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Dremel 300 series (main product) Rolson Multi-tool (similar product) Comparison of the two products 

Form 
The product is roughly oval in shape and is tapered  towards . The cross section of the tool is circular at most points along its length in order to best conform to the shape of the hand. 

The profile and the cross section of this product is at its widest at the point just above where the switch is. 

 Just under half way up its length its diameter becomes thinner and the edges remain parallel for about 40mm of the length of this narrower part and then begin to taper towards the 

collet nut (the moving part of the tool). About 50mm up from the end of the collet nut, the tapering increases sharply then the profile flares out slightly (at about 30mm up from the end 

of the collet nut), creating a slight groove (see “Top view” photo) deep enough to accommodate for the shape of the thumb, forefinger and middle finger, making the tool more comfort-

able to hold and easier to control. 

 There is then a conical shaped cap that screws onto the main body of the tool below the collet nut. The purpose of this cap is to conceal the bottom of the collet nut and the shaft 

beneath it in order to minimise the exposure of the user to moving parts, especially on this area of the tool where the fingers could possibly slide forward onto the moving part. The 

inward curve at the top of the cap also serves to prevent dust from the work piece from entering the gap where the shaft exits the body of the tool. This cap  has rounded rectangular 

indentations around its top which aid grip when unscrewing the cap. The collect nut protrudes from a hole in the top of the cap, the diameter of which is greater than that of the collet 

nut to allow for easy removal and replacement of the cap. The collet nut itself is cylindrical in shape then gradually increases in diameter about half way up its length. This area of 

increased diameter is knurled; it has fine grooves cut in it at almost perpendicular angles creating raised diamond shapes. The purpose of this surface is to make it easier to unscrew the 

collet nut when it comes to changing collets and accessory bits. The  last 2mm of the collet nut’s length have been ground to a 45 degree angle to make unscrewing the collet nut by 

hand more comfortable on the thumb and index finger. The collet nut is hollow in the centre to accept a collet, which hold the accessory bit. The collet nut has also been ground to a flat 

surface on opposite sides so that a small spanner can be used to tighten and unscrew the collet nut. The bulkier part of the body tapers off toward where the power cable is fitted to the 

product. The rear of the product is not fully tapered, it flat and parallel to the line created by the ending of the bulkier part of the body of the product. 

The switch to turn the product on or off and to adjust the rotating speed of the tool is seated in a recess of about the same depth as the protruding switch, so that nothing in the work area 

can snag the switch and accidently switch it on. The switch is an extruded oval shape with rounded vertices for comfort when switching on or changing the speed of the tool. 

The button that is pressed to lock the shaft of the tool from rotating while unscrewing the collet nut is rectangular with very rounded corners, to the extent that there are no corners. 

However, the button is not quite oval because the longitudinal sides of the button are parallel. The purpose of this shape is to make pressing the button more comfortable which is 

important because the button has to be held down for several seconds when changing an accessory bit. 

This locking button sits within a slight recess that is created by the tapering shape in the body of the product. 

The surface of the plastic is textured with a slightly uneven surface, resembling that of a sandblasted metal, to increase the user’s ability to grip the tool. At the end where the power 

cable shroud is, a u-shaped hanging hook sits within a recess into which it is held by protruding extensions of the plastic body that stop this part moving freely when clicked into place. 

The is a circular recess at the vertex of the metal “hanging hook” which creates an inward facing dome impression in the body of the product. This allows the user to slide the thumb 

underneath the vertex of the hanging hook to gain leverage and pull the hook out. There are two holes on either side of the furthest extents of the u-shaped hook into which the ends of 

the hook slot and act as a hinge for the “hanging hook”. The tool ends abruptly at the rear with a flat edge to allow the spanner that fits into a slot at the rear to be easy grasped and to 

allow extensions such as a light to be attached by sliding into the groove in the area inside where the hook sits. 

In keeping with the u-shaped hook, there is an indented area in the shape of a wide mouthed u about half way up the product’s length, where the sticker with the product branding and 

speed control guide is. 

There are six curved air vent slots at the power cable end of the product  whose length decreases as the radiate from the centre of the body of the product, resembling the gills on a fish. 

There are a further six air vent slots at the vertex of the u-shaped sticker, which are less acutely angled than the air vents at the other end. These also begin to point increasingly down-

wards as the radiate from the “line of symmetry” down the middle of the body of the product. These air vents allow hot air to  escape from the internals of the products which is impera-

tive since if the tool overheats it becomes uncomfortable for the user to hold and the properties of the components would be changed, compromising the performance of the tool (e.g. 

metal parts would expand). The air vents are strategically placed; the six at the front allow air from the fan to escape and the six at the top allow heat from the internal transformer to 

escape. 

The product is symmetrical in shape when viewed from the top and the form has few straight lines, to best conform with the contours of the hand. This is also an aesthetic consideration; 

it has been designed to look like this to take on an almost organic appearance. 

Form 
The body of the product is relatively thin in comparison to its length attributing to a stick like appearance. It is widest at the centre and 
curves inwards to become thinner at both ends. The front end tapers in to a thinner width than the rear, to a width of about 15mm, before 

the cap turns inwards at an angle of 90 degrees just before where the collet net protrudes. This shape is an ergonomic consideration by the 

designer; its purpose is to allow the user to hold the tool like a pencil with the finger tips facing inwards to maximise control of the tool. 
The collet nut is mostly cylindrical with small grooves cut along its length, interrupted by two bands of smooth surface around its circum-

ference that serve to make the part more aesthetically pleasing. At its end the edges are ground to a 45 degree angle creating a conical 

shape before stopping short of a complete cone, having a flat face, with a hole in the centre for accessory tools to be fitted. The grooves 
make the collet nut easier to grip and unscrew when loosening, tightening or changing the collet while the chamfered edges make the 

collet nut more comfortable to hold when doing so. 

The rear of the product is wider than the front so that the u-shaped hanging hook has a wide enough base to be anchored on. If this area 
wasn’t wide enough, the inward facing lengths of metal wire that the hook is made from would encroach on the internal components of the 

product, posing a risk to the user. The u-shaped hook bends inwards at the top creating two l-shapes which slots into a hole on either side 

of the rear of the product, making a hinge that it can pivot on. 
The product maintains a circular cross section along most of its length not only to accommodate for the user’s hand, but also the internal 

components, i.e. the motor which has a cylindrical metal shell; the only part that does not conform to this shape is the flat section that is 

approximately 50mm in length where the power switch and the dial to change the speed is. The profile is interrupted at this point so that 
the switch and dial do not stick out too proud from the body of the tool this is partially an aesthetic consideration and also a safety one; it 

makes the tool look more compact and reduces the chance of the switch and dial from catching on anything. 

The rear face of the tool is flat and circular with a hole in the centre into which the power cable is plugged. This face is flat because this 
shape provides a high radial strength so that the hole in the centre can support the power cable plug and stop is from wobbling around 

within its socket.  

Form 
 Although some ergonomic considerations have been taken when 
designing the form of the Rolson multi-tool, the form of the Dremel 

300 series goes further to make a product that is more comfortable to 

use with the addition of rubber grips in the areas where the hand 
wraps around the tool when in use. 

 The form of the Rolson multi-tool is more simplistic than that of the 

Dremel 300 series, in fact the Dremel appears bulky and a bit “over 
designed” in comparison to the Rolson. However most aspects of the 

form of the Dremel - including the way it flares out towards the end 

to fit the shape of the fingertips - do contribute to the practical func-
tion of the tool giving it more of a feeling of quality than the Rolson 

multi-tool. Another reason why the Dremel is so much wider than the 

Rolson is that the transformer that steps down the 240V mains to the 
18V operating voltage of the tool is within the body of the Dremel 

tool whereas with the Rolson multi-tool the transformer is an external 

unit that is connected to the tool by a cable. 
 Because of the Rolson tool’s more cylindrical shape, it is more likely 

to roll around when placed on a flat surface which is frustrating and 

hazardous for users however this problem is largely avoided with the 
Dremel tool because the contours around its circumference have 

enough bumps to prevent it from rolling as much. 

 Some users may find the simplistic form and straighter lines of the 
Rolson more aesthetically pleasing than that of the comparatively 

complicated Dremel but others may appreciate the detail of the 
Dremel. 

Function 
The product is categorised as a rotary tool; it has a motor that rotates a shaft onto which various accessories can be attached. As a rotary tool, the function of this product is to perform a 

variety of small DIY and model making tasks. It is able to do this for two reasons: it has the ability to accept various accessory bits which slot into a collet which is tightened by the 

collet nut, with the two working similarly to a chuck on a drill or lathe and the speed at which it rotates is variable from 10,000 revolutions per minute to 33,000 rpm because different 

operations require the accessory bit to be moving at different speeds, e.g. When drilling the drill bit only has to rotate relatively slowly to successfully cut a hole in a material but to 

achieve an adequately polished surface a polishing wheel has to rotate significantly faster. The operations it is capable of are: 

 Cutting: The tool is apt to perform cutting tasks because accessory bits are available whose edges can be used in order to remove material along a thin line and thus cut 

through it. Abrasive disks are most common and are made from aluminium oxide particles bonded together with resin. These can be used to cut virtually any material 

(metal, wood, plastic etc) because they are able to resist the heat created by the friction between the disk and work piece. However they are about 1mm thick and so end up 

removing more material along its thickness than is desirable although still produce a cleaner cut than say, a hacksaw. Heavier duty fibre glass reinforced disks can be fitted 

to the tool to cut through harder materials such as iron and steel. Attachments are also available which effectively turn the tool into a miniature circular saw. 

 Sanding: Another accessory bit used is a circle of sandpaper with a 15mm diameter that is fixed onto a shaft by a small bolt that goes through a hole in to centre and screws 

into a thread down the centre of the shaft. Although the surface area of the sandpaper is small, it is capable of sanding in awkward areas of a work piece that would not be 

accessible when hand sanding. Also, the sandpaper disk is rotating so fast that it only needs to be held over the work surface for a short period of time to remove a layer of 

material. 

 Drilling: Depending on the size and material of the drill bit, the speed can be changed to suit the material of the work piece, for instance, wood and plastic can be cut at a 

higher speed than metal because they are softer. Collets with different throat diameters are available to hold various diameter drill bits. An additional product is available 

that the Dremel tool can be attached to that transforms it into a pillar drill, making it capable of cutting more accurate holes in a work piece. 

 Polishing: Different buffing wheels are available and can be used in conjunction with a polishing compound for achieving different finishes on different materials. The 

buffing wheels are about 15mm in diameter and so are capable of polishing small objects. 

 Engraving: Accessory bits are available to remove lines of material on its surface, these are effective on most materials except hard metals, but there are diamond coated bits 

for this purpose. 

 Routing: Accessory bits with tips like and end mill, only smaller, can be used with the tool to reduce the depth of an area of a work piece, e.g. When making a lap joint. 

However this function is limited since the bits available are only capable of cutting softer materials such as wood and plast ic. A product is available that the tool can be 

fitted to that improves the tool’s function as a router by enabling the user to control the plunge depth of the cutting bit and holds the tool perpendicular to the work surface. 

 Grinding: Abrasive disks much like those used for cutting but much thicker (about 2mm thick) come with the tool and are fitted to it in the same way. The rotating abrasive 

disk can be used to remove material most materials, even hard ones such as steel and iron. This function can be applied to sharpen blades, remove burrs or round off a hard 

edge. 

Function 
This product is an 18V rotary tool that can operate at speeds varying from 12,000 rpm to 23,000 rpm. The pur-

pose of it is to do “light” DIY, crafting and model making tasks including drilling, sanding, cutting, grinding 

and polishing. It is capable of this by the fitting of the correct accessory bit and correct speed adjustment. 

The accessory bits are fixed to the rotating end of the tool by a collet with three jaws which clamp down 

around the shank of the accessory bit as the collet nut is screwed on. Any drill bit or accessory bit can be fitted 

to the tool as long as it has a similar diameter to the throat diameter of the collet. Despite being able to perform 

many tasks, it is less effective at performing these if the material of the work piece is too hard; it can work on 

mild steel or iron but over time it wears out the motor. 

After several minutes of constant use the tool has to be left to rest before touching the collet nut because the 

friction between the accessory bit and the work piece creates a lot of heat which is conducted down the shank 

of the accessory bit into the collet nut, making it very uncomfortable to touch. 

Function 
The function of the two products is largely the same 

since both tools work by rotating an accessory bit in 

order to remove material from a work piece. The 

mechanism for holding the shank of the accessory bit is 

even the same. The main difference is the availability 

of accessories, attachments and spares for the Dremel 

tool. These additional accessories and attachments in-

crease the scope of what jobs can be done with the 

Dremel whereas the Rolson tool is not compatible with 

these. This is because Dremel specifically manufac-

tures rotary tool products while the Rolson rotary tool 

is made by a manufacturer who markets a range of dif-

ferent tools. Since Dremel specialise in this type of 

product, more attention is given to its design and there-

fore its function than is the case with the Rolson tool. 

 Also the Rolson tool is capable of a smaller range of 

speeds than the Dremel tool meaning that it either can’t 

perform certain tasks at all or can, but to a lower stan-

dard. 

User Requirements 
Potential users want a rotary tool (or “multi-tool” as Dremel refer to it as) to fulfil that description and the Dremel 300 series does be-
cause, as described above, it can perform so many functions due to its variable speed that enables users to change it to suit the task and the 

supplementary products that can be used in conjunction with the product. 

 It is also a comfortable, ergonomically designed product and users appreciate this because it allows them to complete a task with this 
product most efficiently and to a good quality. 

According to the manufacturer, the product weighs 0.55kg and to hold it feels quite heavy for its size, giving it a “solid” feel. This attrib-

ute is generally associated with quality and makes the product more attractive to potential users. The product is this heavy because the 
transformer is within the body of the tool instead of in the plug. 

The availability of accessories for this tool from the manufacturer also make it attractive to potential users. A list of the accessory bits and 

their recommended uses and running speeds can be accessed by users conveniently. The manufacturer also sells a range of accessory bits 
marketed as “SpeedClic” which are faster and more simple to change than the other accessory bits. 

Price is another aspect of what makes this product attractive to potential users; this product is capable of doing a lot of the DIY tasks 

undertaken by potential users and it is cheaper and more compact to have this product instead of all the individual tools ordinarily required 
to perform those tasks. 

 Another attraction for potential users is the long life of the tool; the brushes for the motor can be easily removed and replaced, meaning 

the entire product doesn’t become useless when a single component wears out. This is also an environmental advantage because it means 
that when the brushes fail, the whole product doesn’t have to be disposed of and a new one doesn’t have to be manufactured, thus avoid-

ing the pollution associated with manufacturing and transporting a whole new product. 

User Requirements 
 Potential users will be attracted to this product because of the range of functions it can perform and its low 

cost. The speed setting is fully variable between 12,000 and 23,000 rpm, meaning that as you turn the adjust-

ment dial there are no increments, it moves smoothly from the lowest to highest speed. This feature allows 

users to find the speed that is just right for their application, meaning they can complete the task with greater 

proficiency. 

 The product is small and compact considering what it can do, meaning is doesn’t take up much room in a 

toolbox. This is an attractive attribute because users who are casual DIYers who don’t frequently use the prod-

uct won’t want it taking up much room in their house or shed. 

 The product is lightweight; it  only weighs 0.15kg. This is an attractive attribute for potential users because it 

means that when being used for long periods it won’t cause the hand or arm to fatigue from holding it. 

 The air vents are very small so there is less chance of a conducting object being accidently poked through, 

reducing the risk of electrocution to the user. The small air vents also prevent too much dust from the work 

piece getting inside the product. 

User Requirements 

 The heavier Dremel tool is easier to control than the lighter Rolson 
tool because the greater weight reduces the effect of vibrations from 

the motor, the point where the moving accessory bit makes contact 

with the work piece and the occasional “kickback” caused by misuse 
of a rotary tool. The heaviness of the Dremel is also an advantage 

because it reduces the effect on the work piece of any inadvertent 

movements whereas the Rolson tool is so light that it is responsive to 
subtle movements from the hand. 

 The main reason that the Dremel tool is heavier than the Rolson tool 

is the fact that the transformer is within the main body of the product 
but with the Rolson tool it is an external device. This external trans-

former is attached to the tool by a cable which has to be plugged into 

the rear of the tool. This is inconvenient for the user because there is 
a risk of it coming loose and is also hazardous because the plug on 

the end of the cable is easily exposed and so poses the risk of electro-

cution. These problems are avoided with the Dremel tool because it 
has a fixed cable. 

 Another advantage for potential users of the Dremel tool over the 

Rolson tool is that if the motor stops working on the Dremel tool you 
can simply replace the brushes however with the Rolson tool the 

whole motor would have to be replaced. 
 

Performance Analysis 



Dremel 300 series (main product) Rolson Multi-tool (similar product) Comparison of the two products 

Performance Requirements 
This product is required to: 

 Operate from 240V, 50 to 60Hz mains current from a UK socket. 

 Rotate an accessory bit weighing up to 5g without straining the motor. 

 Withstand the forces applied to it when performing cutting, milling, drilling, grinding, sanding and polish-

ing tasks, which all provide resistance to the rotation of the accessory bit and therefore also the motor. 

 Rotate consistently with a minimum speed of 10,000 revolutions per minute and a maximum  speed of 

33,000 revolutions per minute, with seven increments between these at which the motor can rotate. 

 Decelerate from 33,000 revolutions per minute to 0 rpm in less than three seconds. This is a safety consid-

eration because the designers saw that it is important that the tool does not continue moving when not in 

use since it is hazardous to place down a tool while it is still moving. 

 Accept accessory bits with a shank of up to 3.2mm. 

 The product must be ergonomically designed for potential users in the 50th percentile. 

 The product must not vibrate or oscillate while running to prevent discomfort for the user. 

 Operate with a “sound pressure level” of 58dB(A). 

 Operate with a “sound power level” of 69dB(A). 

 The product must not heat up after long periods of use so as not to cause discomfort or injury to the user. 

The product has air vents and a fan to avoid this. 

Performance Requirements 
This product is required to perform to the following criteria: 

 Operate from 230 to 240V, 50Hz mains current from a UK socket via an external transformer with a re-

movable between the tool and transformer cable that easily and safely expands to a length of 1m. 

 The tool itself must operate from an 18V direct current produce by the transformer. 

 Be powered by an 18V motor. 

 Rotate consistently with a minimum speed of 12,000 rpm and a maximum speed of 23,000 rpm with a 

variable resistor allowing the speed to be set to anything in between. 

 Withstand the forces applied to it when performing cutting, drilling, grinding, sanding and polishing tasks, 

which all provide resistance to the rotation of the accessory bit and therefore also the motor. 

 Rotate an accessory bit weighing up to 5g without straining the motor. 

 Accept accessory bits with a shank of up to 3.2mm. 

 The product must fit comfortably in the hands of  potential users in the 50th percentile. 

 The product must not vibrate or oscillate while running to prevent discomfort for the user. 

 Operate with a “sound pressure level” of less than 75dB(A). 

 The product must not heat up after long periods of use so as not to cause discomfort or injury to the user. 

The product has air vents and a fan to avoid this. 

Performance Requirements 
Since both products have virtually the same function, their performance requirements are also nearly identical. 
Most of the differences between the two products are technical and are as follows: 

 The properties of the electricity that goes into the tool; mains electricity goes straight into the Dremel tool 

but the mains electricity has to stepped down by a transformer to 18V before it can enter the Rolson tool. 

 The speed at which each tool is capable of rotating; The greater range of speeds that the Dremel tool is 

capable of make it more attractive than the Rolson tool because it means more functions can be performed 
and on a greater variety of materials. However, the fully variable speed of the Rolson tool is an advantage 

over the Dremel tool because it means the user can find the speed that is just right and that might other-

wise be between increments on the Dremel tool. 

 The greater ergonomics and comfort of the Dremel tool compared with that of the Rolson tool. 

 The efficacy of the air vents and fan; The air vents on the Dremel are larger than those of the Rolson tool 

and so allow a greater volume of air to circulate into and out of the tool to cool it. The disadvantage of 
larger air vents is an increase in the amount of dust that can enter the tool that could build up and cause 

functioning problems and hazards to the user. Bother products have a fan inside the tool that is powered 

by the motor, but the one Dremel tool pumps a greater volume of air into and out of the tool because the 

fins on it are angled whereas the fan in the Rolson tool has fins that parallel to each other as the extend 

radially from the centre. Once again, the disadvantage for the Dremel tool is that the greater airflow it has 

accumulates dust faster. However, the Dremel tool will stay cooler for longer, meaning it can run for 
longer periods of time which is an advantage because the user doesn’t have to interrupt their work to let 

the tool rest as often. 

 

Material and Component Requirements 
 The main body of the product must be made from a material that is resistant to heat, vibration and electricity in order to protect the user from discomfort 

and injury and also to maintain its physical properties when subjected to the temperatures and vibrations created by the operation of the product. For this 

reason a polymer such as polycarbonate or ABS (acrylonitrile butadiene styrene) has been used to make the main body of the product because these 

polymers: 

 Are hard enough not to deform when being held tightly and keep their shape under the pressure of being screwed together. 

 Have good scratch resistance and so are not as easily damaged by workshop abuse. 

 Are electrical insulators and so protect the user from the risk of electrical shock when operating the tool, whether it be from the tool’s power 

source or from contact between the tool tip and a live work piece. 

 Maintain their tensile and compressive strength beyond the temperature reached by the product during prolonged periods of operation. 

 Since they are thermoplastics, they can be injection moulded into a shape that is comfortable for the user to hold. Also, the body of this  

product has a lot of detail which can only be achieved with injection moulding. 

 

 The product must also be easy and comfortable for the user to grip to maximise control over the movement of the tool. For this a soft, rubber-like poly-

mer has been used, which is most likely PVC (polyvinylchloride) with plasticisers added to it to make it softer. This is the polymer that has most likely 

been used because of its greater friction coefficient, making it easier to grip and its softness, which absorbs some vibrations from the tool. PVC is also a 

very good electrical insulator which means the user is also further protected from electrical shock either from the product’s power source or a live work 

piece. 

 The collet nut must be made from a material that is hard and durable enough to be threaded so that it can withstand the force of being repeatedly twisted 

on and off from the tool without losing its thread. The designer has chosen to use mild steel for this component because it is hard enough to accept a 

thread but not so hard that it is expensive to machine, like high carbon steel would be. Mild steel can also accept coatings which protect it from corrosion. 

This is an important feature because this component is going to be handled frequently and must resist the moisture from the skin that it comes into contact 

with. 

 The replaceable brushes for the motor must be made from a material that is a good conductor of electricity, hard enough to keep the same shape, resistant 

to wear and has a low friction coefficient so that it can pass freely over the surfaces of the rotor without providing resistance to its rotation. Carbon in the 

form of graphite has been used for this component because: 

 It is a good conductor of electricity, allowing current to flow through it into the rotor. 

 It is hard so it won’t deform and therefore will stay seated to the rotor properly. 

 It is durable enough that it lasts for a decent length of time in the product, but still softer than the material that rotor is made of, preventing the 

material of the rotor from wearing away. 

 It wears against a harder surface to form a smooth, shiny surface that ensures maximum contact (and therefore more reliable flow of electrical 

current) between the brushes and the rotor with the minimum amount of friction so as not to slow the rotor down. 

 The shaft connecting the motor to the collet must have sufficient torsional strength not to twist and deform from the force created from the resistance at 

the point where the accessory bit makes contact with the work piece and the rotation of the motor  at the other end of the shaft. Mild steel would have 

been used for this component because it can easily be machined to the shape of the shaft and can withstand that amount of torsion. 

Material and Component Requirements 
The main body of the product must be made from a material that is resistant to heat, vibration and electricity in order to protect the user from discomfort 

and injury and also to maintain its physical properties when subjected to the temperatures and vibrations created by the operation of the product. For this 

reason a polymer such as polycarbonate or ABS (acrylonitrile butadiene styrene) has been used to make the main body of the product because these 

polymers: 

 Are hard enough not to deform when being held tightly and keep their shape under the pressure of being screwed together. 

 Have good scratch resistance and so are not as easily damaged by workshop abuse. 

 Are electrical insulators and so protect the user from the risk of electrical shock when operating the tool, whether it be from the tool’s power 

source or from contact between the tool tip and a live work piece. 

 Maintain their tensile and compressive strength beyond the temperature reached by the product during prolonged periods of operation. 

 Since they are thermoplastics, they can be injection moulded into a shape that is comfortable for the user to hold.  

 

 The collet nut must be made from a material that is hard and durable enough to be threaded so that it can withstand the force of being repeatedly twisted 

on and off from the tool without losing its thread through either wear or it shearing off if screwed on tightly. Therefore, the designer has chosen to use 

mild steel for this component because it is hard enough to accept a thread and strong enough to stop the thread shearing off if the collet nut as done up too 

tightly but not so hard that it is expensive to machine, like high carbon steel would be. Mild steel can also accept coatings which protect it from corrosion. 

This is an important feature because this component is going to be handled frequently and must resist the moisture from the skin that it comes into contact 

with. 

 The screws that fix the two halves of the body of the tool need to be made from a material that is hard enough to keep the threads that have been cut into 

them and also be harder than the material of the two halves of the body so that they can “self tap” the smooth holes in the body halves when they are first 

screwed in. Mild steel is the material most likely used for this component because it meets those criteria; mild steel is hard enough to accept a thread and 

maintain it because it will not undergo plastic deformation from the forces applied to it during assemble, disassembly and operation of the product. Mild 

steel is also harder than the polymer of the body and so is able to cut a thread in the polymer of the body into which it screws. 

 The shaft connecting the motor to the collet must have sufficient torsional strength not to twist and deform from the force created from the resistance at 

the point where the accessory bit makes contact with the work piece and the rotation of the motor  at the other end of the shaft. Mild steel would have 

been used for this component because it can easily be machined to the shape of the shaft and can withstand that amount of torsion. 

Material and Component Requirements 
The requirements of the material used for the body/housing component are very similar, 

except because the form of the Dremel tool’s body is more complex than that of the Rolson 

tool’s, the Dremel tool has a more imperative requirement for a material that can be injec-

tion moulded. However The body of the Rolson tool was probably injection moulded too, 

because it’s shape—although much more basic than the Dremel tool’s body—is still too 

detailed to be achieved with other processes. 

The requirements for the collet nut are the same in each case, because its function is the 

same on each product. 

The requirements for the collet are the same in each case, because its function is the same 

on each product, however with the Rolson tool the designer has opted to use brass instead of 

aluminium. 

Since both products have the same function, most of the requirements for materials and 

components are the same but there are some indescrepencies between the materials and 

components chosen because each product is made to be in a different price bracket. 

Scale of Production and Cost 
 This product will have been made on a batch production scale because it is not in high enough demand to require mass production 

however there are more than one of this product so it certainly wasn’t made on a one-off production scale. 

 The design allows for this scale of production in the following ways: 

 The polymer body of the product is made in two halves that can be (or rather have to be) injection moulded because its 

shape is too complex for other plastic processes but suitable for injection moulding since it has no undercuts and so can 

be extracted from the die easily. Injection moulding is a fast, automated process meaning it can produce the maximum 

amount of components with the minimum number of workers, reducing production cost. 

 Standard components (for example the screws used on the body) have been used which are available in vast numbers and 

come from another factory and so do not further complicate manufacture. 

 The vaguely cylindrical shape of the collet nut means that it could have been made from a cylinder of mild steel cut from 

a cylindrical bar stock and machined to, which is cheaper than having to cast each individual collet nut. The same is the 

case for the collet itself. 

 The use of a hard plastic such as ABS means that threaded parts (e.g. The screw on cap) don’t have to be entirely made 

from metal or have threaded metal inserts. It is cheaper and faster to produce a threaded plastic component than to ma-

chine a threaded metal one. 

 The metal hanging hook is made from a single piece of mild steel wire and so can be produced by a bending machine fed 

by a large spool of the correct gauge of wire. This is cheaper than having to cast or machine a hanging hook. 

 

 Since this is a middle of the range product within its market, the emphasis is on value as well as performance, so the price of mate-

rials will have been a consideration for the designer of this product. For this reason it is likely that ABS has been used as opposed to 

polycarbonate because ABS is cheaper than polycarbonate and has similar properties. 

Scale of Production and Cost 
This is an entry level product within its category, meaning it has to be manufactured as cheaply as possible even if this means 

sacrificing some features that would improve its performance as a rotary tool. For example, the range of rotary speeds it is capable 

of is smaller, but it can still perform most tasks adequately. 

 This product was manufactured on the scale of batch production because: 

 It definitely can’t be one-off since there are more than one identical products in existence; it is sold in large retail stores as 

opposed to from a specialist. 

 Batch production is capable of producing a sufficient number of this product because its market isn’t huge and batch 

production permits that more products can be manufactured when demand increases. 

 

 The elements of this product’s design that make it optimised for this scale of product are: 

 The use of a thermoplastic polymer such as ABS as the material to make the body and screw-on cap for. Manufacturing 

these components by injection moulding ABS is cheaper and faster than die casting them from aluminium or magnesium 

and also produces components that have adequate properties for this product. 

 Its body being in two halves; this makes it possible for this component to be easily removed from the die after being 

injection moulded. It also means internal components can be easily fitted inside later in the production line. 

 The metal hanging hook is made from a single piece of mild steel wire and so can be produced by a bending machine fed 

by a large spool of the correct gauge of wire. This is cheaper than having to cast or machine a hanging hook. 

 Standard components (for example the screws used on the body) have been used which are available in vast numbers and 

come from another factory and so do not further complicate manufacture. 

 The vaguely cylindrical shape of the collet nut means that it could have been made from a cylinder of mild steel cut from 

a cylindrical bar stock and machined to, which is cheaper than having to cast each individual collet nut. The same is the 

case for the collet itself. 

Scale of Production and Cost 
 Both products have been manufactured on the same scale but because the Dremel tool is a 

higher end product than the Rolson tool, it is more expensive and therefore the designer 

would have had greater freedom to use additional or more expensive components and mate-

rials because they would’ve had a larger budget. 

 However, the designers of both products have decided to use the same polymer for the 

housing because the equivalent alternatives (such as die cast aluminium or magnesium) 

would be too costly, even for Dremel. 

 The production of the Dremel will have been more expensive because it has more internal 

components than the Rolson tool, most notably the removable brushes and transformer. The 

brushes for the motor in the Rolson tool are inside the motor’s housing and the motor was 

most likely bought as a standard component from another factory and simply fitted into the 

tool during production of the product whereas because the motor in the Dremel tool de-

signed specifically for the tool (with the replaceable brushes) it was probably made by them 

in their factory which is more expensive than outsourcing standard components. The same is 

the case for the transformer; with the Rolson tool it is a standard component (or rather an 

assembly in itself) bought from the factory that manufactures transformers and packaged 

with the product, whereas, because the transformer fits inside the Dremel tool, it will have 

had to be manufactured for that specific purpose either by Dremel or another manufacturer 

who were given their specifications. 



Section B: 

Materials and Components 

Elliot Allen 



Materials and Components 

Plasticised PVC (polyvinylchloride) used for “Softgrip” 

area. This material has been used for this component be-

cause: 

 It is a very good electrical insulator. 

 It has a high friction coefficient 

 It can be pigmented 

 It doesn’t use up as much hydrocarbon resources to manufacture as other poly-

mers do, since the majority of pure PVC by weight comes from salt (57% ac-

cording to http://www.bpf.co.uk/plastipedia/polymers/pvc.aspx) however, this 

is not including the additives that are in this component to make it plasticised. 

When PVC is incinerated, it produces toxic chemicals called dioxins which 

then go on to pollute the environment. Furthermore, incineration can result in 

more space in landfill being occupied than if it were just landfilled in the first 

place, because of the volume of chemicals that have to be added to neutralise 

the acidic by-products of PVC incineration (according to http://

www.greenpeace.org/international/en/campaigns/toxics/polyvinyl-chloride/

pvc-waste/) 

 The additives commonly used in PVC are also toxic and can leach into the soil 

of landfills. PVC is also difficult to recycle since it is not economically viable.  

 It is a thermoplastic polymer so it can be easily formed into this shape by 

means of injection moulding before being bonded to the body. 

 It doesn’t have a strong odour like some natural rubbers have. 

 It is resistant to chemicals that it may come into contact with in a workshop, 

where it is likely to be used. 

ABS (acrylonitrile butadiene styrene) used for body. This material has been used for this component because: 

 It is a thermoplastic polymer, so it can be injection moulded 

 It can resist the elevated temperatures reached created from long periods of use 

 Tests to determine durability, including the izod test, could have been carried out to select this material during product development. 

 It has sufficient strength, not as impact resistant as PC but more resistant to oils and greases (according to http://www.bpf.co.uk/Plastipedia/Polymers/Default.aspx) than PC, cheaper 

and still sufficiently strong. 

  

 It has good scratch resistance, meaning it appearance will be less impacted by the abrasions it is likely to encounter during its use, thus remaining aesthetically pleasing for a longer 

time. 

 It is lightweight; other materials with similar properties would be heavier than ABS. There are three advantages of this component of the product to be light weight; firstly, the tool 

doesn’t become so heavy that it is uncomfortable for the user to hold, because the internal components provide a substantial weight already. Secondly, it is cheaper to transport prod-

ucts that are lighter, this keeps the cost to the user to a minimum and thirdly, if the products are lighter, less fuel is needed to transport them, thus reducing the “carbon footprint” and 

overall pollution associated with transporting goods. 

 It is cheaper than other materials with similar properties, such as polycarbonate, aluminium or magnesium and still has sufficient properties such as hardness, tensile and compressive 

strength for its role in this product. 

 It can be recycled, unlike thermosetting polymers with similar properties. This is an advantage because it means this component of the product won’t have to sit in landfill after the 

product’s useful lifetime and cause damage to the environment by leaching chemicals into the soil. It also means that not as many new resources will have to be consumed when mak-

ing a new product. 

 It is a good insulator of electricity, so the user is protected from electric shock either because of an electrical fault with the product or through contact between a conductive accessory 

Aluminium used for collet. This material has been used for this component because: 

 It can be heat treated to make it strong enough to return to its shape after having been compressed by the collet nut.  

 It is can be machined without causing very much wear to blades used by machine tools. This means the blades will last longer, making 

manufacture cheaper. 

 It has sufficient compressive strength not to undergo plastic deformation as the collet nut tightens around it. 

 Aluminium is lighter than other metals, minimising the effect on the rotation of  the motor; the lighter the weight, the less inertia the motor 

will have to overcome and therefore rotation speed will be faster. 

 It is a good conductor of heat, so when it comes to changing the collet after a period of sustained use when the accessory bit, collet and 

collet nut are hot, the heat quickly escapes from the collet making it safe for the user to touch in a shorter length of time. 

Mild steel used for collet nut. This material has been used for this component because: 

 It is hard enough to accept a thread 

 It can accept coatings which protect it from corrosion while having a minimal effect on the tolerances of the component. This component has been passivised/

phosphatised, which is a process that would not work on other metals. This process entails submerging the component in a phosphoric acid, causing a chemical reaction 

on the surface of the metal that creates a layer that acts as a barrier to corrosive substances. It is important that this component undergoes this process because it fre-

quently comes into contact with moisture from the fingertips of the user as they change the collet or accessory bit. 

Plasticised PVC 

(polyvinylchloride) used for cable 

sheath. This component has been 

made from this material because: 

 It is flexible, but provides 

enough stiffness to prevent 

the cable underneath from 

being bent too much at the 

point where it is attached to 

the components inside. 

 It is capable of protecting the 

cable at this vulnerable point, 

because it can resist a certain 

amount of damage from sharp 

or blunt objects. 

 It is a thermoplastic polymer, 

so it can be injection 

moulded, a cost effective  

process that allows such 

shapes to be made in one step 

out of the material in large 

quantities in a short amount 

of time. 

Copper used for rotor inside the motor. This is the rotating 

surface where the carbon brush makes contact. Copper has been 

used to make this component because: 

 It is a good conductor of electricity. 

 It is only magnetic when it is within an electrical field, 

meaning the motor can be stopped be stopping the flow of 

electricity. 

Polymer cap to hold brush against the rotor and contact. This 

material has been used because: 

 It is an electrical insulator. 

 It can easily and cheaply be formed into this shape, with 

the thread created in the mould, thus reducing the number 

of processes compared to if it were to be made from a 

metal like mild steel or aluminium. 

Copper used for spring.  This component serves two purposes: 

 To apply pressure onto the carbon brush so that it is constantly making contact with the rotor, thus providing it current. 

 To conduct electricity from the metal contact (pictured) to the carbon brush so it can conduct electricity to the rotor. 

The following properties make copper the ideal material for this component: 

 It is an excellent conductor of electricity and so allows current to flow without much resistance, which would cause heat. 

 Copper is ductile enough to be bent into the shape of a spring. 

 It has enough tensile and compressive strength to return to the shape it has been set to (a coil) after having been compressed be-

tween the screwed on cap and the brush. 

Graphite used for motor brush. This is the com-

ponent that allows current to flow into the rotor. 

Graphite has been used because: 

 It is a good conductor of electricity. 

 It can be pressed into shape from powder, 

allowing the component to be made with 

little waste. 

 It is softer than the copper from which the 

rotor is made 

 It wears down slowly, meaning it doesn’t 

have to be replaced too often. 

 Its low friction coefficient. 

Metal contact to pass current into brush spring. 



Materials and Components—Materials that were actually used 

 

Collet 
 The use of aluminium for this component was the result of decisions made by the designer based on factors including: properties of the material and how/if these suit the application, 
sustainability of the material, cost of the material in its raw form and cost to manufacture. 

 Aluminium is extracted by: 

 Mining bauxite, a mineral containing significant amounts of aluminium which comes mainly from Australia, Asia and South America. There are other ores/minerals that 

contain aluminium, but bauxite is the most rich in aluminium and therefore the most financially viable source of aluminium. 

 The bauxite is refined to produce aluminium oxide, or alumina by the Bayer process. This involves mixing the bauxite with heated sodium hydroxide, which dissolves the 

alumina but not the other substances present in bauxite. The alumina reacts with the sodium hydroxide to produce aluminium hydroxide, which is separated and heated until 
pure alumina/aluminium oxide remains. 

 The aluminium oxide is made into pure aluminium by the Hall-Héroult process, during which it undergoes electrolysis. During this process, the alumina is heated to beyond 

its melting point and mixed with cryolite, a chemical which helps the separation of oxygen atoms from the aluminium atoms. Two electrodes submerged in the liquid pass a 

current through it, causing the aluminium atoms migrate towards the cathode. The molten aluminium at the cathode is then tapped off, resulting in pure aluminium. 
 

 The impact on the environment of using aluminium is substantial because: 

 The Hall-Héroult process doesn’t usually take place in the countries in which the aluminium oxide originated, so the bauxite has to be transported to the countries that carry 

out the Hall-Héroult process, causing pollution due to the fuel burnt in shipping so many tons of material. Once the pure aluminium has been made, this then has to be trans-
ported to the manufacturer, causing another load of pollution. 

 Electrolysis requires the consumption of a huge amount of electricity, which makes it both an expensive process and also not a very environmentally friendly one. 

 

The extraction and production of aluminium means that this component of the product has amounted a large carbon footprint before it has even reached the consumer. However, the choice of aluminium for this component isn’t wholly inconsider-

ate to the environment since aluminium is a commonly recycled material because it loses none of its physical properties when recycled, requires less energy to recycle than newly extracted aluminium and is therefore cheaper and better for the 
environment than newly extracted aluminium. 

 
 With regards to the sustainability of aluminium, it is the third most abundant chemical elements on the surface of the Earth (according to http://www.world-aluminium.org/About+Aluminium/Story+of), so there isn’t an immediate risk of the 

material itself running out, but that is not to say it can be produced infinitely alongside increasing demand because although the aluminium is “out there” it is either not accessible for refinement or not financially viable to mine. Therefore, alu-

minium is certainly not an infinite resource. 

“Softgrip” area (grey) 
The test that the manufacturer would have performed on this component were: 
PVC is produced by: 

 The extraction of chlorine from salt by electrolysis. This is done by passing electricity through salt water solution, causing hydrogen and chlorine gas to be released. This is collected for use in a later stage. Other useful chemicals are 

produced during this process, such as sodium hydroxide, which is used in the production of many products, including paper and the Bayer process which (mentioned above) is performed during the production of aluminium. It is 

beneficial to the environment for this process to produce two industrial chemicals because it reduces the need for a separate operation which would require yet more energy to carry out. In this case the energy used (in the form of 

electricity, which has probably been produced by the burning of fossil fuels, causing pollution) ends up producing two products instead of just one. However, the electrolysis of chlorine poses the potential to damage the environment 
because mercury is sometimes used in the process, which is toxic and prone to damage ecosystems. 

 The cracking of natural gas. This refers to the conversion of many different hydrocarbons into ethylene, which is required for the next stage, and hydrogen.  

 The ethylene and chlorine are reacted together to produce vinyl chloride and hydrogen chloride as a by-product. 

 The vinyl chloride undergoes polymerisation by being heated under pressure. The resulting polyvinyl chloride is in the form of powder, which is then mixed with any necessary additives (such as UV stabilisers, filler and in the case 

of the PVC used for this product, plasticisers) required to give the PVC the desired properties. The reason the PVC used in this product requires a plasticiser is to make it softer and more rubber like, to improve the comfort and grip 

for the user when operating the product. 
  

Collet nut 
To determine whether mild steel was an appropriate material for this component, the designer would have considered the following properties: 

 Torsion strength. This is an important property because the component will undergo twisting forces frequently, when the user screws on and unscrews the component from 

the shaft. If the torsion strength was insufficient, the component would deform after use and the dimensions would be compromised. 

 Hardness. Sufficient hardness is required for this component so that the screw thread on the inside and the knurled surface on the outside remain intact  and are not indented 

by impacts that the component is likely to experience on the product, for example, contact with a spanner that could scratch it. 

 Tensile strength and elasticity. The material from which this component is made must not stretch when screwed on tight to the shaft of the tool because it needs to provide 

pressure around the circumference of the collet. Mild steel has high tensile strength and is not very elastic so is suitable for this component. 

 Corrosion resistance: left in damp conditions for extended period of time and exposed to household substances (cleaners and lubricants) that it may encounter during every-

day use to ensure that the component can withstand this and therefore last for the time specified in the guarantee. 

 

 The sustainability of mild steel would have been a consideration  

 

Image from: http://www.metals4u.co.uk/products.asp?cat_id=20 

http://www.metals4u.co.uk/detail.asp?cat_id=54&prd_id=2361 

A CAD representation of the col-

let and the blank from which it 

would have been made. 

javascript:window.close();


“Softgrip” area 
EVA would have been a viable material for this component because most of its properties and attributes make it more fit for purpose for this component than PVC. This is because EVA: 

 Has a high friction coefficient, maximising the user’s ability to grip the product so as to have maximum control over its movement. 

 EVA doesn’t require additives to make it rubbery like PVC does. Plasticisers that have to be added to PVC to make it suitable for a component such as this is that plasticisers commonly contain phthalates, 

some of which are carcinogenic and can leach out of the polymer onto users’ skin, causing health problems. The fact that this can be avoided with the use of EVA in place of PVC  

 Does not contain chlorine like PVC does, therefore avoids the chlorine related pollution associated with PVC as explained on the last page. 

 Can accept pigments, so can be made to be the same colour as the PVC grip, meaning the aesthetics of the product can be preserved. 

 Is a thermoplastic like PVC and so the component can be made using the same injection moulding process as  PVC. The advantages of being able to injection mould components are that it allows a large 

volume of components to be produced in a short amount of time and is more than capable of producing the form required for this component. 

However, EVA is more expensive than PVC, costing around 2000-4000 USD per tonne compared to around 1000-2000 USD per tonne for PVC. This would have been the factor determining the selection of 

PVC as opposed to EVA. Despite this, EVA would have been a very suitable substitute for PVC as a material for this component because it matches the performance of PVC with respect to physical properties in 

most criteria, or at least those applicable to this component (i.e. it is a thermoplastic, has a high friction coefficient, more lightweight than PVC, resistant to temperatures around 60 degrees Celsius) 

A CAD drawing of the collet and the blank from 

which it would be made if brass was to be used 

as an alternative to aluminium. 

A corroded brass fitting, displaying 

the characteristic green tarnishing on 

the surface. 
 

http://www.copper.org/applications/rodbar/

Materials and Components—Alternative materials 

Collet 
Brass could have been used for the collet (as was the case with the Rolson tool). brass is harder than aluminium but aluminium is stronger. Brass is more expensive to machine than alu-

minium but is harder and so results in a better surface finish. However there are different compositions for brass and aluminium alloys so these properties can change. 

Brass is: 

 Corrosion resistant because of both the oxide layer formed on the surface of the material by a reaction with the air and also the high copper content in brass, since copper is a par-

ticularly unreactive metal. In spite of this, brass does eventually tarnish, causing the dimensional tolerances to be interfered with (because the layer of tarnish formed adds thick-

ness to areas of the brass) unlike aluminium which retains its appearance and finish. However, this would probably not be much of an issue with this component because the con-

text in which it will be used (indoors, in a workshop) is relatively dry and free from corrosive chemicals. Furthermore, even some change in dimension from tarnishing would not 

cause a catastrophic failure of the product because that degree of precision is not necessary. 

 Has comparable compressive strength to aluminium, so it springs back like aluminium. 

 It is available in rods, thus reducing the processes required to get from raw material to finished component. The rod can be cut into blanks, then turned down to shape. 

 Brass is cheaper than aluminium, with aluminium alloys costing over $24,000 per ton compared to $8000-$9500 for brass (information from http://price.alibaba.com). 

  

 Shares the advantage with aluminium of not producing sparks when under friction. This is an important property because this component is will be a fast moving part of the prod-

uct and near to the work piece, making it likely to make contact with the surface of the work piece and as such especially prone to producing sparks, but since either material is 

non ferrous, this hazard is avoided, making the product safer for the user; sparks can burn skin or set combustible materials (such as clothing) on fire. 

However: 

 It is heavier (higher density) than aluminium (if the collet was made from brass, it would weigh at least twice as much than if it were aluminium) resulting in greater carbon foot-

print than the lighter aluminium because of the additional fuel needed to carry the same component. 

 Some brasses contain toxic heavy metal such as lead which can damage the environment if the component goes to landfill after its useful life. 

 Brasses tend to be harder than aluminium, resulting in the requirement for the manufacturer to either use a more expensive cutter that is made from a harder material that can cope with the wear it will sustain 

in cutting brass instead of aluminium (e.g. Tungsten carbide) or replace a more standard, cheaper high carbon steel cutter more frequently. 

 Less sustainable than aluminium in the sense that aluminium is a more abundant element on the planet than the constituent elements of brass, i.e. Copper and zinc. For the same component to be made from 

each material, brass would have a greater impact on the environment , even when compared with the higher strength aluminium alloys with comparable tensile strength (on the assumption that the component 

would be made in Asia and used in Europe). 

 The total energy consumption for the part to be made from brass is 0.77 mega joules. This means more fuel will have to be burnt resulting in more pollution than the aluminium equivalent of the same dimen-

sions, country of origin and country of use which comes to 0.55 mega joules. 

 The carbon footprint for the same component of the same dimensions, country of origin and country of use is higher when it is made from brass, at 0.06kg of CO2 compared with 0.04kg of CO2 with alumin-

ium. 

 

Alternative materials for chosen components 

Collet nut 
High Carbon steel could have been used to manufacture this component and would be an improvement on the current material because: 

 Harder than mild steel. The increased carbon content means that high carbon steel accepts heat treatment more successfully than mild steel, so it can be made harder and therefore more resistant to wear 

and indentations. The naturally increased hardness of high carbon steel means that it doesn’t have to undergo case hardening, a process in which a mild steel component is heated in a carbon rich environ-

ment, e.g. In charcoal or oil, to make the surface of the component harder. 

 Tensile strength. As the carbon content of steel increases, so does its tensile strength. Since high carbon steel has a higher carbon content than mild steel (up to 1% and 0.3%, respectively), high carbon 

steel has greater tensile strength than mild steel. 

 It, like mild steel, can receive a passivation coating, so it will remain as corrosion resistant as its mild steel equivalent. 

However, the disadvantages of the component being made from high carbon steel are: 

 The fact that its harder means it is more expensive to machine (cutter wearing out) (harder, more expensive material needed for cutter) (slower removal of material, reducing the number the factory can 

make in a given time, making the component more expensive. 

 High carbon steel is less readily available is rolled form, so the “blanks” cut from the original rod would be cuboid instead of cylindrical, meaning that when turned, the blanks would first have to be 

formed into a cylinder then into the shape of the collet nut. This additional machining further increases wear on the lathe’s cutter, meaning it either has to be made from a harder, more expensive material 

or be replaced more often. Either way, costs are increased. 

 As a raw material, high carbon steel is more expensive than mild steel. 

 More time spent machining means more energy consumed to produce each individual component (see “sustainability” in Solid Works) which increases price to the end user and carbon footprint. 

 If this component was made from a material harder than the shaft onto which it screws, it would wear the shaft’s thread down faster after a shorter period of time than if the two were made of the same 

material. 

 Mild steel has sufficient tensile and compressive strength ; anything stronger would be “overkill”. Mild steel and is also more ductile than high carbon steels, which means it will undergo plastic deforma-

tion  before it fractures. 

To conclude, although the collet nut could be made from high carbon steel and work effectively for this application, the material isn’t as suitable as mild steel because if anything it is too strong and the greater 

strength isn’t required for this component and it just increases costs. 

http://www2.dupont.com/Elvax/

en_US/ 

Brass rods, as would be used instead of aluminium rods. 
 

http://www.sz-wholesaler.com/p/1229/1232-1/environmental-protection-lead-

free-brass-rod-645649.html 

http://www.alibaba.com/product-free/257973088/

Round_Bar_High_Carbon_Steel/showimage.html 

EVA granules 

http://www.alibaba.com 
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Manufacture 
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Manufacture 

“Softgrip” area 
 The PVC in its pure, powder/pellet state is mixed with plasticizing additive (such as Elvaloy®) and pigments such as carbon black and titanium dioxide (white), which requires a Banbury 

mixer (with mixing blades like those pictured). The purpose of the rotating blades is to perform a shearing action on the mixture, to ensure the chemicals are mixed thoroughly. This mixture is 

then fed into the hopper of an injection moulding machine. The mixture is dispensed into a heated barrel, at which point the plastic begins to melt. An auger in the centre of the barrel rotates, 

forcing the plastic toward the other end of the barrel, where the injection nozzle is. The polymer gets progressively hotter as it makes its way through the barrel, until it reaches the nozzle, at 

which point it is liquid enough to be forced into a mould. The liquid plastic is forced into a mould (that is held together with great force) through the nozzle at high pressure and fills the cavity 

of the mould, taking on the shape of the negative cavity of the mould. The polymer begins to harden as it cools, but because of the addition of plasticiser, the PVC will not solidify because the 

plasticiser keeps it soft and flexible like rubber. 

 Another process that could just as well be used to manufacture this part is compression moulding, since for this component no hollow sections or undercuts are necessary. However, compres-

sion moulding requires a solid blank of polymer to be placed in the die before compression, and since this polymer comes in the form of either granules or power, a perform would first have to 

be made. These could be made in a heated pill press machine. However, it is a disadvantage to use this process because the extra step that has to be taken requires extra time, machinery and 

energy, thus increasing the cost of the component. It also leaves “flash” around the edge of the product, which is excess plastic that oozes from the compression mould as pressure is applied. 

This has to be removed from the component before it can be fitted to the product, adding yet another step to the manufacture of this component. For this reason, injection moulding was chosen 

as the most suitable process for manufacturing this component. 

Banbury mixer blades 

PVC granules 

A diagram of an injection moulding machine. http://www.messung.com/

distribution_industrial_Plastic_injection_molding_machine_series_built_in_plc.asp 

Pure PVC powder 

http://www.alibaba.com/product-

free/111209778/white_PVC_powder.html 
Carbon black 

Titanium dioxide 

A Banbury mixer 

http://www.youtube.com 



Manufacture 

Collet 
The manufacture of the collet would have proceeded as follows: 

 The raw material (aluminium alloy) in the form of a billet is extruded through a circular die made from a significantly harder material (i.e. high carbon steel). The billet is 

heated below its melting point in an oven and placed into the extruder. A hydraulic ram pushes the billet through the die (circular hole) of the final diameter of the rod. 

 The rod is then cut into blanks with a length of approximately 30mm (greater than the length of the collet, to allow for material lost during facing down operations and to 

allow a redundant end to be held in the chuck) with a circular saw. 

 Each blank is placed in the chuck of a lathe with about 20mm (final length of the collet) protruding, to be cut down to profile. 

 The end of the cylinder is faced off with a single point cutting tool to produce a flat and even face, since the circular saw would have left the surface rough. 

 The cutter moves up the length (the “X” dimension on a lathe) of the exposed section of the blank at the same time as the cross feed moves in towards and out from the centre 

of rotation of the work piece to remove material and shape the profile of the collet. 

 The cutter moves away and then a drill bit which is held stationary in a chuck at the tailstock moves in parallel to, and on the axis of, the centre of rotation of the work piece. 

A 2mm hole is then bored a through the centre of the cylinder. During this process, the drill bit moves forward along one axis but does not rotate; only the work piece rotates. 

Considering that this component is produced on a large scale, a CNC lathe would be used for this stage in manufacture since they are capable of performing the same actions 

an infinite number of times to ensure the dimensions of the components produced are consistent. 

 The partially formed collet is removed from the lathe and held secure by a robotic arm and lowered parallel onto a circular saw or broaching tool to cut the first two slots, 

then lifted up from the circular saw and rotated 90 degrees around its vertical axis and the second two slots are cut. 

 The collet is then placed (with the turned profile in the chuck) in a lathe and the waste at the end (which served to act as an anchor by which it could be held by machinery) is 

cut off. 

Billets leaving the oven at about 400 degrees Celsius. 

http://www.youtube.com 

Billet being forced into extruder by ram. 

http://www.youtube.com 

Graphical representation of extruded aluminium leaving the die. In this picture, tube is 

being made, but for rod, the principle is the same. 

http://www.youtube.com 

A CNC lathe, profiling a cylindrical blank. 

http://www.youtube.com 

A slot being cut into an aluminium cylinder with a mill. 

http://www.youtube.com Aluminium cylinder being bored on a lathe. 

http://www.youtube.com 



Manufacture 

Collet nut 
The steel stock would have been hot rolled to produce a length of cylindrical rod. The steel stock (in the form of long bars) is heated to around 800 degrees Celsius (below the melting point of the metal) and pass repeatedly through 

two rollers which apply a compressive force of several million Newtons, causing plastic deformation of the metal to occur, thus decreasing the diameter of the rod and increasing its length. This kind of “squashing” and reshaping of 

material causes sheer stress in the material. 

 The steel could have been cold rolled but this process is not as suitable as hot rolling because during the rolling process the steel undergoes sheer stress which work hardens the steel, causing it to become brittle, whereas work 

hardening is less of an issue with hot rolling. Also, greater force is required for cold rolling because cold steel is less malleable (has higher tensile and compressive strength) than the same type of steel when it is heated. 

 Progressive forging is an alternative process for forming the steel stock into rods. For this process, the steel is beaten into shape on a forge and the length of steel is gradually moved through the forge and back again until the de-

sired form has been achieved. To produce a cylindrical rod, such as those required for the manufacture of this component have to be made by first being beaten by a flat surface until an octagonal shapes, closer to that of a circular 

cross section has been achieved. This section of steel is then fed through a forge with two semi circular dies, which beat it into a cylinder. However, this not as viable as hot rolling because the size of the  

The smaller hole would have been bored on a lathe, then the larger diameter one would be bored from the other side. The inside of the larger diameter hole is then threaded. 

The internal/female thread of the collet nut would have probably been cut using a CNC lathe and a single point threading tool. The component rotates within the chuck and the single point tool moves with horizontal linear move-

ment on the carriage at a speed which correlates to the rotational speed of the work piece such that thread of the correct pitch is cut. 

Thread milling is another process that could have been used effectively. This involves the work piece being in a fixed position and a rotating thread milling bit to move in a helical motion around the work piece. However, this proc-

ess is not as suitable for threading this component because of size of diameter of hole to be threaded and the fact that it is easier to rotate such a small work piece than to have a more advance machine that moves around it. 

  

The type of cutting tool that would have been used for the turning down and facing off processes that took place during the 

manufacture of the collet nut and collet would have been a tungsten carbide tipped cutting tool with a high carbon steel shank, as 

shown in the photograph to the right. The reason for this is that the high carbon 

steel shank is tough enough to keep the tip stationary when cutting and is 

cheaper than making the whole cutting tool from tungsten carbide. The tungsten 

carbide tip is harder and more resistant to wear (requires less frequent sharpen-

ing) than a high carbon steel cutter which makes it more suitable for the high volume manufacturing required of it for these com-

A thread being cut on a lathe as per the method 

used for the collet nut, except here the thread is 

external.  

http://www.youtube.com/watch?v=0UcurjixoGA 

In the case of both the collet and collet nut, the geometry of the cutting tool used in manufacture is important, since these two 

components have both been machined on a lathe at some point in their manufacture.  

A close up photo of the collet. The small grooves visible on the surface of the collet could be the 

result of: 

 the nose of the cutting tool was not given a large enough radius 

 the speed of rotation of the work piece was not fast enough 

 the speed of the feed of the cutter along the axis of rotation was not great enough. 

This close up photo of another product (which appears to have also been made 

from aluminium) is a clearer demonstration of the effect of the cutting tool on the 

surface of the material. These grooves are larger and more pronounced than those 

on the collet. This product has probably had grooves this large made in it inten-

tionally, rather than because of improper turning, but it still illustrates what the 

surface of the collet would look like under a microscope. 

The fact that the 

surface is smoother on the area 

labelled (2) may indicate that: 

 either the speed of rota-

tion changed at this 

point (1) 

 or another cutting tool 

with a larger nose ra-

dius was used for this 

section 

 Or, most likely, the 

angle of section la-

belled (3) meant that 

the non-radiused part of 

the nose of the cutting 

tool was cutting the 

material. The smoother 

area labelled (2) was 

cut by the radiused 

nose. 

(1) 

(2) 

(3) 

Geometry of a single-point cutting tool 

The diagrams below describe the basic geometry of a single point cutting tool made from a single piece of high carbon steel, similar to what would 

have been used for the turning down and facing off processes during the manufacture of the collet and collet nut. The purpose of all these angles is 

to ensure that there is clearance between the workpiece and the non-cutting surfaces and edges of the cutting tool and also to change the cutting 

characteristics of the cutting tool depending on what material is being cut. 

Shank 

A left hand side view, showing 

end relief angle (1), wedge angle 

(2) and back rake angle (3). 

1 

2 

3 5 
6 

4 

A top view show-

ing end cutting 

edge angle (4), 

nose with radius 

(5) and side cutting 

edge angle (6). The 

nose is where the 

cutting takes place. 

The smaller angles 

4 and 6 are, the 

larger and therefore 

stronger the nose 

is. 

7 

8 

A front view showing the side 

rake angle (7) and the side 

relief angle (8). 

The shank. This 

is held in the tool 

post on the lathe. 

Rake face 

Flank 

Nose 

Oblique view of a 

cutting tool. 

A representation of what a cutting tool with a nose radius 

(as pictured on the left) turning down a cylinder would 

look like up close. 

As shown in figures A and B, a radiused nose on a cutting tool produces a flatter surface than an un-radiused one, resulting in a better surface finish. The dia-

grams also show the chips that are formed as material is sheared from the surface of the workpiece. The length and shape of chips produced is monitored dur-

ing manufacture to ensure the quality of the cutting that is taking place, since the size and shape of chips is indicative of what is happening at the point of cut-

ting. 

The kind of surface finish illustrated in figure B is demonstrated on the area labelled (2) on the photograph to the right. 

Cutting tool 

with a nose 

with no ra-

dius. 

A representation of what a cutting tool with no nose 

radius (as pictured on the left) turning down a cylin-

der would look like up close. 

Figure A 

Direction 

of feed 

Cutting tool 

with a nose 

that has been 

given a ra-

dius. Figure B 

Direction 

of feed 

http://upload.wikimedia.org/wikipedia/

commons/a/a2/LatheCarbideTippedTool.jpg 
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one

Quality 

control 

check

Process 

two
Pass

Component/product either 

recycled, sent back to 

previous process to correct 

the fault or disposed of.

Fail

Quality 

control 

check
Fail

Pass

Process 

three

Component/product either 

recycled, sent back to 

previous process to correct 

the fault or disposed of.

Quality 

Collet 
Before the component goes into production, the manufacturer would have had to perform the following tests on prototype of this component: 

 A test of its ability to “spring back”  (its compressive strength) and return to its shape after being compressed around its circumference. This would mimic the action of tightening the collet nut around the chuck at the top of the collet, except the force would be greater than 

those under normal conditions, so that the manufacturers can be sure that it can handle the forces of normal use. 

 Its effect on the rotation of the motor. This would involve setting the motor to a rotary speed without the collet fitted and measuring the speed with a laser (or other method of measuring speed without affecting the rotation of the motor). The collet would then be fitted to the 

tool and the speed set to the same speed that it was last time, and the actual rotation of the motor would be recorded. The speeds with and without the collet would be compared to see how much the presence of the collet is affecting the rotation of the motor. 

 

The following quality control tests would be carried out on this component a these stages in manufacture: 

 A sample of about 1 in  10 blanks taken off the production line and measured with callipers by a worker to check that the length is correct, ensuring that the blank cutter is working within tolerance. This could also be done by a computer, with the use of a laser scanning sys-

tem or a coordinate measuring machine which uses a probe to determine dimensions. A laser scanning system would be the most viable option since it is the fastest, therefore measurements can be carried out on a greater sample size, allowing the manufacturer to detect a 

fault sooner rather than later. 

 After the slots are cut down the side of the collet, a sample from each batch would be measured to ensure that the width and depth of the slots is consistent. 

“Softgrip” area 
Before the component went into production, the manufacturer would have had to perform the following tests on a prototype of this component: 

 A test of the electrical resistance of the component, along its thickness. The results for the thinnest section of the component would have to be satisfactory so that the user can’t receive an electric shock from touching any part of the component, i.e. the whole surface must be 

insulated. 

 The ability to absorb and withstand impact. This is an important test because it ensures the materials can handle the wear and tear of everyday/workshop use that may include the product being dropped onto a hard surface or having other tools dropped onto it. 

 The ability of this component to absorb vibration from the motor when the tool is in operation. This would require a test in which a prototype of the product is manufactured with this material used for this component and then held by various people for different lengths of 

time with the motor running at different speeds. The subjects of the test would have to confirm that the vibration does not cause discomfort even when used on the fastest motor speed and held for the maximum amount of time. This test ensures that the correct material has 

been used for this component, for the sake of the user’s comfort when using the product. 

 A test of the friction coefficient of the product i.e. how grip-able it is. To test this property, the manufacturers could place a flat bottomed object of a set size, weight and material onto a flat surface of the material to be tested and incrementally increase to angle of the surface 

of the material They could also have trialled the product on a sample group, with different materials used for this component to see what got the best response. 

 The biodegradability of the material from which this component is made. This would tell the manufacturers if this is the most environmentally friendly material to make this component from.  

Collet nut 
 

Before manufacture begins, a quality assurance test would be carried out in which the quality assurance supervisor measures the hardness of a sample of the mild steel stock with which the factory are about to manufacture into collet nuts. To do this the quality assurance supervisor 

would take a sample of the mild steel and perform an indentation test on it to determine is hardness and confirm whether or not it meets standards and can be enter the production line.  There are several types of hardness test, including the Vickers hardness test, the Rockwell hard-

ness scale and Brinell hardness test. Each test involves forcing an indenter made from a very hard material (ideally diamond, since the harder the indenter the more accurate the results) into the surface of a piece of a material that is level and measuring the dimensions of the indenta-

tion made by the indenter. This information is then substituted into a formula to find the hardness of that material. I think the Rockwell hardness test is the most likely test to be conducted by a quality assurance manager in this situation because of the speed with which it can be 

carried out in comparison with the other hardness tests.  A Rockwell hardness test produces a number which can be compared with the standard/ checked against the specification to quickly allow the quality assurance supervisor to decide whether or not to approve the material. The 

British Standard concerning the measurement of the hardness of a metal is BS EN ISO 18265:2003.  The advantage of having a test that can be carried out quickly is that it means production of the component can begin as soon as possible. 

 

During the manufacture of this product, quality has been an ongoing consideration. Quality refers to the degree to which components or products meet standards set out in the specification. This can include chemical composition (especially in the case of metal producers, where the 

chemical composition directly affects the properties of the product), tolerances (e.g. In the case of jet engines for aircraft the tolerances are incredibly tight, i.e. The allowance for deviation in the intended dimension is small) and function (for example, a car engine has to undergo 

tests to ensure that it functions properly, i.e. It doesn’t rotate off kilter or exceed emission standards) amongst many other measurable properties. 

Quality control refers to the procedures carried out by  a quality inspector at certain stages during manufacture. Quality control tests are typically conducted after each process of manufacture and/or after complete assembly/completion of the product. 

 

Quality assurance refers to the over seeing of quality control and the implementation of other checks in a factory. This can involve inspection of raw materials bought in from a supplier, since its quality cannot be guaranteed because it has come from 

another factory. It is important that this is done because it prevents the manufacturer from sending faulty raw materials further down the production line and suddenly realising that the material is inferior. If this was to happen, it 

would waste the manufacturer’s time and also the energy used to process the material. For instance, if a manufacturer of tools bought high carbon from a supplier, it is in their interest to ensure that 

the chemical composition (i.e. percentage of carbon and absence of impurities) is correct for the product that they are making and the processes they are using, otherwise, if—for instance—the 

Carbon content was lower than it should be, the product would get to a stage in manufacture such as heat treatment, then quality control tests would show that the product 

has not hardened sufficiently and therefore the whole batch would have to be disposed of. This scenario could have been avoided is quality  

assurance was carried out before manufacture began. 

 

Total quality management refers to the over-arching philosophy concerning the constant improvement of quality by a manufacturer. Within this system, workers at each  

stage of production take responsibility for the standard to which their process is carried out, so that the workers at the next stage in production receive a “perfect” component/ 

product, for which they take the same responsibility. This ensures that no time or resources are wasted in manufacturing a component or product that ends up being of inferior quality because one  

process went wrong. This increases the percentage of final products/assemblies/components that pass final quality control tests. Manufacturers often measure the efficiency of production by calculating the parts per million/thousand/hundred (depending on scale of production) that 

have failed to pass a quality control check. The BS EN ISO 9000 series of standards are the standards for quality management systems in factories. 

 

Some countries have their own national standards body, who lay out standards to which manufacturers must make their products.. In the UK, the national standards body is the British Standards Institution. This is an organisation that put forward standards for materials, products 

and even the tests themselves. If a manufacturer meets the standards specified by BSI, then they are able to display the Kite mark on their products to show users that it is a quality product. 

 

The advantages of following a quality management system are: 

 The user is ensured a quality product 

 Working conditions in factories are safer 

 The workers in the factory have an increased feeling of satisfaction in their work and are therefore happier, resulting in increased production, quality and greater loyalty to the company. 

 There is less waste of energy and materials both in producing substandard products that end up being  thrown away and recycling products that are taken off the production line for not passing quality control checks later in production. 

 Less pollution  in the form of landfill from products that get thrown away for being sub standards; the idea being that if each component is checked after each process, then if a fault is found then only that part will have to be disposed of, not the entire product. 

 The company’s profits increase because there is less waste of materials and energy, better reputation for the company’s brand resulting in increased sales and also customers are willing to pay more for a quality product. 

 

A general example of how quality control is 

implemented during manufacture. 

The Kite mark, the symbol found on products that 

meet British Standards. 

http://www.bsieducation.org/Education/about/what-

kitemark.shtml 


