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Glossary 

Abbreviation or Term Definition 

AAT Assembly Acceptance Test 

ALARP As Low As Reasonable Practicable 

Design Team The team responsible for the design and engineering 
development of the TiPA generator and sub-systems. Nova 
Innovation, Siemens, SKF. 

DOF Degrees Of Freedom 

FAT Factory Acceptance Test 

FMECA Failure Modes and Effects Criticality Analysis 

LOP List of Open Points 

MOC Means Of Compliance 

MOCM Means Of Compliance Matrix 

MSA Measurement Systems Analysis 

NCR Non-Conformance Report 

QC Quality Control 

RCA Root Cause Analysis 

TEC Tidal Energy Converter 

TiPA Tidal turbine Power take off Accelerator 

TQ Technical Question 

TRL Technology Readiness Level 

Validation The confirmation by examination and the provision of 
objective evidence that the particular requirements for a 
specific intended use are fulfilled. 

Verification The process to check that a product, service, or system (or 
part thereof) meets a defined set of design specifications. 

Verification Team The team responsible for the engineering verification and 
validation of the TiPA generator and sub-systems. Wood 
Group, Nova Innovation, Aachen. 
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1 Introduction 

 
A Funding Grant was awarded from the European Union’s Horizon 2020 research and innovation programme 
in June 2016 to deliver a new innovative Direct Drive Power Take-Off (PTO) concept for tidal power devices 
– Tidal turbine Power take-off Accelerator (TiPA). This was in response to the call LCE-07-2016-2017: 
Developing the next generation technologies of renewable electricity and heating/cooling to increase the 
performance and reliability of ocean energy subsystems. 
 
This document is produced to outline the verification framework that will be followed during the verification 
of design, laboratory testing and offshore testing of Nova Innovation’s novel submersed direct drive generator 
to be developed within the TiPA project. This document is also to be submitted to satisfy deliverable D2.1 of 
the TiPA project and to be made available for public dissemination. 
 
Wood Group has been appointed as an independent party to develop the Verification Framework, the 
Technology Qualification Plan, and to assist Nova Innovation with the roadmap to certification of the system. 
This document represents the strategy for the verification of the technology at stage gate intervals during 
design, laboratory testing and offshore testing of the generator and associated sub systems. 
 
Due to the interdependent relationships between the design, the testing, and the verification process itself, 
this document will receive iterative updates as the design maturity develops, and further test requirements 
become apparent (for example if potential or actual new failure modes are identified, and new testing is 
required to evaluate the design robustness against such failures).  
 
The Consortium’s aim within the TiPA project is to reduce the lifetime cost of tidal power by 20%, 
demonstrated by accelerated life testing of next-generation tidal turbine PTO solution. The desired outcome 
of this project is the successful validation of a world-leading, commercially viable PTO solution for a tidal 
turbine. Project outputs, which are to be independently verified using this Framework, aim to achieving the 
following Key Performance Indicators: 
 

• Improved performance: Experimental validation of 20% Lifetime Cost of Energy improvement over 

conventional PTO. 

• Improved reliability: Accelerated testing showing that PTO can extend service intervals from <1 year 

to >2 years.  

• Verified survivability: Experimental validation of survivability, demonstrating the ability to withstand 

high load events. For certain components, accelerated testing may demonstrate survivability to a 

number of cycles relating to the anticipated service life or maintenance / overhaul interval.  

• This Verification Framework targets development of a Power Take-off Assembly from TRL 2 

(Technology concept formulated) to TRL 5 (Technology validated in relevant environment). 
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2 Verification Overview 

 
Design Verification is an important component of a robust quality management system1. The TiPA project 
partners recognise the need to implement a rigorous verification programme in order to reduce the 
technology risk associated with novel technology, and progress the Technology Readiness Level (TRL) of 
the system. The objective of the TiPA project is to bring the system from its current development stage to 
TRL 5. The level of detail into which the verification activities will probe shall reflect the perceived level of 
technology readiness. Increasing TRL will bring increased requirements in the level of detail that shall be 
presented with regards to satisfying the requirements of the verification activities. 
 
Nova Innovation has developed an input requirements capture methodology, documented within a Means 
of Compliance Matrix (MOCM). This MOCM covers the full Nova Innovation Tidal Energy Converter (TEC) 
and interfaces between each system within the TEC, and therefore represents a much broader scope that 
that considered within the TiPA project. The scope of verification within the TiPA project is to evaluate 
compliance against requirements within the MOCM applicable to the PTO assembly. 
 
Design input requirements for the direct drive generator have been set within the Nova Innovation 
document “TIPA-0008 PTO requirements” (the Design Basis). The purpose of the design verification is to 
confirm that the PTO developed within the TiPA project meets the specification in the Design Basis. In 
particular, the design verification framework will interrogate the design and testing of the system, to ensure 
that there is robust evidence of the design requirements being satisfied. 
 
The verification framework is based on the methods outlined in DNVGL-SE-0163 – Certification of Tidal 
Turbines and Arrays, which provides general requirements for the certification of technology and projects, 
and DNV OSS 401, which provides an overview of the requirements for Technology Qualification and the 
certification process. The framework sets out the means of verification that will be utilised within the TiPA 
project, and facilitates the preparation of design verification activities, split into three distinct phases of 
detailed design, laboratory testing, and offshore testing. It will cover the following items within each phase: 
 

• An overview of the selected approach to conducting the verification. 

• Definition of appropriate measurement, recording, and documenting methods. 

• Identification of the necessary tools (e.g., test rig, sensors, measurement and recording software), 

facilities (e.g., research laboratory, consented sea bed deployment location), and qualifications (e.g. 

certificates of compliance with regulations and standards, staff CVs for experienced personnel) that 

will be required in order to carry out testing that meets the requirements of the verification strategy. 

• Examples of relevant outputs and supporting documentation. 

 
It is envisaged that the TiPA project will follow a V-Model approach to verification. At each stage of the 
development process (the left arm of the V-Model in Figure 2-1), available data will be reviewed and 
comments and recommendations provided in order to ensure that the design meets the input 
requirements. During the development process, specific test requirements will be identified to support 
subsequent validation. Acceptance criteria will be specified by the Design Team, and approved by the 
Verification Team (see Section 2.2 for an overview of these teams). Acceptance (pass / fail) criteria shall 
be defined within the test plans. 
 
Once a design freeze has been reached at the conclusion of the design process, and the design has been 
implemented, the identified testing procedures will be used to validate the technology from component 
level to system level, and finally within an environment similar to that of operational deployment. 

                                                      
1 ISO 9001:2015 - Quality management systems: Requirements, Section 8.3.4 c), page  
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Figure 2-1: Verification V-Model 

2.1 Verification Methods 

Design verification consists of assessing the extent to which the design fulfils the requirements, and should 
be supported by documented evidence and robust measurements. In most cases, verification will involve a 
combination of methods, with the selection being determined by the degree of novelty and level of 
technology risk that an item presents. While the product as a whole has to be verified, the verification plan 
should break this down as required to the level of components, systems, sub-systems, features or 
materials. An overview of the potential verification methods is presented, in increasing order of complexity: 
 
Similarity: If a design uses items that have already demonstrated satisfactory operational performance, 
meeting or exceeding the requirements within a similar service environment, then evidence to illustrate this 
similarity may be used to verify a requirement. In addition, minor evolution of a product that has an 
established track record and is designed to appropriate codes and standards, may also use similarity to 
verify its conformity to requirements. 
 
Design Review: Where the system is novel, verification of design suitability can be based on a review of 
the design, the assumptions that underpin it, design calculations, and factors of safety within the design 
calculations against recognised codes and standards, where available.  
 
Analysis: Analysis is the verification of a product or system using models, calculations and specialist 
software. Analysis allows an engineer to make predictive statements about the expected performance of a 
product or system, and is particularly relevant in cases where there are no recognised standards, as 
analysis is based on fundamental principles rather than developed codes. Analysis can reduce technology 
risk by providing detailed investigation of specific aspects of the design – for example stresses, strains, 
and load paths within a component or system, thermal performance, or to predict the failure mode. When 
required, such as for complex systems, Testing (see below) should back up analysis, such as by 
confirming that the predicted values are observed in practice. 
 
Inspection: Inspection involves the direct measurement of an item’s attribute(s). For example, if a 
specification requires that the product is a certain colour, of certain dimensions or within a certain 
tolerance, or has a certain paint coating thickness, then inspection would be used to confirm that the 
requirements have been met. 
 
Testing: The verification of an item using a controlled and predefined series of inputs, data, or excitation 
(documented within a test plan) to ensure that the item produces the output that satisfies the requirements. 
Testing will involve the manipulation of the product or system under conditions similar to or representative 
of those that would be experienced within its intended operating environment. The results of the testing 
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can be assessed to verify whether the system or design performed as expected. Testing should be carried 
out in a controlled environment to allow repeatability of test conditions. 
 
Demonstration: The operation of the item within the complete product prototype, in its intended operating 
environment. Conditions are no longer simulated, but are those that would be experienced by subsequent 
deployments of the technology. Demonstration activities are generally high cost, and can lead to items 
being damaged in the event of a failure, therefore demonstration activity should only be carried out after 
significant de-risking through the earlier verification methods. 
 

2.2 Verification Process Overview 

A high level overview of the verification activities, recording of results, and highlighting of non-conformance 
is provided below. Specific details will be covered within Sections 3, 4, and 5 of this report. Reference will 
be made to two specific teams within the context of this framework – the “Design Team” and the 
“Verification Team”. 
 
The detailed design of the TiPA generator will be carried out by the Design Team. This is the engineering 
team responsible for the development of input requirements (such as the Design Basis), the detailed 
design of the systems and sub-systems that aim to meet the input requirements, together with the 
provision of supporting evidence to assist the verification process. The Design Team consists of team 
members from Nova Innovation, Siemens and SKF. 
 
The verification process will be overseen by the Verification Team, consisting of representatives from 
Wood Group, Nova Innovation, and Aachen. Wood Group will have overall responsibility within the 
Verification Team, and will lead the verification process. The Verification Team shall review all evidence 
associated with each verification stage to determine whether acceptance criteria have been met. 
 

2.2.1 Execution of Verification Activities 

Design phase: 
 
The key verification activities during the design phase include: 
 

• A desktop review of documentation and evidence supporting the design of the system.  

• A technology assessment of the TiPA generator will be undertaken alongside a review of the design 

specification.  

• Comparison of the detailed design and the requirements given in the Design Basis, and an 

assessment as to whether the evidence is sufficient to demonstrate that input the requirements have 

been fully satisfied by the detailed design.  

 
All data (such as drawings, calculations, reports) shall be made available for review in an accessible file 
repository, or online data room, with access permissions given to relevant project team memers.  
 
Clarifications on the supporting evidence will be requested by means of a Technical Question (TQ) register 
that will be maintained by Wood Group. 
 
Laboratory testing phase: 
 
The key verification activities during the laboratory testing phase include: 
 

• Inspection of Factory Acceptance Test (FAT) certificates (or equivalent), Assembly Acceptance Test 

(AAT) certificates, and commissioning certificates to ensure that the delivered and assembled PTO 

unit has been built and commissioned according to the design. 

• Audit of the technical competence of the laboratory, in terms of staff, facilities, and on recording and 

measurement sensors and systems. 
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• Inspection of the test facilities, the test rig, sensors and data acquisition equipment, software and tools 

utilised, and of the tests themselves whilst underway, shall be undertaken to audit compliance with 

test requirements and conformance with recognised legislation and standards.  

• Quality control checks of all test data produced from the laboratory testing, to be undertaken by the 

Verification Team. 

 
Offshore testing phase:  
 
The key verification activities during the offshore testing phase include: 
 

• Intermediate inspection of PTO system and components following laboratory testing to determine 

baseline for offshore tests. 

• QC of reassembled PTO unit for offshore testing. 

• Inspection of that the physical test rig and test set up. 

• Audit of test programme. 

• Verification of test completion. 

• QC of data / results. 

• Verification Report. 

 
It should be noted that the offshore testing phase is of limited scope, therefore the majority of verification 
activities will be carried out in earlier phases of the project, or by other methods such as similarity with 
existing deployed technology. The offshore test phase will focus on areas that are not practical to carry out 
under laboratory testing, for example corrosion and biofouling effects.  
 
Test plans: 
 
Test plans for the laboratory testing and offshore testing have been prepared within the following 
document: 
 

• TIPA-EU-0004 Test Plan Report.  

 

2.2.2 Recording of Results 

The test plan should define the data collection requirements in order to provide evidence of conformance. 
All design reports, test records and reports should be subject to the quality assurance and authorisation 
processes of the entity that creates them.  
 
The design evidence, test results and all applicable records and supplementary data must be stored in a 
secure virtual data room that can be accessed in the future, as this evidence will provide the basis for 
future certification (e.g., DNV-GL or Bureau Veritas prototype certificate).  
 

2.2.3 Non-Conformance Process 

If a non-conformance (such as an anomaly, component failure under testing, or a component failing to 
meet design criteria) is discovered through verification activities, then the root cause must be investigated 
by the Design Team through Root Cause Analysis (RCA). The non-conformance could be related to the 
product, processes, test equipment, facilities, or other external factors.  
 
A Non-Conformance Report (NCR) shall be relayed to the responsible party so that corrective actions can 
be taken. NCRs and associated actions need to be tracked to completion by the Design Team. If an NCR 
results in a design change, the associated verification plans should be reviewed. 
 
There is currently no scope for a re-design phase taking place within the TiPA project. For anything other 
than minor design alterations, the non-conformance would be logged, and the source identified. A register 
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of non-conformances, and proposed work required to close out would be maintained. However, it is 
anticipated that the project would continue with a List of Open Points (LOP) to address in future projects 
(outside the scope of TiPA). Depending on the nature of the fault, completion of RCA may not be feasible 
within the TiPA project. 
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3 Design Verification 

 
Design verification is a structured process, typically involving: 
 

• Review of Design Basis / Qualification Basis. 

• Technology Assessment. 

• Technical Question Register. 

• FMECA. 

• Documentation Review and Assessment of Evidence. 

• Verification Report (Acceptance / Non-acceptance / List of Open Points). 

 
The verification process shall follow a “Claim, Argument, Evidence” approach.  
 
A Claim is a statement, or a requirement of the design, for which compliance or non-compliance can be 
assessed. 
 
An Argument is to the reasoning in support of a claim. The plausibility of the argument will be reviewed. 
 
Evidence is the information presented in support of a claim, which combines with the argument to 
demonstrate that the requirements of the claim are fully satisfied. 
 
For example, in the case of a claim that a structural component would last for the design life of the product: 
 

• An argument might refer to a recognised design standard, on the basis of which a set of required 

stress limits and corresponding strain values is calculated. 

• The evidence could be: 

• A test report showing that, on the basis of strain gauge data gathered during the test, the specified 

limits would not been exceeded. 

• A calculation showing that the stress is not exceeded, if an established design method is being used. 

 
The general approach to the design verification adopts a process of Technology Qualification, in line with 
DNV-GL recommendations as described in DNV-GL-RP-A203 and DNV-OSS-401. A process flow chart for 
the design verification is shown in Figure 3-1. 



TiPA Project Verification Report 

Reference: TIPA-EU-0008 Project Verification Report 
Issue: 1.3 Final 

Page 13 of 34 

PUBLIC 
Available for widespread and public dissemination 

 

Figure 3-1: Technology Qualification Process Flowchart – Design Phase 
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3.1 Design Basis 

The Design Basis is found in TIPA-0008. The Verification Team will review the Design Basis and provide 
comment on the document for the Design Team to consider. 
 

3.2 Technology Qualification Basis 

The Technology Qualification Basis shall: 
 

• Define how the direct drive generator will be used. 

• Define the environment in which the direct drive generator is intended to operate. 

• Specify the direct drive generator’s functions. 

• Specify requirements, such as acceptance criteria. 

• Describe the current status of the generator and the target that should be achieved through the 

qualification process.  

 
Targets have been specified through a set of quantifiable performance, reliability and cost metrics. In 
addition, progression from TRL 2 to TRL 5 has been set as a high level objective of the TiPA project. 
The performance and acceptance criteria within the Technology Qualification Basis should be consistent 
with project-specific thresholds, and should be defined by the Design Team and reviewed by the 
Verification Team. 
 
The test plans will specify the evidence to be collected and recorded to demonstrate that the design 
requirements (as identified within the Design Basis) and acceptance criteria have been met. 
The Technology Qualification Basis shall outline the qualification processes to be used to assess 
conformance with the Design Basis. The Technology Qualification Basis will include aspects of 
qualification / testing for laboratory and offshore testing activity. The qualification basis shall be supported 
by the test plans associated with each item, and the TiPA system as a whole. The Technology 
Qualification Basis will be representative of a technology in the early stages of development (TRL 2 – TRL 
5), and as such, the evidence that will be required to satisfy the Verification Team will be commensurate 
with the stage of development. 
 

3.3 Technology Assessment 

A technology assessment of the TiPA generator will be undertaken to ascertain the systems or subsystems 
in which little or no experience exists, or where proven technology has been applied in a novel manner, as 
these are likely to be the areas with the in which the greatest challenges and uncertainties. 
The first stage of the Technology Assessment process is to: 
 

• Assess the currently available information, with a particular focus on identifying key areas of technical 

risk. 

• Identify areas where the required information to undertake a full technology assessment is not yet 

available. As the TiPA generator is still in the detail design phase, the availability of documentation is 

expected to be limited, and many aspects of the supply chain are unknown; this should be seen as 

part of the context of this assessment, rather than an issue of itself. 

 
Following this initial assessment, the priority areas for further investigation will be made clear. Throughout 
the TiPA project, it is anticipated that a programme of meetings, workshops, TQ exchanges, document 
reviews and visits / inspections to investigate these areas in further detail, will take place over the course of 
the project. The areas highlighted within the Technology Assessment could comprise areas where the risk 
is judged to be high, or where there are many unknowns, or areas where extensive mitigation is in place 
but additional comfort is needed in order to confirm the effectiveness of the mitigation. 
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In order to provide an objective assessment of technology risk, a standard set of criteria, which consider a 
wide range of aspects of design, manufacturing, installation and commissioning is proposed for the 
Technology Assessment. These criteria and the ranking methodology for each criteria are outlined in 
Appendix 1 , with an overview of the criteria presented in Section 3.3.1. 
Given the early stage of direct drive generator development, and limited information on the supply chain 
that will provide the manufactured components for use in the final design, many areas are expected to 
appear to be high risk or unknown. This should not be seen as a criticism of the TiPA generator or the 
development process, but rather as an indication of the extent of the work that remains to be done to reach 
a point where the level of risk will be acceptable to allow the technology to achieve full certification and 
implementation within commercial tidal energy converters. This extends far beyond the scope of the TiPA 
project, and should be recognised as a longer term aim for the Design Team, and not an objective within 
the TiPA project itself. 
 

3.3.1 Assessment Criteria 

The assessment will be carried out at a system level (TiPA PTO) and a sub-system level (Sealing System, 
Bearings, Generator, Braking Systems, Control Systems, and PE&D). The assessment criteria will 
consider the following risk areas: 
 

• Design and prototyping: 

o Design novelty 

o Designer’s track record 

o Component test programme 

o Operating environment 

o Standards / modelling capability 

o Prototype testing 

o Vulnerability to scale effects 

• Manufacturing and supply chain: 

o Process novelty 

o Supplier capability 

o Quality Control 

• Installation and commissioning: 

o Process Difficulty 

• Operations and maintenance: 

o Condition monitoring capability 

o Repair process difficulty 

 

3.4 Technical Question Register 

During the review of documentation, should any issue be identified, which requires clarification, further 
evidence, or additional analysis in order to fully reduce the risk to an acceptable level, these items will be 
recorded in a Technical Question (TQ) register. The designers shall address each TQ in a manner that 
satisfies the Verification Team in order to close the issue. It is recognised that the TQs and associated 
responses should be commensurate with a technology at TRL 5. Any items that remain open following the 
completion of the design verification will be added to a List of Open Points (LOP) – see Section 3.7. 
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Figure 3-2: TQ Process Flow Chart 

3.5 FMECA 

The responsibility for the development of appropriate Failure Modes and Effects Criticality Analysis 
(FMECA) and acceptance criteria for all systems and sub systems lies with the designer. The FMECA 
process will be reviewed by the verification team, and comment made as to whether it is felt that risks have 
been mitigated to an acceptable level. 
 

3.6 Documentation Review 

Based upon the information provided within DNVGL-ST-0164 - Standard - Tidal turbines, the Design Team 
will provide a list of supporting evidence to show that the design requirements have been fulfilled for each 
sub system. These sub-systems have been classified as: 

• Mechanical systems. 

• Electrical systems. 

• Control and Instrumentation systems. 

The types of evidence that shall be produced to support the design of each sub-system may include those 
itemised within the following sections of this report. Indicative lists of evidence are provided in the following 
sub-sections.  
 

3.6.1 PTO Mechanical Sub-systems 

• Functional specification. 

• Functional description(s). 

• Standards to which sub-components or system is designed. 

• General Arrangement drawing and layout schematics. 

• Design calculations. 
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3.6.2 PTO Electrical Sub-systems 

• Functional specification. 

• Functional description(s). 

• Standards to which sub-components or system is designed. 

• General Arrangement drawing and layout schematics. 

• Single Line Diagram. 

• Generator and main electric components specification and / or data sheets. 

• Converter specification. 

• Design calculations. 

• Thermal modelling. 

3.6.3 PTO Control, Instrumentation and Protective Sub-systems 

• Definition of safety philosophy. 

• Functional description(s) of PTO control and safety system. 

• Standards to which sub-components or system is designed. 

• General Arrangement drawing and layout schematics. 

• Instrumentation and equipment lists. 

• Description of functions covered by software (if applicable). 

• Emergency shutdown system. 

3.7 Verification Report 

At the end of design verification, a design verification report shall be issued. The verification report shall 
present the overall status of the verification, together with a LOP, such as TQs that have not been 
satisfactorily addressed (if any), any requirements that have not been fulfilled, and any design changes 
that have been made to the TiPA PTO within the verification process. This LOP should then be reviewed 
following the completion of the laboratory testing phase to see where data from the accelerated life testing, 
or data from other project WPs (for example, reliability modelling), may have provided additional 
information that will allow the close out of open points. For any points that remain open at the end of the 
verification strategy, suitable mitigation shall be implemented by the Design Team. 
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3.8 Design Final Verification Checklist 

Table 3-1: Design Verification Evidence and Compliance Reference Documentation 

Design Evidence Document Responsible 
Partner 

Compliance Reference 

Design Basis Nova Innovation DNVGL-ST-0164 - Standard - 
Tidal turbines, Section 10.1.2. 

Qualification Basis Nova Innovation / 
Wood Group 

DNVGL-OSS-401 

Components and Sub-
Systems list 

Nova Innovation N/A (Document required for 
Technology Assessment) 

Technology Assessment 

(Note: PTO consists of the 
following: Seals; Bearings; 
Generator; PE&D; Braking 
Systems) 

Wood Group DNVGL-ST-0164 - Standard - 
Tidal turbines, Section 10.1.3. 

Failure Mode and Effects 
Criticality Analysis (FMECA)  

Note: required for each sub-
system as identified within the 
Technology Assessment 

Nova Innovation BS EN 60812:2006 

DNVGL-ST-0164 - Standard - 
Tidal turbines, Section 10.1.4. 

Risk Ranking of FMECA 
identified Risks 

Nova Innovation / 
Wood Group 

DNVGL-ST-0164 - Standard - 
Tidal turbines, Section 10.1.5. 

Detailed Design 
Documentation / Evidence – 
Concept Improvement (see 
Section 3.4) 

Nova Innovation / 
SKF / Siemens 

DNVGL-OSS-401 

Load Cases Nova Innovation DNVGL-ST-0164 - Standard - 
Tidal turbines, Section 5.5.4. 

TQ Register Wood Group N/A 

Qualification Plan for 
Laboratory and Offshore 
testing 

Nova Innovation / 
Wood Group 

DNVGL-OSS-401 

List of Open Points Nova Innovation / 
Wood Group 

N/A 

Draft Certification Plan Wood Group DNVGL-ST-0164 - Standard - 
Tidal turbines, Section 10.1.6. 
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4 Laboratory Testing Verification 

 
The laboratory testing verification shall be carried out to ensure that the laboratory and test rig are capable 
of providing reliable results, that the as-built TiPA PTO is fabricated, assembled and commissioned 
according to the design specifications, and to confirm whether the TiPA PTO is able to meet acceptance 
criteria, as defined by the Design Team within the test plans.  
 
The laboratory testing verification can be divided into stepwise verification tasks, which are described in 
further details within the following sections of the report: 
 

• Audit of test facility. 

• QC of procured components and assembled system. 

• Inspection of that the physical test rig and test set up. 

• Audit of test programme. 

• QC of data / results. 

• Verification Report. 

 
The laboratory test verification flow chart can be seen in Figure 4-1. 
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Figure 4-1: Technology Qualification Process Flowchart – Laboratory Testing Phase 
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4.1 Test Facility Audit 

The testing laboratory shall be responsible for ensuring that adequate quality control procedures for 
monitoring the validity of test results and calibrations is in place. It is recognised that the test facility at 
Aachen is not an ISO/IEC 17025:2015 accredited test facility. In order to gain comfort in the quality and 
competence of the test facility staff, the robustness of general test procedures carried out within the facility, 
and the quality of the results generated, an audit of the facilities will be conducted. The audit will be for 
internal reference purposes only, and the output will not be required as a deliverable within the scope of 
the TiPA project. This audit will be carried out by the Verification Team, and shall include a review of the 
following factors: 
 

• Human factors. 

• Accommodation and environmental conditions. 

• Measurement Systems Analysis. 

• Equipment. 

• Measurement traceability. 

• The handling of test and calibration items. 

 

4.1.1 Human Factors. 

Personnel responsible for specific tasks or procedures shall be appropriately qualified, with relevant 
education, training, experience, and demonstrated skills. The laboratory shall provide evidence to the 
Verification Team that should include the following information for all personnel that will be involved in the 
TiPA project test program: 
 

• Relevant authorisation(s) or permits. 

• Competence. 

• Educational and professional qualifications. 

• Training, including the date on which the training was given. 

• Skills and experience. 

 

4.1.2 Accommodation and Environmental Conditions. 

The environmental conditions within the test facility should facilitate the correct performance of all testing 
and measurement. It is the responsibility of the laboratory to ensure that the environmental conditions do 
not invalidate or adversely affect test results. Details on the capability of the laboratory with respect to 
monitoring, controlling, and recording of relevant environmental conditions shall be supplied to the 
Verification Team. This may include the following parameters: 
 

• Humidity. 

• Temperature. 

• Sound level. 

 

4.1.3 Test and Calibration Methods and Method ValidationMeasurement Systems 

Analysis. 

For all relevant test rig equipment, the laboratory shall provide details on its procedures for the estimation 
of uncertainty of measurements, and details on statistical techniques for the analysis of test data. The 
laboratory shall provide details of any Measurement System Analysis (MSA) undertaken on the test rig and 
associated equipment, to establish capability of the test rig and understand the limits of what the test rig 
can do. For example, information on the performance limits should include the duration over which the 
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maximum torque can be sustained, and the maximum force application that can be used in combination 
when considering torque, vertical and yaw loading.  
 
Results of any MSA should provide evidence of the overall level of process variability caused by variation 
within the measurement process. While a certain level of variability within the testing may be tolerable, 
commensurate to the requirements of testing up to TRL 5, the Design Team and Verification Team shall 
agree whether evidence demonstrates that the level of process variability is acceptable. MSA should 
consider the following parameters:  
 

• Bias. 

• Linearity. 

• Stability. 

• Repeatability. 

• Reproducibility. 

 

4.1.4 Equipment. 

Equipment, including sensors, used within the test rig and PTO shall be capable of achieving the accuracy 
required within the test plan specification, which should be defined by the Design Team. For new 
equipment such as sensors used within the build of the PTO, Certificates of Conformity shall be provided 
to demonstrate the relevant item meets the minimum regulatory, technical and safety requirements, and 
has been shipped from the factory as working within the limits of its specification. 
 
Details of the most recent calibration date for relevant equipment used within the test rig shall be provided, 
where available, together with calibration certificates or records which demonstrate the status of 
calibration, and the date of expiration or when recalibration is due. 
 

4.1.5 Measurement Traceability. 

The procedures used for the external calibration of test rig equipment shall be provided to the Verification 
Team for review. This documentation should include, where appropriate, an estimation for the 
measurement uncertainty within calibrated test rig equipment.  
 
Measurement traceability is property of a measurement result (from measurement processes, standards 
and measuring instruments at a particular location) whereby the result can be related to reference 
measurement units of the international SI (Système International d’unités) system of units, through a 
documented unbroken chain of calibrations or comparisons. Traceability gives confidence that 
measurements are in conformance with applicable national or international standards, and that 
measurement results are within the stated uncertainty. Measurement traceability also ensures that the 
measurements of a particular parameter taken at a particular laboratory will be equivalent to those made of 
the same parameter using different instruments at a different laboratory. The audit will consider whether: 
 

• Documented programs and procedures exist for the calibration of equipment used within the 

laboratory / test facility. Traceability can be established via an unbroken chain of calibrations that link 

measurement standards at the laboratory / test facility to primary standards of the SI units of measure. 

• Competent, capable, and traceable calibration services are used for the calibration of all relevant 

equipment. 

 
Metrological traceability can be achieved by calibration of equipment using external services, such as a 
National Metrology Institute, an accredited calibration laboratory, or via certified reference materials. The 
audit will determine the level of measurement traceability that exists at the laboratory / test facility. This 
shall include: 
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• Identification of the measurement functions and equipment at the laboratory / test facility that require 

traceability. A documented register of test functions / equipment requiring calibration should be 

maintained by the test facility. 

• Identification of whether equipment requiring calibration is submitted to an ISO/IEC 17025 accredited 

Calibration Laboratory. A register of calibrated equipment should be updated with the most recent 

calibration date for each item, maintained by the test facility. 

• For any equipment for which submission to a calibration laboratory is not practicable, identification of 

whether suitable internal calibration methods are applied, to ensure that quantitative measurement 

uncertainty values can be reported. This could, for example, include hire of calibrated load cells and 

torque transducers to analyse the Load Application System. 

• For any calibrated equipment, review of the Calibration Report / certificate to ascertain: 

o Measurement result. 

o Measurement uncertainty. 

o Description of the Reference Standard, and the associated chain of calibrations. 

 

4.1.6 The Handling of Test Items. 

Procedures should be in place to ensure the integrity, safety, and security of test items during transport, 
handling operations, receipt of goods, storage, retention, and return of items. If such a procedure is 
available, this shall be provided to the Verification Team for review. 
 
The procedure should provide comfort in the competent handling of calibrated equipment associated with 
the test procedures, and of test pieces to be tested within the laboratory facilities. 
 

4.2 Quality Control of Components and System 

The conformity of the manufactured and assembled PTO with respect to the design will be verified by 
physical inspection and review of reports. Factory Acceptance Tests (FATs) should be carried out by the 
manufacturer of all main components procured from third party suppliers. FAT documentation shall be 
reviewed as part of the verification process. Where FAT data is not available for review, suitable design 
and fabrication documentation shall be provided by the OEM for review by the Verification Team. In 
addition, Assembly Acceptance Test (AAT) inspection reports for the assembled PTO, signed by an 
authorised technical manager from the Design Team, shall also be reviewed. If necessary, additional spot 
checks may take place at the assembly or test facility using suitable tools. 
 

4.3 Inspection of Test Rig Setup 

The test rig setup shall be verified to ensure that it meets the requirements of the test programme. 
 

• Details on the nominal power of the test rig, including the test rig capability for applying forces in 4 

Degrees Of Freedom (DOF), and the limits associated with each: 

• Torque. 

• Thrust. 

• Vertical load. 

• Moment My. 

• Static load tests of the force application system shall be carried out to ensure that the forces 

demanded by the controller are applied to the PTO under test. Results of the static load test shall be 

made available for the approval of the Design Team and Verification Team prior to the initiation of 

TiPA test programme. 
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• Confirmation of the suitability of the selected sensors for use during the test. Suitability will depend on 

the required magnitude and variance of the variable being recorded, and the resolution required for 

analysis.  

• Calibration certificates for all measurement tools and sensors recording critical measurements, used 

on the test rig and within the TiPA PTO, shall be confirmed as being in date. Certificates of 

Conformance shall be provided for all sensors integral to the TiPA PTO. 

• A list of all data acquisition, processing and interpretation software, and storage devices shall be 

provided. These shall be capable of appropriately monitoring and securely storing the results of 

testing. The data collection and storage requirements and the sufficiency of the data storage 

capability shall be defined by the Design Team.  

 

4.4 Test Programme Verification Audit 

Test procedures shall be followed explicitly to ensure repeatability. If, during the course of any verification 
or testing activities, it is discovered that processes or procedures require modification, then any changes 
shall be documented and the necessary approvals obtained before continuing with the testing and 
verification process. 
 
The test programme shall be verified by confirming that all tests required within Nova Innovation 
documents TIPA test specifications have been carried out. The testing facility shall compile a specific test 
checklist for each for each item identified within the documents. These test checklists shall be completed 
for each test undertaken, to identify progress within the subsystem and system test programme. Individual 
test completion shall be recorded on the checklist and signed off by appropriate personnel from the test 
facility. 
 
The Verification Team will carry out an audit of a sample of component tests to ensure that testing is 
carried out in compliance with the test plan. Tests witnessed by the verification engineer shall be recorded 
on the test checklist for traceability. 
 

4.5 Quality Control of Results 

Data from test results shall be reviewed by the Verification Team to ensure that they are of sufficient 
quality from which to draw reliable conclusions for each of the test needs identified in the test plan(s). 
This task will take place after the audit of the test facility, therefore confidence in the results should by this 
stage be high. The Verification Team will compare the results of testing to the findings of section 4.1.3 of 
the laboratory audit. Any anomalies will be reported, and the implications of the anomalies described within 
the Verification Report. 
 

4.6 Verification Report 

At the end of laboratory testing verification, a laboratory testing verification report shall be issued. The 
verification report shall present the overall status of the verification, together with a List of Open Points 
(LOP), such as any testing requirements that have not been fulfilled, and any design changes that have 
been made to the TiPA PTO within the verification process. The LOP from the Design Verification phase 
should then be reviewed to see where data from the testing, or data from other project WPs, may have 
provided additional information that will allow the close out of open points. 
 
For any points that remain open at the end of the verification strategy, suitable mitigation shall be identified 
by the Design Team. This is beyond the scope of the TiPA project, but shall be considered for future 
development beyond the life of TiPA. 
 
The test results shall be reviewed against the test requirements. Thereafter, the test results shall be 
interpreted to assess what they mean in terms of cost, reliability and performance requirements against the 
desired target metrics and objectives.  
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Test data will be used in the reliability modelling carried out within WP7 of the TiPA project. If the test 
results and associated modelling cannot provide sufficient comfort that the target reliability and survivability 
metrics will be met, then one of two causes could be responsible: 

• High uncertainty in results, in which case further testing might reduce the uncertainty. This could 

include areas in which testing was not feasible within the TiPA project budget or duration, or where 

the physical testing was of an insufficient duration for high confidence to be achieved. 

• Low uncertainty in results, and the results conclusively showing that the targets are not being 

achieved, in which case redesign may be needed. 

The Verification Report will identify key areas that should be the target of future testing, in order to increase 
confidence in the system’s performance, and the overall ability to demonstrate technical and commercial 
performance in line with target metrics. Secondly, the report shall highlight areas in which the test program 
has already led to high confidence in modelling and / or results. 
 

4.7 Laboratory Testing Final Verification Checklist 

Table 4-1: Laboratory Testing Verification Evidence and Compliance Checklist 

Requirement Stage Responsible 
Partner 

Test Facility Audit Report Pre-testing Wood Group / Nova 
Innovation 

Factory Acceptance Test 
Certificates (or similar) for main 
components. 

Pre-testing SKF / Siemens /  

Assembly Acceptance Test 
Certificate to confirm that the full 
assembled TiPA system has been 
commissioned. 

Pre-testing Nova Innovation 

Test rig and test set up is in 
conformance with the test plan. 

Test Preparation Wood Group / Nova 
Innovation / Aachen 

Test set up will facilitate all 
required testing in order to 
demonstrate design specifications 
and target metrics have been met. 

Test Preparation Wood Group / Nova 
Innovation / Aachen 

Signed Test Completion 
Checklists (Filled out as per tests 
required in TIPA-test 
specifications). 

During Testing Nova Innovation / 
Aachen / Wood 
Group 

Test data quality control 
verification. (Quality Control 
conditions TBC). 

Post-testing Aachen / Nova 
Innovation / Wood 
Group 

Machine condition report Post-testing Nova Innovation / 
SKF / Siemens 
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5 Offshore Testing Verification 

 
This offshore test phase provides a further step in progress towards the environment in which the PTO will 
operate when deployed. The offshore testing aims to assess the reliability of the system in submerged 
testing. 
 
The aim of the offshore testing is to confirm the operation of the PTO in the underwater environment, to 
develop an improved understanding of the thermal performance within the underwater environment, 
assess the integrity and compatibility of materials and monitor the performance of systems / sub-systems 
against wear, corrosion, exposure to debris and biofouling effects. 
 
Certain validation activities for the offshore testing verification will be qualitative in nature, and will be 
based upon activities that would be included within future Operations and Maintenance (O&M) routines. 
The laboratory testing verification can be divided into stepwise verification tasks, which are described in 
further details within the following sections of the report: 
 

• Intermediate inspection of PTO system and components following laboratory testing to determine 

baseline for offshore tests. 

• QC of reassembled PTO unit for offshore testing. 

• Inspection of the physical test rig and test set up. 

• Audit of test programme. 

• Verification of test completion. 

• QC of data / results. 

• Verification Report. 

 

The laboratory test verification flow chart can be seen in Figure 5-1. 
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Figure 5-1: Technology Qualification Process Flowchart – Offshore Testing Phase 

5.1 Intermediate Inspection of PTO Components 

In order to fully understand the condition of the components following the test programme, an intermediate 
inspection of the system should be carried out, and the condition of each component examined in detail. 
The component condition may not be able to give a precise indication of the residual life for each 
component, however it will allow an initial assessment of the overall condition and performance of each 
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component, and where design changes may be necessary, or increased monitoring of components should 
take place during continued operation. 
 
The intermediate inspection shall include detailed visual inspection of PTO and sub-systems, including use 
of boroscope and re-testing of electrical characteristics. A short report documenting the findings of the 
inspection shall be prepared by the Design Team, for review by the Verification Team. 
 

5.2 QC of Reassembled PTO  

Inspection and commissioning reports for the re-assembled PTO, signed by an authorised technical 
manager, shall be reviewed to ensure that the PTO system is ready for offshore testing. 
 

5.3 Inspection of the Physical Test Rig and Test Set Up 

Inspection of the test rig set up, and the set up at the proposed offshore testing location will take place 
prior to the deployment of the equipment in the offshore test programme. Key environmental parameters 
that could affect the testing (water depth, temperature, salinity, oxygen content, seabed type, particulate 
content of the sea water) will be monitored at the offshore deployment location by the Design Team.  
 
Monitoring and recording of the correct parameters will provide valuable results, as they will validate 
performance under a specific set of conditions. Future work could then assess similarity to the proven 
conditions. Extrapolation of results may be permissible if a range of conditions are measured.  
 
In areas where the offshore conditions are particularly different to the conditions that would be experienced 
on a real deployment, such as that of existing Nova M100 devices, this could define priorities for 
subsequent offshore testing work. 
 

5.4 Test Programme Verification Audit 

Test procedures shall be followed explicitly to ensure repeatability. If, during the course of any verification 
or testing activities, it is discovered that processes or procedures require modification, then any changes 
shall be documented and the necessary approvals obtained before continuing with the testing and 
verification process. 
 
The test programme shall be verified by confirming that all tests required by the Design Team have been 
carried out. The Design Team shall compile a specific test checklist for each elemement of the offshore 
testing. These test checklists shall be completed for each test undertaken, to identify progress within the 
offshore system test programme. Individual test completion shall be recorded on the checklist and signed 
off by appropriate personnel from Nova Innovation. 
 
The Verification Team will carry out an audit of the test to ensure that testing is carried out in compliance 
with the test plan, and that appropriate / accurate data collection is taking place. Tests witnessed by the 
verification engineer shall be recorded on the test checklist for traceability. 
 

5.5 QC of Data / Results 

Data from test results shall be reviewed by the Verification Team to ensure that they are of sufficient 
quality from which to draw reliable conclusions for each of the test needs identified in the test plan(s). 
 

5.6 Verification Report 

At the end of offshore testing verification, an offshore testing verification report shall be issued. The 
verification report shall present the overall status of the verification, together with a List of Open Points 
(LOP), such as any testing requirements that have not been fulfilled, and any design changes that have 
been made to the TiPA PTO within the verification process. The LOP from the Design Verification and 
Laboratory Verification phase should then be reviewed to see where data from the offshore testing, or data 
from other project WPs, may have provided additional information that will allow the close out of open 
points.  
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For any points that remain open at the end of the verification strategy, suitable mitigation shall be identified 
by the Design Team. This is beyond the scope of the TiPA project, but shall be considered for future 
development beyond the life of TiPA. 
The test results shall be reviewed against the test requirements. An assessment will be made as to 
whether target metrics can be backed up with quantifiable evidence from testing, existing supplier data, or 
performance of existing Nova M100 machines already deployed. Thereafter, the test results shall be 
interpreted to assess what they mean in terms of cost, reliability and performance requirements against the 
desired target metrics and objectives.  
 
Test data will be used in the reliability modelling carried out within WP7 of the TiPA project. If the test 
results and associated modelling cannot provide sufficient comfort that the target reliability and survivability 
metrics will be met, then one of two causes could be responsible: 

• High uncertainty in results, in which case further testing might reduce the uncertainty. This could 

include areas in which testing was not feasible within the TiPA project budget or duration, or where 

the physical testing was of an insufficient duration for high confidence to be achieved. 

• Low uncertainty in results, and the results conclusively showing that the targets are not being 

achieved, in which case redesign may be needed. 

The Verification Report will identify key areas that should be the target of future testing, in order to increase 
confidence in the system’s performance, and the overall ability to demonstrate technical and commercial 
performance in line with target metrics. Secondly, the report shall highlight areas in which the test program 
has already led to high confidence in modelling and / or results. 
 

 

5.7 Offshore Testing Final Verification Checklist 

Table 5-1: Offshore Testing Verification Evidence and Compliance Checklist 

Requirement Responsible Partner 

Intermediate 
Inspection / machine 
condition report 

Nova Innovation 

Commissioning report Nova Innovation 

Offshore test rig and 
offshore test facility 
audit 

Wood Group 

Test programme 
verification audit 

Wood Group 

Signed test completion 
checklist 

Nova Innovation 

Test data quality 
control verification. 
(Quality Control 
conditions TBC). 

Wood Group 

Offshore testing 
verification report 

Wood Group 
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6 Conclusion of Verification Activities 

 
At the conclusion of the verification activities, three reports will have been issued, one for each stage of the 
verification process (Design, Laboratory Testing, Offshore Testing), ensuring traceability of the technical 
assessment and reporting at each stage of the verification process. In addition, the TQ register and LOP 
will remain live documents that will be used by the Design Team to progress the PTO design beyond the 
scope of the TiPA project. Due to the stage of technology development, the verification process will not 
result in a fully certifiable system, but will establish the core items of documentation that will be required for 
future certification activities.  
 
It is fully anticipated that, due to the nature of the TiPA project and the associated TRL of the PTO, the TQ 
register and LOP will contain items that will not be closed out within the confines of the TiPA project. 
Further technology development will be required in order to bring the technology to a level of commercial 
readiness for real-world projects. 
 
It is the aim of the consortium that, by having followed the Verification Framework throughout the life of the 
TiPA project, the TiPA PTO will have achieved significant de-risking. The activities carried out under the 
Verification Framework will provide a measure of the confidence in ability to bring the technology through 
further iteration and development beyond TRL 5.  
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Appendix 1  Technology Assessment Criteria and Ranking 

 

Design novelty  

A 
Innovative design philosophy used for the first time – no existing 
prototype 

B Innovative design philosophy used for the first time – tested prototype 

C 
Established design philosophy in comparable industry sectors but with 
tidal industry specific adaption required: design has been proven in 
relevant applications other than tidal energy 

D 
Established design philosophy with high level of adaption: design 
principles have been used in tidal industry but require considerable 
adaption to the specific model 

E 
Established design philosophy with medium level of adaption: design 
principles have been proven in established tidal energy platforms but 
require some adaption to the specific model 

F 
Established design philosophy with little or no adaption required for 
current application 

 
 

Designer's track 
record 

 

A 
New designer, no relevant track record, OR Established designer with 
a negative track record 

B 
Relatively new designer, some relevant track record, OR Established 
designer with mixed track record 

C 
Established designer, long positive track record in other applications 
than renewable energy 

D 
Established designer, long positive track record for relevant 
components or systems 

E 
Established designer, long positive track record for Tidal Energy 
Converters 

F Established designer, long positive track record for specific PTO 

  
Component Test 

Programme  
A No testing 

B Simple testing (e.g. static strength tests, brief test run) 

C 
Moderate testing (detailed testing of sub-systems / sub-assemblies, but 
not of whole system or of inadequate duration / loads) 

D IEC / other relevant standard compliant testing 

E IEC compliant testing with limited additional testing 

F Testing significantly beyond IEC requirements 

  
Operating 

environment  

A 
Exposed to severe environmental conditions (weather, vibration etc.); 
extreme conditions are poorly defined 

B Exposed to severe but well defined environmental conditions 

C 
Exposed to harsh to moderate environmental conditions with well-
defined protective measures in place 

D Exposed to moderate environmental conditions 

E Limited exposure to adverse environment 

F Fully protected from adverse environment 
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Standards / 
modelling 
capability  

A 
No applicable standard. Limited / basic modelling undertaken to 
determine parameters. 

B 
No applicable standard. State of the art modelling undertaken to 
determine parameters. 

C Evolving standard, supported by limited / basic modelling or analysis 

D Evolving standard, supported by state of the art modelling or analysis 

E Established standard 

F Established and fully-applicable standard 

  

  
Vulnerability to 

scale effects  

A 
Step change in scale beyond designer's previous experience AND 
component has complex / non-linear scale effects 

B 
Step change in scale beyond designer's previous experience OR 
component has complex / non-linear scale effects 

C 
Step change, but designer has successfully achieved similar step 
changes previously 

D 
Major change, but equivalent changes have successfully been 
achieved by others before 

E Incremental change 

F Negligible effect of change in scale 

  

Process Novelty  

A 
Innovative process principles used for the first time - no existing 
process standards 

B 
Innovative process principles used for the first time - existing process 
standards 

C Process principles have been used in other industries / applications 

D Process is well proven in other industries / applications 

E Process has successfully been used by other suppliers in tidal industry 

F Process is well proven at specific supplier 

  

Supplier capability  

A 
New supplier, no relevant track record, OR Established supplier with a 
negative track record 

B 
Relatively new supplier, some of relevant track record, OR Established 
supplier with mixed track record 

C 
Established supplier, long positive track record in other applications 
than renewables 

D Established supplier, long positive track record for WTGs 

E 
Established supplier, long positive track record for Tidal Energy 
Converters 

F Established supplier, long positive track record for specific PTO 
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Quality processes  

A 
Widespread concerns about effectiveness / adequacy of QA/QC 
processes in the component supply chain 

B 
Concerns about effectiveness / adequacy of QA/QC processes at 
specific points in the supply chain 

C Weaknesses in QA/QC are being managed by containment actions 

D Standard QA/QC processes 

E Standard QA/QC processes, with targeted reinforcement in key areas 

F 
Advanced quality processes with clear flowdown of Critical to Quality 
parameters, capable measurement systems etc. 

  
Installation Process 

Difficulty  

A 
Complex process, high probability of errors occurring, limited detection 
of errors; goes beyond proven techniques and equipment 

B 
Complex process, procedures in place to reduce and detect errors; at 
the limit of proven techniques and equipment 

C 
Challenging process, but strong procedures and low risk from errors, 
well within capability of proven techniques and equipment 

D 
Moderately challenging process, optimised procedures, low risk from 
errors, standard techniques and equipment 

E 
Routine process, low risk from errors, standard techniques and 
equipment 

F 
Easy process, design minimises risk of errors, standard techniques 
and equipment 

  
Condition 
Monitoring 
Capability  

A 
Failure cannot be predicted or detected in advance and is generally 
catastrophic 

B 
Protective systems will detect failure and prevent catastrophic damage 
from occurring 

C 
Condition monitoring system can predict failure in time to allow a 
planned intervention to be carried out before failure  

D 
Failure can be predicted; redundancy allows continued operation 
(possibly with some curtailment) 

E 
Advanced condition / health monitoring provides early warning of 
failure mode and may enable failure to be avoided or time to failure 
extended. 

F Predictable failure, fault tolerant, easy and quick repair 

  
Repair Process 

Difficulty  

A 
Challenging repair requiring specific planning, use of specialised 
equipment / vessels / personnel; long duration and high cost 

B 
Challenging repair but method is established and equipment / vessels / 
personnel are available; long duration / high cost 

C 
Challenging repair but method is established and equipment / vessels / 
personnel are available without excessive cost / delay 

D Routine repair, generally with standard equipment / vessels / personnel 

E Routine repair, entirely with standard equipment / vessels / personnel 

F Easy and quick repair / reset 
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PUBLIC 
Available for widespread and public dissemination 

Other options  
N/A Not applicable 

U Unknown. 

 

 


