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1.1. Overview

The Functional Testing Guide for Air Handlers: From the Fundamentals to the Field
(Functional Testing Guide) provides both a practical understanding of the fundamentals of air
handling systems and field tips for functional testing. The Functional Testing Guide also
reviews the energy and performance implications of common problems and provides links to
test procedures.

The Functional Testing Guide allows easy access to the many functional tests collected in the
Commissioning Test Protocol Library (CTPL) developed by Pacific Gas & Electric
Company. The CTPL is the largest existing collection of functional test procedures,
including many non-copyrighted test procedures that can be customized to suit individual
system configurations. Since the test procedures in the CTPL do not include detailed
explanations, the Functional Testing Guide explains the “how” and “why” behind the
functional tests in the CTPL. Understanding the reasoning behind test procedures and how to
interpret and act upon the results is essential for successful testing.

Together, the Functional Testing Guide and the CTPL will help commissioning providers
standardize their functional testing procedures and improve quality control, two issues which
continue to burden the commissioning industry. The Functional Testing Guide also covers
design issues as a basis for design review and to help identify solutions for failed functional
tests. The information in the Functional Testing Guide will help commissioning providers:

Understand how to test from a systems perspective
Identify common problems and the root causes of these problems

Customize test procedures to meet the needs of their specific projects

|

|

B Understand why a specific test sequence is being executed

B Understand the possible outcomes and necessary precautions for the test sequence
|

Understand the costs and benefits of the test sequences

Commissioning providers are the primary audience for the Functional Testing Guide and the
CTPL. The commissioning providers using the Functional Testing Guide should already be
familiar with the commissioning process, HVAC fundamentals, and the building construction
process and industry.

1.2. Chapter Summaries

Chapter 2: Functional Testing Basics The first chapter of the Functional Testing Guide
covers the general functional testing concepts that underlie all subsequent chapters. Basic
concepts that are given only minor treatment during later chapters are covered in detail here.
This chapter includes an introduction to the system approach - a fundamental way of looking
at the components of an HVAC system as a whole. Other topics include the testing
hierarchy, training, verification checks, useful tools, components of a functional test
procedure, precautions, and test preparations.

Chapters 3 — 18: Air Handler Components These chapters cover the functional testing
of each component of an air handler, from the outdoor air intake section to the exhaust air
discharge point. Regardless of the system configuration, the functional testing associated
with a component is similar. For example, a preheat coil in a variable volume system
performs the same function as it would in a constant volume system. The following
components are included:
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Outdoor air intake (Chapter 3)

Fan casing (Chapter 4)

Economizer and mixed air (Chapter 5)
Filtration (Chapter 6)

Preheat (Chapter 7)

Cooling (Chapter 8)

Humidification (Chapter 9)

Reheat (Chapter 10)

Warm-up (Chapter 11)

Fans and drives (Chapter 12)
Distribution (Chapter 13)

Terminal equipment (Chapter 14)
Return, relief and exhaust (Chapter 15)
Scrubbers (Chapter 16)

Management and control of smoke and fire (Chapter 17)

Integrated operation and control (Chapter 18)

These chapters will help commissioning providers, building operators, and designers identify
and solve problems on paper during design and in the field. Each chapter contains links to
relevant test procedures from the CTPL and other additional test procedures, which give
commissioning providers easy access to all publicly available tests. The tests from each
chapter can be combined and customized to suit specific system configurations.

Although each chapter covers a different component of the air handling system, they all
follow the same format:

Table of Contents The table of contents allows the user to quickly assess the chapter’s
content and jump to topics of interest.

Theory and Applications This section provides general insight and theory regarding
the typical applications of the component or system.

Functional Testing Benefits The benefits associated with testing the component are
described, including energy and resource savings, reliability issues, and indoor
environmental quality.

Functional Testing Field Tips Practical, field-tested functional testing information
includes:

Purpose of the Test
2 Instrumentation Required
3 Test Conditions
A Time Required to Test
9 Acceptance Criteria
6 Potential Problems and Cautions

Design Issues Overview This insightful look at how the design parameters affect the
outcome of functional testing also supports the design review process. Currently, this
overview has been completed for following components: Cooling (Chapter 8),
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Humidification (Chapter 9), Reheat (Chapter 10), Warm-up (Chapter 11), Fans and
Drives (Chapter 12), Distribution (Chapter 13).

m Typical Problems Important problems normally uncovered during testing or design
review are highlighted. Currently, this section has been completed for the following
components: Preheat (Chapter 7), Cooling (Chapter 8), Reheat (Chapter 10), Warm-up
(Chapter 11), Fans and Drives (Chapter 12).

® Non-Copyrighted Tests Hyperlinks provide access to the CTPL test procedures and,
in some cases, additional test procedures created for the Functional Testing Guide. The
tests can be edited to serve a specific project or as the basis for development of a new test
procedure. The structure of the Functional Testing Guide allows the user to extract tests
from the applicable component chapters to develop a comprehensive procedure for a real
air handling system. The Functional Testing Guide is a work in progress, and future
versions will contain additional test procedures to supplement those currently available in
the Functional Testing Guide and the CTPL.

m Supplemental Information Supplemental information describes the fundamental
concepts behind the component under discussion. The extent to which this information
has been developed will vary from chapter to chapter. Chapter 5: Economizer and Mixed
Air and Chapter 13: Distribution include a more complete presentation of supplemental
information.

Appendices The Functional Testing Guide features three Appendices.

m Appendix A Overview of the Commissioning Test Protocol Library provides
direct links to all publicly available test procedures available in the library. While links
to each of these procedures have been included in the appropriate FT Guide chapters, the
links are provided in one place as Appendix A for convenience.

m Appendix B Resources provides a list of resources that can be useful for further
reference.

m Appendix C Calculations is the main component of the cost-benefit analysis for the
Functional Testing Guide. Currently, the calculations for fan energy savings associated
with static pressure reduction have been fully developed and serve as a model for
additional calculations. Spreadsheets associated with these calculations are provided to
help streamline their use.
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1.3. Getting Around the Guide

While the Functional Testing Guide contains a large amount of information in each chapter,
this information can be easily accessed using four features: the table of contents, the web
toolbar, hyperlinks, and the FTG Document Access Panel. The Functional Testing Guide is
intended to be used electronically with these navigation features, rather than printing out the
entire document. As needed, individual functional tests and chapters can be printed for ease
of use.

The navigation features within the Functional Testing Guide were carefully designed to allow
users to easily find topics of interest and edit 40 different non-copyrighted tests for use on
their own projects. Users can access the functional tests through hyperlinks embedded in
each chapter or through a control panel designed for the Functional Testing Guide.

1.3.1. Using the Table of Contents

The table of contents for the Functional Testing Guide is titled, “TableofContents FTG.doc”.
It provides links to each of the seventeen chapters. Clicking on the chapter title opens the
chapter as a separate document. Within each chapter, you will find another table of contents.
The chapter’s table of contents contains links to each section of the chapter, figures, tables,
and equations.

1.3.2. Web Toolbar Navigation

The easiest way to navigate through the Functional Testing Guide is to use each chapter’s
Table of Contents, along with the “back” button on the Web Toolbar. Figure 1.1 below
identifies the back button, a left-facing blue arrow. The back button allows you to return to
your previous location in the document, much as the back button on your web browser
returns you to the previous web page.

L._E. 1-Introduction - working doc - Microsoft Word

JEiIe Edit Wiew Insert Format Tools Table wWindow Help

| BECI~ || Headings  + Arial v 18 =

JD@H|§|E‘@|“‘“* 100% TE | o= |ﬁaFavnritESv|@:

I;l ﬂ' L 2 : =
3 1.5. Getfiha Around the Guide
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Figure 1.1 Identifying the Web Toolbar Navigation Arrows

If the back button is not currently showing in your toolbar, you can add it by following these
steps:

Go to the Tools menu, click on Customize. ..
2 In the Toolbars tab, check ‘Web’ to add this toolbar.
3 The Web toolbar will show up at the top of your screen, including the navigation arrows

Try using the back button in the following exercise:
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B Begin with the Introduction document.

B Click on the link to the Table of Contents for the Functional Testing Guide for Air
Handling Systems (TableofContents FTG.doc)

B Click on any chapter within the Table of Contents — for each chapter, you’ll see a table of
contents for that chapter

B Click on any topic in the chapter’s Table of Contents and it will take you to that section
B To get back to the chapter’s Table of Contents, click the back button.

B To get back to the Functional Testing Guide’s table of contents, click the back button
again.

You will also notice that the “forward” button (a right-facing blue arrow) appears after you
use the back button. The forward button has a similar navigational effect — it returns you to
the previous location in the document. The back button and forward button will help you
explore the chapters of the Functional Testing Guide and still get you back to the primary
navigation point — the Table of Contents.

1.3.3. Hyperlinks

Hyperlinks embedded throughout the Functional Testing Guide can be used to quickly access
information. Clicking on a hyperlink will take you directly to the topic of interest. In the
Functional Testing Guide, the hyperlinks are formatted in two ways, with examples from
Chapter 5 shown below:

E Blue Text With Underline:

Example: Poor mixing causes numerous operational problems, which are discussed in
Section 5.4 Typical Problems.

H Blue Button:

Link to a checklist that helps assess the susceptibility of a
Link to Check List new or existing economizer to operating problems.

EconEval Includes evaluation criteria, links back to the Guide and
directs the user to appropriate follow-up actions.

There are two types of Blue Button links. There are static hyperlinks to a document and there
are macro links that open a testing form or CTPL reference document. When clicking on a
macro button, there is an additional message prompt that confirms the user’s desire to open
the document.

The macro code has been designed for extensible user linking. If the user finds documents in
the CTPL database that they want linked to the Functional Testing Guide, the documents can
be added with the simple addition of a correctly formatted bookmark. Please contact the
Functional Testing Guide authors for help. Additionally, custom tests or verification checks
created by the user can be added to the FTG Document Access Panel through the same
bookmark process.

Also remember that each line in the main Table of Contents document as well as in each
chapter’s Table of Contents has an embedded hyperlink.
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1.3.4. FTG Document Access Panel

The FTG Document Access Panel is launched with a button at the top of the Functional
Testing Guide’s Table of Contents document (Figure 1.2). Note, this button will not appear
until the Functional Testing Guide has been installed by closing all FTG chapter documents
and then opening “FTG_Install.doc” to execute the installation macros. Before attempting
installation, make sure your MS Word setup is configured for a Medium security level. This
is done by opening any MS Word document, open the “Tools|Macro|Security...” drop menu,
select Medium and click OK. Close MS Word. MS Word will now notify the user of the
presence of document macros and provide an option to enable or disable their operation. The
Functional Testing Guide requires that macros be enabled.

E—— i/
. |
& G = l@‘ B T 75% + [2) J Fi FTG-Document Access Panel )

BC AEE 3% x* % A Change Case ”EEE ,m |

E-542.2. 1% inal\COBFT Guides 5-034TableofContents_FT =

L 0

Its: Functional Testing Guide

Figure 1.2 Functional Testing Guide Document Access Panel Button

Functional Test Guide - Document Access Panel x|
List of Test 8 Verification Checks List of Available CTPLReferences:
Select a docurment namel ;l Select a CTFL Reference document ;I
Click to open document | Click to open CTPL docurnent |
Cancel | Cancel |

Commissioning Test Protocol Library (CTPL)
User Interface (Devl.3)

Start CTFL Interface

Figure 1.3 Functional Testing Guide Document Access Panel

The Functional Testing Guide Document Access Panel (Figure 1.3) will help you find tests
and verification checks as well as open the CTPL itself. These functions are described below.
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Click to open document: This drop-down menu allows you to directly access all test
procedures and checklists created for the Functional Testing Guide. (Note: When
initiated within the tool bar of a Functional Testing Guide Chapter, it will display the
only the links in that chapter.)

2 Click to open CTPL document: This drop-down menu allows direct access to all the
publicly available tests in the CTPL. The functional tests in the Commissioning Test
Protocol Library include specific procedures or test protocols that are referenced
throughout the Functional Testing Guide. You will find hyperlinks to applicable tests
within each chapter of the Functional Testing Guide. A master list of CTPL tests is also
included in Appendix A. (Note: When initiated within the tool bar of a Functional
Testing Guide Chapter, it will display the only the links in that chapter.)

The automation features in the Functional Testing Guide allow the user to open and edit
the CTPL procedures and save their modifications in a project folder. This feature allows
utilization of the CTPL to create both job-specific tests and edited templates for future
use.

3 Start the CTPL: Clicking this button starts the Microsoft Access application and the
Commissioning Test Protocol Library (CTPL) database. Here, you can search through
reviews of both copyrighted and non-copyrighted test procedures and manuals. The non-
copyrighted test procedures can be accessed from the CTPL as well. Appendix A
contains more information on the CTPL and its background.

1.4. The Commissioning Process

Figure 1.4 illustrates the general steps in the commissioning process and how the Functional
Testing Guide fits into that process. The commissioning process for HVAC systems is
detailed in ASHRAE Guideline 1 1996 — The HVAC Commissioning Process.

The Functional Testing Guide supports the development of verification checks, while
focusing on supporting the functional test writing and the functional testing process. The
verification checks and functional tests developed for the commissioning process will ideally
form the basis for an ongoing or continuous commissioning process that is a part of the
building’s operating standard for its useful life.

This flow chart illustrates the steps in the commissioning process. Shaded steps are the areas
targeted by the information in the Functional Testing Guide for Air Handling Systems.
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1.5. Non-Copyrighted Test Procedures in the
CTPL

An important function of the Functional Testing Guide is to make the CTPL test procedures
casily accessible. These tests cover a wide range of equipment and system types, and should
be used and modified as necessary by commissioning providers. The non-copyrighted
protocols in the CTPL are linked to each chapter of the Functional Testing Guide as they
apply to the subsection in that chapter. In addition, each procedure can be opened as a
separate Word document by clicking on the CTPL ID# in Appendix A: Overview of the
Commissioning Test Protocol Library. The CTPL includes an evaluation, summary, and
bibliographical information for each test reviewed. To access these materials, browse the
CTPL Reviewed Protocols and jump to the specified ID#.

The list below summarizes all sources of publicly available test procedures in the CTPL.

Kaplan, Mike. Multnomah County, Oregon Document Review. Publisher: Multnomah
County, Oregon.

Summary: These protocols cover all aspects of HVAC and Lighting commissioning
tasks for county projects. The author indicates that these standardized procedures fit no
real case exactly and that it is critical that the user of these forms (or any standard form)
take the time to tailor them to the case at hand.

Seattle City Light, Building Commissioning Assistance Handbook. Various Authors.

Summary: Seattle City Light, an electric utility in Seattle WA, has developed a
commissioning-related guideline entitled "Building Commissioning Assistance
Handbook", which supports the city's building code requirements and the utilities energy
efficiency program. These protocols are a more recent version of Kaplan’s Multnomah
County protocols. The Building Commissioning Assistance Handbook can also be
accessed online at:
http://www.ci.seattle.wa.us/light/conserve/business/bdgcoma/cv6_bcam.htm

USDOE/FEMP/PECI Version 2.05 Commissioning Tests, PECI. 1998. Publisher: U.S.
Department of Energy and PECI, Portland, Oregon.

Summary: This collection of protocols contains multiple pre-functional checklists,
functional test forms, and instructions.

Each of the pre-functional checklists contains the following sections:
1. Submittal / Approvals
2. Requested documentation submitted
3. Model verification
4. Physical Installation Checks
5. Operational Checks
6. Sensor and Actuator Calibration
Each of the functional test forms contains the following sections:
1. Participants
2. Test Prerequisites

3. Sampling and Additional Testing

Chapter 1: How to Use the FT Guide 1-10



http://www.ci.seattle.wa.us/light/conserve/business/bdgcoma/cv6_bcam.htm

4. Sensor Calibration Checks

5. Device Calibration Checks

6. Verification of Misc. Pre-functional Checks
7. Testing Procedures and Record

The publicly available documents are intended to provide contractors and the
commissioning provider with examples of a format that may be used, and an indication of
the rigor of the required pre-functional examinations, functional testing, and
documentation for various equipment types. The functional test procedures include
details on the expected system response to each step.

Malek, Bill & Caluwe, Bryan. Comprehensive Commissioning Services Guideline.
Consultant; Pacific Gas & Electric Co. Rev.0, May 1995, Section 6, 274 pages (never
officially published).

Summary: This document details a utility design assist/build program to promote the
installation of energy efficient technologies in existing commercial buildings. It details
the process and duties of the participants. It includes program requirements and
documentation, inspection, verification and functional performance checklists and design
and O&M issues. This document has never been officially published and only one
complete hardcopy copy is known to exist.

Gillespie, Kenneth. A General Commissioning Acceptance Procedure for DDC Systems.
Pacific Gas & Electric Co. Publishing source: Commissioning Test Protocol Library
Developmental Release 1.3., November 2001.

Summary: PG&E has developed a general commissioning procedure for direct digital
control (DDC) systems. The procedure was developed with the assistance of PG&E’s
Commissioning Test Protocol Library’s Templates and user input as part of a Library
upgrade project.

The procedure includes definitions and terminology; a general description of method(s);
required information and conditions for initiating a check or test; recommendations for
applying general protocols specific applications; uniform method(s) including
identification of test equipment and measurement points for performing such checks or
tests; identification of requirements for acceptance; and references and bibliography. The
protocols included are not intended to be used “as is” on a specific project, but are to be
used as guides for developing project specific protocols that aid the user in verifying that
a DDC system has been installed as specified and performs as intended. Specific
verification check and functional test forms are provided as well as examples.
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2.1. Introduction

The Functional Testing Basics chapter provides general guidelines for performing the
functional tests discussed for the systems and subsystems in Chapters 3-18. This section is
not focused on any particular system type or configuration.

Chapter 2 begins the Functional Testing Guide for Air Handlers. This chapter explores
functional testing concepts and practices that will be nearly universally applicable to any test
process, regardless of the component or configuration of the system. After gaining an
understanding of these subjects, the reader will be able to move about through Chapters 2
through 18 as necessary to learn what they need to know for specific projects.

Each of the chapters 2 through 18 contain both educational information as well as actual
testing routines that can be developed and customized for a given project. The chapter topics
were selected to reflect the key components associated with air handling systems and are
presented in the general order in which the components would be encountered as you moved
through an air handling system from the intake to the exhaust. It would be unusual for one air
handling system to contain all of the components included as chapter topics, and many
systems will contain only a few of the components covered. Most users will focus on the
chapters that cover topics that relate to the subsystem they are currently involved with.

2.2. Understanding the Fundamentals

To be truly successful in the commissioning arena, it is essential to
understand the background behind how the system will respond to a test as
well as what could be causing the observed responses.

To help commissioning providers gain this knowledge, the Functional Test Guide focuses on
the fundamentals behind testing. Functional tests are supplemented with information that will
allow the commissioning provider to improve their ability to find and correct deficiencies in a
cost effective way. Additionally, understanding the physical principles behind the HVAC
process under test will be helpful in developing a test procedure that truly verifies the
process.

One of the primary purposes behind commissioning a system is to ensure that it functions
according to its design intent. If it doesn’t, the commissioning provider often identifies the
problem that is preventing intended operation. Since we are dealing with machines
assembled by humans in a real world (usually under a lot of stress), it is a near certainty that
there will be some problems identified by the commissioning process, even on the most well
designed, well-implemented project.

If you (as the commissioning provider) have identified a deficiency, then you probably will
need to become proactive in correcting it. When a problem has been identified, it is fairly
common that the test process is questioned. In other words, the system did not have a
problem, it was the test routine that had a problem. If the test is well understood, and you are
not just performing steps in a process, then you will gain the following benefits:

m Confidence that the test was done correctly and the observed deficiency is
real. Without this confidence, you may be intimidated into doing extra work. This
additional work would be in reaction to an accusation by the responsible party that the
problem does not exist.

® An understanding of how the test result could be wrong. Knowing what you
don’t know is extremely important. This perspective can be helpful when
troubleshooting a problem with the other people involved in correcting it.
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® The ability to discuss the facts. Handing out a trend graph that shows a picture of
the deficiency can focus the discussion on the problem, instead of the people. The
problem is with a machine, not another person or organization.

® An expanded knowledge base from which to draw. In the modern construction
process, resolving commissioning problems is a lot like a tennis match. No matter how
good you are, every time you hit the ball over the net, there is a chance that it will come
back your way and you will have to deal with it again. The bigger your knowledge base
is, the higher the likelihood that you’ll be able to easily
and quickly “return the serve”.

Sometimes, having a complete understanding of the issues is “You can lead a horse to

still not enough and the consequences of the less enlightened water but you can’t make
actions of other parties will still need to be dealt with. The him think.”

more you understand about the fundamentals associated with

the systems, the better prepared you will be to deal with -Hospital Facility Director
commissioning issues. Providing an understanding of the commenting on the
fundamentals behind air handling systems and how these aeiens o e el

fundamentals relate to functional testing is a goal of the
educational component of the Functional Test Guide.

contractor who was core
drilling holes over live

In some cases, one of the problems that must be faced is that 480 volt distribution gear
we, as commissioning practitioners probably aren’t aware of with the buss bars exposed
what we don’t know. This problem is especially true when

we are dealing with new technology for the first time or with

a technology in a unusual application. For example, in moderate climates like San Francisco,
coil freezing and freezestat problems are relatively rare. However, if one travels East towards
the Sierra Nevada in California, these issues are quite common. Someone who has spent
most of their career working along the coast may approach the problem of designing, starting
up and commissioning their first system in the mountains in a manner similar to what they
might use in the San Francisco Bay area, with frozen coils as

a result. I

While simple in concept, HVAC systems are actually “Any sufficiently

complex applications of technology and physical principles I advanced technology is
that must function in a dynamic environment to meet the indistinguishable from
changing requirements of the loads and occupants they magic.”

serve. The sheer volume of this Guide (including the Design -A.C. Clark

Guide and Functional Test Guide) can be thought of as a

statement of one of the current problems in the HVAC

industry. We assemble prototypical systems that rely on sophisticated equipment and
complex events to function properly, yet we expect these systems to work flawlessly with few
modifications when they are first started up.
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2.3. The System Concept

The information and testing procedures covered in the guide are viewed from a system
perspective rather than a component perspective. This is especially critical for functional
testing and the overall success of the system. The performance of the system is dependent on
four areas of interaction:

B The individual components in the system.

B The components with each other as a system.
B The system with other systems in the building.
[

The building with the ambient environment.

Successful performance is only achieved when these interactions occur in a harmonious
fashion in the real world-operating environment. For instance, all of the components
associated with the operation of a preheat coil may check out satisfactorily when tested for
sequencing logic (i.e. when the control system thinks it’s moving the preheat control valve,
the valve is actually moving and moving in the correct direction), proper action, and correct
arrangement. These pre-functional verifications must be correct for the functional test to be
successful.

The goal of the functional test is to look at what happens to this properly installed preheat coil
when it is called upon to operate as a part of a complete system. A properly written
functional test may uncover the fact that the preheat coil controls properly during a steady-
state operating mode, but experiences problems at start-up, when the coil must deal with flow
variations and other shifting parameters. Instability in the system flow control loop may
cascade into instability in the preheat coil control loop. The system needs to be tested and
adjusted so that the components can respond to changing conditions and restabilize without
excessive oscillation or damage to the equipment while maintaining tolerable conditions. The
functional test’s ultimate goal is to identify and correct these system level problems. Thus
the guide will take a systems perspective.

2.3.1. The System Diagram

Two important tools to supporting the use of the system concept in the commissioning
process are the system diagram and system sequence of operations. The system diagram is a
drawing that shows the entire system under consideration in schematic format, not just
portions of the system. The system diagram should not be confused with the system
schematics and riser diagrams often found on construction documents. While the schematics
and riser diagrams included in most construction drawings are useful tools and often are good
starting points for developing a system diagram, they often lack important features and/or
only show a portion of the system and its components. To gain a better understanding of these
differences, Figure 2.1 with Figure 2.2. Both figures are drawings of the same system, but
Figure 2.1is the schematic that was presented on the contract drawings and Figure 2.2 is the
system diagram, which was developed from this information as well as other information in
the contract documents.
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Figure 2.1 System schematic from the mechanical drawings

Notice how Figure 2.2 shows the complete system associated with the air handling
equipment, not just the equipment itself. This allows the user to see the entire process and
visualize the potential interactions without having to flip between multiple documents. A
well-developed air handling system diagram will include the following features:

B The system will be depicted in a logical arrangement but not necessarily a physical
arrangement. Relatively passive elements, like elbows, are simply not shown so that the
system flow path can be shown in orderly, non-contorted manner.

B The complete air flow path, from point of entry in the building to point of exit is depicted
along with all significant system components such as dampers, coils, filters, and fans.
Terminal and zone control equipment is shown to the extent necessary to allow a
complete understanding of the operation of the system. For simple systems or systems
with widely varying terminal equipment arrangements, this may mean that every zone is
shown. For more complex systems or systems where one zone may be a typical
representation of several other zones, only a typical zone of each type is shown.

B Equipment operating parameters are indicated including flow ratings, horsepower ratings
and other pertinent operating data.

B Final control elements that can affect the system operating parameters are shown. In
most cases, it is also advantageous to show any sensors associated with the system on this
diagram.
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On projects where a system diagram does not exist, developing one is a good first step in any
commissioning process. When retro-commissioning, the development will familiarize the
developer with the system. For new construction projects, the commissioning provider
should work with the design team to make the system schematics into system diagrams. This
process aids in understanding and documenting the operation of the system. Once completed,
the system diagram can serve as the schematic on the contract drawings, an illustration in the
System Manual, and as the graphic for the system in the DDC operator’s terminal.

2.3.2. Detailed Sequence of Operations

A detailed system sequence of operation or system narrative goes hand in hand with the
system diagram in documenting the overall operation of the system. Many times, the
sequence provided on the contract drawings and duplicated in the specification provides a
good overview of how the system is intended to perform, but fails to address critical details
which can make or break the success of the installed system. Consider the following fairly
common air handling unit sequence of operation:

The control system shall modulate the economizer dampers, heating valve and
cooling valve in sequence as required to maintain the discharge set point of the
system. The discharge set point shall be reset from 55°F to 70°F as the outdoor air
temperature varies _from 80°F to 0°F.

While on the surface, this statement appears to reasonably state the system requirements,
there are many details missing. The missing details must be addressed for the sequence to
function efficiently in a real-world operating environment. A fully developed version of this
sequence is included in 2.17 Supplemental Information.

There are several commissioning related benefits associated with developing a detailed
sequence of operations. The most obvious is that the sequence provides a good description of
how the system is intended to work under all operating conditions. Working with the design
team to develop such a sequence allows the commissioning provider to clearly document the
design intent of the system. The detailed sequence is essential for a systems manual and
serves as a firm basis for the control system programming. In retro-commissioning
applications, taking the time to develop this sort of information based on existing project
documents, reviewing program codes, and observing system performance via functional
testing and trending provides excellent documentation of how the system is currently
functioning.

If the design and construction team do not address the details prior to development of the
control program, then most of these details will be addressed in response to a start-up or
operational problem; a reactive and potentially costly approach. Scenarios include:

B The problem will be caught and corrected by an experienced controls programmer but
will not be documented in the project construction documents.

B The problem will be caught by an experienced controls programmer but will not be
corrected without a change-order from the Owner. If the Owner does not issue the change
order, then the sequence will be programmed incorrectly.

B A less experienced programmer who won’t recognize the problem will program the
sequence as written.

B The commissioning provider will catch the problem during functional testing. Correction
may require a change order.
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B If the functional testing plan does not identify the problem, then the problem will most
likely show up as an operational issue.

The bottom line is that creating a detailed system-oriented sequence of operation is important
for a successful commissioning process. This sequence will provide a firm basis for
functional testing, the systems manual, and a re-commissioning plan, all of which are
important parts of the commissioning process.

2.4. Testing Hierarchy

There is a fairly specific order of testing associated with the functional testing process.
Generally, testing should proceed from the support system level, to the component level, to
the subsystem level, to the system level. In most cases, tests at the support system level and
component level can occur concurrently. For example, the electrical contractor can verify the
power distribution equipment associated with an air handling unit while the mechanical
contractor is testing the coils and terminal equipment, and the control contractor is verifying
sensor wiring and calibration. Simultaneous testing is also possible at the subsystem level as
long as the various subsystems are not interdependent for the process under test.

For a typical air handling system, the general order of testing might be as follows:

Verify, start-up, and test the supporting utility systems such as the power distribution
system, chilled water system, and steam system.

While the supporting utility systems are being tested, verify connections and calibration
for the various control elements and safety interlocks associated with the system.

Verity, start-up and test the individual components directly served by the supporting
utility systems like the cooling and heating coils and terminal equipment.

Test the integrity of any safety systems to the extent possible without operating the fan.
These tests give the test team a measure of confidence that the system will be protected
when the fan and its drive are started up. For example, a meter might be connected
across the contacts on the system’s discharge static pressure limit switch and the set point
changed so that it is above the ambient pressure to verify that the contacts change state
and that the switch must be manually reset. As another example, the permissive interlock
circuit should be verified to ensure that the outdoor air dampers are open on a 100%
outdoor air unit prior to start-up. The functionality of the dampers and the limit switches
and their settings should be verified prior to actually allowing the interlock to start the
fans.

Verify, start-up, and test the supply fan, return fan and exhaust fans. Note that there may
be a specific order in which the fans should be started to minimize over or under
pressurization or maintain necessary flow relationships. One hundred percent outdoor air
systems may require the simultaneous start-up of the supply and exhaust fans or
temporary limits on the capacity capabilities of the fans to prevent pressurization
problems when they first start.

Immediately complete testing the safety systems so that they will protect the system for
the remainder of the test sequence.

Test control functions associated with individual system components like the mixed air
low limit controller the discharge static pressure control.

Test integrated control functions where multiple components must function together. The
discharge temperature control sequence is a common example because maintaining set
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point will require the stable, repeatable interaction of a cooling coil, heating coil, and
economizer sequenced using one loop or as cascading control loops.

Test the system for totally integrated operation. Functions such of these involve the
interaction of multiple independent components that control process variables that impact
the inputs to the control loops associated with other process variables. Instability in one
loop can quickly cascade into instability in other loops, and these instabilities may exist
only under specific operating conditions. These tests include power failure response with
restart and recovery, or testing the interactions of the building static pressure control
system with the economizer cycle and the fan capacity control system. A system that was
stable in all tested operating modes during a fall start-up may become unstable during
colder weather when the effects of economizer damper non-linearity become more
pronounced. These instabilities can have far reaching impacts on the performance of the
building as can be seen from the example in Chapter 18: Integrated Operation and

Control, Figure 18.1.

2.5. Documentation

Documentation is an important part of any commissioning process. Having the documents
listed below on hand for the functional testing process will be helpful for creating and
performing the tests.

2.5.1. As Built Submittals And Shop Drawings

These documents will provide valuable information regarding the characteristics of the
equipment installed on the project. If the commissioning provider has been involved in the
shop drawing review process, then this information should already be available to them in
their project files. If not, then copies should be obtained from the appropriate contractor(s)
prior to developing functional tests.

Ideally, the machinery characteristics depicted on the shop drawings will be identical to the
specified characteristics in the contract documents. However, substitutions made by the
contractor during the buy-out process often result in machinery being provided that is similar
to what was specified, but not identical. In a perfect world, the design team will have
reviewed these differences. But occasionally equipment is approved or installed without
approval and does not meet the specified performance requirements; thus, any effort to
functionally test the equipment to prove that it meets the specified levels of performance will
be unproductive. Pointing out a problem of this sort after the equipment has been purchased
and installed will result in some heated discussions. Issues of this type must be resolved prior
to functional testing since efforts aimed at proving unachievable performance will need to be
repeated once the deficiency is corrected.

The bottom line is that it is highly desirable for the commissioning provider to be included in
the shop drawing review process. When shop drawings are approved, a design shifts from
concepts that exist as lines on paper and words in specifications to three-dimensional, bolted-
in-place reality. And, while there may be some costs associated with modifications during
the shop drawing review process, these costs will be far less than those associated with
modifying it after it has been fabricated or installed. For example, a commissioning provider
reviewing an air handling unit shop drawing might notice that there is no access section
provided between the preheat and cooling coil, which makes cleaning coils and installing
temperature control elements between the coils virtually impossible. Once the lines and
words become physical walls, ducts, pipes and machinery, it may be nearly impossible to
resolve the problem in a satisfactory, cost effective manner.
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The benefits of time spent by the commissioning provider in reviewing shop drawings and
submittals include:

The commissioning provider becomes familiar with the machinery that they will be
testing.

The commissioning provider identifies commissioning and operations and maintenance
issues for correction at a point in time where the costs associated with correction will be
minimal.

An independent “second set of eyes” reviews the proposed equipment selections in light
of the project’s design intent and specification requirements.

While the commissioning provider is not directly responsible for ensuring that the specified
machinery and levels of performance are furnished and installed, they have a vested interest
in this process since a successful test is unlikely unless the machinery is capable of the
intended performance.

2.5.2. Installation Inspection Report Forms

In most cases, installation inspection report forms are generated by the commissioning
provider and are a part of the project documentation package associated with the
commissioning process.

Documentation of verification checks can be accomplished by a variety of methods
including:

B Collecting a signed certification letter or other verification from the responsible party.
B Having the responsible party sign the functional test procedure.

B Informal verification by the executor of the functional test.

Having this information readily available during the functional testing process can provide a
handy reference if problems are encountered or questions arise regarding the systems
readiness for testing.

2.5.3. Performance Sheets

Performance sheets are often generated by the commissioning provider but can also be
standard forms provided by the manufacturer. The general intent is to provide a convenient
place to document key system performance parameters during the start-up process. Examples
of the information documented include motor voltages and amperage, component pressure
drop, system temperatures and other physical parameters related to the system. Many times,
the functional testing process will involve documenting these parameters as a system
responds to a test process and then comparing them to the base case documented at start-up in
the equipment performance sheets.

2.5.4. Installation and O&M Manuals

The equipment installation and operation and maintenance manuals are essential for reference
while developing and performing a functional test. Often these manuals contain specific
information and requirements that should either be verified prior to start-up or verified by
functional testing. This information is also an important part of the documentation package
generated by the commissioning process and will be a key component of any systems manual
developed by the commissioning team.
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Unless otherwise directed, the equipment suppliers will furnish the equipment installation and
O&M manuals with their product when it is shipped. There are several potential problems
with this approach.

B Often the information provided in this manner becomes part of the colorful paper that is
seen blowing around the construction site when the field staff, intent on moving the
machinery from the shipping trailer into the building, set the documentation aside and
then forget to recover it after they complete the equipment setting operation.

B To develop good installation checklists, start-up plans, and functional testing plans, it is
essential that the commissioning provider and construction team have access to this
information prior to the arrival of the machinery.

Requesting that the suppliers provide the manuals immediately upon approval of the shop
drawings can usually circumvent these problems. In most instances, obtaining the
information at this point in the process is not a problem but may require some persistence on
the part of the commissioning provider and contractors since it is not the normal sequence of
events. Many manufacturers will be happy to provide the information earlier in the process
because it allows them to satisfy one of their contractual obligations at a point in time when
they are focused on the project rather than responding to a request for information that was
provided but subsequently lost when the equipment arrived on site. Furnishing the
information directly to the commissioning provider and contractor ensures that the
information is going to the people who are directly responsible for including it in the
construction documentation package.

2.5.5. Balance Information

In most instances, the balancing contractor will need to have substantially completed their
balancing efforts prior to the final phases of functional testing of the air handling system.
Assuming they have used proper techniques, the information they have gained in their efforts
will be a good indicator of the system’s baseline performance and readiness for final testing.'
Reviewing the balance information prior to the final steps in the functional testing process
because can provide insights into how the system is going to respond to tests. In some cases,
the information in the balance report may result in a decision to delay final testing until a
deficiency documented by the balancing process is corrected.

2.5.6. Operating Sequence

Having a good operating sequence is a critical component for developing a good functional
test plan and a good system narrative for the projects system’s manual. If such a narrative
does not exist, it is often in the commissioning provider’s best interest to work with or push
the design team towards developing one. If the details of the operating sequence are not
anticipated and addressed by the design process, then “mother nature” will bring them up for
resolution in the field. As a result, the problems will be addressed reactively, rather than
being addressed proactively by parties with a detailed understanding of the design intent.

! Typically, it will take several weeks or even months for the balancing agency to assemble the field data into a
final report. However, the raw data and field forms contain all of the information required by the
commissioning provider and should be available immediately after the balancing work. It may be desirable to
include language in the balancing contractors specification section or scope of work that directs them to make
the raw data available to the commissioning team prior to publication of the final report to avoid contractual
disputes in the field that could delay the commissioning process.
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2.5.7. As Found and As Left Conditions

Most people recognize the need to document the results of the functional tests as they move
through the testing process. What is sometimes overlooked is to document the “as found”
and “as left” conditions; the system state immediately prior to and after the test process.

The “as found” information can be critical to recovering from a problem encountered in a test
because it usually represents a stable system state that can be achieved by the current system
configuration, even if it is not the final state required by the design intent. If problems are
uncovered by the functional test, returning the system to the as found state will allow the
loads it serves to be maintained while a solution to the issue is developed. Documenting “as
found” conditions typically involves noting flow rates, pressures, temperatures, and other
system operating parameters as well as the set points, tuning parameters, valve and damper
positions, and other inputs that create them. As a general rule, if you move something, or
change a setting, note the original position or value before making the change.

Documenting the “as left” information serves several purposes. It formally records the
operating state that the system was left in after testing. For a successful test sequence, this
record documents successfully achieving design intent. If you are returning the system to the
state it was in prior to the test, this documentation provides a good crosscheck against the “as
found” information to verify that parameters are returned to the previous state. For additional
discussion of “as left” conditions, refer to Section 2.14 - Returning to Normal.

2.6. Training

Training is an important component of the commissioning process. A well designed training
plan supported by the operations and maintenance manuals, a systems manual, and
videotapes of the training sessions will help ensure that the building is operated efficiently
and according to the design intent. Training and documentation also help ensure that the
benefits associated with the commissioning process persist for the life of