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After the discontinued development of the previous design I 
began to focus on how to remove the first aid kit from the 
steerer. First I investigated other products which have 
mechanisms which hold things closed and open with simple 
actions. I developed a simple mechanism inside of adobe 
illustrator. It included a spring at the bottom of the steerer tube 
which is mounted in a plug which fits in by using friction. There is 
a little switch on top which the user would push allowing for the 
product to spring up 
and allow the user to 
pull the tube the rest 
of the way out.  

After this development I came across 
mechanical pens. The mechanism used to 
hold the ball point in and out of the body 
of the pen was ingenious and inspired me 
to try and recreate the same mechanism 

but within the steerer of a bike. 

I discovered that mechanical pens are very complex and 
include around 3 moving parts which all interact with 
each other. Similarly, to my first idea, I decided that the 
design would be too 
complex and likely to 
fail as well as taking up 
a considerable amount 
of space on the design. 

MAIN DESIGN DEVELOPMENT AND TESTING 
From the development of all my preliminary drawings and my 
three previous designs I decided to compline all the aspects of 
the designs I liked and which aspects most suit the need and 
developed a design path to follow. 

The components of each design I included are: 

- The twisting aspect of design A to access and secure the device. 
- The spring which is seated in a plug which is held in with friction of design B. 
- The pushing aspect of design C to release the device and also secure it. 

The design I was thinking of would have a mechanism 
similar to a bayonet light bulb where two pins are guided 
down a narrow canal and then rotated into a perpendicular 
canal where the device is locked in place. This design is very 
simple and reliable and therefor fits the need for the 
product to be easily accessible as it is unlikely to jam or be too 
complicated to open.  

This design is simple but 
requires a few modifications of 
an existing bike: 

- All bikes have a star nut inside the steerer to bolt 
down and compress the bearings in the headset. 
- This has to be removed to allow for a storage device 
to be inserted 

- This means that there needs to be a way to compress the 
bearings without a star nut. 

 

 

 

 

 

Switch 
and hook 
on pivot 

Spring 
in a plug 
held in 
with 
friction 

Positive: Very simple with very few moving 
parts.

Negative: The switch mechanism would 
take up quite a bit of valuable room and 
also needs a notch on the inside of the 
product to latch onto. 

Interesting: The spring in the bottom 
seated within some sort of plug is a decent 
idea which I may include in future designs.  

 

Spring 

Finger holds  

Complex mechanical 
pen mechanism 

Positive: Device has a very intuitive way of 
operation. Most people would know how it 
works.

Negative: Lots of moving parts. Not much 
room for error. 

Interesting: I like the idea of pushing the 
device down before being able to access it. 
It appears to be a secure yet also being 
easily accessible. 

 

MAIN DESIGN

Design 
C

Design 
B

Design 
A

Design B 

Design C 

Bayonet 
light bulb 

Push and 
rotate 
locking 
system 

Internal tube 
will make up 
the body of 
the product 

Outer section will make 
up the outer section of 
the product and do the 
job of a stem cap 

Guide pins  
Travel canals  

Star nut 

Stem cap and bolt to 
compress bearings 

Positive: Simple and easy to operate and 
manufacture.

Negative: involves a modification which is 
expensive to reverse and potentially risky 

Interesting: Inside of steerer could 
potentially be tapped in order to screw in the 
cap. 
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For testing each iteration of the product, I would have to have a 
bike with me at every stage of the process, but I found this to be 
very difficult as it’s not always easy to bring it with me 
everywhere nor was it easy to 
assess how all the components 
were fitting. In order to combat 
this issue, I decided to print a 
‘test rig’. This rig had the same 
common dimensions of a 

steerer and had a section cut out of the side, so I 
could test and observe the function of each 
iteration. It also allowed for quick identification of 
issues and allowed me to test new components 
quickly and where ever I was. 

  

Cross-section 
exposed for 
observations.  

 

The first iteration of the design was a 
failure as it did not print properly. 
This is due to the fact that the detail 
I had given in the CAD drawings was 
far too fine. More care is needed 
when producing CAD files for 3D 
printing. 

 

1. 

Evaluation 

The design failed as 
the detail I had drawn 
in CAD was far too 
small for the printer 
to reproduce. 

 

The second iteration I fixed up the 
details in CAD and successfully 
printed an item which demonstrates 
how the locking system for the 
product would work. It just needs to 
be sized properly to a bike 

2. 

Evaluation 

Design shows the 
desired function from 
my idea. It has some 
proportions that are 
still incorrect but only 
take a little time to fix.  

 

The third iteration I started developing the actual body of the product in a way 
that I thought would be secure yet accessible. There is an opening on both sides 
of the tube and my hope was that the first aid items would be rolled and pinned 
between each side. I knew the product would need something to grip at the top 
of the product, so the user could twist it easily. For this I included a star like 
shape. Upon testing this design strength, it shattered and failed the criteria to be 
reliable. 

3. 

Evaluation 

The design is a great visualisation of how I plan on 
the product working in general and when installed 
inside of the test rig, it is easy to see how 
everything will operate together. The star design 
on the top of the product is not the easiest to grip 
as the edges were quite rounded. The design also 
cannot secure a load properly or securely.  

 

This iteration was quite a bit more developed than previous iterations. The canals 
in the cap were lengthened in order to give the push action more travel. The 
body of the product is also now closed by inserting a side panel into a groove at 
the bottom and top. The grip on. The top was also changed to look more like a 
cross with some added curves to show direction of travel. The design failed due 
to the side panel being too thin and the walls of the actually tube being to brittle.  

4. 

Evaluation 

The side panel is generally a good idea 
however it needs to be developed further so 
it can properly secure a load. The grip on 
top of the device is good as it looks similar 
to a first aid cross and also has a directional 
design however this could still be improved. 
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With each iteration the designs became more and more complex. The fifth iteration of the design involved a side panel the fully enclosed the opening of the first 
aid kit. It is opened and closed by pinching the corners of the side panel where they meet the body of the first aid kit allowing for the small bumps to lock and 
unlock from their female counterparts. The side panel features a large grid over the front which gives the shape strength and also allowing for the user to see 
inside the product. The grip on the top of the design features a cross however on side of each arm is curved giving on side a harsher angle than the other. This 
was done to subliminally indicate to the user which direction the product needs to be rotated to open it. The body of the product was also given a ‘spin’ and ‘rib’ 
for additional support. This was done to ensure the product didn’t snap or shatter. I added small slots similar to those of a bike cassette, so the user can tighten 
the top cap with a cassette tool. I will go further into detail on this later. 

5. 

Evaluation 

This design seems to be on the right track as for what this 
product should be. The side panel idea was ok; however, it 
did not work the way I imagined as it was too flexible and did 
not have the rigidity required. The ribs inside of the tube are 
very effective. The slots in the cap to make it functional with 
a cassette tool are also a very innovate way to compress the 
bearings. 

 

 

In the sixth iteration of the design the side panel has been improved by adding multiple diamond shapes to the panel which fill the shape up with more material 
making it more rigid and the spine and rib that was inside the main body of the tube to do the same thing. I changed the way the side panel would be secured to a 
mechanism similar to the battery cover on a remote control. The user slides one end into a groove the engages the other side into an opposing groove. I did both 
prints vertically, this worked fine for the main body of the device but as for the side panel, this orientation lead to the panel snapping easily as 3D prints tend to be 
weak in one direction due to the layering system the CAM devices uses. The grooves that I had designed for the panel to slide into where also to thin resulting in 
the 3D printer entirely sipping over these parts. The design I believe is getting closer to what is desired for this product. I kept the design for the cap the same in 
this iteration. 

6. 

Evaluation 

This iteration of the product is quite suiting the need of the 
product. It has enough storage for a decent amount of first 
aid and its ability to be securely integrated within the steerer 
of a bike is quite innovative. However, there is still an issue 
with the side panel which will have to be fixed.  

 



 21 

 

 

 

 

 

 

 

 

 
 

ADDITIONAL ASPECTS OF DEISGN  

  

 

The seventh and final iteration of the main design utilises aspects of previously existing designs and aspects of designs I have created. The main improvement 
over this design compared to the previous design is the side panel. In this design the side panel is held in by sliding one end of the panel into a grove located at 
the top of the product and allowing a magnet, which has been seated in the bottom of both the side panel in a frame and in the main body inside of a small pit, 
to attract each other and join, locking the panel in place. This mechanism is very easy to lock and unlock and also provides an audible clicking sound which 
closed. The directional design remained the same as in iteration 5 although I did explore other possible designs for this part of the designs which I’ll evaluate 
later on. The cap plats two major roles in this design. One to compress the bearings to ensure the steerer of the bike functions properly. And two to guide the 
device into the steerer, allowing it to twist and lock in place once inserted.  

7. 

Evaluation 

This design is simple yet innovative, it has very few moving 
parts compared to my first idea and generally works reliably 
every time. I still require testing how people interact with the 
product. I have been discussing each iteration with peers in 
order to gain the greatest amount of feedback possible 
however I am still unsure as to how people will interact with 
the product.  

 

1. 2. 3. 4. 

Additional designs for the grip 
of top of the product were 3D 
printed and considered but 
ultimately all were eliminated 

An NFC (Near Field Communication) tag 
was inserted inside of each tube. These 
can be scanned by a phone and can hold 
small amounts of information such as 
names, date of birth, addresses, phone 
numbers and even short links to websites. 

I installed a tag inside each device with 
standard information to demonstrate its 
use. It can be programmed inside an app 
on a phone then installed on a tag by 
scanning it. 

Link to DRSABCD courtesy of St Johns ambulance 

NFC tag 

Earlier in the design process I 
mentioned the removal of the star nut 
inside of the steerer for the product to 
function properly. what this ensues is 
the inner circumference of the steered 
be threaded with a tapping tool of the 
right diameter and threads per inch 
(approx. 11TPI and 24mm DI) 

This threaded area is then utilised by 
the cap which has the male part of the 
thread. This is done to ensure the 
product can travel straight through the 
steerer and also so that the headset 
and bearings remain in place for the 
duration of the product use 

Tapped steerer 

Threaded cap 
screws in 

Cap holds 
everything 
together 
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MAIN DESIGN CONTINUED 
In order for the design previously conceived to function properly, there needs 
to be some sort of way of pushing the device out when unlocked and holding 
it in place when it is locked. For this I advanced on an aspect from a few of my 

original ideas of a spring which has been seated within a 
plug which fits into the underside of the steerer. This spring 
will push the product upwards allowing it to spring out 
when needed and to sit in the canal which keeps it locked 
when pushed into position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Spring seated 
inside of a 
plug from 
previous idea 

 

The first iteration of the plug device 
was simple and took after the shape 
of an actual sink plug. I printed it 
logo side down and this resulted in a 
very distorted print. The edges also 
tapered to a point which the printer 
struggled to recreate. The logo also 
appeared to small and did not come 
out well. 

1. 

Evaluation 

The general shape 
is good as it would 
sit flush to the 
underside of the 
bike. The 
development of the 
logo will come later 
on in the design 
phase 

 

The second iteration had bolder 
edges in order for the printer to be 
able to create them to an acceptable 
quality. The logo appeared larger in 
this iteration as well for the same 
reason. This design was also printed 
face side up which helped with a 
cleaner finish. 

2. 

Evaluation 

Still no way of holding 
the device in securely. 
Something needs to 
be added in order for 
the product to fit 
inside the underside 
of the steerer 
securely, 

  

 

This iteration of the plug design featured break away ribs which upon insertion 
into the bottom of the steerer tube would bend or snap jamming the cap in 
place. The only issue I found with this design is it was quite large and was only 
really single use which was not suitable for the criteria of cost and reliability. PLA 
tends to be a brittle material but if the product was made out of nylon for 
example sakes this method of securing the plug-in place would suffice as nylon 
has a softer stretchier composition. 

3. 

Evaluation 

This design is generally a good idea for the sake of 
the product, there is far too much material and 
too much risk of this component being one use. 
Construction out of a material such as nylon would 
result in the item having ‘memory’ like properties 
where it would return to its previous position and 
there for me more suitable for a sacrificial 
product.  

 

The fourth and final design for the cap includes a slot cut out of it around the 
radius of the part that goes inside of the steerer. This is to house a rubber seal of 
some kind. This allows for the plug to be inserted, held securely, and removed 
without the need for sacrificial design or other complicated locking mechanisms. 
The logo appears is large letters on the bottom of the plug for product placement 
and identification. 

4. 

Evaluation 

The design is a great visualisation of how I plan on 
the product working in general and when installed 
inside of the test rig, it is easy to see how everything 
will operate together. The star design on the top of 
the product is not the easiest to grip as the edges 
were quite rounded. The design also cannot secure a 
load properly or securely.  
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Since the Plug was cylindrical I decided Ito machine it out of 
nylon as its shape was generally easy to create on the lathe. 

I created a flat disc to test whether or not the laser cutter 
could engrave the logo into the face of the plug. This came 
out to an ok quality. The finish on the test piece before I did 
the laser engraving was quite rough and resulted in the test 
engraving not looking so great. 

I concluded from this test that engraving the logo onto the 
face of the plug would work but I would need to ensure that 
the face had been polished.  

  

 

  

I began by cutting a section of 45mm diameter nylon 
rod to length and then boring out the middle of the 
rod to the correct depth. I also cut a groove to 
indicate the area I have to work with in further steps.  

Next I followed by slowly thinning out the smaller 
outer diameter of the plug until it was the same 
diameter of my CAD diagrams and prototype. I then cut 
a taper on the end which is instead first in order to 
guide the plug in and ensure it doesn’t catch on the 
edges of the steerer upon insertion. I also cut the slot 
which goes around the circumference of the plug 
where a rubber seal would be seated. 

I used a file to round over the top edge of the top of 
the plug, so it sits flush with the underside of the 
bike. I then sanded with wet and dry sand paper to a 
quality of 800 grit. After finishing sanding, I faced off 
the plug and began sanding the face where the logo 
would be laser engraved with 800 grit sand paper. 

1.. 

2. 

3. 

The laser engraving did not 
come out at the same 
quality as the test piece. 
This could have been due to 
the height of the plug being 
at a point where the laser is 
not in focus.   

Evaluation 

Overall this design for the plug which will seat the spring is very simple and 
effective. The TPU seal is an innovative use of material. The TPU is very strong 
and difficult to tear and I also found it has properties that allow it to reform if 
distorted in any way. 

The logo is subtle and is also a great way of labelling the product. The curved 
edges around the top of the pug allows for the it to sit flush inside of the 
underside of the steerer. 

Possible materials for rubber seal   

Rubber bands 

- Cheap 
- Not very 

strong   

Rubber tape 

- Not easy to 
shape 

- Very strong   

TPU 3D printed 

- Can be made into 
any shape  

- Very strong 

Rubber O-ring 

- Very few sizes 
and shapes 

- expensive 

Plug Is 
pushed in 
and held in 
with friction 
securely.   
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In order to identify the spring, I would use in the product I had to first test multiple 
different types of springs for their properties and select one which would best suit 
the design. The main property’s I was looking to identify were;  

- Strength: to ensure the user could push the product in easily and so that the 
product doesn’t go under much stress 

- Height: to ensure there is the right amount of travel in the spring 
- Diameter: to ensure the spring is stable when compression and doesn’t bow 

out or not fit inside the plug. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spring spacer 

The spring spacer is used to raise the spring up to meet the main 
body of the tube. This is necessary as many cyclists have their 
steerer quite high meaning the distance between the top and 
bottom of the steerer is further away. The spacers have a male lip 
and female cut-out on the underside and clip directly into the 
underside of the spring holder raining its height. I designed them 
in 10mm, 5mm and 3mm intervals. 

2. 

Evaluation 

The spring spaces are a simple way to 
ensure the product is accessible to all 
users of even if their steerers are 
varying lengths.  

Strength: Weak 

Height: Medium 

Diameter: Wide 

Strength: Medium 

Height: Long 

Diameter: Narrow 

Strength: Weak 

Height: Medium 

Diameter: Narrow 

Strength: Weak 

Height: Sort 

Diameter: Narrow 

Strength: Strong 

Height: Long 

Diameter: Medium 

Strength: Medium 

Height: Medium 

Diameter: Wide 

Strength: Strong 

Height: Short 

Diameter: Wide 

Evaluation 

The spring selected is actually to long for the product to function with properly, 
however it could be cut down to size where it works perfectly. The spring is 
weak enough that it is easy to push the product down and the spring is also 
strong enough that the product is pushed into the locked and open positions 
easily. The diameter of the spring is quite a bit smaller that the inner diameter 
of the plug however this issue will be fixed in the next development. 

 

 

Spring holder  

The spring holder is an what the spring is seated within and is 
a small module with tapered internal edges to help guide the 
spring if it does distort slightly so it doesn’t catch on the 
edges. There is a circular slot take out of the bottom of the 
spring holder for the spring spacers (discussed next) to clip 
into.  

1. 

Evaluation 

The spring holder fits snug inside the 
plug which I had manufactured on the 
lathe however it is a little lose in the 3D 
printed plugs. The spring itself fits 
perfectly inside the holder and the 
tapped edges make sure that the side 
of the spring does not get caught when 
being compressed. 

3mm 5mm 10mm 

Trimmed 
spring 

Spacer clips into 
spring holder 


