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‘Carbon copy’ foam model 
Results: Foam Model vs Original Hairdryer 
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Part 1: Creating the Carbon Base: 

 

 

 

 

 

 

 

Paper Templates: From 2-D outlines to 3-D shapes 

Key tasks in this process included measuring, tracing and mapping out the hairdryer’s shell 
casings’ width and height. Paper templates proved useful when transforming the 2D traces 
into a 3D foam shape. The templates are recommended when creating 2 symmetrical and 
complementary parts which are then glued together; the same templates used for one half 
also apply for the other half. This simple technique is key in creating accurate foam shapes, 
fast. 

The first step is to glue one paper template (biggest in size) 
on top of a foam block. Then, use a hot wire to carve 
around the shape of the template. The foam block will gain 
some shape in terms of width or height, but not both.  

The second step is to glue the second paper template on 
the one of the remaining sides of the foam block and 
repeat the same with the hot wire.  

 

  

  

The result is a rough 3D foam shape; The use 
of other foam tools and sandpaper will remove 
unwanted foam and produce more intricate 
details such as the curves and edges. 

In case too much foam is removed, PVA and 
foam scraps will help fill any gaps/holes. This 
should be avoided due to its rough surface and 
limited smoothing once dried.    

  

Carbon Foam Model 1:1 
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Part 2: Finishing Surfaces & Paint Application: 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

Final Finishing Method:  

The main body, funnel, and switch will be covered with Polyfilla and emulsion paint 
separately.  

The first step is to apply a thick layer of Polyfilla onto the pieces; ensure the ratio is 1:2.5, 1 
being the water. Once the Polyfilla is completely dry and workable, it’s time to perfect the 
desired shape of each piece, pierce holes for future screw/accent piece placement, and to 
create accent curves where needed by carving with caution. Further observation or 
possible mistakes will determine whether a second coat of Polyfilla is needed. Once 
satisfied with the shape and details of each piece, ensure proper fit-up before moving to 
the next stage of emulsion paint.    

Apply emulsion paint on all separate pieces and let dry. Apply acrylic paint on the visible-
final product surfaces, preferably not on the surfaces that will be glued to each other 
during fit-up to avoid interference.  

The last step is to apply layers of acrylic paint on the desired parts. Use thick paper (not 
duct tape) to ensure the paint doesn’t overflow to the unintended surfaces. Duct tape will 
scrape off the emulsion paint during removal. Add screws and accent pieces from the 
original hairdryer into the carbon model for a more realistic approach. 

Polyfilla Coating 1&2 Carved Details 

Emulsion paint & Acrylics Final Model 
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Experimentation with Paint Application and Finishing Surfaces 
The aim for my ‘Carbon-copy’ foam model is to incorporate a smooth surface. The smooth surface 
will enhance neatness and will help achieve more realistic results, since my hairdryer’s surface area 
is a smooth and curvy layer of plastic throughout.  

Simultaneously, the smooth surface would create a suitable ‘canvas’ for the areas I will be painting. 
Since the paint results are highly dependent on the surface that it is applied to, I had to make it a 
priority of mine to achieve a very smooth surface that simultaneously prevented deficiencies in the 
final coat of paint. 

I experimented with acrylics on: 

1. Plain foam (Table 1) 
2. Foam with 1, 2, 3 and 4 layers of PVA (Table 1) 
3. Foam with Polyfilla and emulsion paint (primer) 

 
The techniques on ‘Table 1’ are only applicable on smoothly-carved foam. Any imperfections 
(cracks, bumps) will remain noticeable. 

Table 1 Advantages Disadvantages 

Plain Foam Matte-finish, no chemical 
reaction from acrylics 

Textured Surface 

PVA on Foam (1-4 layers) Glossy-finish (layers 3&4) Textured Surface 

Polyfilla & Primer (Emulsion paint) 

Advantages:  

1. The Polyfilla fills any cracks/bumps on the foam. Once it dries, it is incredibly workable and 
provides the much-needed smooth finish for a proper paint coat.  

2. The emulsion paint functions as a white canvas for the final acrylic layer. A white base coat 
will prevent uneven colour distribution along the surface. 

3. Experimentation with spray paint; without the protective primer, it would detrimentally 
react with the foam, degrading and misshaping the original form. 

Disadvantages: 

1. The Polyfilla will cover and hide intricacies as well as important function related details on 
my design such as the on/off switch and the switch frame; the design will look messier and 
less realistic. 

2. The joint lines would also be covered and unnoticeable. Otherwise, they reveal to the 
viewer my approach in foam design. 

Solution:  

The switch and switch frame will be treated with Polyfilla and primer separately from my main 
design; the minor details will keep their sharp and refined shape and will eventually be glued onto 
the main design. Further experimentation will confirm whether gluing both parts together is 
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possible after being heavily coated; otherwise, the surfaces that will be glued together must remain 
in their foam state. 

samples of foam covered with Polyfilla, and emulsion paint: 

Rough surface test  
Acrylic paint (1-3 layers) 
Carving on dried Polyfilla 
Carve holes that mimic design 
Glue two ‘finishes’ together 

 

 

  

Test: Acrylics on emulsion paint above Polyfilla.  

Observation: Messiness; evident brush marks 
from acrylics and emulsion paint.  

Realization: Acrylics are okay, if the emulsion 
paint is sanded smooth 

 

Test: Drilling holes on Polyfilla alone vs Polyfilla AND 
emulsion paint. In addition, carving onto plain Polyfilla 
for details. 

Observation: Carving holes on plain Polyfilla causes more 
breakdowns than emulsion paint. Carving multiple holes 
on emulsion paint however still risks cracking the nearby 
surfaces; there are too many imperfections on the 
surface which makes it extremely vulnerable to cracking.  

Carving line details on plain Polyfilla has detail potential; 
you can easily carve with slanted angles, and the removal 
of Polyfilla can provide ‘pop-up/taller’ details which are 
in contrast with ‘flat’ details. Carving on Polyfilla is easier 
and more effective than carving details directly onto the 
blue foam. 

Realization: Carve details must be done before the 
emulsion paint layer and after the Polyfilla, and the holes 
must be drilling in after the emulsion paint.  

 

Test: Gluing two parts which are both covered 
with emulsion paint and more 
experimentation with carving details along the 
surface. 

Observation: Both parts glued together 
successfully, but the carving on emulsion paint 
was a failure; the paint cracks when I 
attempted to carve. The lines are rough and 
there is no way to predict where it will start to 
break down. 

Realization: Gluing two parts with an emulsion 
painted surface is successful. This ensures that 
I could separately create the button of the 
hairdryer. The emulsion paint carving verifies 
to only carve on plain Polyfilla. 

 

 

Test: Gluing handle material and implementing screws 
onto the final coating (Polyfilla, emulsion paint & acrylics).  

Observation: Screw went in smoothly and didn’t disrupt 
the surface. There is still a risk when implementing the 
screws on my design; their location is vulnerable since it 
would go through real joint line.  

All glues except PVA chemically reacted with the paint; it 
melts away the surfaces and leaves the Polyfilla exposed 

Realization: Only use PVA to flue the handle and accent 
pieces on the model. Consider how risky it would be to 
implement the screw and think of possible consequences.  

 

1.  2.  

4.  
3   

4.  3.  

1.  2.  
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Exploded View Photograph: Main Parts 
 with list of chosen 10 components 
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Shell Casing 

Thermal fuse & Bimetallic Strip 

Diodes 

Mica Paper 

Mica Plate 

Nichrome Wire 

Motor Propeller 
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Materials and Manufacturing Technique Identification 
1. Coil/ Nichrome Wire: 

Nichrome 60 
The coil is made from nichrome, an alloy comprised of nickel and chromium  

The coil functions as a good heater. Once the wire is formed into a long thin coil structure, 
its electrical resistance increases greatly; the increased resistance impedes on the flow of 
electrons and generates large amounts of heat when the current is forced through. In 
addition, the nichrome doesn’t oxidize due to chromium oxide, preventing the wire from 
corroding and breaking down.  

The wire has a strong resistance to oxidation and corrosion, which prevents the degradation 
of its overall functionality over time. This characteristic is a necessity for hair dryers since 
they are continuously exposed and used in wet and humid environments.  

The wire also functions as a massive resistor. The motor doesn’t need all 120 volts coming 
directly from the outlet; it only requires 12 volts to run. The coil length helps reduce current 
flow and increase resistance to a certain extent, providing only the necessary voltage to run 
the motor.   

 

 

 

 

 

 

 

 

The wire is drawn through multiple dies until it reaches the desired diameter. Then, it is 
coiled onto reels and attached onto the mica structure.  

The wire’s diameter, length and coil form ultimately determine the wire’s maximum 
temperature, resistance level, and current flow. In other words, the wire essentially controls 
the hairdryer’s heating elements; it is crucial that a specific nichrome type is implemented 
within in the dryer. 

According to TEMCo Industrial, the nichrome used in household utilities and in moderate 
heat, high humidity environments is known as ‘nichrome 60’. It is uniquely manufactured to 
have a maximum operating temperature at 1150 Celsius, and a range of diameters which 
determine the wire’s resistance. Alternatively, other types of nichrome wire will vary 
significantly.   
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2. Mica Paper 
 

The mica sheet functions as an insulator and a separator;  

Mica’s very low thermal conductivity guarantees a high resistance to the hairdryer’s high 
temperature cycles. As a result, it protects the shell casting from getting too hot when the 
nichrome coil reaches high temperatures. 

The paper’s naturally flexible form is also useful in strength   

The characteristics of the mica are those of a very thin, flexible and lightweight material; 
making it very malleable. Its’ light and small form allows it to occupy as little space as 
possible within the hairdryer and keeps the weight down of the product. The sheet’s 
thinness also allows for rapid heat transfer which cools the heating elements effectively.  

 

 

 

 

 

 

 

 

Mica is a material that is mined as ground dry crystals which are crushed thoroughly into 
fine powder mica particles. A colloid mixture, agent and water are added on the powder 
to create a colloidal suspension. The mixture is pressed in the form of paper in rolls.  

This entire process is made via hydraulic separation; the functions such as the mixture and 
the pressing are carried out effectively in one device. Hydraulic separation is cost effective 
since there are no added piping connections or installation costs. 
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3. Mica Plate Structure 
 

The mica structure is crucial in organizing and stabilizing various heating elements 
altogether. The structure is made of 5 vertical mica sheets.  

The structure is split in half by one large sheet, and then each of those halves is split into 
equal thirds with two smaller sheets. This results in a structure with 6 equally sized passages 
for air to travel through, and for the coil to be wrapped around. The bimetallic strip, thermal 
fuse and diodes are also implemented onto the structure. 

 

Like mentioned in the ‘Mica Paper’ section above, mica is converted into fine powder 
mica particles, and then added with a colloid mixture, agent and water to create a 
colloidal suspension.  

The mixture is then placed into a mesh screen which forms it into a sheet. Further 
processes such as vacuums and the hydraulic press are used to finalise the mica sheet 
formation. Finally, the sheet is cut into its desired shape and then implemented within the 
device. 

Resin coats are also common in the manufacturing of mica sheets. In some occasions, the 
resin is coated on the the ground mica before the colloid mixture is added. Alternatively, 
the resin is added after the sheet is processed through vaccums, but has not yet been 
pressed by the hydraulic press.  
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4. Bimetallic Strip 
 

The bimetallic strip is a combination of 2 strips of metal; the most common combination is 
steel and copper.   

The bimetallic strip is used as a safety precaution which automatically switches off the 
hairdryer when overheated; it converts temperature change into a mechanical displacement 
that performs the shutdown.  

 

 

 

 

 

 

 

The strip consists of 2 strips of different metals: one metal has a higher coefficient of thermal 
expansion than the other. 

Thermal expansion is when a matter changes its shape, area and volume in response to a 
change in temperature (Wikipedia).   

When the metal with the fastest expansion rate reaches a certain temperature, it will 
bend/displace both pieces of metal. This explains why the material that expands faster is on 
the outer side of the curve when the strip is heated, and vice versa when it’s cool.   

 

 

 

 

This displacement trips a safety switch which will immediately cut off the power to the drier. 
As soon as the hair dryer reaches a lower temperature from the shutdown, the bimetallic 
strip will bend back into its original place. The strip’s reusable and automatic nature can 
continuously save the dryer from potential damages, effectively and reliably.  

The bimetallic strip is made of 2 strips/bars of different metals. Both metals have the same 
dimensions and are placed one over another lengthwise and riveted at the ends.  

  

Metal 1: Lower coefficient of 
thermal expansion (steel) 

Metal 2: Higher coefficient of 
thermal expansion (copper) 
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5. Diodes 
Diodes control the flow of electricity within the heater by functioning as an electrical valve. 
The four diodes which are located on the base of the motor (within the mica structure), 
function as a low-cost bridge rectifier; it converts AC energy into DC energy. Once the voltage 
is dropped due to the nichrome coil, and the power is converted due to the diodes, the fan 
begins to spin and pull air inside.  

 

 

 

 

 

AC & DC Charge Flow: 

In direct current (DC), the charge flows in one direction and in continuous loops. However, 
alternating current (AC) changes direction. As a result of the direction change, the voltage in 
the AC circuit also reverses.  

Most electronics including this hairdryer are built to use DC; however, most outlets are wired 
for AC due to its ability to transmit electricity over long distances.  Instead, electronic devices 
can embed low cost converters/ ‘transformers’ which transform large AC voltage levels into 
DC.  

 

 

 

 

 

A diode is made with a P-Type semiconductor (P for positive charge, excess holes) and N-
Type semiconductor (N for negative charge, excess electrons). Negative and positive charges 
are attracted to one another; as a result, the electron diffuses (-) and occupies the holes (+). 
This phenomenon causes the ‘in-between’ section of the both the P-Type and N-Type to 
become intrinsic semiconductor material; it’s a region is depleted of charge and as a result 
offers high resistance.  

  

Conversion: 

Close-Up: 
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6. Thermal Fuse 
 

The thermal fuse is used as another safety precaution. Just like the bimetallic strip, the 
thermal fuse is a mechanical displacement which will cut off the flow of electricity to 
immediately shut down the hairdryer if the temperature is too high. This precaution 
prevents the housing from melting and thus destroying the product entirely or harming the 
user by blowing out very hot air. 

 

 

 

 

 

 

 

 

 

 

However, unlike the bimetallic strip, the dryer’s heating elements will no longer function as 
soon as the thermal disconnect occurs. Thankfully, its replacement is simple and cost 
effective, and prevents the whole product from being ruined.  

The thermal fuse also functions as an economic safety net. Without it, the manufacturer 
could be liable for damages incurred, or the consumer would have to replace the ruined 
product completely. Both possibilities are unwanted outcomes and detrimental to the 
brand/manufacturer. 
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7. Motor 
 

Once the current flows through the heating element (nichrome coil), the next stage is the 
spinning motor and propeller. The hair dryer offers high and low airflow settings; those 
different stages are controlled with the speed at which the motor is turning. The change in 
speed is a result of altering the current flow to the part of the circuit feeding the motor. 
The less current, the less spinning, the slower air flow throughout the dryer and out from 
the nozzle.  

High and low airflow settings will determine the water’s rate of evaporation  

Holds a lot more moisture than cool air, dries hair faster 

Armature Shaft/Brass fitting: At the end of the axle motor is a brass fitting; it allows the 
propeller to fit firmly. The propeller is pressure fitted onto the brass fitting and therefore 
holds it in place well. When the motor is supplied with current, both the motor and the 
attached propeller will spin.  

Halfmoon Magnets: An electric motor generates magnetic fields with electric current 
flowing through the winding coil. (see in image)  

The motor’s commutator is surrounded by halfmoon magnets which cause movement or 
spinning that runs the motor as a result of the magnetic field. 

The alignment of the magnets within the casing matters; if placed incorrectly, the motor is 
likely to begin turning the wrong direction.    

 

 

 

 

 

 

 

 

The alignment of the magnets within the casing matters; if placed incorrectly, the motor is 
likely to begin turning the wrong direction.    
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8. Propeller, Motor Housing & 
Louvers  

 

The louvers are placed behind the spinning propeller for air flow purposes. Air flow is a 
critical consideration; the air must be guided into and through the heater on a specific rate. 
The air must be exposed to enough heat to dry the hair quickly, but not too much heat that 
will burn the hair. The propeller rate also determines how rapidly the air passes through 
the user’s hair for effective moisture removal. Control of airflow determines the hairdryer’s 
functionality, as well as the safety of the user.     

The propeller is typically made from polycarbonate (PC). Its high impact resistance is 
perfect for its role which is to ensure the motor is kept intact.  In addition, the material is 
flexible and can handle high temperatures.  

 

 

 

 

 

 

 

The propeller has been injection moulded just like the shell casings below. Split lines within 
the design are evidence of this process.   
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9. Plastic Shell Casing  
Hairdryers are assembled from a series of intricate internal components; the plastics used to 
make the outside shell of the hair dryer must be light-weight, yet durable enough to protect 
everything stored inside it.  

The material used to manufacture the plastic 
housing is known as acrylonitrile-butadiene-
styrene (ABS).  According to Protolabs, ABS is 
widely applicable on housing and mouldings on 
electrical devices; reasons are explained below. 

 

The casing needs to be impact-resistant enough 
to prevent the hairdryer from breaking apart. If 
the casing’s structural integrity were to be 
compromised or damaged enough to expose 
the inner components, the hair dryer could 
electrocute or burn the user. This could also 
create a risk of starting a fire if there are 
combustible materials present.  

The material used in the casing needs to have a 
high thermal resistance; the casing needs to 
reduce the thermal transfer of the nichrome 
heating coil inside enough to prevent the 
outside surface from becoming too hot and 
creating a safety hazard. 

 

 

The manufacturing method used for 
this hairdryer’s casing is injection 
moulding; this method proves 
efficient and cost effective for the 
mass production of this hairdryer. The 
moulded holes of one shell and the 
series short pins on its 
complementary shell hint that both 
halves have been aligned during 
injection moulding to keep them 
firmly attached.  
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10. Plastic Shell Casing: 
Final Assembly & Aesthetics 

 

Aesthetics: 

All of casing’s original colour is black; yet 2 casings have been painted a different colour. 
Paint is a cost-effective tool used by manufacturers to achieve colour variety for aesthetic 
purposes. Alternatively, individually injection moulding the casing into different colours 
would be more expensive.  

 

 

 

 

 

 

 

 

Assembly Method: 

All shell casings have been fitted together by 
snapfit; a method that assembles plastic parts 
together and forms a final product by pushing the 
parts’ interlocking components together.  

Snapfit results in reduced production costs, as the 
time required for assembly is cut back significantly 
thanks to the omission of hardware such as 
screws. 

 

Unfortunately, snapfit on this hairdryer makes it impossible to disassemble it without 
permanently damaging the interlocking sections, preventing it from being put back together 
properly. Any complications related to the dryer’s inner components cannot be easily 
repaired by the consumer, due to this shortfall. 
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Making Tutorial: Resin 
 

In this tutorial, the moulds are made of Sili Gum; it works particularly well in making impression 
moulds for small objects. 

Re-forming resin using moulds can recreate an identical version of an existing object. In product 
design, the desired part would be created in a CAD program, 3-D printed and used as a template for 
the final resin. 

This tutorial is based off my own workshop experience, the decisions I had to make during the 
process, and my chosen object type. This tutorial may not apply for objects deeper than 12mm, as 
the resin process is done differently.   

Materials: 

- Apron, Dust Masks, Safety Glasses, Gloves 

- Clean Sticks 

- Paper & Paper Towels 

- Sili Gum 

- A Resin & B Hardener 

- Opaque/Transparent Pigments 

- 2 Plastic Measuring Cups 

Method: 

The workspace must be a well-ventilated area due to the epoxy’s strong fumes. Cover the 
workspace with paper before starting to prevent resin spillage accidents. 

Step 1: Moulds 

The first step is to create the mould. Mix the 2-part silicone gum 1:1; ensure the mix becomes fully 
monochromatic and you have enough to completely cover the surface area of your object. 

The mould will start to set rapidly within 5-10 minutes after the silicone is mixed; ensure the steps 
below are completed as soon as possible: 

• If the object has deep gaps within the structure, fill them with Sili Gum before covering the 
main frame. Otherwise, the mould won’t capture those hidden details. 

o  Make sure the filled gaps won’t intervene too much with the removal of the object 
once the mould hardens. 

• Place your object (flat side down) onto the table. Apply Sili Gum on top of your object and 
press down. 

o Apply pressure on all sides and edges to ensure that the Sili Gum 
is equally and thickly distributed throughout the object’s surface area. 

• Once the silicone application is complete, use a flat/hard object (ruler) and slightly press 
down to flatten the top Sili Gum surface. The flat surface will provide stability for the curing 
process later. 

  

Step 2: Mixing Epoxy Glosscoat  Gloves, safety glasses, and apron must be worn 
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The second step is mixing the epoxy gloss coat while the silicone mould sets undisturbed. 

The volume ratio between resin and hardener is 2:1, 2 being the resin; the resin must be double 
the amount of the hardener. The ratio’s accuracy will determine the quality of your final resin. 

• It’s recommended to prepare the resin and hardener amounts in separate measuring cups 
to prevent unwanted overflows and inaccuracies. 

• Once satisfied with the amounts, pour one solution into the other and mix thoroughly with 
a clean stick. 

 

Step 3: Colour 

A variety of colours are available to use. Two or more colours can be mixed to make different 
colours.  Once the colour is a selected: 

• Dip a clean stick (approx. 15mm deep) into the pigment; only tiny drops of colour are 
needed. Dip the stick in the resin and mix. 

o The amount of swirling could achieve a marble effect or a solid colour within the 
resin. 

 

Step 4: Pouring Epoxy Glasscoat  Gloves, safety glasses and apron must be worn 

If the mould is set and hardened, it’s time to remove the object from the mould and pour the resin 
in its place. 

• Remove the object carefully to prevent any tears in the mould. 
• Place the mould on the paper with the opening facing upwards. 
• Mix the resin before pouring to ensure no pigment is concentrated at the bottom. 
• Pour the resin into the mould carefully until it’s full. 

o Don’t hesitate to overflow the mould with resin; better to have extra material to 
work with. Any excess resin can be removed/sanded later. 

  

Original      Mould:   

 

 

 

 

Mould Removal:    Final Resin:    
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