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ABSTRACT
“In real life, strategy is actually very straightforward. You pick a general direction and implement it like hell.” Jack Welch Former CEO of 
General Electric.

A qualification strategy, created and executed on complex systems, enables effective and efficient environmental testing at the component, 
unit, section and system levels. Cost, schedule, and technical challenges highlight the need for an environmental qualification test strategy 
that provides a robust test regime to verify the design meets user requirements, balanced with a timesaving approach. This paper explains 
three fundamentals to follow when creating an environmental qualification test strategy that cover risk reduction testing, test planning, 
and test design. Based on lessons learned through two decades of results, the strategies described in the fundamentals provide an optimized 
approach to qualification by; 1) demonstrating test environment capabilities as risk reduction, 2) defining key stakeholders, roles and 
responsibilities along with methods to reduce the possibility of increased test durations due to setup inefficiencies, and 3) providing methods 
to ensure the required test coverage and test methodology is robust enough to detect design deficiencies. This strategy aligns with customer 
desire to reduce test delays while at the same time not sacrificing test thoroughness.

Keywords: Qualification; Environmental; Strategy

Fundamental Principles, Processes, and Roles of Environmental 
Qualification Test Strategy for Complex Engineered Systems
Phillip Jaramillo*, Marco Rascon, Charles Adams, Eric Jauregui 

Engineering, Raytheon Corporation, Tucson, AZ, USA

*Correspondence to: Phillip Jaramillo, Engineering, Raytheon Corporation, Tucson, AZ USA, Tel: 5202504146; E-mail: pjjaramillo@raytheon.com

Citation: Jaramillo P, Rascon M, Adams C, Jauregui E (2020) Fundamental Principles, Processes, and Roles of Environmental Qualification Test Strategy 

Copyright: © 2020 Jaramillo P, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

INTRODUCTION
Design qualification is defined as a verification process on a design 
to meet particular requirements [1]. Environmental qualification 
is the verification of requirements specific to the environment 
the product design will be subjected to [2]. Examples of typical 
environments are temperature, shock, vibration, electro-magnetic 
interference, rain, humidity, and pressure [3].

Strategy is defined as a method or plan chosen to bring about a 
desired future, and involves setting goals, determining actions to 
achieve the goals, and mobilizing resources to execute the actions. 
A strategy describes how the ends (goals) will be achieved by the 
means (resources).

Environmental qualification test strategy discussed here is 
the method to verify the product design meets environmental 
requirements by 1) demonstrating test environment capabilities 
during risk reduction, 2) defining key stakeholders, roles and 
responsibilities along with methods to reduce the possibility 
of increased test durations due to setup inefficiencies, and 3) 
providing methods to ensure the required test coverage and test 
methodology is robust enough to detect design deficiencies and 
to provide a framework to facilitate data analytics [4]. Improved 
development team execution is one result of implementing an 
environmental qualification test strategy.

ENVIRONMENTAL QUALIFICATION TEST 
STRATEGY 
Qualification of a design accomplishes system verification, which 
ensures compliance to all requirements. This paper focuses on the 
environmental testing performed during qualification at all levels 
of assembly - from component, to unit, to section, to system [5]. 

Three fundamental principles are followed when developing a 
strategy to successfully execute qualification for a product design: 

1. Risk Reduction - Develop confidence prior to entering 
qualification that the verification of requirements will be 
successful. 

2. Test Planning - Ensure the qualification plan is well 
understood to prevent test setup related failures/anomalies/
issues. 

3. Test Design - Develop a test that is robust to ensure that any 
weaknesses in the design’s ability to meet requirements will 
be detected, thus eliminating escapes [6]. 

Fundamental principle #1 – Risk reduction: develop confidence 
prior to performing qualification 

Perform Design Verification Testing (DVT) at component, unit, 
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The data obtained justifies updates to requirements documents 
and environmental qualification plans to be used during their 
respective tests, and should be considered carefully against the 
predicted product lifetime [8]. 

These are three characterization examples of what one could do 
to better understand vibration, shock and thermal environments 
prior to beginning qualification. However, these might not be 
attainable on all for all product designs, therefore consultation 
with the structures team and structural technologists should occur 
to develop the best strategy for any given design. 

Fundamental principle #2 – Test planning: understand plan for 
qualification test execution 

Qualification efforts are important “for-score” tests that are 
performed to verify products meet requirements. Thus, utilizing 
a strategy that follows a methodology to eliminate problems 
unrelated to the product design, such as test setup anomalies, 
issues and process type failures. This strategy is applied to supplier 
qualification as well as component/unit/section/system level 
qualification, wherever possible (Figure 2).

The strategy employs the following roles as part of its organizational 
structure (at a minimum, the organization should consider these 
roles to determine if they are applicable and bring value): 

Qualification strategist: The goal of the Qualification Strategist is 
to put in place an Environmental Master Plan that describes the 
overall strategy for a product design (or subsystem) and answers the 
question, “Why is Qualification going to be successful?”. 

section, and system levels with Proof of Design (POD) or Proof 
of Manufacturing (POM) hardware to verify the design, providing 
confidence prior to entering qualification (Figure 1) [7].

Plan thermal and vibration testing (special tests) to assist in 
understanding risk as progress is made towards qualification and 
will increase confidence in completing a qualification successfully. 
It is very important to work with the structural technologists to 
assess the need to add/modify testing to DVT plans to provide 
sufficient confidence before entering qualification. 

One major area of concern on conducting a successful environmental 
qualification test strategy is the validity of vibration/shock/thermal 
level requirements flowed to design specifications. 

Follow these steps to validate the vibration/shock/thermal 
requirements to be verified during qualification: 

1. Instrument production representative component, unit, 
section hardware and subject it to a known, low-level 
vibration input to determine external to internal transfer 
functions to critical components. Coupled with any available 
system data, Maximum Predicted Environments (MPE) levels 
can be generated and requirements updated. 

2. During system level testing, instrument the test article to 
determine non-operational vibration levels induced on 
components for various user conditions. 

3. Instrument hardware during test operations to obtain early 
thermal data to reconcile with temperature requirements in 
Prime Item Specifications. 

Figure 1: Establishing design confidence through test

Figure 2: Key roles for an effective Qualification Strategy.
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Qualification lead: The Qualification Lead role shall have the 
overall responsibility for leading the entire Qualification effort. 
The Qualification Lead will engage with and ensure participation 
of both an Environments Expert and Test Expert in each test. 

Environments expert: The Environments Expert will typically 
be the person who created the test environment (vibration, 
shock, temperature, humidity, etc.) and best knows the genesis, 
the intended use of the environment, any included margin, 
extrapolation limitations, and is the expert with the test type. 
An important role of the Environments Expert is to determine 
the success of test execution in terms of whether the proper 
environment was applied to the test article. A good rule of thumb 
is to have an Environments Expert who is working on the product 
team and an Environments Expert who is off the product team. 

Test expert: Executing a Qualification test can be difficult, 
detailed, and involved. Many aspects of facilities, hardware, 
software, fixturing, test units, instrumentation, data acquisition 
and reduction, etc., must come together at the right time. This 
is best accomplished by utilizing a Test Expert. The Test Expert 
and their colleagues are responsible for the total execution of any 
particular test as requested by the Qualification Lead. 

For a successful qualification strategy, “What Could Go Wrong” 
(WCGW) Reviews are instituted as a means to review the 
upcoming event and brainstorm what possible problems might 
occur and ways to mitigate those potential problems ahead of time. 
This is an opportunity to share lessons learned and what can be 
done to implement them. The WCGW reviews are not a review 
of the design and are not test planning sessions to make sure test 
processes are being followed. They are intended to identify possible 
problems prior to execution of the testing and develop an action 
plan to prevent these problems from happening [9]. 

Further efforts to ensure a successful qualification is to answer the 
following questions when preparing for qualification events to prevent 
test setup/process type failures, anomalies, or issues (Table 1):

Fundamental principle #3 - Test design: define the qualification 
plan to eliminate possibility of escapes

While Fundamental Principle #1 is intended to identify design 
problems prior to entering qualification, a few issues might still 
exist. The sample size of the units subjected to DVT testing may 
not be sufficient to identify all the issues in the design. Thus, if any 
of these issues get through DVT, it is imperative that qualification 
find these issues, eliminating escapes before the design moves to 
production (Figure 3).

Thus, the strategy on how the hardware is examined and the 
framework to gather the data needed to sufficiently analyze the 
design: 1.) during buildup of the test article, 2.) during operational 
environments, 3.) after qualification, is critical to eliminating 
escapes.

• The number of Enhanced Stress Screening (ESS) cycles, the 
Acceptance test integrity, are all critical in determining the 
quality of the test article to be used for qualification. Thus a 
detailed understanding of the entire assembly and test process 
by the Qualification Lead and Test Expert is required.

• Developing a test process to properly operate the test article 
during qualification to verify the hardware will function 
during and after the environment is critical to ensure the 
elimination of all possible escapes. Consultation with the 
Design Leads is required to develop a test process to properly 
test the test article. It should be noted that performance 
requirements are not required to be verified during 
environmental qualification, but tests that demonstrate the 
hardware is functional during and after the environment 
is what is needed. The software and test equipment teams 
should also be brought into the conversation to ensure the 
best possible solution is implemented.  Utilizing Built-in 
Test (BIT) is an option that should always be considered 
when determining the functional tests to be performed [10]. 

Table 1: Qualification events to prevent test setup/process type failures, anomalies, or issues.

Qualification Task Questions

Dry Runs
Have the environmental levels to be performed in the Qualification test been reviewed by the Environmental Experts and been 
approved for use?

Environments
Have the environmental levels been dry run using mass simulants/pathfinder hardware of the test article to provide confidence 
in the environmental equipment? (i.e. vibration tables, thermal chambers, E3 equipment such as horns, signal generators, 
anechoic chambers, and vibration fixtures)

Test Setups

Have vibration surveys, thermal surveys been performed on fixtures, chambers, etc. with the data reviewed by the 
Environmental Experts?

- Has layout of the test article within thermal chambers, altitude chambers, humidity chambers been reviewed and approved by 
the Environmental Experts?

Calibration Have calibration of thermocouples, accelerometers, and measuring devices, been reviewed and approved?

Hardware Pedigree

Has the pedigree of the test article been reviewed with the result being that it is adequate to use in the test?

- Must review the As Built vs As Designed and approve the use of the test article in the test

- Must understand all configuration and test variances and approve the use of the test article in the test

Plan and Procedure
Have the test plan and test procedure been reviewed and approved by the Environments Expert and the Test Expert?

- Are actions and procedures clearly understood by the Test Expert and team if a failure were to occur; clearly documented in 
the test plan

Instrumentation

Have the Environments Expert and Test Expert reviewed and approved the test setup and the proposed instrumentation layout 
to successfully collect the required data?

- A review of the data acquisition plan has been completed and supports the data required to successfully perform the test.

Functional Test
Have Dry-Runs of the functional testing been completed with a thorough review of the data showing readiness to perform the 
test?
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Figure 3: Test Strategy Must Eliminate Design Escapes.

However, BIT may not be the total solution and supplemental 
test capability may be required.

• “Are there any special tests or analysis that needs to be 
performed post qualification to verify the requirement has 
been met?” should always be asked as part of the development 
of the overall strategy. An example is when verifying a 
requirement that may need energetics to be exercised to 
ensure operability/survivability.

• An inspection plan for during and after qualification should 
be written and approved by the Qualification Leads, Design 
Leads and Structural Technologist. The inspection plan 
should include any teardown required post qualification.

CONCLUSION
Product development execution is expected to be shorter in duration 
and more efficient in performance as the customer's need for quick 
delivery of the product is demanded. A solid Environmental

Qualification Test Strategy is imperative to achieve this goal. This 
paper describes a process to develop such a strategy based on three 
fundamentals: 

1. Proving in the test environment during risk reduction,

2. Defining key roles and responsibilities along with methods to 
reduce the possibility of increased test durations due to setup 
inefficiencies, and 

3. Methods to gather analytical data and to ensure testing are 
robust enough to detect design deficiencies. Adhering to 
these fundamentals will ensure a successful Environmental 
Qualification Test Strategy.
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