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Abstract 
 
Nowadays, there are more and more regulations regarding the emissions of greenhouse gases.  The automotive 

sector is directly affected by new standards enacted by the National Highway Traffic Safety Administration 

(NHTSA) in America and by European regulations in Europe that are forcing car manufacturers to produce more 

efficient cars. Different ways exist to increase the efficiency of a car and thus reduce the 𝐶𝑂2 emissions. One 

known strategy to improve fuel economy in vehicles is by weight reduction. Consequently, car manufacturers are 

seeking out new companies that can supply them with lighter car components. 

 

Here is where VA Automotive enters the picture, as a car seat manufacturer that is willing to improve their 

product by reducing the weight of its various components. This study deals with the development of a new 

recliner design that demonstrates improvements in terms of weight, size and performance compared to the 

current solution used at VA Automotive. 

 

A common product development methodology has been developed to reach the final recliner design which went 

through the following steps. First of all, a benchmarking technique was adopted to gather as much data as 

possible from the competitors’ products. Then, a list of target values for the product specifications was defined 

as a guideline for the development of the product. The next step was to generate several concepts of recliner’s 

mechanism that were suitable to improve the design from VA Automotive. After that, a Pugh decision matrix 

was used to select the best alternative between the concepts generated previously. The optimal concept was 

further developed by generating four design alternatives that were analyzed in terms of manufacturing, assembly, 

weight and size by using the Lucas DFMA method. Finally some simulations were run for one of the designs in 

order to check the structural performance of the mechanism and prove this way that the new recliner design 

meets the requirements.  

 

When comparing the new design alternatives with the design from VA Automotive, it was noticed that all the 

new designs except one presented a lower manufacturing cost index. Moreover, for all of the alternatives of the 

new recliner design, the weight was reduced by more than 56% compared to the recliner used at VA 

Automotive. Finally, by means of FEM simulations it was demonstrated that by choosing the right material the 

new recliner design was able to meet the structural requirements. 

 

 

Keywords:  recliner, product development process, concept, weight, improvement, design for manufacturing and 

assembly (DFMA), benchmarking 
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1   INTRODUCTION 

This chapter includes all the information gathered during the first phase of the study which is essential to 

understand the work developed throughout this master thesis. New trends in automotive market are analyzed in 

order to understand the importance of reducing the car components weight.                                                                                                                                                                                                                                   

1.1 Background 

1.1.1 New trends in automotive sector 

 

Since the establishment of NHTSA by the Highway Safety Act in 1970, several standards have been enacted in 

order to achieve excellence in motor vehicles.  Some of them have been set to regulate the levels of the 

Corporate Average Fuel Economy (CAFE) which purpose is to reduce the energy consumption by increasing the 

fuel savings of cars and light trucks therefore reducing the greenhouse gases (GHG) emissions. The CAFE 

standards are based on a vehicle footprint. That is why for each vehicle’s size there is a specific fuel economy 

target. Normally, the fuel economy target for larger vehicle footprint is lower than the one for smaller vehicle 

footprint. European legislation has also set new mandatory emissions reduction targets for new cars. For 2021, a 

reduction of 40 %, compared to 2007’s average emissions level, is to be achieved. (European Comision, 2016) 

These standards enacted by NHTSA in EEUU and the emission reduction goals set by Europe 

legislation are forcing car manufacturers to dramatically improve the fuel efficiency of the car by developing 

new technologies or improving the currents one. One known strategy to improve fuel economy in vehicles is by 

weight reduction. By reducing the mass of the car, the energy required to move it is lower and therefore the 

amount of fuel consumed per km is also lower. Generally it is possible to apply a rule of thumb to estimate the 

percentage of reduction of fuel consumed by a car when its weight is reduced as illustrated by figure 1. For a 

10% reduction in vehicle weight, the fuel consumption is reduced by 5%-7%. (Cheah, 2010).  Since a common 

car is compound by several components, it is possible to decrease the overall weight of the vehicle by lowering 

the mass of each individual component. It is significant to be aware that decreasing the mass of only one 

component will not have a high impact on the overall weight reduction and therefore on the fuel consumed. 

Nevertheless, if each individual component’s weight is reduced, due to a cascade effect, the improvement of the 

efficiency will be much more noticeable. For instance, by reducing the mass of the chassis and some other 

components as seats and main floor trim, it is possible to use an engine with less power and thus reduce the fuel 

consumed while maintaining the same ratio power/weight. 

 

Figure 1 : Curb weight and fuel consumption of U.S model year 2005 vehicles 
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1.1.2 Contribution of seats to the global weight of the car 

 

 Once the need of decreasing the car weight has been identified, it is then important to understand how 

the different components of a car contribute to the vehicle total weight. As it can be seen on the chart below 

(Figure 2) the body system Group B, which includes: seats, main floor trim, sun visors, front and rear LH & RH 

door trim panel and other interior components, represent generally 14% of the overall weight of a car.  

 

Figure 2:  Mass percentage of Car components (Meszler, German, Mock , & Bandivadekar, 2013) 

It is then the third heaviest group of components of a common car where the first one is the frame and mounting 

system and the second one is the suspension system.  For this reason it is strategic and reasonable to invest in the 

development of new designs of these components.  

 

Figure 3 : Group B components weight (Meszler, German, Mock , & Bandivadekar, 2013) 
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The figure 3 illustrates more in details the mass distribution between the different components within the Body 

System (Group B). It can be appreciated that seats represent 40%-50% of the total mass of the interior 

components of the car that, as stated before, represents the 14% of the overall weight of the vehicle. Therefore 

the optimization of seat designs regarding their weight is a key critical success factor for car seat manufacturers 

to maintain their competitiveness in the market 

1.1.3 Car seats components 

 

Over the years new car seat designs have been in continuous development with the goal of increasing 

the comfort and the safety of drivers and passengers. At the beginning, seats were simple and compound of few 

elements. Nowadays, a common car seat assembly is composed of more than hundred different parts. Moreover, 

as explained before, the new standards established with the aim of decreasing the emissions of green gas are 

forcing car manufactures to produce more efficient cars. Therefore it is a substantial concern for car 

manufacturers to design new seats having more components, a better performance than the previous designs and, 

at the same time, being lighter.  

The seat frame and the adjusting mechanism represent the main parts of a car seat when talking about weight 

contribution and safety. That is why companies focus on these parts when they look for an improvement of the 

seat safety or when they seek to reduce the overall weight. In today’s market, the full adjusting mechanism is 

referred as the “Eight ways”. New generation seats present in total four different mechanisms to adjust the seat 

frame to different positions. Furthermore, each of these mechanisms allows the movement in two different ways 

bringing in total the eight ways. The recliner adjusts the angle between the backrest and the seat cushion. The 

seat tracks allow the distance adjustment between the seat and the steering wheel. Two more mechanism allows 

the adjustment of the height of the seat and the angle between the floor and the seat cushion.  The figure 5 

illustrates an exploded view of a common car seat frame. 

 

 

 

 

Figure 4 : Exploted view seat frame assembly  (HONDA Original Parts) 
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The figure 5 shows an example of weight allocation in an Audi A5. As it can be seen, seat adjusters do not 

represent a high percentage of seat total weight, however the same adjusting mechanism, if it has been design for 

that, can be used for all the seats of the car.  That means that, as an example, a 500 g reduction in the recliner 

mechanism results in a 2kg reduction of the whole car weight (in the case of four seats car). 

 

1.2 VA Components 

       

The present work has been carried out with the collaboration of VA components, company member of 

VA Automotive Group. This group of companies offers the vehicle and engineering industries complete, 

innovative and cost- effective solutions that include everything from tools and production equipment, to finished 

components. Previously known as Läreda Mekan, VA components is responsible of developing and 

manufacturing complex products for the vehicle industry as car seats, airbags and child seats. Since they joined 

VA Automotive they have been changing their business strategy by implementing new designs to face the new 

growing automotive challenges and meet the new C02 emissions requirements from car manufacturers for the 

coming years. In order to reduce the weight of the seats manufactured at VA Components, the design of the 

different adjusters has been changed. Therefore there is a new design for the height adjuster, the length adjuster 

and for the seat cushion tilt adjuster. Only one adjusting mechanism has not been yet redesign, the recliner.  

 

1.3 Purpose of the study 

 

The main goal of the thesis is to redesign the recliner mechanism with the objective of obtaining a new 

design that is lighter than the current one. However, the mass is not the only parameter to take into account. 

Since the margin of profits in car manufacturers is really tight, it is extremely tight, it is fundamental to avoid 

high production costs. Furthermore, VA automotive is looking for a new design that can compete with the 

competitors’ current products. That is why product innovation plays a key role while designing the new recliner. 

The purpose of this thesis is to bring new ideas coming from an external and creative perspective. 

Figure 5: Weight allocation of an Audi A5 3.0 Tdi  (Steinwall & Viippola, 2014) 
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1.4 Scopes of the study 

 

Since this thesis focuses on the development of a product, which can take more than years in today’s large 

companies, it is essential to define a frame of work in order to avoid too large and meaningless scope for the 

present thesis. These delimitations are: 

 The thesis focus on the conceptual design phase of the product development 

 Some assumptions have been done through the development process 

 The thesis does not include complete simulations due to limitations regarding the software 

license 

 The thesis does not include a final detailed design 

 It does not include a prototype  

 It does not include a physical test 

 

 

1.5 Strategy 

 

In this study a generic product development (Kamrani, 2010) process has been followed to design the new 

recliner mechanism. As it has been discussed previously when defining the scope of the thesis, not all of the 

stages of the product development have been completed. The figure below (Figure 6) indicates the steps that 

were developed throughout this thesis. 

 

 

  

 

Figure 6 : New recliner concept development strategy 



 

6 

 

A short description of each phase can be found below: 

 

Needs recognition 

The product development process starts by identifying the needs. This critical phase has been carried out during 

the first visit to VA Automotive where as much information as possible been gathered after talking with the 

engineers. The result from this part of the process is a list with all the customers’ needs that will drive the design 

throughout the process.  

 

Establishing design specifications 

In this step the needs are translated into technical requirements by defining target values. It represents one of the 

most significant and intricate phase of the product development process. It is common to use the benchmarking 

methodology to compare the product specifications from the competitors’ products and to find in this way an 

opportunity to improve the product performance in comparison with other products in the market and thus to 

increase its customer value.  

 

Concepts generation 

After having defined all the specification that the new product should fulfil it is the moment to start generating 

possible solutions to the problem that can these product specifications.  The new concepts can be inspired by 

other products in the market, patents, books, imagination and/or other similar mechanical problems. The result 

from this phase of the development process is a set of sketches hand-drawn with a description that helps the 

reader to understand the concept idea. 

 

Concept selection 

The concept selection represents the step where all the ideas generated before are compared through a multi 

criteria analysis to obtain the optimal solution. The criteria needs to be chosen carefully since it will determine 

which concept is going to be further developed and therefore it will affect straightaway the product development 

process result.    

Concept development  

Once one of the concepts has been selected, the next step is to develop the design for the different product 

specifications to be determined and compared to the target values. It is essential to know that a given concept or 

idea can have different design alternatives. Because of that, in this step of the product development process some 

different designs are generated and compared between each other with the goal of obtaining the best design for 

the chosen concept. 
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Simulations 

In the final step some simulations have been conducted to check the mechanical performance of the design 

developed and to be able in this way to verify if it meets the safety requirements. Moreover, a parametric 

simulation has been developed with the aim of understanding how the different design parameters affect the final 

performance of the recliner.  

In a full product development project the concept development phase is followed by a detailed design which 

allows a better analysis of the solution in terms of manufacturing analysis and testing.  



2 THEORY AND METHODLOGY 

In this chapter all the information regarding the theories and methodologies used during this work are explained 

with the aim of understanding the reasons of using these tools and to know how they have contributed to the 

achievement of the proposed goals.  

 

2.1 Benchmarking 

When designing a new product it is fundamental to know the requirements that must be met. One method 

used by more and more companies is benchmarking. It consists in picking the best products from others 

successful companies of the market and analyzing them in order to obtain performance goals. Benchmarking has 

been rated very favorably by the manufacturing industries (Kumar & Chandra, 2001). Wheelwright and Clark 

(1992) found that intense international competition, fragmented demanding markets and diverse and rapidly 

changing technologies were three critical characteristics driving the product development process in all 

manufacturing environments. Due to the high number of car manufactures existing around the world and the 

continuous improvement in technologies in the automotive market, car seat manufacturers need to improve 

continuously their products in order to remain competitive. Good practices in benchmarking allow companies to 

develop products that meet better the customer needs and that can race at the highest competitive level. 

 

2.2 Reverse engineering 

 

In high competitive markets, companies are not willing to share important information from their 

products in order to avoid competitors to copy them and this way they maintain their competitiveness.  Reverse 

engineering is a method used to extract the knowledge from other companies by analyzing their products (Eilam, 

2005). For instance, if a company wants to develop a new solution to solve a given problem but in the early steps 

they do not know how to proceed, a possible solution is to analyze the solution that a competitor has already 

developed and try to understand it. In that way it is possible to get some ideas from other companies’ solutions 

and evaluate the level of complexity of the problem. In this work, the use of reverse engineering may stand as a 

highly useful tool due to the lack of expertise and knowledge of the student in this engineering field. One of the 

major sources that allows an simple way to practice reverse engineering is the patents database. Indeed, thanks to 

the amount of patents available via reliable sources on the internet it is possible to gather a large amount of 

information regarding the products functioning, assemblies’ types and products evolution over the years. 

 

2.3 PUGH decision matrix 

 

Product development process includes most of the time a concept generation phase which aim is to 

generate a list of possible solutions that can solve a given problem and to compare them between each other. 

This list often represents the result of discarding the unviable solutions after brainstorming. The next step after 

generating concepts is to select the most suitable one among them. It exist several methodologies and strategies 

to proceed during this phase.  

 

For this thesis, Pugh method has been used for the concept selection phase. First, it is necessary to define some 

criteria that often represent all the customer values or at least a part of them. Once all the criteria are determined, 

they need to be weighted in order to set the relevance of each one of them. The weight can be obtained by 

comparing each criterion with the others through a comparison matrix. Consequently, the different concepts are 

compared to the current solution. For each criterion, if a concept represents an improvement it obtains a positive 
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point. If the concept is less efficient than the current design, it obtains a negative point and if both are equal for a 

given criteria, it does not obtain nor positive nor negative points. At the end, the solution with the highest points 

represents in many cases the best solution.  

 

Even if this method can help to choose the best alternative between the concepts generated, there are other 

methods that can be used to perform a deeper analyze and thus obtain more accurate results. One of these 

methods is the Analytical Hierarchical Process (AHP) which allows a more detailed comparison of different 

compared to the Pugh decision matrix. (Haskovec, Krehl, Niemi, & Seid, 2016) 

2.4 Old product development vs new product development 

 

Encouraged by the development of new technologies and especially by the quick improvement of 

computers, the strategy followed by companies to develop new products has changed. Before, to develop a new 

product a common strategy was to find a solution, design it, build a prototype and then test it to know if the 

solution founded met the requirements. That is the way to proceed in VA Automotive where the design engineer 

develops a new concept which is then prototyped and tested.  Nowadays, more and more companies take 

advantage of computer capacity when designing a new product to save time and money. Indeed, since building a 

prototype, test it and repeat this process until obtaining a good solution is time consuming and increase the 

product development cost, by using FEM simulation designers can get an overall idea whether the design is 

satisfying or  in the early stages of the design phase.  

 

2.5 Modeling 

 

Nowadays almost all the companies performing product development activities use some of the existing 

computer software (CATIA, SolidWorks, Solid Edge…) during the design process. Computer-aided design 

allows engineers to develop portable designs with high accuracy. It is also possible to create 3D models from 2d 

drawings in a fast way. Another advantage of modeling is the possibility of designing with standards. Moreover 

the drawings files can be shared in quickly and easily in a standardized manner. Some of the disadvantages of 

using CAD can be the cost of purchasing the modeling software, the training required to use it and finally the 

possibility of losing drawings due to computer misfortunes. However, nowadays it is common for engineers to 

learn how to use at least one of the CAD software during their academic education. 

In this master thesis SolidWorks have been used as main software for the design of the recliner concepts 

and for the generation of the drawings.  

 

 

 

2.6 FEM simulation 

 

Previously it has been explained why the use of simulations can decrease the cost of developing a product 

and at the same increase the efficiency by avoiding the long and costly process of building prototypes and testing 

them until a good solution is found. To develop the new recliner mechanism the FEM software, ANSYS, have 

been used. The simulations of the concept design will give an idea of how good is the design and check at the 

same time if it meets the requirements. 

 

 

 

 



 

10 

 

2.7 LUCAS design method 

 

 

The LUCAS design method developed in 1980’s (Chan & Salustri, 2005), can be used when designing a new 

product if the assembly process and the manufacturing cost are to be taken into account during the early phases 

of the product development process. Some methods exist to design a product for both manufacturing and 

assembly. Some of them are: the Boothroyd-Dewhurst DFA method, the Hitachi assembly evaluation method, 

the Fujitsu productivity evaluation system and finally the LUCAS method. Not all of them include both 

manufacturing and assembly analysis however the LUCAS method, used in this work, includes both types of 

analysis. 

 

 

 

 

Design for assembly 

 

The Lucas’s design for assembly is carried out in three sequential steps. The first one is the functional analysis 

where the components of the assembly are dived into two groups. The group A, includes all the pieces that are 

primordial for the performance of the product. The group B, represents the components that perform only 

secondary functions. The efficiency of the design is measured as: 

 

 

Design efficiency= 100 x Essential number of components / Total number of components 

 

 

 

The next step is the feeding analysis where issues regarding the handling of components are evaluated. The 

feeding ratio is calculated by dividing the feeding index and the essential number of components. The feeding 

index varies depending on the size, weight, handling difficulties and orientation of the component.  

Finally, fitting issues as gripping, insertion and fixing analysis are measured through the fitting analysis. The 

way to calculate the fitting ratio is similar to the feeding ratio, it is just necessary to change the feeding index by 

the fitting index which is obtain from the LUCAS tables. The fitting index is based on its required fixturing, 

resistance, force to insertion and restricted vision during the assembly. 

 

Design for manufacturing 

 

Lucas DFM method can be used to compare different designs in terms of manufacturing cost. It is 

essential to know that the results obtained after the analysis does not show the real manufacturing cost of the 

product. It measures only a manufacturing cost index which can be used to compare different design between 

them. The manufacturing index cost is based in two main parameters: the material cost and the manufacturing 

process cost.  Moreover, the value of the process cost will depend on the geometry of the component, the 

tolerances needed, the manufacturing process chosen and the production volume. The exact way to calculate 

each parameter will be explained later on in the Product Development section. 

 

2.8 Safety in car seats 

 

Since this master thesis deals with the development of a new recliner concept for a car seat it is important 

to understand which is the effect that this one has in the seat’s safety. As the recliner is responsible of connecting 

the backrest with the seat frame, it represents a critical part when talking about seat’s robustness and thus safety. 

All recliner mechanisms must pass some tests before using them in any seat, which results need to meet the 

requirements set by regulations in the automotive sector. 
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In this work only one type of test is going to be done through simulations in FEM software. Different torque 

values are going to be applied to the recliner with the goal of checking its stiffness. The test simulates a frontal 

impact where the passenger seated behind the driver moves forwards generating a force in the back rest and thus 

a torque in the pivot point between the seat frame and backrest that is, the recliner. It is not necessary to simulate 

a rear crash not either a side impact because in both case the stress generated in the recliner would be lower than 

the one generated in a frontal accident due to the lower car velocities compared to the frontal crash. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 PRODUCT DEVELOPMENT 

This chapter gathers all the work carried out to develop the recliner concept. All the steps from the product 

development process such as needs identification, design specification, concept generation and concept selection 

are explained in detail. It includes also an exhaustive analysis from the solutions obtained and the results from 

the simulations ran with the FEM software ANSYS.  

3.1 Customer’s needs  

 

The first step in a product development process is to identify the customer’s needs. It is extremely 

important to obtain a detailed list of needs before launching the development process. Customer needs can be 

defined by collecting information about the requirements that the product must fulfil. The customer demand list 

will be the basis on which all the product development process will focus. A product which does not meet the 

requirements defined will not be sellable in the market and therefore a large amount of money, spent to for the 

development process, will be wasted. In some products it is possible the identification of more than one 

customer. It is the case of the product that is going to be developed through this thesis, the recliner. On the one 

hand a potential customer may be a company that is interested in buying a recliner mechanism as it could be a 

car manufacturer; on the other hand an internal customer, the manufacturing plant, should also be taken into 

consideration for the needs analysis.  

The requirements requested by car manufacturers include also the demands of end customers, that means car 

drivers and passengers. The main function of a recliner is to allow the adjustment to multiple position of the 

angle between the seat back and the seat cushion. Nevertheless several parameters determine whether the 

recliner mechanism is efficient or not. A list with the different requirements for both customers is shown in the 

table below (Figure 8) 

 

End customer (car manufacturer + drivers +passengers) Internal customer (manufacturing plant) 

No noise Lower manufacturing cost 

Adjust the seat back to multiple positions Reduce complexity 

Adjust smoothly (continuous/discontinuous) Longer life of the product 

Adjust with little force Minimize #of assembly operations 

Ratio of adjustment Easy to assemble 

Durable - strength Innovation (in order to sell it) 

Compact size Connection between recliners 

Light weight   Include folding mechanism 

Robust   

Low product cost   

Requires less maintenance   

 

  

Figure 7 : Customer needs 

For car drivers and passengers it is essential that, when adjusting the backrest position, no uncomfortable noise is 

produced by the mechanism. Moreover, it is also important that the adjustment can be executed smoothly and 

with little force. That means that the force to actuate the mechanism is not too high. Regarding the movement of 

the backrest, if the recliner is continuous it offers a smoother adjustment than the discontinuous recliner. The 

ratio of the adjustment represents, in a continuous recliner, the variation in the angle between the backrest and 

the seat cushion when the user turns 360º the handle. Another requirement established by car regulations is the 

strength supported by the recliner. Indeed, since the recliner is a key element during a car accident, the 
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performance of this device is controlled through different tests as stated before.  Furthermore, as it has been 

mentioned before, the weight is an important issue in the automotive market due to the regulations enacted by 

the governments to reduce the greenhouse gas. The size of the product can be in some way related to the weight 

since a more compact design reduces the amount of material used.  Another parameter that must be taken into 

account is the cost of the product. With the technologies existing nowadays it is possible to easily design a 

recliner that can fulfil all the requirements shown in the table above nevertheless the challenge is to produce it at 

a low cost. Finally the robustness of the recliner and the maintenance required are also essential parameters to be 

considered during the design process. 

The internal customer, as it has been said before, represents the manufacturing plant where the recliner is going 

to be manufactured. Some of the requirements desired by the recliner manufacturer, for instance the 

manufacturing cost, are directly influenced by the end customer. In fact, since the margin of benefits can be 

calculated, roughly, by the difference between the price of the product and the manufacturing cost, reducing as 

much as possible the latter one is one of the main goal of the manufacturer. Other parameters such as the number 

of assembly operations, the ease of assembly and the complexity of the design are also directly related to the 

final cost of the product. When talking about selling the product, the new design needs to be innovative. Copying 

the design that competitors are using is not a useful strategy when looking to sell the product for the reason that 

customers will not willing to switch from one supplier to another if there is no an important cost reduction or 

some innovation that add value to the product. At the end, the product life, the connection between the recliners 

on both sides of the seat and the possibility of including a folding mechanism are requirements that increase the 

product’s value and therefore the chance to sell it. 

 

3.2 Design specifications  

 

Once the customer needs has been identified, the next step is to define some metric that will be used as 

specifications for the design. Each of these metric will be weighted depending on the importance. The table 

below (Table1) shows the five metrics selected for the design of the recliner. 

 

 

Table 1 : Design specifications 

 

 

The first metric, the range of rotation, represents the amount of rotation allowed measured in degrees. The 

second one is the torqued supported by the recliner that determines whether the device is providing safety during 

a car accident or not.  The diameter has been taken into account as a metric since it influences the size of the 

recliner. The metric number four is the weight and it will represent the most important one.  

 

 

Metric No. Metric Unit

1 Range of rotation º

2 Torque supported Nm

3 Diameter mm

4 Weight g
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3.3 Types of recliner 

 

Before starting the analysis of the current products that exist already in the market it is useful to check the 

different design that exists already for the recliner mechanism by looking for patents. The main goal of this is to 

get examples of ideas that have been proposed over the years to solve the problem of adjusting the angle between 

the back cushion and the backrest and use them in the development of the new design. 

 

 

 

 

 

 

 

 

 

 

 

 

After having checked a great number of patents, the different recliner mechanisms that already exist can be 

classified in two main groups:  continuous and discontinuous. The first one includes all type of recliners where 

the tilting adjustment sensitivity depends on the ratio given by the mechanism. The second one represents those 

recliners which mechanism is formed by two main components that need to be disassembly in order to allow the 

rotation. Within the continuous recliners group there are the round and linear recliners. For the discontinuous 

recliner group it exits only disc recliners which mechanisms are often similar however existing different 

configurations. As continuous round recliners it is possible to find mechanisms with planetary gears 

configuration or with eccentric one.  Concerning linear recliners, it exits two types, the ones that use a worm 

gear to transmit the movement and the ones that use a configuration of bars and bolts screws.   

Continuous recliner works generally in the same way. An “input” gear rotates by applying a torque to the handle 

of the recliner. This movement causes the rotation of an “output” gear which amount of rotation is determined by 

the mechanism design ratio. Worm gears, planetary gears and bolts screws offer high ration transmission which 

is extremely important to get a smooth adjustment of the backrest.  

Unlike the continuous recliner, the discontinuous recliner does not work by transmitting the rotation from one 

gear to the other. To the other way around, the gears are used to avoid the rotation. Almost all discontinuous 

recliners use the same mechanism: a ring gear having a high number of teeth and some pawls adapted to lock the 

ring gear when the recliner is in “locked” position. In these recliner mechanisms, the torque applied by the user 

serves to move the pawls and unlock the ring gear allowing the rotation of the backrest. 

 

Figure 8 : Recliner mechanism types 
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3.4 Current product 

The figure below (Figure 10) shows the recliner that has been used for many of the seats manufactured by 

Läreda Mekan (now VA Automotive) over the last twenty years. The mechanism consists of a planetary gear set 

allowing a continuous adjustment of the angle between the backrest and the seat cushion.  

 

 

Figure 9 : Recliner from VA Automotive 

 

The recliner is compounded by two main brackets, one attached to the seat cushion and the other welded to the 

backrest. In both pieces a ring gear has been machined, one with thirty two teeth and the other one with thirty 

six. There are also four planetary gears and one sun gear. The other pieces are used either to fix the different 

components or to increase the robustness of the recliner. In total the mechanism presents two planetary gear 

stages where the designed ratio contributes to the smooth and perfect adjustment of the tilting angle of the 

backrest. Even if this mechanism has been really well sold over the years, with the introduction of new 

technologies and new trends in lighting the weight of cars, this recliner has become now obsolete. One of its 

main problems is the big size compared to the new solutions available in the market. Moreover, probably the 

material choice is not the best one since new steels alloys that have been developed over the year were not know 

when this product was developed. Regarding the manufacturing process, the two brackets of the recliner are 

produced in VA Automotive, at Hässleholm, through a stamping process. The gears, sintered and heat-treated are 

directly purchased from a Swedish supplier. The other components are also purchased from other companies. 

This information will be used later on to compare the new design alternatives with the current solution from VA 

Automotive by estimating the manufacturing and assembly cost of the VA Automotive recliner 

 

Table 2 : Components weights of VA Automotive recliner 

Part  Weight (g) Nº of pieces 

Sun Gear  7 1 

Cover Plate Outer 70 1 

Cover Plate 62 1 

Planetary Gear 20,5 4 

Seat Bracket Whips G2 200 1 

Shoulder Rivet 4,3 4 

Stop Rivet WHIPS P1 2,5 1 

BackRest Bracket WHIPS G2 202 1 

Expansion Ring 3,4 2 

Gear Pin-Recliner 3,9 4 

TOTAL 665,1   
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3.5 Benchmarking 

 

In order to get an overall idea of the state of the market and know which products are selling better and 

which are its specifications, a benchmarking is to be done. The first step is to identify the top companies of the 

market. Then, by visiting the websites of the companies and checking some reports done by them it is possible to 

get some specifications from their products. The table below (Table 3) shows the top five seats suppliers in the 

automotive market (Inc, 2013). 

 

 

Table 3: Car seat suppliers ranking (Inc, 2013) 

Rank Supplier 

1 Magna 

2 Faurecia 

3 Johnson Controls 

4 Lear 

5 Toyota Boshoku 

 
  

  
 
 
 
  

  

  
 

 

 

 

 

 

In the figure 11 it can be seen the market shares taking into account only the sales of front seat frames and 

mechanisms. As it can be seen Faurecia is the company selling the high number of adjusters with a 13 % of the 

total sales.  

 

Figure 10 : Front seat frames and mechanisms 

suppliers ranking (Koller, 2013) 
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Faurecia 

The company Faurecia offers both types of recliners. The figures 13 and 15 illustrate the continuous recliner 

with an external diameter of 83mm, a thickness of 15.65 mm and a breaking torque of 1700 Nm. The design of 

the discontinuous recliner can be seen in the figure 12 and 14 which external diameter is 83mm, the thickness is 

13.65mm and the breaking torque is 1630 Nm. It exits also different configurations depending on the range of 

adjustment desired going from 30º to 360º. These models correspond to the recliners sold by Faurecia since 

2010. According the annual report written in 2013, during this year 2016 the company is going to launch a new 

recliner 25% lighter than the old one. The exact specifications of this product are no available but the percentage 

of mass reduction targeted will be used to determine the design specification for the new recliner. 

Magna 

Magna has improved the design that they were using by reducing the weight 40%.  The figure 15 shows the new 

recliner (left) and the old one (right). The diameter has been reduced from 80 mm to 60 mm and the recliner 

supports a torque of 2000Nm. It is a discontinuous recliner that allows a 360 º angle adjustment. 

 

Figure 12 : Faurecia’s continuous 

recliner (Koller, 2013) Figure 11 : Faurecia's discontinuous 

recliner (Koller, 2013) 

Figure 14 : Exploded view 

Faurecia's continious recliner 

(Koller, 2013) 

Figure 13 : Exploded view Faurecia's discontinious 

recliner  
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Johnson & Controls 

The second company in the ranking regarding the amount of sales of front seat frames and mechanism is 

Johnson &Controls. As Faurecia does, Johnson & Controls sell also both types of recliners. The figure 18 

illustrates the continuous recliner Taumel 3000, an evolution from the Taumel 2000 family which weight and 

size have been reduced by 44% and 53% respectively. They sale the same model for different torque cases: 

1500, 2000 and 2500 Nm. The design of the discontinuous recliner can be seen in the figure 19. This design 

represents also an evolution from the Lever 2000 family of recliners which has been improved by a weight 

reduction of 25 % and by increasing the torque supported up to 4000 Nm. 

 

 

 

 

The figure 20 illustrates the exploded view of a continuous recliner which looks like the recliner shown in the 

figure 18. 

 

 

 

 

Figure 15 : : Magna recliners models i-DISC 4 and 

i-DISC 3RD 
Figure 16 : Exploded view of discontinous 

recliner assembly 

Figure 18 : Recliner Lever 3000 Figure 17 : Recliner Taumel 3000 
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Toyota Boshoku 

Finally, another recliner design has been found (Figure 21) which corresponds to the one manufactured by 

Toyota Boshoky. This one is a discontinuous recliner and the data relative to the performance of the device is not 

available in internet. Only one drawing (Figure22) has been found in the patent database. 

 

 

 

 

 

 

 

 

 

Figure 19 : Exploded view from a contiuous recliner mechanism 

Figure 20 : Toyota Boshoky’s discontinuous 

recliner 
Figure 21 : Exploded view discontinuous recliner 
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The table 4 shows a summary of the data gathered from competitor’s products.  

 

 

 

 

The values that have not been found for the different recliners are represented in the table 4 as a question mark. 

 

3.6 Target specification 

 

After having checked the current product of VA Automotive and the others recliner solutions from the 

competitors, it is the moment to define which are the target specifications for the recliner that is going to be 

designed.   First of all, the breaking torque needs to be at least 2000 Nm which is the minimum value according 

to the regulations in car safety as it has been explained before. The target value of the range of adjustment is 

going to be 360 degrees since all the products sold by top competitors present this range of rotation. Regarding 

the diameter, the maximum target value is going to be maximum 60 mm in order to obtain a really compact 

design. The weight needs also to be reduced until a maximum value of 270 g at least.  

 

 

Table 5 : Product Specifications 

 

 

The table above (table 5) illustrates the four metric selected as product specifications and its target values. This 

target values will serve as a guideline throughout the design process.  

 

 

 

Metric No. Metric Unit Current design Johnson Control Faurecia Toyota Boshoku Magna

1 Range of inclination º 360 360 360 360 360

2 Torque supported Nm 2000 2000-4000 2500 ? ?

3 Diameter mm 80 70 70 80 60

4 Weight g 665 ? 278 ? ?

Metric No. Metric Unit Target value

1 Range of inclination º 360

2 Torque supported Nm ≥2000

3 Diameter mm ≤60

4 Weight g ≤280

Table 4 : Data recollected from competitor's products 
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3.7 Concept Generation  

 

The next step in the product development process is to generate new ideas that can solve the given 

problem. All the specification defined before have not been taken into account for this phase. The reason of 

doing that is to reduce as much as possible the limitations and this way obtain several concepts. It is essential to 

know that the concepts generated are not defined in detail. They represent rather just an overall idea about how 

or with which type of mechanism the problem of adjusting the backrest in a car seat can be solved. All the 

concepts are going to be explained with the aid of some sketches hand-drawn. Furthermore for each concept, 

some commentaries are going to be done regarding the positives and negatives points that the designs present at 

first sight. All the concepts developed have been design taking into account that the structure of the seat frame 

and backrest can be adapted to the recliner to reduce in this way the use of unnecessary material as it happen 

with the recliner design from VA Automotive where two brackets need to be used to connect the recliner to the 

seat frame and backrest. 

 

Worm recliner 

One problem of the current product used at VA Automotive is that the recliner needs a brake to avoid the 

undesirable movement of the backrest due to the moment generated by the weight of the person what increase 

the final weight of the piece. A worm gear seems to be a good solution due to its capability to be self-locked.     

A spur gear is attached to the backrest while the worm gear is attached to the seat cushion (Figure 23). By 

applying a moment to the worm gear the spur gear rotates and therefore the backrest tilts. One problem that can 

be identified at a first sight is that if the worm gear with only few teeth in contact with the spur gear is going to 

support the high torque generated in the recliner during a car accident. To solve this it could be possible to use 

several worm gears instead of only one (Figure 25). Another solution is to use an enveloping worm and spur gear 

(Figure 24) . In this way, the number of teeth in contact between both gears is higher than the previous solution. 

Some bevel gears are used to connect the different worms to allow the functioning of the mechanism when a 

torque is applied to the handle. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22 :Worm gear recliner Figure 24 : 4 worm gears recliner 
Figure 23 : Envelop worm gear 

recliner 
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Linear recliner with bolt screw 

In this concept a linear mechanism similar to the screw-nut has been used. The backrest and the seat cushion are 

attached through a pivot point as shown in the Figure 26. Furthermore, the backrest presents a linear slot where 

the extremity of a long nut is fixed. A long screw is attached the seat cushion. By turning the screw it is possible 

to regulate the total length of the group screw-nut and thus to adjust the tilting angle of the backrest. To allow the 

actuation of the mechanism from the side of the seat, a bevel gear is used (Figure 27) to transmit the torque 

generated on the handle to the screw. The size of the bevel gear can be designed in such a way that the ratio 

between the actuation torque and the tilting movement of the backrest is optimum.  

 

 

 

 

 

 

 

 

 

Push-recliner 

The mechanism of the push-recliner concept is compound essentially of one ring gear and one spur gear. The 

gears are not intended to transmit a movement but to lock it. The spur gear fits perfectly with the ring gear and 

the mechanism allows two possible states. One state is when both gear are meshed that correspond to the locked 

position (Figures 28 and 31) and the other state is when the gears are disassembled allowing the rotation (Figures 

29 and 30). To change from one state to the other, a force is applied perpendicularly to the gears surface plane. 

When actuating the handle, the spur gear moves out horizontally from the ring gear compressing a spring. When 

the handle is released, the spring pushes the spur gear to the initial position. Both gears are designed to have a 

big number of teeth and a small module in order to increase the number of different adjusting position of the 

backrest. 

 

 

 

 

 

 

 

 

Figure 26 : Linear recliner 

Figure 25 : Top detailed view linear recliner 

Figure 28 : Push recliner perspective view 

"locked" position 
Figure 27 : Push recliner section view "locked" 

position 
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Planetary gear recliner 3 planetary gears instead of 4 

This concept represents just an improvement of the current recliner used at VA Automotive. By analyzing the 

recliner mechanism and after having talked with the engineers from the company, it has been noticed that the 

reduction of the number of gears within the planetary set leads to the reduction of the mechanism’s weight and to 

the increase of the smoothness of the recliner.  

2-sides brakes 

This concept use a mechanism which includes a spur gear fixed to the backrest and two curved shape (90 º-arcs) 

pieces fixed to the seat cushion. The inner face of both curved shape pieces has teeth machined that mesh 

perfectly with the teeth of the spur gear. As in the previous concept, it exits two different states, the lock state 

and the free movement state. In the first one (Figure 32), both pieces mesh with the spur gear avoiding therefore 

the rotation. When a torque is applied to the handle, the shape of the piece machined on the bar ‘surface force the 

rotation of both pieces around two different pivot points allowing the free rotation of the spur gear (Figure 33). 

 

 

 

 

 

 

 

 

 

Figure 30 : Push recliner perspective view "unlocked" 

position 
Figure 29: Push recliner section view 

"unlocked" position 

Figure 31 : 2-sides-brake recliner "locked" 

position 

Figure 32 : 2-sides-brake recliner 

"unlocked" position 
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Clutch design 

Inspired by the clutch mechanism of a car, in this concept three frictional disk are used. One of them presents 

frictional material in both faces whereas the other two in only one face. The double frictional face disc is 

attached to the backrest while the two one-frictional-face disks are fixed to the seat cushion. A torque needs to be 

applied to separate the discs between them and allow the rotation (Figure 35). Once the backrest has been 

adjusted to the desired position, by releasing the handle, a set of springs in both sides of the recliner push the 

side-discs against the central one (Figure 34). 

 

 

 

 

 

 

 

 

 

Bevel gear recliner 

This concept is a variation from the clutch recliner concept. In fact, instead of using two frictional disks to lock 

the rotation, these ones have been replaced by bevel gears. Furthermore, the disc attached to the backrest has 

been replaced also by another bevel gear with two-teeth-faces. To adjust the position of the backrest a torque 

needs to be applied on the handle what forces the horizontal displacement of the one teeth-face bevel gears 

unlocking in this way the mechanism (Figure 37). When the handle is release, both bevel gears are pushed by 

springs to the initial position (Figure 36) 

  

 

 

  

 

 

 

 

 

 

Figure 34 : Side view cluster recliner "locked" position Figure 33 : Side view cluster recliner "unlocked" 

position 

Figure 36 : Side view bevel gear recliner "locked" 

position 
Figure 35 : Side view bevel gear recliner 

"unlocked" position 
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3.8 Concept Selection  

 

Once the concepts have been generated, it is the moment to choose the best solution by using the Pugh 

methodology. As it has been explained before, the Pugh method consists in selecting a list of criteria and 

compare them between each other in order to determine their weight. After that, all the concepts are graded 

depending if they are better or worse than the current solution. 

 

Figure 37 : Criteria weights matrix 

 

As it can be seen in the figure 38 not all the customer values has been taken into account for the selection of the 

best concept. In fact, those requirements that are supposed to be met by all the concepts or those one that cannot 

be evaluated have not been chosen for this selection process.  

To obtain the final weight, all the criteria have been compared between each other by giving them a value 

between 1 and 9. At the end, each criterion has a total score that dividing it by the total number of points gives a 

number over 5 indicating the weight. This values were used later to compare the different alternatives taking into 

account the importance of each parameter.  
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Weight

Adjust the seat back to multiple positions 6 6 8 8 5 5 5 5 5 6 5 8 8 80 0,088 5

Adjust smoothly 4 5 6 6 4 4 4 4 4 5 4 7 6 63 0,069 4

Adjust with little force 4 5 7 7 4 4 4 4 4 5 4 6 6 64 0,070 4

Ratio of adjustment 2 4 3 5 2 2 2 2 2 3 2 5 5 39 0,043 2

Continuous adjustment 2 4 3 5 2 2 2 2 2 3 2 5 5 39 0,043 2

Perfect Rotation 5 6 6 8 8 5 5 5 5 7 5 8 8 81 0,089 5

Compact size 5 6 6 8 8 5 5 5 5 5 5 8 8 79 0,087 5

Light Weight 5 6 6 8 8 5 5 5 5 6 5 9 9 82 0,090 5

Robust 5 6 6 8 8 5 5 5 5 7 5 7 6 78 0,086 5

Innovation 5 6 6 8 8 5 5 5 5 6 5 9 9 82 0,090 5

Complexity 4 5 5 7 7 3 5 4 3 4 4 7 8 66 0,073 4

Easy to assembly 5 6 6 8 8 5 5 5 5 5 6 8 9 81 0,089 5

Conection between recliners 2 3 4 5 5 2 2 1 3 1 3 2 5 38 0,042 2

Include Folding mechanism 2 4 4 5 5 2 2 1 4 1 2 1 5 38 0,042 2

910TOTAL
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Figure 38 : Pugh decision matrix 

 

 

During the selection process each concept has been compared with the current recliner from VA Automotive. If 

the new solution was better, the new design scored +1 or +2 points depending on the degree of improvement. If 

it was worse for a given parameter then the concept scored -1 or + -2 points.  If it was not better not neither worst 

it scored 0 points.  In order to get the final score of each concept, a product sum of the points scored for each 

criterion multiply by its weight has been done. 

The figure 39 shows the results after having applied the Pugh decision method. The design with the highest score 

is the “push recliner” followed by the “2-sides-brakes”, the “planetary gear” and the “eccentric gear”. The high 

score obtained by the “push recliner” can be explained by the innovation that this solution presents compared to 

other concepts. In fact, after having gathered a large amount of information available about recliner mechanisms, 

this concept represented a new way of solving the problem of adjusting the angle of the backrest in a car seat. It 

presented some similarities with the existing discontinuous recliners in the way it works but at the same time and 

due to the new configuration of the mechanism, it allowed the possibility to obtain a design more compact what 

contributes directly to total weight of the recliner. 
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Adjust the seat back to multiple positions 5 0 0 0 0 0 0 0 0 0 0

Adjust smoothly 4 0 -2 -2 1 -2 0 0 0 -2 -2

Adjust with little force 4 0 1 1 1 1 0 0 0 -1 0

Ratio of adjustment 2 0 -2 -2 0 -2 0 0 0 -2 -2

Continuous adjustment 2 0 -2 -2 0 -2 0 0 0 -2 -2

Perfect Rotation 5 0 0 0 0 0 0 0 -2 0 0

Compact size 5 0 2 2 2 2 1 -2 2 2 2

Light Weight 5 0 2 2 2 2 2 2 2 2 2

Robust 5 0 0 0 0 -1 -1 -2 0 0 0

Innovation 5 0 0 2 0 2 1 -2 0 2 2

Complexity 4 0 -1 2 0 2 2 0 2 -1 -1

Easy to assembly 5 0 0 2 0 1 1 1 2 2 2

Conection between recliners 2 0 0 -2 0 0 -2 -2 0 0 0

Include Folding mechanism 2 0 2 2 0 2 0 0 0 2 2

TOTAL SCORE 0 0 5 6 5 4 -5 6 2 3

WEIGHTED SCORE 0 8 36 28 30 24 -19 28 20 24
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3.9 Concept Development 

 

3.9.1 Guidelines 

 

In this phase of the study the development of the chosen concept is going to be described. After having generated 

some solutions to solve the problem and subsequently having selected the best one, it is the moment to transform 

the sketches hand-drawn into a 3d model by the use of SolidWorks. The development of the concept design has 

been carried out step by step in order to meet all the requirements. Furthermore, different alternatives for the 

same concept have been developed to compare them between each other and be able this way to check which 

alternative presents the lower costs for manufacturing and assembly. Indeed, during all the design process some 

guidelines have been considered with the aim of obtaining solutions that are easy and economical to 

manufacture.   

Here is a list of the main guidelines used and a few description of each one: 

Reduce the number of parts 

One of the most important parameter when a low cost product wants to be obtained is the number of parts 

present in the design. In fact, lowering the number of parts of a product is a good opportunity to reduce the 

manufacturing cost considering that less parts implies fewer purchases and therefore an easier management of 

the inventory. Moreover the time related to the development of the product by the engineers, the assembly time 

and other issues as inspection and components testing can be also reduce considerably by designing products 

with low number of parts.   

Use of standards components  

The use of standardized components reduces the manufacturing cost since the equipment necessary to produce 

them already exists in the market and therefore companies can easily launch the production without the need of 

custom machines. Moreover, the high availability of companies that are willing to manufacture the component 

reduces product lead times 

Design parts for multi-functional  

Another known strategy to reduce the number of pieces within a product is by designing parts that are 

multifunctional. That means that once the functions that a product need to fulfil are well defined, a design having 

parts that fulfil more than one function will have less total components than one where each function is met by 

only one specific part.  

Design for ease of fabrication 

The right combination of material and production process contributes to minimize the overall manufacturing 

cost. It is essential to take right decision since some materials are not suitable for some process and vice versa. 

Finally, it is extremely important to avoid, when possible, final operations such as painting, polishing or finish 

machining due to the high cost they represent.  Higher surface finish requirements or tolerances lead to higher 

manufacturing cost. 

Avoid separate fasteners 

Fasteners should be avoided if possible when seeking for a low product cost. In fact, the use of fasteners requires 

the performance of handling and feeding operations that needs high cost equipment. What is more, the use of 

fasteners slow down the assembly process by increasing the time required to perform it.   
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Minimize assembly directions  

When designing for decreasing assembly difficulties, one of the most important things to take into account is the 

number of different assembly directions. The best solution in terms of ease of assembly is the one that presents 

only one assembly direction. That means that all the components can be assembled in the same direction. 

Furthermore, if the direction of the assembly coincides with the direction of the gravity force, the efforts to 

perform it decrease.  

Minimize handling 

Finally, one way to facilitate orientation and thus reduce the time needed to assemble the component is by 

designing symmetrical parts whenever is possible. 

 

3.9.2 Push gear recliner 

 

As it has been explained previously in the concept generation section, the push recliner concept is compound by 

two main parts, a spur gear and a ring gear. When both gears are meshed the mechanism is locked and therefore 

the backrest is fixed. Whereas, when the handle is actuated, both gears are disassembled what allows the 

adjustment of the angle between the backrest and the seat frame. Since in this mechanism the gears are not 

intended to transfer a movement but rather to lock the position, the adjustment of the angle is not continuous. 

That is why the new recliner design can be classify within the group of discontinuous recliners.  

The design of both gears is going to play a decisive role in the final performance of the recliner. It is then useful 

to know how the different parameters of the gears will affect the design. By the determination of three 

geometrical variables it is possible to define the design of each gear. The first one is the module which represents 

the ratio between the number of teeth and the diameter of the gear. The second one is the number of teeth that 

together with the module determine the diameter. Finally the third parameter is the thickness that is going to be 

decisive for the strength of the mechanism. 

By increasing the number of teeth, the resolution of the mechanism is higher, and the number of different 

locking position of the backrest increase. Nevertheless the diameter of the gear gets bigger when using a higher 

number of teeth. This problem can be solved by changing the module of the gear which allows the reduction of 

the diameter while having the same number of teeth.  

 

 

 

 

 

 

 

 

 
Figure 39 : Gear diameter vs number of teeth and module 
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In the figure 40 it is possible to see how the reference diameter of the gear varies when the number of teeth is 

changed within a range that goes from 150 teeth to 200 teeth. Lower number of teeth has not been represented 

since it is necessary a large number of teeth in order to obtain a mechanism that allows a smooth adjustment. In 

the design specifications section it has been defined a diameter of 60 mm or less as target value. That is why, 

looking at the chart above and taking into account that it is necessary to add to the  reference diameter the 

external diameter of the ring gear, the module chosen for the recliner design needs to be either 0,25 or 0,3 and 

the number of teeth 180 or less .   

 

3.9.3 Design 1  

 

For the first design, a spur gear (figure 21) with 180 teeth has been selected. The module chosen was 0.25 and 

the external diameter of the ring gear (figure 22) was 60 mm. The toolbox from SolidWorks has been used to 

create a 3d model of both gears.  

 

 

 

 

 

 

 

 

 

 

The process design starts by assembling both gears. The next step is to think about how these gears are going to 

be fixed to the rest of the seat frame and backrest. Furthermore, it is necessary to design the pieces that will 

allow the disassembly of the gears when the user actuates the handle. By the use of some screenshots it is going 

to be possible to see how the pieces have been modified step by step to obtain the final concept design. 

First of all, a diagram has been created to have a better understanding of how the mechanism needed to be 

design. The main parts of the assembly are the backrest, which needs to be attached to the ring gear, and the seat 

frame that will be attached to the spur gear. New pieces have been added in the diagram in order to allow the 

assembly of the different parts. For instance a steel plate has been design to lock the rotational movement of the 

spur gear by fixing it to the seat frame. Furthermore, to allow the horizontal movement of the spur gear a 

cylindrical box has been added to the design same as the spring which goal is to push back the gear to the locked 

position when the handle of the recliner is released.  

 

 

 

Figure 41 : 180 teeth spur gear Figure 40 : 180 teeth ring gear 
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Figure 42 : Design diagram 

 

 

 

Cylindrical box 

The function of the cylindrical box is to guide and limit the horizontal 

movement of the spur gear when it separates from the ring gear. The size of 

this part depends on the two parameters chosen for the spur gear: the 

diameter and the thickness. That is why it is extremely important to select 

the right values for these parameters since it will affect the overall 

dimensions of this part and therefore the total weight of the recliner.  

 

 

 

Fixed plate 

Another important part of the design is the fixed plate. When a force is 

applied to the backrest and thus a torque is generated in the recliner, the 

ring gear transfers the stress to the spur gear through the teeth. This effort 

needs to be transfer in some way to the seat frame. This is the reason why 

this component has been designed. Another issue is how the ring gear 

should be attached to the seat frame in such a way that only the rotation 

movement is allowed. The fixed plate has been designed to be 

concentrically assembled to the ring gear allowing the rotation of the ring 

gear and at the same time constraining other movements. 

 

Figure 43 : Cylindrical box 

Figure 44 : Fixed plate 
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Spring 

As it has been explained, a spring or another device that stores energy is necessary 

for the recliner to auto lock the mechanism when no force is actuating on the 

handle. The choice of the spring parameters has an impact on the effort that the 

user will need to make to modify the position of the backrest. A trade-off need to 

be done since a high stiff spring is less comfortable for the user but facilitates the 

return to the lock position of the spur gear making it more robust. By using a 

softer spring the effects are the opposite, the robustness increase while the safety 

decreases. 

 

Locking cylinder 

To attach the cylindrical box and the fixed plate to the seat frame, six locking 

cylinder have been used. This component is critical because it is responsible of 

transmitting the stress from the spur gear to the seat frame.  

 

Rivet 

The function of the rivet is to constrain the horizontal movement of the cylinder 

box and the fixed plate. The choice of using rivets instead of screws and bolts has 

been done to decrease the assembly time. 

 

 

 

 

 

 

 

 

 

Figure 45 : Spring 

Figure 46 : Locking cylinder 

Figure 47 : Rivet 

Figure 48 : Exploded view recliner design 1 Figure 49 : Recliner design 1 assembly 
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3.9.4 Design 2 

 

In order to get more than one solution and being able to compare different designs in terms of manufacturing , 

assembly time, weight and size, another design from the same concept, the “push recliner”, has been developed. 

The main difference from the previous design is that instead of using one ring gear and one spur gear, this new 

design includes two ring gears and one spur gear. This design has been motivated by the idea of using the second 

ring gear to transfer the stress generated in the spur gear directly to the seat frame and avoid this way the use of 

locking cylinder.  

 

 

 

  

 

 

 

 

 

 

 

In the Figures 51 and 52 it is possible to see how the geometry of the fixed ring gear has been designed to enable 

a perfect coupling with the ring gear that is attached to the backrest and allow the relative rotation between both 

components.  The cylindrical box and the fixed plate previously described have been also used in this assembly 

providing the same function as shown in the Figure 54.  

 

 

 

 

 

 

 

 

Figure 51 : Fixed ring gear 

Figure 50 : Fixed ring and rotable 

ring 

Figure 53 : Exploded view recliner design 2 Figure 52 : Recliner design 2 assembly 
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Once both designs have been developed, it is the moment to compare them by using the Lucas design tool.  As it 

has been previously explained in the methodology section of this work, this method allows the comparison 

between different assemblies in terms of manufacturing and assembly.  

The first step is to list, all the components of the assembly and decide for each one if it is essential to the 

product’s function or not. Those parts that are essential are classified within the group A, the other ones in the 

group B. Here, the spur gear, the two ring gears, the fixing plate and the cylinder box are within the group A 

whereas the rivets are in the group B. After that and with the help of Lucas’s tables, the handling index and the 

fitting index are calculated. The handling index depends on the size of the component, the handling difficulties 

and the orientation needed when assembling it whereas the fitting index depends on the part placing, the access 

or vision where the part need to be placed, the direction of assembly, the ease of alignment, the number of 

insertions that need to be done and finally the insertion force. Another parameter that is calculated in this method 

is the efficiency of the design. This one is calculated by dividing the number of parts within the group A and the 

total number of components of the design. That means that using fewer parts that are not “essential” to the 

product’s function leads to an improvement of the design efficiency. According to the Lucas method a design 

efficiency of 60% should be targeted. Two more parameters have been calculated in this method: the feeding and 

the fitting ratio. The first one can be calculated by dividing the handling index by the number of components 

type A. The second one can be calculated in the same way but just replacing the handling index by the fitting 

index. The target value for both of them is 2.5 or less. In the tables below the results for each design have been 

gathered. 

 

Table 6: Lucas's index design 1 

 

 

 

Table 7 : Lucas's index design 2 

 

 

 

Design 1

Component Description Component number Functional Analysis handling index fitting index

Cilindrical box 1 A 1 1

Spring 2 A 1 1

Ring gear 3 A 1 1

Spur Gear 4 A 1,4 1,7

cilinder (x6) 5,6,7,8,9,10 A 1,1 1,7

Fixing plate 11 A 1,2 1,7

Rivet (x4) 12,13,14,15 B 1,1 1,7

TOTAL 16,6 23,4

Design 2

Component Description Component number Functional Analysis handling index fitting index

Cilindrical box 1 A 1 1

Spring 2 A 1 1

Ring Gear fixed 3 A 1,2 1

Spur Gear 4 A 1,4 1,7

Ring Gear rotable 5 A 1,4 1,7

Fixing plate 6 A 1 1

Rivet (x4) 7,8,9,10 B 1,1 1,7

TOTAL 11,4 14,2
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Table 8 : Designs comparison 

 

 

As table 8 illustrates the design 1 is more efficient according to the Lucas design parameters due to the fewer use 

of components type B. Nevertheless the feeding and fitting indexes are lower for the design 2. In both design the 

feeding and fitting ratio are within the target value range limited by the value 2.5. 

The next step in the Lucas methodology is to calculate the part manufacturing cost for both designs by solving 

the equation (1). The first part of the equation represents the process cost which will depend on which 

manufacturing process is used for each part of the product while the second part represents the material cost.    

 

𝑀𝑖 = 𝑅𝑐𝑃𝑐 + 𝑀𝑐   [1] 

 

The process cost is measured by multiplying the relative cost and the basic processing cost which depends on the 

production volume. The first one can be calculated by solving the equation (2) whereas the second one can be 

obtained directly from the table “Basic Processing Cost/Quantity Pc”.  

 

𝑅𝑐 = 𝐶𝑐𝐶𝑚𝑝 𝐶𝑠 𝐶𝑡    [2] 

Cc = complexity factor 

Cmp = material factor 

             C𝑠 = minimum section factor 

Ct = tolerance factor 

 

The coefficients  𝐶𝑐, 𝐶𝑚𝑝 , 𝐶𝑠  and 𝐶𝑡 can be determined by using Lucas method tables. Nevertheless it is 

necessary to define first of all the geometry type of each part and the material. The shape complexity depends of 

the geometry of the part and on its complexity. The letter A represents those components which have a 

cylindrical shape, the letter B represents a prismatic geometry and finally the shape complexity type C group 

those components that can be manufactured by using a flat surface as bulk piece. In the table 9 it is possible to 

see the results after applying the Lucas methodology. The material chosen is high strength steel for all the 

components. The steel’s strength level will depend on the structural needs that will be calculated through the 

FEM simulations. 

 

 

 

 

 

Design Efficiency (%) Handling index Fitting index Feeding Ratio Fitting Ratio

Design 1 73,3 16,6 23,4 1,5 2,13

Design 2 60,0 11,4 14,2 1,9 2,4
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The table 10 illustrates for each component the manufacturing process and the material chosen. All the assembly 

parts have been analyzed in detail by checking their manufacturability for different processes. The machining 

process has been chosen for those parts that present simple features and geometries or that cannot be 

manufactured in a different way. Pressing has been chosen to manufacture the fixing plate due to its flat 

geometry and constant thickness. Finally, to manufacture both gears a combination of forging and machining can 

be used to increase the productivity compared to manufacturing them only by machining (Yoon, Jeon, & Lee, 

2013). 

 

 

Relative costs

Part Shape complexity Material Cc Cmp Cs Ct Rc

Cilindrical boxA3 Steel 2,9 2,5 1 1 7,25

Spring Purchased

Ring gear C2 Steel 1,2 2 1 2,4 5,76

Spur Gear C2 Steel 1,2 2 1 2,4 5,76

cilinder (x6) A1 Steel 1 2,5 1 2,4 6

Fixing plate C1 Steel 1 1,5 1,2 1 1,8

Rivet (x4) Purchased

Desgin 1

Part Material Process

Cilindrical box Steel Machine

Spring Purchased

Ring gear Steel Forging + machine

Spur Gear Steel Forging + machine

cilinder (x6) Steel Machine

Fixing plate Steel Press

Rivet (x4) Purchased

Material cost (Mc)

Part Shape complexity Material V(mm^3) Cmt Wc Mc

Cilindrical box A3 Steel 8062,08 0,00259 2,5 52,201968

Spring Purchased

Ring gear C2 Steel 4776,93 0,00259 1,1 13,60947357

Spur Gear C2 Steel 5957,58 0,00259 1,1 16,97314542

cilinder (x6) A1 Steel 904,78 0,00259 1,6 3,74940832

Fixing plate C1 Steel 5453,81 0,00259 1,2 16,95044148

Rivet (x4) Purchased

Table 9 : Relative costs design 1 

Table 10: Manufacturing process design 1 

Table 11 : Material costs design 1 
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The table above gathers the results from the material cost calculations. To calculate the coefficient Mc (Table 

11), the volume of each part has been obtained directly from SolidWorks, the material cost and the waste factor 

are given by the Lucas tables. The material cost is given in $ but does not represents the current price of alloy 

steel in the market and thus it will not give an update material cost for each design. However, it can be used with 

the purpose of comparing the different designs between them.  

 

Table 12 : Manufacturing cost index design 1 

 

 

Finally to calculate the manufacturing cost index (Table 12) it is necessary to define the production volume. The 

manufacturing process cost and thus the unit cost vary depending on the amount of recliners produced. For the 

comparison of the new designs, a quantity of 100.000 recliners per year has been chosen. The same process has 

been applied to the design 2 obtaining the results illustrated in the Table 13 

 

 
Table 13 : Relative costs Design 2 

 
 

Manufacturing cost index (Mi) 100000

Part Rc Pc (qty:) Mc Mi(=Rc*Pc+Mc)

Cilindrical box 7,25 1,72 52,2 64,7

Spring 0,0

Ring gear 5,76 2,7 13,6 29,2

Spur Gear 5,76 2,7 17,0 32,5

cilinder (x6) 6 1,72 3,7 14,1

Fixing plate 1,8 1,2 17,0 19,1

Rivet (x4)

TOTAL 159,5

Relative costs

Part Shape complexity Cc Cmp Cs Ct Rc

Cilindrical box A3 2,9 2 1,5 1 8,7

Spring Purchased

Ring Gear fixed C3 1,6 2 1,5 2,4 11,52

Spur Gear C3 1,6 2 1,5 2,4 11,52

Ring Gear rotable C3 1,6 2 1,5 2,4 11,52

Fixing plate A3 2,3 2 1 1 4,6

Rivet Purchased

Design 2
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Table 14 : Manufacturing process Design 2 

 
 

 

 
Table 15 : Material cost Design 2 

 
 

 

 

 
Table 16 : Manufacturing cost index Design 2 

 
 

 

Lucas design methodology focus on reducing the number of parts of a product assembly with the aim of 

improving the assembly time. That is why both design previously described have been redesigned. 

 

 

 

 

 

Part Material Process

Cilindrical box Steel Machine

Spring Purchased

Ring Gear fixed Steel Forging+ machine

Spur Gear Steel Forging + machine

Ring Gear rotable Steel Forging + machine

Fixing plate Steel Forging + machine

Rivet Purchased

Material cost (Mc)

Part Shape complexity Material V(mm^3) Cmt Wc Mc

Cilindrical box A3 Steel 5248,88 0,00259 1,2 16,31351904

Spring Purchased

Ring Gear fixed C3 Steel 4956 0,00259 1,1 14,119644

Spur Gear C3 Steel 14303,24 0,00259 1,1 40,74993076

Ring Gear rotable C3 Steel 3881,58 0,00259 1,1 11,05862142

Fixing plate A3 Steel 2163,65 0,00259 1,2 6,7246242

Rivet Purchased

Manufacturing cost index (Mi) 100000

Part Rc Pc (qty:) Mc Mi(=Rc*Pc+Mc)

Cilindrical box 8,7 1,72 16,3 31,3

Spring 0,0

Ring Gear fixed 11,5 2,7 14,1 45,2

Spur Gear 11,5 2,7 40,7 71,9

Ring Gear rotable 11,5 2,7 11,1 42,2

Fixing plate 4,6 2,7 6,7246242 19,1

Rivet

TOTAL 209,7
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3.9.5 Alternative to design 1 

 

A new alternative for the design 1 has been motivated by the possibility of reducing the number of parts of the 

product and therefore decreasing the assembly time. After having analyzed the whole recliner design and the 

function of each part, it has been noticed that it is possible to redesign the spur gear (Figure 57) in such a way 

that it can allow the transmission of the torque from the ring gear and to the fixed plate by the machining of six 

small cylinders (Figure 55) on one face of the gear. This way, instead of using one spur gear and six locking 

cylinder (Figure 56), only one piece fulfilling both functions is used. 

 

 

 

 

   

 

 

 

 

 

The geometry of the other parts of the assembly is the same as the design 1. The figures 58 and 59 show the 

whole assembly with the new redesigned spur gear.   

 

 

 

 

 

 

 

 

 

 

1.   

Figure 56 : Spur 

gear design 1 
Figure 55 : Locking 

cylinders design 1 

Figure 54 : Spur gear 

alternative to design 1 

Figure 58 : Exploded view recliner alternative to design 1 Figure 57 : Recliner alternative to 

design 1 assembly 
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The Lucas design method has been applied to this new design alternative obtaining the results shown in the 

tables 17, 18, 19, 20 and 21. 

 

Table 17:Lucas's index alternative to design 1 

 

 

 

Table 18 : Relative costs alternative to Design 1 

 

 

 

Table 19 : Manufacturing proces alternative to design 1 

 

 

 

Alternative to Design 1

Component Description Component number Functional Analysis handling index fitting index

Cilindrical box 1 A 1 1

Spring 2 A 1 1

Ring gear 3 A 1 1

Spur Gear 4 A 1,4 1,7

Fixed plate 5 A 1,2 1,7

Rivet (x4) 6,7,8,9 B 1,1 1,7

TOTAL 10 13,2

Relative costs

Part Shape complexity Material Cc Cmp Cs Ct Rc

Cilindrical box A3 Steel 2,9 2,5 1 1 7,25

Spring Purchased

Ring gear C2 Steel 1,2 2 1 2,4 5,76

Spur Gear C2 Steel 1,2 2 1 2,4 5,76

Fixed plate C1 Steel 1 1,5 1,2 1 1,8

Rivet Purchased

Alternative to Design 1

Part Material Process

Cilindrical box Steel Machine

Spring Purchased

Ring gear Steel Forging + Machine

Spur Gear Steel Forging + Machine

Fixed plate Steel Press

Rivet Steel Purchased
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Table 20 : Material cost alternative to design 1 

 

 

 

 
Table 21 : Manufacturing cost index alternative to design 1 

 

 

3.9.6 Alternative to design 2 

 

As it has been done for the design 1, the design 2 has been also analyzed with the aim of improving the design in 

terms of assembly.  

In this case, the cylindrical box and the fixed ring gear have been merged into one only piece. The same thing 

has been done for the fixed plate and the ring gear attached to the backrest. This way the number of parts of this 

recliner design decreases from six to only four.  

  

 

 

 

 

  

 

 

Material cost (Mc)

Part Shape complexity Material V(mm^3) Cmt Wc Mc

Cilindrical box A3 Steel 8435,68 0,00259 2,5 54,621028

Spring Purchased

Ring gear C2 Steel 4776,93 0,00259 1,1 13,60947357

Spur Gear C2 Steel 8370,33 0,00259 1,1 23,84707017

Fixed plate C1 Steel 5217,45 0,00259 1,2 16,2158346

Rivet Purchased

Manufacturing cost index (Mi) 100000

Part Rc Pc (qty:) Mc Mi(=Rc*Pc+Mc)

Cilindrical box 7,25 1,72 54,6 67,1

Spring 0

Ring gear 5,76 2,7 13,6 29,2

Spur Gear 5,76 2,7 23,8 39,4

Fixed plate 1,8 1,2 16,2 18,4

Rivet 0,0 0,0

TOTAL 154,0

Figure 60 : Merge of cylindrical box and 

ring gear in alternative to design 2 
Figure 59 : Merge of ring gear and 

fixed plate in alternative to design 2 
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Table 22: Relative costs alternativeto Design 2 

 

 

Alternative to Design 2

Component Description Component number Functional Analysis handling index fitting index

Cover 1 B 1 1

Ring gear fixed 2 A 1,2 1

Spring 3 A 1 1

Spur Gear 4 A 1,4 1,7

Ring Gear rotable 5 A 1,4 1,7

TOTAL 6 6,4

Relative costs

Part Shape complexity Material Cc Cmp Cs Ct Rc

Cover A1 Steel 1 2,5 1,5 1 3,75

Ring gear fixedA5 Steel 6,1 2,5 1,5 2,4 54,9

Spring Purchased

Spur Gear C3 Steel 1,6 2 1,5 2,4 11,52

Ring Gear rotableC3 Steel 1,6 2 1,5 2,4 11,52

Alternative to Design 2

Figure 62 : Exploded view recliner alternative to design 1 
Figure 61 : Recliner alternative to 

design 1 assembly 
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Table 23 : Manufacturing process alternative to Design 2 

 

 

Table 24 : Material cost alternative to design 2 

 

 

Table 25 : Manufacturing cost index alternative to design 2 

 

 

 

 

 

 

 

 

Part Material Process

Cover Steel Machine

Ring gear fixed Machine

Spring Steel Forging+ Machine

Spur Gear Steel Forging+ Machine

Ring Gear rotable Steel Forging+ Machine

Material cost (Mc)

Part Shape complexity Material V(mm^3) Cmt Wc Mc

Cover A1 Steel 4977,9 0,00259 1,6 20,6284176

Ring gear fixed A5 Steel 7743,75 0,00259 4 80,22525

Spring Purchased

Spur Gear C3 Steel 15502,27 0,00259 1,1 44,16596723

Ring Gear rotable C3 Steel 5839,54 0,00259 1,1 16,63684946

Manufacturing cost index (Mi) 100000

Part Rc Pc (qty:) Mc Mi(=Rc*Pc+Mc)

Cover 3,75 1,72 20,6 27,1

Ring gear fixed 54,9 1,72 80,2 174,7

Spring 0 2,7 0,0 0,0

Spur Gear 11,52 2,7 44,2 75,3

Ring Gear rotable 11,52 2,7 16,6 47,7

TOTAL 324,7
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3.9.7 Planetary gear recliner from VA Automotive 

 

 

Table 26 : Relative costs VA Automotive recliner 

 

 

 

Table 27 : Manufacturing process VA Automotive recliner 

 

 

 

 

 

 

 

 

Relative costs

Part Shape complexity Material Cc Cmp Cs Ct Rc

Cover plate C1 Steel 1 1,5 1,2 1 1,8

Seat bracket C1 Steel 1 1,5 1,7 1 2,55

Planetary gear (x4) C2 Steel 1 1,1 1 1 1,1

Sun gear C2 Steel 1 1,1 1 1 1,1

BackRest bracket C1 Steel 1 1,5 1,7 1 2,55

Cover plate out C1 Steel 1 1,5 1,2 1 1,8

VA Automotive recliner design

Part Material Process

Cover plate Steel Press

Seat bracket Steel Press

Planetary gear (x4) Steel Powder Net 

Sun gear Steel Powder Net 

BackRest bracket Steel Press

Cover plate out Steel Press

Rivets Purchased
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Table 28 : Material cost VA Automotive recliner 

 

 

 

Table 29 : Manufacturing cost index VA Automotive recliner 

 

 

 

 

 

 

 

 

 

 

 

 

Material cost (Mc)

Part Shape complexity Material V(mm^3) Cmt Wc Mc

Cover plate C1 Steel 7473,39 0,00259 1,2 23,23

Seat bracket C1 Steel 25655,46 0,00259 1,2 79,74

Planetary gear (x4) C2 Steel 11233,72 0,00259 1 29,10

Sun gear C2 Steel 1273,56 0,00259 1 3,30

BackRest bracket C1 Steel 25896,59 0,00259 1,2 80,49

Cover plate out C1 Steel 9966,85 0,00259 1,2 30,98

Rivets Purchased

Manufacturing cost index (Mi) 100000

Part Rc Pc (qty:) Mc Mi(=Rc*Pc+Mc)

Cover plate 1,8 1,2 23,2 25,4

Seat bracket 2,55 1,2 79,7 82,8

Planetary gear (x4) 1,1 8 29,1 37,9

Sun gear 1,1 8 3,3 12,1

BackRest bracket 2,55 1,2 80,5 83,5

Cover plate out 1,8 1,2 31,0 33,1

Rivets

TOTAL 274,9
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3.9.8 Comparison between different designs 

 

The results from the Lucas’s analysis for all the design are gathered in the table 30. It can be seen that the 

alternative to the design 1 presents a lower design efficiency compared to the first solution developed. This 

difference is due to the elimination of the locking cylinders. In fact, since these parts were considered in the 

design 1 as “ essential “ parts, by eliminating them and keeping constant the total number of parts, the ratio 

between parts type A and total parts of the design has been reduced. However, the design efficiency is still close 

to the target value of 60% and the feeding and fitting indexes are lower for the new alternative to the design 1. 

That means that the assembly cost higher for the design one than for the alternative to the design 1.Furthermore, 

in the alternative to the design 1 the feeding ratio and fitting ratio have been maintained below the target value of 

2.5 what it means that the new design alternative can also be accepted. Regarding the manufacturing cost, the 

alternative to the design 1 has a lower manufacturing cost index (154 vs 159) due to the lower number of parts. 

This reduction in the manufacturing cost and in the feeding and fitting indexes can be explained by the reduction 

of the total number of parts to manufacture and assemble. Regarding the alternative to the design 2, the 

efficiency of the design has increased up to 80% while the feeding and fitting indexes have been reduced. Both 

feeding and fitting ratio have been maintained within the target range (below 2.5). However, the manufacturing 

cost index has increased notably from 209.7.9 to 324.7. The assembly indexes have been reduced due to the 

reduction of the total number of parts of the design, nevertheless the manufacturing cost index has increased 

accordingly to the higher complexity of the parts from the new alternative design compared to the design 2. 

When comparing all the designs with the one from VA Automotive  

 

Table 30 : LUCAS DFA comparison 

 

 

 

Table 31 : Lucas DFM comparison 

 

 

The second analysis has been carried out by comparing the design parameters from the different recliners. As the 

table 26 shows, the solution with lower weight is the alternative to design 1. The second lightest design is the 

first the design 1. Finally, the design 2 and its alternative present a similar weight. The four designs are lighter 

than the planetary gear recliner manufactured by VA Automotive which weight is almost three times higher 

Design Efficiency (%) Handling index Fitting index Feeding Ratio Fitting Ratio

Design 1 73,3 16,6 23,4 1,5 2,13

Design 2 60,0 11,4 14,2 1,9 2,4

Alternative to Design 1 55,6 10,0 13,2 2 2,64

Alternative to Design 2 80 6 6,4 1,5 1,6

Planetary Gear recliner 53,8 14,2 19,7 2,03 2,8

Design Manufacturing cost index

Design 1 159,5

Design 2 209,7

Alternative to Design 1 154,0

Alternative to Design 2 324,7

Planetary Gear recliner 274,9
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compared to the new designs. In terms of size, the design 1 and its alternative have the same diameter and 

thickness. Nevertheless, the alternative to the design 2 is 5 mm smaller than the design 2 and only 1 mm thicker.  

 

 

Table 32 : Design parameters comparison 

 

 

It is not possible to decide whether solution is better between the four different designs since it depends on the 

importance given to each of the parameters analyzed. Some companies may give more importance to the 

manufacturing cost while others would rather choose the solution with lower assembly cost. Moreover, the 

production volume plays an important role since it affects directly the manufacturing cost. That is why the 

manufacturing cost index has been calculated for different scenarios. 

The figure 64 illustrates the manufacturing cost index of each design for different quantities produced. The 

alternative to design 1 is in all the cases the cheapest solution. The manufacturing cost of the design 1 is similar 

to its alternative regardless the quantity produced. However for the design 2, the manufacturing cost index is 

considerably higher compared to the design 1 but the difference between both manufacturing cost indexes is 

reduced for a large quantity produced.  Finally, the alternative to the design 2 presents a high manufacturing cost 

index compared to the other three designs.  This difference on the variation in the manufacturing cost index 

between the different designs is due the use of different process to manufacture the product’s parts. Indeed, the 

unit cost for each manufacturing process does not decrease in the same way when the quantity produced 

increases as it can be seen in the Figure 65. Comparing the four design developed throughout this thesis and the 

recliner from VA Automotive, only the alternative to the design 2 presents a higher manufacturing cost. 

 

Design nº of parts volume (mm^3) weight (g) Diameter (mm) thickness (mm)

Design 1 15 33382 262,1 59 1,8

Design 2 10 34257 268,9 60 20

Alternative to design 1 9 28374 222,7 59 1,8

Alternative to design 2 5 34148 268,1 55 21

Planetary Gear recliner 13 81499,57 621 80 1,5
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Figure 63 : Manufacturing cost index vs quantity produced 

 

 

Figure 64 : Basic processing cost vs quantity produced 

 

3.10 Simulation 

 

In this last stage of the master thesis, a simulation has been done to ensure that the concept developed met the 

structural requirements. Only one of the four concepts has been partially simulated with ANSYS. The reason of 

doing that is because of the limitations that Ansys’s license used has regarding the number of cells generated 

during the meshing process. In fact, due to the small size of the spur gear teeth used in the recliner design an 

extremely fine mesh need to be used when looking for accurate results. To reduce the number of cells of the 

mesh a 2D simulation has been done. This kind of simulation allows only the structural analysis of the ring gear 

and the spur gear but not the simulation of the complete assembly. The main goal of this section of the thesis is 

to prove that the geometry used for both gear is strength enough to correctly transfer the stress from the ring gear 

to the spur gear. 
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2D geometry 

 

The geometry exported to Ansys for the simulation has been generated with SolidWorks by the use of a specific 

function which allows switching from 3d to 2d. The volumes have been converted into surfaces obtaining the 

CAD file illustrated in the figure 66. 

 

 

 

 
Figure 65 : 2D CAD mode 

Meshing 

 

The final mesh has been obtained by following an iterative meshing process. A “proximity and curvature 

“advanced size function has been selected. By using this function, the mesh is adjusted to the geometry in those 

areas of the CAD where there are curves or small features. It is extremely important to have a really fine mesh in 

the teeth’s surfaces of both gears but also in the areas near the fixing supports. To obtain the final parameters of 

the mesh, several meshes have been generated by changing min size and max face size values until getting a 

good quality mesh. The figure 67 shows the values used to obtain the final mesh.  

 

 

 

 
Figure 66 : mesh parameters ANSYS 

 

 

 

However, the resulting mesh does not have small enough cells in the teeth surface what is not convenient when 

seeking for an accurate simulation. That is why, two refinement operations have been executed in both gear to 

get a really fine mesh.  As it can be seen in the figure 68 the resulting mesh is extremely fine in all the geometry 

what in terms of computational time does not seems to be the best solution. Nevertheless, since it is a 2d 

structural analysis, the time needed to simulate it does not increase so much.  
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Figure 67 : mesh generated in ANSYS 

 

 

 

 

 
Figure 68 : Detail view of the mesh generated in ANSYS 

 

Contacts 

 

To simply the simulation’s setups, one side of the spur gear teeth has been put in contact with one side of the 

ring gear teeth. This way the contact type can be defined as “no separation” and thus it is not necessary to define 

an additional stiffness coefficient to simulate the period of time when the ring gear rotates until it comes into 

contact with the teeth of the spur gear. The figure 70 shows in blue the edges selected from the spur gear and in 

red the edges selected for the ring gear. 
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Figure 69 : contact selection ANSYS 

 

Parametrization 

 

Apart from simulating the design concept, a parametrized study has been done at the same time in order to 

understand how the different design parameters affect the results of the structural analysis. The use of the 

parametrization tool from Ansys allows the run of several simulations automatically with different design 

parameters values. In this study the value of the gears’ thickness, the maximum equivalent Von-Mises stress and 

the torque applied to the ring gear vary from one simulation to another.  Five different torque loads have been 

simulated: 2000 Nm, 2500 Nm , 3000 Nm, 3500 Nm and 4000 Nm. For each scenario, six simulations have been 

done corresponding to the variation of the gear’s thickness from 5 mm to 10 mm increasing in steps of 1 mm.  

The results collected after theses simulations can be used to decide whether combination of material and gears’ 

thickness is better to get the lightest and cheapest design. The graph from the figure 71 gathers the results from 

all the simulations.  

 

 

 
Figure 70 : Equivalent Von-Mises Stress vs gears' thickness 

 

 

 

 

By analyzing the results from the simulations, it can be concluded that if the right material is chosen, the design 

can meet the structural requirements. The high-strengh steels that exist nowadays can reach yield strenght’s 

values of more than 1000 Mpa. For instance, by choosing the material SNCM439, which yield strength is 835 

Mpa (Xintian, Lihui, Hui, & Hu, 2011) the recliner designed with 5 mm gear thickness can support the minimum 

torque of 2000 Nm. 
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4 DISCUSSIONS 

       The aim of this section is to discuss the quality and the reliability of the results from this work. To do 

that, it is important to consider the methodology followed throughout this study. First of all, it is necessary to 

understand that the product development process has been completed partially due to the short time available 

to develop the master thesis. This has directly influenced the accuracy of the results compared to the results 

obtained if a full product development process had been done. Moreover, some of the methodologies used 

throughout the work have not been applied in detail. For instance, when following the reverse engineering 

method it would be useful to have several recliners from different companies in order to disassembly them 

and understand better the mechanisms. However, in this work only the recliner mechanism from VA 

automotive has been manipulated. Furthermore, the benchmarking developed to determine the product 

specifications miss a big amount of data that is not available in internet. A good practice in benchmarking 

would have been to gather all the information regarding the product specification from the competitors 

‘products. This can be achieved by the getting the support from another company with high expertise in 

benchmarking. Regarding the method used to design for manufacturing and assembly, it has been said that 

the values given by this method does not represent the really manufacturing cost and assembly time, however 

it can be used to compare different design alternatives. The availability of the real manufacturing process 

cost, the assembly cost and the material cost would have allowed the collection of more accurate results. 

Finally, since the product test phase has been carried out by using FEM simulation software limited by the 

license available the results from the several simulations executed can only give an approach of the final 

performance of the recliner. 
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5 CONCLUSIONS AND RECOMENDATIONS 

 
The main goal of this work was to develop a new recliner design that was lighter than the current one used 

at VA Automotive. By following a common product development process, several concepts were generated. 

Then, a criteria decision matrix was used to select the best solution and develop it more in detail. In the first 

concept development stage, two designs were developed. The Lucas method was applied to calculate the 

assembly and manufacturing cost indexes. In the second stage, when looking to improve the index from the 

Lucas method, both designs were modified with the goal of reducing the total number of parts. These two new 

design alternatives were also analyzed by the Lucas methodology. Moreover, the recliner design from VA 

Automotive was also analyzed by the Lucas methodology to be able to compare it with the new designs. At the 

end of the study, four new recliner mechanism solutions were designed from the concept selected, the “push 

recliner”. All of them were lighter than the planetary gear recliner from VA automotive. When comparing the 

manufacturing cost from all the designs including the one from VA Automotive, the design 1 and the alternative 

to the design 1 were the cheapest solutions. Regarding the design 2, the manufacturing cost index was higher 

compared to the design 1 and its alternative however the difference was notably reduced when a large quantity of 

recliner was produced. The only design which manufacturing cost index was higher than the one from VA 

Automotive was the alternative to the design 2. Considering the assembly cost, all of the designs were better 

compared to the planetary gear recliner from VA Automotive. Finally by means of the FEM simulations it was 

demonstrated that by choosing the right material the new design can meet the structural requirements. 

 

 

 

 

 

 

 

 

6 FUTURE WORK 

 

Some guidelines for a future work are listed below: 

 

 Perform a deeper analysis for the selection of the best concept 

 Optimize the design in terms of weight  

 Research on the best choice of material for the different parts of the recliner 

 Run a full assembly FEM simulation  

 Build a prototype and test it   
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Appendix I 

 
 

LUCAS DFA TABES 

 

 
 

 

 
 

 



 

56 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

57 

 

 

 

LUCAS DFM TABLES 
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Appendix II 

 

 
FEM SIMULATIONS RESULTS 

 

 

Deformation 

 
 

Strain analysis 

 
 



 

62 

 

Detailed view teeth stress 
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Appendix III 
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