

d. Operator commands

e. Control sequence programing

f. Data base entry

g. Reports and | ogs

h. Alarmreports

i. Diagnostics

3.4.2 DDC Trai ni ng Phase |

The second course shall be taught in the field, using the operating
equi pnment at the project site[s] for a total of 2 consecutive days. A
maxi mum of [5] | ] personnel will attend the course. The course shal
consi st of hands-on training under the constant nmonitoring of the
instructor. Course content should duplicate DDC Training Phase | course as
applied to the installed system The instructor shall determine the |evel
of the password to be issued to each student before each session. Upon
conpletion of this course, students should be fully proficient in the

operation of each system function.

-- End of Section --
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