Functional Testing Guidance

Writing a Functional Test

This functional testing guidance is designed to aid in developing test procedures for a specific project by describing the steps involved in testing. The guidance should be adapted as necessary to address the control sequences, configuration, and performance requirements of the particular system being tested.  Additionally, codes may require specific testing procedures that may not be addressed in this document.  All tests based on this guidance should be reviewed carefully to ensure that they are complete and appropriate.
Test Procedure:  Writing a Functional Test
Overview:
Each functional testing application is different, and the resources and processes of commissioning providers vary from project to project. To fit particular situations in the field, this document can be adapted by combining or eliminating steps. However, documentation is one of the key aspects of functional testing, and shortcuts should only be taken when necessary.  
System Description: 
The tests described by this document can be applied to any component or system within a building.  System tests are often more complex than component tests since they are more extensive and require more advanced forms of performance demonstration.  Conceptually, however, they are similar because they require the same steps for preparation, planning, and documentation. 
Example Tests:
The following test forms support this guidance document. They are available at www.ftguide.org/ftct/testdir.htm.

· Blank Test Form for Writing a Functional Test.  ID#: 1015 
· Example for Writing a Functional Test.  ID#: 1020
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Test Procedure
1.
Preparation
1.1
Create a test form. Testing will be much easier if the test procedure is thought out and documented in advance before conducting the test.  All information needed for conducting the test should be put together in one form.  A hard copy can be printed beforehand in the engineer’s office or filled in by hand in the field prior to conducting the test.  In either case, the test form should be completed before the test begins.  Figure 1 shows an example of a generic test form that can be customized to prepare for a particular test and filled in during the test.
1.2
Purpose. Briefly describe the purpose of the test to be performed. Developing a statement of purpose for the test will help to confirm the goals of the test and determine its underlying assumptions. Ideally, the statement should cover why the test is being performed and its desired outcome.  Clarifying this information also allows others who will work on or review the test to understand its goals.
1.3
Instructions. Provide instructions regarding how the test should be documented and what (if any) follow up actions are necessary. This section describes how the results of the test are to be documented, including what to do if something passes or fails.  It is important to have a format for documentation so that the test results are clear and can be reliably interpreted by test reviewers after the test is completed.  
(
The form is arranged to document the date and time when each step is executed.   Sometimes, the effects of the test upon other systems are not immediately apparent.   Documenting when each step occurs allows the test steps to be correlated with other events later on.  

(
The form also provides a space for the initials of the person who performs each test step.  This allows for questions to be directly addressed to the relevant person.
1.4
Equipment Required. Note any required test equipment. In most instances, tests will not require equipment that is not already contained in the standard toolkit carried by most commissioning providers.  But occasionally, a special tool may make execution of the test easier.  For example a Shortridge® Multimeter with the temperature probe accessory is not mandatory but is useful for determining, quickly measuring, and documenting multiple temperature points in a mixed air plenum during a freezestat test.
1.5
Acceptance Criteria.  Document the acceptance criteria that will indicate that the test was passed.  This is an important step because it defines the measured parameters and results necessary to pass the test.  The criteria should tie directly to the goals of the test as stated under Purpose and should be clearly worded.
1.6
Precautions.  Document any precautions that need to be taken before, during, or subsequent to the test. The precautions section of the test form contains the potential problems and complications that might occur as a result of the test as well as any measures that should be implemented to mitigate them.  Frequently, these measures tie in with steps in the preparation and follow-up portions of the procedure.  Considering what could go wrong with the process as the test is developed helps ensure success and minimizes the risk associated with the test.
(
Most tests subject the system to some level of risk by design.  Sometimes, the risk is an operational risk. For example, if the test fails, the result may be instability and loss of environmental control in the area served.  This may or may not be a severe risk depending on the nature of the load.  In a hospital, losing control of conditions in an operating room would be much more serious than losing control of conditions on a loading dock. 
(
In other instances, failure of the test could subject components of the system to damage.  For example, lowering the mixed air temperature in an air handling system towards freezing could result in a frozen coil if the freezestat fails.

(
In addition, it is often necessary to manually shut down some portion of a control process in order to let another portion be fully tested.  For example, testing the freezestat by subjecting it to colder-than-design temperatures may require shutting down the mixed air low limit control function and manually overriding damper commands to force the outdoor air damper open.  If automatic damper control and the mixed air low limit process are not re-enabled subsequent to the test, the system could fail to perform as desired and could potentially be damaged.

1.7
References.  List references like technical papers, CTPL library tests and other sources of information that might be useful for the test team. It may be desirable to reference applicable codes and standards, manufacturer’s data and other information that provides additional insight into the testing process, requirements or performance of the system or component being tested.  These documents may be referenced by the test writer as the test is developed, or they may prove to be useful to others once the test procedure is delegated for execution. 
1.8.
Specify participants and roles/responsibilities.  At a minimum, the following people should participate in the testing process.  Refer to the Functional Testing Basics section of the Functional Test Guide for a description of the general role and responsibility of the respective participant throughout the testing process.  The roles and responsibilities should be customized based on actual project requirements.  The test form should record the required participants and their roles and responsibilities.

	New Construction Project
	Existing Building Project

	Commissioning Provider
	Commissioning Provider

	Mechanical Contractor
	Building Operating Staff

	Control Contractor
	Controls Contractor

	Fire/Life Safety Inspector
	Fire/Life Safety Inspector

	Electrical Contractor
	


2.
Planning Test Steps 
2.1
Requirements. Fill in requirements on test form. After preparing the general instructions for the test, the specific requirements should be entered on the form.  Documenting these ahead of time will ensure that the test proceeds as smoothly as possible and that nothing is omitted.  Figure 1 shows a place to fill in the requirements for a generic test.  For a more specific or complex test, a detailed data sheet can be created with places to fill in specific observations or readings.  This data sheet may include graphs that can be sketched in the field.
2.2
Prerequisites.  List any prerequisites that must be in place to execute this test.
(
Most tests have prerequisites, even at the component level.  For example, for the continued reliability of a freezestat, it is best to have it permanently wired into the drive or starter control circuit, even if the current operating mode is temporary.  Otherwise, it may be necessary to repeat the test again later to ensure that the integrity of the wiring was not compromised when it was switched from temporary to permanent wiring.
(
Listing the prerequisites makes everyone aware of the "ground rules" for the test and ensures that the test will only proceed when all is ready.  Frequently, these checks will tie in with items listed in the Precautions section of the form.

(
Sometimes, it is helpful to include applicable big picture prerequisites along with test specific prerequisites.  For example, if the test is focused on testing a freezestat to allow temporary operation during construction, it might be desirable to list other prerequisites associated with temporary operation such as ensuring that adequate filtration is provided and prestart-checks have been completed.

2.3
Preparation.  List steps necessary to prepare for the test. This part of the form is used to document things that need to be completed prior to testing.  For example, it is important to look up the specified accuracy for a sensor that is about to be tested, or to set up the instrumentation and trends that document conditions during the test.
2.4
Procedure.  List steps in the test procedure. This section is the heart of the test.  To some extent, the level of detail is a matter of taste.  Documenting the procedure also ensures that no important steps are left out during the test.  Providing multiple options for performing the test is also useful since the test conditions may be uncertain. 
2.5
Follow up and Return to Normal.  List steps for follow up and return to normal. This section documents the important steps that need to be taken to return a system to normal operation.  It is easy to forget essential elements like releasing manual overrides and returning set points to normal at the end of a long test process.  Forgetting to return the system to normal is often uncovered that night or the next morning, and may lead to system damage.  Documenting items that need to be reset or returned to their normal state will minimize the potential to forget about them at the end of the test.
2.6
Test Completion Sign-Off. Complete the documentation that signifies the completion of the test and the personnel involved.  It should contain the following:
(
“This test has been performed per the requirements of the procedure.  Deviations or problems encountered have been noted at the end of the test form.”  

(
Name of the test coordinator with signature, date and time

2.7
Comments and Notes. Record any event that occurred during the test that may need to be referenced later, including deviations from the written test procedure.  
3.
Conducting Test 

3.1
Conduct the test and fill in results into completed form. 
(
Every step in the test form should be completed as written.  Any deviations from the test procedure should be noted in the Comments and Notes section.

(
As each step is completed it should be initialed. Any specified data should be recorded, including units where applicable.  All notations should be made in ink.

(
Any steps that are deferred should be noted clearly, so that the test form can be used to document the tests at a later date.

(
Any item of note should be documented.

(
The names of everyone involved in the test should be recorded, and the person responsible for the test should sign the form. 

(
The completed test form should be submitted with the final commissioning report.
Figure 1: Sample Generic Test Form 
	Generic Test Form

	Building
	

	System
	

	Component or Function to  be tested
	

	Purpose:  Briefly describe the purpose of the test to be performed.

	 

 

	 

 

	 

 

	 

 

	 

 

	 

 

	Instructions:  Provide instructions regarding how the test results should be documented and what (if any) follow up actions are necessary.

	 

 

	 

 

	 

 

	 

 

	 

 

	 

 

	 

 

	 

 

	Equipment Required: Note any special test equipment requirements.

	 

 

	 

 

	 

 

	Acceptance Criteria:  Document the acceptance criteria that will indicate that the test was passed.

	 

 

	 

 

	 

 

	Precautions:  Document any precautions that need to be taken before, during, or subsequent to the test.

	 

 

	 

 

	 

 

	References:  List references like technical papers, CTPL library tests and other information that might be useful as supporting information for the test team.

	 

 

	 

 

	 

 

	Roles and Responsibilities:  List the required participants, and their roles and responsibilities.

	

	 

 

	


	Requirement
	Data (Include Units)
	Completed

Initials, Date and Time

	Prerequisites:  List any prerequisites that must be in place to execute this test

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Preparation:  List steps necessary to prepare for the test.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Procedure:  List actual steps in the procedure here.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Follow up and Return to Normal:  List follow up steps here.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	Test Coordinator(s)

	Name

	 

	 

	Test Team Members

	Name

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	Test Completion Sign Off

	This test has been performed to the best of my ability per the requirements of the procedure.  Deviations or problems encountered have been noted at the end of the test form.  

	Test coordinator name (print)

	Signature, date and time

	Comments and Notes

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	 

	Comments and Notes
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