Organization
of This Book

Section A: The Basics

Includes Chapters 1, 2, 3, and 4. This section covers the basics of DDC, DDC
controllers, and the control theory as a whole. It also covers LEED and com-
missioning as it relates to building automation.

Section B: DDC Networking
Includes Chapters 5, 6, 7, and 8. This section covers DDC networking web
services and open system solutions such as BACnet, LonWorks, and Tridium.

Section C: Hybrid DDC Systems
Includes Chapters 9 and 10. This section covers the pneumatic and electric
control portions of various DDC systems.

Section D: Control Components

Includes Chapters 11, 12, and 13. This section covers control valves and damp-
ers, as well as sensors. Chapter 13 provides outstanding quick references in
dealing with temperature, humidity, pressure sensors, and flow meters.

Section E: Practical Scenarios

Includes Chapters 14, 15, 16, and 17. This section provides practical exam-
ples for subjects reviewed in the book. This section is an outstanding refer-
ence when designing HVAC DDC systems.

Section F: Specifying DDC

Includes Chapters 18 and 19. This section reviews the construction docu-
ments and specifications as a whole and provides a useful do-it-yourself sam-
ple of HVAC DDC specifications.



Contents

Prefacetothe Third Edition . . ... ...t ittt ittt eeeenennnn i

Preface. .

A. The Basics

Chapter 1. . ... ..ttt itteereeseessnssssssssassnnss 1
The Six Steps of HVAC DDC System Design

1.1
1.2
1.3
1.4

A Simple HVAC DDC System Design
DDC Signals

Six Steps of HVAC DDC System Design
What Is ASHRAE?

Chapter 2. . ... ...ttt eeeeerensenscnscnns 17
DDC Controllers

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11

DDC Controllers

Uninterruptable Power Supply (UPS)
Operator Machine Interface (OMI)
Smart Sensors

Smart Actuators

Types of DDC Controllers

Application Specific Controllers (ASC)
General Purpose Controllers (GPC)
Programmable Logic Controllers (PLC)
Supervisory Control and Data Acquisition (SCADA)
DDC Wireless Technology

Chapter 3. . ... .0ttt iereerenrensenssnssnns 33
Basics of HVAC Controls

3.1
3.2
3.3
3.4
3.5
3.6
3.7

Most Commonly Used HVAC Control Systems
Control Actions

Six Types of Control Actions

Fuzzy Logic

Control Loop

Example 1: Control Loop

Closed Loop vs. Open Loop



Chapter 4. .......i ittt tentensensenssnsannnnns 55
Building Automation, LEED, and Commissioning
4.1 LEED and Direct Digital Control
4.2 Commissioning and Direct Digital Control
4.3 Energy Efficiency and Sustainability Standards
4.4 Integrated Project Delivery for Controls
4.5 Building Information Modeling (BIM)

B. DDC Networking

Chapter 5....... ittt ienenensnnsnsnsnans 67
DDC System Architecture

5.1 Data Communication Between DDC Controllers
5.2 The Open System Interconnection (OSI) Reference Model
5.3 DDC Topologies and Network Layers
5.4 Network Access Method
5.5 LAN Standards
5.6 Physical Layer Standards
5.7 Physical Media
5.8 Practical Scenarios
5.9 Example 1: DDC System Architecture

5.10 Example 2: DDC System Architecture

Chapter 6........000 ittt tieteeseessnssessnnnnns 91
ASHRAE BACnet
6.1 HVAC DDC Systems
6.2 What Is BACnet?
6.3 BACnet Application Layer
6.4 BACnet Objects
6.5 BACnet Services
6.6 BACnet Network Layer
6.7 BACnet Data Link Layer
6.8 BACnet Physical Layer
6.9 BACnet Conformance Classes
6.10 Native BACnet
6.11 BACnet Testing Laboratories (BTL)
6.12 BACnet Gateway



Chapter 7. .....cciitiitiiiteneeeeensenssnsenasnnnas 105
Open Systems and LonWorks Platform
7.1 What Is LonWorks?
7.2 How Does LonWorks Work?
7.3 LonTalk Protocol
7.4 Neuron Chip
7.5 LonWorks SNVTs
7.6 LonWorks SCPTs
7.7 LonWorks Transceivers
7.8 LonWorks Routers
7.9 LonWorks Network Services (LNS)
7.10 LonWorks Networking Media
7.11 LonMaker for Windows
7.12 What Is LonMark?

Chapter 8. .......itiitiiiiiiteiieneenennscnannnnns 117
Web Services and the Tridium Solution
8.1 What Are Web Services?
8.2 The Tridium Solution
8.3 How Does the Tridium Solution Work?
8.4 The Smart Grid
8.5 Demand Response
8.6 Energy Dashboards
8.7 Cloud Computing

C. Hybrid DDC Systems

Chapter 9. .......it ittt neieneenssnscnannnnes 131
Pneumatic Control and DDC
9.1 Basics of Pneumatic Controls
9.2 Compressed Air System
9.3 How to Size an Air Compressor
9.4 Example 1: Air Compressor Sizing
9.5 Example 2: Heat Vent Control—Pneumatic
9.6 Example 3: Fan Coil Unit Control—Pneumatic and DDC
9.7 Example 4: Air Handling Unit Control-Pneumatic and DDC



Chapter 10....... ..ttt iieeeeeeceesenscnscnsnns 147
Electric Control and DDC
10.1 Basic Electric Control Components
10.2 Example 1: Supply Fan Control
10.3 Example 2: Multiple Electric Functions—Electric Control
10.4 Example 3: Three-phase Fan Coil Unit Control-
Electric and DDC
10.5 Example 4: Single-phase Fan Coil Control-Electric and DDC
10.6 Example 5: Duct Smoke Detector

D. Control Components

Chapter 11..... ...ttt teteereossossossnssnssnssas 163
Control Valves
11.1 Control Valves
11.2 Flow Characteristics of Control Valves
11.3 Location of Control Valves
11.4 Mixing and Diverting Three-way Control Valves
11.5 Two-way vs. Three-way Control Valves
11.6 Selection of Modulating Control Valves
11.7 How to Size Control Valves
11.8 Example 1: Control Valve Selection
11.9 Example 2: Control Valve Selection

Chapter 12...... ...ttt teeeessseessssnssssnssons 179
Control Dampers
12.1 Control Dampers
12.2 Control Damper Flow Characteristics
12.3 Parallel Blade vs. Opposed Blade
12.4 Rule-of-Thumb in Control Damper Sizing
12.5 Example 1: Control Damper Selection
12.6 Damper Leakage
12.7 Rule-of-Thumb in Control Damper Actuator Sizing
12.8 Example 2: Control Damper Actuator Selection



Chapter 13. ... ... ..ttt tiiteneeneenssnscnannnnns 193
Electronic Sensors
13.1 Electronic Temperature Sensors
13.2 Humidity Sensors
13.3 Pressure Sensors
13.4 Flow Meters

E. Practical Scenarios

Chapter 14. ... ...ttt tiieeneenoenssnsenannnnns 215
Practical Examples of Chilled Water System Control
14.1 Example 1: Chilled Water System with a Chiller and a Pump
14.2 Example 2: Chilled Water System with Parallel Pumping
14.3 Example 3: Chilled Water System with Primary-Secondary Loop
14.4 Example 4: Chilled Water System with Variable Primary Loop
14.5 How to Control Chillers at Low-load Conditions

Chapter 15. ... ...ttt iteneenannscnannnnns 243
Practical Examples of Condenser Water Control Systems
15.1 Example 1: Condenser Water Control, Single Cooling Tower

15.2 Example 2: Condenser Water Control, Multiple Cooling Towers

Chapter 16........c .ttt tiiitienenonocnescnacnsnsnns 257
Practical Examples of Hot Water System Control
16.1 Example 1: Hot Water Supply Control with Single Boiler
16.2 Example 2: Hot Water Supply Control with Parallel Boilers

Chapter 17 . ... ..ttt teeeteesensenssnscnnsnnnns 271
Practical Examples of Air Handling Unit Control
17.1 Example 1: Constant Volume Single Zone Air Handling Unit Control
17.2 Example 2: Variable Air Volume Air Handling Unit Control



F. Specifying DDC

Chapter 18. ... ...ttt nereesenscnsennnns 289
HVAC DDC Specifications
18.1 Construction Document
18.2 Drawings vs. Specifications
18.3 Specification Organization
18.4 Methods of Specifying
18.5 Specifying Language

Chapter 19. ... ...ttt iiteeeeereesenssnsansnns 301
A Sample of HVAC DDC Specifications

GloSSATY. . ottt ittt ittt ietttteacascncnsannnns 317

Ref eI eNCES . « v vttt ittt eeeeeeeenoecoseoanonsnnonas 337





