
Team Bath Racing (TBR21), the University of Bath’s 
combustion Formula Student Team, have partnered 
with Progressive Additive Manufacturing to make 
use of a high strength Aluminium-Scandium.

The key aim for this project was to maximise the TBR car’s steady 
state and transient handling performance, and the way to do this 
was identified as reducing the overall car mass, more specifically 
the vehicle’s unsprung mass; components that are in direct contact 
with the track. Reducing the unsprung mass ensures more 
consistent contact between the tyres and the track, whilst also 
reducing the vehicles yaw inertia allowing the vehicle to have 
increased response to steer inputs. 

The task was to develop the lightweight suspension design with 
maximum stiffness, to maintain tyre angle control and handling 
predictability, with maximum cornering forces resulting in 
improved lap times. 

The Challenge 
Since 2016, TBR uprights had been additively manufactured from 
titanium alloys, to designs which have become prevalent across the 
Formula Student grid. The density of Titanium alloys capped 
potential weight savings due to the minimum material 
requirements for functional surfaces, such as bearing seats. TBR 
also found that it led to exceptionally thin-walled, highly load-
optimised parts, which are not suited to the unpredictable loading 
scenarios of race-car driving.  
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Formula Student is an international 
competition where universities 
design, build and race a single seater 
racing car across a series of time-trial 
style dynamic events, as well as 
design, costing, and business static 
events at competitions around the 
globe. Team Bath Racing (TBR) are 
the University of Bath’s combustion 
Formula Student Team, and one of 
the most successful UK teams, 
achieving outright victory in the 
virtual FSUK competition 2020, 
placing 3rd at FS Austria in 2018, 
and being the highest ranked UK 
team in both 2015 and 2016.  
 
This project gave the Progressive 
Additive Manufacturing team an 
opportunity to share the latest in 
DMLS technology with TBR, some of 
the most talented individuals in the 
future of engineering in Motorsport.



Aluminium alloys would initially seem ideal for 
weight-savings, however the typical aluminium 
alloys available for additive manufacture have 
poor strength and exceptionally low fatigue life, 
making them unsuitable for the loads 
experienced during racing.

The Solution 
One of the latest materials available to the team 
at Progressive Additive Manufacturing is a 
high-strength aluminium-scandium alloy. This 
alloy displays strength like Scalmalloy®, 
comparable to that of wrought aerospace alloys 
such as 7075 and 2014, with significantly 
improved fatigue life over other AM aluminium 
alloys. 

Combining the performance of this alloy with 
topology optimisation, and an internal lattice 
structure to reduce internal part density, has 
allowed TBR to design its lightest uprights to 
date, weighing in at just over 400g, and without 
any compromise in stiffness or fatigue life.

 
 
“I was first aware of Aluminium-Scandium alloys 
from my prior experience in Formula One, 
however to see these alloys becoming 
commercially available, along with the 
experience of the team at Progressive 
Technology represents a really exciting step 
forward in the possibilities of additive 
manufacture in the automotive and  
aerospace sectors”.

Conor Smith 
Outboard Suspension Designer 
Team Bath Racing

01635 500480
progressive-technology.co.uk

Progressive Additive Manufacturing is part of 
the Progressive Technology Group

Uprights 
Almost all conventional suspension systems 
contain an upright in the outboard suspension. 
The upright connects the wheel to the chassis via 
wishbones, transferring all handling loads 
between the tyre and the chassis. The uprights 
also carry the brake callipers, various sensors, 
camber adjustment methods and steering arms. 
This makes them a highly complex, heavily  
loaded part. 
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The Progressive Technology Group

Progressive Additive Manufacturing is part of The 
Progressive Technology Group, working alongside 
our Advanced CNC Machining and Advanced 
Materials divisions. We are a vertically integrated 
first-choice supplier to Motorsport, delivering 
high quality, reliable, fully-finished components 
in accelerated lead times. 

 
 
 
Summary of Research

Team Bath Racing’s own full summary of 
research is set out on the following pages.

Image: Front upright (Post-AM and post-machining of 
the bearing faces and fixture holes)



SUMMARY OF RESEARCH 

To ensure the Scalmalloy® material and lattice structures were correctly implemented into the design of 
the upright, a research investigation was set-out. This included Finite Element Analysis (FEA) and 
physical testing of lattice structures to obtain the difference in mechanical properties in comparison to 
solid material. The FEA performed on lattice structures was then compared to results of cylindrical 
tensile test coupons of the various lattice structures and a solid Scalmalloy® sample. 

Figure 3: Image of one of each tensile test coupon. From left to right the various lattice structure types (referenced later): Solid, 
Star_5_2, Star_3.5_1.5, Star_2.5_0.75, Star_2_0.5, Star_2_0.75. 

Figure 4: Test coupon adaptors with tensile test coupon fitted installed within Instron test frame. 
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The parameters used to compare the results between FEA and physical testing were as follows. 

Figure 5: Stiffness against relative density for lattice tensile test coupons (lattice type labelled on plot) and FEA results of the same 
lattice (in blue) 

Figure 6: Stress concentration against relative density for lattice tensile test coupons (lattice type labelled on plot) and FEA results of the 
same lattice (in blue) 



It can be seen that the physical test coupons exhibit lower stiffness than the FEA results by an average of 3.2GPa. 
Giving a percentage error of up to 50% for the Star_2_0.5 lattice. However, the FEA results predict higher stress 
concentration values (meaning lower strength) than that seen in the physical test data, as shown in Figure 69. 
The percentage error in Kt value increases from 0.5% at low relative densities (for the Star_2_0.5 coupon) rising 
to 42% for the highest density coupon (Star_3.5_1.5). 

The general design of the upright was created through Topology Optimisation; this is where a program is 
supplied with the physical loading of the component, and geometric volumes where material can and cannot 
be added to the design space. The output is an optimised structure for the specific load cases inputted into the 
software. When applying the lattice to the upright design, to reduce the computational requirements of the 
FEA, a homogenous solid was constructed with representative lattice mechanical properties. This reduced 
computation time by a factor of 5.5 compared to solid mesh elements.  A similar upright model, but designed 
as a solid with the standard Scalmalloy® properties and equal total mass was also analysed, in order to provide 
a quantification of the benefits of utilising the lattice structure on top of the topology optimised structure. 

Figure 7: Topology Optimisation results for a solid (left) and latticed with shell wall (right) TBR21 Front Upright 

Table 1: FEA results for deflection and stress of topology optimised solid and latticed TBR21 Front Uprights for various TBR21 load-cases. 

The results for these FEA tests can be seen in Table 1. It shows that for the Braking & 3G, Braking and Cornering 
& Braking load cases, the latticed upright deflected an average of 51% less than the solid upright, with a 
maximum difference of 92% for the Braking load case. For the same load cases the stress in the solid outer shell 
and the lattice structure (approximated by multiplying the stress in the homogenous lattice material by the 
Star_2.5_0.75 structure’s stress concentration value) led to a higher component safety factor by an average of 
49%, with a maximum of 55% for the Braking load case. The Cornering & 3G load case caused the latticed 



upright to deflect 12% more than the solid upright and had a 33% lower safety factor.  For 3 of the 4 load cases 
tested, the lattice had a lower safety factor than the solid outer shell by an average of 49%. 

Figure 8: Contour plot of FEA results for Von-Mises stress of the topology-optimised solid TBR21 Front Upright 

The combination of latticing and topology optimisation has been shown to reduce the average deflection of 
the TBR21 Front and Rear Uprights by an average of 22% when compared to a solid topology optimised part. 
Whilst increasing the Front upright’s safety factor by 17% and reducing the Rear Upright’s safety factor by 32%. 
Despite these changes in safety factor, the overall safety is above the design standards set internally by the 
TBR21 team. On balance this shows a benefit exists from applying lattice structures to reducing the weight of 
structural components whilst providing similar strength and stiffness, including the TBR21 Uprights. 

Table 2: TBR21 had a set of machined Aluminium 7075-T6 uprights made for testing, then utilising the Progressive Technology AM 
Scalmalloy® uprights for the race specification. 

Front Upright Mass Rear Upright Mass 

Machined Aluminium 7075-T6 640g 700g 

Progressive Technology AM 
Scalmalloy® 433g 435g 



IMAGES 

CAD Render of the Final Front Upright Design with hub bearings inserted (left), and a close-up of the unveiled 
lattice structure where unused powder is removed (right). 

The front upright post-AM and post-machining of the bearing faces and fixture holes. 



TBR21 race specification for the outboard suspension at the front (left) and the rear (right) 




