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[bookmark: _Toc213351063]Introduction 
[bookmark: _Hlk213346338]This technical report will begin by covering the fundamentals of chassis design, detailing the basic requirements for a motorcycle frame and why they are important. Next the history of frame design and what is seen today, where an explanation of what materials have/are being used. Towards the end of the report how framework is perceived in a motorsport environment will be discussed, in particular the fundamentals to motorsport chassis, before then exploring what the manufacturers in MotoGP use and their preferences. The conclusion will outline the differences between street and motorsport grade motorbikes, with discussion on design and material decisions.


[bookmark: _Toc213351064]Fundamentals to motorcycle frames


[bookmark: _Hlk213351109]To begin it is essential to understand the angular movements of a motorcycle:
· Yaw – This is the angular motion about a vertical axis – this occurs as the bike is steered around a bend. This can also be caused by various disturbances such as sidewinds. 
· Pitch – This axis is horizontal and passes sideways through the motorcycle – this occurs under braking and acceleration, as well as road irregularities.
· Roll – This refers to the leaning motion of the motorcycle around its longitudinal axis. 

[image: Pitch. Pitch inertia controls how rapidly the bike pitches forward or backward under the various inputs
due to braking, accelerating and road bumps. Except in trials and motocross, there is no great need for
a fast pitch response and so a large amount of pitch inertia is not generally harmful. Indeed, it may
contribute to comfort when braking or when traversing bumpy surfaces, as shown in the chapter or
suspension. It is not easy to geometrically define the axis about which a machine pitches bec] 
[bookmark: _Toc213350794]Figure 1 -  Showing the three principal axis of rotation. – (Foale, 2002) Section 1, page 2

[bookmark: _Hlk213351120]As stated within (Foale, 2002), the functions of a motorcycle depend upon two basic functions: static and dynamic. The role of the static function is to be able to support the weight of the rider/riders, and all the components of the bike such as the engine, transmission, its fuel and oil tanks. In its dynamic state the frame needs to operate correctly when the bike is in use, meaning it needs to enable the suspension and wheels correctly to provide accurate steering, roadholding, handling and comfort for the rider. 

Continuing, (Foale, 2002) goes onto to explain the importance of the dynamic state and why a solid frame is required. “For precise steering the frame must resist twisting and bending sufficiently”, this is to ensure that the steering axis remains in the same position as the rear when under loads imposed by that of the transmission, road surface, cornering and braking. The importance of suspension is then explained; the book continues to explain that no steering system can be effective while the wheels are off the ground. For good handling, little physical effort should be exerted by the rider for the bike to do what is required – particularly important for long journeys, as well as in motorsport as this reduces rider fatigue. However, as mentioned by (Foale, 2002), that there are also other factors included into sufficient handling, this includes: centre of gravity height, overall weight, stiffness, steering geometry, tyre sizes and the moments of inertia of the wheels and overall machine/rider combination. Similarly to good handling, comfort is a key factor to reducing rider fatigue. Successful suspension absorbs harsh road conditions without disturbing the rider or disturbing the motorcycle not a pitching motion. 

All these criteria the frame has to fulfil for the expected life of the machine, without deterioration or failure and without the need for undue maintenance. (Foale, 2002, section 1, p.3) 



[bookmark: _Toc213351065]The history of frame design and what we see today
[bookmark: _Hlk213351135]As per (Wikipedia, 2025), this section explains designs over the years, this will include materials as well as examples for who uses what materials and frame designs. 

[bookmark: _Toc213351066]Materials 
[bookmark: _Hlk213351164]Upon first creation, motorcycle frames followed similarly to that of bicycles. Consequently frames were tubular steel, which to this day is still in use. As well as steel tubing, in modern times, other materials such as titanium, magnesium, carbon fibre and composites of these materials are now used. As mentioned above, the complexity of meeting the dynamic state of a motorcycle means that the is no single ideal frame design. 

[bookmark: _Ref213346898][bookmark: _Ref213346904][bookmark: _Ref213346914][bookmark: _Ref213346959][bookmark: _Ref213346969][bookmark: _Ref213346983][bookmark: _Ref213346986][bookmark: _Ref213346989][bookmark: _Ref213346994][bookmark: _Ref213347000][bookmark: _Toc213351067]Types of frame design 
[bookmark: _Toc213351068]Spine or backbone 
[bookmark: _Hlk213351170]The motorcycle engine is suspended from a single spine. This spine could be a solid structure. 
[bookmark: _Toc213351069]Single cradle 
[bookmark: _Hlk213351176]The motorcycle engine is held in a single cradle with a single spine. 
[bookmark: _Toc213351070]Half-duplex cradle or double cradle
[bookmark: _Hlk213351184]The motorcycle engine is held in a double cradle with a single spine and single downtube. 
[bookmark: _Toc213351071]Full duplex cradle
[bookmark: _Hlk213351191]The motorcycle engine is held in place within a pair of separate cradles. However many duplex frames used a single spine beneath the tank. 
[bookmark: _Toc213351072]Perimeter or Twin Spar
[bookmark: _Hlk213351199]Two beams wrap around the engine to join the steering head and swing arm in the shortest distance possible. 

[image: ]
[bookmark: _Toc213350795]Figure 2 - The RC211V by Honda - (Honda Global, n.d.)
[bookmark: _Toc213351073]Pressed
[bookmark: _Hlk213351208]The frame is pressed or stamped from sheet metal to form a car-type semi-monocoque. The frame may be entirely pressed or just a pressed aft (rear) section connected to the steering head by a conventional steel tubular spine. 
[bookmark: _Toc213351074]Monocoque 
[bookmark: _Hlk213351214] More common in the car world, the frame comprises of a structure where loads are supported through its external skin. This design is exclusively used for motorsport purposes. 

[bookmark: _Toc213351075]Semi-monocoque 
[bookmark: _Hlk213351223]If a “monocoque” frame uses additional support such as tubes or longerons, this frame is considered a semi-monocoque. 

[bookmark: _Toc213351076]Trellis 
[bookmark: _Hlk213351229]A trellis frame connects the steering head to the swingarm pivot as directly as possible using metal tube arranged in triangulated reinforcement. Using lattice girder principles, a trellis frame is typically constructed of round or oval section metal tubular segments that are welded or brazed together. 

[image: A motorcycle with orange rims
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[bookmark: _Toc213350796]Figure 3 - An example of a trellis frame - (BikesMedia, n.d)


[bookmark: _Toc213351077]How do they compare to motorsport?
[bookmark: _Hlk213351237]As explained within (Spalding, 2017), “The chassis is literally the backbone of the motorcycle. It holds everything together and co-ordinates all the functions necessary to allow the rider to put in a series of fast laps. The chassis should be designed to help the rider to achieve his aims.” Further along within Spalding’s section about chassis, he goes onto explain the limits of what the chassis can deliver: 
 
Correct weight distribution is critical, this is because it defines the bike’s reactions to rider inputs. If the centre of gravity is too high, then the bike will pitch back and forth too aggressively. If the bikes centre of gravity is too low, then the bike will not pitch at all and if it is too far forward then the front tyre slides rather than grips, and the rear spins rather than drives.
  
Looking at chassis design in a motorsport perspective, (Spalding, 2017) explains how the chassis requires three different designs. “For acceleration and top speed you want a low bike with a long wheelbase and a forward weight bias. For corner entry braking you want a low bike with a rearward weight bias. For turning in the corner a shorter bike with a higher centre of gravity helps.” For a motorsport perspective it would be impossible to achieve a perfect fitting for all three designs, this idea is supported by Neil Spalding as he goes onto explain this very point. “The trick for a race bike designer is to get one motorcycle to act like its enough of each type of bike to maximise performance. By definition that bike is going to struggle to be perfect at being any one of the three”. This means motorsport bike designers have to compromise, they need to decide to go for the balanced split of designing a bike that will suit all three designs, or create a bike that favours one design over the other two. (Spalding, 2017) then explains that the winner of the MotoGP championships is the one that makes the best compromise given all the circuits they visit. Spalding explains that typically each manufacturer favours a particular design – giving each factory’s bikes that little bit more of character. 
[bookmark: _Hlk213341892] 
[bookmark: _Hlk213345558]He begins with Yamaha, detailing that they prefer a wide arc into corners, this being a product of their desire for high corner speed but also because of their other design considerations – such as their engine layout. Next is Honda, they prefer a fast entry into the corner, which is taken as tightly as possible with the minimum time spent on the edge of the tyre. With Ducati, historically the Italians have been trying to get down the straights as fast as possible, then finding a way to get through the corners. Noticeably since Jorge Lorenzo’s arrival this changed a little, his years spent with a high corner speed Yamaha meant Ducati thinking concentrated on cornering quickly too. Suzuki in 2017 started with a very quick-turning bike, shorter and less stable than the Yamaha. Spalding notes that it also suffered slightly from an unstable front end under combined braking and turning forces. They provided Andrea Iannone with a clearly stiffer chassis, but a full solution was still required. KTM and Aprilia have yet to display what chassis strategy they are routing for, but it is noticeable that Aprilia have been concentrating on the chassis while slowly enhancing the engine power. KTM started with the opposite approach, looking to use as much power as possible before realising that the chassis and power control was the way to go. 
[bookmark: _Hlk213343691]



[bookmark: _Toc213351078]Conclusion
[bookmark: _Hlk213347770][bookmark: _Hlk213347925][bookmark: _Hlk213348561][bookmark: _Hlk213351245]To finalise this report, using the information above to compare street motorbikes, against those used in motorsport. The biggest and most noticeable difference is that with street bikes there is not just one frame design. As shown in Types of frame design, there are multiple frames being used by manufacturers, with the use of different materials all to meet the desired markets – whether this is for adventure bikes, tourers or sports bikes there is this variety for customer preference. However in motorsport this situation changes, there is of course countless category classes all around the world where all types of motorbikes are raced, but regulations confine them.

 Motorsport is more technical, the design of the bike isn’t designed to be comfortable or have technological benefits for the rider like heated grips/seats, cruise control, wheelie control etc, its all about creating a competitive motorcycle. Material use sets the two apart, motorsport chassis requires lightweight but also desires durability and reliability just like street bikes. However different motorsports have regulations that can confine manufacturers about what materials can be used. 

Bibliography/references
BikesMedia. (n.d). Retrieved 11 06, 2025, from https://www.bikesmedia.in/reviews/motorcycle-trellis-frame-all-you-need-to-know.html
Foale, T. (2002). Motorcycle handling and chassis design: the art and science. Spain: Tony Foale Designs.
Honda Global. (n.d.). Honda Global. Retrieved 11 06, 2025, from Honda: https://global.honda/en/tech/motorsports/MotoGP/RC211V_part04/
Spalding, N. (2017). MotoGP Technology (3, Reprinted August 2019 with amendments ed.). Birmingham: Phoebus Apollo Publishing Limited.
Wikipedia. (2025, October 19). Motorcycle frame. Retrieved October 29, 2025, from Wikipedia: https://en.wikipedia.org/wiki/Motorcycle_frame





Figure 1 -  Showing the three principal axis of rotation. – (Foale, 2002) Section 1, page 2	2
Figure 2 - The RC211V by Honda	5
Figure 3 - An example of a trellis frame - (BikesMedia, n.d)	6

image1.png




image2.jpeg
Yaw axis

Pitch axis

Roll axis





image3.jpeg




image4.jpeg




