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Batielie

The Brutiness of Innovation

DDC Controls and Energy Conservation for
HVAC Equipment -Part 2- Agenda

1.

o O

DDC Control Applications

2. DDC Networks and Architecture
3.
4. Vendor Examples of DDC Software Programming

Communication Standards for DDC Controls

and Operator Interfacing

Understanding the Sequence of Operations
System Maintenance and Service of DDC Controls
Using DDC Controls to Save Energy
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Baltelle
The Bruiness of Imovation

Section 1
DDC Control Applications

*Room Exhaust Basic Control

*Air Handler Controls

*Constant volume-single zone
*Multi-zone

Dual duct

*Variable air volume- VAV

*Heating Systems with OSA Reset
* Energy Management Technigues for
Various AHU Fan Systems

NWD-SA-8834
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DDC Application for a Room s

Exhaust Control System
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Single Zone Air Handler —

Control Basics
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«Controls temperature of similar zones
«Can utilize economizer, heating coils, cooling coils
Efficiency is increased based on zone requirements
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Single Zone AHU Control

Application with DDC Controller
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OA SENSOR

CONDITIONED SPACE
SENMSOR

Do—Ligital output
Dil—Digital Input
Al—analog output

Al—Analog input Courtesy LAMA Books
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Multi-Zone AHUSs ;

o | temperature
)DC .
controllers SEensors

| & zone 1
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. % cooling
coil

 Airis blown over coils at the air handler in parallel

 Each zone thermostat controls a pair of interconnected dampers
which mix the air

« Efficiency increases when discharge air temperatures is reset
on zone requirements

 Reset hot and cold deck temperatures based on temperature
sensor signals from the zones

. - S

Courtesy Northwest Energy Efficiency Council
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Dual Ducted System St

MNLET VAMES
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Similar to multi-zone AHU, except air is mixed in the zone
Temperature blended hot/cold air

Mixing box near each zone

Damper linkages must be adjusted

« Efficiency based on temperature signals from zones

Courtesy Northwest Energy Efficiency Council
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Variable Air Volume With Reheat St

TO BUILDING STATIC PRESSLURE
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* VAV systems vary the air supplied to each zone depending on the
load, saving fan energy.

* VAV systems typically use cooling only air handlers.

* Volume of air delivered is varied using inlet dampers or electronic
speed controls based on supply duct static pressure setpoint.

Courtesy Northwest Energy Efficiency Council
PNWD-SA-8834
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Energy Management Techniques “-33-"51'-"@

Various AHU Fan Systems

*Single Zone/Constant Volume Systems

* Reset discharge air temperatures and mixed air temps based on zone
reguirements.

*Multi-Zone and Dual Duct Systems
* Reset hot and cold deck temps based on zone loads & temperatures.

Variable Air Volume (VAV)

» Use electronic VSD at the fan motor; supply and return fans should
track together. Use PI or PID to create fan stability.

*General Energy Saving Techniques for AHUs

» Operate zones based on load and occupancy needs.

« Set start and stop times to anticipate increasing and declining loads,
based on inside and outside temperatures.

» Schedule the static pressure setpoint to drop after normal occupancy
hours, or during low load conditions.

» Disable the mechanical cooling coil and pumps when outside air
temperatures drop below 60 deg F.

AN "~ G - | 1



Batielie
Many Factory Built-Up AHUs ""’“"“"“""""'“""

Are Variable Air Volume (VAV) with DDC Controls

r— _l
Exhaust Air Louver |
Exhaust Air I
Damper e /— Return Air Fan I
1 o)) <
|
! - |
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Damper s —I | |
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OA Damper
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Cold Aw
suppy Duct

Source http://www.mmtmagazine.org/page/indexa916.html?id=44
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Typical Controls on Factory AHUs

Example of Schematic for Alerton Controls
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Typical Controls on Factory AHUs n.nf'-.?..".,‘?,!'.?m

Example of Schematic for Alerton Controls
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Throttling VAV Terminal Units

Damper inlet controls supply air between
a min/max flow rate

Includes a reheat coil and control valve
*Provide air to appropriate zones

*Min setpoint provides enough fresh air

————————————
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Throttling VAV Terminal Unit

- 5

DrM| =T
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INLET B

171

Components within the VAV box include:
« Room Thermostat or Sensor
* Velocity Sensor
e Controller
 Damper Actuator

Courtesy Northwest Energy Efficiency Council
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Fan Powered VAV Terminal Unit
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 Fan provides constant volume

e Intermittent fan units

e Supply damper modulates min and max
 Reheat coil added to maintain min temp
 Fan runs as needed to maintain temperature

Courtesy Northwest Energy Efficiency Council
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Example of DDC Boiler ,,.,,,é'..?_"?,!,'.?,.ﬁm

Heating Controls Schematic
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The Brutiness of Innovation

Boiler Control With OSA Reset

Secondary

IlB“l. T_2 ’J"'-v 1 |' :I ﬁ ng
Controller —I {F~_/
0.A Temp [ 180°F
(82°C)
11 CiD
Boiler - HWR

O.A. Temp HWS Setpoint

0°F /-18°C 180°F / 82°C

T0°F / 21°C 90°F / 32°C

Courtesy TAC Controls/Schneider Electric
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Batielie

The Brutiness of Innovation
Converter Control With Reset
OA Temp |HWS Setpoint
h OUTDOOR RESET -10°F1-23°C | 190°F ! 88°C
/_ 65°Ff18°C | 100°F{ 38°C
o e - - 1
I
| e -
§ P e e e - I I
OSA 1 e————— - I | 1
Temp 1 ; : TEMPERATURE 1
Sensor c I : SENSOR : -
I i
I ] | LOW PRESS
2 -WAY N.C.
CONTROLLER : i VALVE (273 FLOW) —il_ i STEAM
i |
H H

2 -WAYN.C.
VALVE (1/3 FLOW)

FLOW SWITCH ~\

HWS —a— )

HWR } >

= N
= B

cowma—/ @ Steam Trap

CONDENSATE

Courtesy Northwest Energy Efficiency Council
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The Brutiness of Innovation

Air Handler Discharge Air
Heating Colil Control With Reset

DISCRIMINATOR INPUT FROM
CONTROL \ / EACH ZONE
------- <

r-——-

S

HOT DECK

Courtesy Northwest Energy Efficiency Council
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Reverse Reset

Just as the term “action” is defined as reverse and direct,
“reset” Is also defined as reverse and direct. The hot water
reset, in this example iIs for reverse reset.

I 3]
(= i

l HWW'S
Controller
0A Templ 180°F ]
(82°C)
1L cCiD
Boiler HYYR
O.A. Temp HWS Setpoint Reverse Reset Schedule
0°F /-18°C 180°F / 82°C
?DDF }F21DE EDDF J'FEJ'EDE Courtesy TAC Controls/Schneider Electric

888888888888
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Direct Reset

With direct reset, as the signal for the secondary input
Increases, the setpoint increases. Direct reset is less
common than reverse reset. An example of direct reset is an
application called “summer compensation”, shown below.

T X
ﬁ Controller

OA Temp Zone Temp.
O.A. Temp Zone Setpoint
Summer Compensation
72°F /22°C 72°F /22°C Reset Schedule
1D50F ’IF4DDC ?EDF J'Ir ZEDC Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
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Exercise

ldentify the component location

1. Zone Reheat Coil
2. Static Pressure Controller
3. Exhaust Air .:._r T
1
4. Outdoor Air Intake ..__I_:
5. Preheat Coil ]
6. Cooling Coil l —_\;'r $
7. Inlet Vanes or VSD - - ¢ z
M
—— r
& | o _\E,,-
re————————
EH - " !
4 o
—~| F _ﬂ 0 @ —
% L 1\ \

888888888888
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The Brutiness of Innovation
Exercise
Converter Control With Reset Schedule
D.Ee:mp L4
OA Temp |HWS Setpoint )|
S10°F £-23°C | 190°F 88°C Controller

65°F/18°C | 100°F/ 38°C 2-Way N.C.
Valve (113 Flow)
LPSS = =
Low Pressure i 2-Way N.C i
Steam Suppl : .C.
w2 PRy Valve (203 Flow |

i 1
= T

Hot ‘Water Supply

Steam Converter

) ) . Condensate"neturn
1. Which is the primary sensor?

Hot Water Supply (HWS) or Outside Air Temperature (OAT)
2. What type of reset is this?
Direct Reset or Reverse Reset
3. What action is needed at the controller?
DireCt ACtion or Reverse ACtiOﬂ Courtesy TAC Controls/Schneider Electric
PNWD-SA-8834 2.~ e - 0 5




Exercise-ldentify the AHU Components

10.
"

12.
13.
14

PNWD-SA-8834
A\

G.
H.

|. Discharge Air Temp. Sensor

J.
K

L.

M.

mo o @ »

Supply Fan
Filter Exhaust
_ _ Air
. Qutside Air Dampers
. Return Air Temperature Sensor o
Hot Water Coil ATTTT
Mixed Air b
&
. 4
Return Air Dampers Qutsidle &
Air &
Return Air Humidity Sensor &

Return Fan

Return Air

Mixed Air Temperature Sensor

Steam Humidifier

. Chilled Water Coil

Courtesy TAC Controls/Schneider Electric
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EXercise In the illustration of this air handling

system, draw in the components that are missing from
the diagram using the items in the list.

fan

exhaust < duct

m

- |
outdoor air > E/_
= AN
fan I I
3 economy cycle dampers
2 coils (1 hot water heating, 1 cold water cooling)
2 valves (1 hol waler healing, 1 cold waler cooling) a—
4 temperature sensors conditioned
space

2 static pressire sensors

2 variable frequency drives (WVFD)
reheat coil and valve

thermostat

air filter E 0

slatic pressure  thermastat  temperature
Sensor SEnNs0or

PNWD-SA-8834
A\

5 S BN m

damper heating codling VFD
coil coil

valve filter

Courtesy Northwest Energy Efficiency Council
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Baltelle
The Brutiness of Innovation
S

ection 2
DDC Networks and Architecture
Large Systems

Site PC ﬁ—l: Q

! Site LAN/MWAN
_o_ -
Subnet PC

Subnet PC

C = Controller

C| = Communications
Interface

| = Interface

LAN = Local Area Network

S = Sensor

O = Qutputs

WAN = Wide Area Network

——
- o,
2 —
¢ —
L1 ]
o

Mulliple-Subnet Works System Architecture
Courtesy DDC-Online Org

PNWD-SA-8834
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The Brutiness of Innovation
D

DC Networks and Architecture
LAN Configurations

Controller LAN

) g S - gensor
o-@-< o< o
O - 20

Peer-to-Peer LAN Diagram

. Polling LAN
C = Controller
| = Interface
S = Sensor
Q = Qutputs

0 C pat
o-[F <

Polling LAN Diagram Courtesy DDC-Online Org

888888888888
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The Brutiness of Innovation
D

DC Networks and Architecture
LAN Configurations

Peer-fo-Peer LAN

G*IF “ Folling LAN
C = Conlroller
I = Interface
S = Séenseor )

O = Culputs W
(s

Peer-lo-Peer & Polling LAN

C = Conlroller

Cl = Communications
. Inlerface
| = Interface
i ‘ S = Sensor

O = Qulputs
Communications Inlerface e—ﬂ

Courtesy DDC-Online Org

888888888888
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Modern DDC Controls Have
Four Level Architecture

Web Browser BACtalk® Server BACtalk Workstation

BACtalk Server
Management
B o

BACnet IP Ethernet WAN

.

i
&

RS

McQuay o

- FieldServer
Controller BTP-Modbus Phoenix Interface

:'..\ !'.‘:'{
f Congittion 4 BACnet [P WAN )
) y
bl rxs

KMC LAN

FieldServer
Gateway Controller Gateway
MQ-DCU 1310-0 | WEBtalk IPort
- e Renton, WA .
i =il Atlanta, GA Integration
I m | Los Angeles, CA Level
e LON Network
Fume Hood  EST Fire System
Ebtron ABB VFD Controls
BACnet MS/TP LAN
_ = | Field Controller
i ' ] o= Level
Alerton VLCs  VAV-SDC3 Automated Logic Delta Controls ~ VAV-SDA [ | Mammoth KMC
110 6104 DAC 304 Nailor Lithonia Lighting  Delta MODBUS Controller
VAV Box Gateway
|
m =m J iy 8] ,J
i i | T i : Sensor/Actuator
Microset™ || Microset Il Microtouch™  Microtouch Microset Il Microset I LON Level
Veris Sensor
Meter
PNWD-SA-8834
. N

Courtesy Alerton Controls
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The Brutiness of Innovation

Four Level Architecture
Level One “Sensors”

= 7 - Sensor/Actuator
Microset™ 11 Microset Il Microtouch™  Microtouch Microset |1 Microset Il - LON Level
Veris Sensor

Meter /

Courtesy Alerton Controls

PNWD-SA-8834
A\ N N\
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Four Level Architecture
Level Two “Field Controllers”

BACnet MS/TP LAN

Field Controller

: = . Level
Alerton VLCs  VAV-SDC3 Automated Logic Delta Controls VAV-SDA  VLC-MQ-WSHP Mammoth KMC
/0 6104 DAC 304 Nailor Lithonia Lighting ~ Delta MODBUS Controller
VAV Box Gateway

= =

18 i i ie 1 Sensor/Actuator
Microset™ I Microset Il Microtouch™  Microtouch Microset 11 Microset Il LON Level

Veris Sensor

Meter

Courtesy Alerton Controls

PNWD-SA-8834
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Four Level Architecture
Level 3 “Integration”

BACnet IP Ethernet WAN

BACnet IP WAN ’

BTl

McQuay

] = FieldServer KMC LAN FieldServer
Controller ~ BTP-Modbus Phoenix Interface  Gateway Controller Gateway
MQ-DCU 1310-0 WEBtalk IPort
H N [ W — Renton, WA
VLCP =l Atlanta, GA Integration
EXP-1048 I g
m Los Angeles, CA Level
I LON Network
Fume Hood  EST Fire System
Ebtron ABB VFD Controls
BACnet MS/TP LAN
B | 2% » .
a i i or. E Field Controller
i | __ efgaag Level
AlertonVLCs  VAV-SDC3 Automated Logic Delta Controls VAV-SDA |i—— | Mammoth KMC
110 6104 DAC 304 Nailor Lithonia Lighting Delta MODBUS Controller
VAV Box Gateway
|
= | [ | I [ J
| ol 1 I |+ L il d Sensor/Actuator
Microset™ |1 Microset Il Microtouch™  Microtouch Microset 11 Microset Il LON Level
Sensor
Meter

Courtesy Alerton Controls
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Four Level Architecture

Level 4 “Management”

Web Browser BACtalk® Server BACtalk Workstation BACtalk Server
Management
B PS o
o O o o [ i
BACnet IP Ethernet WAN : &f BACnet IP WAN
Mcauay - = FieldServer KMC LAN FieldServer
Controller ~ BTP-Modbus  Phoenix Interface  Gateway Controller Gateway
MQ-DCU 1310-0 WEBtalk IPort
_— Pt Renton, WA .
o Efiil Allanta, GA Integration
= m Los Angeles, CA Level
: —— « LON Network
Fume Hood  EST Fire System
Ebtron ABB VFD Controls
BACnet MS/TP LAN
i o =
_ Field Controller
i i A Level
AlertonVLCs  VAV-SDC3 Automated Logic Delta Controls VAV-SDA  VLC-MQ-WSHP = Mammoth KMC
11O 6104 DAC 304 Nailor Lithonia Lighting Delta MODBUS Controller
VAV Box Gateway
|
m &= ] o -] B2 4
i g = L L Sensor/Actuator
Microset™ I Microset Il Microtouch™  Microtouch Microset Il Microset Il LON Level
Veris Sensor
Meter
Courtesy Alerton Controls
N
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Section 3 ""’"“*‘"“"ﬁ“

Communication Standards
Software Integration
(TCP/IP, BACnet, LON)

Automation systems allow communication
with multiple vendors including:

« HVAC equipment

 Fire alarm, security

e Lighting, fan units

 PLCs (programmable logic controllers)
* Bollers and chillers

WD-SA-8834
A\
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Interoperability and Open Systems

Proprietary Systems vs. Open Systems

Terms

 Interoperability
e Connectivity

 Interchangeability

888888888888



Baltelle
The Brutiness of Innovation

BACnet Software Standard Protocol
BACnet, was developed by ASHRAE
*True, Non-proprietary, Open Protocol
*Industry Standardized

Multiple Vendor Controllers

————————————



Batielie

The Brutiness of Innovation

BACNet Gateways

C =Controller A
Cl = Communications
Interface

| =Interface @ S Sub-LAN

LAN = Local Area

o woer [l
w\w ™

BACNET Galeways

Courtesy DDC-Online Org
PNWD-SA-8834 . ™ S - 3 O



BACnhet Connectivity

Processor Processor Processor
Processor Processor
Processor Processor
Processor Processor
Processor
Processor Processor

BACnet

Operator
E— Console

PNWD-SA-8834
A\
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Third Party Interface

C = Controller

Cl = Communications Sub-LAN
Interface

-_s I S
| = |nterface Interface I
LAN = Local Area \
Network —n
GW = Gateway

)
Third Party Interfaces

Courtesy DDC-Online Org

PNWD-SA-8834
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LonWorks Platform and LONTalk

(Open Protocol) by a Proprietary
Manufacturer-Echelon

Refrigeration  VSD

Unitary ~ Controls Lignting

! ; I >
- ﬁ .1'.’.’.11’ ne;
|_,_ I _____ I e e
Power HVAC VAV IIILI(! OEM Access
TAC Factory
Metering ! Equipment  Control [TAC Factory_
Lon Talk
Neuron Chip
by Echelon

------------
. . —
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Exercise

ldentify the Components of the Large
System DDC Network, Fill in the Blanks

L
S ———

oo H
— 1

ag

o
0
i
i

C = Controller

Cl| = Communications
Interface

| = Interface

LAMN = Local Area Network

S = Sensor

O = Qutputs

WAN = Wide Area Network

Multiple-Subnet Works System Architecture
888888888888 43
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Exercise

ldentify which DDC LAN Network is Polling and
which is a Controller LAN Network

LAN
) g S = Sensor
C = Controller
e _..é_..q eAé—\q O = Qutputs
s o C O

LAN Diagram

C = Controller
| = Interface
S = Sensor
Q = Qutputs

o<

LAN Diagram

888888888888
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S

ection 4

Vendor Examples of Software
Programming and Graphical Interface Strategies

*Alerton Controls
AleRTON
«Siemens Building Technologies

SIEMENS

AutomatedLogic

AUTOMATEDLOGIC

C O R P ORA T I OM

888888888888
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Typical Controls on Factory AHU Example

of Economizer Program for Alerton Controls

Sensors

Controller

e

0 Command '__nn-n_

izer Output

BY4E
4 Ecoromizer Locked Out
ThEz0S
HEBa
= Win, Wixed Tamp 5P
4 Tamparaua AV
B g Mived Tamperatura
Return Temp A0 an
COMPARATOR Ll
"
g ON .. a
¢ av4 INPUT
» BR grd  prd UM
Cig Lockaut ) ) I
a0 Analog Economizer Qutput w/ Min - | 2 ava INPUT

4010

TINMT
SCALER

SWITCH

BRS

LIMITER

PNWD-SA-8834

Mixed Temp Limiter.

SWICH

- Ecan Min,

LIMITER

3
SWITCH

4120

© HINRUT
SCALER

Damper Cutp

Actuator

Courtesy Alerton Controls
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Typical Controls on Factory AHU ,,.,,,.h_.,,,,,m

Example of Economizer Program
Components for Alerton DDC

Controller
Sensors
& ———ofJ Economizer Locked Out
o805
avans . Min, Mixed Tamp SP
g Teme - ﬂ' Mixed Temperature
Return Temp - AL g
CUVIPARATOR
Bv-11
D DN -
ava INPLT
| BR-4
w12
BR:4 BR-4 4030 Analog Economizer Qutput wi Min
OUTI 4 OFF Mixed Temp Limiter,
T ———fJ Economizer Output
Actuator
\ —oAvs INPUT
Damper Output
Courtesy Alerton Controls : "‘":"l

------------
. . —
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Typical Controls on Factory AHU
Example of Program

Process 'Energy\100KW' "Rm100 Energy" \NCM-22'

PERIOD 00:01:00

Exempt All

Shared SF1DAT!,RmTemp100!,Rm100VentKW!,RM100CIgKW!,Rm100HtgKW!,ClgCmd!(1),HtgCmd!(1)
PRIORITY 4

Rem inputs

CFM! = 'Rm-100\CS-Obj\AD_3'
CFMSetPt!="Rm-100\CS-Obj\AO_3'
HtgCmd! = 'Rm-100\CS-Obj\AO_1'
MinCFM! = 'Rm-100\CS-Obj\SP_8' :Rem MinCFM Cooling
MaxCFM! = 'Rm-100\CS-Obj\SP_7' :Rem MaxCFM Cooling

CoilKW!' =4.3
ClgCmd! = Span(CFMSetPt!,MinCFM!,MaxCFM!,0,100)

If (HtgCmd! < 1) and (ClgCmd! > 1) then
ClgKW! =1.08 * abs(RmTemp100! - SF1IDAT!) * (CFM! - MinCFM!) / 3412
VentKW! = 1.08 * abs(RmTemp100! - SF1DAT!) * MinCFM! / 3412
HtgKw! = 0.0
HtgCmd(1) = 0.0
ClgCmd!(1) = ClgCmd!
ModeA! =2

PNWD-SA-8834
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Typical Controls AHUs-Example

of AutomatedLogic Graphics Display for

Central AHU Controls

Retumn Air Temp
755 °

Supply Air Temp
69.7 °F

Duside Air Temp
6856 °F

Schedl.zle

Heliday Calendar

Mixed Air Temp

PNWD-SA-8834
A\

Air Handling Unit 1

Supply Air Manual Setpoint
Supply Air Calculated Setpoint
Outside Air Humidity

Setpoint
Duct Static Pressure 0.500 inH20
Building Static Pressure

Supply and Retum Fan Enable
Supply Fan Amps

Supply FanVFD Speed

Supply FanVFD Fault

Retum Fan Status

Retum Fan VFD Speed

Retum Fan VFD Fault

Outside Air Damper
Retum Air Damper
Chilled Water Valve
RAT Setpoint for SAT Reset ECH

RAT Offset Setpoint
05A Lockout Offset

Min CHW Valve Setpoint

Min Dampers Position
Max Dampers Position

| _76°F |
=L
| 20°F |
Cooling Offset
[ o=
|_o% |

68.0°F

484 %
Actual

0.596 inH20

0.014 inH20

F
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Section 5 —

Understanding the Sequence of
Operations for DDC Controls

The sequence of operation explains:

“How the System iIs Designed to Operate” while
linking the Operation with the Control Drawing”

It will include:

 Unit startup and shutdown

e Supply fan static pressure control

e Cooling cycle and economizer operation

« Heating cycle

e Safety and limits



The Control Drawing is the Field
Picture for the Sequence of Operation

Al - Return Air RH

Al — OSA RH Sensor

Al — Return Air
CO2 PPM Al — Return Air Temp
N.C. & @ 7
EA RA
AO — Mixed Air Dampers
B N.O.
Al - Air Filter Al - High Static
DP Sensor Shutdown
Al - OSA Alr Temp Al - Mixed Air Tem Al - Supply Air Tem
o 2 ) iﬂéj A P _ pply AirTemp |,
’ ERTC
N.C. Bl — Supply Fan Status o7 Tt

Al - Supply Air Static Sensor
Locate % Distance
BO - Supply Fan S/S ‘ Downstream
AO — Supply Fan VFD Speed
Bl — Supply Fan VFD Fault

Elec |
BO - Preheat Elect Heat
D Elec
1 Stage BO - Heating 1 Stage
BO - Cooling 1 Stage DX Electric Heat

PNWD-SA-8834
A\ \ N\

WD

-51



: ME?.."‘*&
Examples-Sequence of Operations i

for Unit and Fan Run and Shutdown

Unit Run Conditions:

e The initial duct static pressure setpoint shall be 0.5 in.
H,O

Supply Fan:

e The supply fan shall run anytime the unit is programmed or
commanded to run, unless shutdown on safety resason. To
prevent short cycling, the supply fan shall have a user
definable minimum runtime.

AHU Optimal Start:
* The unit shall start prior to scheduled occupancy based on

the time necessary for the zones to reach their occupied

setpoints. The start time shall automatically adjust

based on changes in outside air temperature and zone
___temperatures.

~ . - 5
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Examples-Sequence of Operations i

for Supply Fan Static Pressure Control

Supply Air Duct Static Pressure Control:

* The controller shall measure duct static pressure and
modulate the supply fan VFD speed to maintain a duct
static pressure setpoint. The speed shall not drop below
30% (adj.).

Setpoint Control

e The static pressure setpoint shall be reset based on zone
cooling requirements. The Initial duct static pressure
setpoint shall be 0.5 in. H,O (ad].).

e As cooling demand increases, the setpoint shall
iIncrementally reset up to a maximum of 0.75 in. H,O (adj.).

e As cooling demand decreases, the setpoint shall
iIncrementally reset down to a minimum of 0.25 in.

wayQ (ad).)
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Examples-Sequence of Operations e

for the Cooling Cycle

Cooling Stage Control:

*The controller shall measure the supply air temperature
and stage the DX cooling to maintain its cooling setpoint. To
prevent short cycling, the stage shall have a user definable
(adj.) minimum runtime and differential setpoint.

The cooling shall be enabled whenever:

*Qutside air temperature is greater than 60°F (adj.), AND
the economizer is closed to a minimum, AND the supply fan
status is on, AND the heating is not active.
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Examples-Sequence of Operations i

for the Economizer Operation

Economizer:

* The controller shall measure the mixed air temperature and
modulate the economizer dampers in sequence to
maintain a setpoint 2°F (adj.) less than the supply air
temperature setpoint. The outside air dampers shall
maintain a minimum adjustable position of 10% (ad).) open
whenever occupied.

The economizer shall be enabled whenever:

 Qutside air temperature is less than 65°F (adj.), AND the
outside air temperature is less than the return air
temperature, AND the supply fan status is on.

The economizer shall close to minimum (or close) whenever:

* Mixed air temperature drops from 40°F to 35°F (ad).), OR
on fully close on loss of supply fan status or shutdown.

-55
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Examples-Sequence of Operations i

for the Heating Cycle

Electric Heating Stage:

* The controller shall measure the supply air temperature
and stage the heating to maintain its heating setpoint. To
prevent short cycling, the stage shall have a user definable
(adj.) minimum runtime.

The heating shall be enabled whenever:

 Outside air temperature is less than 65°F (adj.), AND the
supply fan status is on, AND the cooling (if present) is not
active.

The heating stage shall run for freeze protection whenever:

« Supply air temperature drops from 40°F to 35°F (ad].),
AND the supply fan status is on.




. Batielie
Exercise e

Fill In the blanks or circle T or F, as needed to the
following questions:

1.) The supply fan speed shall not drop below

2.) The initial duct static pressure setpoint shall be H,O .

3.) The outside air dampers will go to a minimum setting
whenever the outside air temperature is greater
than _ °F and the fan is

4.) T F The heating shall be enabled whenever the
outside air temperature is less than 55°F.

5.) T F The cooling shall be enabled whenever the
outside air temperature is greater than 60°F.
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ection 6

System Maintenance & Service of HYAC/DDC Controls
and Associated Equipment

*Fix Obvious Problems
*Minimizing Nuisance Alarms
*Trending and Recording
«Setpoint vs. Control Point
*Monitoring Graphics
«Calibrating Pneumatics
*Air Compressor Checkout
*Routine Inspection on VAV Boxes and AHU Coills
«Calibrating DDC Panels
s *LOOD Tuning

-58
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F

IX Obvious Problems
Outside Air Intake-Is this a Problem?

Notice the
condition of the
outdoor air intake

Screens

-59
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Fix Obvious Problems """""""““""’"“‘"

Is the Damper Operator a Problem?

i Notice the
| disconnected linkage

-SA-8834
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The Brutiness of Innovation

Minimizing Nuisance Alarms

e Set alarms as low or as high as possible
* For example, the alarms for a typical room
temperature would be set at 78°F for a high
and 65°F for a low alarm
 Dalily repeat alarms should be repaired, not just
acknowledged each day.
 Trend alarm points to better track actual
conditions
 Re-commission your building annually if alarms
or out-of-control conditions consistently occur.




Trending and Recording e

Setpoint vs. Control Point

 Use the DDC computer functions for accuracy
when making measurements.

* Plot out the DDC control panel and setpoint
concurrently to display actual working condition
problems.

e Trend temperatures and analog sensors on
time, not change of value (COV). Trending on
COV is only needed on binary devices.
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onitoring Graphics

E con. Pozition a0 X%

Econ. Minimurm Fl

Econ Lockout Status
’7 Allowed —| " "
Cooling alve 0% Supply Air Temp.
LHW Temp  44°F HeatingWalve 0% 62 °F
Beturn Air Temp_ CHw HEquESt 5 HWw'S TEITII:' 130 °F

73 °F CHWS Flow =l HwWS Reguest =l

Hw'S Flow -I

« Monitor dynamic, real world displays, not static
graphics

* Look for normal and alarm conditions

« Compare setpoint to control point

 Review discharge air temperature compared to
zone demands

 Reset temperatures based on zone requirements

PNWD-SA-8834
™~ . - G 3
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Calibrating Pneumatics

| T @'
| |
{

 Verify actual spring range of the controlled
device for calibration

e Cycle controller within spring range

« Control point equals setpoint output during
calibration

* Pressure equals middle of spring range

Courtesy TAC Controls/Schneider Electric
"~ . - O/
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The Brutiness of Innovation

Ailr Compressor Checkout

e Listen to compressor

e Check runtime length

e Check tank for water

e Check for oll In the water
* Inspect and replace all filters as needed
 Check output pressures at controllers

————————————

A\ N N\ -65
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Routine Inspection Tips for VAV St

Boxes and Assoclated Controls
Inspect the following parts routinely:

Check the air flow
sensor reading
compared to a

calibrated instrument

------------

N

Check the
control
damper

for open-
closed

operation

F

/

Check the
fan
operation

| e——

SIS E

b

INLET — 9

=4 [111]

i

RETURN

Check the
control
valve for
reheat
operation

Change air filter on
heating coil as needed
(when used)

Q/. — - DISCHARGE
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Routine Inspection Tips for Heating

and Cooling Coils on AHU Units

Econ. Position a0 %

Econ. Minimum Fl

Econ Lockout Status
I' Allowed

Coaling Y alve 0z
CHw Temp 44 °F
CHw Request

|
CHw Flows _I

Heating Y alve 0%
Hw'S Temp 130°F
Hw'S Request

=
H'Www'S Flowy _I

Check the economizer
dampers are modulating
properly by commanding
to 0% and 100%, verify a

drop and raise in

temperatures as
compared to OSA and

RA temperatures.

Check the cooling coil
valve by commanding to
0% and 100%, verify a
drop and raise in
temperatures

Check the heating coil
valve by commanding to
0% and 100%, verify a
drop and raise in
temperatures

PN\
NWE=SA=883% 2 67
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Calibrating DDC Panels and

Control Loops

» Use factory specs for power supply

Upgrade motherboards within DDC

controllers as required to maintain

factory support

Use loop tuning software to adjust

software control loops under average

loads.

Adjust one gain at a time

« Seasonal loop calibration may needed

o Calibrate transmitters, transducers
etc., against known sources per
manufacturer specifications

Courtesy Alerton Controls
888888888888 68
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Section 7 T B i

Using DDC Controls to Save Energy
Standard Economizers with Dry Bulb Control

Airside Economizer: “A duct-
and-damper arrangement and
automatic control system
that, together, allow a cooling
system to supply outdoor air
to reduce or eliminate the
need for mechanical cooling
during mild or cold weather.”

rehef-air damper

outdoor-air damper

L
‘ space

system controller

PNWD-SA-8834
A\ N N\
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Using DDC Controls to Save Energy
with Enthalpy Optimization

RETURN AIR
LU 20°C (66°F)
OUTSIDE AR~ 4/ ENTHALPY ] 25% RH.
15°C (59°F)
95% RH.

HIGH
ENTHALPY

O4& Dampers

ab Minimum

Position (10%) ¥
=)

Courtesy TAC Controls/Schneider Electric

PNWD-SA-8834
A\
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Using DDC Controls to Save Energy
Electric Demand Limiting

Power Demand Limiting is also referred to as EDL.

Without EDL

=

Demand Charges
SEEHE TS

DEMAND LIMIT TR N

1425KW - A0

—
= B =
1 T i |
w W w
I L L
LRI TR R T

Festoress

ELECTRIC DEMAND LIMITING (EDL),

Courtesy TAC Controls/Schneider Electric
PNWD-SA-8834 2_71
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Using DDC Controls to Save Energy
Time-Programmed Controls

ZOME
TEMP. |

100°F 1 36°C Occupled Time Unoccupied
90°F 1 32°C - Sot

+ el
an*F.'z?*c:—__-\\ COOLING SETPOINT / "
”"’”WC'-T_// HEATING SETPOINT \\
60°F 1 16°C

S0°F 1 10%C selack
LIGHTS, FAN,etc. COMMAND

7777777

9:00a 12:00p 3:00p G:00p 3:00p

Courtesy TAC Controls/Schneider Electric

888888888888
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Using DDC Controls to Save Energy
Optimum Start/Stop

i COOLING
e Unoccupied  [TPL! COOLING "ON
g 3o . 2AT=3" (95T |

+ OPTIMUR: COOLING "ON"
00 1 270 -J. 28T =207C(BE7F)

1 Occupied Cooling
700k 210 L Wwasted energy usage _ ( )
7ONE T without optimum start /Setpmnt: 24°C(75°F)
TEMP. WO IR W 14444444, S W

2:00am  4:00am b2 0 0am g:00am  10:00am

Courtesy TAC Controls/Schneider Electric

888888888888
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Using DDC Controls to Save Energy
Getting Back to the Basics

e Are the Pneumatic and DDC Control Systems
calibrated?

« Heating and Cooling Simultaneously?

e Sensing Correct Medium Locations?

e Optimum Setpoints

e Sensitivity Adjustments

e System Integration

e Scheduled Preventive Maintenance is a MUST!
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Exercise e

Fill in the blanks as needed to the following questions

1.) To help minimize alarms on the DDC system, set alarms as
or as as possible

2.) Trend temperatures and analog sensors on ,
not of . Trending on

IS only needed on binary devices.

3.) Upgrade motherboards within DDC controllers as
to maintain support.

4.) Calibrate transmitters, transducers etc., against
sources as per specifications.




Exercise D st i

1.) T F Airis blown over coils at the air handler in parallel

2.) T F Ona VAV fan system, the volume of air delivered
IS varied using inlet dampers or electronic speed
controls based on return duct static pressure setpoint.

3.) T F On a boiler control with outside air reset, the controller
automatically changes the supply water temperature set
point based on the actual outside air temperature.

4.) T F VAV terminal box units utilize a damper inlet that
controls supply air between a 0% closed and a
maximum flow rate and include a reheat coil and control
valve.

5.) T F Airside economizers simply utilize air source energy from
Inside the building to cool the building or to supplement
the mechanical cooling system.

6.) T F The optimum start program computes the optimum time to
start the heating or cooling equipment so that at the precise
beginning of occupied time, the zone is at the desired

- temperature. .



