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Abstract. Checking the symmetry of a Formula One (F1) car nose requires the measurement and 

inspection of complex surfaces and raises a number of challenges both in terms of the equipment 

used and the measurement strategy. Verifying the symmetry allows the identification of the 

asymmetrical areas regarding the critical aerodynamic elements of F1 car nose. This paper presents 

three methods to check the symmetry of a F1 car nose and to determine the deviation using 

symmetry points (by points measuring) in plane using 2D scanned profiles and 3D laser scanned 

surfaces. In order to acquire the symmetry points, and to scan the profiles and the surfaces, a state of 

the art multi-sensor CMM (Coordinated Measuring Machine) has been used and the data has been 

processed in CATIA V5. 

Introduction 

In 1981, McLaren Company has manufactured the first car chassis using FRP (Fiber Reinforced 

Polymer). This revolutionized and decisively changed the shapes and performances in the 

motorsport world. After this success, all participating teams in F1 have successfully adopted these 

materials. Their use in F1 has led to some outstanding aerodynamic bodies with superior physical-

mechanical properties over aluminum alloys or steel. Dynamic development in this area is very fast 

and it includes the use of modern manufacture and control methods. A new manufacturing method 

in this area involves using the latest rapid manufacturing technologies used worldwide. Different 

authors have treated in their papers this top domain of the global technology [1-4].  

The F1 car nose is a complex structure, (sandwich type), made of carbon/epoxy. The interior 

structure consists of an aluminum honeycomb, this structure element is very important. In case of a 

frontal impact this element takes the whole impact energy. As a functional role, the nose supports 

the wings that ensure the pressing on the front of the car. In terms of its aerodynamic shape, 

researchers propose different solutions designed to improve the car`s performance. It can be said 

that this element is one of the most commonly changed body part in a race. The entire assembly 

composed by the car nose and front wings can be changed in seconds by a team’s mechanics in the 

F1 championship. The assembly includes about 15 parts made of FRP and, if we refer to the total 

number of components, the assembly contains more than 80 parts. 

Modern manufacturing methodology involves the design of the FRP elements using a CAD 

solution, and then the 3D models are manufactured using CNC milling machine. After the final 

validation of structure and form the molds for the elements is created. The element is manufactured 

in this mold using prepreg carbon fiber and aluminum honeycomb by autoclave technologies. From 

the virtual model to the finished product there are several steps required and all of these steps can 

generate dimensional errors. Measuring complex surfaces represents a difficult task as shown in [5-

10], most authors propose a sampling of the inspected surface as shown in [6, 11] o obtain global 

information regarding the surface geometry. In this paper, the authors present three original methods 

to  determine  the  symmetry  deviations  in  the  case  of  complex  surfaces  with applications in the  
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Fig. 1. Symmetry check using points: 

overview 

Fig. 2. Scanning contour on F1 nose 

car 

measurement of a F1 car nose. Measuring the symmetry in the case of complex surfaces is not a 

standardized process and can be accomplished using a limited number of combinations between 

hardware and software tools. 

Methods for Symmetry Check  

In order to determine the symmetry, a CMM equipped with a scanning probe, a laser scanner and 

an optical sensor have been used. Data processing was carried out in CATIA V5. Since there is no 

standardized method to check the symmetry of complex surfaces the authors approach the problem 

by determining the deviation from symmetry point (measured in two points that are theoretical 

symmetrical) in plane and in 3D using the scanned surfaces. 

Symmetry Check Using Points. This method requires finding the coordinates of the points that 

in theory are symmetrically positioned, (mirror points), up against a reference element.  

The difference between the actual coordinates will represent the symmetry deviations. The car 

nose is aligned on the table of the CMM so that the plane of symmetry is positioned along the Y 

axis of the CMM (Fig. 1) using gauge blocks and 

fixing holes in the CMM table. This minimizes 

errors due to the work piece orientation and 

location in the CMM measuring volume as shown 

in [12].   

After the alignment, pairs of points that have 

their coordinates mirrored are created and acquired 

on the real F1 nose car. The deviations from the 

nominal values on all three axes are assimilated 

with the symmetry deviation. The deviation is 

obtained automatically in the CMM software and it 

can be visualized by coloring the point in different 

colors which symbolize the deviation when the 

measurement is carried out using the CAD model. 

Method validation was performed on two different 

car noses using a state of the art multi-sensor CMM 

with optical, laser line probe (LLP) and scanning 

probes.  

The incremental linear scales of the CMM are µm resolutions and maximum permissible error 

(MPE) according with ISO 10360: E1= (1.8+L/500) µm.  

Symmetry Check in Plane. The working procedure for checking the symmetry using CMM 

scanning involves the scanning of some profiles (Fig. 2) on the surface of the car nose. The 

placement of the car nose on the CMM’s table 

is identical to the one presented in the previous 

paragraph, noting that the car nose can be 

scanned only on ¾ of its circumference. The 

fourth side of the nose can be scanned only on a 

small portion due to hardware limitations of 

bridge-type CMM. 

Contact scanning is a simple and fast 

capture / acquisition form and profile data for 

free surface component of car nose. To scan the 

nose profiles a scanning probe is used with a 

continuous  deflection  output as is describe in 

[13], which in combination with the machine’s 

position and surface geometry can acquire points continuously on a scheduled route. 
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Fig. 3. Contour scanning : overview 

According to producer of scanning probe the drive algorithms can adapt to the contours of the 

part, changing the scanning speed to suit the rate of curvature (going faster on flatter surfaces) and 

adjusting the rate of data capture (taking more data where the surface changes quickly). Maximum 

permissible probing uncertainty according to 

ISO 10360 for point to point probing is 0.75 µm 

and for scanning strategy is 1.9 µm.  

All measurements were conducted in a clean 

room with temperature and humidity under strict 

control. Because of the dimensions of the part 

and of th e CMM there are situations like the 

one shown in Fig. 3a, where the entire profile 

cannot be scanned. In 3D metrology there are a 

number of methods that allow the repositioning 

of a part so that the reference system is 

preserved. Using such a method can reach the 

situation in Fig. 3b.  

The acquisition of the points in the 

established sections is followed by the CAD 

processing of the points and the determination of 

symmetry deviation. The first step consists in to generate the 2D curves using acquired points; 

usually the scan can be done in order to obtain profiles in pairs as sown in Fig. 3. 

The one half of the scanned part is established as reference, and then the second half is projected 

over the considered reference using a Mirror or Symmetry type function. Then, using a distance or 

deviation type analysis, the differences between the two profiles can hehighlighted as shown in Fig. 

4. 

 

 
 

Fig. 4. Using Distance Analysis and Deviation Analysis for symmetry check 

 

Symmetry Check in 3D. Another method for verifying the symmetry is laser scanning. Unlike 

the above method, this method provides a three-dimensional image of the deviation from symmetry. 

Laser scanning can be done either with a CMM equipped with a laser scanner (Fig. 5) or another 

type of laser scanner (e.g. handheld). Scanning generally produces a large amount of data in the 

form of cloud points which must be processed in order to be transformed in mesh or solid surface. 

In order to determine the symmetry, both deviation analysis and distance analysis can be used as 

shown in Fig. 6. The information provided is comprehensive and shows the deviation from 

symmetry for the whole scanned area, a half surface is set as reference and the other half is 

compared with reference on X,Y and Z direction. 
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Fig. 7. Points, profile and surface 

used for methods evaluation 

 

     

 

 

 

 

 

 

 

Results  

Utilizing the three methods listed above the 

authors verified point by point the symmetry for 

two F1 car noses. Because these three methods 

provide different results in terms of the 

inspected area (point, profile or surface) the 

authors chose to check them on a nose portion 

of F1 cars as is presented in Fig. 7. The sections 

R1, R2, L1 and L2 were scanned by contact; on 

each profile a number of 20 points was acquired 

for symmetry check using point by point 

method, and the surface between profiles L2R2-

L1R1 was laser scanned to give a point cloud 

with 17 737 points. 
 

 

 
Fig. 8.  Methods evaluation using deviation analysis and deviation analysis  

 

Deviation analysis for the L1-R1 pair has revealed a maximum difference of 0.891 mm; for the 

L2-R2 pair the maximum difference was of 0.884 mm. The comparison of the two pairs of profiles 

using the Distance Analysis tool shows that the maximum distance between the L1-R1 profiles is of 

0.891 mm, and between L2-R2 profiles is of 0.884 mm. Deviation Analysis for the entire scan area 

shows that the maximum deviation is of 0.892 mm, with the mentioning that within the range of 0.8 

mm and this value are found only 1.83% of all scanned points, this means 324 points. 

Fig. 5. Scanning the F1 nose car 

using multi sensor CMM 
Fig. 6. Using Distance and 

Deviation Analysis for symmetry check 
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As can be seen in Fig. 8 all three presented instruments indicate a deviation from symmetry in 

the same area. To check this deviation the authors used point by point verification of that area by 

measuring on CMM. The results confirm that in that area is a deviation from symmetry, the 

maximum deviation was 0.764mm and the minimum deviation 0.452mm. 

Conclusions  

Determining symmetry deviations for free form surfaces is not yet standardized and can be done 

only with a limited number of equipment and software tools. The authors present three methods for 

evaluation of symmetry deviations of freeform surfaces for a F1 car nose. The symmetry can be 

determined measuring point by point (if specific points are compared), by comparing two profiles 

for symmetry deviation in plane or by comparing the scanned surfaces for XYZ symmetry 

deviations. The methods presented in this paper combine the state of the art CMM and CAD 

software solutions for evaluate the symmetry deviation of free form surface. The common source of 

errors in case of free form surface obtained from composite material are contraction of polymeric 

composite material and surfacing and finishing operations, the methodology presented by the 

authors is important because can be used in evaluation of symmetry of any other free form surface. 
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