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SEQUENCES OF OPERATI ON FOR OCCUPANCY SCHEDULI NG
Syst em Mode
Syst em Schedul er Requi renents
Schedul ed Qccupancy | nput
Qccupancy Override | nput
Space Cccupancy | nputs
Air Handl er Cccupancy Qut put
Term nal Unit Gccupancy CQut put
Def aul t Schedul e
Comuni cation Deternination
yst em Schedul er Qutput Determination
Ai r Handl er Occupancy Qut put
Term nal Unit Gccupancy CQut put
Air Handl er System Schedul i ng
St and- Al one Ternminal Unit Scheduling
EQUENCES OF OPERATI ON FOR Al R HANDLI NG UNI' TS
All-Air Small Package Unitary System
Fan ON- AUTO Swi tch
1.1 ON
.1.2 AUTO
HEAT- OFF- COOL[ - EMERG HEAT] Swi tch
2.1 HEAT- COOL[ - EVMERG HEAT]
.2.2 OFF
Qccupancy Modes
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ating and Ventilating Unit (or Unit Ventilator)

1
1.
1

ngl e Zone with Heating and [ DX] Cooling Coils

1
1.
1

1 Cccupi ed

2 Unoccupi ed

Safeties

Zone Temperature Control

HAND- OFF- AUTO Swi t ches

1 HAND
2 OFF
.3 AUTO

Qccupancy Modes

.1 CQccupi ed
.2 Unoccupi ed

System Enabl e and Loop Enabl e

.1 Qccupi ed Mode
.2 Unoccupi ed Mode

Proofs and Safeties

.1 Pr oof s
.2 Saf eti es
.3 DDC Har dwar e

Zone Tenperature Control

.1 Enabl ed Loop
.2 Di sabl ed Loop

M xed Air Danper Control

HAND- OFF- AUTO Swi t ch

1 HAND
2 OFF
.3 AUTO

Qccupancy Modes
System Enabl e and Loop Enabl e

.1 Qccupi ed Mode
.2 Unoccupi ed Mode
.3 Warm Up / Cool Down Mode

Proofs and Safeties

.1 Pr oof s
.2 Saf eti es
.3 DDC Har dwar e

M ni mum Qutside Air Flow Control
Econoni zer Danper Control

.1 Enabl ed Loop
.2 Di sabl ed Loop
.3 Econoni zer Enabl e Logic

Heating Coil Control
[DX ] Cooling Coil Control

ngl e Zone wi th Dual - Tenperature Coil

wWww |l el

DD

HAND- OFF- AUTO Swi t ch

1 HAND
.2 OFF
.3 AUTO

Qccupancy Modes
System Enabl e and Loop Enabl e

.1 Qccupi ed Mode
.2 Unoccupi ed Mode
.3 Warm Up / Cool Down Mode

Proof s and Safeties

.1 Pr oof s
.2 Saf eti es
.3 DDC Har dwar e

M ni mum Qutside Air Flow Contr ol
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Econoni zer Danper Control

6.1 Enabl ed Loop

6.2 Di sabl ed Loop

6.3 Econoni zer Enabl e Logic
Dual Tenperature Coil Contro

7.1 Enabl ed Loop

7.2 DDC Har dwar e

7.3 Di sabl ed Loop

n

gle Zone with Heating and Cooling Coils and Return Air

HAND- OFF- AUTO Swi t ch
1.1 HAND
1.2 OFF
1.3 AUTO

Qccupancy Modes
System Enabl e and Loop Enabl e
3.1 Qccupi ed Mode
3.2 Unoccupi ed Mode
3.3 Warm Up / Cool Down Mode
Proofs and Safeties
4.1 Pr oof s
4.2 Safeties
4.3 DDC Har dwar e
M ni mum Qut si de Air Fl ow Control
Econoni zer Danper Control
6.1 Enabl ed Loop
6.2 Di sabl ed Loop
6.3 Econoni zer Enabl e Logic

Tenmperature Control Loop Heating Coil Control

ngl e Zone with Hum dity Control
HAND- OFF- AUTO Swi t ch

1.1 HAND
1.2 OFF
1.3 AUTO

Qccupancy Modes
System Enabl e and Loop Enabl e
3.1 Qccupi ed Mode
3.2 Unoccupi ed Mode
3.3 Warm Up / Cool Down Mbode
Proofs and Safeties
.1 Proofs
.2 Saf eti es
.3 DDC Har dwar e
M ni mum Qut side Air Fl ow Control
Preheat Coil Control Loop
Cool i ng- and- Dehumi di fi cation Coi l
Reheat Coil Control
Humi di fication Control
Itizone [Dual -Duct] [with][w thout]

DD

HAND- OFF- AUTO swi tches and Fire Al arm Panel

1 HAND

1.
1.2 OFF
1.

3 AUTO

Return Fan VFD

Qccupancy Modes

System Enabl e and Loop Enabl e
Qccupi ed Mode

4.1
.4.2 Unoccupi ed Mode
4.3

Warm Up / Cool Down Mbde
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Proofs and Safeties

.1 Pr oof s

.2 Saf eti es

.3 DDC Har dwar e Reset
M ni mum Qut si de Air Flow Contr ol

0.1

M xed Air Tenperature Control
Enabl ed Loop

Di sabl ed Loop

Econoni zer Enabl e Logic
Deck Coil Control

Enabl ed Loop

DDC Har dwar e Reset

Col d Deck Coil Control

Zone Tenperature Control

HAND- OFF- AUTO Swi t ches

.1 HAND
.2 OFF
.3 AUTO
Return Fan Motor Starter
.1 HAND
.2 OFF
.3 AUTO

Qccupancy Modes
System Enabl e and Loop Enabl e

.1 Qccupi ed Mode
.2 Unoccupi ed Mode
.3 Warm Up / Cool Down Mode

Proof s and Safeties

.1 Pr oof s

.2 Saf eti es

.3 DDC Har dwar e Reset
M ni mum Qut si de Air Flow Contr ol

M xed Air Tenperature Control

.1 Enabl ed Loop
.2 Di sabl ed Loop
.3 Econoni zer Enabl e Logic

Col d Deck Coil Control
Zone Temperature Control

able Air Volunme System[with][w thout] Return Fan

HAND- OFF- AUTO Swi t ches

.1 HAND
.2 OFF
.3 AUTO
Return Fan Vari abl e Frequency
.1 HAND
.2 OFF
.3 AUTO

Qccupancy Modes
Proofs and Safeties

.1 Pr oof s
.2 Saf eti es
.3 DDC Har dwar e Reset

System Enabl e and Loop Enabl e

.1 Qccupi ed Mode
.2 Unoccupi ed Mode
.3 War m Up/ Cool Down

Zone Tenper at ure Set poi nt
0.2 DDC Har dwar e Modul ati on
tizone with Hot

Wth Econom zer

Deck Bypass [with][w thout] Return Fan

Wth Econom zer

Drive
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Fan Capacity Control
.1 Supply Duct Static Pressure Control
.2 Return Fan Vol une Contr ol
M ni mum Qut side Air Flow Contro
M xed Air Tenperature Control Wth Econom zer
.1 Enabl ed Loop
.2 Di sabl ed Loop
.3 Econoni zer Enabl e Logic
Cooling Coil Contro
0 Preheat Coil Contro
NCES OF OPERATI ON FOR TERM NAL UNI TS
one Tenperature Control - Cooling-Only VAV Box
Qccupancy Modes
1.1 Cccupi ed
1.2 Unoccupi ed
Zone Temperature Control
2.1 Qccupi ed Mode
. 2.2 Unoccupi ed Mode
one Tenperature Control - VAV Box w th Reheat
Qccupancy Modes
1 CQccupi ed
2 Unoccupi ed
Saf eties
Zone Tenperature Control
one Tenperature Control - Fan Powered VAV Box
Qccupancy Modes
.1 CQccupi ed
.2 Unoccupi ed
Safeties
Fan Control
Zone Tenperature Control
1 Qccupi ed Mode
Unoccupi ed Mode
Sequenci ng
3.1 Cool i ng Mode
3.2 Heati ng Mode
t
c

1
1

e

er Radi ation Control Sequence
upancy Mbdes
CQccupi ed
Unoccupi ed
Safeties
Space Tenperature Control
. 3.1 Qccupi eed Mode
. 3.2 Unoccupi ed Mode
n|t Heat er and Cabi net Unit Heater
Of-Auto Switch
1.1 OFF
.1.2  AUTO
Qccupancy Modes
2.1 Cccupi ed
. 2.2 Unoccupi ed
Safeties
Space Tenperature Control
Qccupi ed Mode
Unoccupi ed Mode
ired Infrared Heater
-OfFf-Auto Switch
ON
OF

4.
4.
S-

'['II\)I—‘

=e
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PLw

.1.3 AUTO
Qccupancy Modes
2.1 CQccupi ed
. 2.2 Unoccupi ed
Safeties
Space Tenperature Control
4.1 Qccupi ed Mode
. 4.2 Unoccupi ed Mode
al Temperature Fan-Coil Unit
Of-Auto Switch
1.1 OFF
.1.2 AUTO
Qccupancy Modes
2.1 Cccupi ed
. 2.2 Unoccupi ed
Heat / Cool Mbdes
Safeties
Space Tenperature Control
.5.1 Qccupi ed Mode
.7.5.2 Unoccupi ed Mode
EQJENCES OF OPERATI ON FOR HYDRONI C SYSTEMS
Hydroni ¢ Heating Hot Water from Distributed [ Steani[ HTHWN
Converter

WWoowwo w
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.2 Saf eti es
.3 DDC Har dwar e Reset
Boi |l er Control
Hot Water Tenperature Control
Hydroni ¢ Dual - Tenperature Systemwith [ Steam [H gh Tenperature
Wat er] Heat Exchanger and Chilled Water

4.1.1 System Enabl e and Loop Enabl e
4.1.2 HAND- OFF- AUTO Swi t ch
3.4.1.2.1 HAND

3.4.1.2.2 OFF

3.4.1.2.3 AUTO

4.1.3 Proofs and Safeties

3.4.1.3.1 Proof s

3.4.1.3.2 Saf eti es

3.4.1.3.3 DDC Har dwar e Reset

4.1.4 Heat Exchanger Val ve Control
2 Hydroni ¢ Heating Hot Water From Single-Buil ding Boiler
4.2.1 System Enabl e and Loop Enabl e
4.2.2 HAND- OFF- AUTO Swi t ch
3.4.2.2.1 HAND

3.4.2.2.2 OFF

3.4.2.2.3 AUTO

4.2.3 Proofs and Safeties

3.4.2.3.1 Proof s

3.4.2.

3.4.2.

4.2. 4

4.2.5

3

g

4.3.1 System Enabl e and Loop Enabl e

4.3.2 Swi t chover Val ve Operation

3.4.3.2.1 HEATI NG COOLI NG Swi tch in the HEATI NG Position
3.4.3.2.2 HEATI NG COOLI NG Switch in the COOLI NG Position
4.3.3 HAND- OFF- AUTO Swi t ch

3.4.3.3.1 HAND

3.4.3.3.2 OFF

3.4.3.3.3 AUTO

4.3.4 Proof s and Safeties

3.4.3.4.1 Pr oof s

3.4.3.4.2 Saf eti es

3.4.3.4.3 DDC Har dwar e Reset
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3.4.3.5 [ Heat Exchanger][M xi ng] Val ve Control
3.4.4 Hydroni ¢ Secondary with Vari abl e Speed Punp
3.4.4.1 System Enabl e and Loop Enabl e
3.4.4.2 HAND- OFF- AUTO Swi t ch
3.4.4.2.1 HAND
3.4.4.2.2 OFF
3.4.4.2.3 AUTO
3.4.4.3 Proofs and Safeties
3.4.4.3.1 Proofs
3.4.4.3.2 Saf eti es
3.4.4.3.3 DDC Har dwar e Reset
3.4.4. 4 Pressure Control

End of Section Table of Contents --
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SECTION 23 09 93

SEQUENCES COF OPERATI ON FOR HVAC CONTRCL
11/ 15

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification covers the
requi renents for sequences of operation for HVAC
control

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

EE R R R S I R R R I R S R R R R R S I R R R R R R R S R R R

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This Section contains only Sequences of
Operation and cannot be used stand-al one (w thout
the use of other Sections). This Sectionis
intended to be used with Section 23 09 00.

Tenpl ate drawi ngs and Points Schedule in electronic

format for use with this section are available in

online at:

http://ww. wodg. org/ffc/dod/unified-facilities-guide-specifications-ufgs/for

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The Sequences of Qperation in this Section
are being updated, and this Section will soon be
revised to include the updated sequences.

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

SECTION 23 09 93 Page 8



PART 1 GENERAL
1.1 DEFI NI TI ONS

For definitions related to this Section, see Section 23 09 00
| NTRUVENTATI ON AND CONTRCL FOR HVAC.

1.2 SUBM TTALS

Submittals related to this Section are specified in Section 23 09 00
| NTRUMENTATI ON AND CONTRCOL FOR HVAC.

PART 2 PRODUCTS

Products related to this Section are specified in Section 23 09 00

| NTRUMENTATI ON AND CONTRCL FOR HVAC and rel ated Sections 23 09 13

| NSTRUVENTATI ON AND CONTROL DEVI CES FOR HVAC and 23 09 23.01 LONWORKS
DI RECT DI G TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS or
23 09 23.02 BACNET DI RECT DI G TAL CONTROL FOR HVAC AND OTHER BUI LDI NG
CONTROL SYSTEMS.

PART 3 EXECUTI ON

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

NOTE: These sequences are 'tenplate' sequences.
VWhen editing this specification, the sequences
shoul d be put onto the draw ngs and these tenplate
sequences should be deleted. Note that the Alarm
Handl i ng and Schedul i ng sequences each need to be
edited and placed onto their own draw ng.

VWhen renovi ng the sequences, keep this subpart
nunber and title intact, but replace the entire
contents of the subpart with a note such as "ai1i1

Sequences of Operation are located on drawings'.
R I I S Sk S S S I R S I R S I

3.1 SEQUENCES OF OPERATI ON FOR OCCUPANCY SCHEDULI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: FYl: Scheduling is normally perfornmed by the
Moni toring and Control (M&C) software (Section

25 10 10 UTILITY MONI TORI NG AND CONTROL SYSTEM
(UMCS) FRONT END AND | NTEGRATI ON.  The UMCS (Section
25 10 10 UTILITY MONI TORI NG AND CONTROL SYSTEM
(UMCS) FRONT END AND | NTEGRATI ON) Contractor will

set this up. In the absence of a UMCS or if

comuni cation with the UMCS is lost, a default
schedule will be active.

The M&C software will have capabilities to perform
schedul i ng according to day of week, holidays, etc
and will have the capability to override system
occupancy nodes based on demand liniting prograns or

operator overri des.
R R R R R R R R R R R R
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3.1.1 Syst em Mode

Qperate air handling units (AHUs) in Cccupied, Warm Up- Cool - Down, or
Unoccupi ed nodes as specified. VAV boxes, Fan Coils, and operate other
term nal equi pnent in Cccupied or Unoccupi ed nodes as specified.

Chillers, boilers, and other sources of heating/cooling for hydronic | oads
do not require scheduling; these systens receive requests for
heating/cooling fromtheir | oads.

3.1.2 Syst em Schedul er Requi renents

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

NOTE: Indicate if a common schedul e may be used for
multiple Terminal Units (TUs). |If allowing a comobn
schedule for multiple TUs: keep the 'group of'
bracketed text, and decide if TU groupings wll be

i ncl uded on the draw ngs (keep the 'as shown'
bracketed text) or if the Contractor should decide
on groupi ngs (renove the 'as shown' bracketed text).

These sequences include details specific to the
LonWor ks protocol. Wen using other protocols, edit
sequences accordingly.

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

The System Schedul er functionality nust reside in either a piece of DDC
Har dwar e dedicated to this functionality or in the DDC Hardware
controlling the system AHU. A single piece of DDC Hardware dedi cated to
schedul i ng (performng no other control functionality) may contain
nmul ti ple System Schedul ers. Provide a unique System Schedul er for: each
AHU including it's associated Terminal Units, and each stand-al one
Terminal Unit (those not dependent upon AHU service)[ or group of
stand-al one Termi nal Units acting according to a common schedul e]. Each
System Schedul er nust provide the follow ng functionality:

3.1.2.1 Schedul ed Qccupancy | nput

Accept network variable of type SNVT _occupancy. Support the follow ng
possi bl e val ues: OC_STANDBY, OC_OCCUPI ED and OC_UNOCCUPI ED

3.1.2.2 Qccupancy Override | nput

Accept network variable of type SNVT _occupancy. Support the follow ng
possi bl e val ues: OC _STANDBY, OC OCCUPI ED, OC UNOCCCUPI ED, and OC_NUL.

3.1.2.3 Space Cccupancy | nputs

For systems with multiple occupancy sensors, accept nultiple inputs of
network variable type SNVT_Cccupancy. Support the follow ng possible
val ues: OC OCCUPI ED, OC UNOCCUPI ED, and OC NUL. For systenms with a
si ngl e occupancy sensor, accept a network variable input of type
SNVT_Qccupancy or a hardware binary input (Bl) indicating the space
occupancy status as Cccupi ed or Unoccupi ed.

3.1.2.4 Air Handl er Cccupancy CQutput
For a System Schedul er for a system containing an air handl er, output one

or nore SNVTs indicating the desired occupancy status as one of the
foll owi ng possi bl e values: Warm Up- Cool - Down (when required by the AHU

SECTION 23 09 93 Page 10



Sequence of Operation), Cccupied and Unoccupi ed.
3.1.2.5 Term nal Unit Gccupancy CQut put

For a System Schedul er for a stand-alone terminal unit, [a group of
stand-al one term nal units acting according to a conmon schedule,] or a
group of terminal units served by a single air handler, output one or
nore SNVTs indicating the desired occupancy status as one of the follow ng
possi bl e val ues: Gccupi ed and Unoccupi ed.

3.1.2.6 Def aul t Schedul e

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

NOTE: Designer must provide the default (backup)
24-hour 7-day schedule on the Points Schedule (i.e.
Qccupi ed from 0600 - 2200 Monday t hrough Fri day,
Unoccupi ed Sat urday and Sunday) .

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

I ncorporate a 24-hour 7-day default schedul e as shown on the draw ngs
whi ch may be activated and deactivated by the System Schedul er Logic.

3.1.2.7 Communi cati on Determ nation

Deternmine the time el apsed between recei pts of the schedul ed occupancy
i nput SNVT, and use this elapsed tinme to activate and deactivate the
Def ault Schedul e as specified. (This provides the capability for the
system schedul er to use its Default Schedule if it |oses comrunication
with the UMCS).

3.1.3 Syst em Schedul er Qutput Determnation

For controlling an Air Handler, interpret a SNVT input of OC STANDBY as
War m Up- Cool -Down i f the sequence of operation supports that node,
otherwi se interpret OC STANDBY as Cccupied. For Terminal Units, interpret
OC _STANDBY as Cccupi ed.

3.1.3.1 Ai r Handl er Occupancy Qut put

If nore than 95 minutes have passed since the |last receipt of the
Schedul ed Occupancy input, determne the Air Handl er Cccupancy Qutput by
the default schedule and the Space Cccupancy Inputs. Oherw se, detern ne
the output as foll ows:

a. |If the Override Cccupancy Input is not OC_ NUL, determine the Ar
Handl er Occupancy Qutput fromthe Override Cccupancy | nput.

b. Oherwise, if at |east the required nunber (as shown on the Cccupancy
Schedul e Drawi ng) of Space Cccupancy | nputs are OC _OCCUPI ED or the
hardware Bl is Qccupied the Air Handl er Qccupancy Qut put nust be
OC_QOCCUPI ED

c. Oherw se, determne the Air Handl er Gccupancy Qutput fromthe
Schedul ed Occupancy | nput SNVT

3.1.3.2 Term nal Unit GCccupancy CQutput

If nore than 95 minutes have passed since the |last receipt of the
Schedul ed Occupancy input, determne the Termi nal Unit COccupancy Qutput by

SECTION 23 09 93 Page 11



3.

the default schedule. Qherw se, determne the output as foll ows:

a.

1.4

. 1.5

If the Override Cccupancy Input is not OC_NUL, determ ne the Term na
Unit Gccupancy Qutput fromthe Override Cccupancy | nput SNVT:

QO herwi se, determine the Terninal Unit QOccupancy Qutput fromthe
Schedul ed QOccupancy SNVT.

Air Handl er System Schedul i ng

Bi nd the AHU Occupancy Qutput SNVT fromthe System Scheduler to the
DDC Har dware t hat executes the Cccupancy Mode Determ nation part of
the Air Handl er Sequence of Qperation

For Air Handl ers using occupancy sensors, bind the output SNVT (of
type SNVT_Cccupancy) of each occupancy sensor to a Space Cccupancy
I nput of the System Schedul er.

Bind the Terminal Unit Gccupancy Qutput SNVT fromthe System Schedul er
to each AHU- Dependent Terminal Unit.

AHU- Dependent Terminal Units with occupancy sensors nust have the
Ef fective Cccupancy SNVT (of type SNVT_Cccupancy) of each Term na
Unit bound to a Space Cccupancy | nput of the System Schedul er

St and- Al one Terninal Unit Scheduling

Bind the Terminal Unit Occupancy Qutput fromthe System Scheduler to the
DDC Har dware that executes the Occupancy Mbde Determination part of the
Termi nal Unit Sequence of Operation.

2

SEQUENCES OF COPERATI ON FOR Al R HANDLI NG UNI TS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:

1) The foll owi ng sequences, with few exceptions,
assune the use of a System Schedul er and space
occupancy input(s) to switch between occupi ed and
unoccupi ed node set points.

2) Show occupi ed and unoccupi ed nmode setpoints on
the Points Schedule. A configured setpoint is
operator adjustable over the control network, but
resides in the |ocal DDC Hardware. |n these
sequences it serves as the default occupi ed node
setpoint and (at a separate setting/value) as an
unoccupi ed node ' set back' setpoint.

3) Space occupancy input(s) nay consist of an
occupancy sensor and/or a | ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X in the 'Thernostat and Cccupancy
Sensor Schedule'. |If a push-button is used, show
the override time duration in the Schedule. Note
that the occupancy sensor specification requires a
delay that is adjustable between 30 seconds and 15

mnute. |If a delay outside of this range is needed
edit the Cccupancy Sensor Product specification in
PART 2.
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4) Cccupancy sensor location is left up to the
Contractor. |If ceiling nmount sensors are preferred,
edit the sequences and/or indicate in the Thernpstat
and Cccupancy Sensor Schedul e.

5) For each unit, as applicable, indicate if the
zone tenperature setpoint will be occupant
adjustable by placing an ' X in the ' Thernostat and
Qccupancy Sensor Schedul e'. For

non- occupant - adj ust abl e set poi nts, show the set poi nt
in the Points Schedule. The intent is that the
Contractor provides one or the other as shown.

Non- occupant - adj ust abl e set poi nts are adj ustabl e by
a system operator using a | ocal display panel (LDP)
or an operator workstation (and appropriate

sof tware) .

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

3.2.1 All-Air Small Package Unitary System

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For heating-only or cooling-only systens,
edit the sequence as required. Were applicable,
sel ect 'Energ Heat' for heat punmp systens.

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.
Unl ess ot herwi se specified, all nodulating control mnust be
proportional -integral (Pl) control
3.2.1.1 Fan ON- AUTO Swi tch
3.2.1.1.1 N

Wth the thernpostat fan ONAUTO switch in the ON position, the DDC
Har dwar e must start and continuously run the fan

3.2.1.1.2 AUTO

Wth the thernpstat fan ONAUTO switch in the AUTO position, the DDC
Har dwar e operates the fan accordi ng to HEAT- OFF- COOL[ - EMERG HEAT] switch

3.2.1.2 HEAT- OFF- COOL[ - EMERG HEAT] Switch

3.2.1.2.1 HEAT- COOL[ - EMERG HEAT]
Wth the thernpstat switch in the HEAT or COOL [or EMERG HEAT] positions,
use the DDC Hardware to operate the package unit according to the
Cccupancy Mode.

3.2.1.2.2 OFF
Wth the thernpstat switch in the OFF position, de-energize the heating

unit and cooling unit [and energency suppl emental heat] with the DDC
Har dwar e.
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3.

3.

3.

2.1.3 Qccupancy Modes
2.1.3.1 CQccupi ed
The unit DDC Hardware nust be in the Occupi ed Mode when the | ocal space

occupancy input(s) indicate that the space is occupied or when the input
fromthe System Schedul er is occupi ed.

.2.1.3.2 Unoccupi ed

The unit DDC Hardware nust be in the Unoccupi ed Mbode when the | ocal space
occupancy input(s) indicate that the space is unoccupi ed and when the
i nput fromthe System Schedul er i s unoccupi ed.

.2.1. 4 Saf eti es

Run the unit subject to the unit manufacturer's safeties.

.2.1.5 Zone Tenperature Control

a. In the Cccupied Mode the zone tenperature setpoint (ZN T-SP) nust be
at the configured setpoint or at the occupant-adjustable setpoint via
the wal | -nounted thernostat, as indicated.

b. In the Unoccupied Mode the zone tenperature setpoint (ZN T-SP- UNOCC)
nust be at the configured setpoint (ZN T-SP-UNOCC) as indicated.

c. Cycle the fan, cooling unit, heating unit[, and enmergency suppl enment al
heat] with the DDC Hardware, in accordance with the HEAT- COOL[ - EMERG
HEAT] switch setting, to maintain zone tenperature (ZN-T) at setpoint
(ZN-T-SP).

2.2 Heating and Ventilating Unit (or Unit Ventilator)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:
1) A special interlock control sequence for each fan
systemw || be devel oped by the designer if required.

2) This system has a single outside air duct.
Sel ect either 2-position outside air danpers or
nodul ati ng danpers.

3) I ndi cate the System Schedul er and M&C Sof t war e
Qccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) w th space
occupancy sensor input and pushbutton override
switch i nput use. As described in the System
Schedul er sequence, 'occupied inputs fromtwo

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

4) The inclusion of filter pressure sw tches shoul d
be coordinated with the |ocal C&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit

t he Points Schedul e as required.
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5) Absence of fan proof(s) or activation of any
safety will result in system shutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
perfornmed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the [ ocal O&M staff.
Edit the Control Logic D agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

6) The hardware (product) specification requires

that the low limt (freezestat) device include a
manual reset at the device. 1In the event of
shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

7) Snoke control is not addressed in this Section.
Snmoke control sequence of operation for each fan
system if beyond the requirenents described, wll
be devel oped by the designer, based on the

requi renents and paraneters of the project. The
designer will account for operation of danpers and
fans for pressurization and manual override of
interlocks to the fire alarmsystem Al automatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present control
sequence, in the event of shutdown due to snoke
detector input the systemw Il remain shutdown unti
t he snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any

DDC input to force the fan(s) to run.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodulating control mnust be

proportional -integral (Pl) control

.2.2.1 HAND- OFF- AUTO Swi t ches

Provide supply fan notor starter to accept a Fire Al arm Panel (FAP) signal
t hat takes precedence over all other starter inputs and swtches and
starts the fan. Provide fan notor starter which accepts an occupant
accessi bl e energency shutoff switch as indicated. Provide supply fan
notor starter with an HO A swtch:

.2.2.1.1 HAND

Wth the HO A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.
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3.2.2.1.2 OFF
Wth the HO A switch in OFF position, the supply fan stops.
3.2.2.1.3 AUTO

Wth the HO A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS) comand and Safeti es.

3.2.2.2 Qccupancy Modes

otain the system s Cccupancy Mdde input fromthe System Schedul er as
specified and indicated. Operate the systemin one of the follow ng nodes:

3.2.2.2.1 CQccupi ed

The Unit's DDC Hardware nust be in the Cccupi ed Mbde when the input from
the System Schedul er (SYS-OCC) is occupied [or when the |ocal space
occupancy input(s) (ZN-OCC) indicate that the space is occupied].

3.2.2.2.2 Unoccupi ed

The Unit's DDC Hardware nust be in the Unoccupi ed Mbde when the input from
t he System Schedul er (SYS-OCC) is unoccupi ed[ and when the | ocal space
occupancy input(s) (ZN-OCC) indicate that the space i s unoccupied].

3.2.2.3 System Enabl e and Loop Enabl e

3.2.2.3.1 Qccupi ed Mode

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

NOTE: Include bracketed text (M xed Air Danper

Control) for systems with 2-position dampers.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Enabe the supply fan (SYS-ENA) and command to run (SF-SS). Enable the
Zone Tenperature Control loop [and M xed Air Danper Control].

3.2.2.3.2 Unoccupi ed Mode

Di sable all control |oops. Wen BLDG T drops bel ow BLDG T-LL-SP (with a 3
degrees C 5 degrees F deadband) enable the supply fan (SYS-ENA) and
conmand to run (SF-SS) and enabl e the Zone Tenperature Control | oop.

3.2.2. 4 Proofs and Safeties

Subj ect the supply fan and all DDC Hardware control |oops to Proofs and
Safeties. Direct-hardwire interlock safeties to the fan starter circuit
as indicated. DDC Hardware nust nonitor all proofs and safeties and
failure of any proof or activation of any safety nust result in all
control | oops being disabled and the AHU fan bei ng commanded off until
reset.

3.2.2.4.1 Pr oof s

Supply fan status (proof) (SF-S)
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3.2.2.4.2 Saf eti es

a. Heating Coil discharge air tenperature low limt (freeze stat)
(HTG DA- T- LL)

b. Supply air snoke (SA-SMW)
[ c. Return air snoke (RA-SM)]
3.2.2.4.3 DDC Har dwar e

DDC Hardware reset all proofs and safeties via a |ocal binary push-button
(RST-BUT) input to the DDC Hardware, via a renote conmand to the DDC

Har dware via SNVT or both (where the Contractor provides both reset
functions and the operator can use either one to performthe reset), as

i ndi cated on the Points Schedul e draw ng.

3.2.2.5 Zone Tenperature Control

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

NOTE: |If the system has nodul ati ng danpers, sel ect
bracket ed danper text in Zone Tenperature Contro
par agraph. O herw se, select Mxed Air Danper
Contr ol

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

3.2.2.5.1 Enabl ed Loop

VWhen this loop is enabl ed, the DDC Hardware nust nodul ate the heating
valve [and outside air, relief, and return air danmpers in sequence] to
mai ntain zone tenperature (ZN-T) at setpoint (ZN-T-SP). [Provide
sequenci ng as indicated: Upon a rise in zone tenperature above zone
tenmperature setpoint (ZN-T-SP), subject to the zone tenperature setpoint
deadband as indicated, nocul ate the outside air, relief, and return air
danpers to maintain zone tenperature at setpoint. During occupi ed node,
ensure outside air danper mininmumposition (OA-D-MN) is as indicated.]
Upon a fall in zone tenperature bel ow zone tenperature setpoint, subject
to the deadband as indicated, nodul ate the heating val ve towards open to
mai ntai n zone tenperature setpoint.

3.2.2.5.2 Di sabl ed Loop

When this loop is disabled, close the heating valve[ and close the outside
air danper and relief damper and open the return danper].

[3.2.2.6 M xed Air Danper Contro
When this is enabl ed, open the outside air and relief air danpers and
close the return air danper. Wen this is disabled, close the outside air
and relief air danpers and open the return air danper.

13.2.3 Singl e Zone with Heating and [ DX] Cooling Coils

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

NOTE:
1) Edit the sequence and draw ngs as necessary for
systenms with/w thout a preheat coil, econom zer, and

ot her project specific control |oop requirenents.
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2) Mninumoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow neasurenment in a constant
vol ume system

3) The inclusion of filter pressure swtches should
be coordinated with the local O&M staff. Pressure
swi tches nay not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit

t he Points Schedul e and Control Schematic as
required.

4) Indicate the System Schedul er and M&C Software
Qccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) w th space
occupancy sensor input and pushbutton override
switch i nput use. As described in the System
Schedul er sequence, 'occupied inputs fromtwo

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

5) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the | ocal O&M staff.
Edit the Control Logic D agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

6) The hardware (product) specification requires

that the low limt (freezestat) device include a
manual reset at the device. |In the event of
shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

7) Snoke control is not addressed in this Section
Snmoke control sequence of operation for each fan
system if beyond the requirenents described, wll
be devel oped by the designer, based on the

requi renents and paraneters of the project. The
designer will account for operation of danpers and
fans for pressurization and nmanual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer wll
design for the project. Wth the present control
sequence, in the event of shutdown due to snoke
detector input the systemw Il renmain shutdown until
t he snmoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
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DDC input to force the fan(s) to run.

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

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodulating control nust be

proportional -integral (Pl) control.

.2.3.1 HAND- OFF- AUTO Swi t ch

Provide supply fan notor starter to accept a Fire Al arm Panel (FAP) signal
t hat takes precedence over all other starter inputs and swtches and
starts the fan. Provide fan notor starter which accepts an occupant
accessi bl e energency shutoff switch as indicated. Provide supply fan
notor starter with an HO A switch:

.2.3.1.1 HAND

Wth the HO A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.

.2.3.1.2 OFF
Wth the HO A switch in OFF position, the supply fan stops.
.2.3.1.3 AUTO

Wth the HO A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS) command and Safeti es.

.2.3.2 Qccupancy Modes

ontain the system s Cccupancy Mdde input fromthe System Schedul er as
specified and indicated. Operate the systemin one of the follow ng
nodes: COccupi ed, Unoccupi ed[, or Warnlp/ Cool Down] .

.2.3.3 System Enabl e and Loop Enabl e
.2.3.3.1 Qccupi ed Mode

Enabl e the supply fan (SYS-ENA) and command to run (SF-SS) and enabl e all
control | oops.

.2.3.3.2 Unoccupi ed Mode

VWile the building tenperature (BLDG T) is above the low linmt setpoint
(BLDG T-LL) disable all control |oops and the supply fan does not run.
When BLDG- T drops below BLDG T-LL (with a 3 degrees C 5 degrees F
deadband) enable the supply fan (SYS-ENA) and comand to run (SF-SS) and
enabl e the Heating Coil Tenperature Control |oop. Disable the Qutside Air
Fl ow Control, Econom zer Danper Control, and [DX] Cooling Coil Control

| oops.

[3.2.3.3.3 Warm Up / Cool Down Mode

Enabl e the supply fan (SYS-ENA) and comand to run (SF-SS) and di sabl e the
M ni mum Qut side Air Flow Control |oop. Enable all other control | oops.
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13.2.3.4 Proofs and Safeties

The supply fan and all DDC Hardware control |oops are subject to Proofs
and Safeties. Safeties nmust be direct-hardwire interlocked to the fan
starter circuit as indicated. DDC Hardware rmust monitor all proofs and
safeties and failure of any proof or activation of any safety result in
all control |oops being disabled and the AHU fan bei ng commanded of f until
reset.

3.2.3.4.1 Proofs
Supply fan status (proof) (SF-S)
3.2.3.4.2 Saf eti es

a. Heating coil discharge air tenperature low limt (freeze stat)
(HTG DA- T- LL)

b. Supply air snoke (SA-SMW)
c. Return air snoke (RA-SMWK)
3.2.3.4.3 DDC Har dwar e

Provi de DDC Hardware reset of all proofs and safeties via a | ocal binary
push-button (RST-BUT) input to the DDC Hardware, via a renpte command to

t he DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to performthe reset),
as shown on the Points Schedul e draw ng.

3.2.3.5 M ni num Qut si de Air Fl ow Control

VWen this loop is enabl ed, open the 2-position m ni mum outside air danper
to introduce the minimumoutside air flow quantity as shown. Wen this
| oop is disabled, the mninumoutside air danper will be cl osed.

3.2.3.6 Econoni zer Danper Control
3.2.3.6.1 Enabl ed Loop

VWen this loop is enabl ed, and the Econom zer is ON as determ ned by the
Econoni zer Enabl e Logic, the DDC Hardware wi ||l nodul ate the econoni zer
outside air, relief, and return air danpers (Econom zer danpers) in
sequence with the [DX] cooling coil control and heating coil control valve
as shown to maintain zone tenperature (ZN-T) at setpoint (ZN T-SP) as
shown.

3.2.3.6.2 Di sabl ed Loop
When this loop is disabled, or the Econom zer is OFF as determ ned by the
Econoni zer Enabl e Logic, the econonizer outside air and relief air danpers
will be closed, and the return air danper will be open

3.2.3.6.3 Econoni zer Enabl e Logic
Ensure the econom zer is ON when the outside air dry bulb tenperature is
between the high limt (ECOHL-SP) and low limt (ECO LL-SP) setpoints as

shown. O herwi se the Econom zer is OFF. Ensure ECO HL-SP and ECO- LL-SP
each have a 1 degree C 2 degrees F deadband.
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3.

3.

2.3.7 Heating Coil Control

VWhen this loop is enabl ed, nodul ate the heating coi

danpers as shown to naintain zone tenperature (ZN-T) at setpoint

control valve in
sequence with the [DX staging control][cooling coil valve] and econom zer

as shown. When this loop is disabled, the heating coil control

cl osed.

.2.3.8 [DX ]Cooling Coil Contro

(ZN-T- SP)
val ve is

When this loop is enabl ed the DDC Hardware nust [stage the DX Unit]

[ modul ate the cooling coil control valve] in sequence with the heating
coil valve and econoni zer danpers as shown to naintain zone tenperature
(ZN-T) at setpoint (ZN-T-SP) as shown. Wen this |oop is disabled, the
[DX unit is off] [cooling coil control valve is closed].

2.4 Singl e Zone wi th Dual - Tenper at ure Coi

NOTE:

1) Edit the sequence and draw ngs as necessary for
systenms with/w thout a preheat coil, econom zer, and
ot her project specific control | oop requirenents.

2) Mninumoutside air flow control can be

acconpl i shed several different ways. Refer

to the

UFC, but don't use flow neasurenent in a constant

vol ume system

3) The inclusion of filter pressure swtches should
be coordinated with the local O&M staff. Pressure
swi tches may not be desired/ needed, particularly if

filters are replaced on a regul ar schedul e.

Edi t

t he Points Schedul e and Control Schematic as

required.

4) Indicate the System Schedul er and M&C Software

Qccupancy Schedul e on the QOccupancy Schedul
drawi ng. The designer needs to coordi nate
Schedul er (occupancy node determ nation) wi

e
System
th space

occupancy sensor input and pushbutton override
switch i nput use. As described in the System

Schedul er sequence, 'occupied inputs from

t wo

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

5) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nanually reset devices are

reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
perfornmed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the | ocal O&M staff.

Edit the Control Logic D agram and Poi nts Schedul e

to indicate which reset nethod is to to be
by the Contractor.
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6) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. 1In the event of
shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

7) Snoke control is not addressed in this Section.
Snmoke control sequence of operation for each fan
system if beyond the requirenents described, wll
be devel oped by the designer, based on the

requi renents and paranmeters of the project. The
designer will account for operation of danpers and
fans for pressurization and manual override of
interlocks to the fire alarmsystem Al automatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present control
sequence, in the event of shutdown due to snoke
detector input the systemw Il remain shutdown unti
t he snmoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC input to force the fan(s) to run.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodulating control nust be

proportional -integral (Pl) control

.2.4.1 HAND- OFF- AUTO Swi t ch

Provide supply fan notor starter to accept a Fire Al arm Panel (FAP) signal
t hat takes precedence over all other starter inputs and swtches and
starts the fan. Provide fan notor starter which accepts an occupant
accessi bl e energency shutoff switch as indicated. Provide supply fan
notor starter with an HO A swtch:

.2.4.1.1 HAND

Wth the HO A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.

.2.4.1.2 OFF
Wth the HO A switch in OFF position, the supply fan stops.
.2.4.1.3 AUTO

Wth the HO A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS) comand and Safeti es.

.2.4.2 Qccupancy Modes

ot ai n Cccupancy Mode input fromthe System Schedul er as specified and
shown. Operate the systemin one of the foll ow ng nodes: Cccupied,
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Unoccupi ed[, or War mJp/ Cool Down] .
3.2.4.3 System Enabl e and Loop Enabl e
3.2.4.3.1 Qccupi ed Mode

Enabl e the supply fan (SYS-ENA) and comand to run (SF-SS) and enabl e all
control | oops.

3.2.4.3.2 Unoccupi ed Mode

Wi le the building tenperature (BLDG T) is above the building low limt
setpoint (BLDG T-LL), disable all control |oops and do not run the supply
fan. Wen BLDG T drops below BLDG T-LL (with a 3 degrees C 5 degrees F
deadband), enable the supply fan (SYS-ENA) and command to run (SF-SS) and
enabl e the Dual Tenperature Coil Tenperature Control |oop. Disable the
M ni mum Qut side Air Flow Control and Economi zer Damnper Control | oops.

[3.2.4.3.3 Warm Up / Cool Down Mode

Enabl e the supply fan (SYS-ENA) and command to run (SF-SS). Disable the
M ni mum Qut side Air Flow Control |oop and enable all other control | oops.

13.2.4.4 Proofs and Safeties
The supply fan and all DDC Hardware control |oops are subject to Proofs
and Safeties. Direct-hardwire interlock safeties to the fan starter
circuit as shown. Monitor all proofs and safeties, and disable all control
| oops and command the AHU fan off until reset due to failure of any proof
or activation of any safety.

3.2.4.4.1 Proof s
Supply fan status (proof) (SF-S)

3.2.4.4.2 Saf eti es

a. Dual Temperature coil discharge air tenperature lowlimt (freeze
stat) (DT-DA-T-LL)

b. Supply air snoke (SA-SMWK)
c. Return air snoke (RA-SMWK)

3.2.4.4.3 DDC Har dwar e
Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)
i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e dr awi ng.

3.2.4.5 M ni mum Qut si de Air Fl ow Control
When this loop is enabl ed, open the 2-position m ni mum outside air danper

to introduce the nminimumoutside air flow quantity as shown. Wen this
| oop is disabled, close the m ni mum outside air damper.
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3.

.2.4.6 Econoni zer Danper Control
.2.4.6.1 Enabl ed Loop

VWen this |loop is enabl ed, and the Econom zer is ON as determ ned by the
Econoni zer Enabl e Logic, nodul ate the econom zer outside air, relief, and
return air danpers (Econom zer danpers) in sequence with the dua
tenperature coil to mamintain zone tenperature (ZN-T) at setpoint (ZN T-SP)
as shown.

.2.4.6.2 Di sabl ed Loop

When this loop is disabled, or the Econom zer is OFF as determ ned by the
Econoni zer Enabl e Logic, close the econonizer outside air and relief air
danpers, and open the return air danper.

.2.4.6.3 Econoni zer Enabl e Logic

Ensure the econom zer is ON when the outside air dry bulb tenperature is
between the high linmt (ECOHL-SP) and low linmt (ECO LL-SP) setpoints as
shown. O herwi se the Econonizer is OFF. Ensure ECO HL-SP and ECO LL-SP
each have a 1 degree C 2 degrees F deadband.

.2.4.7 Dual Tenperature Coil Contro

.2.4.7.1 Enabl ed Loop

VWen this loop is enabl ed, select heating or cooling node based on a

pi pe- nount ed dual -tenperature supply water sensor. A single sensor may be
used for multiple instances of this sequence.

.2.4.7.2 DDC Har dwar e

Modul ate the coil control valve in sequence with the econom zer danpers as
shown to maintain zone tenperature (ZN-T) at setpoint (ZN T-SP) as shown.

.2.4.7.3 Di sabl ed Loop

VWhen this loop is disabled, close the control valve

2.5 Singl e Zone with Heating and Cooling Coils and Return Air Bypass

R I S Sk S S S I R S S I
NOTE:
1) Edit the sequence and draw ngs as necessary for
systenms with/w thout a preheat coil, econom zer, and

ot her project specific control |oop requirenents.

2) Coordi nate the enabl e/ di sabl e of the cooling coi
2-position valve with the chilled water source. |If
it is froma local chiller define and share the
enabling signal that turns on the chiller and opens
the 2-position valve. Do not use a DX unit in place
of the chilled water cooling coil

3) Mninumoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow nmeasurenent in a constant
vol ume system
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4) The inclusion of filter pressure sw tches shoul d
be coordinated with the | ocal O&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit

t he Points Schedul e and Control Schematic as
required.

5) Indicate the System Schedul er and M&C Sof t war e
Qccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) w th space
occupancy sensor input and pushbutton override
switch i nput use. As described in the System
Schedul er sequence, 'occupied inputs fromtwo

di fferent spaces are required to hel p avoid needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

6) Absence of fan proof(s) or activation of any
safety will result in system shutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
perfornmed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the [ ocal O&M staff.
Edit the Control Logic D agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

7) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. 1In the event of
shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

8) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al automatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present control
sequence, in the event of shutdown due to snoke
detector input the systemw Il remain shutdown unti
t he snmoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any

DDC input to force the fan(s) to run.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Install DDC hardware to performthis Sequence of Operation and to provide
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SNVT i nputs and outputs as specified and shown on the Points Schedul e.
Unl ess ot herwi se specified, all nodulating control are
proportional -integral (Pl) control.

3.2.5.1 HAND- OFF- AUTO Swi t ch

Provide supply fan notor starter to accept a Fire Al arm Panel (FAP) signal
that takes precedence over all other starter inputs and swtches and
starts the fan. Provide fan notor starter which accepts an occupant
accessi bl e energency shutoff switch as indicated. Provide supply fan
notor starter with an HO A switch:

3.2.5.1.1 HAND

Wth the HO A switch in HAND position, start the supply fan and run
continuously, subject to Safeties.

3.2.5.1.2 OFF
Wth the HO A switch in OFF position, stop the supply fan.
3.2.5.1.3 AUTO

Wth the HO A switch in AUTO position, run the supply fan subject to the
Supply Fan Start/Stop (SF-SS) comand and Safeti es.

3.2.5.2 Qccupancy Modes

ot ai n the Cccupancy Mode i nput fromthe System Schedul er as specified and
shown. Operate the systemin one of the foll owi ng nodes: Cccupied,
Unoccupi ed[, or War mJp/ Cool Down] .

3.2.5.3 System Enabl e and Loop Enabl e
3.2.5.3.1 Qccupi ed Mode

Enabl e the supply fan (SYS-ENA) and comand to run (SF-SS) and enabl e all
control | oops.

3.2.5.3.2 Unoccupi ed Mode

Wil e the building tenperature (BLDG T) is above the low linit setpoint
(BLDG T-LL) disable all control |oops and do not run the supply fan. Wen
BLDG T drops below BLDG T-LL (with a 3 degrees C 5 degrees F deadband),
enabl e the supply fan (SYS-ENA) and conmmand to run (SF-SS) and enabl e the
Heating Coil Tenperature Control |oop. Disable all other control | oops.

[3.2.5.3.3 Warm Up / Cool Down Mode

Enabl e the supply fan (SYS-ENA) and command to run (SF-SS). Disable the
M ni mum Qut side Air Flow Control |oop and enable all other control | oops.

13.2.5.4 Proofs and Safeties

The supply fan and all DDC Hardware control |oops are subject to Proofs
and Safeties. Direct-hardwire interlock safeties to the fan starter
circuit as shown. Monitor all proofs and safeties and disable all control
| oops and command the AHU fan off until reset due to failure of any proof
or activation of any safety.
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.2.5.4.1 Proof s
Supply fan status (proof) (SF-S)
.2.5.4.2 Saf eti es

a. Heating coil discharge air tenperature lowlimt (freezestat)
(HTG DA-T- LL)

b. Supply air snoke (SA-SMWK)
c. Return air snoke (RA-SMWK)
.2.5.4.3 DDC Har dwar e

Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)

i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e dr awi ng.

.2.5.5 M ni mum Qutside Air Flow Contro

When this loop is enabl ed the DDC Hardware, open the 2-position mininum
outside air danper to introduce the mninmumoutside air flow quantity as
shown. When this loop is disabled, close the m nimum outside air danper.

.2.5.6 Econoni zer Danper Contro
.2.5.6.1 Enabl ed Loop

VWen this |loop is enabl ed, and the Econom zer is ON as determ ned by the
Econoni zer Enabl e Logic, nodul ate the econom zer outside air, return air
and relief air danpers (Econom zer danpers) in sequence with the bypass
and supply danpers and the heating coil control valve as shown to nmaintain
zone tenperature (ZN-T) at setpoint (ZNT-SP) as shown.

.2.5.6.2 Di sabl ed Loop

VWhen this loop is disabled, or the Econom zer is OFF as determ ned by the
Econoni zer Enabl e Logic, close the econonizer outside air and relief air
danpers, and open the return air danper.

.2.5.6.3 Econoni zer Enabl e Logic

Ensure the econom zer is ON when the outside air dry bulb tenperature is
between the high linmt (ECOHL-SP) and low linmt (ECO LL-SP) setpoints as
shown. O herwi se the Econom zer is OFF. Ensure ECO HL-SP and ECO- LL- SP
each have a 1 degree C 2 degrees F deadband.

.2.5.7 Tenperature Control Loop Heating Coil Contro

When this loop is enabl ed, nodul ate the heating coil control valve,

nodul ate the econoni zer danpers if enabl ed, open and close the 2-position
cooling coil valve and nodul ate the bypass and supply air danpers in
sequence to mmintain zone tenperature (ZN-T) at setpoint (ZNT-SP) as
shown. \When this loop is disabled, close both valves and position the
bypass and supply air dampers to bypass air
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3.2.6 Single Zone with Hum dity Control

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:

1) Edit the sequence and draw ngs as necessary for
systenms with/wi thout a preheat coil and other
project specific control |oop requirenents.

2) The inclusion of filter pressure swtches should
be coordinated with the | ocal O&M staff. Pressure
swi tches nay not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit

t he Points Schedul e and Control Schematic as
required.

3) Indicate the System Schedul er and M&C Sof t war e
Qccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) w th space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs from?2

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

3) Absence of fan proof(s) or activation of any
safety will result in system shutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the [ ocal O&M staff.
Edit the Control Logic D agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

4) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of
shutdown due to freeze stat trip the systemwill
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

5) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer wll
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
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detector input the systemw Il renmain shutdown until
t he snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC i nput to force the fan(s) to run.

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

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control are

proportional -integral (Pl) control

3.2.6.1 HAND- OFF- AUTO Swi t ch
Provide supply fan notor starter to accept a Fire Al arm Panel (FAP) signa
t hat takes precedence over all other starter inputs and swtches and
starts the fan. Provide fan notor starter which accepts an occupant
accessi bl e energency shutoff switch as indicated. Provide supply fan
notor starter with an HO A sw tch:

3.2.6.1.1 HAND

Wth the HO A switch in HAND position, start the supply fan and run
continuously, subject to Safeties.

3.2.6.1.2 OFF
Wth the HO A switch in OFF position, stop the supply fan
3.2.6.1.3 AUTO

Wth the HO A switch in AUTO position, run the supply fan subject to the
Supply Fan Start/ Stop (SF-SS)comrand and Safeties.

3.2.6.2 Qccupancy Modes
ot ai n Cccupancy Modde input fromthe System Schedul er as specified and
shown. Operate the systemin one of the foll owi ng nodes: Cccupied,
Unoccupi ed[, or War mJp/ Cool Down] .

3.2.6.3 System Enabl e and Loop Enabl e

3.2.6.3.1 Qccupi ed Mode

Enabl e the supply fan (SYS-ENA) and command to run (SF-SS) and enabl e al
control | oops.

3.2.6.3.2 Unoccupi ed Mode

Wi le the building tenperature (BLDG T) is above the low linit setpoint
(BLDG T-LL), disable all control [oops and do not run the supply fan
VWhen BLDG T drops bel ow BLDG T-LL (with a 3 degrees C 5 degrees F
deadband), enable the supply fan (SYS-ENA) and conmand to run (SF-SS)
enabl e the Preheat Coil Control |oop and Reheat Coil Control |oop and
di sabl e all other |oops.

[3.2.6.3.3 Warm Up / Cool Down Mbde

Enabl e the supply fan (SYS-ENA) and command to run (SF-SS). Disable the
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M ni mum Qut side Air Flow Control |oop and enable all other control | oops.

13.2.6.4 Proofs and Safeties

The supply fan and all DDC Hardware control |oops are subject to Proofs
and Safeties. Direct-hardwire interlock safeties to the fan starter
circuit as shown. Monitor all proofs and safeties and disable all control
| oops and comand the AHU fan off until reset due to failure of any proof
or activation of any safety.

.2.6.4.1 Proofs
Supply fan status (proof) (SF-S)
.2.6.4.2 Saf eti es

a. Preheat coil discharge air tenperature lowlimt (freezestat)
(PH DA-T-LL)

b. Supply air snoke (SA-SMW)
c. Return air snoke (RA-SMWK)
.2.6.4.3 DDC Har dwar e

Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)

i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where both reset functions are provided and the operator can
use either one to performthe reset), as shown on the Points Schedul e

dr awi ng.

.2.6.5 M ni num Qut si de Air Fl ow Control

VWhen this loop is enabl ed, open the 2-position m ni mum outside air danper
to introduce the minimumoutside air flow quantity as shown. Wen this
| oop is disabled, close the m nimum outside air danper.

.2.6.6 Preheat Coil Control Loop

VWen this loop is enabl ed, nodul ate the preheat coil valve to maintain the
preheat coil discharge air tenperature (PH DA-T) at setpoint (PH DA-T-SP)
as shown. \When this loop is disabled, close the preheat coil valve.

.2.6.7 Cool i ng- and- Dehumi di fi cation Coil Control

VWhen this loop is enabl ed, nodul ate the cooling and dehumni dification val ve
to maintain either the zone tenperature (ZN-T) at setpoint (ZN T-SP) or
zone relative humdity (ZN-RH) at setpoint (ZN-RH SP), whichever calls for
nore chilled water flow. Mdulate the valve in sequence with the reheat
val ve and humidification valve as shown to avoid sinultaneous cooling and
reheati ng, and simultaneous dehum dification and humdification. Wen
this loop is disabled, close the coil valve.

.2.6.8 Reheat Coil Control
When this loop is enabl ed, nodul ate the reheat coil valve to maintain the
zone tenperature (ZN-T) at setpoint (ZN T-SP) as shown. Modul ate the

val ve in sequence with the cooling-and-dehumni dification valve as shown to
avoi d simul taneous cooling and reheating. Wen this loop is disabled,
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3.

cl ose the coil valve

.2.6.9 Hum di ficati on Contro

VWhen this loop is enabl ed, nmodul ate the hunidifier valve to naintain zone
relative humdity (ZN-RH) at setpoint (ZNNRHSP). NModulate the valve in
sequence with the cooling-and-dehum dification valve as shown to avoid

si mul t aneous dehum dification and humidification. Wen the supply air
duct humidity (SA-RH) rises above 80 percent relative humdity, begin
nmodul ating the humidi fier valve towards cl osed and continue to gradually
nove towards closed until the supply air duct humidity reaches 90 percent
relative humdity, at which point the hunmdifier valve is fully closed.
When this loop is disabled, close the humdifier valve

2.7 Mul tizone [Dual -Duct] [with][w thout] Return Fan

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:

1) The sequence is identical for a Dual - Duct
system You need only change hot/cold deck to
hot/col d duct.

2) Edit the sequence and drawi ngs as necessary for
systems with/without a return fan, preheat coil
econom zer, and other project specific control |oop
requi renents.

3) Choose whether or not to require setpoint reset
of the hot deck temperature setpoint, and whet her
the reset should be based on Qutside Air Tenperature
or Col dest Zone Tenperature. Edit the control
schematic drawing to show the reset paraneters.

4) M nimm outside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow neasurement in a constant
vol unme system

5) The inclusion of filter pressure swtches should
be coordinated with the | ocal O&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit

t he Points Schedul e and Control Schematic as
required.

6) Indicate the System Schedul er and M&C Sof t war e
Qccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) w th space
occupancy sensor input and pushbutton override
switch i nput use. As described in the System
Schedul er sequence, 'occupied inputs from?2

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

7) Absence of fan proof(s) or activation of any

safety will result in system shutdown. The system
remai ns shutdown until nanually reset devices are
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reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the [ ocal O&M staff.
Edit the Control Logic D agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

8) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of
shutdown due to freeze stat trip the systemwill
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

9) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer wll
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il renmain shutdown until
t he snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any

DDC i nput to force the fan(s) to run.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control are

proportional -integral (Pl) control

.2.7.1 HAND- OFF- AUTO swi tches and Fire Al arm Panel (FAP) Signal

Supply Fan VFD. Provide supply fan notor starter to accept a Fire Al arm
Panel (FAP) signal that takes precedence over all other starter inputs and
switches and starts the fan. Provide fan nmotor starter which accepts an
occupant accessi bl e enmergency shutoff switch as shown. Provide supply fan
notor starter with an HO A swtch:

.2.7.1.1 HAND

Wth the HO A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.

.2.7.1.2 OFF

Wth the HO A switch in OFF position, the supply fan stops.
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3.2.7.1.3 AUTO

Wth the HO A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS)comrand and Safeties.

[3.2.7.2 Return Fan VFD

Incorporate an integral H O A switch, nmanual speed adjustment and al so
accept a Fire Alarm Panel (FAP) signal. Run the return fan according to
the following inputs (in order of decreasing priority):

a. Use FAP signal to cause the RF to run at 100 percent

b. Connect SF-S (proof) to the RF VFD safety circuit such that if SFis
not running, RF is off.

c. Use RF HOA switch to select RF nbde as fol |l ows:

(1) When switch is in Hand, run fan. Ensure fan speed is under nanual
control .

(2) When switch is in Of, fan is off.

(3) When switch is in Auto, run fan. Ensure fan speed is under
control of the DDC Hardware.

13.2.7.3 Qccupancy Modes

ot ai n Cccupancy Mode input fromthe System Schedul er as specified and
shown. Operate the systemin one of the foll owi ng nodes: Cccupied,
Unoccupi ed[, or War mJp/ Cool Down] .

3.2.7.4 System Enabl e and Loop Enabl e
3.2.7.4.1 Qccupi ed Mode

Enabl e the supply fan (SYS-ENA) and comand to run (SF-SS). Enable all
control loops. Also enable the Zone Tenperature Control | oops serviced by
t he AHU.

3.2.7.4.2 Unoccupi ed Mode

Wil e the building tenperature (BLDG T) is above the low linit setpoint
(BLDG T-LL), disable all control |oops and do not run the supply fan.
VWhen BLDG T drops bel ow BLDG T-LL (with a 3 degrees C 5 degrees F
deadband), enable the supply fan (SYS-ENA) and conmand to run (SF-SS),
enabl e the Hot Deck Coil Control |oop and all Zone Tenperature Control
| oops, and disable all other control | oops.

[3.2.7.4.3 Warm Up / Cool Down Mode
Enabl e the supply fan (SYS-ENA) and command to run (SF-SS). Disable the
M ni mum Qut side Air Flow Control |oop and enable all other control | oops.
Al so enabl e the Zone Tenperature Control |oops serviced by the AHU.
13.2.7.5 Proofs and Safeties

The supply fan and all DDC Hardware control |oops are subject to Proofs
and Safeties. Direct-hardwire interlock safeties to the fan starter
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circuit as shown. Monitor all proofs and safeties and disable all control
| oops and comand the AHU fan off until reset due to failure of any proof
or activation of any safety.

.2.7.5.1 Pr oof s

o

Supply fan status (proof) (SF-9)]

b. Return fan status (proof) (RF-S)]

.2.7.5.2 Safeties

a. Mxed air tenperature lowlimt (freeze stat) (MA-T-LL)[

b. Supply air smoke (SA-SMK)] ]|

c. Return air snmoke (RA-SMW)]

.2.7.5.3 DDC Har dwar e Reset

Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)

i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e draw ng.

.2.7.6 M ni mum Qut side Air Flow Contro

VWhen this loop is enabl ed, open the 2-position m ni mum outside air danper
to introduce the mnimumoutside air follow quantity as shown. Wen this
| oop is disabled, close the m nimum outside air danper.

L2.7.7 M xed Air Tenperature Control Wth Econom zer

L2.7.7.1 Enabl ed Loop

When this loop is enabl ed, and the Econom zer is ON as determ ned by the
Econoni zer Enabl e Logic, nodul ate the econom zer outside air, relief, and
return air danpers to maintain the mxed air tenperature (MA-T) at

set point (MA-T-SP) as shown.

L 2.7.7.2 Di sabl ed Loop

When this loop is disabled, or the Econom zer is OFF as determ ned by the
Econoni zer Enabl e Logic, close the econom zer outside air and relief air
danpers, and open the return air danper.

.2.7.7.3 Econoni zer Enabl e Logic

Ensure the econom zer is ON when the outside air dry bulb tenperature is
between the high limt (ECOHL-SP) and low limt (ECO LL-SP) setpoints as
shown. O herwi se the Econonizer is OFF. Ensure ECO HL-SP and ECO LL-SP
each have a 1 degree C 2 degrees F deadband.

.2.7.8 Hot Deck Coil Control

.2.7.8.1 Enabl ed Loop

VWhen this loop is enabl ed, nodul ate the hot deck heating coil valve to

SECTION 23 09 93 Page 34



mai ntain the hot deck tenperature (HD-T) at setpoint (HD T-SP) as shown.
When this loop is disabled, close the hot deck coil valve.

[3.2.7.8.2 DDC Har dwar e Reset

Reset the hot deck tenperature setpoint (HD-T-SP) using a linear reset
schedul e as shown. Base reset of the setpoint (HD-T-SP) on [Qutside Air
Tenperature] [Col dest Zone Tenperature].

13.2.7.9 Col d Deck Coil Contro

When this loop is enabl ed, nodul ate the cold deck cooling coil valve to
mai ntain the cold deck tenperature (CD-T) at setpoint (CD-T-SP) as shown.
When this loop is disabled, close the cold deck cooling coil valve.

3.2.7.10 Zone Temperature Control
When this loop is enabl ed:
3.2.7.10.1 Zone Tenperat ure Set poi nt

Ensure zone tenperature setpoint (ZN-T-SP) is at the configured setpoint
or at the occupant-adjustable setpoint via the wall-munted thernostat, as
shown.

3.2.7.10.2 DDC Har dwar e Modul ati on

Modul ate the hot deck and col d deck danmpers to nmaintain zone tenperature
(ZN-T) at setpoint (ZNT-SP).

3.2.8 Mul tizone with Hot Deck Bypass [with][wi thout] Return Fan

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:

1) NOTE: Edit the sequence and draw ngs as necessary
for systens with/without a return fan, preheat coil
econom zer, and other project specific control |oop
requi renents.

2) Mninmumoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow neasurement in a constant
vol unme system

3) The inclusion of filter pressure switches should
be coordinated with the | ocal O&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit
the Points Schedul e and Control Schematic as
required.

4) Indicate the System Schedul er and M&C Sof tware
Qccupancy Schedul e on the QOccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) w th space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs from?2

di fferent spaces are required to hel p avoi d needl ess
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turning on of the system (due to cleaning staff or
security staff passing through after hours).

5) Absence of fan proof(s) or activation of any
safety will result in system shutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the [ ocal O&M staff.
Edit the Control Logic D agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

6) The hardware (product) specification requires
that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of

shutdown due to freeze stat trip the systemwill
remai n shutdown until the device is reset and a

separate DDC reset, as described above, is al so used.

7) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents

described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers

and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer wll
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il renmain shutdown until
t he snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC i nput to force the fan(s) to run.
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Install DDC hardware to performthis Sequence of Operation and to provide

SNVT i nputs and outputs as specified and indicated on the Points

Schedul e.

Unl ess ot herwi se specified, all nodul ating control rmnust be
proportional -integral (Pl) control

.2.8.1 HAND- OFF- AUTO Swi t ches

Supply fan nmotor starter nust accept a Fire Al arm Panel (FAP) signa
t akes precedence over all other starter inputs and switches and must start
The fan nmotor starter nust accept an occupant accessible

t he fan.

energency shutoff switch as shown.

an H O A switch:

.2.8.1.1

Wth the HO A switch in HAND position,

HAND

supply fan, subject to Safeties.
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3.2.8.1.2 OFF
Wth the HO A switch in OFF position, stop the supply fan.
3.2.8.1.3 AUTO

Wth the HO A switch in AUTO position, run the supply fan subject to the
Supply Fan Start/ Stop (SF-SS)comrand and Safeties.

[3.2.8.2 Return Fan Motor Starter
Return fan notor starter nmust accept a Fire Al arm Panel (FAP) signal that
t akes precedence over all other starter inputs and switches nmust start the
fan. The return fan notor starter nust have an H O A switch:

3.2.8.2.1 HAND

Wth the HO A switch in HAND position, run the return fan subject to
Saf eti es.

3.2.8.2.2 COFF
Wth the HO A switch in OFF position, the return fan nmust be off.
3.2.8.2.3 AUTO

Wth the HO A switch in AUTO position, run the return fan subject to the
supply fan running.

13.2.8.3 Qccupancy Modes

ontain the system s Cccupancy Mdde input fromthe System Schedul er as
specified and indicated. Operate the systemin one of the follow ng
nodes: COccupi ed, Unoccupi ed[, or Warnlp/ Cool Down] .

3.2.8.4 System Enabl e and Loop Enabl e
3.2.8.4.1 Qccupi ed Mode

Enabl e the supply fan (SYS-ENA) and command to run (SF-SS). Enable all
control loops. Also enable the Zone Tenperature Control | oops serviced by
t he AHU.

3.2.8.4.2 Unoccupi ed Mode

VWile the building tenperature (BLDG T) is above the low linmt setpoint
(BLDG T-LL), disable all control |oops and do not run the supply fan.

When BLDG- T drops below BLDG T-LL (with a 3 degrees C 5 degrees F
deadband), enable the supply fan (SYS-ENA) and command to run (SF-SS), and
enabl e all Zone Temperature Control |oops. Disable the M nimm Qutside
Air Flow Control, Mxed Air Tenperature Control Wth Econonizer, and Cold
Deck Coil Control | oops.

[3.2.8.4.3 Warm Up / Cool Down Mode
Enabl e the supply fan (SYS-ENA) and command to run (SF-SS). Disable the

M ni mum Qut side Air Flow Control |oop and enable all other control | oops.
Al so enabl e the Zone Tenperature Control |oops serviced by the AHU.
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13.2.8.5 Proofs and Safeties
The supply fan[, return fan,] and all DDC Hardware control |oops are
subject to Proofs and Safeties. Direct-hardwire interlocksafeties to the
fan starter circuit as shown. Monitor all proofs and safeties and di sabl e
all control |oops and command the AHU fan of f until reset due to failure
of any proof or activation of any safety.

3.2.8.5.1 Proof s
a. Supply fan status (proof) (SF-9S)

[ b. Return fan status (proof) (RF-9)]

3.2.8.5.2 Safeties
a. Mxed air tenperature lowlimt (freeze stat) (MA-T-LL)
b. Supply air snoke (SA-SMW)

[ c. Return air snoke (RA-SM)]

3.2.8.5.3 DDC Har dwar e Reset
Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)
i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e draw ng.

3.2.8.6 M ni mum Qut si de Air Fl ow Control
VWhen this loop is enabl ed, open the 2-position m ni mum outside air danper
to introduce the mnimumoutside air follow quantity as shown. Wen this
| oop is disabled, close the m nimum outside air danper.

3.2.8.7 M xed Air Tenperature Control Wth Econoni zer

3.2.8.7.1 Enabl ed Loop
When this loop is enabl ed, and the Econom zer is ON as determ ned by the
Econoni zer Enabl e Logic, nodul ate the econom zer outside air, relief, and
return air danpers to maintain the mxed air tenperature (MA-T) at
set point (MA-T-SP) as shown.

3.2.8.7.2 Di sabl ed Loop
When this loop is disabled, or the Econom zer is OFF as determ ned by the
Econoni zer Enabl e Logic, close the econonizer outside air and relief air
danpers, and open the return air danper.

3.2.8.7.3 Econoni zer Enabl e Logic
Ensure the econom zer is ON when the outside air dry bulb tenperature is
between the high linmt (ECOHL-SP) and low linmt (ECO LL-SP) setpoints as

shown. O herwi se the Econom zer is OFF. Ensure ECO HL-SP and ECO- LL-SP
each have a 1 degree C 2 degrees F deadband.
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3.2.8.8 Col d Deck Coil Control

VWhen this loop is enabl ed, nodul ate the cooling coil valve to maintain the
col d deck supply air tenperature (SA-T) at setpoint (SA-T-SP) as shown.
VWhen this loop is disabled, close the cooling coil valve.

3.2.8.9 Zone Tenperature Control

3.

a.

2.

9

Ensure the zone tenperature setpoint (ZN-T-SP) is at the configured
setpoint or at the occupant-adjustable setpoint via the wall-nounted
t hernostat, as shown.

Modul ate the zone bypass and col d deck danpers, and the zone heating
coil valve to maintain zone tenperature (ZN-T) at setpoint (ZN T-SP)
Per f or m sequenci ng as shown: Upon a rise in zone tenperature above
zone tenperature setpoint, subject to the zone tenperature setpoint
deadband as shown, nodul ate the zone col d deck danper towards open as
t he bypass deck danmper nodul ates towards closed. Upon a fall in zone
tenperature bel ow zone tenperature setpoint, subject to the deadband
as shown, ensure the bypass danper is fully opened and the zone
heati ng val ve nodul ates towards open

For systems with electric resistance heating el enments, require proof
of air flow before activating the heating el ements.

Variable Air Volune System [with][w thout] Return Fan
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NOTE:

1) Edit the sequence and draw ngs as necessary for
systems with/without a return fan, preheat coil
econom zer, and other project specific control |oop
requi renents.

2) Mninmumoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC.

3) The inclusion of filter pressure switches should
be coordinated with the | ocal O&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit

t he Points Schedul e and Control Schematic as
required.

4) This spec does not include a variable frequency
drive (VFD) specification. Specify a VFD that neets
the requirenents of the control sequence including
the integral HO A and a safety shutdown i nput
circuit that is separate fromthe start/stop input
circuit and Fire Al arm Panel (FAP) override swtch.

5) Indicate the System Schedul er and M&C Sof t war e
Qccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) w th space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs from?2
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di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

6) Absence of fan proof(s) or activation of any
safety will result in system shutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the | ocal O&M staff.
Edit the Control Logic D agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

7) The hardware (product) specification requires

that the low limt (freezestat) device include a
manual reset at the device. |In the event of
shutdown due to freeze stat trip the systemwill
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

8) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer wll
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il renmain shutdown until
t he snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC i nput to force the fan(s) to run.

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control is

proportional -integral (Pl) control

.2.9.1 HAND- OFF- AUTO Swi t ches

Provi de supply fan variable frequency drive (VFD) unit to accept a Fire
Al arm Panel (FAP) signal that takes precedence over all other VFD inputs
and switches and causes the VFD to run at 100 percent speed. Provide VFD
that accepts an occupant accessi bl e energency shutoff switch as shown.
Provi de supply fan variable frequency drive (VFD) unit with an integra
H O A switch:
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3.2.9.1.1 HAND
Wth the HO A switch in HAND position, start the supply fan and run
continuously, subject to Safeties. Ensure fan speed is under
manual - operat or control.

3.2.9.1.2 OFF
Wth the HO A switch in OFF position, stop the supply fan.

3.2.9.1.3 AUTO
Wth the HO A switch in AUTO position, run the supply fan subject to the
Supply Fan Start/Stop Signal (SF-SS) and Safeties. Ensure fan speed is
under control of the DDC Hardware.

[3.2.9.2 Return Fan Vari abl e Frequency Drive
Provide return fan variable frequency drive (VFD) unit that accepts a Fire
Al arm Panel (FAP) signal that takes precedence over all other VFD inputs
and switches and causes the VFD to run at 100 percent speed. Provide
return fan variable frequency drive (VFD) unit with an integral HOA
swi tch:

3.2.9.2.1 HAND

Wth the HO A switch in HAND position, run the return fan subject to
Safeties. Ensure fan speed is under manual -operator control.

3.2.9.2.2 OFF
Wth the HO A switch in OFF position, the return fan is off.
3.2.9.2.3 AUTO

Wth the HO A switch in AUTO position, run the return fan subject to the
supply fan running. Ensure fan speed is under control of the DDC Hardware.

13.2.9.3 Qccupancy Modes
ot ai n Cccupancy Mode input fromthe System Schedul er as specified and
shown. QOperate the systemin one of the foll owi ng nodes: Cccupied,
Unoccupi ed[, or Warm Up/ Cool Down].

3.2.9.4 Proofs and Safeties
The supply fan[, return fan,] and all DDC Hardware control |oops are
subject to Proofs and Safeties. Direct-hardwire interlock safeties to the
VFD as shown. DMonitor all proofs and safeties and disable all control
| oops and comand the AHU fan off until reset due to failure of any proof
or activation of any safety.

3.2.9.4.1 Proof s
a. Supply fan status (SF-95)

[ b. Return fan status (RF-9)]
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3.2.9.4.2 Saf eti es

a. Preheat coil discharge air tenperature low limt (freezestat)

(PH DA-T-LL) for systenms with a preheat coil. Cooling coil discharge
air tenperature lowlimt (freezestat) (CLG DA-T-LL) for all other
systens

b. Supply air duct pressure high [imt (SA-P-HL)
c. Supply air snoke (SA- SMWK)
d. Return air snoke (RA-SMWK)

3.2.9.4.3 DDC Har dwar e Reset

Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)

i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e draw ng.

3.2.9.5 System Enabl e and Loop Enabl e
3.2.9.5.1 Qccupi ed Mode

Enabl e the supply fan (SYS-ENA) and comand to run (SF-SS). Enable all
control | oops.

3.2.9.5.2 Unoccupi ed Mode

Wi le the building tenperature (BLDG T) is above the low linit setpoint
(BLDG T-LL) disable all control |oops and do not run the supply fan. Wen
BLDG T drops bel ow BLDG T-LL (with a 3 degrees C 5 degrees F deadband),
enabl e the supply fan (SYS-ENA) and conmand to run (SF-SS), enable the
Supply Duct Static Pressure Control[, Return Fan Volume Control][, Preheat
Control] loops. Disable the Mninum Qutside Air Flow Control, Mxed Air
Tenperature Control, and Cooling Coil Control | oops.

[3.2.9.5.3 War m Up/ Cool Down

Enabl e the supply fan (SYS-ENA) and command to run (SF-SS). Disable the
M ni mum Qut side Air Flow Control |oop and enable all other control | oops.

13.2.9.6 Fan Capacity Control
3.2.9.6.1 Supply Duct Static Pressure Control

When this loop is enabl ed, nodul ate the supply fan variable frequency
drive unit to maintain the duct static pressure (SA-P) at setpoint
(SA-P-SP) as shown, as neasured by the duct static pressure tap and sensor
as shown. \When this |loop is disabled, ensure the DDC Hardware capacity
nodul ati on output to the VFD is zero percent.

[3.2.9.6.2 Return Fan Vol une Control
When this loop is enabl ed, nodulate the return fan variable frequency
drive unit to maintain a constant volunetric airflow di fference at

setpoint (F-DIFF-SP) as shown, as measured by the airfl ow neasurenent
arrays located in the supply and return ducts as shown. \Wen this loop is
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di sabl ed, ensure the output to the VFD is zero percent.
13.2.9.7 M ni mum Qut side Air Flow Contro

VWhen this loop is enabl ed, nodul ate the m ni mum outside air danper to

mai ntain the nmini mum OA volunetric flow (M NOA-F) at setpoint (M NOA-F- SP)
as shown. When this loop is disabled, close the mninumoutside air
danper.

.2.9.8 M xed Air Tenperature Control Wth Econom zer
.2.9.8.1 Enabl ed Loop

When this loop is enabl ed, and the Econom zer is ON as determ ned by the
Econoni zer Enabl e Logi c, nmodul ate the econom zer outside air, relief, and
return air danpers to maintain the mxed air tenperature (MA-T) at

set poi nt (MA-T-SP) as shown.

.2.9.8.2 Di sabl ed Loop

VWhen this loop is disabled, or the Econom zer is OFF as determ ned by the
Econoni zer Enabl e Logic, close the econom zer outside air and relief air
danpers, and open the return air danper.

.2.9.8.3 Econoni zer Enabl e Logic

Ensure the econom zer is ON when the outside air dry bulb tenperature is
between the high limt (ECOHL-SP) and low limt (ECO LL-SP) setpoints as
shown. O herwi se the Econonizer is OFF. Ensure ECO HL-SP and ECO LL-SP
each have a 1 degree C 2 degrees F deadband.

.2.9.9 Cooling Coil Control

VWen this loop is enabl ed, nodul ate the cooling coil valve to maintain the
supply air tenperature (SA-T) setpoint (SA-T-SP) as shown. Wen this |oop
i s disabled, close the cooling coil valve.

[3.2.9.10 Preheat Coil Control

VWen this loop is enabl ed, nodul ate the preheat coil valve to maintain the
preheat coil discharge air tenperature (PH DA-T) at setpoint (PH DA-T-SP)
as shown. \When this loop is disabled, close the preheat coil valve.

13.3 SEQUENCES OF COPERATI ON FOR TERM NAL UNI TS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For the VAV Box Sequences:

1) Show t he occupancy schedul e (days/tines) on the
Qccupancy Schedul e drawing. For sinmplicity, it is
recommended that all boxes, served by a conmon air
handl er, operate on the sane schedul e.

2) Space occupancy input(s) nmay consist of an
occupancy sensor and/or a | ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X' in the 'Thernostat and Cccupancy
Sensor Schedule'. |If a push-button is used, show
the override time duration in the Schedule. Note

t hat the occupancy sensor specification requires a
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delay that is adjustable between 30 seconds and 15
mnutes. If a delay outside of this range is needed
edit the COccupancy Sensor Product specification in

PART 2

3) For each VAV box thernostat, indicate if the zone
tenperature setpoint will be occupant adjustable by
placing an ' X' in the 'Thernostat and Cccupancy
Sensor Schedul e'. For non-occupant - adj ust abl e

setpoints, show the setpoint in the Points
Schedule. The intent is that the Contractor

provi des one or the other as shown.

Non- occupant - adj ust abl e set poi nts are adj ustabl e by
a system operator using a | ocal display panel (LDP)

or operator workstation (and appropriate software).
EE IR R I Sk S S I S S S R R Rk I I S kS R R Rk I S Rk I S I R Sk I O

3.3.1 Zone Tenperature Control - Cooling-Only VAV Box

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control is

proportional -integral (Pl) control

3.3.1.1 Qccupancy Modes
3.3.1.1.1 CQccupi ed

Ensure the VAV box DDC Hardware is in the Occupi ed Mbde when the | oca
space occupancy input(s) (ZN-OCC) indicate that the space is occupied or
when the input fromthe System Schedul er (SYS-OCC) is occupi ed.

3.3.1.1.2 Unoccupi ed

The VAV box DDC Hardware must be in the Unoccupi ed Mode when the | oca
space occupancy input(s) (ZN-OCC) indicate that the space is unoccupied
and the input fromthe System Schedul er (SYS-OCC) is unoccupi ed.

Saf eties

This system has no safeties.
3.3.1.2 Zone Tenperature Control
3.3.1.2.1 Qccupi ed Mode

In the Cccupi ed Mode the zone tenperature setpoint (ZN T-SP) must be at
the configured setpoint or at the occupant-adjustable setpoint via the

wal | - nount ed t hernostat, as shown. The DDC Har dware nust nodul ate the VAV
box danper to nmmintain VAV box supply air flow (VAV-SA-F) at setpoint as
nmeasured by a multi-point flow sensing element at the inlet to the VAV
box. Sequenceas indicated: Upon a rise in zone tenperature (ZN-T) above
zone setpoint (ZN-T-SP), subject to the zone tenperature setpoint deadband
as indicated, adjust the airflow setpoint between mni numand naxi mum fl ow
based on the difference between zone tenperature and zone tenperature
setpoi nt as indicated.
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3.3.1.2.2 Unoccupi ed Mode

3.

In the Unoccupi ed Mbde, ensure the VAV box danper is at its m ninmm
posi tion.

. 3.2 Zone Tenperature Control - VAV Box with Reheat

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control is

proportional -integral (Pl) control

.3.2.1 Qccupancy Modes

.3.2.1.1 CQccupi ed

Ensure the VAV box DDC Hardware is in the Occupi ed Mbde when the | oca
space occupancy input(s) (ZN-OCC) indicate that the space is occupied or
when the input fromthe System Schedul er (SYS-OCC) is occupi ed.

.3.2.1.2 Unoccupi ed

Ensure the VAV box DDC Hardware is in the Unoccupi ed Mode when the | oca
space occupancy input(s) (ZN-OCC) indicate that the space is unoccupied
and the input fromthe System Schedul er (SYS-OCC) is unoccupi ed.

.3.2.2 Saf eti es

For VAV boxes with electric resistance heating el ements, require proof of
air flow before activating the heating el ements.

.3.2.3 Zone Tenperature Control

a. In the Cccupied Mode, ensure the zone tenperature setpoint (ZN T-SP)
is at the configured setpoint or at the occupant-adjustabl e setpoint
via the wall-nmunted thernostat, as shown.

b. In the Unoccupied Mde, ensure the zone tenperature setpoint (ZN T-SP)
is at the configured setpoint as shown.

c. Mdulate the VAV box danmper to maintain VAV box supply air flow
(VAV-SA-F) at setpoint as neasured by a multi-point flow sensing
element at the inlet to the VAV box. Perform sequencing as shown:
Upon a rise in zone tenperature above zone tenperature setpoint
(ZN-T-SP), subject to the zone tenperature setpoint deadband as shown,
adj ust the airfl ow setpoi ntbetween m ni mum and maxi num fl ow based on
the difference between zone tenperature and zone tenperature setpoint
as shown. Upon a fall in zone tenperature bel ow zone tenperature
setpoint, subject to the deadband as shown, nmaintain the airflow at a
fixed air flow setpoint (with a setting independent of the cooling
mnimmair flow), and nodul ate the heating val ve towards open or
cicle the staged electric resistance heating coil (s) on in sequence.

3.3 Zone Tenperature Control - Fan Powered VAV Box

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

NOTE: This sequence is applicable to both Series
and Parallel fan powered VAV boxes.
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As specified in Section 23 30 00 HVAC AIR

DI STRIBUTI ON, fans | ocated in series fan-powered VAV
boxes nust start whenever the AHU fan that serves

t hese boxes is started.

Sel ect appropriate fan control text for series or
paral |l el application. Note that since an unoccupied
AHU cannot run except to provide heating, unoccupied
zone tenperature setpoint deadband shoul d be | arge
enough to prevent an unoccupied VAV from attenpting
to provide cooling.
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Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control is

proportional -integral (Pl) control

.3.3.1 Qccupancy Modes
.3.3.1.1 CQccupi ed

Ensure the VAV box DDC Hardware is in the Occupi ed Mbde when the | oca
space occupancy input(s) (ZN-OCC) indicate that the space is occupied or
when the input fromthe System Schedul er (SYS-OCC) is occupi ed.

.3.3.1.2 Unoccupi ed

Ensure the VAV box DDC Hardware is in the Unoccupi ed Mode when the | oca
space occupancy input(s) (ZN-OCC) indicate that the space is unoccupied
and the input fromthe System Schedul er (SYS-OCC) is unoccupi ed.

.3.3.2 Saf eti es

For VAV boxes with electric resistance heating el ements, require proof of
air flow before activating the heating el ements.

.3.3.3 Fan Control

[ Run series fans whenever the box is occupied or the Zone Tenperature
Control |oop determ nes that the box is in heating node. Prior to
starting the fan, close the supply danper. Pause the controller after
cl osing the danper before starting the fan to ensure that the fan is not
spinning due to supply air delivered by the AHU. After the fan starts,
control the supply danper by the Zone Tenperature Control |oop.][Run
paral | el fans whenever the Zone Tenperature Control |oop determ nes that
the box is in heating node.]

.3.3.4 Zone Tenperature Control

.3.3.4.1 Qccupi ed Mode

In the Cccupi ed Mode, ensure the zone tenperature setpoint (ZN-T-SP) is at
the configured setpoint or at the occupant-adjustable setpoint via the

wal | - nount ed t hernostat, as shown.

.3.3.4.2 Unoccupi ed Mode

In the Unoccupi ed Mbde, ensure the zone tenperature setpoint (ZNT-SP)is
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3.

at the configured setpoint as shown.

.3.3.4.3 Sequenci ng

.3.3.4.3.1 Cool i ng Mode

Upon a rise in zone tenperature above zone tenperature setpoint (ZN T-SP)
subj ect to the zone tenperature setpoint deadband as shown, adjust the
airfl ow setpoi nt between mi ni mum and maxi nrum based on the difference

bet ween zone tenperature and zone tenperature setpoint as shown. Mdul ate
t he VAV box danper to mix supply and plenumreturn air as it nmaintai ns VAV
box supply airflow (VAV-SA-F) at setpoint as neasured by a nulti-point
flow sensing elenent at the inlet to the VAV box.

.3.3.4.3.2 Heati ng Mode

Upon a fall in zone tenperature bel ow zone tenperature setpoint, subject
to the deadband as shown, the DDC Hardware nust[ first turn on the
paral l el fan and then] nodul ate the VAV box danper to m x supply and
plenumreturn air to maintain a fixed air flow setpoint (with a setting

i ndependent of the cooling mininumair flow), and nodul ate the heating

val ve towards open or cycle the staged electric resistance heating coil (s)
on in sequence.

3.4 Peri meter Radiati on Control Sequence

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:

1) Show t he occupancy schedul e (days/tines) on the
Qccupancy Schedul e drawing. For sinmplicity, it is
recomended that all units operate on the sane
schedul e.

2) Space occupancy input(s) nmay consist of an
occupancy sensor and/or a | ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X' in the Thernostat Schedule. |If a
push-button is used, show the override tine duration
in the Schedule. Note that the occupancy sensor
specification requires a delay that is adjustable
bet ween 30 seconds and 15 minutes. |If a delay
outside of this range is needed edit the Cccupancy
Sensor Product specification in PART 2

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodulating control is

proportional -integral (Pl) control

.3.4.1 Qccupancy Modes

.3.4.1.1 CQccupi ed

Ensure the radiator DDC Hardware is in the Cccupi ed Mode when the | oca
space occupancy input(s) indicate that the space is occupi ed or when the
i nput fromthe System Schedul er i s occupi ed.
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3.3.4.1.2 Unoccupi ed

Ensure the radiator DDC Hardware is in the Unoccupi ed Mbde when the | oca
space occupancy input(s) indicate that the space is unoccupi ed and when
the input fromthe System Schedul er i s unoccupi ed.

3.3.4.2 Safeties

This system has no safeties.
3.3.4.3 Space Tenperature Contro
3.3.4.3.1 Qccupi eed Mode

In the Cccupi ed Mode, nodul ate the heating control valve to nmaintain space
tenmperature at the configured setpoint or at the occupant-adjustable
setpoint via the wall-nounted thernostat, as shown.

3.3.4.3.2 Unoccupi ed Mode

In the Unoccupi ed Mbde, nodul ate the heating control valve to maintain
space tenperature at the configured setpoint as shown.

3.3.5 Unit Heater and Cabi net Unit Heater

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R

NOTE:

1) Show t he occupancy schedul e (days/tines) on the
Qccupancy Schedul e drawi ng. For sinmplicity, it is
recomended that all units operate on the sane
schedul e.

2) Space occupancy input(s) may consist of an
occupancy sensor and/or a |ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X' in the Thernostat Schedule. |If a
push-button is used, show the override tine duration
in the Schedule. Note that the occupancy sensor
specification requires a delay that is adjustable
bet ween 30 seconds and 15 minute. If a delay
outside of this range is needed edit the Gccupancy
Sensor Product specification in PART 2

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

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.
Unl ess ot herwi se specified, all nodul ating control is
proportional -integral (Pl) control
3.3.5.1 Of-Auto Switch
3.3.5.1.1 OFF

Wth the thernostat OFF- AUTO switch in the OFF position, stop the fan and
cl ose the heating control valve.

3.3.5.1.2 AUTO

Wth the thernostat OFF-AUTO switch in the AUTO position, control the unit
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3.

in accordance with its Occupancy Mode.

.3.5.2 Qccupancy Modes

.3.5.2.1 CQccupi ed

Ensure the unit heater DDC Hardware is in the Cccupi ed Mode when the | oca
space occupancy input(s) indicate that the space is occupi ed or when the
i nput fromthe System Schedul er i s occupi ed.

.3.5.2.2 Unoccupi ed

Ensure the unit heater DDC Hardware is in the Unoccupi ed Mode when the
| ocal space occupancy input(s) indicate that the space is unoccupied and
when the input fromthe System Schedul er is unoccupi ed.

.3.5.3 Saf eti es

Run the unit subject to the unit manufacturer's safeties.

.3.5.4 Space Tenperature Control

.3.5.4.1 Qccupi ed Mode

In the Occupi ed Mode, nodul ate the heating control valve and cycle the
nmulti-speed fan to nmintain space tenperature at the configured setpoint
or at the occupant-adjustable setpoint via the wall-munted thernostat, as
shown.

.3.5.4.2 Unoccupi ed Mode

In the Unoccupi ed Mbde, nodul ate the heating control valve and cycle the
multi-speed fan to maintain space tenperature at the configured setpoint
as shown.

3.6 Gas-Fired Infrared Heater

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

NOTE:
1) Use of a System Scheduler is likely not needed in
this application. |If it is, edit the sequence and

t he draw ngs.

2) Space occupancy input(s) nay consist of an
occupancy sensor and/or a |ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X in the Thernostat Schedule. |If a
push-button is used, show the override tine duration
in the Schedule. Note that the occupancy sensor
specification requires a delay that is adjustable
bet ween 30 seconds and 15 minute. |If a delay
outside of this range is needed edit the Cccupancy
Sensor Product specification in PART 2

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control is

proportional -integral (Pl) control
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.3.6.1 On-Of-Auto Switch
.3.6.1.1 ON

Wth the thernpstat ON OFF- AUTO switch in the ON position, energize the
heater and run the heater continuously.

.3.6.1.2 OFF

Wth the thernpostat ONOFF- AUTO switch in the OFF position, de-energize
the heater.

.3.6.1.3 AUIO

Wth the thernpstat ON OFF- AUTO switch in the AUTO position, control the
heater in accordance with its COccupancy Mode.

.3.6.2 Qccupancy Modes
.3.6.2.1 CQccupi ed

Ensure the unit DDC Hardware is in the Occupi ed Mode when the | ocal space
occupancy input(s) indicate that the space is occupied.

.3.6.2.2 Unoccupi ed

Ensure the unit DDC Hardware is in the Unoccupi ed Mode when the |oca
space occupancy input(s) indicate that the space is unoccupi ed.

.3.6.3 Safeties

Run the heater subject to the unit manufacturer's safeties.
.3.6.4 Space Tenperature Control

.3.6.4.1 Qccupi ed Mode

In the Cccupi ed Mode, operate the heater to maintain space tenperature at
t he configured setpoint or at the occupant-adjustable setpoint via the
wal | - nount ed t hernostat, as indicated.

.3.6.4.2 Unoccupi ed Mode

In the Unoccupi ed Mbde, operate the heater to maintain space setpoint at
t he configured unoccupi ed setpoint as indicated.

. 3.7 Dual Tenperature Fan-Coil Unit

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE:

1) Show t he occupancy schedul e (days/tines) on the
Qccupancy Schedul e drawing. For sinmplicity, it is
recomended that all units operate on the sane
schedul e.

2) Space occupancy input(s) nmay consist of an

occupancy sensor and/or a |ocal push-button
I ndicate the use of a sensor and/or push-button by
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placing an ' X' in the Thernbstat Schedule. |If a
push-button is used, show the override tine duration
in the Schedule. Note that the occupancy sensor
specification requires a delay that is adjustable
bet ween 30 seconds and 15 minute. If a delay outside
of this range is needed edit the Cccupancy Sensor
Product specification in PART 2

3) Show 2-way and 3-way val ve sel ections on the
Val ve Schedul e.

4) Fan coil units typically have unit-nounted
thernostats. Indicate if wall nmounting is desired
and/or show in the Thernostat Schedule for the

i ndi vidual fan coil units.
EIR IR R R R S I I I I I I I I IR I R R S R I IR I IR I R I I R R I I A I I I R R I S I b R I b I IR I I I b I b b b b I I I b b b I

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodulating control is

proportional -integral (Pl) control

.3.7.1 Of-Auto Switch

.3.7.1.1 OFF

Wth the thernpostat OFF-AUTO switch in the OFF position, stop the fan and
cl ose the dual -tenperature control valve.

.3.7.1.2 AUTO

Wth the thernostat OFF-AUTO switch in the AUTO position, control the unit
in accordance with its Gccupancy Mode.

.3.7.2 Qccupancy Modes

.3.7.2.1 Cccupi ed

Ensure the unit DDC Hardware is in the Occupi ed Mode when the | ocal space
occupancy input(s) indicate that the space is occupied or when the input
fromthe System Schedul er is occupi ed.

.3.7.2.2 Unoccupi ed

Ensure the unit DDC Hardware is in the Unoccupi ed Mode when the |oca
space occupancy input(s) indicate that the space is unoccupi ed and when
the input fromthe System Schedul er i s unoccupi ed.

.3.7.3 Heat / Cool Modes

Automatically switch the fan coil unit DDC Hardware between the heating
and cooling nodes and the resultant control action, based on a

pi pe- nount ed dual -tenperature supply water tenperature sensor

.3.7.4 Saf eti es

Run the unit subject to the unit manufacturer's safeties.
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3.3.7.5 Space Tenperature Control

3.3.7.5.1 Qccupi ed Mode
In the Cccupi ed Mode, nodul ate the dual -tenperature control val ve and
nodul ate the nulti-speed fan to mmintain space tenperature at the

configured setpoint or at the occupant-adjustable setpoint via the
[wal | -mount ed] thernostat, as indicated.

3.3.7.5.2 Unoccupi ed Mode
In the Unoccupi ed Mbde, nodul ate the dual -tenperature control valve and
nodul ate the nulti-speed fan to mmintain space tenperature at the
configured setpoint as indicated.

3.4 SEQUENCES OF OPERATI ON FOR HYDRONI C SYSTEMS

3.4.1 Hydroni ¢ Heating Hot Water from Distributed [ Stean][ HTHW Converter

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

NOTE:
1) Sel ect Steam or Hi gh Tenperature Hot Water as
required.

2) The designer may want to consi der ot her
conditions under which this systemis enabl ed, such

as outside air t enper at ure.
B R R R

Install DDC hardware to performthis Sequence of Operation and to provide

SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodulating control mnust be

proportional -integral (Pl) control

3.4.1.1 System Enabl e and Loop Enabl e

a. Mnitor the enabled status of all systens served by this system [If
[one] [two] [ ] or nore systenms served by this system are enabl ed,
enabl e this system (SYS-ENA), otherw se disable this system| ].

b. When this systemis enabled (SYS-ENA) conmand the hot water punp on
via the Hot Water Punp Start/Stop (HWPMP-SS) comrand

c. Wen this systemis enabled (SYS-ENA) and the hot water punp is
proof ed on, enable the Heat Exchanger Control | oop

3.4.1.2 HAND- OFF- AUTO Swi t ch
Provi de hot water punp notor starter with an HO A switch:
3.4.1.2.1 HAND

Wth the HO A switch in HAND position, the punp starts and runs
conti nuously.

3.4.1.2.2 OFF

Wth the HO A switch in OFF position, the punp stops.
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3.4.1.

2.3

AUTO

Wth the HO A switch in AUTO position, the punp runs subject to the Hot
r Pump Start/Stop (HWPMP-SS) comrand.

Wat e

3.4.1.

3 Proofs and Safeties

DDC Har dware nust nonitor all proofs and safeties.

3.4.1.

3.1

Hot wat er

3.4.1.

None

3.4.1.

3.2

3.3

Reset all
i nput to the DDC Hardware, via a renote command to the DDC Hardware via

SNVT or

Proofs
punp status (HW PMP-S)

Saf eti es

DDC Har dwar e Reset

proofs and safeties via a local binary push-button (RST-BUT)

both (where the Contractor provides both reset functions and the

operator can use either one to performthe reset), as indicated on the
Poi nts Schedul e draw ng.

3.4.1.

4 Heat Exchanger Val ve Control

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: |If a reset schedule is not required delete
this option ([determined froma |inear reset

schedul e]) fromthe sequence along with the reset
schedule in the drawing. Were reset is used, edit
the tenperatures shown in the reset schedule on the
dr awi ng.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

When this loop is enabl ed nodul ate the [steani[hi gh tenmperature hot water]
valve to nmamintain the Hot Water Supply Tenperature (HW5-T) at setpoint
(HWs-T-SP). The Hot Water Supply Tenperature Setpoint (HWMT-SP) nust be
[determined froma |linear reset schedule] as shown. Wen this loop is

di sabl ed,

3.4.2

Hydr

cl ose the val ve.

oni ¢ Heating Hot Water From Singl e-Buil di ng Boil er

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The designer may want to consider other
conditions under which this systemis enabl ed, such
as outside air tenperature.

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

I nstall

DDC hardware to performthis Sequence of Operation and to provide

SNVT i nputs and outputs as specified and shown on the Points Schedul e.
Unl ess ot herwi se specified, all nodul ating control is
proportional -integral (Pl) control.

3.4.2.

a.

1 System Enabl e and Loop Enabl e

Moni tor the enabl ed status of all systens served by this system [|f

one or

nore systens served by this systemare enabled, enable this

SECTION 23 09 93 Page 53



system (SYS-ENA). If no systens served by this system are enabl ed,
di sabl e this system

b. When this systemis enabled (SYS-ENA) and the hot water punp is
proof ed on, enable the boiler control and hot water tenperature
control | oops.

.4.2.2 HAND- OFF- AUTO Swi t ch
Provi de hot water punp notor starter with an HO A switch

.4.2.2.1 HAND

Wth the HO A switch in HAND position, start the punp and run
conti nuously.

.4.2.2.2 OFF
Wth the HO A switch in OFF position, stop the punp.
.4.2.2.3 AUTO

Wth the HO A switch in AUTO position, run the punp subject to the Hot
Water Punp Start/Stop (HWPMP-SS) comand

.4.2.3 Proofs and Safeties

DDC Hardware nust nonitor all proofs and safeties.

.4.2.3.1 Proof s

Hot water punp

.4.2.3.2 Safeties

None

.4.2.3.3 DDC Har dwar e Reset

Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)

i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e draw ng.

.4.2. 4 Boil er Contro

When this loop is enabled, turn the boiler on. Wen this loop is
di sabl ed, the boiler is turned off.

.4.2.5 Hot Water Tenperature Contro

VWhen this loop is enabl ed nodul ate the 3-way nixing valve to maintain hot
wat er supply tenperature (HWs-T) at setpoint (HWs-T-SP). The Hot Water
Supply Tenperature Setpoint (HWS-T-SP) nust be [determined froma linear
reset schedul e] as shown. Wen this |loop is disabled, the valve is inits
normal (failsafe) position.
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3.4.3 Hydroni ¢ Dual - Tenperature Systemwi th [ Steam [H gh Tenperature Hot
Wat er] Heat Exchanger and Chilled Water

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:
1) Select Steamor H gh Tenperature Hot Water as
required.

3) The designer may want to consider ot her
conditions under which this systemis enabl ed, such
as outside air tenperature.

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

Install DDC hardware to performthis Sequence of Operation and to provide
SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control is

proportional -integral (Pl) control

3.4.3.1 System Enabl e and Loop Enabl e

a. Mnitor the enabled status of all systens served by this system |If
one or nore systens served by this systemare enabl ed, enable this
system (SYS-ENA). If all systens served by this system are not

enabl ed, do not enable this system
b. When the systemis enabled (SYS-ENA), run the punp.

c. Wen this systemis enabled (SYS-ENA), and the HEATI NG COOLI NG switch
is in HEATING the Heat Exchanger Control |oop is enabl ed.

R I I S Sk S S R R S S S I
NOTE: Chiller Enable (the follow ng paragraph) is
only required when there is a local chiller. In
cases where chilled water is froma central plant
delete the chiller enable requirenent.

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

[ d. Wen this systemis enabled (SYS-ENA), and the HEATI NG COOLI NG swi tch
is in COOLING and the dual -tenmperature return water (DTWR-T) is bel ow
the dual -tenperature return water high-limt tenperature (DITWR T-HL)
setpoint of 29 degrees C 85 degrees F, enable the chiller.]

3.4.3.2 Swi t chover Val ve Operation
Moni tor the status of the DTWR-T-LL and DTWR-T-HL switches.

3.4.3.2.1 HEATI NG COOLI NG Switch in the HEATI NG Position
Wth the HEATI NG COOLI NG switch in the HEATI NG position, the switchover
val ve must open the heat-cool system piping to the heat exchanger and
cl ose the heat-cool systempiping to the [central plant chilled
wat er][single-building chiller].

3.4.3.2.2 HEATI NG COOLI NG Switch in the COOLI NG Position
Wth the HEATI NG COOLI NG switch in the COOLI NG position, the sw tchover

val ve must open the heat-cool systempiping to the [central plant chilled
wat er][single-building chiller] and close the heat-cool systempiping to
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t he heat exchanger whenever the dual -tenperature return water tenperature
(DTWR-T) is below the dual -tenperature return water high-limt tenperature
(DTVWR- T- HL) .

.4.3.3 HAND- OFF- AUTO Swi t ch

Provi de Dual - Tenperature water punp notor starter with an HO A switch:

.4.3.3.1 HAND

Wth the HO A switch in HAND position, the punp starts and runs
conti nuously.

.4.3.3.2 OFF
Wth the HO A switch in OFF position, the punp stops.
.4.3.3.3 AUTO

Wth the HO A switch in AUTO position, the punp runs subject to the
Dual - Tenperature Water Punmp Start/Stop (DTWPMP-SS) System Enabl e
( SYS- ENA) comand.

.4.3.4 Proofs and Safeties

DDC Har dware nust nonitor all proofs and safeties.
.4.3.4.1 Proof s

None

.4.3.4.2 Saf eti es

Direct-hardwire interl ock heat exchanger differential pressure switch
(HX-P-LL) to the [steam [high tenperature hot water] val ve.

.4.3.4.3 DDC Har dwar e Reset

Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)

i nput to the DDC Hardware, via a renote command to the DDC Hardware via
SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e draw ng.

[3.4.3.5 [ Heat Exchanger][M xi ng] Val ve Control

VWhen this loop is enabl ed nodul ate the [steani[hi gh tenperature hot water]
valve to nmamintain the Hot Water Supply Tenperature (HWS-T) at setpoint
(HWs-T-SP). The Hot Water Supply Tenperature Setpoint (HWS-T-SP) nust be
[determined froma |linear reset schedule] as shown. The DDC Har dware nust
nmoni tor the status of the HX-P-LL safety. When this |oop is disabled,

cl ose the val ve.

13.4.4 Hydroni ¢ Secondary with Vari abl e Speed Punp

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

NOTE:
1) This spec does not include a variable frequency
drive (VFD) specification. Specify a VFD that neets
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the requirenents of the control sequence including
the integral HOA

2) The designer may want to consider ot her

conditions under which this systemis enabl ed, such
as outside air tenperature.

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

Install DDC hardware to performthis Sequence of Operation and to provide

SNVT i nputs and outputs as specified and shown on the Points Schedul e.

Unl ess ot herwi se specified, all nodul ating control is

proportional -integral (Pl) control.

.4.4.1 Syst em Enabl e and Loop Enabl e:

a. Mnitor the enabled status of all systens served by this system |If
one or nore systens served by this systemare enabled, enable this
system (SYS-ENA). If all systens served by this system are not
enabl ed, do not enable this system

b. When this systemis enabled (SYS-ENA) the Pressure Control |oop mnust
be enabl ed.

.4.4.2 HAND- OFF- AUTO Swi t ch

Provi de hot water punp variable frequency drive (VFD) unit with an
integral HHO A switch:

.4.4.2.1 HAND

Wth the HO A switch in HAND position, the punp starts and runs
continuously. Ensure punp speed is under nanual -operator control.

.4.4.2.2 COFF

Wth the HO A switch in OFF position, the punp stops.

.4.4.2.3 AUTO

Wth the HO A switch in AUTO position, run the punp subject to the Hot
Water Punp Start/Stop (HWPMP-SS) command and ensure punp speed is under
control of the DDC system

.4.4.3 Proofs and Safeties

DDC Hardware nust nonitor all proofs and safeties.

.4.4.3.1 Proof s

None

.4.4.3.2 Saf eties

None

.4.4.3.3 DDC Har dwar e Reset

Reset all proofs and safeties via a |ocal binary push-button (RST-BUT)
i nput to the DDC Hardware, via a renote command to the DDC Hardware via
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SNVT or both (where the Contractor provides both reset functions and the
operator can use either one to performthe reset), as shown on the Points
Schedul e dr awi ng.

.4.4.4 Pressure Contro

When this loop is enabl ed nodul ate the punp variable frequency drive unit
to maintain the pipe system pressure at setpoint as shown, as neasured by
the differential pressure tap and sensor as shown. When this loop is

di sabl ed, ensure the DDC Hardware capacity nodul ation output to the VFD is
zero percent.

-- End of Section --
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