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PART 1 GENERAL

1.1 DEFINITIONS
1.2 SUBMITTALS

PART 2 PRODUCTS

PART 3 EXECUTION

3.1 SEQUENCES OF OPERATION FOR OCCUPANCY SCHEDULING
3.1.1 System Mode
3.1.2 System Scheduler Requirements
3.1.2.1 Scheduled Occupancy Input
3.1.2.2 Occupancy Override Input
3.1.2.3 Space Occupancy Inputs
3.1.2.4 Air Handler Occupancy Output
3.1.2.5 Terminal Unit Occupancy Output
3.1.2.6 Default Schedule
3.1.2.7 Communication Determination
3.1.3 System Scheduler Output Determination
3.1.3.1 Air Handler Occupancy Output
3.1.3.2 Terminal Unit Occupancy Output
3.1.4 Air Handler System Scheduling
3.1.5 Stand-Alone Terminal Unit Scheduling
3.2 SEQUENCES OF OPERATION FOR AIR HANDLING UNITS
3.2.1 All-Air Small Package Unitary System
3.2.1.1 Fan ON-AUTO Switch
3.2.1.1.1 ON
3.2.1.1.2 AUTO
3.2.1.2 HEAT-OFF-COOL[-EMERG HEAT] Switch
3.2.1.2.1 HEAT-COOL[-EMERG HEAT]
3.2.1.2.2 OFF
3.2.1.3 Occupancy Modes
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3.2.1.3.1 Occupied
3.2.1.3.2 Unoccupied
3.2.1.4 Safeties
3.2.1.5 Zone Temperature Control
3.2.2 Heating and Ventilating Unit (or Unit Ventilator)
3.2.2.1 HAND-OFF-AUTO Switches
3.2.2.1.1 HAND
3.2.2.1.2 OFF
3.2.2.1.3 AUTO
3.2.2.2 Occupancy Modes
3.2.2.2.1 Occupied
3.2.2.2.2 Unoccupied
3.2.2.3 System Enable and Loop Enable
3.2.2.3.1 Occupied Mode
3.2.2.3.2 Unoccupied Mode
3.2.2.4 Proofs and Safeties
3.2.2.4.1 Proofs
3.2.2.4.2 Safeties
3.2.2.4.3 DDC Hardware
3.2.2.5 Zone Temperature Control
3.2.2.5.1 Enabled Loop
3.2.2.5.2 Disabled Loop
3.2.2.6 Mixed Air Damper Control
3.2.3 Single Zone with Heating and [DX]Cooling Coils
3.2.3.1 HAND-OFF-AUTO Switch
3.2.3.1.1 HAND
3.2.3.1.2 OFF
3.2.3.1.3 AUTO
3.2.3.2 Occupancy Modes
3.2.3.3 System Enable and Loop Enable
3.2.3.3.1 Occupied Mode
3.2.3.3.2 Unoccupied Mode
3.2.3.3.3 Warm Up / Cool Down Mode
3.2.3.4 Proofs and Safeties
3.2.3.4.1 Proofs
3.2.3.4.2 Safeties
3.2.3.4.3 DDC Hardware
3.2.3.5 Minimum Outside Air Flow Control
3.2.3.6 Economizer Damper Control
3.2.3.6.1 Enabled Loop
3.2.3.6.2 Disabled Loop
3.2.3.6.3 Economizer Enable Logic
3.2.3.7 Heating Coil Control
3.2.3.8 [DX]Cooling Coil Control
3.2.4 Single Zone with Dual-Temperature Coll
3.2.4.1 HAND-OFF-AUTO Switch
3.2.4.1.1 HAND
3.24.1.2 OFF
3.2.4.1.3 AUTO
3.2.4.2 Occupancy Modes
3.2.4.3 System Enable and Loop Enable
3.2.4.3.1 Occupied Mode
3.2.4.3.2 Unoccupied Mode
3.2.4.3.3 Warm Up / Cool Down Mode
3.2.4.4 Proofs and Safeties
3.2.4.4.1 Proofs
3.2.4.4.2 Safeties
3.2.4.4.3 DDC Hardware
3.2.4.5 Minimum Outside Air Flow Control
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3.2.4.6 Economizer Damper Control
3.2.4.6.1 Enabled Loop
3.2.4.6.2 Disabled Loop
3.2.4.6.3 Economizer Enable Logic
3.2.4.7 Dual Temperature Coil Control
3.2.4.7.1 Enabled Loop
3.2.4.7.2 DDC Hardware
3.2.4.7.3 Disabled Loop
3.2.5 Single Zone with Heating and Cooling Coils and Return Air
Bypass
3.2.5.1 HAND-OFF-AUTO Switch
3.25.1.1 HAND
3.25.1.2 OFF
3.25.1.3 AUTO
3.2.5.2 Occupancy Modes
3.2.5.3 System Enable and Loop Enable
3.2.5.3.1 Occupied Mode
3.2.5.3.2 Unoccupied Mode
3.2.5.3.3 Warm Up / Cool Down Mode
3.2.5.4 Proofs and Safeties
3.2.5.4.1 Proofs
3.2.5.4.2 Safeties
3.2.5.4.3 DDC Hardware
3.2.5.,5 Minimum Outside Air Flow Control
3.2.5.6 Economizer Damper Control
3.2.5.6.1 Enabled Loop
3.2.5.6.2 Disabled Loop
3.2.5.6.3 Economizer Enable Logic
3.2.5.7 Temperature Control Loop Heating Coil Control
3.2.6 Single Zone with Humidity Control
3.2.6.1 HAND-OFF-AUTO Switch
3.2.6.1.1 HAND
3.2.6.1.2 OFF
3.2.6.1.3 AUTO
3.2.6.2 Occupancy Modes
3.2.6.3 System Enable and Loop Enable
3.2.6.3.1 Occupied Mode
3.2.6.3.2 Unoccupied Mode
3.2.6.3.3 Warm Up / Cool Down Mode
3.2.6.4 Proofs and Safeties
3.2.6.4.1 Proofs
3.2.6.4.2 Safeties
3.2.6.4.3 DDC Hardware
3.2.6.5 Minimum Outside Air Flow Control
3.2.6.6 Preheat Coil Control Loop
3.2.6.7 Cooling-and-Dehumidification Coil Control
3.2.6.8 Reheat Coil Control
3.2.6.9 Humidification Control
3.2.7 Multizone [Dual-Duct] [with][without] Return Fan
3.2.7.1 HAND-OFF-AUTO switches and Fire Alarm Panel (FAP) Signal
3.2.7.1.1 HAND
3.2.7.1.2 OFF
3.2.7.1.3 AUTO
3.2.7.2 Return Fan VFD
3.2.7.3 Occupancy Modes
3.2.7.4 System Enable and Loop Enable
3.2.7.4.1 Occupied Mode
3.2.7.4.2 Unoccupied Mode
3.2.7.4.3 Warm Up / Cool Down Mode
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3.2.7.5 Proofs and Safeties
3.2.7.5.1 Proofs
3.2.7.5.2 Safeties
3.2.7.5.3 DDC Hardware Reset
3.2.7.6 Minimum Outside Air Flow Control
3.2.7.7 Mixed Air Temperature Control With Economizer
3.2.7.7.1 Enabled Loop
3.2.7.7.2 Disabled Loop
3.2.7.7.3 Economizer Enable Logic
3.2.7.8 Hot Deck Coil Control
3.2.7.8.1 Enabled Loop
3.2.7.8.2 DDC Hardware Reset
3.2.7.9 Cold Deck Coil Control
3.2.7.10 Zone Temperature Control
3.2.7.10.1 Zone Temperature Setpoint
3.2.7.10.2 DDC Hardware Modulation
3.2.8 Multizone with Hot Deck Bypass [with][without] Return Fan
3.2.8.1 HAND-OFF-AUTO Switches
3.2.8.1.1 HAND
3.2.8.1.2 OFF
3.2.8.1.3 AUTO
3.2.8.2 Return Fan Motor Starter
3.2.8.2.1 HAND
3.2.8.2.2 OFF
3.2.8.2.3 AUTO
3.2.8.3 Occupancy Modes
3.2.8.4 System Enable and Loop Enable
3.2.8.4.1 Occupied Mode
3.2.8.4.2 Unoccupied Mode
3.2.8.4.3 Warm Up / Cool Down Mode
3.2.8.5 Proofs and Safeties
3.2.8.,5.1 Proofs
3.2.8.5.2 Safeties
3.2.8.5.3 DDC Hardware Reset
3.2.8.6 Minimum Outside Air Flow Control
3.2.8.7 Mixed Air Temperature Control With Economizer
3.2.8.7.1 Enabled Loop
3.2.8.7.2 Disabled Loop
3.2.8.7.3 Economizer Enable Logic
3.2.8.8 Cold Deck Coil Control
3.2.8.9 Zone Temperature Control
3.2.9 Variable Air Volume System [with][without] Return Fan
3.2.9.1 HAND-OFF-AUTO Switches
3.2.9.1.1 HAND
3.2.9.1.2 OFF
3.2.9.1.3 AUTO
3.2.9.2 Return Fan Variable Frequency Drive
3.2.9.2.1 HAND
3.2.9.2.2 OFF
3.2.9.2.3 AUTO
3.2.9.3 Occupancy Modes
3.2.9.4 Proofs and Safeties
3.2.9.4.1 Proofs
3.2.9.4.2 Safeties
3.2.9.4.3 DDC Hardware Reset
3.2.9.5 System Enable and Loop Enable
3.2.9.5.1 Occupied Mode
3.2.9.5.2 Unoccupied Mode
3.2.9.5.3 Warm Up/Cool Down
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3.2.9.6 Fan Capacity Control
3.2.9.6.1 Supply Duct Static Pressure Control
3.2.9.6.2 Return Fan Volume Control
3.2.9.7 Minimum Outside Air Flow Control
3.2.9.8 Mixed Air Temperature Control With Economizer
3.2.9.8.1 Enabled Loop
3.2.9.8.2 Disabled Loop
3.2.9.8.3 Economizer Enable Logic
3.2.9.9 Cooling Coil Control
3.2.9.10 Preheat Coil Control
3.3 SEQUENCES OF OPERATION FOR TERMINAL UNITS
3.3.1 Zone Temperature Control - Cooling-Only VAV Box
3.3.1.1 Occupancy Modes
3.3.1.1.1 Occupied
3.3.1.1.2 Unoccupied
3.3.1.2 Zone Temperature Control
3.3.1.2.1 Occupied Mode
3.3.1.2.2 Unoccupied Mode
3.3.2 Zone Temperature Control - VAV Box with Reheat
3.3.2.1 Occupancy Modes
3.3.2.1.1 Occupied
3.3.2.1.2 Unoccupied
3.3.2.2 Safeties
3.3.2.3 Zone Temperature Control
3.3.3 Zone Temperature Control - Fan Powered VAV Box
3.3.3.1 Occupancy Modes
3.3.3.1.1 Occupied
3.3.3.1.2 Unoccupied
3.3.3.2 Safeties
3.3.3.3 Fan Control
3.3.3.4 Zone Temperature Control
3.3.3.4.1 Occupied Mode
3.3.3.4.2 Unoccupied Mode
3.3.3.4.3 Sequencing
3.3.3.4.3.1 Cooling Mode
3.3.3.4.3.2 Heating Mode
3.3.4 Perimeter Radiation Control Sequence
3.3.4.1 Occupancy Modes
3.3.4.1.1 Occupied
3.3.4.1.2 Unoccupied
3.3.4.2 Safeties
3.3.4.3 Space Temperature Control
3.3.4.3.1 Occupieed Mode
3.3.4.3.2 Unoccupied Mode
3.3.5 Unit Heater and Cabinet Unit Heater
3.3.5.1 Off-Auto Switch
3.3.5.1.1 OFF
3.3.5.1.2 AUTO
3.3.5.2 Occupancy Modes
3.3.5.2.1 Occupied
3.3.5.2.2 Unoccupied
3.3.5.3 Safeties
3.3.5.4 Space Temperature Control
3.3.5.4.1 Occupied Mode
3.3.5.4.2 Unoccupied Mode
3.3.6 Gas-Fired Infrared Heater
3.3.6.1 On-Off-Auto Switch
3.3.6.1.1 ON
3.3.6.1.2 OFF
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3.3.6.1.3 AUTO
3.3.6.2 Occupancy Modes
3.3.6.2.1 Occupied
3.3.6.2.2 Unoccupied
3.3.6.3 Safeties
3.3.6.4 Space Temperature Control
3.3.6.4.1 Occupied Mode
3.3.6.4.2 Unoccupied Mode
3.3.7 Dual Temperature Fan-Coil Unit
3.3.7.1 Off-Auto Switch
3.3.7.1.1 OFF
3.3.7.1.2 AUTO
3.3.7.2 Occupancy Modes
3.3.7.2.1 Occupied
3.3.7.2.2 Unoccupied
3.3.7.3 Heat/Cool Modes
3.3.7.4 Safeties
3.3.7.5 Space Temperature Control
3.3.7.5.1 Occupied Mode
3.3.7.5.2 Unoccupied Mode
3.4 SEQUENCES OF OPERATION FOR HYDRONIC SYSTEMS
3.4.1 Hydronic Heating Hot Water from Distributed [Steam][HTHW]
Converter
3.4.1.1 System Enable and Loop Enable
3.4.1.2 HAND-OFF-AUTO Switch
3.4.1.2.1 HAND
3.4.1.2.2 OFF
3.4.1.2.3 AUTO
3.4.1.3 Proofs and Safeties
3.4.1.3.1 Proofs
3.4.1.3.2 Safeties
3.4.1.3.3 DDC Hardware Reset
3.4.1.4 Heat Exchanger Valve Control
3.4.2 Hydronic Heating Hot Water From Single-Building Boiler
3.4.2.1 System Enable and Loop Enable
3.4.2.2 HAND-OFF-AUTO Switch
3.4.2.2.1 HAND
3.4.2.2.2 OFF
3.4.2.2.3 AUTO
3.4.2.3 Proofs and Safeties
3.4.2.3.1 Proofs
3.4.2.3.2 Safeties
3.4.2.3.3 DDC Hardware Reset
3.4.2.4 Boiler Control
3.4.2.5 Hot Water Temperature Control
3.4.3 Hydronic Dual-Temperature System with [Steam][High Temperature
Hot Water] Heat Exchanger and Chilled Water
3.4.3.1 System Enable and Loop Enable
3.4.3.2 Switchover Valve Operation
3.4.3.2.1 HEATING/COOLING Switch in the HEATING Position
3.4.3.2.2 HEATING/COOLING Switch in the COOLING Position
3.4.3.3 HAND-OFF-AUTO Switch
3.4.3.3.1 HAND
3.4.3.3.2 OFF
3.4.3.3.3 AUTO
3.4.3.4 Proofs and Safeties
3.4.3.4.1 Proofs
3.4.3.4.2 Safeties
3.4.3.4.3 DDC Hardware Reset
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3.4.3.5 [Heat Exchanger][Mixing] Valve Control
3.4.4 Hydronic Secondary with Variable Speed Pump

3.4.4.1 System Enable and Loop Enable
3.4.4.2 HAND-OFF-AUTO Switch

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 Safeties

3.4.4.3.3 DDC Hardware Reset
3.4.4.4 Pressure Control

-- End of Section Table of Contents --

SECTION 23 09 93 Page 7



kkkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhkkkkkkkkkkhhkkkhkkkkhkkkkkkhhkkkhkkkkkkhkkkk

USACE / NAVFAC / AFCEC / NASA UFGS-23 09 93 (Novenber 2015)

Preparing Activity: USACE Superseding
UFGS- 23 09 23 (May 2011)
UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref erences are in agreenent with UVRL dated July 2021

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhhkkkkkkkkkkhhkkhkkkkhkkkkkkhkkkhkkkkkkhkkkk

SECTION 23 09 93

SEQUENCES OF OPERATION FOR HVAC CONTROL
11/15

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *kkkkkkkkkk *kkkk

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) Fornmat 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 information.

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
subm tted as a Criteria Change Request (CCR)
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NOTE: This Section contains only Sequences of
Qperation and cannot be used stand-al one (w thout
the use of other Sections). This Sectionis

i ntended 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://www.whbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/forms-graphics-tables
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NOTE: The Sequences of Qperation in this Section
are being updated, and this Section will soon be
revised to include the updated sequences.
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PART 1 GENERAL
1.1 DEFINITIONS

For definitions related to this Section, see Section 2309 00
INTRUMENTATION AND CONTROL FOR HVAC.

1.2 SUBMITTALS

Submittals related to this Section are specified in Section 2309 00
INTRUMENTATION AND CONTROL FOR HVAC.

PART 2 PRODUCTS

Products related to this Section are specified in Section 2309 00
INTRUMENTATION AND CONTROL FOR HVAC and related Sections 230913
INSTRUMENTATION AND CONTROL DEVICES FOR HVAC and 23 09 23.01 LONWORKS
DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS or
2309 23.02 BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING
CONTROL SYSTEMS.

PART 3 EXECUTION

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *kkkk

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 "ali1
Sequences of Operation are located on drawings'.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *kkkk

3.1 SEQUENCES OF OPERATION FOR OCCUPANCY SCHEDULING

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *kkkk

NOTE: FYl: Scheduling is nornmally 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 (Secti on
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.
FRKRREEHIIIRRREFIIIIRREFHKIIRRE IR RRREFFKIIRREEFIRARRREFHRRARREFHKRARREE
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3.1.1 System Mode

Operate air handling units (AHUSs) in Occupied, Warm-Up-Cool-Down, or
Unoccupied modes as specified. VAV boxes, Fan Coils, and operate other
terminal equipment in Occupied or Unoccupied modes as specified.
Chillers, boilers, and other sources of heating/cooling for hydronic loads
do not require scheduling; these systems receive requests for
heating/cooling from their loads.

3.1.2 System Scheduler Requirements
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.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

The System Scheduler functionality must reside in either a piece of DDC
Hardware dedicated to this functionality or in the DDC Hardware

controlling the system AHU. A single piece of DDC Hardware dedicated to
scheduling (performing no other control functionality) may contain

multiple System Schedulers. Provide a unique System Scheduler for; each
AHU including it's associated Terminal Units, and each stand-alone
Terminal Unit (those not dependent upon AHU service)[ or group of
stand-alone Terminal Units acting according to a common schedule]. Each
System Scheduler must provide the following functionality:

3.1.2.1 Scheduled Occupancy Input

Accept network variable of type SNVT_occupancy. Support the following
possible values: OC_STANDBY, OC_OCCUPIED and OC_UNOCCUPIED.

3.1.2.2 Occupancy Override Input

Accept network variable of type SNVT_occupancy. Support the following
possible values: OC_STANDBY, OC_OCCUPIED, OC_UNOCCUPIED, and OC_NUL.

3.1.2.3 Space Occupancy Inputs

For systems with multiple occupancy sensors, accept multiple inputs of

network variable type SNVT_Occupancy. Support the following possible

values: OC_OCCUPIED, OC_UNOCCUPIED, and OC_NUL. For systems with a
single occupancy sensor, accept a network variable input of type
SNVT_Occupancy or a hardware binary input (Bl) indicating the space
occupancy status as Occupied or Unoccupied.

3.1.2.4 Air Handler Occupancy Output
For a System Scheduler for a system containing an air handler, output one

or more SNVTs indicating the desired occupancy status as one of the
following possible values: Warm-Up-Cool-Down (when required by the AHU
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Sequence of Operation), Occupied and Unoccupied.
3.1.25 Terminal Unit Occupancy Output

For a System Scheduler for a stand-alone terminal unit, [a group of
stand-alone terminal units acting according to a common schedule,] or a
group of terminal units served by a single air handler, output one or

more SNVTs indicating the desired occupancy status as one of the following
possible values: Occupied and Unoccupied.

3.1.2.6 Default Schedule

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

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) .

* *kkkkk *% *kkkkk *% *kkkkk *% * * *% *%

Incorporate a 24-hour 7-day default schedule as shown on the drawings
which may be activated and deactivated by the System Scheduler Logic.

3.1.2.7 Communication Determination

Determine the time elapsed between receipts of the scheduled occupancy
input SNVT, and use this elapsed time to activate and deactivate the
Default Schedule as specified. (This provides the capability for the
system scheduler to use its Default Schedule if it loses communication
with the UMCS).

3.1.3 System Scheduler Output Determination

For controlling an Air Handler, interpret a SNVT input of OC_STANDBY as
Warm-Up-Cool-Down if the sequence of operation supports that mode,
otherwise interpret OC_STANDBY as Occupied. For Terminal Units, interpret
OC_STANDBY as Occupied.

3.13.1 Air Handler Occupancy Output

If more than 95 minutes have passed since the last receipt of the

Scheduled Occupancy input, determine the Air Handler Occupancy Output by
the default schedule and the Space Occupancy Inputs. Otherwise, determine
the output as follows:

a. If the Override Occupancy Input is not OC_NUL, determine the Air
Handler Occupancy Output from the Override Occupancy Input.

b. Otherwise, if at least the required number (as shown on the Occupancy
Schedule Drawing) of Space Occupancy Inputs are OC_OCCUPIED or the
hardware Bl is Occupied the Air Handler Occupancy Output must be
OC_OCCUPIED.

c. Otherwise, determine the Air Handler Occupancy Output from the
Scheduled Occupancy Input SNVT.

3.1.3.2 Terminal Unit Occupancy Output

If more than 95 minutes have passed since the last receipt of the
Scheduled Occupancy input, determine the Terminal Unit Occupancy Output by
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the default schedule. Otherwise, determine the output as follows:

a. If the Override Occupancy Input is not OC_NUL, determine the Terminal
Unit Occupancy Output from the Override Occupancy Input SNVT:

b. Otherwise, determine the Terminal Unit Occupancy Output from the
Scheduled Occupancy SNVT.

3.14 Air Handler System Scheduling

a. Bind the AHU Occupancy Output SNVT from the System Scheduler to the
DDC Hardware that executes the Occupancy Mode Determination part of
the Air Handler Sequence of Operation

b. For Air Handlers using occupancy sensors, bind the output SNVT (of
type SNVT_Occupancy) of each occupancy sensor to a Space Occupancy
Input of the System Scheduler.

c. Bind the Terminal Unit Occupancy Output SNVT from the System Scheduler
to each AHU-Dependent Terminal Unit.

d. AHU-Dependent Terminal Units with occupancy sensors must have the
Effective Occupancy SNVT (of type SNVT_Occupancy) of each Terminal
Unit bound to a Space Occupancy Input of the System Scheduler.

3.15 Stand-Alone Terminal Unit Scheduling

Bind the Terminal Unit Occupancy Output from the System Scheduler to the
DDC Hardware that executes the Occupancy Mode Determination part of the
Terminal Unit Sequence of Operation.

3.2 SEQUENCES OF OPERATION FOR AIR HANDLING UNITS

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhhkkkkkkkkkkhhkkhkkkhkkkkkkhkkkhkkkkkkkkkk

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

software).

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

3.2.1 All-Air Small Package Unitary System

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhkkkkkkkkkkhkhkkkhkkkhkkkkkkhkkkkhkkkkkkhkkkk

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

* *kkkkk *% *kkkkk *% *kkkk * *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control must be
proportional-integral (PI) control.

3.211 Fan ON-AUTO Switch

3.21.1.1 ON

With the thermostat fan ON-AUTO switch in the ON position, the DDC
Hardware must start and continuously run the fan.

3.2.1.1.2 AUTO

With the thermostat fan ON-AUTO switch in the AUTO position, the DDC
Hardware operates the fan according 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)]
With the thermostat switch in the HEAT or COOL [or EMERG HEAT] positions,
use the DDC Hardware to operate the package unit according to the
Occupancy Mode.

3.2.1.2.2 OFF
With the thermostat switch in the OFF position, de-energize the heating

unit and cooling unit [and emergency supplemental heat] with the DDC
Hardware.
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3.2.1.3 Occupancy Modes
3.2.131 Occupied

The unit DDC Hardware must be in the Occupied Mode when the local space
occupancy input(s) indicate that the space is occupied or when the input
from the System Scheduler is occupied.

3.2.1.3.2 Unoccupied
The unit DDC Hardware must be in the Unoccupied Mode when the local space
occupancy input(s) indicate that the space is unoccupied and when the
input from the System Scheduler is unoccupied.
3.2.14 Safeties
Run the unit subject to the unit manufacturer's safeties.
3.2.15 Zone Temperature Control
a. In the Occupied Mode the zone temperature setpoint (ZN-T-SP) must be
at the configured setpoint or at the occupant-adjustable setpoint via

the wall-mounted thermostat, as indicated.

b. Inthe Unoccupied Mode the zone temperature setpoint (ZN-T-SP-UNOCC)
must be at the configured setpoint (ZN-T-SP-UNOCC) as indicated.

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

3.2.2 Heating and Ventilating Unit (or Unit Ventilator)

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhhkkkkkkkkkkhhkkkhkkkkhkkkkkkhhkkkkhkkkkkkhkkkk

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 input 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 |ocal

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.

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhkkkkkkkkkkhhkkkhkkkkhkkkkkkhkkkkhkkkkkkhkkkk

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control must be
proportional-integral (PI) control.

3.2.2.1 HAND-OFF-AUTO Switches
Supply fan motor starter must accept a Fire Alarm Panel (FAP) signal that
takes precedence over all other starter inputs and switches and start the
fan. The fan motor starter must accept an occupant accessible emergency
shutoff switch as indicated. The supply fan motor starter must have an
H-O-A switch:

3.221.1 HAND

With the H-O-A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.

SECTION 23 09 93 Page 15



3.221.2 OFF
With the H-O-A switch in OFF position, the supply fan stops.
3.2.2.1.3 AUTO

With the H-O-A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS) command and Safeties.

3.2.2.2 Occupancy Modes

Obtain the system's Occupancy Mode input from the System Scheduler as
specified and indicated. Operate the system in one of the following modes:

3.2.2.21 Occupied
The Unit's DDC Hardware must be in the Occupied Mode when the input from
the System Scheduler (SYS-OCC) is occupied [or when the local space
occupancy input(s) (ZN-OCC) indicate that the space is occupied].

3.2.2.2.2 Unoccupied
The Unit's DDC Hardware must be in the Unoccupied Mode when the input from
the System Scheduler (SYS-OCC) is unoccupied[ and when the local space
occupancy input(s) (ZN-OCC) indicate that the space is unoccupied].

3.2.2.3 System Enable and Loop Enable

3.2.231 Occupied Mode

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

NOTE: Include bracketed text (M xed Air Danper
Control) for systems with 2-position dampers.

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhhkkkkkkkkkkhhkkhkkkhkkkkkkhkkkhkkkkkkkkkk

Enabe the supply fan (SYS-ENA) and command to run (SF-SS). Enable the
Zone Temperature Control loop [and Mixed Air Damper Control].

3.2.2.3.2 Unoccupied Mode

Disable all control loops. When BLDG-T drops below BLDG-T-LL-SP (with a
degrees C 5 degrees F deadband) enable the supply fan (SYS-ENA) and
command to run (SF-SS) and enable the Zone Temperature Control loop.

3.2.24 Proofs and Safeties

Subject the supply fan and all DDC Hardware control loops to Proofs and
Safeties. Direct-hardwire interlock safeties to the fan starter circuit

as indicated. DDC Hardware must monitor all proofs and safeties and
failure of any proof or activation of any safety must result in all

control loops being disabled and the AHU fan being commanded off until
reset.

3.2.24.1 Proofs

Supply fan status (proof) (SF-S)
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3.2.24.2 Safeties

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

b. Supply air smoke (SA-SMK)

[ c. Return air smoke (RA-SMK) ]

3.2.2.4.3 DDC Hardware
DDC Hardware reset all proofs and safeties via a local binary push-button
(RST-BUT) input to the DDC Hardware, via a remote command to the DDC
Hardware via SNVT or both (where the Contractor provides both reset
functions and the operator can use either one to perform the reset), as

indicated on the Points Schedule drawing.

3.2.25 Zone Temperature Control

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

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

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

3.2.251 Enabled Loop

When this loop is enabled, the DDC Hardware must modulate the heating
valve [and outside air, relief, and return air dampers in sequence] to
maintain zone temperature (ZN-T) at setpoint (ZN-T-SP). [Provide
sequencing as indicated: Upon a rise in zone temperature above zone
temperature setpoint (ZN-T-SP), subject to the zone temperature setpoint
deadband as indicated, moculate the outside air, relief, and return air
dampers to maintain zone temperature at setpoint. During occupied mode,
outside air damper minimum position (OA-D-MIN) shall be as indicated.]
Upon a fall in zone temperature below zone temperature setpoint, subject
to the deadband as indicated, modulate the heating valve towards open to
maintain zone temperature setpoint.

3.2.25.2 Disabled Loop

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

[3.2.2.6 Mixed Air Damper Control
When this is enabled, open the outside air and relief air dampers and
close the return air damper. When this is disabled, close the outside air
and relief air dampers and open the return air damper.

13.2.3 Single Zone with Heating and [DX]Cooling Coils

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

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.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *kkkk

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control must be
proportional-integral (PI) control.

3.23.1 HAND-OFF-AUTO Switch

Supply fan motor starter must accept a Fire Alarm Panel (FAP) signal that
takes precedence over all other starter inputs and switches and start the
fan. The fan motor starter must accept an occupant accessible emergency
shutoff switch as indicated. The supply fan motor starter must have an
H-O-A switch:

3.23.1.1 HAND

With the H-O-A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.

3.2.3.1.2 OFF
With the H-O-A switch in OFF position, the supply fan stops.
3.2.3.1.3 AUTO

With the H-O-A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS) command and Safeties.

3.2.3.2 Occupancy Modes

Obtain the system's Occupancy Mode input from the System Scheduler as
specified and indicated. Operate the system in one of the following
modes: Occupied, Unoccupied[, or WarmUp/CoolDown].

3.2.3.3 System Enable and Loop Enable
3.23.3.1 Occupied Mode

Enable the supply fan (SYS-ENA) and command to run (SF-SS) and enable all
control loops.

3.2.3.3.2 Unoccupied Mode

While the building temperature (BLDG-T) is above the low limit setpoint
(BLDG-T-LL) disable all control loops and the supply fan does not run.

When BLDG-T drops below BLDG-T-LL (with a 3 degreesC  5degrees F
deadband) enable the supply fan (SYS-ENA) and command to run (SF-SS) and
enable the Heating Coil Temperature Control loop. Disable the Outside Air

Flow Control, Economizer Damper Control, and [DX] Cooling Coil Control

loops.

[3.2.3.3.3 Warm Up / Cool Down Mode

Enable the supply fan (SYS-ENA) and command to run (SF-SS) and disable the
Minimum Outside Air Flow Control loop. Enable all other control loops.
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13.2.3.4 Proofs and Safeties

The supply fan and all DDC Hardware control loops are subject to Proofs
and Safeties. Safeties must be direct-hardwire interlocked to the fan
starter circuit as indicated. DDC Hardware must monitor all proofs and
safeties and failure of any proof or activation of any safety result in

all control loops being disabled and the AHU fan being commanded off until
reset.

3.234.1 Proofs
Supply fan status (proof) (SF-S)
3.2.34.2 Safeties

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

b. Supply air smoke (SA-SMK)
c. Return air smoke (RA-SMK)
3.2.3.4.3 DDC Hardware

DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),

as shown on the Points Schedule drawing.

3.2.35 Minimum Outside Air Flow Control

When this loop is enabled the DDC Hardware shall open the 2-position

minimum outside air damper to introduce the minimum outside air flow

guantity as shown. When this loop is disabled, the minimum outside air
damper shall be closed.

3.2.3.6 Economizer Damper Control
3.2.3.6.1 Enabled Loop

When this loop is enabled, and the Economizer is ON as determined by the
Economizer Enable Logic, the DDC Hardware shall modulate the economizer
outside air, relief, and return air dampers (Economizer dampers) in

sequence with the [DX] cooling coil control and heating coil control valve

as shown to maintain zone temperature (ZN-T) at setpoint (ZN-T-SP) as
shown.

3.2.3.6.2 Disabled Loop
When this loop is disabled, or the Economizer is OFF as determined by the
Economizer Enable Logic, the economizer outside air and relief air dampers
shall be closed, and the return air damper shall be open

3.2.3.6.3 Economizer Enable Logic
The economizer shall be ON when the outside air dry bulb temperature is

between the high limit (ECO-HL-SP) and low limit (ECO-LL-SP) setpoints as
shown. The Economizer shall otherwise be OFF. ECO-HL-SP and ECO-LL-SP
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shall each have a 1degree C 2 degrees F deadband.
3.2.3.7 Heating Coil Control

When this loop is enabled the DDC Hardware shall modulate the heating coil
control valve in sequence with the [DX staging control][cooling coil

valve] and economizer dampers as shown to maintain zone temperature (ZN-T)
at setpoint (ZN-T-SP) as shown. When this loop is disabled, the heating

coil control valve shall be closed.

3.2.3.8 [DX ]Cooling Coil Control

When this loop is enabled the DDC Hardware shall [stage the DX Unit]
[modulate the cooling coil control valve] in sequence with the heating

coil valve and economizer dampers as shown to maintain zone temperature
(ZN-T) at setpoint (ZN-T-SP) as shown. When this loop is disabled, the
[DX unit shall be off] [cooling coil control valve shall be closed].

3.2.4 Single Zone with Dual-Temperature Coil
kkkkkkkkkkkkkkhkkkkkkkkkkkkkkhhhhhkkkkkkkkkkkkkkhhhhhhhhkkhkkkkkkkkkkkhhhhhhkk
NOTE:
1) Edit the sequence and draw ngs as necessary for
systenms with/wi thout a preheat coil, econom zer, and

ot her project specific control |oop requirenents.

2) Mninmumoutside 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 une system

3) 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.

4) Indicate the System Schedul er and M&C Sof tware
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 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 |ocal

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
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by the Contractor.

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 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 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 contro
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.
kkkkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhhkkkkkkkkkkkkkkhhhhhhhhkkkkkkkkkkkkkhhhhhhkkx

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.24.1 HAND-OFF-AUTO Switch

Supply fan motor starter shall accept a Fire Alarm Panel (FAP) signal that
takes precedence over all other starter inputs and switches and shall
start the fan. The fan motor starter shall accept an occupant accessible
emergency shutoff switch as shown. The supply fan motor starter shall
have an H-O-A switch:

3.241.1 HAND

With the H-O-A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.

3.24.1.2 OFF
With the H-O-A switch in OFF position, the supply fan stops.
3.2.4.1.3 AUTO

With the H-O-A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS) command and Safeties.

3.24.2 Occupancy Modes

The system shall obtain its Occupancy Mode input from the System Scheduler

SECTION 23 09 93 Page 22



as specified and shown. The system shall operate in one of the following
modes: Occupied, Unoccupied[, or WarmUp/CoolDown].

3.24.3 System Enable and Loop Enable
3.24.3.1 Occupied Mode

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS) and
all control loops shall be enabled.

3.24.3.2 Unoccupied Mode

While the building temperature (BLDG-T) is above the building low limit

setpoint (BLDG-T-LL) all control loops shall be disabled and the supply

fan shall not run. When BLDG-T drops below BLDG-T-LL (with a 3 degrees C
5 degrees F  deadband) the supply fan shall be enabled (SYS-ENA) and

commanded to run (SF-SS) and the Dual Temperature Coil Temperature Control

loop shall be enabled. The Minimum Outside Air Flow Control, and

Economizer Damper Control loops shall be disabled.

[3.2.4.3.3 Warm Up / Cool Down Mode

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
The Minimum Outside Air Flow Control loop shall be disabled and all other
control loops enabled.

13.2.4.4 Proofs and Safeties
The supply fan and all DDC Hardware control loops shall be subject to
Proofs and Safeties. Safeties shall be direct-hardwire interlocked to the
fan starter circuit as shown. DDC Hardware shall monitor all proofs and
safeties and failure of any proof or activation of any safety shall result
in all control loops being disabled and the AHU fan being commanded off
until reset.

3.244.1 Proofs
Supply fan status (proof) (SF-S)

3.24.4.2 Safeties

a. Dual Temperature coil discharge air temperature low limit (freeze
stat) (DT-DA-T-LL)

b. Supply air smoke (SA-SMK)
c. Return air smoke (RA-SMK)

3.24.43 DDC Hardware
DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),
as shown on the Points Schedule drawing.

3.245 Minimum Outside Air Flow Control

When this loop is enabled the DDC Hardware shall open the 2-position
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minimum outside air damper to introduce the minimum outside air flow
guantity as shown. When this loop is disabled, the minimum outside air
damper shall be closed.

3.2.4.6 Economizer Damper Control
3.24.6.1 Enabled Loop

When this loop is enabled, and the Economizer is ON as determined by the
Economizer Enable Logic, the DDC Hardware shall modulate the economizer
outside air, relief, and return air dampers (Economizer dampers) in

sequence with the dual temperature coil to maintain zone temperature

(ZN-T) at setpoint (ZN-T-SP) as shown.

3.2.4.6.2 Disabled Loop
When this loop is disabled, or the Economizer is OFF as determined by the
Economizer Enable Logic, the economizer outside air and relief air dampers
shall be closed, and the return air damper shall be open.

3.24.6.3 Economizer Enable Logic
The economizer shall be ON when the outside air dry bulb temperature is

between the high limit (ECO-HL-SP) and low limit (ECO-LL-SP) setpoints as
shown. The Economizer shall otherwise be OFF. ECO-HL-SP and ECO-LL-SP

shall each have a 1degree C 2 degrees F deadband.
3.24.7 Dual Temperature Coil Control
3.24.7.1 Enabled Loop

When this loop is enabled, the DDC Hardware shall select heating or
cooling mode based on a pipe-mounted dual-temperature supply water
sensor. A single sensor may be used for multiple instances of this
sequence.

3.24.7.2 DDC Hardware
The DDC Hardware shall modulate the coil control valve in sequence with
the economizer dampers as shown to maintain zone temperature (ZN-T) at
setpoint (ZN-T-SP) as shown.

3.24.7.3 Disabled Loop

When this loop is disabled, the control valve shall be closed.

3.25 Single Zone with Heating and Cooling Coils and Return Air Bypass

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

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 coil
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
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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 unme system

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 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
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
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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.

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhkkkkkkkkkkhhkkhkkkkhkkkkkkhkkkhkkkkkkhkkkk

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.25.1 HAND-OFF-AUTO Switch

Supply fan motor starter shall accept a Fire Alarm Panel (FAP) signal that
takes precedence over all other starter inputs and switches and shall
start the fan. The fan motor starter shall accept an occupant accessible
emergency shutoff switch as shown. The supply fan motor starter shall
have an H-O-A switch:

3.2511 HAND

With the H-O-A switch in HAND position, the supply fan shall start and run
continuously, subject to Safeties.

3.25.1.2 OFF
With the H-O-A switch in OFF position, the supply fan shall stop.
3.25.1.3 AUTO

With the H-O-A switch in AUTO position, the supply fan shall run subject
to the Supply Fan Start/Stop (SF-SS) command and Safeties.

3.25.2 Occupancy Modes

The system shall obtain its Occupancy Mode input from the System Scheduler
as specified and shown. The system shall operate in one of the following
modes: Occupied, Unoccupied[, or WarmUp/CoolDown].

3.25.3 System Enable and Loop Enable
3.2531 Occupied Mode

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS) and
all control loops shall be enabled.

3.25.3.2 Unoccupied Mode

While the building temperature (BLDG-T) is above the low limit setpoint
(BLDG-T-LL) all control loops shall be disabled and the supply fan shall

not run. When BLDG-T drops below BLDG-T-LL (with a 3 degrees C
deadband) the supply fan shall be enabled (SYS-ENA) and commanded to run
(SF-SS) and the Heating Coil Temperature Control loop shall be enabled.

All other control loops shall be disabled.

[3.25.3.3 Warm Up / Cool Down Mode
The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).

The Minimum Outside Air Flow Control loop shall be disabled and all other
control loops shall be enabled.
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13.25.4 Proofs and Safeties

The supply fan and all DDC Hardware control loops shall be subject to
Proofs and Safeties. Safeties shall be direct-hardwire interlocked to the
fan starter circuit as shown. DDC Hardware shall monitor all proofs and
safeties and failure of any proof or activation of any safety shall result

in all control loops being disabled and the AHU fan being commanded off
until reset.

3.254.1 Proofs
Supply fan status (proof) (SF-S)
3.254.2 Safeties

a. Heating coil discharge air temperature low limit (freezestat)
(HTG-DA-T-LL)

b. Supply air smoke (SA-SMK)
c. Return air smoke (RA-SMK)
3.2543 DDC Hardware

DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),

as shown on the Points Schedule drawing.

3.255 Minimum Outside Air Flow Control

When this loop is enabled the DDC Hardware shall open the 2-position

minimum outside air damper to introduce the minimum outside air flow

guantity as shown. When this loop is disabled, the minimum outside air
damper shall be closed.

3.2.5.6 Economizer Damper Control

3.256.1 Enabled Loop
When this loop is enabled, and the Economizer is ON as determined by the
Economizer Enable Logic, the DDC Hardware shall modulate the economizer
outside air, return air, and relief air dampers (Economizer dampers) in
sequence with the bypass and supply dampers and the heating coil control
valve as shown to maintain zone temperature (ZN-T) at setpoint (ZN-T-SP)
as shown.

3.2.5.6.2 Disabled Loop
When this loop is disabled, or the Economizer is OFF as determined by the
Economizer Enable Logic, the economizer outside air and relief air dampers
shall be closed, and the return air damper shall be open.

3.2.5.6.3 Economizer Enable Logic
The economizer shall be ON when the outside air dry bulb temperature is
between the high limit (ECO-HL-SP) and low limit (ECO-LL-SP) setpoints as

SECTION 23 09 93 Page 27



shown. The Economizer shall otherwise be OFF. ECO-HL-SP and ECO-LL-SP
shall each have a 1degree C 2 degrees F deadband.

3.25.7 Temperature Control Loop Heating Coil Control

When this loop is enabled the DDC Hardware shall modulate the heating coil
control valve, modulate the economizer dampers if enabled, open and close
the 2-position cooling coil valve and modulate the bypass and supply air
dampers in sequence to maintain zone temperature (ZN-T) at setpoint
(ZN-T-SP) as shown. When this loop is disabled both valves shall be

closed and the bypass and supply air dampers shall be positioned to bypass
air.

3.2.6 Single Zone with Humidity Control

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhhkkkkkkkkkkhhkkkhkkkkhkkkkkkhkkkkhkkkkkkhkkkk

NOTE:

1) Edit the sequence and draw ngs as necessary for
systenms with/wi thout a preheat coil and other

proj ect 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 i nput use. As described in the System
Schedul er sequence, 'occupied inputs from?2

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).

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 |ocal

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
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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 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 i nput to force the fan(s) to run.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.26.1 HAND-OFF-AUTO Switch
Supply fan motor starter shall accept a Fire Alarm Panel (FAP) signal that
takes precedence over all other starter inputs and switches and shall
start the fan. The fan motor starter shall accept an occupant accessible
emergency shutoff switch as indicated. The supply fan motor starter shall
have an H-O-A switch:

3.26.1.1 HAND

With the H-O-A switch in HAND position, the supply fan shall start and run
continuously, subject to Safeties.

3.26.1.2 OFF
With the H-O-A switch in OFF position, the supply fan shall stop.
3.2.6.1.3 AUTO

With the H-O-A switch in AUTO position, the supply fan shall run subject
to the Supply Fan Start/Stop (SF-SS)command and Safeties.

3.2.6.2 Occupancy Modes

The system shall obtain its Occupancy Mode input from the System Scheduler

as specified and shown. The system shall operate in one of the following
modes: Occupied, Unoccupied[, or WarmUp/CoolDown].

3.2.6.3 System Enable and Loop Enable

3.2.6.3.1 Occupied Mode

Enable the supply fan (SYS-ENA) and command to run (SF-SS) and enable all

control loops.
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3.2.6.3.2 Unoccupied Mode

While the building temperature (BLDG-T) is above the low limit setpoint
(BLDG-T-LL) all control loops shall be disabled and the supply fan shall

not run. When BLDG-T drops below BLDG-T-LL (with a 3 degrees C
deadband) the supply fan shall be enabled (SYS-ENA) and commanded to run
(SF-SS), the Preheat Coil Control loop and Reheat Coil Control loop shall

be enabled and all other loops shall be disabled.

[3.2.6.3.3 Warm Up / Cool Down Mode

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
The Minimum Outside Air Flow Control loop shall be disabled and all other
control loops shall be enabled.

13.2.6.4 Proofs and Safeties

The supply fan and all DDC Hardware control loops shall be subject to
Proofs and Safeties. Safeties shall be direct-hardwire interlocked to the
fan starter circuit as shown. DDC Hardware shall monitor all proofs and
safeties and failure of any proof or activation of any safety shall result

in all control loops being disabled and the AHU fan being commanded off
until reset.

3.26.4.1 Proofs
Supply fan status (proof) (SF-S)
3.2.6.4.2 Safeties

a. Preheat coil discharge air temperature low limit (freezestat)
(PH-DA-T-LL)

b. Supply air smoke (SA-SMK)
c. Return air smoke (RA-SMK)
3.2.6.4.3 DDC Hardware

DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where both reset functions are provided
and the operator can use either one to perform the reset), as shown on the
Points Schedule drawing.

3.2.6.5 Minimum Outside Air Flow Control

When this loop is enabled the DDC Hardware shall open the 2-position
minimum outside air damper to introduce the minimum outside air flow
guantity as shown. When this loop is disabled, the minimum outside air
damper shall be closed.

3.2.6.6 Preheat Coil Control Loop
When this loop is enabled the DDC Hardware shall modulate the preheat coil
valve to maintain the preheat coil discharge air temperature (PH-DA-T) at

setpoint (PH-DA-T-SP) as shown. When this loop is disabled, the preheat
coil valve shall be closed.
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3.2.6.7 Cooling-and-Dehumidification Coil Control

When this loop is enabled the DDC Hardware shall modulate the cooling and
dehumidification valve to maintain either the zone temperature (ZN-T) at
setpoint (ZN-T-SP) or zone relative humidity (ZN-RH) at setpoint
(ZN-RH-SP), whichever calls for more chilled water flow. The valve shall

be modulated in sequence with the reheat valve and humidification valve as
shown to avoid simultaneous cooling and reheating, and simultaneous
dehumidification and humidification. When this loop is disabled, the coil
valve shall be closed.

3.2.6.8 Reheat Coil Control

When this loop is enabled the DDC Hardware shall modulate the reheat coil
valve to maintain the zone temperature (ZN-T) at setpoint (ZN-T-SP) as
shown. The valve shall be modulated in sequence with the
cooling-and-dehumidification valve as shown to avoid simultaneous cooling
and reheating. When this loop is disabled, the coil valve shall be closed.

3.2.6.9 Humidification Control

When this loop is enabled the DDC Hardware shall modulate the humidifier
valve to maintain zone relative humidity (ZN-RH) at setpoint (ZN-RH-SP).
The valve shall be modulated in sequence with the
cooling-and-dehumidification valve as shown to avoid simultaneous
dehumidification and humidification. When the supply air duct humidity
(SA-RH) rises above 80 percent relative humidity, the humidifier valve
shall begin to modulate towards closed and shall continue to gradually
move towards closed until the supply air duct humidity reaches 90 percent
relative humidity, at which point the humidifier valve shall be fully

closed. When this loop is disabled, the humidifier valve shall be closed.

3.2.7 Multizone [Dual-Duct] [with][without] Return Fan
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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
systens with/without a return fan, preheat coil,
econom zer, and other project specific control |oop
requirements.

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 nimmoutside 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 une 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
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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 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).

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
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
descri bed, 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 autonmatic
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 input to force the fan(s) to run.

kkkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhhkkkhkkkkkkhhkkhkkkkhkkkkkkhkkkhkkkkkkhkkkk

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.
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3.2.7.1 HAND-OFF-AUTO switches and Fire Alarm Panel (FAP) Signal
Supply Fan VFD. Supply fan motor starter shall accept a Fire Alarm Panel
(FAP) signal that takes precedence over all other starter inputs and
switches and shall start the fan. The fan motor starter shall accept an
occupant accessible emergency shutoff switch as shown. The supply fan
motor starter shall have an H-O-A switch:

3.27.11 HAND

With the H-O-A switch in HAND position, the supply fan starts and runs
continuously, subject to Safeties.

3.2.7.1.2 OFF
With the H-O-A switch in OFF position, the supply fan stops.

3.2.7.1.3 AUTO

With the H-O-A switch in AUTO position, the supply fan runs subject to the
Supply Fan Start/Stop (SF-SS)command and Safeties.

[3.2.7.2 Return Fan VFD

The return fan shall incorporate an integral H-O-A switch, manual speed
adjustment and also accept a Fire Alarm Panel (FAP) signal. The return
fan shall run according to the following inputs (in order of decreasing
priority):

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

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

c. RF H-O-A switch shall select RF mode as follows:

(1) When switch is in Hand, fan shall run. Fan speed shall be
under manual control.

(2) When switch is in Off, fan shall be off.

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

13.2.7.3 Occupancy Modes

The system shall obtain its Occupancy Mode input from the System Scheduler
as specified and shown. The system shall operate in one of the following
modes: Occupied, Unoccupied[, or WarmUp/CoolDown].

3.2.7.4 System Enable and Loop Enable

3.27.4.1 Occupied Mode

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
All control loops shall be enabled. The Zone Temperature Control loops
serviced by the AHU shall also be enabled.
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3.2.7.4.2 Unoccupied Mode

While the building temperature (BLDG-T) is above the low limit setpoint
(BLDG-T-LL) all control loops shall be disabled and the supply fan shall

not run. When BLDG-T drops below BLDG-T-LL (with a 3 degrees C
deadband) the supply fan shall be enabled (SYS-ENA) and commanded to run
(SF-SS), the Hot Deck Coil Control loop and all Zone Temperature Control

loops shall be enabled, and all other control loops shall be disabled.

[3.2.7.4.3 Warm Up / Cool Down Mode
The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
The Minimum Outside Air Flow Control loop shall be disabled and all other
control loops shall be enabled. The Zone Temperature Control loops
serviced by the AHU shall also be enabled.

13.2.75 Proofs and Safeties
The supply fan and all DDC Hardware control loops shall be subject to
Proofs and Safeties. Safeties shall be direct-hardwire interlocked to the
fan starter circuit as shown. DDC Hardware shall monitor all proofs and
safeties and failure of any proof or activation of any safety shall result
in all control loops being disabled and the AHU fan being commanded off
until reset.

3.2.75.1 Proofs
a. Supply fan status (proof) (SF-S) [
b. Return fan status (proof) (RF-S) ]

3.2.75.2 Safeties
a. Mixed air temperature low limit (freeze stat) (MA-T-LL) [
b. Supply air smoke (SA-SMK) i
c. Return air smoke (RA-SMK) ]

3.2.7.5.3 DDC Hardware Reset
DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),
as shown on the Points Schedule drawing.

3.2.7.6 Minimum Outside Air Flow Control
When this loop is enabled the DDC Hardware shall open the 2-position
minimum outside air damper to introduce the minimum outside air follow
guantity as shown. When this loop is disabled, the minimum outside air
damper shall be closed.

3.2.7.7 Mixed Air Temperature Control With Economizer

3.27.7.1 Enabled Loop

When this loop is enabled, and the Economizer is ON as determined by the
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Economizer Enable Logic, the DDC Hardware shall modulate the economizer
outside air, relief, and return air dampers to maintain the mixed air
temperature (MA-T) at setpoint (MA-T-SP) as shown.

3.2.7.7.2 Disabled Loop
When this loop is disabled, or the Economizer is OFF as determined by the
Economizer Enable Logic, the economizer outside air and relief air dampers
shall be closed, and the return air damper shall be open.

3.2.7.7.3 Economizer Enable Logic
The economizer shall be ON when the outside air dry bulb temperature is

between the high limit (ECO-HL-SP) and low limit (ECO-LL-SP) setpoints as
shown. The Economizer shall otherwise be OFF. ECO-HL-SP and ECO-LL-SP

shall each have a 1degree C 2 degrees F deadband.
3.2.7.8 Hot Deck Coil Control
3.2.7.8.1 Enabled Loop

When this loop is enabled the DDC Hardware shall modulate the hot deck
heating coil valve to maintain the hot deck temperature (HD-T) at setpoint
(HD-T-SP) as shown. When this loop is disabled, the hot deck coil valve
shall be closed.

[3.2.7.8.2 DDC Hardware Reset
The DDC Hardware shall reset the hot deck temperature setpoint (HD-T-SP)
using a linear reset schedule as shown. Reset of the setpoint (HD-T-SP)
shall be based on [Outside Air Temperature] [Coldest Zone Temperature].

13.2.7.9 Cold Deck Coil Control
When this loop is enabled the DDC Hardware shall modulate the cold deck
cooling coil valve to maintain the cold deck temperature (CD-T) at
setpoint (CD-T-SP) as shown. When this loop is disabled, the cold deck
cooling coil valve shall be closed.

3.2.7.10 Zone Temperature Control
When this loop is enabled:

3.2.7.10.1 Zone Temperature Setpoint
The zone temperature setpoint (ZN-T-SP) shall be at the configured
setpoint or at the occupant-adjustable setpoint via the wall-mounted
thermostat, as shown.

3.2.7.10.2 DDC Hardware Modulation

The DDC Hardware shall modulate the hot deck and cold deck dampers to
maintain zone temperature (ZN-T) at setpoint (ZN-T-SP).

3.2.8 Multizone with Hot Deck Bypass [with][without] Return Fan
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NOTE:
1) NOTE: Edit the sequence and draw ngs as necessary
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for systens with/without a return fan, preheat coil
econom zer, and other project specific control |oop
requirements.

2) Mninmumoutside 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 une system

3) 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.

4) Indicate the System Schedul er and M&C Sof tware
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).

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
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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.

* *kkkkk *% *kkkkk *% *kkkkk * *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and indicated on the Points
Schedule. Unless otherwise specified, all modulating control must be
proportional-integral (PI) control.

3.28.1 HAND-OFF-AUTO Switches
Supply fan motor starter must accept a Fire Alarm Panel (FAP) signal that
takes precedence over all other starter inputs and switches and must start
the fan. The fan motor starter must accept an occupant accessible
emergency shutoff switch as shown. The supply fan motor starter must have
an H-O-A switch:

3.28.1.1 HAND

With the H-O-A switch in HAND position, start and continuously run the
supply fan, subject to Safeties.

3.28.1.2 OFF
With the H-O-A switch in OFF position, stop the supply fan.
3.2.8.1.3 AUTO

With the H-O-A switch in AUTO position, run the supply fan subject to the
Supply Fan Start/Stop (SF-SS)command and Safeties.

[3.2.8.2 Return Fan Motor Starter
Return fan motor starter must accept a Fire Alarm Panel (FAP) signal that
takes precedence over all other starter inputs and switches must start the
fan. The return fan motor starter must have an H-O-A switch:

3.28.2.1 HAND

With the H-O-A switch in HAND position, run the return fan subject to
Safeties.

3.2.8.2.2 OFF
With the H-O-A switch in OFF position, the return fan must be off.
3.2.8.2.3 AUTO

With the H-O-A switch in AUTO position, run the return fan subject to the
supply fan running.

]13.2.8.3 Occupancy Modes
Obtain the system's Occupancy Mode input from the System Scheduler as

specified and indicated. Operate the system in one of the following
modes: Occupied, Unoccupied[, or WarmUp/CoolDown].
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3.2.8.4 System Enable and Loop Enable
3.28.4.1 Occupied Mode

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
All control loops shall be enabled. The Zone Temperature Control loops
serviced by the AHU shall also be enabled.

3.2.8.4.2 Unoccupied Mode

While the building temperature (BLDG-T) is above the low limit setpoint
(BLDG-T-LL) all control loops shall be disabled and the supply fan shall

not run. When BLDG-T drops below BLDG-T-LL (with a 3 degrees C
deadband) the supply fan shall be enabled (SYS-ENA) and commanded to run
(SF-SS), and all Zone Temperature Control loops shall be enabled. The

Minimum Outside Air Flow Control, Mixed Air Temperature Control With
Economizer, and Cold Deck Coil Control loops shall be disabled.

[3.2.8.4.3 Warm Up / Cool Down Mode
The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
The Minimum Outside Air Flow Control loop shall be disabled and all other
control loops shall be enabled. The Zone Temperature Control loops
serviced by the AHU shall also be enabled.

13.2.85 Proofs and Safeties

The supply fan], return fan,] and all DDC Hardware control loops shall be
subject to Proofs and Safeties. Safeties shall be direct-hardwire
interlocked to the fan starter circuit as shown. DDC Hardware shall
monitor all proofs and safeties and failure of any proof or activation of
any safety shall result in all control loops being disabled and the AHU
fan being commanded off until reset.

3.2.85.1 Proofs
a. Supply fan status (proof) (SF-S)

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

3.2.85.2 Safeties
a. Mixed air temperature low limit (freeze stat) (MA-T-LL)
b. Supply air smoke (SA-SMK)

[ c. Return air smoke (RA-SMK) ]

3.2.85.3 DDC Hardware Reset
DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both

reset functions and the operator can use either one to perform the reset),
as shown on the Points Schedule drawing.
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3.2.8.6 Minimum Outside Air Flow Control

When this loop is enabled the DDC Hardware shall open the 2-position
minimum outside air damper to introduce the minimum outside air follow
guantity as shown. When this loop is disabled, the minimum outside air
damper shall be closed.

3.2.8.7 Mixed Air Temperature Control With Economizer
3.28.7.1 Enabled Loop

When this loop is enabled, and the Economizer is ON as determined by the
Economizer Enable Logic, the DDC Hardware shall modulate the economizer
outside air, relief, and return air dampers to maintain the mixed air
temperature (MA-T) at setpoint (MA-T-SP) as shown.

3.2.8.7.2 Disabled Loop

When this loop is disabled, or the Economizer is OFF as determined by the
Economizer Enable Logic, the economizer outside air and relief air dampers
shall be closed, and the return air damper shall be open.

3.2.8.7.3 Economizer Enable Logic

The economizer shall be ON when the outside air dry bulb temperature is
between the high limit (ECO-HL-SP) and low limit (ECO-LL-SP) setpoints as
shown. The Economizer shall otherwise be OFF. ECO-HL-SP and ECO-LL-SP
shall each have a 1degree C 2 degrees F deadband.

3.2.8.8 Cold Deck Coil Control

When this loop is enabled the DDC Hardware shall modulate the cooling coll
valve to maintain the cold deck supply air temperature (SA-T) at setpoint
(SA-T-SP) as shown. When this loop is disabled, the cooling coil valve

shall be closed.

3.2.8.9 Zone Temperature Control

a. The zone temperature setpoint (ZN-T-SP) shall be at the configured
setpoint or at the occupant-adjustable setpoint via the wall-mounted
thermostat, as shown.

b. The DDC Hardware shall modulate the zone bypass and cold deck dampers,
and the zone heating coil valve to maintain zone temperature (ZN-T)
at setpoint (ZN-T-SP). Sequencing shall be as shown: Upon a rise in
zone temperature above zone temperature setpoint, subject to the zone
temperature setpoint deadband as shown, the zone cold deck damper
shall modulate towards open as the bypass deck damper modulates
towards closed. Upon a fall in zone temperature below zone
temperature setpoint, subject to the deadband as shown, the bypass
damper shall be full open and the zone heating valve shall modulate
towards open.

c. Systems with electric resistance heating elements shall require proof
of air flow before activating the heating elements.

3.2.9 Variable Air Volume System [with][without] Return Fan

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhkkkkkkkkkkhhkkhkkkkkkkkkhkkkkhkkkkkkkkkk
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NOTE:

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

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

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
the 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 HHO 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 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).

6) 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.

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 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.
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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.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.29.1 HAND-OFF-AUTO Switches

Supply fan variable frequency drive (VFD) unit shall accept a Fire Alarm
Panel (FAP) signal that takes precedence over all other VFD inputs and
switches and shall cause the VFD to run at 100 percent speed. The VFD
shall accept an occupant accessible emergency shutoff switch as shown.
The supply fan variable frequency drive (VFD) unit shall have an integral
H-O-A switch:

3.29.1.1 HAND
With the H-O-A switch in HAND position, the supply fan shall start and run
continuously, subject to Safeties. Fan speed shall be under
manual-operator control.

3.2.9.1.2 OFF
With the H-O-A switch in OFF position, the supply fan shall stop.

3.2.9.1.3 AUTO
With the H-O-A switch in AUTO position, the supply fan shall run subject
to the Supply Fan Start/Stop Signal (SF-SS) and Safeties. Fan speed shall
be under control of the DDC Hardware.

[3.29.2 Return Fan Variable Frequency Drive
Return fan variable frequency drive (VFD) unit shall accept a Fire Alarm
Panel (FAP) signal that takes precedence over all other VFD inputs and
switches and shall cause the VFD to run at 100 percent speed. The return
fan variable frequency drive (VFD) unit shall have an integral H-O-A
switch:

3.29.21 HAND

With the H-O-A switch in HAND position, the return fan shall run subject
to Safeties. Fan speed shall be under manual-operator control.
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3.2.9.2.2 OFF
With the H-O-A switch in OFF position, the return fan shall be off.
3.2.9.2.3 AUTO
With the H-O-A switch in AUTO position, the return fan shall run subject
to the supply fan running. Fan speed shall be under control of the DDC
Hardware.
13.2.9.3 Occupancy Modes
The system shall obtain its Occupancy Mode input from the System Scheduler
as specified and shown. The system shall operate in one of the following
modes: Occupied, Unoccupied[, or Warm Up/Cool Down].
3.294 Proofs and Safeties
The supply fan], return fan,] and all DDC Hardware control loops shall be
subject to Proofs and Safeties. Safeties shall be direct-hardwire
interlocked to the VFD as shown. DDC Hardware shall monitor all proofs
and safeties and failure of any proof or activation of any safety shall
result in all control loops being disabled and the AHU fan being commanded
off until reset.
3.294.1 Proofs
a. Supply fan status (SF-S)
[ b. Return fan status (RF-S) ]
3.2.94.2 Safeties
a. Preheat coil discharge air temperature low limit (freezestat)
(PH-DA-T-LL) for systems with a preheat coil. Cooling coil discharge
air temperature low limit (freezestat) (CLG-DA-T-LL) for all other
systems
b. Supply air duct pressure high limit (SA-P-HL)
c. Supply air smoke (SA-SMK)
d. Return air smoke (RA-SMK)
3.29.4.3 DDC Hardware Reset
DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),
as shown on the Points Schedule drawing.
3.295 System Enable and Loop Enable
3.295.1 Occupied Mode

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
All control loops shall be enabled.
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3.2.9.5.2 Unoccupied Mode

While the building temperature (BLDG-T) is above the low limit setpoint
(BLDG-T-LL) all control loops shall be disabled and the supply fan shall

not run. When BLDG-T drops below BLDG-T-LL (with a 3 degrees C
deadband) the supply fan shall be enabled (SYS-ENA) and commanded to run
(SF-SS), the Supply Duct Static Pressure Control[, Return Fan Volume

Control][, Preheat Control] loops shall be enabled. The Minimum Outside

Air Flow Control, Mixed Air Temperature Control, and Cooling Coil Control

loops shall be disabled.

[3.29.5.3 Warm Up/Cool Down

The supply fan shall be enabled (SYS-ENA) and commanded to run (SF-SS).
The Minimum Outside Air Flow Control loop shall be disabled and all other
control loops shall be enabled.

13.2.9.6 Fan Capacity Control
3.2.9.6.1 Supply Duct Static Pressure Control

When this loop is enabled the DDC Hardware shall modulate the supply fan
variable frequency drive unit to maintain the duct static pressure (SA-P)

at setpoint (SA-P-SP) as shown, as measured by the duct static pressure
tap and sensor as shown. When this loop is disabled, the DDC Hardware
capacity modulation output to the VFD shall be zero percent.

[3.29.6.2 Return Fan Volume Control

When this loop is enabled the DDC Hardware shall modulate the return fan
variable frequency drive unit to maintain a constant volumetric airflow
difference at setpoint (F-DIFF-SP) as shown, as measured by the airflow
measurement arrays located in the supply and return ducts as shown. When
this loop is disabled, the output to the VFD shall be zero percent.

13.2.9.7 Minimum Outside Air Flow Control

When this loop is enabled the DDC Hardware shall modulate the minimum
outside air damper to maintain the minimum OA volumetric flow (MINOA-F) at
setpoint (MINOA-F-SP) as shown. When this loop is disabled, the minimum
outside air damper shall be closed.

3.2.9.8 Mixed Air Temperature Control With Economizer
3.29.8.1 Enabled Loop

When this loop is enabled, and the Economizer is ON as determined by the
Economizer Enable Logic, the DDC Hardware shall modulate the economizer
outside air, relief, and return air dampers to maintain the mixed air
temperature (MA-T) at setpoint (MA-T-SP) as shown.

3.2.9.8.2 Disabled Loop
When this loop is disabled, or the Economizer is OFF as determined by the

Economizer Enable Logic, the economizer outside air and relief air dampers
shall be closed, and the return air damper shall be open.
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3.2.9.8.3 Economizer Enable Logic

The economizer shall be ON when the outside air dry bulb temperature is
between the high limit (ECO-HL-SP) and low limit (ECO-LL-SP) setpoints as
shown. The Economizer shall otherwise be OFF. ECO-HL-SP and ECO-LL-SP
shall each have a 1degree C 2 degrees F deadband.

3.2.9.9 Cooling Coil Control

When this loop is enabled the DDC Hardware shall modulate the cooling coll
valve to maintain the supply air temperature (SA-T) setpoint (SA-T-SP) as
shown. When this loop is disabled, the cooling coil valve shall be closed.

[3.2.9.10 Preheat Coil Control

When this loop is enabled the DDC Hardware shall modulate the preheat coil
valve to maintain the preheat coil discharge air temperature (PH-DA-T) at
setpoint (PH-DA-T-SP) as shown. When this loop is disabled, the preheat
coil valve shall be closed.

13.3 SEQUENCES OF OPERATION FOR TERMINAL UNITS

kkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkhhkkkkkkkkkkhhkkhkkkkhkkkkkkhkkkkhkkkkkkhkkkk

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 common air
handl er, operate on the sane schedul e.

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 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
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).
kkkkkkkkkkkkkkkkkkkkkkkkkkkhhhhhhkhkkkkkkkkkkkhhhhhhhkkkkkkkkkkkkkkkhhhhhkx

3.3.1 Zone Temperature Control - Cooling-Only VAV Box

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.
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3.3.1.1 Occupancy Modes
3.3.1.11 Occupied

The VAV box DDC Hardware shall be in the Occupied Mode when the local
space occupancy input(s) (ZN-OCC) indicate that the space is occupied or
when the input from the System Scheduler (SYS-OCC) is occupied.

3.3.1.1.2 Unoccupied

The VAV box DDC Hardware must be in the Unoccupied Mode when the local
space occupancy input(s) (ZN-OCC) indicate that the space is unoccupied
and the input from the System Scheduler (SYS-OCC) is unoccupied.

Safeties

This system has no safeties.
3.3.1.2 Zone Temperature Control
3.3.1.21 Occupied Mode

In the Occupied Mode the zone temperature setpoint (ZN-T-SP) must be at

the configured setpoint or at the occupant-adjustable setpoint via the
wall-mounted thermostat, as shown. The DDC Hardware must modulate the VAV
box damper to maintain VAV box supply air flow (VAV-SA-F) at setpoint as
measured by a multi-point flow sensing element at the inlet to the VAV

box. Sequenceas indicated: Upon a rise in zone temperature (ZN-T) above

zone setpoint (ZN-T-SP), subject to the zone temperature setpoint deadband

as indicated, adjust the airflow setpoint between minimum and maximum flow
based on the difference between zone temperature and zone temperature
setpoint as indicated.

3.3.1.2.2 Unoccupied Mode
In the Unoccupied Mode the VAV box damper shall be at its minimum position.

3.3.2 Zone Temperature Control - VAV Box with Reheat
Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.3.21 Occupancy Modes

3.3.2.1.1 Occupied
The VAV box DDC Hardware shall be in the Occupied Mode when the local
space occupancy input(s) (ZN-OCC) indicate that the space is occupied or
when the input from the System Scheduler (SYS-OCC) is occupied.

3.3.2.1.2 Unoccupied
The VAV box DDC Hardware shall be in the Unoccupied Mode when the local

space occupancy input(s) (ZN-OCC) indicate that the space is unoccupied
and the input from the System Scheduler (SYS-OCC) is unoccupied.
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3.3.2.2 Safeties

VAV boxes with electric resistance heating elements shall require proof of
air flow before activating the heating elements.

3.3.2.3 Zone Temperature Control
a. In the Occupied Mode the zone temperature setpoint (ZN-T-SP) shall be
at the configured setpoint or at the occupant-adjustable setpoint via

the wall-mounted thermostat, as shown.

b. In the Unoccupied Mode the zone temperature setpoint (ZN-T-SP) shall
be at the configured setpoint as shown.

c. The DDC Hardware shall modulate the VAV box damper to maintain VAV box

supply air flow (VAV-SA-F) at setpoint as measured by a multi-point
flow sensing element at the inlet to the VAV box. Sequencing shall be
as shown: Upon a rise in zone temperature above zone temperature
setpoint (ZN-T-SP), subject to the zone temperature setpoint deadband
as shown, the airflow setpoint shall be adjusted between minimum and

maximum flow based on the difference between zone temperature and zone

temperature setpoint as shown. Upon a fall in zone temperature below
zone temperature setpoint, subject to the deadband as shown, the
airflow shall be maintained at a fixed air flow setpoint (with a

setting independent of the cooling minimum air flow), and the heating
valve shall modulate towards open or the staged electric resistance
heating coil(s) shall cycle on in sequence.

3.3.3 Zone Temperature Control - Fan Powered VAV Box

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

NOTE: This sequence is applicable to both Series

and Parallel fan powered VAV boxes.

As specified in Section 23 30 00 HVAC AIR

DI STRIBUTI ON, fans | ocated in series fan-powered VAV
boxes nmust 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 perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.3.3.1 Occupancy Modes
3.33.1.1 Occupied
The VAV box DDC Hardware shall be in the Occupied Mode when the local

space occupancy input(s) (ZN-OCC) indicate that the space is occupied or
when the input from the System Scheduler (SYS-OCC) is occupied.
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3.3.3.1.2 Unoccupied

The VAV box DDC Hardware shall be in the Unoccupied Mode when the local
space occupancy input(s) (ZN-OCC) indicate that the space is unoccupied
and the input from the System Scheduler (SYS-OCC) is unoccupied.

3.3.3.2 Safeties

VAV boxes with electric resistance heating elements shall require proof of
air flow before activating the heating elements.

3.3.3.3 Fan Control

[Series fans shall run whenever the box is occupied or the Zone
Temperature Control loop determines that the box is in heating mode.
Prior to starting the fan, the supply damper shall close. The controller
shall pause after closing the damper before starting the fan to ensure
that the fan is not spinning due to supply air delivered by the AHU.
After the fan starts, the supply damper shall be controlled by the Zone
Temperature Control loop.][Parallel fans shall run whenever the Zone
Temperature Control loop determines that the box is in heating mode.]

3.3.34 Zone Temperature Control
3.3.34.1 Occupied Mode

In the Occupied Mode the zone temperature setpoint (ZN-T-SP)
shall be at the configured setpoint or at the occupant-adjustable
setpoint via the wall-mounted thermostat, as shown.

3.3.3.4.2 Unoccupied Mode

In the Unoccupied Mode the zone temperature setpoint (ZN-T-SP)shall be at
the configured setpoint as shown.

3.3.3.4.3 Sequencing
3.3.34.31 Cooling Mode

Upon a rise in zone temperature above zone temperature setpoint (ZN-T-SP),
subject to the zone temperature setpoint deadband as shown, the airflow
setpoint shall be adjusted between minimum and maximum based on the
difference between zone temperature and zone temperature setpoint as
shown. The DDC Hardware shall modulate the VAV box damper to mix supply
and plenum return air as it maintains VAV box supply airflow (VAV-SA-F) at
setpoint as measured by a multi-point flow sensing element at the inlet to

the VAV box.

3.3.3.4.3.2 Heating Mode

Upon a fall in zone temperature below zone temperature setpoint, subject
to the deadband as shown, the DDC Hardware shall[ first turn on the
parallel fan and then] modulate the VAV box damper to mix supply and
plenum return air to maintain a fixed air flow setpoint (with a setting
independent of the cooling minimum air flow), and the heating valve shall
modulate towards open or the staged electric resistance heating coil(s)
shall cycle on in sequence.
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3.34 Perimeter Radiation Control Sequence
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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
schedule.

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 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 minutes. |If a delay
outside of this range is needed edit the Cccupancy
Sensor Product specification in PART 2

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.34.1 Occupancy Modes

3.34.11 Occupied
The radiator DDC Hardware shall be in the Occupied Mode when the local
space occupancy input(s) indicate that the space is occupied or when the
input from the System Scheduler is occupied.

3.34.1.2 Unoccupied
The radiator DDC Hardware shall be in the Unoccupied Mode when the local
space occupancy input(s) indicate that the space is unoccupied and when
the input from the System Scheduler is unoccupied.

3.34.2 Safeties
This system has no safeties.

3.34.3 Space Temperature Control

3.34.3.1 Occupieed Mode
In the Occupied Mode the DDC Hardware shall modulate the heating control
valve to maintain space temperature at the configured setpoint or at the
occupant-adjustable setpoint via the wall-mounted thermostat, as shown.

3.3.4.3.2 Unoccupied Mode

In the Unoccupied Mode the DDC Hardware shall modulate the heating control
valve to maintain space temperature at the configured setpoint as shown.
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3.3.5 Unit Heater and Cabinet Unit Heater
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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
schedule.

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 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

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.35.1 Off-Auto Switch

3.35.1.1 OFF

With the thermostat OFF-AUTO switch in the OFF position, the DDC Hardware
shall stop the fan and close the heating control valve.

3.3.5.1.2 AUTO

With the thermostat OFF-AUTO switch in the AUTO position, the DDC Hardware
shall control the unit in accordance with its Occupancy Mode.

3.3.5.2 Occupancy Modes

3.3.5.21 Occupied
The unit heater DDC Hardware shall be in the Occupied Mode when the local
space occupancy input(s) indicate that the space is occupied or when the
input from the System Scheduler is occupied.

3.3.5.2.2 Unoccupied
The unit heater DDC Hardware shall be in the Unoccupied Mode when the
local space occupancy input(s) indicate that the space is unoccupied and
when the input from the System Scheduler is unoccupied.

3.3.5.3 Safeties

The unit shall run subject to the unit manufacturer's safeties.
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3.354 Space Temperature Control
3.354.1 Occupied Mode

In the Occupied Mode the DDC Hardware shall modulate the heating control
valve and cycle the multi-speed fan to maintain space temperature at the
configured setpoint or at the occupant-adjustable setpoint via the
wall-mounted thermostat, as shown.

3.3.5.4.2 Unoccupied Mode
In the Unoccupied Mode the DDC Hardware shall modulate the heating control
valve and cycle the multi-speed fan to maintain space temperature at the
configured setpoint as shown.

3.3.6 Gas-Fired Infrared Heater

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

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
kkkkkkkkkkkkkkkkkkkkkkkkkkkhhhhhkkkkkkkkkkhkkkhhhhhhhkkkkkkkkkhkkkkkhhhhhkkx

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.3.6.1 On-Off-Auto Switch

3.3.6.1.1 ON

With the thermostat ON-OFF-AUTO switch in the ON position, the DDC
Hardware shall energize the heater and the heater shall run continuously.

3.3.6.1.2 OFF

With the thermostat ON-OFF-AUTO switch in the OFF position, the DDC
Hardware shall de-energize the heater.

3.3.6.1.3 AUTO

With the thermostat ON-OFF-AUTO switch in the AUTO position, the DDC
Hardware shall control the heater in accordance with its Occupancy Mode.

SECTION 23 09 93 Page 50



3.3.6.2 Occupancy Modes
3.3.6.2.1 Occupied

The unit DDC Hardware shall be in the Occupied Mode when the local space
occupancy input(s) indicate that the space is occupied.

3.3.6.2.2 Unoccupied

The unit DDC Hardware shall be in the Unoccupied Mode when the local space
occupancy input(s) indicate that the space is unoccupied.

3.3.6.3 Safeties
The heater shall run subject to the unit manufacturer's safeties.

3.3.64 Space Temperature Control

3.3.6.4.1 Occupied Mode
In the Occupied Mode the DDC Hardware shall operate the heater to maintain
space temperature at the configured setpoint or at the occupant-adjustable
setpoint via the wall-mounted thermostat, as indicated.

3.3.6.4.2 Unoccupied Mode

In the Unoccupied Mode the DDC Hardware shall operate the heater to
maintain space setpoint at the configured unoccupied setpoint as indicated.

3.3.7 Dual Temperature Fan-Coil Unit

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

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
schedule.

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 minute. If a delay outside

of this range is needed edit the Occupancy 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 wunits 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.
*kkkkkhkkkkkkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhirird

Install DDC hardware to perform this Sequence of Operation and to provide
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SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.3.7.1 Off-Auto Switch

3.3.7.1.1 OFF

With the thermostat OFF-AUTO switch in the OFF position, the DDC Hardware
shall stop the fan and close the dual-temperature control valve.

3.3.7.1.2 AUTO

With the thermostat OFF-AUTO switch in the AUTO position, the DDC Hardware
shall control the unit in accordance with its Occupancy Mode.

3.3.7.2 Occupancy Modes
3.3.7.21 Occupied
The unit DDC Hardware shall be in the Occupied Mode when the local space
occupancy input(s) indicate that the space is occupied or when the input
from the System Scheduler is occupied.
3.3.7.2.2 Unoccupied
The unit DDC Hardware shall be in the Unoccupied Mode when the local space
occupancy input(s) indicate that the space is unoccupied and when the
input from the System Scheduler is unoccupied.
3.3.7.3 Heat/Cool Modes
The DDC Hardware shall automatically switch the fan coil unit DDC Hardware
between the heating and cooling modes and the resultant control action,
based on a pipe-mounted dual-temperature supply water temperature sensor.
3374 Safeties
The unit shall run subject to the unit manufacturer's safeties.
3.3.75 Space Temperature Control
3.3.7.5.1 Occupied Mode
In the Occupied Mode the DDC Hardware shall modulate the dual-temperature
control valve and modulate the multi-speed fan to maintain space
temperature at the configured setpoint or at the occupant-adjustable
setpoint via the [wall-mounted] thermostat, as indicated.
3.3.7.5.2 Unoccupied Mode
In the Unoccupied Mode the DDC Hardware shall modulate the

dual-temperature control valve and modulate the multi-speed fan to
maintain space temperature at the configured setpoint as indicated.
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3.4 SEQUENCES OF OPERATION FOR HYDRONIC SYSTEMS

34.1 Hydronic Heating Hot Water from Distributed [Steam][HTHW)] Converter

kkkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkkhhkkkkkkkkkkhkhkkkhkkkhkkkkkkhhkkhkkkkkkhkkkk

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

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

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control must be
proportional-integral (PI) control.
34.1.1 System Enable and Loop Enable
a. This system shall monitor the enabled status of all systems served by
this system. [If [one][two]| | or more systems served by this
system are enabled, this system shall be enabled (SYS-ENA), otherwise
this system shall be disabled] .

b. When this system is enabled (SYS-ENA) command the hot water pump on
via the Hot Water Pump Start/Stop (HW-PMP-SS) command.

c. When this system is enabled (SYS-ENA) and the hot water pump is
proofed on, enable the Heat Exchanger Control loop.

3.4.1.2 HAND-OFF-AUTO Switch
The hot water pump motor starter shall have an H-O-A switch:
34121 HAND

With the H-O-A switch in HAND position, the pump starts and runs
continuously.

3.4.1.2.2 OFF
With the H-O-A switch in OFF position, the pump stops.
3.4.1.2.3 AUTO

With the H-O-A switch in AUTO position, the pump runs subject to the Hot
Water Pump Start/Stop (HW-PMP-SS) command.

3.4.1.3 Proofs and Safeties
DDC Hardware shall monitor all proofs and safeties.
34131 Proofs

Hot water pump status (HW-PMP-S)
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3.4.1.3.2 Safeties

None
3.4.1.3.3 DDC Hardware Reset

DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),

as indicated on the Points Schedule drawing.

3.4.1.4 Heat Exchanger Valve Control
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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
drawing.
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When this loop is enabled DDC Hardware shall modulate the [steam][high
temperature hot water] valve to maintain the Hot Water Supply Temperature
(HWS-T) at setpoint (HWS-T-SP). The Hot Water Supply Temperature Setpoint
(HW-T-SP) shall be [determined from a linear reset schedule] as shown.

When this loop is disabled, the valve shall be closed.

3.4.2 Hydronic Heating Hot Water From Single-Building Boiler

* *kkkkk *% *kkkkk *%
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NOTE: The desi gner may want to consi der other
conditions under which this systemis enabl ed, such
as outside air tenperature.

* *kkkkk *% *kkkkk *%

*kkkkk *% *kkkkk *% *kkkkk *%

Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.4.2.1 System Enable and Loop Enable
a. This system shall monitor the enabled status of all systems served by
this system. If one or more systems served by this system are
enabled, this system shall be enabled (SYS-ENA). If no systems served
by this system are enabled, this system shall be disabled.

b. When this system is enabled (SYS-ENA) and the hot water pump is

proofed on, the boiler control and hot water temperature control loops
shall be enabled.

3.4.2.2 HAND-OFF-AUTO Switch

The hot water pump motor starter shall have an H-O-A switch:
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34221 HAND

With the H-O-A switch in HAND position, the pump shall start and run
continuously.

3.4.2.2.2 OFF
With the H-O-A switch in OFF position, the pump shall stop.
3.4.2.2.3 AUTO

With the H-O-A switch in AUTO position, the pump shall run subject to the
Hot Water Pump Start/Stop (HW-PMP-SS) command.

3.4.2.3 Proofs and Safeties
DDC Hardware shall monitor all proofs and safeties.
34231 Proofs

Hot water pump

3.4.2.3.2 Safeties
None
3.4.2.3.3 DDC Hardware Reset

DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),

as shown on the Points Schedule drawing.

3.4.2.4 Boiler Control

When this loop is enabled, the DDC Hardware shall turn the boiler on.
When this loop is disabled, the boiler shall be off.

3.4.25 Hot Water Temperature Control

When this loop is enabled the DDC Hardware shall modulate the 3-way mixing
valve to maintain hot water supply temperature (HWS-T) at setpoint
(HWS-T-SP). The Hot Water Supply Temperature Setpoint (HWS-T-SP) shall be
[determined from a linear reset schedule] as shown. When this loop is

disabled, the valve shall be in its normal (failsafe) position.

3.4.3 Hydronic Dual-Temperature System with [Steam][High Temperature Hot
Water] Heat Exchanger and Chilled Water

kkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkkkkhkkkkkkkkkkhhkkhkkkkkkkkkhkkkkhkkkkkkkkkk

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

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

as outside air t enper at ure.
FRKRRERHIIIRRREFHIIARREFHKIARRE IR RRREIIRIIRREEFIRAIRREFHRRARRE KR ARREE
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Install DDC hardware to perform this Sequence of Operation and to provide
SNVT inputs and outputs as specified and shown on the Points Schedule.
Unless otherwise specified, all modulating control shall be
proportional-integral (PI) control.

3.4.3.1 System Enable and Loop Enable

a. This system shall monitor the enabled status of all systems served by
this system. If one or more systems served by this system are
enabled, this system shall be enabled (SYS-ENA). If all systems
served by this system are not enabled, this system shall not be
enabled.

b. When the system is enabled (SYS-ENA) the pump shall run.

c. When this system is enabled (SYS-ENA), and the HEATING/COOLING switch
is in HEATING the Heat Exchanger Control loop shall be enabled.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

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
del ete the chiller enable requirenent.

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

[ d. When this system is enabled (SYS-ENA), and the HEATING/COOLING switch
is in COOLING and the dual-temperature return water (DTWR-T) is below
the dual-temperature return water high-limit temperature (DTWR-T-HL)
setpoint of 29 degrees C 85 degrees F , the chiller shall be enabled.

3.4.3.2 Switchover Valve Operation

The DDC Hardware shall monitor the status of the DTWR-T-LL and DTWR-T-HL
switches.

3.43.21 HEATING/COOLING Switch in the HEATING Position

With the HEATING/COOLING switch in the HEATING position, the switchover
valve shall open the heat-cool system piping to the heat exchanger and

close the heat-cool system piping to the [central plant chilled
water][single-building chiller].

3.4.3.2.2 HEATING/COOLING Switch in the COOLING Position
With the HEATING/COOLING switch in the COOLING position, the switchover
valve shall open the heat-cool system piping to the [central plant chilled
water][single-building chiller] and close the heat-cool system piping to
the heat exchanger whenever the dual-temperature return water temperature
(DTWR-T) is below the dual-temperature return water high-limit temperature
(DTWR-T-HL).

3.4.3.3 HAND-OFF-AUTO Switch

The Dual-Temperature water pump motor starter shall have an H-O-A switch:
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34331 HAND

With the H-O-A switch in HAND position, the pump starts and runs
continuously.

3.4.3.3.2 OFF
With the H-O-A switch in OFF position, the pump stops.

3.4.3.3.3 AUTO
With the H-O-A switch in AUTO position, the pump runs subject to the
Dual-Temperature Water Pump Start/Stop (DTW-PMP-SS) System Enable
(SYS-ENA) command.

3.4.34 Proofs and Safeties

DDC Hardware shall monitor all proofs and safeties.

34341 Proofs
None
3.4.3.4.2 Safeties

Heat exchanger differential pressure switch (HX-P-LL) shall be
direct-hardwire interlocked to the [steam][high temperature hot water]
valve.

3.4.3.4.3 DDC Hardware Reset

DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),

as shown on the Points Schedule drawing.

[3.4.35 [Heat Exchanger][Mixing] Valve Control

When this loop is enabled the DDC Hardware shall modulate the
[steam][high temperature hot water] valve to maintain the Hot Water Supply
Temperature (HWS-T) at setpoint (HWS-T-SP). The Hot Water Supply
Temperature Setpoint (HWS-T-SP) shall be [determined from a linear reset
schedule] as shown. The DDC Hardware shall monitor the status of the
HX-P-LL safety. When this loop is disabled, the valve shall be closed.

13.4.4 Hydronic Secondary with Variable Speed Pump

* *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *% *kkkkk *%

NOTE:

1) 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

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.
FRKRRERHIIIRRREFHIIARREFHKIARRE IR RRREIIRIIRREEFIRAIRREFHRRARRE KR ARREE
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Install DDC hardware to perform this Sequence of Operation and to provide

SNVT inputs and outputs as specified and shown on the Points Schedule.

Unless otherwise specified, all modulating control shall be

proportional-integral (PI) control.

3.4.4.1 System Enable and Loop Enable

a. This system shall monitor the enabled status of all systems served by
this system. If one or more systems served by this system are enabled,
this system shall be enabled (SYS-ENA). If all systems served by this
system are not enabled, this system shall not be enabled.

b. When this system is enabled (SYS-ENA) the Pressure Control loop shall
be enabled.

3.4.4.2 HAND-OFF-AUTO Switch

The hot water pump variable frequency drive (VFD) unit shall have an
integral H-O-A switch:

3.4.4.21 HAND

With the H-O-A switch in HAND position, the pump starts and runs
continuously. Pump speed shall be under manual-operator control.

3.44.2.2 OFF
With the H-O-A switch in OFF position, the pump stops.
3.44.23 AUTO
With the H-O-A switch in AUTO position, the pump shall run subject to the
Hot Water Pump Start/Stop (HW-PMP-SS) command and pump speed shall be
under control of the DDC system.

3.4.43 Proofs and Safeties

DDC Hardware shall monitor all proofs and safeties.

34431 Proofs
None
3.4.4.3.2 Safeties
None
3.44.33 DDC Hardware Reset

DDC Hardware reset of all proofs and safeties shall be via a local binary
push-button (RST-BUT) input to the DDC Hardware, via a remote command to
the DDC Hardware via SNVT or both (where the Contractor provides both
reset functions and the operator can use either one to perform the reset),

as shown on the Points Schedule drawing.

3.4.4.4 Pressure Control

When this loop is enabled the DDC Hardware shall modulate the pump
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variable frequency drive unit to maintain the pipe system pressure at
setpoint as shown, as measured by the differential pressure tap and sensor
as shown. When this loop is disabled, the DDC Hardware capacity
modulation output to the VFD shall be zero percent.

-- End of Section --
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