Design Verification f .,/

Design verification is an essential step in the development of any product. Also referred
to as qualification testing, design verification ensures that the product as designed is the
same as the product as intended. Unfortunately, many design projects do not complete
thorough design qualification resulting in products that do not meet customer
expectations and require costly design modifications.

Project activitiesin which design verification is useful:
0 Concept through to Detailed Design
[0 Specification Development
0 Detailed Design through to Pre-Production
0 Production
Other toolsthat areuseful in conjunction with design verification:
0 Requirements Management
O Configuration Management
0O FMEA

Introduction

Many customers hold the testing of products in the same regard as the actual design. In
fact, many development projects specify design verification testing as amajor contract
requirement and customers will assign their own people to witness testing and ensure that
it is completed to satisfaction. Although potentialy costly, the expense of not testing
can be far greater therefore projects that do not specifically require testing are wise to
include testing as part of the development program.

Testing may occur at many points during the design process, from concept development
to post-production. Thistool will focus mainly on prototype testing however many of the
guidelines that will be provided can be applied to all testing.

» Development tests conducted with materials, models or subassemblies are
useful for determining the feasibility of design ideas and gaining insights
that further direct the design. The results of these tests cannot be
considered verification tests however their use can be crucial.

* Prototype testing occurs with items that closely resemble the final
product. These tests generally stress the product up to and beyond
specified uses conditions and may be destructive. Testing may occur at
many levels. Generally, the more complex the product, the more levels of
testing. For acomplex system, tests might be conducted at the unit level,
subsystem level then finally at the system level. Testing with prototypes
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allows the correction of deficiencies and subsequent re-testing before large
commitments are made to inventory and production readiness.

Proof testing is another type of design verification testing that employs
prototypes. Rather than testing to specification, proof tests are designed to
test the product to failure. For example, if atableis designed to support a
certain amount of weight, prototype testing will be used to ensure that the
table will support the specified weight plus a pre-determined safety factor.
Proof testing would continue loading the table until failure is reached -
likely beyond the specified limits. These tests are often used to identify
where eventual failures might occur. Thisinformation is often useful for
identifying potential warranty issues and costs.

Acceptance testing is aform of non-destructive testing that occurs with
production units. Depending on the criticality of failures, testing costs and
the number of units produced, tests may be conducted on initial production
units and/or random or specified samples (e.g., every 10" unit), or every
single unit produced.

Application of Design Verification Testing

Verification Methods

There are anumber of methods that can be used in verification testing. Some are
relatively inexpensive and quick, such as inspection, while others can be costly and quite
involved, such as functional testing. A description of the most common verification
methods follow:

Demonstration. Demonstrations can be conducted in actual or smulated
environments. For example, if aspecification for a product requires that it
be operable with one hand, likely the simplest method for verifying this
requirement is to have someone actually operate the product with one
hand. Asrecord of the test, it may be acceptable to simply have the test
witnessed or alternatively, recorded on video. The cost of a demonstration
will vary according to the complexity of the demonstration, however most
arerelatively inexpensive.

Inspection. Inspection is usually used to verify requirements related to
physical characteristics. For example, if a specification requires that the
product is a certain colour, a certain height or labelled in a specific
manner, inspection would be used to confirm that the requirements have
been met. Inspection istypically one of the less expensive verification
methods.
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* Analysis. Typically, analysisis often used in the design of a product. It
can also be used to verify the design and is often the preferred method if
testing is not feasible or the cost of testing is prohibitive, and risk is
minimal. For example, analysis may be used to support the argument that
aproduct will have alifecycle of 25 years.

* Similarity. If adesignincludesfeatures or materialsthat are similar to
those of another product that has met or exceeded current specifications,
an analysisto illustrate this similarity may be used to verify arequirement.
For example, if a specification requires that a product be water resistant
and materials that have been proven to be water resistant in other
applications have been chosen, an analysis of similarity could be used.

* Testing. Testing can be one of the most expensive verification methods,
depending on complexity as well as equipment and facility requirements.
However, sometimes it is the only acceptable means for verifying aspects
of adesign. For example, a product may be required to survive
transportation over various terrain (e.g., dirt roads). The most common
method for validating this requirement is transportation testing where the
product is placed in atest bed that moves up and down, and vibrates to
simulate worst-case transportation. Although this testing requires
relatively expensive and specialized equipment, it allows the testersto
observe the test and is more economical that using atruck to validate by
demonstration.

Selection of Method(s)

Often a number of verification methods may be equally appropriate to verify a
requirement. If thisisthe case, the cost and the time that is required to complete the
verification should be considered. For example, to verify that a product satisfies a
requirement to fit through a standard 30" by 7’ doorway, inspection (measure the height
and width of the product) or demonstration (move the product through the doorway) can
be used.

Sometimesiit is necessary or useful to utilize two or more methods of verification. For
example, if a specification requires that a product be usable by persons from the 1% to the
99" percentile, a demonstration may be conducted with representatives from each
extreme and an analysis completed to prove accessibility to all other sized persons within
the specified range.

Identification of Verification Activities

Initial identification of verification activities should be done concurrently with
specification development. For each specification developed, a method for verifying the
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specification should be determined. Usually the method at this stage will include the
method(s) to be employed and a general idea on how the test will be conducted. This
forces the designer to make sure that the specification is objective and verifiable, and also
allows the test engineersto get a head start on putting together a detailed test plan and
procedures. The one caution isthat this parallel development puts responsibility on the
designer to make sure that test engineering is promptly informed of any changes to
specifications which normally is of minimal concern in integrated team environments.

If verification activities are not identified during the preparation of the specification, the
design engineer needs to ensure enough notice is given to test engineering to allow timely
planning and preparation. The communication and identification of required testing
between design and test can occur through various modes and will generally depend on
the overall approach to the design project (e.g., integrated team versus department based)
and established company procedures. With an integrated team approach, the test
engineer may take the product specification and work jointly with designers and other
members of the team to identify and plan tests. If the design approach is department or
functionally based, the design engineers may be required to complete and forward test
reguests to the test engineering department as the tests engineers are not intimately
involved in the devel opment of the design.

Preparation of Verification Activities

The preparation of verification activities involves:
» Determining the best approach to conducting the verifications
» Defining measurement methods

» |dentify opportunities to combine verification activities (i.e., asingle
demonstration or test might be used to verify a number of requirements)

* ldentifying necessary tools (e.g., equipment, software, etc.) and facilities
(e.g., acoustical rooms, environmental chambers)

* ldentifying ahigh-level verification schedule

Once the above items have been addressed, the overall verification plan should be
reviewed with the design team to address any issues before detailed planning occurs.
Issues that may arise are insufficient in-house equipment/facilities or expertise, and
problems with schedule.

Many tests often require specialized equipment and facilities that are not available in-
house (e.g., environmental chambers) therefore out-of-house facilities that can conduct
these tests must be identified. At thistime, estimates for out-of-house testing are usually
obtained. These help to determine which test facility to use or, if costs exceed budget
constraints, whether to redefine the verification requirements such that verification can be
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conducted in-house. If testswill be subcontracted, thiswill generally be managed by test
engineering.

Problems with the verification schedule may be due to a number of reasons. Thetimeto
complete the verification may be insufficient. In this case, some trade-offs may be
necessary. Time may need to be increased, or the number or duration of tests decreased.
Sometimes a brainstorming session with the devel opment team may lead to creative
solutions. Another problem with schedules may be the fact that certain verification
activities need to take place during certain weather conditions (e.g., snow) however the
period for verification will occur during summer months. It islikely undesirable to delay
aproject in the expectation of weather conditions therefore alternative means must be
considered.

Detailed Verification Planning and Procedures

Once al of the issues surrounding initial preparation have been resolved, verification
procedures can be developed. Written procedures should be developed for even the
simplest of verification activities. Thisincreases the quality and accuracy of results, and
also ensures that repeated tests are conducted in an identical manner. The size of these
procedures will depend on the complexity of the activities to be performed and therefore
can be as short asafew lines or as large as a substantial document. Attachment A
contains an outline for verification procedures. The format for procedures should be
tailored as appropriate and only those items in the outline relevant to an individual
verification activity should be included.

An important consideration to make when devel oping detailed verification plans and
procedures is the order in which activities are conducted. Verification time can be
substantially reduced if al tests requiring asimilar set-up are conducted sequentially.
Also, shorter activities can be scheduled to occur while longer activities that do not
reguire consistent monitoring are in progress. Two final considerations are related to the
order in which activities are conducted. If testing is destructive, it should be conducted in
order from least to most destructive to limit the number of test units required.
Additionally, it is sometimes beneficial to order verification activities such that the
outputs of one test can be used as inputs to subsequent tests.

Conducting Verification Activities

Execution of Verification Activities

It is extremely important that the test procedures be followed to the letter when

conducting verification activities. A failureto do so may invalidate results and may have
more dire consequences if the customer believesthat it was done intentionally to increase
the probability of passing verification or future product failures lead to legal action. If for
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some reason it is discovered that procedures require modification, these changes should
be documented and the necessary approvals obtained before continuing with the affected
verification activity. If averification activity is continued after a modification rather than
started over, it should be noted in the record of results.

Recording of Results

Careful collection and recording of datais extremely important. The customer may
contractually require these records and they may be a prerequisite for obtaining
certifications (e.g., Canadian Standards Association). Attachment B provides an example
outline for recording results of verification activities.

Depending on the requirements of the development project, the verification records may
be sufficient to report the results. In other cases, aformal test report may be necessary.
Attachment C provides an outline for aformal test report.

All test records and reports should be reviewed and approved as defined by company
procedures. If formal procedures are not in place, the test engineering lead, the project
manager, a customer representative or some other authority as agreed upon can review
these items.

Highlighting Non-Conformance

If a non-conformance (e.g., anomaly or failure) is discovered through verification
activities, it isimportant to first attempt to verify that the non-conformance is with the
product and not due to test equipment or other extenuating factors. If the non-
conformance is product related, then details should be fed back to the designers as
quickly as possible rather than waiting for the completion of atest record or report. In
highly integrated teams, the optimum method for feedback may be to have the designer
witness the non-conformance first-hand. 1n any case a non-conformance report should be
generated. It isimportant that the test engineer maintain these reports to ensure that all
non-conformances are adequately addressed.
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Procedure
Number:

Method:

Applicable
Requirements:

Pur pose/Scope:

Items Under Test:

Precautions:

Special Conditions/
Limitations

Equipment/
Facilities:

Data Recording:

Attachment A

Verification Procedure Outline*

Any numbering scheme can be used but it is useful to correlate the number
with the applicable specification number. It may be useful to add a prefix to
designate the type of activity (e.g., T1.2.3 for atest, D1.2.2 for a
demonstration, etc.)

If averification activity is designed to address multiple specifications, the
procedure should be written once and the other procedure sheets should simply
include a procedure number and a reference to the written procedure.

If multiple verification activities are used to validate a single requirement,
consider using the same procedure number for each plus a unique suffix (e.g.,
T1.2.33, T1.2.3b)

Analysis, similarity, demonstration, test and/or inspection

An identification of the requirements to be verified or the inclusion of the
actual written requirement. If multiple requirements are to be addressed with
the verification activity, all should be included with the main test procedure.

What is to be done and why?

A definition of the items to be tested, including as applicable, part and/or
model numbers, material type, size, shape, etc. aswell as the number of units
to be tested.

An identification of hazards, safety considerations, or special factors (e.g.,
level of cleanliness required)

For example, special requirements for the verification activity such as video
recordings of a specific portion of the activity or the required presence of
certain witnesses during the activity.

Equipment or facilities required including any requirements for calibration of
equipment.

Requirements relating to the recording of test data (e.g., specific formats,
frequency of readings, etc.)

! Adapted from p.158 of Design Assurance for Engineers and Managers by Burgess.
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Acceptance
Criteria:

Procedures;

Troubleshooting:

Post-Test
Activities:

Design Verification.doc

Pass/fail criteriaincluding required accuracy of results.

Detailed script outlining how the verification activity isto be performed (e.g.,
application of loads, environmental conditions, sequence, data collection at
specific steps, etc.) This section should be written such that any tester can
easily and accurately follow the procedure.

Identify the actions to be taken if an inadvertent event occurs (e.g., premature
failure).

Any activities that must be conducted once verification activities are
completed (e.g., disposal requirements, teardown of test equipment, etc.)
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Procedure
Number:

Method:

Applicable
Requirements:

Items Under Test:
Date:

Testers:

Withesses:

Equipment/
Facilities:

Results:

Comments:

Recommendations:

Signatures:

Attachment B

Verification Results Outling?

See Attachment A for description.

Analysis, similarity, demonstration, test and/or inspection

An identification of the requirements to be verified or the inclusion of the
actual written requirement. If multiple requirements are to be addressed with
the verification activity, all should be included with the main test procedure.

See Attachment A for description.

The date(s) and time of day during which the verification activity was
conducted.

Names of persons conducting the verification activity.

Names of any witnesses to the verification activity. If awitness only observes
aportion of the test, that portion should be identified.

Equipment or facilities used including the manufacturer’s name as well as
model and serial numbers as applicable. |f equipment requires calibration,
indicate the date on which the latest calibration was completed.

Include all data collection as indicated in the test procedures. Attach copies of
any auto-generated test data. Clearly identify pass or failure with respect to
acceptance criteria.

Description of test conditions, unusual circumstances, etc.

If the verification record will also serve as the verification report, any
conclusions and recommendations should be presented.

Signature(s) of the tester(s).

2 Adapted from p.158 of Design Assurance for Engineers and Managers by Burgess.
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Attachment C

Verification Report Outline®

Title Page:

Approvals:

Table of Contents:

Index of Tables & Figures:

Summary:

I ntroduction

Description of Test:

Appendices:
References:

Title page may contain the procedure number, the name of the
procedure and the item under test. The date and revision number ,
if applicable can beincluded.

Usually includes the name and signature of the person who has
prepared the report as well as any others whose approval is
required.

Summary should include an identification of applicable
reguirements, an indication of what the verification activity wasto
achieve, description of test conditions, and a summary of
conclusions.

A brief introduction to the test report.

The description might include:
* Itemsunder test
* Facilities and equipment
e Description of verification methods
* Instrumentation and measurements
* Results
e Analysisand discussion of results

*  Conclusions and recommendations
Calculations, data sheets, verification procedures, etc.

% Adapted from p.158 of Design Assurance for Engineers and Managers by Burgess.
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