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Certification By Analysis (CBA) of Aircraft Seats
Feasibility & Challenges of Implementation

Abstract
Certifying passenger and crew seats for airworthiness is a major challenge for seat manufacturers across the globe. Especially, with the increased guidance and stringent legislature for occupant safety as well as ever growing cost of developmental and certification tests, it is high time for the industry to look for more viable and non-destructive ways of certifying the seat structure.

Every variant of a crashworthy seat or the (European) Technical Standard Order (E)TSO structure has to undergo a minimum of 3 dynamic tests to certify itself to be airworthy and fitted on to an aircraft for either the passenger or the crew to safely occupy. Each of these tests can cost tens of thousands of pounds and it can take several tests to get a clear pass. One can imagine the cost and material involved in this, should the test not pass in the first go.
Certification By Analysis (CBA) is one of the non-destructive techniques using which amount of repeated destructive testing can be reduce to save cost, time, material and be environmentally friendly. 
CBA, though is a very attractive technique in itself, it has its own challenges to be over come to be fully industry adaptive. This report aims at embarking on the feasibility and challenges of this technique and its relevance to current seating industries’ engineering departmental setup.



Introduction
It is an obligation for the aircraft seat manufacturers to provide evidence of compliance to airworthiness of each piece of seat they manufacture as per FAA’s 14 CFR Part 25.562 and EASA’s Part 21- CS25-562 either by means of physical test or by a full set of analysis. Physical testing is expensive and produces material waste along with risk of repetition due to test failures. Research shows a more innovative and cost effective way is to use current advancements in computational power and numerical analysers like the state-of-the-art Dynamic Finite Element Analysis (DFEM) associated with cloud, cluster and High Performance computing (HPC) to substantiate by analysis. 
This report will look into the aspect of certifying the seats by means of analysis and its feasibility to current set up of engineering departments within the aircraft seating industry.


Background Research
Certification Requirements
Dynamic aircraft seat regulations are defined by both the Federal Aviation Administration (FAA) and European Union Aviation Safety Agency (EASA) through Code of Federal Regulations 1(CFR), 14 and EASA Part 21 - Certification Specification (CS)  25.562 for crashworthy evaluation of a seat in a dynamic environment.  Furthermore, Intuitions such as SAE provide Aircraft recommended practices such as ARP 5526, documenting common understanding, terms and compliance issues as well as design criteria to facilitate certification of seat installations.

Traditional and Current Methods of certification of aircraft Seats
Traditionally seat developers and manufacturers have demonstrated compliance to the airworthiness requirements mostly by way of dynamic testing of production representative seat structures. With the advent of computers and advancements in computational power and data handling, the seats are now being simulated for their dynamic test requirement only to assess their behaviour virtually and try to reduce risk of failure. Commercial simulation softwares developers like Altair and LS-DYNA are facilitating High-performance Computing (HPC) and Cloud to run intricate Finite Element Models in remote clusters. These technologies help in reducing run times from a couple of weeks to a few days in the recent past. This has in vast majority of cases reduced the quantum of tests to be conducted per seat before certification. But, this has not completely eliminated the need for physical testing due to the underlying issues with proving the methodology of simulation to be as credible as a physical test. 

What is Certification By Analysis (CBA)?
Due to the growing need for occupant safety and pressure on seat developers to reduce design cycle time and cost due to physical testing, industry is looking to either to reduce the number of physical tests drastically or eliminate them completely. FAA has issued an Advisory Circular (AC) 20-146A. This AC includes guidance for certifying seats by computer modelling analysis techniques that are validated by dynamic tests using building block approach. This AC defines the acceptable computer software applications, limitations of use, validation processes as well as minimum documentation requirements involved while substantiating by computer simulation to support a seat certification program.

Relevance of CBI in light of Industry 4.0
It makes more sense now than any time before for the industry to explore the opportunities to exploit the current trends in advanced dynamic simulation softwares such as Altair Radioss, LS-Dyna, PAM-Crash as well as advanced data handling capabilities of modern cloud and cluster based remote computing. With the current advancements in Sensors, actuators and data acquisition and analysis systems it is much quicker and efficient to test sub assemblies/sub structures and use the data as building block for CBA.
Efforts have been made as early as 2001 to develop ways and methodologies to substantiate seat structure by analysis alone. A paper Submitted by Cessna Aircraft Company to NASA Langley Research Centre outlines detailed methodology to utilise the potential of numerical analysis through virtual simulation for the benefit of CBA. 
Nilesh, D., Vikas, Y., and Gerardo O (2010) presented a report on how a typical aircraft seat can be certified on the basis of numerical analysis. Wherein, the team has tried to demonstrate the advantages and limitations of Dynamic simulation of seat loading patterns using state-of-the-art Finite Element Modelling and Analysis using LS-DYNA as the simulation code.
Prasanna, B. (2012) provides a detailed view of the then popular simulation packages and analytical methodologies for CBA. Advancement in analytical methods and computational capabilities has always gone hand in hand and grown together. It is high time now that we utilise these positively to achieve higher yields and reduced waste through smart engineering.
One of the challenges faced by Simulation Engineers in Seat Design and Development is the validation of the Finite Element Models and analysis results against either by tests or by analytical methods of hand calculation. J. Pellettiere and D. Moorcroft (2017) have detailed the validation methods and metrics for Certification By Analysis.  Also, ASME (2019) establishes various standards and provides guidelines for verification and validation of mathematical models used for seat simulation. Validated numerical models from coupon to sub-assemblies are the basic building of any CBA programme.



Conclusions
From the outcome of the research carried out above, it is evident that virtual simulation and CBA are the way forward. This section will set out the importance of feasibility study and challenges in implementation to overcome for a successful CBA within an Aircraft Seat Design and manufacturing company.

Feasibility Study
The research clearly shows that the way forward for the Aircraft Seating Company is CBA considering its advantage of being non-destructive in nature and considering the cost, time, material and personnel involved in physical testing as well as waste and risk of failure involved.  Whereas, it is simple and easy to go ahead the path of CBA, it might not be a cake walk for some or all of the seat manufacturers across the Globe. There are companies who have invested in full pledged simulation team to support development on one extreme to no simulation but just built and break on the other extreme. A systematic feasibility study of the viability of CBA within a selected organisation considering its strengths and shortfalls is needed. 

Implementation Challenges
Where we are:
As said above it all depends on where a company at the moment is with respect to CBA and its willingness to accept the cost of change and change itself. One has to take inventory of the IT infrastructure and Engineering Skill Matrix within a company to primarily understand which stage they are in and what it takes to reach there. What simulation software they got? What hardware infrastructure is present? What is the level of skill of the engineering team intended to work on the programme? And identifying any training needs etc. Once a systematic collection of these details of what is present and what is not, a detailed road map can then be drawn to achieve CBA. It is very import at this stage to set out the vision and mission for the future change.

What is needed – Road Map
Once a decision is made within the organisation to go the CBA way, it is imperative that a clear road map is drawn and adhered to for a successful CBA campaign. Following could be the main elements in the order of flow of the road map.
Willingness
Identification of need for CBA by the tech teams should be concurred by the willingness within the exec and the engineering community. Without the willingness of executive group or the engineering community within the company a successful CBA may never be possible. It is important to convey the tech facts and modern cutting edge technologies and their advantage that can be harvested in the best interest of the company and the Aircraft industry as a whole.

Budget
As the results of research outline, there is technology available in the market but it comes at a cost. The pre-requisite for CBA is a robust analysis and test setup to support simulation of structure of a complex nature and produce test data for verification and validation. A detailed cost analysis breaking down the recurring and non-recurring cost as well as current and previous experience of cost of certification campaigns is of prime importance to really appreciate where CBA is feasible for the company. It might likely be that it is more cost effective to stick to testing than CBA, for instance in case of a company which only certifies a couple of seats a year.

Infrastructure
With the kind of budget allocated there are numerous commercial simulation softwares and supporting hardware available to choose from.  For physical testing of structures either an in-house test facility or third party testing companies can be made use of. The decision can generally be based on the demand, budget, space availability, trade studies of various available options, etc.

Team, Skill, Expertise & Training
A major ingredient of a successful change is to take the team along and positively inform, motivate and train the team for the change needed at the right time. Training needs are based on assessment of current skill levels and identification of specific areas of need.  As CBA is a technically intense exercise, it would be necessary to intake some experts if not already available, either on case by case basis or permanently. 

Plan of execution of CBA
FAA AC20-146A (2018) details FAA’s recommended scheme of achieving CBA by way of building blocks. A plan of execution should ideally be based in line with this guidance to be on par with what is expected out of a design office.

Co-ordination within and Outside
Setting up effective channels of communication with the integrated project teams within the company and with airframers’ & certification authorities (FAA/EASA) is key to a successful CBA campaign. 

Recommendation
It’s never too late to take the right turn. With the ever increasing pressure to be greener, profitable, quick, safe and competitive, using full potential of the latest available technology is the smartest way forward.  CBA certainly seems to be the way forward for the aircraft seating industry.
One of the first attempts to go CBA was back in 2001 and it seems like not much has been achieved in this direction either due to the lack of availability of the simulation, sensory technology and data collection & processing capabilities or the push for it. Nevertheless, now is the time.
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