Clutches
Development of the centrifugal clutch
What is a centrifugal clutch?
A centrifugal clutch is a type of clutch which allows a driving force to be transferred from a drive shaft to an axle. Once a certain rpm is reached the spring In the clutch is stretched via the reaction force of the centripetal force which is generated by the rotational acceleration (The reaction force of centripetal force is often referred to as centrifugal force, hence centrifugal clutch). Once the string is stretched the ‘Shoe’ a pad with a face with a high friction coefficient rubs against another high friction plate on the outer edge of the clutch casing and due to the high friction of both faces instead of gently sliding passed each other, they grip each other and as there is a reaction force pushing the plate against the edge and a friction meet the outer plate will turn. This can help connect a drive shaft to an axle in a car for example where if there was no clutch and you tried to just mesh gears the car would stall as the torque and inertia to turn the axle would be too great unless rotating at a very low rpm. A clutch allows a ‘semi’ contact which means that the axle would begin turning slowly a bit before the full speed of the drive shaft is transferred to the axle, thus avoiding a stall.  [image: A drawing of a circular object
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Early clutches
The leather clutch
The leather clutch was a basic clutch from the 19th century that used brass or iron as the body material and treated leather as the contact material. This was a type of cone clutch. A cone clutch used two intersecting cones or slopes as a contact face. See the diagram below. This meant a constant force pushing the cones together would only push the contact materials together and the would mesh geometrically. Thus with only the contact materials (leather) touching, the leather would grip the other leather and start bringing the output up to the same speed as the input. Over history as more materials were discovered and more complex or demanding clutches were needed better suited materials were developed and leather was phased out. Another point about the leather which showed how it wasn’t as useful as some of the other options we will see shortly is that it needed to be treated often to avoid wearing through the leather strip too quickly. [image: A diagram of a cross with arrows and a couple of circles
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These leather clutches were very basic but also very easy to manufacture as they didn’t require complex manufacturing techniques and used materials that are easy to work with. This type of clutch was very useful in steam engines throughout the 19th century.
One example of a material progression allowing for better clutches was asbestos! This material was not only durable but also heat resistant which meant that it would last longer, allow for higher friction and thus better grip. As machining methods grew more sophisticated, clutches also grew more complex and moved away from the basic cone configuration into significantly more complex configurations.
Due to environmental reasons, in more modern times engineers have phased out the use of asbestos in favour of strong modern materials such as certain ceramics which are extremely hard and durable. Not only can these be as strong and heat resistant as asbestos but they are also more environmentally conscious as asbestos can cause numerous health problems in manufacture and when being broken down into fibres which use in clutches would do.

For an example of a more complex clutch configuration we can look at the multi-plate clutch. These might be needed in a system with a high torque output, such as heavy machinery. These multi-plate clutches have multiple concentric layers of friction disks (plates with high friction surfaces) and more of layers come into contact with each other as more of the clutch is released allowing more input power to be transferred to the output. This gives a higher torque output as well as more control which is essential for some machines.
For small engines where constant engagement and disengagement are required the centrifugal clutches mentioned earlier are used. This works well for go-carts or small motorbikes as it allows for automation clutch interactions. These can also uncommonly be used for complex systems where user input is impossible and a small clutch is required. Also these types of clutches can be relatively cheaper than the modern alternatives due to relatively fewer parts and as they are easily manufactured using modern processes.

Some of the first centrifugal clutches used curved counter weights, with a rough face on the outer edge, attached by hinges to a centre shaft and as the shaft would turn the mass would slowly be pulled out by the reaction force of the centripetal force, pulling against a spring. This version was a much more earlier version than talked about earlier and would be common in steam engines. Looking at the diagram it should be obvious that this version was very simple to manufacture whereas a shoe type centrifugal clutch requires a significantly greater level of manufacturing ability.
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A huge modern day use of the these centrifugal clutches is in hand held power tools, whilst manual clutches can be used a lot of manufacturers use centrifugal clutches as they can made small whilst retaining a high level of accuracy and reliability. They are also automatic and can adjust to differing rpm and torque values without user input allowing anyone with basic safety knowledge to pick up the tool and immediately start using it, whereas using a manual clutch would mean more training/practise would be required before a worker can reach the same level of control and ease of use as is afforded instantly via a centrifugal clutch.
Electromagnetic clutches
Electromagnetic clutches are one of the more modern clutch iterations. The vast majority of these clutches are single face instead of multi-plate. These clutches use electromagnets using a current to generate a magnetic attraction between the shafts and this is how the shafts are brought into contact, once in contact a frictional force is what turns the secondary shaft.  This is very useful as it can be controlled electronically giving remote access to the clutch as well as allowing for user control for specific situations where the current configuration would be most efficient or meet the torque requirements of the system. One of the drawbacks of these clutches is that they produce a large amount of heat and this heat dissipates into the surrounding clutch mechanism meaning that overheating is a very real problem with these clutches. Due to this these clutches often have a maximum operating temperature which they cant exceed and thus are limited in their use comparatively to other clutches like the centrifugal clutch.
While these clutches can face a large drawback they also can reach heights of efficiency the other clutches cannot due to the variable electronical control from using the current, slippage can be massively limited and in some cases there is no relative slip and this means that the efficiency of the torque transferred across the shafts is extremely high and is better than any centrifugal clutch as there will always be a level of relative slippage with centrifugal clutches. As seen be all the clutches as they progress in ability, they also progress in complexity. The electromagnetic clutch is the most complicated so far as now it not only uses mechanical parts and context created smart materials but also electrical components which have to be connected to a larger system and attempts have to made using shielding to avoid the magnetic effect from having an adverse effect on surrounding parts of the machinery.
These types of clutches see use a lot in factory environments in powerful machines which are dialled in for efficiency to save energy or that have very high torque requirements which cant be met efficiently via other clutches. Or maybe the machine needs a constantly different set of requirements and thus rpm and torque values and so having a variable clutch versus a centrifugal clutch for example means that a non-contact electronic solution is available instead of having to stop the machine, open it up and replace a nested component.
Conclusion
In this essay I have gone over the development of contact materials used in clutches, types of basic clutches, their uses and drawbacks and had a more in depth look at electromagnetic clutches and centrifugal clutches. We have seen that even though centrifugal clutches were developed a long time ago and were prevalent in the industrial revolution they are also still commonly used today for a large variety of tasks due to their reliable and automatic nature. We also saw how electromagnetic clutches are a newer and more efficient and flexible type of clutch with less ranging but equally important use cases in places such as factories or lawnmowers etc.
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For task 6, the effect of the different values of the coefficient of friction is obvious to see from the graph in that the higher the friction the greater the torque that can be transmitted through the input shaft to the output shaft. 
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