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Abstract 

This work consists of the optimization process carried out on the gearbox casing used in an LMP1 

race car of the World Endurance Championship (WEC). Topography and composite optimizations 

were carried out using FEA software with the objective to reduce the overall weight of the structure, 

while maintaining the rigidity of the initial model and satifying the failure criterion. 

 The structure under analysis is subjected to service load cases, designed to replicate the loadings 

that the gearbox casing must withstand under normal racing conditions, and to regulation load cases 

devised by the sport’s governing body, the Fédération Internationale de l’Automobile (FIA). 

Keywords: Topography Optimization, Optimization of Composite Structures, Weight Reduction, 
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1. Introduction 

The gearbox housing is a structural 

component of a gearbox assembly. It surrounds 

the mechanical components of the gearbox, 

providing them mechanical support and 

protection from the outside as well as offering a 

fluid-tight container that holds the lubricant that 

bathes those mechanical components. 
 Usually, the housing is made from cast iron or 

cast aluminium, using methods of permanent 

mold casting or shell molding. However, in racing 

applications the gearbox housing can be made 

out of lighter metals such as magnesium or even 

composite materials such as carbon fiber. 

 In racing applications the gearbox housing is 

subjected to service load cases that result from 

cornering, accelerating, braking and bumps and 

is usually attached to the rear impact-absorbing 

structure (RIS) of the car. As a result, its integrity 

must be evaluated through impact and static 

loading tests, to ensure that the structure is 

capable of withstanding extreme forces without 

failing.  

 

1.1. Objective 

The main objective of this project is to develop 

an optimized composite iteration of the gearbox 

housing used in a 2014 LMP1 Le Mans race car. 

The ultimate goal is to significantly reduce the 

housing’s weight while maintaining its structural 

rigidity and satisfying the strength criterion. To 

achieve this, the housing is modelled using finite 

elements (FE) and undergoes topography and 

composite optimizations using OptiStruct.  

 All the structural calculations and final 

solutions were obtained with respect to the 

regulations set by the FIA. 

 

2. The Object of Study 

 

 The gearbox housing studied in this project is 

shown in figure 1. This complex geometry was 

used in the LMP1 race car and represents the 

outset for the optimization work performed in this 

work. As a starting point to this study, the 

housing is modelled as an all-aluminium 

structure, using solid and shell finite elements 

(FE).  

 

 

 

 

 

 

 

 

 

Figure 1 – Gearbox Housing 
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 This first interpretation of the gearbox housing 

is subjected to a topography optimization process 

in order to determine its optimal shape before 

performing the composite optimization, which will 

determine the laminate’s thickness throughout 

the structure and its optimum stacking sequence. 

 The design space and non-design spaces (2D 

and solid supports) are shown in figure 1. FEs in 

the design space are modelled as aluminium or 

carbon fiber shell entities, depending on the 

optimization process. The solid supports (engine 

mounting points, pickup points for the suspension 

arms and others) are modelled in aluminium. The 

2D non-design space consists of critical zones 

that work as reinforcements and are modelled as 

non-optimizable carbon fiber shell elements in 

the composite optimization process. 

 

2.1. Dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Gearbox housing dimensions 

(displayed in mm) 

 

2.2. FIA Regulations 

 

 Before the start of every new WEC season, 

the FIA releases a new set of sporting and 

technical regulations that will dictate the 

competition’s new rules. In order to be certified to 

compete, the prototypes must undergo a series 

of tests where vital components are subjected to 

various load cases and must comply with safety 

and performance standards. 

 While there are no specific geometrical or 

material constraints to the gearbox housing itself, 

the FIA defines strict load tests that evaluate the 

strength of the structure. In these tests 

(presented in article 2.5 of [1]), the loads are 

applied to the RIS structure, not directly to the 

gearbox housing. For these tests, both the RIS 

and the gearbox housing must be solidly fixed to 

a vertical flange that reproduces the rear face of 

the engine, while the flange itself is also solidly 

fixed to the ground. For both tests, there must be 

no failure of the structure or of any attachment 

between the structure and the gearbox housing, 

or of the gearbox housing itself. 

 The two strength tests consist of the following: 

- Static side load test: A constant transverse 

and horizontal load of 40 kN must be applied to 

one side of the RIS using a pad at a point 400 

mm behind the rear wheel axis. The center of 

area of the pad must pass through the plane 

mentioned above and the midpoint of the height 

of the structure at the relevant section. During the 

test the gearbox housing and the structure must 

be solidly fixed to the flange and the gearbox 

housing must be blocked laterally through a pad 

of identical dimensions to the one used to apply 

the load. Left and right side load tests are 

performed since the gearbox housing in question 

is not longitudinally symmetric, thus offering 

different compliances to both load tests 

- Impact test: A solid object, having a total 

mass MT and travelling at a velocity of no less 

than 11 meters/second, will be projected into the 

RIS. The total mass of the trolley consists of the 

minimum weight of the LMP1 prototype (as per 

technical regulations – 870 Kg) and an additional 

mass of 150 Kg. The impact force of this test is 

estimated at 250kN, given the maximum 

permitted deceleration of 25g. For the purpose of 

this work, the impact test was interpreted as a 

static test where a maximum dynamic force is 

applied. 

 

3. Optimization 

 

The structural analysis carried out in this work 

is performed with the software package 

HyperWorks
®
 12 [2].  

The editing of the gearbox housing’s 

geometry, creation of the mesh and 

establishment of the boundary conditions and 

loadcases is executed in HyperWorks’s finite 

element pre-processor: HyperMesh
®
.  
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The structural calculations and optimizations 

are executed using the structural analysis solver 

OptiStruct
®
. OptiStruct is used to analyze and 

optimize structures for stiffness, strength, stability 

and others. Its most noticeable downside is the 

fact that it can only perform single-objective 

optimizations. However, multiple desired 

characteristics can be attributed to the structure 

by way of optimization constraints.  

Finally, optimization results are visualized 

using HyperWorks’s post-processor: HyperView
®
. 

In the highly competitive world of engineering, 

engineers and designers always look for the best 

combination of effectiveness and efficiency from 

a particular system. As an example, one can 

think of motorsport monocoques, which not only 

have to be strong enough to protect the driver in 

the event of a crash but also must remain 

lightweight to avoid compromising the car’s 

performance. 

Numerical optimization is a design tool that 

allows engineers to obtain the desired results in a 

timely and economical fashion.  

 

3.1. Basic Optimization Concepts 

 

In order to better understand numerical 

optimization, one should be introduced to the 

basic concepts that regulate and guide its 

process: design space, design variables, 

objective function and design constraints.  

The group of independent parameters that 

are allowed to change while searching for the 

best design are called design variables. Upper 

and lower bounds can be attributed to these 

variables, defining their range of variation. 

The design space is defined as the domain of 

the structure that will be subjected to the 

optimization process. 

The objective function is the dependent 

variable that the optimizer attempts to either 

minimize or maximize. Since it is a function of the 

design variables, changing the values of these 

variables should change the value of the 

objective function.  

In order for the final design to be acceptable 

it must comply with certain requirements. These 

requirements are function of design variables or 

system responses and are called design 

constraints. Manufacturing constraints are often 

set for the optimization of composite structures, 

such as manufacturable ply thicknesses and 

orientations. 

3.2. Topography Optimization 

 

Topography optimization is an advanced 

procedure of shape optimization usually 

performed on shell structures. In topography 

optimization no material is added to or removed 

from the structure. Instead, geometrical changes 

to the structure optimize its performance under 

specific load cases. The structure’s compliance is 

an example of a response that can be optimized 

using topography optimization 

In OptiStruct, topography optimization is 

accomplished by creating, on the design space, a 

pattern of shape reinforcements called beads, 

based on shape variables generated internally.  

Figure 3 represents the three design 

variables of topography optimization. 

 

 

 

 

 

 

 

Figure 3 - Topography design variables 

  

These beads can increase the stiffness 

of the structure by increasing its moment of 

inertia. To create the beads, the normal vectors 

of the 2D elements are used to define the vector 

along which the shape variables are allowed to 

change.  

 

3.3. Composite Optimization 

 

A new era in the production of composite 

materials began when leading aircraft companies 

decided to innovate and start using carbon fiber 

reinforced materials in the design and 

manufacture of composite airframes for their 

commercial airliners. Over the years, the 

manufacturing process of composite materials 

has evolved and new materials have been 

studied and tested, allowing engineers to design 

and produce composite components with desired 

characteristics such as strength, stiffness, weight 

and various dimensions.  

Although there are different forms of 

composite materials, the most commonly used is 

the composite laminate where thin plies of 

various orientations are stacked and bonded 

together to form a shell structure. 
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When it comes to design, composite 

structures offer unmatched tailoring potential 

since the properties of the laminate material can 

be almost continuously customized throughout 

the structure.  

In recent years, engineers at Altair 

Engineering have established a complete 

framework for composite optimization, in a 

process consisting of three consecutive stages: 

 

- Free-size optimization: a thickness 

distribution is generated for each fiber orientation 

that is defined in pre-processing, while letting the 

total thickness of the laminate vary continuously 

along the structure. Simultaneously, an optimum 

laminate composition is obtained for every finite 

element on the mesh. 

The concept of ‘super-ply’ is introduced in 

free-size optimization. These represent the total 

designable thickness for each fiber orientation 

and each results in the creation of a default 

number of 4 ply-bundles. 

A ply-bundle consists of a continuous set of 

plies of the same shape.  

- Ply-based sizing optimization: By defining 

discrete manufacturable thicknesses and 

capturing different level-sets of the thickness 

distribution for each fiber orientation, the solver 

OptiStruct defines the layout of ply-bundles and 

forces these to reach thicknesses reflecting a 

discrete number of physical plies. The ply-

bundles that resulted from free-size are manually 

edited, since these present impractical shapes 

that are often a considerable challenge to 

manufacture. 

- Stacking sequence optimization: the 

composite plies previously generated through 

ply-bundle sizing are shuffled to determine the 

optimal stacking sequence for the given design 

optimization problem. 

 

4. Optimization Setup 

 

4.1. Meshing Process 

 

Using OptiStruct’s ‘automesh’ function, the 

2D mesh was created on the initial geometry 

with a standard 4mm element size and mixed 

mesh type, i.e., presenting both 3-node 

triangular (CTRIA3) and 4-node quadrilateral 

(CQUAD4) 2D elements. All 2D elements were 

edited so that each element’s normal pointed to 

the inside of the gearbox housing. 

Figure 4 - 2D Mesh detail 

 2D elements referring to the solid supports 

were converted to CHEXA (3D hexahedral 

elements with 8 nodes) and CPENTA (3D 

triangular prism pentahedral elements with 6 

nodes) solid elements. These solid elements 

were attributed the PSOLID property of 

OptiStruct.  

The remaining non-design space and 

design space 2D elements were assigned to 

the PSHELL property and attributed a constant 

8mm thickness throughout the structure. 

 Special attention was given to the critical 

areas around the solid supports to guarantee 

the coincidence of nodes in close proximity. To 

this effect, in regions throughout the structure 

where the 2D non-design mesh featured a very 

pronounced curvature, the solid elements were 

modified to meet the 2D mesh without a 

significant loss in element quality.  

 

 

 

 

 

 

 

 

Figure 5 - 3D Mesh adjustments 

4.2. Initial Model 

 

For the initial model of the gearbox casing, all 

finite elements were modeled in Aluminium 

(E=70GPa, 𝜈=0.34, ρ=2700 kg/m
3
). 

The regulation load cases are initially 

tested on several iterations of the FE model 

that use different thicknesses for the shell 

elements. The goal is to evaluate the resulting 

stresses and displacements in order to 

determine the thickness of the shell elements 

at the starting point of the optimization process. 

Static analysis of these iterations revealed 

that an overall shell thickness of 8mm would be 

set for the shell elements, since it represented a 

3,23kg weight saving compared to 10mm shells 
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and produced satisfactory maximum stresses 

and displacements for a starting point FE model.  

 Shell thicknesses greater than 10mm were 

deemed too heavy to be accepted as the starting 

point for the optimization process and shell 

thicknesses lower than 8mm resulted in FE 

models that did not deliver satisfactory strength 

to the structure under the regulation load cases. 

 The starting point for the optimization process 

was obtained: an interpretation of the gearbox 

housing’s FE model featuring 8mm thick shell 

elements throughout the structure and with a total 

mass of 17,16kg. 

 

4.3. Boundary conditions 

 

When it is mounted to the LMP1 car, the front 

of the gearbox housing is fixed directly to the 

back of the engine with six bolts. 

 

 

 

 

 

 

 

 

 

 

Figure 6 – Gearbox housing mouting points 

Since this is a fixed support, all the degrees-

of-freedom are null for the central node of each of 

the six solid supports. 

Rigid body elements (RBE) are used to 

simulate the presence of a cover on the top of the 

gearbox casing. To that end, all nodes referring 

to the bolt-holes of the top solid support are 

dependent of a node that sits in the geometrical 

center of this support. 

 

4.4. Load cases 

 

4.4.1.  Regulation load cases 

 

 Both static side load tests feature side solid 

supports that are fixed as per regulation 

(represented in red). Rigid bodies are modeled to 

mimic the RIS and thus transfer the load from the 

independent node where the force is applied to 

the dependent nodes. These nodes are at the 

center of the bolt-holes of the solid supports 

where the RIS is mounted to the housing.  

 

 

 

 

 

 

 

 

 

a) Left 
 

 

 

 

 

 

 

 

b) Right 
 

Figure 7 – Static Side Load tests 

 

 

 

 

 

 

 

 

 

Figure 8 – Impact test 

   

4.4.2.  Service load cases 

 

The service load cases are designed to 

replicate the forces that the gearbox housing 

experiences during typical racing conditions. 

These load cases are established to evaluate the 

structure’s stiffness and were projected in 

collaboration with Optimal Structural Solutions: 

 

- Acceleration: a horizontal force equal to half 

the car’s inertia acts on each rear tyre’s contact 

point with the ground. The car experiences 2g  of 

forward acceleration; 

- Braking: the car’s force of inertia is split 60/40 

between the two axels (60% front and 40% rear) 

and the car  suffers 5g of deceleration;  

- Cornering: in order to produce 5g of 

acceleration when cornering, the LMP1 car 

exerts a centripetal force that has a 60% 

contribution from the rear tires and a 40% 

contribution from the front tires;  

F 

F 

F 

RIS 
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Load center 

- Bump: this load case simulates the LMP1 car 

going over a curb. In order to mimic this effect in 

the bump load case, an equal upwards force is 

applied on each rear tyre. 

In order to implement these load cases in the 

FE model, rigid bodies were modeled to create a 

load center where acceleration, braking and 

bump forces could be applied. Additional rigid 

bodies were modeled to replicate the rear 

suspension arms and thus transfer the cornering 

loads from the rear wheels to the gearbox casing. 

The load center mentioned above is connected 

through rigid bodies to the rear suspension pick-

up points. 

 

 

 

 

 

 

 

 

Figure 9 – Acceleration load case 

 

5. Optimization Results 

 

5.1. Topography Optimization 

 

 The objective function was set to minimize the 

weighted compliance of the gearbox casing, with 

the aim to maximize the structure’s stiffness. 

Weighted compliance means that each of the five 

service load cases has a contribution to the 

overall compliance of the structure. The weighted 

compliance (𝑊𝐶𝑂𝑀𝑃) of a given structure is 

defined as the sum of the compliances created 

by each load case (𝐶𝑂𝑀𝑃𝑖), multiplied by their 

respective contributing factors (𝑥𝑖): 

 

                   𝑊𝐶𝑂𝑀𝑃 = ∑ 𝑥𝑖 ∙ 𝐶𝑂𝑀𝑃𝑖
𝑛
𝑖=1               (1) 

 

 For the purpose of this work, all five service 

load cases are characterized by the same unit 

contributing factor. 

The topography design variables 

described in section 3.2 have recommended 

ranges of variation that have been shown to 

produce more realistic and manufacturable 

results for optimization. For the calculations 

performed in this work, the minimum bead 

width was set to 8mm (2 times the average 

element width) and the draw angle to 60°, while 

varying the draw height between optimizations. 

Topography optimizations performed with 

draw heights smaller than 8mm (2mm, 4mm, and 

6mm) produced insignificant results in minimizing 

the weighted compliance and those performed 

with draw heights larger than 10mm (12, 16 and 

20mm) created extreme finite element distortions 

that deemed the design unfeasible.  

On the other hand, draw heights of 8 and 

10mm, while resulting in a feasible design, did 

not deliver a significant improvement in the 

weighted compliance of the structure (reduction 

of just ≅3% for both cases). 

Final decision to skip topography optimization 

altogether was made due to its weak contribution 

to the improvement of the structure’s stiffness. 

The complicated and time-consuming effort to 

redesign the casing’s geometry to contemplate 

the topography reinforcements in favor of such a 

small improvement was considered unpractical. 

Figure 10 – Optimized topography beads 

 

5.2. Composite Optimization 

 

 To build the laminates of the final composite 

model, T800 and T1000 carbon fiber materials 

were used. 

 For composite optimization, all 2D elements of 

the mesh (design space and non-design space) 

were attributed the property PCOMPP, which 

defines the properties of a composite laminate 

material used in ply-based composite definition.  

 The final composite model shall be 

compared to the initial model (described in 4.2) 

since this is the first fully dimensioned model 

created during the course of this work. 

 Knowing that the original magnesium 

gearbox housing weighed 12kg, the target 

weight for the final composite design was set to 

9kg. A constraint limiting the maximum total 

mass of the model to 9kg was established. The 

objective function was set to minimize the 

weighted compliance of the composite gearbox 

casing. 

 



7 
 

5.2.1. Preparatory actions 

 

The first preparatory action at the start of 

composite optimization was to set the direction of 

all 2D elements’ normal to the inside of the 

gearbox casing so that the laminates would be 

applied inwards from element level. 

Regarding material orientation, the material 

orientation in the FE model was aligned with the 

global x-axis along the side, upper and lower 

faces of the housing, while along the front and 

rear faces the material orientation is aligned with 

the global z-axis. 

The final preparatory step for composite 

optimization was to create the initial laminates for 

both design and non-design spaces. The two 

laminates were designed symmetrical, since this 

is a commonly used type of laminate that 

eliminates the coupling between bending and 

extension, making it easier to analyze and less 

prone to bending or twisting caused by the 

thermally induced contractions that occur during 

cooling after the curing process. 

For the design space, the following initial 

laminate was adopted: [0°2/-45°/90°/45°/0°]S. In 

this configuration, the first and last 0° plies 

consist of T800 carbon fiber due to a 

requirement to feature this particular carbon 

fiber cloth material in both the covers and core 

of the final laminate. The remaining plies are of 

T1000 carbon fiber. The plies used to build this 

laminate were attributed non-real oversized 

thicknesses, creating the “super-plies” 

previously described. This is a necessary 

action since the solver OptiStruct can only 

subtract material and not thicken it.  

For the non-design space, the next laminate 

was created: [0°/(0°/-45°/90°/45°)4/0°]S. Again, 

the first and last 0° plies consist of T800 carbon 

fiber. Unlike the design space laminate, 

manufacturable thicknesses were attributed to 

the plies. Because this laminate would not be 

subjected to optimization, all the requirements 

for the final laminate were introduced at this 

stage.  
 

 

 

 

 

 

Figure 11 – Initial laminate for design space 

5.2.2.  Free-size Optimization 

 

 Three parameters were defined for the 

resulting laminate: 

 

 Minimum thickness: 2,0mm; 

 Maximum thickness 20,0mm; 

 Balance between the number of plies with 

45° and -45° fiber orientations. 

 

The free-size optimization run resulted in a 

converged solution representing a feasible 

design with the mass constraint satisfied. 4 ply-

bundles were obtained for each super-ply.  

 

 

 

 

 

 

 

 

 

 

Figure 12 – Optimized thickness distribution 

 

It is clear from this figure that the resulting 

laminate features a greater thickness in the 

regions surrounding the solid supports where 

the gearbox housing is attached to the engine 

(front face), as these are the areas subjected 

to greater stresses caused by the service load 

case forces. 

Optimization results revealed a 5.56% 

decrease in the structure’s weighted 

compliance and a 47.55% reduction in total 

mass (17,16kg to 9kg) when compared to the 

all-aluminium initial model. Bump and cornering 

load cases registered the most significant 

changes in compliance values, with the former 

suffering a ≅15% increase and the latter 

improving their associated compliances by 

≅21%. The loss in the structure’s stiffness 

when subjected to the bump load case is a 

consequence of the fact that the rear of the 

housing is a region of minor laminate 

thickness, combined with the magnitude and 

location of the bump force, which is the highest 

vertical force value of all service load cases. 

This load case creates a vertical bending 

moment in the structure, promoting greater 

displacements in the rearmost regions of the 
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gearbox casing, where less material has been 

placed in order to reduce the overall mass. 

 

5.2.3.  Ply-bundle sizing Optimization 

 

 The first action was to manually edit the ply-

bundle shapes that resulted from free-size, in 

order to allow for easier manufacturing. The 

editing process was a compromise between 

designing plies that were easier to produce, 

without changing their shape in such a way that 

would greatly separate them from the ply-

bundles obtained from free-size optimization, 

thus avoiding significant losses in the 

structure’s stiffness. 

 

 

  

 

 

 

 

 

 

Figure 13 – Edited ply-bundle shape 

 

 In this work, ply-bundle sizing optimization 

was performed in two consecutive stages: 

continuous sizing and discrete sizing. It is 

recommended to start ply-bundle sizing with 

continuous sizing since the editing of the ply 

shapes and the additional introduction of 

discrete manufacturable thicknesses at the 

same stage may lead to a negative contribution 

to the convergence of the solution. 

 For continuous sizing, the automatically-

created thickness design variable of each ply-

bundle was manually edited as a preparation 

for subsequent discrete optimization by 

updating the design upper bound to a more 

realistic, manufacturable value. 

Continuous ply-bundle sizing optimization 

produced an increase in the weighted compliance 

of the gearbox casing when compared to free-

size (4.4%). This was due to the editing of the 

ply-bundle shapes. However, the composite 

design was still, at this point, 1.4% stiffer than the 

initial model. 

For discrete sizing, the manufacturable 

thicknesses (TMANUF) were attributed to every 

ply: 0,126mm for T1000 carbon fiber plies and 

0,23mm for T800 carbon fiber plies. At this 

stage the ply-bundles were split into 

manufacturable plies, preparing the laminate for 

later stacking sequence optimization.  

Discrete sizing optimization resulted in a 

reduction of the structure’s stiffness when 

subjected to the service load cases, compared 

to both the continuous sizing solution and the 

initial model (1.03% less stiff than the initial 

model). 

 

5.2.4.  Stacking Sequence Optimization 

 

Several requirements set by Optimal 

Structural Solutions regarding the final laminate 

had to be implemented in the shuffle design 

variable created in HyperMesh: 

 

o First and last layers: T800 carbon fiber; 

o Maximum of 5 consecutive T1000 plies 

with a given orientation; 

o Balance between the number of plies with 

45° and -45° fiber orientation plies. 

 

This time there was not a significant variation 

in weighted compliance when compared to the 

previous optimization stage. On the other hand, 

the final composite design proved to be 1.45% 

less stiff than the initial model.  

 All stacking requirements described above 

were met with the optimized stacking sequence 

in iteration number 2. In addition, the final 

laminate’s minimum and maximum thicknesses 

are 2.0 and 15.7mm respectively. 

Only half of the laminate is represented in 

figure 15, given its symmetrical nature. 

 

6. Failure Analysis 

 

Tsai-Wu’s failure criterion was used to 

investigate failure of plies on the final composite 

model of the gearbox housing under FIA 

regulation load cases, as well as service load 

cases. According to Reddy [3], the Tsai-Wu 

failure criterion is given by 

𝐶𝐹𝐼 =∑𝐹𝑖𝜎𝑖

6

𝑖=1

+∑∑𝐹𝑖𝑗𝜎𝑖

6

𝑗=1

6

𝑖=1

𝜎𝑗 ≤ 1 

where 𝐶𝐹𝐼 is the composite failure index (failure 

occurs when 𝐶𝐹𝐼 = 1) and 𝜎𝑖 represents the 

stress components referred to the principal 

material coordinates. 𝐹𝑖  and 𝐹𝑖𝑗 represent 
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material strength parameters that are dependent 

of lamina shear strengths  and normal strengths 

in tension and compression. 

 Failure analysis performed on the gearbox 

housing under the service and FIA regulation 

load cases produced the CFI results (per FE) 

presented in tables 1 and 2. 

 

Table 1 – Maximum CFI for service load cases 

Service load case Max CFI 

Acceleration 0.2811 

Braking 0.1544 

Bump 0.7084 

Cornering Left 0.5383 

Cornering Right 0.5732 

 

Table 2 – Maximum CFI for FIA load cases 

Service load case Max CFI 

Static Side Load  (Left) 1.609 

Static Side Load (Right) 2.358 

Impact 7.204 

 

The results displayed in table 1 show the 

inexistence of composite failure in all service load 

cases, demonstrating the effective strength of the 

structure. The bump load case has once again 

caused particular concern as it came closest to 

composite failure. 

The values shown in table 2 prove the 

existence of composite failure of the structure 

for all regulation load cases. The weakest 

areas of the gearbox casing where failure 

occurred are exemplified in figure 14. 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 – Distribution of CFI for FIA tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 – Optimized stacking sequence 

 

 The adopted strategy to tackle this problem 

was to introduce reinforcement laminates at the 

locations where composite failure occurred in 

order to improve the local strength of the 

structure. The symmetric laminates used for 

these reinforcements were designed using 

T1000 carbon fiber and were placed over the 

existing symmetric laminate that resulted from 

composite optimization. Three reinforcement 

laminates were used: 

 

- Laminate A: [(0/-45/90/+45)4]S ; 

- Laminate B: [((0/-45/90/+45)4)2]S ; 

- Laminate C: [((0/-45/90/+45)4)3]S . 

No Failure 

Failure 



10 
 

 

 

Figure 16 – Carbon fiber reinforcements 

 

 First attempts revealed that the shapes of the 

reinforcements needed to be redesigned in order 

to integrate all elements where composite failure 

occurred. After redesigning the reinforcements, 

the following results were obtained. 

 

Table 3 – Maximum CFI for FIA load cases 

(redesigned reinforcements) 

Service load case Max CFI 

Static Side Load  (Left) 0.9283 

Static Side Load (Right) 1.007 

Impact 1.580 

 

 The maximum CFI value indicates that 

composite failure does not occur anywhere in the 

structure for the right static side load test 

(although it would be advisable to try to reduce 

this value that corresponds to a FE close to 

composite failure).  

 Close investigation of the final failure analysis 

results show that, for the right static side load test 

and impact test, elements that registered a CFI 

value greater than 1 were isolated finite 

elements that demonstrated poor 

characteristics during element quality 

investigation, having violated size and skew 

angle thresholds. Therefore, CFI readings 

associated with these elements are irrelevant, 

since the remainder of the structure does not 

suffer from composite failure. 

 

 

 

 

 

 

 

Figure 17 – Poor-quality finite element 

 

While the introduction of reinforcements 

allowed the structure to withstand the regulation 

load cases without failure, the overall mass of the 

gearbox housing increased to 9,631kg. 

 

7. Conclusions 

 

The main objective of this work was to design 

a composite version of the gearbox housing that 

was considerably lighter than the initial model, 

that maintained the latter’s stiffness and satisfied 

the strength criterion. 

Topography optimization was carried out to 

obtain the optimized shape of the geometry, but it 

was ultimately skipped since it never delivered 

significant improvements to the stiffness of the 

casing.  

The final composite design is approximately 

44% lighter and 1,31% stiffer than the initial 

model. Compared to the magnesium gearbox 

casing, which weighed 12kg, the optimized 

design is considerably lighter at 9,631kg.  

Although the final shape does not exactly 

resemble the inner geometry of the gearbox 

housing used in the LMP1 car, it is safe to trust 

that the overall stiffness of the final composite 

design is close to that of the original magnesium 

housing, since it was designed to be nearly as 

stiff as the all-aluminium initial model and both 

aluminium and magnesium have the same 

specific stiffness (elastic modulus per density).  

Static results revealed excellent values for 

maximum stresses and displacements under 

service load cases, the first never reaching 

200MPa and the latter never reaching 0,3mm. 

The introduction of laminate reinforcements 

allowed the gearbox casing to withstand both 

static side load tests and the impact test without 

failure, thus satisfying the acceptance criteria 

established by the FIA for homologation of the 

component. 
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