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2 Introduction 

Production motorcycle chassis design presents a fundamental compromise of 

performance requirements. Sport touring and dual sport or adventure motorcycles 

prioritize stability and rider comfort for long distance riding, whilst sportbikes stress 

sharp handling and cornering precision. This report investigates whether introducing 

greater control for end users over chassis characteristics, specifically adjustable rigidity 

and flexibility, could enable a motorcycle to effectively serve both purposes better than 

current designs. The following analyses published research on chassis rigidity effects, 

examines adjustable geometry systems and racing-derived innovations to determine 

whether increased end-user adjustability represents a realistic solution for improved 

dual-purpose motorcycles. 
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3 Background 

Earlier frames pursued maximum stiffness to eliminate handling instabilities, with 

engineers targeting ever-higher torsional stiffness values. Sharp (2001) identified three 

fundamental instability modes affecting motorcycle handling: capsize, the bike wanting 

to overturn; weave, involving side-to-side oscillation of the entire vehicle; and wobble, 

the side to side shaking of front wheel and handlebars. Understanding and controlling 

these modes drove chassis development priorities for decades. 

Lake et al. (2012) explained that flexible frames promoted wobble problems at medium 

speeds, whilst extremely stiff frames transferred this instability to higher speeds. This 

led to increasingly rigid structures that pushed weave and wobble out of the normal 

operating range of the average road motorcycle, suggesting that maximizing stiffness 

represented the best all-round design. 

However, challenges remain. Recent research by Sakai (2024) identified that caster 

angle has narrow "sweet spots" where self-excited oscillations do not occur, making it 

the most crucial variable in chassis design alongside trail and front wheel 

characteristics. The gap between the elements can be measured and what riders feel 

needs more research (Gadola et al., 2019). Testing methods linking chassis 

adjustments to rider feedback are needed, along with safety validation across different 

settings and road conditions. 

Technology exists from racing and early production examples, but practical 

implementation needs better understanding of rider perception combined with 

mechanical design. Making chassis stiffness and geometry adjustable for end users 

could solve dual-purpose motorcycle needs, though whether these systems become 

mainstream or remain specialist features depends on understanding how riders use 

these adjustments. 
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4 Discussion 

4.1 Directional Stiffness 

From the research, it appears that motorcycle frames need different amounts of 

stiffness depending on which direction forces are acting. Kawata (2015) explained that 

during high-speed riding, braking forces applied to the frame are much larger than 

acceleration forces. To counteract this, the frame needs to be very stiff forwards-

backwards to control braking stresses without bending too much. However, they found 

through Suzuki's racing testing that frames which were very stiff forward-backward but 

less so side-to-side cornered better than bikes that were stiff in both directions equally. 

This finding contradicted the previous view that a very rigid frame is the default ideal for 

a racing chassis. 

Designing around this directional difference proved difficult with typical frame designs. 

Lake et al. (2012) note that the space between the steering head and engine is usually 

filled with the air intake system, restricting the ease of adding additional bracing tubes. 

Cameron (2018) explained that Japanese manufacturers typically bolted the steering 

head directly to the cylinder head underneath it, making the connection stiff in all 

directions, whilst Ducati's horizontal front cylinder meant this direct connection was 

impossible, creating the beneficial side-to-side flex. 

Lake et al. (2012) found that allowing the swingarm to bend slightly can help stability at 

high speeds, but torsional twist has the opposite effect and makes handling worse. This 

shows that even within one component, different types of flexibility have varying effects 

on how the bike handles. 

4.2 Design Constraints 

The main problem described in the research is that changing stiffness in one direction 

usually affects the other directions too. Lake et al. (2012) showed that most motorcycle 

frames have a similar relationship between how stiff they are forwards-backwards 

compared to side-to-side. This link made it tough to use what racing had learned about 

directional stiffness on production motorcycles. 
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From Palanivendhan et al. (2020) paper, trellis frames are lightweight and very stiff 

which helps with straight-line speed, whilst perimeter frames are more compact and 

have some controlled flex which helps with high-speed cornering. But trying to get the 

benefits of both frame types in one design is challenging with established methods, 

with each architecture excelling in particular performance aspects whilst accepting 

compromises on others. 

This is particularly important for road bikes that need to perform a variety of roles. 

Touring riding needs stability and predictability at normal speeds, especially when 

carrying luggage and a passenger. But circuit riding needs quick handling, precise 

steering feel, and maximum cornering grip. Most production bikes have fixed chassis 

settings that can't change between these different uses, being manufactured 

somewhere between stable and agile rather than allowing rider adjustment. 

4.3 Current Adjustable Solutions  

An adjustable system could solve this problem. In Gadola et al. (2019) paper, they built 

a prototype that provided independent adjustability of the steering angle, trail distance, 

and anti-dive setting without needing to take the bike apart in a workshop. Their system 

allowed the trail to be adjusted from 81mm up to 138mm, which would transform the 

bike from agile sports to a more stable touring setup. Instead of being a fixed 

compromise, it becomes something the rider can tune for different situations. 

Palanivendhan et al. (2020) tested a hybrid chassis that combined features from both 

trellis and perimeter frames, trying to get stiffness values somewhere between the two. 

Their computer simulations suggested this might balance straight-line stability with 

cornering ability better than either frame type on its own. Even though this hybrid 

couldn't be adjusted by riders, it showed that the best performance might not be at 

either extreme. 

A recent production motorcycle demonstrates adjustable chassis stiffness for road 

riders. Bimota's 2026 KB998 Rimini features what the company describes as 

"adjustable rigidity", as shown in Figure 1, based on their racing frame experience 

(Bimota), although the specific mechanism for this is not detailed in available literature. 

This means riders can actually tune the frame's stiffness and flex characteristics, not 
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just suspension or geometry settings. The frame combines chromoly tubes with CNC-

machined aluminium plates, optimising the balance between flex and rigidity. In 

addition to a variable chassis flex system, Bimota includes pivot and eccentric 

adjusters for chassis geometry changes using basic tools. This shows that directional 

stiffness concepts from racing can now be offered as adjustable features for everyday 

riders to tune for different riding situations. 

 

Figure 1 Shows 2026 Bimota KB998 Rimini frame. (“Bimota, 2025”) 
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5 Conclusion 

Putting together adjustable geometry and variable chassis stiffness seems like it could 

work well for bikes that need to do both road and circuit riding. But there's still a gap 

between what works on racetracks and what's practical for road bikes. Gadola et al. 

(2019) mentioned that there's a substantial difference between what you can measure 

with instruments and what riders actually experience through bike feel. Steering 

feedback and how the bike responds are most critical to riders, but these intangibles 

aren't thoroughly understood except by manufacturers' extensive testing.  

All the authors agree that frame stiffness affects how motorcycles handle, and that 

varying types of stiffness have different effects. Cameron (2018), Kawata (2015), and 

Lake et al. (2012) all support the idea that lateral flexibility can be beneficial. However, 

there's some inconsistency around how much stiffness is actually needed and whether 

current designs are already optimal. 

Kawata (2015) clearly explains why Suzuki needed to develop the low lateral stiffness 

frame for racing performance. Gadola et al. (2019) explicitly state that their work 

addresses the gap between what engineers can measure and what riders actually feel.  

However, significant challenges remain before widespread adoption. Testing protocols 

linking chassis adjustments to rider feedback are needed, alongside safety validation 

across different settings and road conditions. Whether adjustable chassis systems 

become mainstream or remain specialist features will depend on better understanding 

how riders perceive and benefit from these adjustments in real-world use. 
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