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1. [bookmark: _Toc104544534]Introduction
Airlines are the fastest and the safest mode of transport for men and material from one point on the globe to the other. Seats in general can be defined as mechanical structures designed to accommodate human occupants. An aircraft seat is designed to provide the occupant with the necessary space during flight along with required comfort and safety.  Seating systems in aircrafts are an essential and vital part of the aircraft structure both from the utility and certification point of view of an aircraft. 

According to , in 2020, the global aircraft seating market was valued at $4.24 billion and is expected to reach $8.21 billion by 2030 registering a CAGR of 6.9% from 2021 to 2030. One can imagine the huge potential and tight competition within the aircraft seating industry by the staggering number of airlines wanting to have advanced seating systems and seat manufacturers to satisfy this need. Though the aircraft seating market experienced a sharp decline in orders between 2020 and 2022, the trend seems to be changing and more encouraging due to reduced impact of the pandemic on domestic and international air travel. 
Aircraft seats in general are very complex both from the point of design and from the point of certification. Stringent certification requirements, tighter weight targets by airline customers, cut throat competition on cost and ever growing passenger comfort demand has put aircraft manufacturers business in jeopardy.  Innovation in process, material, manufacturing, design as well as business far thinking, adoption of cutting edge tech is necessary to survive and then thrive to be the best in the industry.

Safran Seats is the seating system design, certification and production wing of the world’s second largest aerospace equipment manufacturer Safran group. Safran seats have produced over a million aircraft seats . Safran produces seats in all sectors of aviation industry from fixed wing to rotorcraft, from crew seat to passenger seat and from economy, premium economy and business class to first & super first class.
Safran is engaged in seating system development since eight decades and has pioneered the art of designing, certifying, producing and providing after sales support to most of worlds renowned commercial airliners. 

With growing number of new entrants in the aircraft seating business, increasing competition, increasing cost of material & men, reduced revenues and profit margins have pushed aircraft design houses to look for ways to improve designs, processes, production and maintenance techniques. Innovation is an inevitable part of seating company’s sustainability mantra.

Safran Seats dedicated Research and Technology (R&T) department has been continually looking into innovate ways of improving the product line. One such innovative product initiative of Safran Seats selected for the current study is the ABC Modular Seating System for business class and first class seats. 

Safran Seats Great Britain and France Design, certify, produce and install several hundred business class suites per year over different product lines for various airlines. Product lines are defined by both Safran seats platform or catalogue product offerings as well as customer based bespoke designs. ABC seats are platform offerings designed and developed to fit various aircraft configurations.
The primary objective of the ABC Platform is to deliver core seat modules for business/first class passenger seats, at a sub-assembly level, that can be configured together to satisfy the specific needs of several product lines. For seat features that are significantly influenced by the final product and/or aircraft installation (i.e. track adapters), the ABC platform will define component parts and a design methodology. 
Common interfaces are to be defined and locked in place for each sub-assembly or component part. Used in conjunction with interchangeable components, this will enable design teams to easily configure the seat to fit a multiplicity of requirements WITHOUT unplanned change to the core seat elements.
The ABC Platform identifies and divides the Seat Assembly into core components or MODULES that are necessary for a functioning seat. By understanding the potential range of seat configurations, the specific requirements for each module can then be determined. These key modules are:
[image: ]
1. Translation Module 
2. Backrest Module 
3. Headrest module 
4. Seat pan Module 
5. Base Module 
6. Leg rest Module 
7. Seat Adaptor 
8. Electrical Installation 
9. Cushions/Covers 

Picture curtsy – Safran Seats GB, Cwmbran


2. [bookmark: _Toc104544535]The principal drivers for the innovation
For a company as large as Safran seats with a huge customer base results in large number of product lines. Although efforts are made to reuse cross over parts from different product lines, each product line ends up getting over 80% of parts newly designed specifically for that product line due to lack of commonality between different product lines. Reasons for lack of commonality could either be one or several of the following:
· Change in dimensions of core components due to specific customer requirements such as wider/narrower backrest, head rest, seat pan, leg rest.
· Change in seat motion and functionality (translation mechanisms) due to specific customer requirements such as fully flat bed, partial reclined bed mode, different Taxi Take-off and Landing configurations, varying seat pitch, inclusion/exclusion of leg rest, 
· Changing legislation around seat certification requirement
· Introduction of new material such as changing from all metal to composite back rest and foot rest
· Change in procurement patters and supply chain
· Change/improvements in electrical actuators and their fittings to seat structure
· Change in seat operational space resulting in design modifications for packaging limitations
· Change in customer comfort level settings resulting in change in cushions, length and height of overall seat.
· Different aircraft interfaces and installation for different aircraft programmes

The three principal drivers that led to the innovation of modular platform seats to achieve cross product line commonality are discussed here.
2.1. [bookmark: _Toc104544536]Reducing future development costs by the reuse of designed components.
It is more like inventing a wheel that fits into different vehicles with a slight adjustment. Designing common parts with scope for adjustments while keeping in mind to respect common interfaces reduces part count and redesigning bespoke parts for each minor change. This drastically reduces future development costs by reducing duplication of work.
2.2. [bookmark: _Toc104544537]Reducing part costs from increased part volume.
Part procurement costs are directly linked to the Minimum Ordering Quantity. Larger the procurement order volume lesser cost per piece. Common parts across different product lines increase ordering volume per part and hence reduced part cost and in turn reduced product cost as well as improved profits
2.3. [bookmark: _Toc104544538]Reducing product development lead times.
Increasing common parts per assembly reduces specific bespoke parts to be designed for a new product line and hence reduced overall new product design lead time. 
2.4. [bookmark: _Toc104544539]Market demands for quicker product development – speed to market
With growing number of competitors in the seat business, customers are more likely to consider the one who can deliver the product to the market in the shortest possible time. Hence speed to market is an essential quality looked for by the airline customers. Implementing modular seat build strategy can drastically reduce time to market.
2.5. [bookmark: _Toc104544540]Cost competitiveness.
Being in the forefront of the business also means being cost competitive. There is risk of losing business to competitors if the company cant produce cheaper than its competitors. Modular strategy helps reduce cost by reducing both Recurring and Non Recurring costs in product development and production.
2.6. [bookmark: _Toc104544541]Risk Reduction of customer projects.
Using pre-designed and pre-approved parts and sub-assemblies reduces risk of certification, procurement and over pricing. 


3. [bookmark: _Toc104544542]The barriers and risks faced by the company in developing this innovation

3.1. [bookmark: _Toc104544543]Barriers faced during the innovation process are:
· Management Decision – Convincing management to invest in R&T cost related to development of a modular seating system in a world of bespoke product development was a bit of a challenge
· Collection and analysis of data for identifying commonality and interface design- Collecting legacy, current and projected future trends data over various different product lines spread across different seating business units across the globe as well for various different aircraft programmes and analysing to identify core cross functional modules and creating a Product Breakdown Structure.
· Design of modular parts for a range of product lines: Designing common parts to suit various product lines with varied product geometry results in carrying unnecessary weight and cost for the most simplest ones
· Cross functional collaboration, global team presence & varied timelines, lack of team play and communication issues – Design teams were distributed in various parts of the world and collaboration for common cause was challenging.
· Sharing of common parts design with different business units across the globe was challenging due to separate PLM systems followed by different sites.
· Lack of ownership of common parts
· Lack of resources and staff during the concept period due to high volumes of programmes running parallely within company

3.2. [bookmark: _Toc104544544]Risks associated with this innovation are:
· Investment – development costs are borne against projected future sales – no guarantee of return.
· Airline acceptance of product limitations – loss of bespoke features and styling.
· Updates to certification requirements may create obsolescence’s.
· Carrying unnecessary weight and cost where lighter and cheaper solution would have been sufficient
· Design snags in modular parts risks larger volumes of in-service issues and greater loss of customer credibility
· Increased design restraint for new product development due use pre-designed modular parts
· Business wide acceptance of idea and implementation is key for the success of this project



4. [bookmark: _Toc104544545]The key determinants in the process of committing to develop the innovation

The Key determinants were:
4.1. [bookmark: _Toc104544546]Collection of design data
Safran Seats has five business units in GB, France, USA, Mexico and Tunisia. Each involved in designing, certifying and producing their own seats. ABC seats initiative was to produce a modular seat that can be used either in full or in parts by each of the business units for their future programmes for the benefits listed above. Biggest challenge was to collaborate with each of the design houses of these business units and collect seat design data on the programmes they have been independently working on and storing centrally for further analysis. A team of design engineers who were well versed with the seat design were identified and tasked to collect the data.
4.2. [bookmark: _Toc104544547]Analysis of design data and Identification of design variables
Collected data need to be filtered, collated and presented in a way that it could help in identifying all the design variables such as part geometry, material, interfaces, loads requirement etc.
4.3. [bookmark: _Toc104544548]Determination of key design parameters
From the design variables identified, features of commonality and limitations or fixed elements and variable elements in seat modules are selected for further development. This requires collaboration with senior architects and experts from integrated project team of all the business units. Some of the key design parameters are defining the material selection, optimising geometry and agreed common part interfaces.
4.4. [bookmark: _Toc104544549]Describing designing principles for modularity
Based on the key design parameters selected, principles for part design are agreed. Some of the design principles were limitation on the type of number of material selection, freezing on specific design features especially at the interfaces etc.




5. [bookmark: _Toc104544550]The processes and technologies which the company used to carry this development forward

5.1. [bookmark: _Toc104544551]Processes used for development
· Creation of Statement of Requirement (SoR) to capture a broad set of needs.
· Determining the range of scope for seat configurations through data analysis.
· Design configuration control through advanced PLM using SmarTeam
· Workflow management through SmartBox

5.2. [bookmark: _Toc104544552]Technologies used for development
· Spread sheet application to collect, segregate and analyse design data
· Finite element implicit dynamic analysis of seat assembly for virtual simulation of compliance to FAR 25.256   & 
· Finite element linear static analysis of head rest, backrest, foot rest, main frame and seat pan to derive loading envelop to be used as guide for part selection on different products lines to comply with .
· Physical / destructive testing of components and assemblies to demonstrate compliance to  and 
· Additive manufacturing for non structural trim components



6. [bookmark: _Toc104544553]The extent to which the development relied on resources external to the company and the ways in which the deployment of these resources was managed

Due to the size of the organisation and diversity of expertise available within the seats group and in the larger Safran family, most of the developmental work and engineering collaboration remained internal to safran. Any external alliances for product development are enlisted hereafter.
6.1. [bookmark: _Toc104544554]Suppliers
Suppliers played a major role in the development of the ABC product. Majority of the electrical components used on the seat system including sensor, actuators, heating & Cooling, in flight entertainment IFE were all bought out items. Except the composite materials for headrest, backrest and leg rest all other metallic parts were procured through external resources. Design department and supply chain department work in tandem to management the external suppliers.
6.2. [bookmark: _Toc104544555]Airframers
The ABC modular seats are developed to cater for most types of modern commercial airlines including Airbus A380, A350, A330 & Boeing 767, 777, 787. Airframes have defined requirements for the seats to comply with for them to be installed onto their aircrafts. Safran has a dedicated certification teams which is in continuous touch with the relevant airframers. Aiframers provide necessary guidelines throughout the length of the programme. 
6.3. [bookmark: _Toc104544556]Airworthiness Authorities
Air transport authorities such as EASA for Europe and FAA for America define the airworthiness compliance requirements and provide type certification for seat products to be fitted onto aircrafts. Safran’s dedicated certification team has been involved with both the EASA and FAA for the type certification of ABC modular seats.
6.4. [bookmark: _Toc104544557]Outsourcing
Some of the engineering design and analysis work were outsourced to tap the benefit of cost and working around the clock to companies that though they fall within the Safran group are treated external as they do not form a part of the seats business. 


7. [bookmark: _Toc104544558]How management overview of the development was maintained

ABC platform programme had a defined management structure and process.  Prorgramme was headed by a programme manager who reports to the executives and to whom the Engineering Project Lead (EPL) reports to. All other integrated project team leaders will in turn report to the EPL and are reported by their team members. A senior architect for the product overseas the technical development of the programme.

Documents such as the Statement of Requirements (SoR) and Architectural Summary were in place to define scope and share details with the execs. 
Processes used for tracking and project health monitoring were:
· Change board in place to manage change. 
· PLM tools to management product development and work flows. 
· Weight & Balance trackers
· Programme and Certification Risk registers and Risk review meetings
· Milestone gates such as Preliminary Design Review, Critical Design Review and Master Engineering Reviews involved company executives to review, provide feedback and raise concerns if any.
Though the programme was taken very lightly at the conceptual stage by the company executives, as the programme developed the executive team was very keen and maintained constant follow up of the progress of the programme.  Soon after inception, the programme gained prominence within Safran Seats group and was fully funded internally by the company as there were no specific external customer for the programme. A sizable team of engineering resources were set aside for this programme. Details of cost, men, material and duration were not shared by the company and hence not furnished herein.


8. [bookmark: _Toc104544559]The extent to which you feel this innovation process represents best practice

From the study of Statement of Requirements (SoR), architecture summary and product development history there is no clear evidence of using any of the written, agreed or approved best practices from within or outside the company or industry.
What is clear though is that the company standard process of product innovation has been followed and it to an extent falls in line with ’s way of innovation management. 
Which is:
· Identification of need for innovation: Growing competition, falling revenues and ever increasing customer expectations of product cost, comfort shorter lead times resulted in the identification of need for a simpler and flexible design of seating systems components across the group.
· Developing innovation strategy for customer satisfaction, cost reduction, lead time reduction, reducing waste and value innovation.
· Generating innovative idea of creating a modular system and innovation around achieving modularity by creating commonality matrix and design for cross product line integration of parts and sub assemblies
· Selecting the innovation portfolio by clearly defining the volume of programme in terms of man, money and material resource requirement.
· Implementing innovation by clearly defined technical path and product development milestones involving master engineering reviews, PDRs, CDRs etc.
· Strategies for implementation of innovation were clearly defined by the introduction of initiatives such as OnePLM. OnePLM is an advanced product lifecycle management initiative deployed across the Safran Group for sharing design and programme management data between various business units and suppliers.



9. [bookmark: _Toc104544560]Evaluation of Innovation

Overall from the point of Safran Seats this innovation has been fairly successful in reducing the overall product cost, reduction of lead time to market and lower after market issues.  All of the current seat programmes within Safran Seats are heavily based on the ABC modular seating system. Some have more ABC components than the others.
Safran has been very instrumental in identifying the need for innovation due to going competitions which is what is expected of a company desiring to grow and sustain in a competitive environment. 
Developing a modular seats fits in the fourth quarter of the  innovation matrix which isf sustaining innovation as both the problems and domain are very well defined and technology is pretty mature and nothing actually to start from scratch. 
Project development plans were well developed and measurement methodologies for progress of the project, risk and change management were clearly defined. Rigorously project audits were conducted throughout the programme at various gates and milestones.
Programme team seem to have good understanding of challenges and barriers and how to overcome by implementing company’s best practices of product development and management.
There was very little evidence of Innovation across boundaries. Collaborations and partnership were only within either the Safran Seats business or in some instance within Safran Group. Apart from relying upon suppliers for data inevitable from them, there were no evidences of any kind of open innovation. Also, the innovation in itself was and is only for the sole purpose of the company’s use and bound by tight intellectual laws and not opens to outside world.
Not much was observed in terms of investment, improvement and appreciation of Human factor within the innovation, like special training, special tools and techniques etc.
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