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In recent years, there has been several 

interesting examples where 3D printing 

or additive manufacturing (AM) has been 

employed in the bike industry, but to 

date the manufacturing method has been 

limited to technology demonstrators rather 

than a practical way of delivering products 

to market. AM is an exciting proposition to 

bike manufacturers as it has the potential 

to allow for greater customization. 

However, designing bikes that take full 

advantage of the technology is a challenge 

that requires a great range of engineering 

and design specialties.

Robot Bike Company (RBC) is a new start-

up established in the UK by aerospace 

engineers and mountain biking enthusiasts 

who identified the potential of combining 

additive manufacturing technologies with 

carbon fiber to, in their own words, “create 

the best bike frames possible”. RBC wanted 

to use AM technologies to create a very high 

end mountain bike that could be built to 

order and tailored to an individual’s weight, 

height and riding style, all within acceptable 

delivery timescales and manufacturing 

costs. 

Combining Carbon Fiber & Additive 
Manufacturing Technologies
Although RBC had considerable experience 

in AM and developing products and systems 

for the aerospace industry, its team required 

industry partners to work with in order to 

turn its ambition into a workable business. 

The team approached HiETA Technologies, 

a specialist in design and engineering 

solutions for AM technologies; Renishaw, 

a leading developer of AM machinery; and 
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Challenge
Maximize the potential of additive 
manufacturing during the development 
of a high performance mountain bike.

Altair Solution
Optimization techniques used to create 
a material efficient design for the 
frame's connectors.

Benefits

• Frame weight minimized

• Part count reduced

Key Highlights



"Altair has assisted Robot Bike Co. to further reduce the weight of our 
frame whilst also ensuring that stresses are kept below a pre-determined 
maximum. This has allowed us to provide a life-time warranty and give our 
customers confidence that the product will be enduring."

Ed Haythornthwaite
Co-Founder
Robot Bike Co.

Altair ProductDesign who were given the role 

of ensuring that the bike took full advantage 

of the flexibility that AM offers by deploying 

design optimization techniques.

Weight is a concern for bike manufacturers 

as heavier bikes take more energy to move, 

a fact that is particularly notable for off-road 

bikes where the rider must power the bike 

over a wide variety of terrain, including steep 

inclines. When developing a bike however, 

the reduction of weight must not negatively 

impact the strength of the frame as this 

will have an obvious detrimental effect on 

the ‘feel’ of the bike, a difficult attribute to 

design for in engineering terms but a crucial 

one when riders come to a buying decision.

To deliver a customizable, lightweight, high 

strength bike, RBC’s frame was intended 

to be created from carbon fiber, a material 

very common in the industry. The carbon 

fiber tubes, as well as the bike’s other 

components and systems were to be joined 

by additively manufactured titanium ‘nodes’, 

manufactured based on the specification 

of individual riders. Altair ProductDesign’s 

engineering team was tasked with optimizing 

these joints, which included the head tube, 

seat post and chain stay lugs, to ensure they 

were as lightweight as possible and still able 

to withstand the forces of downhill mountain 

bike riding, all while being fit for the AM 

process.

Designing for Additive Manufacturing
Altair ProductDesign was tasked with 

finding a material efficient design that met 

the required performance characteristics 
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which could then be sized for different 

riders’ specifications. To perform the 

study and arrive at an optimal design 

solution as quickly as possible to meet 

the tight timescales of the project, Altair 

ProductDesign utilized solidThinking 

Inspire. The technology allowed the team 

to quickly take the existing designs into the 

environment and apply a variety of loading 

data that the bike frame would be required 

to withstand during use, in addition to 

constraints such as the nodes’ allowable 

size, and fixing point locations. 

solidThinking Inspire used this data to output 

a new geometry layout that removed material 

where it was not required to meet the 

performance targets. The team could then 

take this new geometry into the HyperWorks 

suite, using HyperMesh to build detailed 

models of the components, and OptiStruct 

to provide further refinement to material 

thicknesses. Throughout this process, the 

new designs had to be optimised for the 

AM process which included determining 

the ideal print angle and placement of the 

supporting structure to avoid the component 

collapsing during manufacture. This process 

was conducted in conjunction with HiETA 

Technologies and Renishaw.

Reducing Part Count  
& Manufacturing Costs
In addition to designing weight efficient 

components, Altair ProductDesign was also 

able to look for opportunities to simplify the 

frame design to lower the cost of production. 

One such example was the chain stay lug 

which was originally a three piece assembly 

of two symmetric titanium components and 

an interlinking carbon fibre tube. Utilising 

the Altair software suite and engineering 

expertise, the team was able to build in 

the additive manufacturing requirements 

from HiETA Technologies and Renishaw, to 

redesign the lug as a single component, 

optimised for mass, performance and 

manufacturing cost. Again, the optimisation 

work was conducted in solidThinking Inspire 

with additional analysis and refinement in 

the HyperWorks suite of products.

Finally, Altair ProductDesign conducted 

a technology transfer process with HiETA 

Technologies to ensure that the company 

would be able to utilise Altair’s simulation 

technologies in future product development 

processes directly.

The optimization work conducted by Altair 

ProductDesign successfully delivered 

mass optimized designs for the additively 

manufactured titanium frame nodes. The 

new material layout, driven by solidThinking 

Inspire and interpreted by the Altair team, 

created innovative, organic looking design 

solutions which were highly optimized for AM. 

Weight was reduced where possible and part 

count was cut to minimize manufacturing 

complexity and cost. 

RBC’s customisable mountain bike is 

a ground-breaking entry to the market 

that is using the very latest design 

and manufacturing techniques. Altair 

ProductDesign’s involvement has contributed 

significantly to an extremely lightweight and 

strong frame which, with the close support of 

HiETA Technologies and Renishaw, can now 

be taken into production.
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Altair is focused on the development and broad application of simulation 
technology to synthesize and optimize designs, processes and decisions 
for improved business performance.  Privately held with more than 2,600 
employees, Altair is headquartered in Troy, Michigan, USA and operates 
more than 45 offices throughout 24 countries.  Today, Altair serves more 
than 5,000 corporate clients across broad industry segments.  

Altair ProductDesign is a global, multi-disciplinary product development 
consultancy of more than 800 designers, engineers, scientists, and 
creative thinkers. As a wholly owned subsidiary of Altair Engineering Inc., 
this organization is best known for its market leadership in combining its 
engineering expertise with computer aided engineering (CAE) technology 
to deliver innovation and automate processes. Altair ProductDesign 
utilizes proprietary simulation and optimization technologies (such as 
Altair HyperWorks) to help clients bring innovative, profitable products to 
market on a tighter, more efficient time-scale. 
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HyperWorks is an enterprise simulation solution for rapid design 
exploration and decision-making. As one of the most comprehensive, 
open-architecture CAE solutions in the industry, HyperWorks includes 
best-in-class modeling, analysis, visualization and data management 
solutions for linear, nonlinear, structural optimization, fluid-structure 
interaction, and multi-body dynamics applications.
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