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Types and Level of Automation
HVAC DDC Control Principles

Open Protocol Control Principles
DDC Architecture

Examples of DDC Software Programs

Typical DDC Control Systems and
Applications

Present and Future Trends in DDC Controls
Getting DDC Equipment in your Schools



DDC Controls Quiz
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DDC and PLCOs ar e ba
control devices.

There are 3 key components of any
DDC controls system.

BACNet, Lon, and Tridium are Open
Software DDC Integration Tools

The thermistor is linear like the RTD.

The Boolean Point is used for converting
temperature sensors into useful
iInformation.



The Various Levels of DDC and
Automation

AResidential and Home Automation

I Smart Homes, not widely adopted with HVAC
Manufacturer o6s Equil pment

I Smart HVAC Systems, ie. Carrier, Nordyn

ACommercial
I DDC is Designed for Commercial Buildings
I Multiple Vendors

Alndustrial
IPLCO6s, SCADA, Ladder Logi c



Residential and Home Automation
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Commercial DDC Automation
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Present DDC Control Vendors and
Merger Corporations
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@ Schneider

SIEMENS AUTOMATEDLOGIC

CORPORATION

Phoenix Controls

Corporation



http://www.johnsoncontrols.com/
http://www.us.landisstaefa.com/default.asp
http://www.honeywell.com/index.html

Industrial Automation
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Evolution of Controls and DDC
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PC Based DDC Control System
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Modern DDC Building Controls Utilize
a Four Level Architecture

Web Browser BACtalk® Server BACtalk Workstation BACtalk Server
Management
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Sensor Level
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Field Controller Level
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Integration Level
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Management Level
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The Purpose of any Temperature
Control System

AControl systems are the fdbr ai
maintain human comfort. Pictured below is an AHU that
serves only one zone. This type of AHU is called a single
zone AHU. In the example, a temperature sensor (stat) sends
a signal to a control panel, which sends a signal to a valve.

akalk

Control Panel



Three (3) Key Components of any
Control System Include:

120

Sensor  y| Controller (| Controlled
Device
Caontrolled Devyice
Sensor Controller :
N.O MO
% il L= HWS
24
Vac
Signal

COmmaon

Yac

Energy
Source



DDC Terminology
Set Point and Offset

Set point is the desired condition of a variable that is to be
maintained, such as temperature. In the example below, 75
degrees F. is the room temperature set point. Offset is the
amount of difference between control point and set point in a
proportional control system. In the example below, the offset
IS approximately 4°F.

Setpoint H’
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DDC Terminology
Control Point

AThe Control Point is the actual temperature being
sensed. The Control Point (temperature) may not be
on the set point, but instead may be above or below

it. Simply stated, set point is what you want, while
control point is what you get.

Control Point

T6°F pusnsuns Valve Open

TA&FSetpoint = == == == = Qg —— — =— =— == Valve Mid-Stroke

T2°F pownnswnwnnnnnnnnnnsnnnnnnnnnnnsaslsnnsnnnnnnnn Valve Closed

TIME >




DDC Terminology
Throttling Range

ASystem Throttling Range (STR) is the change in the
measured variable (i.e. temperature) that causes the
controlled device to travel from one end of its stroke
to the other.

Sensed Temperature Controller Qutput Signal Actuator/Valve Position
?BF llllll 1 llllllllllll 10 ‘U’dc Output lllllllllllllllllll Valve Closed
STR=8

Setpoint =t \lalve Mid-Stroke

?D IIIIIIIIIIIIIIIIII U Udc Dutnut ------------------- Uﬂll"."e Dnen



The DDC Control Cycle and
Control Action Can be Very Accurate

ATwo Position
Aloating Action
Aroportional Action
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Control Cycle Graph
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Two Position
(Old School-Not Accurate)
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Floating Action Control
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Proportional Action

Space A
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Proportional Control Action



Proportional with Integral Control
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PID-Proportional
Plus Integral & Derivative
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Control Points for the DDC System

Four Types of Point Data Categories
Boolean - Represents a binary value with only

~ % Palette

= = o |- two states, such as "Off" or "On.
B Frois Numeric - Represents an analog value such as a
+ @ BooleanPoint temperature, level, rate or similar floating point
+ @ Booleanritable number, or a varying count (integer).
+ {0 MumericPoint A
+ @ NumericWritable Enum - Represents an enumerated state (more
+ (O EnumPoint than two), such as a multi-speed fan with states
+ (O Enumiwritable "Off," "Slow," and "Fast." Enums are often called
- @ StringPoirkt multi-states or discretes.
+ {1 Skring'Writable _
+ £ Extensions String - A string of one or more ASCII characters
+ O Trigger and often (if alpha-numeric) with some literal
meaning.




Control Points for the DDC
Eight Types of Control Points

Boolean Numeric Enumerated String

BooleanPoint NumericPoint EnumPoint StringPoint
AA read only point AA read only point AA read only point A read only point

1 Facets 1 Facets 1 Facets T Facets

1 Proxy Extension T Proxy Extension T Proxy Extension T Proxy Extension

T Out T Out T Out T Out
BooleanWritable NumericWritable EnumWritable StringWritable

A Extended to include
T Priority controls
1 Fallback property
1 Override expiration
T 7 Commands
T On & Off timers

AExtended to include
1 Priority controls
1 Fallback property
1 Override expiration
1 5 Commands

AExtended to include
Priority controls
Fallback property
Override expiration

T
T
T
1 5 Commands

Extended to include
T Priority controls
T Fallback property
T Override expiration
T 5 Commands




Sensors

AA sensor monitors and measures a variable. The
HVAC variables are temperature, humidity, flow, and
pressure. Different types of signals are produced by
different types of sensors. They include:

I Electric Sensors
I Pneumatic Sensors
I Electronic Sensors v

Examples of a sensor is shown here. While it may
appear to be a thermostat, it is a remote sensor with
a remote set point dial. The controller is in another
location.



Electronic Sensors Include:

AResistance sensors are Resistance Temperature
Devices (RTDs), and are used in measuring
temperature.

AVoltage sensors could be used for temperature,
humidity and pressure.

ACurrent sensors could be used for temperature,
humidity, and pressure. The typical current range Is
4 to 20 mA (milliamps).



Disadvantages

Temperatures Sensors Can be either
Thermocouple, RTD, or Thermistor.
This Chart Compares the Advantages and

Thermocouple Thermistor
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T T T T
TEMPERATURE TEMPERATURE TEMPERATURE
C Seif-powered T Most stable ~ High output
8 Z Simple 1 Most accurate — Fast
: = Rugged = More ingar than ~ Two-wire ohms
B | C inexpensve thermocouple measurement
= ~ Wide vanety
: = Wide temperature
range
® | = Non-linear — Expensive — Non-linear \
g’ — Low voltage — Current sourcae re- — Limuited temperature
® | < Reference required quired range
s ~ Least stable =~ Small AR — Fragiie
o | = Least sensimve = Low absolute _ Current source re-
= resistance quired
a Z Seif-heating _ Self-heanng




Modern HVAC DDC Sensors Include

AHumidity and Temperature Transmitters
ACO2 for Indoor Air Quality (IAQ) Utilizing

Demand Ventilation / _
%/ ==
APower Meters //é/%f'f”?'

ABranch Circuit Monitors
AEnergy Meters



http://www.veris.com/subcategory.asp?idMainCategory=41&idCategory=55
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Controllers Can Include:

Electric Controls Pneumatic Controls

e

All inputs Class 2.
Goldsn Valley, MN 55422
‘Assembied in Mexico

DDC
Controls

W7212A 1025-
DCV ECONOMIZER

Electronic Controls



Controllers Principles

The Controller Recelves the Input
and Processes an Output
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The DDC Controller Has 3 Functions
1. Recelves the Input From the Sensor
2. Performs a Logic Function

3. Processes an Output
:nt-rg_l':ih!:‘;_ -.. #__I:}__g_g of DDC

Sensor

Controller
Controlled
Device

INFPLT LOGIC OUTPUT



Basic DDC-Electronic Control System
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Direct Digital Control System
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Controlled Devices
Dampers and Valves
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