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Abstract: For high-reliability applications such as the subsea oil and gas industry, it is 
necessary to assure that new products have the required quality and reliability before they 
are put into operation. To provide such assurance, some industries have implemented a 
technology qualification program (TQP) to reduce the uncertainty for new products 
development. Several TQP approaches have been proposed, but no approach has yet been 
generally accepted. Some producers have merged seemingly attractive features from 
different TQP approaches, but this has not always given a practical and cost-efficient 
approach. This paper evaluates and highlights important features of existing TQPs, and 
based on the findings combined with a thorough literature survey proposes a new approach 
that aims to rectify some weaknesses of the existing approaches. 
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1. Introduction 
 

New technical products are being developed at an ever-increasing pace. Many of these 
products are based on new technological solutions and may contain new materials and/or 
unproven components. They have the ability to increase the revenue, but can also lead to 
significant loss and harmful consequences, caused by functional mismatch and failures. In 
some industries, such as the space industry, the subsea oil and gas industry, and the aviation 
industry, it is required to demonstrate that new products are fit for purpose before they are 
accepted for use. The framework for the qualification process and the management of its 
progress is referred to as a technology qualification program (TQP). A well-designed TQP 
is an aid in developing a desired product and reduces the likelihood of ending up with a 
product that does not fit the purpose [2,11]. 
      In 2001, Det Norske Veritas (DNV) developed a recommended practice for 
qualification of new technology. It is intended for the subsea oil and gas industry, but its 
main principles can also be used in other application areas. A more recent edition [14] 
provides a TQP workflow diagram and support for management. 
     An alternative qualification procedure based on technology readiness levels (TRLs) was 
introduced by NASA. TRL is a metric or measurement system that is used to assess the 
development status and the maturity of a specified technology or product [45]. The concepts 
readiness and maturity are used interchangeably in the literature, and are discussed 
thoroughly and compared by Tetlay and John [48]. 
     Identifying potential problems and failures at an early stage of the product 
development process is important for the producers, due to the high cost of making 
modifications later in the development process. Several authors [2, 3, 5, 16, 20, 34, 44] 
argue that the qualification process must be addressed prior to and in parallel with the 
product development process. Most producers have developed their own development 
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model comprising a number of consecutive phases. These models are generally rather 
similar, but the phases and tasks may vary with the complexity of the product. This paper 
is based on the product development model suggested by Murthy et al. [40]. This model 
can also be seen as a framework for decision-making regarding product reliability, and 
most producer-specific models can easily be translated into this model. 
    The objective of this paper is to discuss and evaluate existing TQP approaches and 
highlight their key features. It proposes a new TQP approach that will rectify some 
weaknesses of the existing TQPs, as seen from the perspective of the producer. 
    This paper is based on a thorough literature survey. Academic studies on TQP 
approaches are scant, and the development of the existing approaches has mainly been 
done by industrial organizations and companies. The results have primarily been 
published as technical reports and industrial guidelines, and they form the basis of this 
paper. Qualification of new technology is a broad subject that is applicable in many 
different industries and for many categories of products.  
     The rest of the paper is organized as follows. In Section 2, we describe important 
concepts regarding qualification. Section 3 shortly describes a product development 
process. In Section 4, we describe commonly used qualification processes. Section 5 
discusses about the main challenges regarding the existing approaches, and proposes a 
new qualification framework, and Section 6 concludes the paper. 

2. Qualification 
 

2.1    Definition and Purpose  

DNV-RP-A203 [15] defines qualification as “confirmation by examination and provision 
of evidence that the new technology meets the specified requirements for the intended 
use.” A more goal-oriented definition states that TQP is a systematic process aiming to 
(i) reduce the risk and increase the probability of product success, and to (ii) ensure that 
the product is fit for purpose before being put into operation [22]. 
Performance criteria for the product and/or the technologies may be specified by the 
producer, regulatory bodies, or by the end-user and may be derived based on various 
reliability measures and/or defined margins for specified failure modes [15, 25]. 

2.2 Verification and Validation  

The concepts of qualification and verification are sometimes used with the same meaning in 
the literature, but in this paper, we follow IEC 60300-3-15 [24] and consider the qualification 
process to embrace both verification and validation. Several references [16, 25, 36] 
summarize and discuss different definitions of verification and validation. API-RP-17N [3] 
defines validation as the process of ascertaining the appropriateness of data, assumptions, or 
techniques while verification is the process of determining if a technique or activity has been 
performed and/or completed, but also the extent to which it conforms to internal or global 
standards of application or operation. Several verification methods [16, 24] may be equally 
appropriate and be used to demonstrate that a requirement has been met and it can 
sometimes be beneficial to use two or more of those methods. In this case, the criticality, 
and the time and cost required to complete the verification should be considered. 

3. A Product Development Process 

Murthy et al. [40] developed a life cycle model with eight phases to assist producers in 
obtaining the desired product performance. 
Phase 1, Front-end phase (product definition), involves identifying the need for a new 
product or the need for modification of an existing product in accordance with business 
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objectives and strategies and the customer needs for the product.  
In phase 2, System design phase (product characteristics), product attributes are 
translated into product characteristics (engineer’s view of the product).  
Phase 3, Component design (detail design), involves the detailed design of the product, 
and preparation of initial product construction and testing. 
Phase 4, Component development, deals from development of component level to the 
product prototype. 
Phase 5, System development, consists of operational testing contributing to a more 
complete picture of the actual product field performance. 
Phase 6, Production, covers the physical production, starting from component and 
ending with the product for release to customers. 
Phase 7, Installation, commissioning and operation, marks the start of the product life 
cycle for the customer. 
Phase 8, Business impacts, concludes the product development. 

4. Qualification Processes 

Several qualification processes are described in the literature. The most commonly used 
ones are: 
     NATO AVT-092 [41] presents a qualification process for military aircrafts aiming at 
reducing the time and cost of their production. This is achieved by increasing the use of 
analyses, integration of tools, and by finding a balance between analysis and testing, in 
all design and development phases. 
     The guideline by Andersen [2] is tailor-made for the oil and gas well technology and 
describes how to perform the qualification as a parallel activity with the product (well) 
development process. The guideline further discusses operational readiness and gives 
requirements for manufacturing and operational planning [13]. 
     SEMATECH [44] provides a qualification guideline intended to be used by producers 
and users of semiconductor equipment. It is based on a continuous reliability 
improvement process in the equipment life cycle. It provides the management 
responsibilities and activities and tools for establishing and implementing the process. 
     API-RP-17N [3] presents a structured approach to obtain an appropriate level of 
reliability throughout the life cycle of subsea oil and gas projects. The approach is 
based on the same twelve key reliability processes that are used in ISO 20815 [33] for 
production assurance and reliability management. The focus of API-RP-17N is project 
execution, and a number of integrated reliability and technical risk management activities 
derived from the key reliability processes. 
     Ardebili and Pecht [5] discuss the qualification process for mass-produced electronic 
products. It starts from evaluation of the functional and reliability performance of the 
product design without any physical testing to evaluation of the product based on 
physical testing of manufactured prototypes. During and after the production process, the 
products are inspected and tested to evaluate their quality. 
     Engel [16] presents a comprehensive set of verification, validation and testing 
activities, and methods for implementation through the products life cycle. A generic 
product life cycle model extended from the V-model [37] is used. 
     Grady [19] presents the steps and procedures needed to implement a quality check of 
the product based on the V-model. The approach can be applied to high rate production, 
low volume - high cost production, and one of a kind production. 
     DNV-RP-A203 [15] defines a set of activities that should be iterated through concept 
evaluation, pre-engineering, and detailed engineering. Each stage should be successfully 



6                                                Maryam Rahimi and Marvin Rausand 

concluded before going on to the next stage. Some companies in the oil and gas industry, 
such as, FMC Kongsberg Subsea AS, have developed their own TQP based on DNV-RP-
A203, introducing several improvements regarding the specification of requirements and 
potential of cost saving, by reducing the requirements for physical testing [46]. 
     Another commonly used TQP is based on the TRL method. The TRL method has nine 
levels, ranging from zero to eight, from principles and concepts to the real product (i.e., 
the lowest level of product maturity to the proven product). The evaluation at each level 
has to be successful to claim that a level is reached [6]. Rahimi and Rausand [42] discuss 
several challenges related to TQPs based on the TRL and DNV approaches in more 
detail, and also provide suggestions for improvement. 

5. Model Development 

5.1   Challenges Related to the Commonly used Qualification Processes 

Several authors [14, 21, 37, 42] indicate strengths and weaknesses of some of the TQPs 
mentioned in section 4. For more systematic evaluation of the TQPs, we introduce six 
main questions/criteria to determine the main characteristics of an efficient TQP. The six 
questions have been developed based on a careful literature study and a scrutiny of the 
existing TQPs. The questions and their reasons of importance are: 

Q1. Is the TQP approach well interlinked with the product development process? 
        This is important because if a need for modification in the design or 

development is revealed, the modification can be implemented before it becomes 
too late and have high impact on time, cost, and quality. 

Q2.  Are the steps of the TQP approach and tasks to be performed well defined? 
        This is important in order not to misinterpret the steps and the tasks that have to 

be performed, due to ambiguity in definition and description. 
Q3.  Are the criteria for each step of the TQP approach well defined and attainable? 
        Criteria for each step of the TQP must be defined in order to decide whether or 

not the objective of the step has been attained. 
Q4.  Has the uncertainty of the new product been quantified?  
        The quantification of uncertainty of the new product is necessary in order to give 

confidence to the user of the new product. For some products, such as most of the 
products in the oil and gas industry, time should not be considered as a limitation; 
and a qualification based only on analysis may not be sufficient. Some testing 
may be required. 

Q5. Can the approach act as a unifying language to indicate the status of the product 
development? 
The importance of this issue is obvious for a complex product with several 
suppliers and subcontractors, and also for a one-of-a kind product where the end-
user and the producer are closely interlinked during the development of the 
product (e.g., during development of new subsea oil and gas equipment). 

Q6. Does the process generate feedback that can be used to make improvements? 
Revealing weaknesses as early as possible will lead to a better product and a 
more cost-efficient development process. 

As a starting point for the comparison, each of the TQP approaches in the previous 
section has been subject to a thorough scrutiny by the authors based on the six questions. 
The questions are answered by “yes” (Y), “no” (N) or “partly” (P). The answer “no” 
indicates that the TQP approach has a potential weakness and the answer “partly” 
indicates that the approach has not sufficiently considered the related issue. The answers, 



                          Technology Qualification Program Integrated with Product Development Process                  7 

presented in Table 1, show that areas of improvement for the commonly used TQPs.   
 

Table 1: The Evaluation of Commonly Used Qualification Processes. 

Qualification Processes Q1 Q2 Q3 Q4 Q5 Q6 
NATO AVT-092 [41] P P P P N N 
Andersen [2] P P N N N P 
SEMATECH [44] Y Y N Y N Y 
API-RP-17N [3] Y P P Y N Y 
Ardebili and Pecht [5] P P N P P P 
Engel [16] Y Y N Y N P 
DNV-RP-A203 [15] P Y N Y P Y 
TRL [45] P P P P Y P 

 

5.2 A New TQP Approach 

This section presents a new TQP approach that is integrated into the product 
development model of Murthy et al. [40], as illustrated in Figure 1. The same ideas can, 
however, be adapted to any company-specific product development model.  
Several qualification tasks are performed in each phase of the model, and before 
proceeding to the next phase, the output needs to be evaluated to assure that the desired 
outcome is obtained. This evaluation should be based on a set of defined criteria. If 
problems are identified, the next phase should not be initiated until the required 
corrective actions have been taken. (Similar strategies have been conducted by [3, 44].) 
 The new TQP approach has six main steps that are numbered according to the six first 
phases of Murthy model [40]. Each main step is outlined in detail in the following 
together with the objectives of the step and the tasks that are required to meet the 
objective. Figure 2 illustrates this framework. Methods and tools that are required for the 
various tasks are mentioned and references to recommended literature are given. 
Step 1: Concept Qualification 
Concept qualification is to ensure that the product requirements and the proposed 
product concepts accurately reflect the needs of the end-user(s). This step includes:  
Task 1: Product Introduction. The new product must be described as completely as 
possible, through drawings, text, data, and other relevant documents. In most cases, only 
the main functions of the product are known at this stage. Further details will become 
known as part of the product development process. 
Task 2: Application and Environment Analysis. The intended application of the product 
must be clearly defined and the operational and environmental conditions must be 
specified. Potential deviations from the intended application must be identified. This can 
be documented in a critical items list, specifying key issues, such as dimensioning loads, 
capacities, and functional requirements [15]. A suggestion of what should be included in 
the description of the product and the environment is provided in IEC 60300-3-4 [25].  
Task 3: Requirement Analysis. This analysis is done to identify the resources that are 
necessary to satisfy the product needs [19]. Requirements should be defined prior to any 
efforts to develop a design for the product. It is suggested to define the requirements 
according to NATO AVT-092 [41]. Reliability requirements are important to meet 
corporate safety and business goals and should be defined in phase 1 and refined during 
phase 2 (e.g., see [10, 49]).  
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Figure 1: TQP integrated in the product development model of Murthy et al. [40]. 

Step 2: System Qualification 
System qualification is carried out to ensure that the technical concept and the 
architecture of the system are appropriate. The term “product” signifies an existing 
physical item and we therefore use the term “system” in this and the next step. This 
step includes the following tasks: 
Task 1: Verification of the System Architecture. The relationships between the various 
entities of the system should be verified in order not to neglect any entities or any 
relationships between them. It is suggested to apply the IEC 60300-3-15 [24] approach 
and select a set of criteria for system integration and for new system developments 
involving interactions of system functions consisting of hardware, software, and human 
elements. 
Task 2: Verification of the System Failure Modes Identification. An FMECA [26] should 
be carried out to systematically address all the potential failure modes in the design, 
including their causes and probability of occurrence. The FMECA does normally not 
address multiple failures, and it may be necessary to carry out a fault tree analysis [27]. 
For complex systems, a HAZOP study [32] is suggested to identify potential deviations 
from the design intent, and examine their causes and consequences. 
Task 3: Verification of Predicted Reliability, Availability, and Maintenance (RAM). 
Verification of predicted RAM requires evidence of reliability achievement. Such 
evidence depends on the phase of the product life cycle and generally takes the form of 
data collection related to prior field performance, reliability analysis, calculation, expert 
opinion, and tests [10]. A preliminary reliability prediction is possible by using methods, 
such as reliability block diagrams, fault tree analysis, or Markov analysis [43]. 



                          Technology Qualification Program Integrated with Product Development Process                  9 

 

Figure 2: The Proposed Qualification Framework 
 
Task 4: Verification of Component Requirements and Environmental Performance. 
Component requirement analysis is used to discover, document, validate, and manage the 
requirements of the components. Its objective is to produce complete, consistent, and 
relevant requirements that a component should have. Component requirement analysis 
can be done according to the approach suggested by Beydeda and Gruhn [7]. 
Task 5: Design Review. A design review of the proposed design is essential for 
evaluating the design and providing assurance about how well a new design reflects the 
desired product performance. The design review should focus on the intended use as well 
as foreseeable misuse. The results from the design review document justify design 
decisions [28, 44]. 
Step 3: Design Qualification 
The objective of the design qualification is to ensure that the components and their 
interactions are appropriate. This phase comprises the following tasks: 
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Task 1: Verification of the Component Failure Modes Identification. Component failure 
modes identification can be performed in the same way as system failure modes 
identification. 
Task 2: Quality Assurance of the Designed Product and the Components. Quality 
assurance involves all the planned and systematic activities that can demonstrate that a 
product will meet the desired quality requirements over its useful life [50]. Design 
parameters need to be formulated to deliver the product’s intended functions. The quality 
methods used in this stage include robust design [47], design of experiment (DOE), and 
specific methods in reliability engineering. It is sometimes possible to capture the system 
design weaknesses and strengths and detect the failures by using virtual prototyping. 
Technological advances make it possible to virtually define system designs in completely 
integrated and associative parametric representations that are directly suitable for 
functional verification and accurate sensitivity design studies [16]. 
Task 3: Quality Control of Received Components. Quality assessment is used to evaluate 
received materials, parts, and components from suppliers to decide whether or not the 
items are acceptable with respect to the product’s desired performance requirements. 
Understanding how the received items relate to the current operation and how they 
contribute to the final quality of the product help to establish a better set of acceptance 
criteria [9]. The evaluation of purchased items may include a request for reliability 
information/data from the suppliers, and performing tests on the components, such as life 
testing and environmental stress screening [4, 31, 44]. 
Task 4: Compatibility and Interface Analysis. The ability of two or more subsystems or 
components to perform their required functions while sharing the same hardware or 
software environment is referred to as compatibility [49], and the relations between 
elements of the system architecture is referred to as interface [19]. Compatibility and 
interface analyses are important to obtain an optimal architecture for the system before 
commitments are made related to its design [16]. 
Step 4: Component Qualification 
Component qualification is carried out to verify that the requirements are met for the 
components. The step includes the following activities: 
Task 1: Component Prototype Testing. Here, the components are tested over a wide 
range of controlled conditions. The objective is to determine the validity of the design, to 
ensure that the best of several alternative designs is chosen, and that the component will 
perform satisfactorily at other than nominal conditions when integrated into the product. 
For some components, testing may not be feasible, especially seen in relation to time and 
cost constraints. The components should be prioritized and tested according to the 
criticality of the components, potential failures, and our uncertainty related to them. 
Problems associated with component testing include: simulating realistic environments 
and determining the number of tests required to demonstrate reliability. 
Several types of testing, such as life testing, accelerated testing, and environmental stress 
screening (ESS) are required. Among standards used for reliability testing are: IEC 
61163-1[29], IEC 61163-2 [30], SEMATECH [44], MIL-HDBK-781A [38], MIL-STD-
810G [39] and many parts of IEC 60068 [23]. 
Task 2: Verification of Predicted RAM. The RAM analysis is updated and reviewed 
based on new information and data from component prototype testing and component 
failure modes identification. RAM characteristics can be verified by engineering analysis, 
laboratory testing, functional mock-ups, or simulation [10]. 
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Step 5: Product Qualification 
Product qualification is performed to ensure that components can be combined properly 
into a complete product and to verify that the prototype has the required quality. This 
step includes: 
Task 1: Prototype Testing. Prototype tests are intended to explore the effects of 
component interactions under relevant loading and environmental conditions. Tools and 
standards that can be used for prototype testing are mentioned in step 4. For some 
products, such as subsea equipment, it is not possible to perform operational testing of a 
prototype in a real environment. Instead, virtual product testing is performed. However, 
some operational testing may still be performed under simulated operational conditions. 
Integration testing is required to prove that the product elements interact properly. For 
more integration testing strategies, see [16]. 

Task 2: Verification of Predicted RAM. Verification includes reviewing the reliability, 
maintainability and operability analysis with new information and data from test results. 
RAM characteristics verification approaches are similar to step 4. 
Step 6: Production Qualification 
The last step of the TQP approach takes place when the physical product is ready to be 
qualified and goes into the operational phase. This step includes: 
Task 1: Quality Assurance of the Manufacturing Process. This is an important task 
because it ensures that the processes are able to produce the real product consistently, 
economically, and free of defects. A process FMECA, and manufacturing process control 
should be performed [1]. Manufacturers (e.g., in the aerospace industry) who have low 
quantities of final products, can use the approach by Bothe [9] based on statistical 
process control (SPC) methods. Other quality methods that can be used include six-sigma 
[18], manufacturing troubleshooting, and the Shainin method [50]. 
Task 2: Quality Assurance of Manufactured Product. The purpose of this task is to 
ensure that the manufactured product is consistent with its design. It should be done 
based on the quality policies and manuals, the statement of producer commitments, 
quality standards such as ISO, and IEC, and acceptance inspection for suppliers [50]. 
Task 3: Quality Assurance of Commissioning. Verification of commissioning is required 
to avoid commissioning errors. This task along with the following tasks may not be 
relevant for mass produced products. 
Task 4: Verification of Predicted RAM. The final RAM requirements, as specified in the 
product specification, the requirements documents, and so on, need to be verified by 
testing for the types of products for which testing is possible. 
Task 5: Factory Acceptance Test (FAT) is performed to verify the correct operation of 
the product and to formally approve the product, before the product is moved to its final 
destination. The level of detail involved varies widely depending on customer 
requirements [44]. FAT procedures and guidelines are covered in several references (e.g., 
[13, 20, 21, 25]). 
Task 6: Site Acceptance Test (SAT). This is the final part of qualification, and is 
performed to make sure that the delivered product has not been harmed by the 
transportation and has been adequately tested at the end user’s facility and performs to 
the end user’s expectations. This is mainly relevant for one-of-a-kind products such as 
most of the equipment in the offshore/subsea oil and gas industry. This will help to give 
the end-users confidence that the product is as they desire, and as such is "fit for purpose" 
[17]. 
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6. Conclusion 

This paper has discussed and evaluated eight commonly used TQP approaches based on 
six evaluation criteria. The evaluation was based on a careful scrutiny of the approaches 
and revealed many potential improvements. A new TQP approach is proposed, aiming to 
overcome some weaknesses of the existing approaches. The key features of the proposed 
approach, related to the six criteria, are: 

a) The proposed approach is closely linked and the steps are aligned to the product 
development model by Murthy et al. [40], but can easily be adapted to any step-
based product development process.  

b) In order to avoid ambiguities, each step is explained. Relevant methods for the 
various tasks are listed and references to recommended literature given.  

c) The objective of each step can be attained with a proper implementation of the 
defined tasks and a set of criteria to check if the objectives have been met. 

d) The proposed approach can be seen as a unified language between producers, 
suppliers, and end-users for the qualification status of the new product.  

e) The proposed approach gets feedback from the implementation of tasks in each 
step and improves the revealed weaknesses as early as possible. 

f) Finally, by analysis and testing, quantitative results related to the uncertainty of 
the new product are produced and can be useful for all products’ stakeholders. 

The TQP can only be evaluated based on long-term use where the cost-efficiency of the 
program is compared with the actual reliability of the products in operation. 
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