
Renault F1 – Optimised Roll Hoop Design Methods 

 

‘Saving 15% mass from the roll hoop 
reduces notably the vehicle CoG, 
delivering a reduction in laptimes.’ 
 

 
 

Background of Roll Hoop Requirements 

The roll hoop of a Formula 1® car provides a critical part of 

the overall safety cell for the driver.  Mounted at the top of 

the chassis, behind the driver’s head, the roll hoop must 

support the weight of the car during a rollover accident and protect the driver’s head.  For the development of 

the roll hoop, teams will design the component to meet a 90kN load applied firstly in the rearward direction, 

and secondly in the forward direction whereby it must not deform more than 50mm.  From a performance 

point of view adding mass at such a high position on the car adversely increases the centre of gravity, 

therefore, minimising the mass of the roll hoop structure is critical. 
 

Roll Hoop Optimisation Studies 
With the clear benefit of reducing the mass of the roll hoop on 

race performance, the application of optimisation to its design 

seems an obvious one.  In practice, however, the process can 

become more complicated than anticipated due to the loading 

being very non-linear, considering material plasticity and contact.  

Using Simulia Abaqus as their primary analysis solver, Renault 

Sport F1 Team utilised TruForm Topology optimisation to perform 

initial investigations into the idealised design for the roll hoop.  In 

doing so they achieved a notable mass saving over their previous 

design, however, wanted to investigate if further mass savings could 

be achieved.  Applying Genesis Topology and 

Topometry optimisation methods in a further study 

Renault were able to achieve a further 15% mass saving 

on the already lightweight roll hoop design.  The complete presentation discusses the benefits and limitations 

of each of the optimisation methods applied, with a clear demonstration of how combining optimisation 

methods with good engineering principles delivers a better solution than either process alone. 
 

Relevant Products & Services 

 TruForm for Abaqus – Topology optimisation available as embedded in Abaqus/CAE or standalone 

 VR&D Genesis – Enterprise solution for structural optimisation 

 Optimisation consulting support 
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