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Cover Page
 This report covers all relevant information regarding brake system development for Vehicles and Motorcycles.  Including the Pro’s and Con’s throughout the development process and effect on manufacturers.



















[bookmark: _Toc414838652]Introduction

This report is a critical analysis of each form of braking system that have been developed for all Motorcycles since 1900. It is important to take into consideration that a majority of braking systems were initially developed for other Vehicles before being translated into a design fit for Motorcycles. For example, the early development of ABS via Dunlop was suited primarily for Airplanes as the risks involved with skidding at high speeds would have a massive impact on human life (Glon, 2019). Therefore, technology was developed out of a necessity for safety as well as a need for more capable aircraft in the 1950’s. 
Car braking systems are also related to the development of Motorcycle braking systems. Once ABS was properly designed for Cars its implementation for Motorcycles was only a matter of time. The same can be said for the developmental cycle of the Drum Brake in 1900-1902 (Jones, 2022). Subsequently making the developmental jump in 1920 to Motorcycles with the assistance of brands like Honda and Kawasaki. 







Context

The historical context of old braking technologies, when compared to their modern counterparts, is crucial to understanding the evolution of Motorcycle/Automotive engineering and the methodologies/thought-processes used by manufacturers within the industry.  Through this analysis It will become apparent as to why these decisions were implemented by the manufacturers to improve their designs.  
Limitations on early motorcycle braking systems become more evident when introduced to higher capacity engines and a greater need for safety.  Manufacturers started to innovate by introducing hydraulic systems in 1920’s. This development was a product of Malcolm Loughead. In 1917, Loughead designed the first hydraulic system where a push on the brake pedal would engage the pistons and stop the vehicle. This was the first mass produced hydraulic system, proving to grant more reliability and easier access to the public in comparison to earlier technologies (ABE performance, 2024).
Eventually the Drum Brake design hit a dead-end . Whilst some manufacturers attempted to continue developing the Drum Brake. Most shifted over to the Disc Brake design, the most commonly found braking system across the world. This is due to the overall reliability of the disc brake design and how it can effectively transform kinetic energy into thermal energy at a better rate and more consistently than drum brakes could (Watson, 2013). It also didn't require readjusting like the Drum Brake, instead manufacturers implemented the use of consumable brake pads, which now take a matter of minutes to change. This development sated the growing demand for more safer and efficient vehicles (TTKIN, 2024).









Discussion


In 1902 Steffey Motorcycles introduced a more efficient way to stop or slow down a motorcycle . A ‘Spoon’ brake came in the form of a steel plate that created friction with the tyre to slow the motorcycle down and bring it to a stop. Before Steffey’s invention, a rider would have to extend their legs and create contact with the ground to slow, then stop.
Compared to current braking systems like ABS (Anti-lock Braking System), Steffey motorcycle’s rudimentary yet revolutionary braking system was restricted to the front tyre. Whereas ABS is not restricted, as it incorporates disc braking for the rear system. The Spoon brake design detailed that the rear tyre neglected any braking system. Unlike the more modern use of ABS and CBS (Combined Braking System) which allow for two-wheeled disc braking (Watson, 2013). 
Preceding these modern designs, Louis Renault patented the design of the ‘Drum Brake’ in 1902. Wilhelm Maybach also implemented a similar yet more rudimentary design which was less successful than Renault’s (Motor Equipment News, 2021). Typically used for motorcycles post 19, although mainly present with car braking systems as early as 1900. These braking systems were originally controlled by a series of rods, levers, or cables to push the shoe to create friction against the lining of woven asbestos fitted for the drum brake lining. The design was necessary as no other material like asbestos was as effective at dissipating heat (Kitcars, 2024).
 Due to the fact that most early brake shoes were comprised of asbestos, when working on older cars, it is crucial to not inhale any dust or particulates around the assembly (Thompson Solicitors, 2019). Due to regulations regarding the production and use of asbestos, the manufacturers for brake linings were greatly affected. At the time manufacturers like ‘Turner & Newall’ had no choice but to produce asbestos-free brake linings and adhere to the regulations put in place by the United States Federal Government (Kazan-Allen, 2000) . During this time, customers were disheartened by the drop in braking performance, claiming that the asbestos lined shoes offered less stopping distance and time. This was due to the replacement linings being made of lesser materials. Only with the advancement of new braking technologies (relevant to the time) did manufacturers remedy their relationships with their customers and overcome this slight setback (Oak Ridge National Laboratory, 2001, Pg 6).


In the mid 1930’s, a small cylinder and pistons with oil pressure were used to enhance reliability, although some vehicles maintained strictly mechanical systems until a decade later. As shoes in the drum brake become more worn, regular manual adjustments were necessary until self-adjusting drum brakes were introduced in the 1950’s. Another drawback of drum brakes was their tendency to experience brake fade, which is a loss of braking effectiveness after prolonged or repeated use. 
If correctly fitted, the argument could be made that a drum brake is better at using friction to slow or stop a wheel than a disc brake. However, the point of contention with this line of thinking is that the Drum brake must be ‘correctly’ fitted in order to exceed the expectations of reliability and effectiveness found within disc brakes. Although the disc brake was invented in 1902, thanks to Frederick Lanchester, it took decades before it could be manufactured and then distributed within the automotive industry (ABE performance, 2024) (Aleem et al, 2018). 
In the last 40-20 years, braking systems have evolved to include computer-controlled technologies. Anti-lock Braking Systems (ABS), regenerative braking systems in electric vehicles, Electronic Stability Control (ESC) and advanced driver assistance systems (ADAS).  These systems come integrated with sophisticated technologies that enhance the safety and functionality of all road users (Spragg, 2020).
As of 2016, most countries have decided to make ABS fittings mandatory on all motorcycles above 125cc. Regulations such as these are starting to become more common place in the world out of necessity for more road safety and reduce the number of crashes/fatalities on the roads. 
ABS on a motorcycle is different from that of a car (L, Austin, D, Morrey, 2000). In a car, the system is connected to through the use of one pedal, which when pressed will slow and stop the car. If the wheels are at risk of locking up, the pedal will lose feedback until the risk of locked wheels subsides and braking can continue safely. On motorcycles, ABS is only implemented in the front. This is done to assure control when cornering as the intricacies of motorcycle ABS is far more delicate than that of a car. 
If the road conditions are visibly bad, relying on your ABS to both identify bad road surfaces and then counteract them, will only lead to a negative result. A general rule to go by when braking on motorcycles is to gradually squeeze about 60-70% of the front brake whilst engaging the rear brake at slightly lesser increments. This style of braking will complement the ABS and utilize its shortened stopping distance compared to that of unaided electronic disc-braking.  

Whereas with a car, there is a lot more room for user error. In fact, road users would have to pump their brakes (before the introduction of ABS) in order to slow down more efficiently, prevent wheels from locking whilst driving in icy conditions and prevent
overheating.  The term used to describe this method is Cadence Braking and should only be implemented without ABS and only in conditions constituting poor traction control where an emergency stop might overwise be dangerous and increase the chances of locking the brakes.  
The downside of ABS implemented on motorcycles is well documented as well. The primary reason most (if not all) dirt bikes come without it is due to the lack of control factor that is present when on the receiving end of a false positive reading whilst off-roading. This can occur due to gravel, mud or any loose ground. Typically, motorcycles with on and off-road capabilities such as adventure motorcycles and dual-sports come with a switchable ABS system. 
The system also works in two unique ways. There is a difference between cornering ABS and standard ABS. Cornering ABS, a relatively new development, has the same functionality as standard ABS and can operate whilst turning corners (Spragg, 2020). Whereas standard ABS is solely giving more control in situations where an emergency brake is necessary. However, neither system affects the steering in any way, meaning that the responsiveness of the motorcycle is unchanged. The Engine is also unaffected as it retains its horsepower output and top speed. Once ABS has been fitted, it cannot be removed or disabled. The system itself is deemed a safety feature by manufacturers, so once enabled, it cannot be deactivated (Motoress, 2019).
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                                                                                (Motoress, 2019, figure 1)





Conclusions

Braking Technolgies are integral to the safety of all road users and pedestrians respectively. With the level of competition imposed by manufacturers we can see such innovations are a product of the era they are present in. For example, the United States Federal Government’s decision to regulate brake shoe asbestos lining forced manufacturers to advance other braking technologies to circumvent the decrease in quality.
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Research speaks for itself. ABS reduces collision speed by 31%.




