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Abstract 
This paper presents a methodology and the results obtained by the authors for the manufacture of a F1 car 
nose. The working methodology and manufacturing stages are presented step by step and the validation of 
the methodology was achieved by manufacturing a model at a scale of 1:2. There were used modern means 
of rapid prototyping using plastic materials. After validating the model using the wind tunnel, the next step was 
manufacturing the 1:1 scaled model. This was inspected in order to determine geometric deviations with a 
multisensory coordinate measuring machine (CMM) using the scanning process and point by point 
measurement. 
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1 INTRODUCTION 
The company McLaren has manufactured the first chassis 
made of reinforced composite materials Fiber Reinforced 
Polymer (FRP) in 1981 when they also attended the F1 
World Championship (Figure 1). The new race car was 
considered revolutionary regarding the form and its 
performances were significantly higher than the previous 
versions. This success has decisively changed the 
automobile industry. After this success all the teams 
participating in the F1 championship have begun using 
these materials in building their cars. These materials are 
used successfully nowadays and are very difficult to 
replace with other materials due to the physico-mechanical 
properties they have. Various authors have treated this 
field in their articles [1-5]. 

 

Figure 1: McLaren MP4/1 – 1981 [6]. 

Their use in F1 has led to the manufacturing of some 
chasses with outstanding aerodynamics and superior 
mechanical and physical properties to aluminum and steel 
alloys. The performances achieved by the F1 cars were 
spectacular. An important issue occurred in this field, 
namely drivers’ security and safety. Due to the high 
speeds that were reached and frequent accidents 
involving drivers, the organizers were forced to impose 
certain requirements regarding construction of the 
automobiles. Nowadays, the regulations change frequently 
and involve changes both for the shape of the chassis and 
other components of the car. Different authors have 
approached in their work this leading field of global 
technology [5, 7-9]. 
Addressing these materials by researchers involved 
finding new solutions to obtain them and particularly rapid 

manufacturing solutions [10-15]. Dynamic development in 
this field is very fast which requires the use of modern 
methods of manufacture and control. New manufacturing 
methods in this filed require using the latest rapid 
manufacturing technologies available worldwide.  
The front end of a F1 car is a sandwich type complex 
structure made of carbon fiber/epoxy.  
The structure of this element is very important. In the 
event of a frontal impact accident this element absorbs 
almost all the impact energy. In a functional capacity the 
front end sustains the front deported wings that ensure the 
push on the front. In terms of its aerodynamic shape 
researchers propose different solutions, all designed to 
improve the car’s performances.  
It can be said that this element is one of the most 
frequently changed body part. The whole front end 
assembly is changed in a few seconds by the mechanics. 
This assembly includes about 15 items manufactured out 
of FRP and if we refer to the total number of components 
of the front end assembly (nosecone and front wing 
assembly) there are more than 80 components. 
In this paper the authors propose a methodology for rapid 
manufacturing of complex FRP components using modern 
manufacturing methods. It is presented a design and 
manufacturing methodology for a prototype F1 front end 
conducted at Technical University of Cluj-Napoca, 
Romania. 
 
2 MANUFACTURING METHODOLOGY 
To design and manufacture a prototype of a FRP material 
requires going through several stages. New rapid design 
and manufacturing technologies greatly reduce the 
development time of the product. The authors propose a 
methodology for manufacturing a F1 nose car. This 
component which will be manufactured from a FRP 
sandwich structure includes the most advanced 
manufacturing technologies and materials. For its 
manufacture certain steps must be considered, as shown 
in Figure 2 so that the ultimate success to be ensured. 
In the conception phase designers consider several 
aspects. Based on functional role, regulations, the form 
which must be coupled with the chassis, aerodynamics 
and not least the materials used, these all influence the 
concept phase. The next step after analyzing all these 
factors is the design. A CAD model is established using 

2014 International Conference on Production Research – Regional Conference Africa, Europe and the Middle East 
3rd International Conference on Quality and Innovation in Engineering and Management 

21



CATIA V5. Based on discussions several variations of the 
exterior shape of the F1 nose car were made. Its length 
has been kept as well as the chassis coupling panel and 
the front wing coupling area. Virtual models were analyzed 
in terms of aerodynamics and crash impact. The software 
packages used for the analysis were LS DYA and ANSYS. 
Based on the simulation several versions of the external 
form can be proposed. The results of the finite element 
analysis can determine the accepted versions or the 
concept and CAD remodeling can be resumed.  

 

Figure 2: The Rapid Manufacturing Methodology. 

After establishing the final versions, the next step is rapid 
manufacturing of prototypes. Two ways of manufacturing 
can be used.  
The first uses CNC equipment. In this case the prototype 
can be made out of different plastics in order to have the 
lowest possible weight. Manufacturing time is reduced and 
the quality and dimensional accuracy are very good. 
The second way involves rapid prototyping using CAM 
manufacturing technologies. Some of these methods are: 
Selective Laser Sintering Technology (SLS), Fused 
Deposition Modeling (FDM), Stereolithography (SLA) or 
PolyJet Technology. A model is made either at a scaled or 
the actual size. The prototype is made out of plastic. It is 
assembled together with the F1 car and then it is tested 
inside the wind tunnel. Based on the results from the 
aerodynamic tests the final configuration is established.  
In order to create a prototype from FRP a few steps that 
are specific manufacturing using composite materials 
need to be taken. 
There are two methods that can achieve this. The first 
involves creating the mold through milling on CNC 
equipment from a light material (Ureol). The second 
method involves manufacturing a solid model using a CNC 
manufacturing center and then manufacturing the mold out 
of carbon fiber  
Using the first method the mold is obtained fast and 
precisely. Through this method a limited number of 
components can be made. It is possible that the edges of 
the separation planes can be damaged and repairing them 
requires a lot of work. 

The second method involves creating a carbon fiber mold 
using the prototype obtained on the CNC. This method 
requires a longer manufacturing duration but the mold can 
be used to make more components. Generally the method 
is used after the final shape is definitively established and 
the team is absolutely convinced that the final shape is the 
best. 
The last step of the methodology is measurement and 
validation of the prototype using laser scanning and 
Coordinate Measuring Machine (CMM) in order to identify 
the dimensional deviation between prototype and CAD 
model. 
 
3 DESIGN OF F1 NOSE CAR 
Following the discussions on the concept the base 
dimensions and the main highlights of the front end were 
established. 
The software used to design the front end was CATIA V5. 
The CAD model was analyzed using ANSYS and LS 
DYNA. A new CAD model resulted after the analysis 
process. Based on the resulting model and using a rapid 
prototyping system the exterior of the nose was obtained. 
The prototype was made using the SLS method out of 
polyamide PA6 which was supplied by LSS Laser-Sinter-
Service GmbH. The nose was manufactured at a 1:2 scale 
was assembled on the 1:2 scale F1 car prototype (Figure 
3) and was tested in the wind tunnel at the Mercedes AMG 
PETRONAS Company. 

  

 

Figure 3: F1 nose car prototype. 

In order to achieve rapid changes of the complex shape of 
the F1 nose car it was divided into several components 
that were assembled with screws between them. This way 
the costs of manufacturing a complete element were 
reduced. To change the exterior shape of the nose it is 
enough to change only one or a few parts part of the 
assembly. Based on the results of the aerodynamic tests 
of the car the final shape of the front end of the chassis 
was determined. 
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The final shape is presented in Figure 4. For the upper 
side of the F1 nose a reduced bearing area was chosen. 
The conditions imposed by the regulations regarding the 
height of the frontal side of the nose allow that the angle 
between the horizontal axis of the car and the plane of the 
upper side of the nose can be small: 150. A small 
incidence angle leads to less air force on that element. 
This low pressure was compensated by the aerodynamic 
elements (front fender and other aerodynamic elements) 
which assure a sufficient pressure on the frontal axle. 
Thus when moving through a fluid it produces a controlled 
laminar flow towards the chassis. 

 

 
 

 
Figure 4: Exterior shape top view, side view and section of 

the prototype. 
For the area towards the monocoque in the upper side it 
was chosen a type of cavity which guides the laminar flow 
currents towards the middle of the car, towards the driver 
and especially towards the engine air intake positioned 
above the driver. 
A controlled guidance of the flow currents is produced. 
Due to the large air force that is absorbed by the front wing 
and the aerodynamic elements attached to it, the design of 
the nose allowed reducing the dimensions of the upper 
side of the nose. This reduces the friction on this item 
when moving through a fluid. An important factor in 
designing the shape of the nose was the shape of the 
monocoque and the crash impact simulations. There were 
several versions made and the aerodynamic tests 
established the exterior form of the nose presented above. 

To manufacture the nosecone a sandwich type structure 
was chosen for the exterior made of carbon fiber/epoxy 
prepreg, and the interior aluminum honeycomb by 10 mm 
thickness (Figure 5). 

 

Figure 5: Sandwich structure of the material from the F1 
nose car. 

 
4  MATERIALS AND MANUFACTUIRNG METHOD OF 

F1 NOSE CAR 
After the final validation of the shape and structure of the 
nose the mold was manufactured. To make the first 
prototype out of FRP the solution was chosen to 
manufacture the mold using a CNC machine. The mold 
(Figure 6) was made out of Ureol. This mold is designated 
to create components out of FRP for a small series (5 
components). After machining the active surface of the 
mold on the CNC machine, in order to obtain the lowest 
possible roughness a manual fine grinding was applied 
using glasspaper sanding by 1000 grit. After these 
operations were complete the surface was coated with 
several layers of Mold Sealer S31 agent supplied by the 
Jost Chemicals Company to close the pores of the mold’s 
material. After this the mold was treated in the oven at a 
temperature higher with 10º than the forming temperature 
of the composite material. This operation is made in order 
to thermally treat the mold. On the active surface of the 
mold and the separation planes were applied layers of 
mold release to prevent sticking the FRP on the surface of 
the mold. 
The next step is the formation of the composite laminate 
into the mold. This step was achieved using autoclave 
processing technology.  
After the first two layers of carbon fiber applied to the mold 
a vacuum process is applied to it. The mold is inserted into 
a vacuum bag and it is vacuumed at 0.8 bars for 90 min. 
After the vacuuming the other layers are applied. The two 
molds are closed on the separation planes and a 40 mm 
additional material is left on the entire length of the mold. 
The purpose of this material is to connect the two 
laminated components formed into the mold. After closing 
the molds the added material is overlapped and a new 
vacuum process is executed.  
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Figure 6: CAD model for F1 nose mold. 

In order to rapidly obtain the composite structure after 
applying the layers of carbon, over them a thin layer of 
adhesive is applied which will glue the aluminum 
honeycomb to the layers of carbon. Then the honeycomb 
structure is applied and the entire assembly is vacuumed 
again. This operation is done in order to form the 
aluminum structure on the mold. 
The next step is the application of the interior layers of 
carbon fiber which covers the honeycomb structure. The 
entire assembly is vacuumed in a bag and inserted into an 
autoclave. 
For the composite material used the polymerization cycle 
was: 

 Apply a 0.8 bar vacuum to component; 
 Heat up to 120 °C at 2 °C / min; 
 Apply a 3 bar pressure and vent vacuum when 

pressure reaches 1.5 bar; 
 Dwell at 120 °C for 20 min; 
 Apply 7 bar pressure after dwell; 
 Heat up to 180 °C at 2 °C / min; 
 Cure at 180 °C for 3 hours; 
 Cool to 60 °C before releasing pressure and 

removing component. 
After polymerization the composite laminate is removed 
from the mold. Through a machining process the excess 
material from the separation area is adjusted. 
The obtained prototype is tested and measured to 
determine any forming dimensional errors that could 
appear during the manufacturing process. From the CAD 
model to the finite product a few steps are taken which can 
all introduce dimensional errors.  
To verify the F1 nose car it was used a state of the art 
multisensory CMM equipped with an optical sensor, LLP 
(laser line probe) and contact probing system.  
 
5 RESULTS 
The nose prototype made out of carbon fiber has a weight 
of 5500g. 
Its length is 950 mm. The bearing surface of the upper 
side of the nose is 30 dm2. 
Figure 7 presents the assembly of the nose, front wing and 
the other aerodynamic elements assembled that resulted 
from the presented methodology.  
 

To verify if the final result is consistent with the initial CAD 
model two methods were used: the first involves verifying 
the resulting surface point by point and the second 
involves scanning and comparison on the CAD model with 
the actual one. 
 

 

Figure 7: Assembly F1 nosecone and front wings 
obtained. 

For the first method points was acquired (Figure 8) on the 
surface of the F1 car nose and they were compared with 
the initial CAD model used to create the mold. 
 

 

Figure 8: Acquiring points using touching probe on CMM. 

The measurements of the obtained prototype indicate that 
there are no significant dimensional deviations between 
the CAD model and the prototype made out of carbon 
fiber/epoxy. 
Figure 6 shows the deviation of 80 points measured on the 
surface of the F1 nose compared to the CAD model; the 
maximum positive deviation is 0.625, and the negative one 
is -0.776. Average deviation is -0.144 and the standard 
deviation is 0.446. 
Figure 7 shows the distribution of deviations from the 
nominal values for the 80 inspected points. The Gaussian 
distribution is shifted to the left which indicates the 
presence of more negative values due to contractions that 
appeared due to the lamination of the FRP inside the 
mold. 
Dimensional deviations that appeared at the 1:1 scaled 
prototype may occur due to processing the surface after 
the CNC milling of the mold. These dimensional deviations 
of the obtained composite prototype are within reasonable 
limits of ±0.7mm. Bear in mind that these deviations are 
determined for the entire volume of the nose 
(300x360x950 mm).  

2014 International Conference on Production Research – Regional Conference Africa, Europe and the Middle East 
3rd International Conference on Quality and Innovation in Engineering and Management 

24



For the second method the whole nose was scanned after 
which the resulted point cloud was compared with the 
initial CAD model. 
The scanning of the entire front end is not possible on a 
gantry type CMM due to geometrical limitations of this type 
of equipment. In order to completely scan the nose, it must 
be repositioned at least two time on the machine’s table so 
that the scanning probe can acquire points on the entire 
surface of the nose. 

 

Figure 9: Deviations of the points measured on the 
component made of FRP compared to the CAD model. 

 

Figure 10: Distribution of the deviation error. 

For the second method the whole nose was scanned after 
which the resulted point cloud was compared with the 
initial CAD model. 
The scanning of the entire front end is not possible on a 
gantry type CMM due to geometrical limitations of this type 
of equipment. In order to completely scan the nose, it must 
be repositioned at least two time on the machine’s table so 
that the scanning probe can acquire points on the entire 
surface of the nose. 
After scanning the entire nose and the concatenation of 
the point clouds using various helpful elements, the next 
step is processing the cloud. Thus using a CAD solution a 

deviation analysis can be made to determine the 
differences between the CAD model and the physical one. 

 

Figure 11: Deviation analysis between the CAD model and 
the real one. 

In the deviation analysis from Figure 10 it can be seen that 
most of the points (97.61%) are found in the area of ± 
1mm, and this time the histogram associated to the values 
registered for the deviation from the CAD model 
(histogram drawn in purple) indicate that negative values 
are more numerous.  
The surface analysis of the resulting surfaces in case of 
the prototype obtained through SLS indicate an average 
roughness of 50 µm. in order to modify this roughness a 
new mechanical operation was necessary using glass 
paper. In case of the prototype obtained through FDM the 
average roughness increases up to 80 µm. this roughness 
is influenced by the type of plastic material used, the 
precision of the rapid prototyping machine and the type of 
technology used.  
 
6 CONCLUSION  
The methodology presented in this paper has enables a 
successful manufacturing of the model which is 
assembled on a F1 car body as can be seen in Figure 4. 
In the manufacturing methodology of the 1:2 scaled 
prototype was used the solution of dividing the nose into 
several components. This allows the modularization of the 
nose so aerodynamic shape changes in some areas can 
be made faster, easier and cheaper. In this way it is not 
necessary building an entirely new prototype if the need to 
modify it arouses. In the manufacturing process of the 1:1 
scale prototype was chosen a mold made of a light 
material using CNC milling. Compared to the previous 
one, this method allows the manufacturing of the mold 
faster than the one made of carbon fiber/epoxy. The 
manufacturing time was reduced 7 times and the cost was 
reduced 6.6 times. 
Making the mold for the front end out of Ureol requires 8 
hours of work and 1 500 euro without taxes. The mold 
allows making a limited number of components and is 
designated only for prototypes. The mold made of 
Carbon/epoxy designated to a higher number of 
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components is made in approximately 56 hours and its 
value can reach about 10 000 euros. 
Each additional step in the manufacturing process of the 
prototype is a possible source of dimensional errors. 
It should be noted that the chosen solution enables a 
limited number of components. The dimensional 
deviations measured using 2 different methods (by points-
measured with a CMM and by volume-laser scanning) 
indicate deviations around ± 0.7 mm. The differences 
between the two methods used (±0.7mm and ± 1mm) are 
due to the procession difference of the used sensors: 
touch probe with 1µm resolution and laser scanner with 50 
µm resolution. The second method was used to measure 
the entire surface of the F1 car nose. Verifying the entire 
surface using the point by point measurement is inefficient 
from an economical point of view and from the increased 
time needed to complete it as shown in [16]. 
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