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Client & Brief 
Requirements & Specification

CLIENT

The product will be aimed at the premium market for clients who look for design and are willing to 
put a high monetary value to it. The price point should also place the product in an exclusive niche 
market for clients who are able afford it. The cost of materials will be higher then plastic 
alternatives as solid wood is relatively expensive. Design is the most import selling point as the 
functionality is limited by the lack of adjustability of the light and the need for battery replacement.

ENVIRONMENT

It is important to consider the impacts of the product as it can have far reaching consequences along the product life cycle which ultimately culminates in global warming. The consumption of forests is 
rapid and outruns the rate that new saplings are being planted. For this reason, despite woodland material not being a finite resource, it must be sourced responsibly from sustainable providers. While 
this will not be permitted to define the design aspirations for the product, it will be considered both for environment responsibility and as a unique selling point for the customer. While sourcing of 
materials for the initial prototype and model for development purposes, once put into production a vendor of responsibly sourced material would be sourced. All the electronics will be consolidated in a 
confined unit which is easily separated from the body for recycling purposes. As well as sustainability and recycling, reuse must be considered and the easy replacement of components. While the body of 
the light is three solid pieces, the lighting unit can easily be replaced should it become faulty. Online product support pages would be made so that replacements and instruction can be sourced by the user.

The project aspiration is to complete the design and computer aided machining workflow for a desk lamp. This is to say the the 
objective of the project is not just to construct a final product by whatever means, but to create a reliable and industry recognised 
workflow with associated files for the design to be replicated on a production line. This is because the project should hold more 
meaning as a real world project rather then one bespoke design that can’t be replicated. A demonstration of manufacturing workflow 
though computer aided machining should be demonstrated with all associated CAD files in existence for any further alternations.

As the product should be suited to family homes, the lamp must have all edges finely rounded to make sure there is no chance of splinters 
occurring. While the electronics used in the lighting unit are low voltage and not able to cause a great deal of harm to the user, it must be 
considered in regard to small children and fire. In a family environment, children must be considered in the design of the lighting unit 
incorporation so that the PCB and power source are not open for fingers to tamper with. Regarding this, a small cover should be 
constructed to cover the lighting unit compartment. This would also protect from any water damage when making a gentle routine clean. 

SAFETY

To assist in the design process the workflow will include resistant prototyping and modelling. These models should 
reflect attention to detail and workmanship but not be construed by quality checks. Only the final model is subject 
to rigours quality checks. As the final wooden model form is to be entirely created through a computer controlled 
machine process, there shouldn’t be many quality issues. However final finishing would need to include fine 
sanding and a full inspection to make sure any imperfections such as holes or splinters are sanded flat or filled.

QUALITY ASSURANCE

While the light must be functional its aspirations are of  strong intensions to follow a defined 
theme and unique personality. This is to say that the product should aspire to a design thats is 
from a direct influence by the theme and vogue. This is because the product should be made for a 
client that values design. Though there is a comprehensive design statement, this should be used 
for inspiration and does not have to have direct links to what design decisions have been made.

The design should be of clean functional Scandinavian design with  
effortless organic curvature and form. The theme is light material with 
without any pretentious glitz or glamour. These means that the there is n 
need for the product ti be bumped to a high gloss or have shiny chrome 
fittings. The finish should feel as natural and effortless as the form itself.

While the design must never be hindered and offer specified, it is also important to 
consider how it will fit in the environment of the client against other products. For this 
reason measurements and the observations should be taken of other products so 
that  it will sit nicely beside them. Though the light is not specifically intended for use 
on work desk it should sit well against a monitor and not damage the desk surface.

As well as the requirement for a CAM 
workflow, the machine process should be 
possible to complete using the machinery 
available. Part of the products development 
should be dedicated to machine workflow.   

As well as the requirement for a CAM workflow, 
the machine process should be possible to 
complete using the machinery available. Part of 
the products development should be dedicated 
to machine workflow.   

• Aspirating and unconventional design 
aspirations 

• Practical with light emitted sufficient for use 
• Fits in with certain clientele and theme and 

vogue 

• Features natural finish with wood grain visible 
• Plant growth like natural form 
• Unassuming but practical size 
• Permeant size and weight for stationery fixture 
• Easily accessible button for operation 



 
Theme & Vogue

Products, Clients, Environment & Theme

Designers

VILHELM LAURITZEN

Curves do not always have to materialise in completed circles but 
instead can accentuate around the design fluidly with ease while at 
the same time complementing right angles. Demonstrated for 
example in the head of the lights is the complexity in unique design 
personality from what could have easily just been a dome.

JOHN IVE

The legendary designer has spent a good part of his life producing some 
of the most understated design for a wide range of much loved 
products. He is best known for his understated design on Apple 
products. One marvel is that the design has been so well accomplished 
that it goes unnoticed.

MARC NEWSON

The use of curves is applied three dimensionally to produce products that look friendly to the eye and are 
pleasant to use. While often the same material is used, for each design element a new finish is applied for 
definition while the use of one material guarantees uncomplicated coherence in combination with the 
circles and rectangles, often sized and positioned in accordance to the golden ratio. Few of these designs 
have made it to mass market but all are produced to a high level of quality.

When considered, his designs are very understated and even boring though it is widely approved 
of and seen as very desirable. It is not always what the design is, but what is isn’t. In this respect 
the design is free from any risky design elements that would potentially put off a large audience. 
The sleek finish of black and white over the large expanse of panel on the Range Rover is 
complemented by the other proportions preventing it from looking like a commercial vehicle.



Here is a section of popular desk lights sold and 
designed by Ikea. This is a useful reference for market 
research as Ikea are very popular, providing style at an 
affordable price point. Each item illustrated consists of 
an arm mounted head that is adjustable.

IKEA

ANGLEPOISE

The prices for newly manufactured Anglepoises' have risen while much 
of the original design remains unchanged. Although each has a 
weighted base, hinged arm and head, they all maintain a unique 
character which suits a variety of people tastes. This proves the extent 
of effective variation that can be achieved within the same constraints.

SELECTION

This is a large selection of 
product from various designers 
and distributors all of which 
merge with the desired theme 
and vogue for this project.

Products



Perhaps some of the best designs are to be found in nature where there is a 
beauty in symmetry and geometrical shapes. While some seem to be made 
from incomprehensible organic logic, others clearly display the compliance 
with the golden rules eg. in leaves, flowers, snow flakes, shells, that many 
designers use rules from the golden ratio for example Apple and Pepsi logo.

GOLDEN RATIO

Using solid natural materials can enhance many 
aspects of the product such as beauty, 
recyclability and perceived value. Following the 
natural and Scandinavian style the light wood 
would be made from unfinished wood.

NATURE

The clean cut chrome doesn’t just highlight but defines 
and formats the round body of the car. This formatting 
brings the face of the car together. This is important to 
consider for essential but defining cut lines for the light.

BEZELS & HIGHLIGHTS

A beautiful 
combination of natural 
material  and natural 
motives can be seen 
here in wooden leaves.

MOTIVES

While easily seen as a disinteresting and 
insignificant product, this cutlery show how 
even the simplest of products can be designed 
to be beautiful. Inspiration can be taken from 
the spoon for the head of the light.

PURE FORMS

ALUMINIUM 

Aluminium is both a luxurious and utilitarian material as it can 
look sophisticated and mature but is also affordable. A matt 
finish would be in keeping with the Scandinavian style and 
unfinished birch.

DESK CLAMP

Other possibilities for the core 
function should be considered 
as this could make for a more 
interesting design and offer a 
unique selling point.

BENT WOOD

Clean cut and finished natural materials can accentuate the 
beauty of organic forms shown in the variations here. 
Curves and shapes cannot just feature but define the entire 
volume of the project. Here are products that dedicate 
themselves to form and almost appear as sculptures.

Material

Ideas



BRIDGES

Besides structural competence and adherence to the laws of physics, each simple hinges makes for a 
visual hinge between the horizontal road surface and vertical upright supports. Though for a 
completely different application, the variety in design demonstrates how many iterations for the light 
could be found. In particular the design of these bridges could be applied to the relation between the 
arm of the light and the vertical legs that balance out against the rest of the design for both physical 
purposes and appearance.

When turned around, the ladle immediately brought a new idea to light for the 
minimalist design that could join the head to the arm. Ladles are designed with 
their simple function in mind and nearly always take on the same form which is 
so simple and obvious that it would appear undesigned. It would be a success if 
the light too were to achieve a similar level of obvious simplicity.

LADLE

LEAF BASED 

The two selections show how a natural motive can either be 
used to give a more subtle shape to a desk or be precisely 
defined. Even in the tables there is a distinction between 
those that are clearly ‘leaf shaped’ and those that refer to 
the natural shapes of nature for a pleasing form.

SWEDEN

Based on the clean, light and functional culture of Scandinavian life and design, the light 
will reflect this in the choice of pale coloured material and respect for how the product will 
function in daily use before design aspirations. The knives shown to the left are modern 
products but also are part of the Swedish bush craft culture and are still made today in Mora 
and used to craft the traditional red wooden horses.

The narrow and pointed knife blade is made of laminated steel, which gives it superior toughness and edge 
resiliency. The full tang, which runs the full length of the handle, gives it strength and stability. Together with 
the flexible blade you can work with precision and develop detail. The spindle shaped handle made of oiled 
birch wood is slightly larger for a proper grip. The wood gives a natural feeling and also allows the possibility 
to form the handle for optimal shape.

SLÖJDKNIV 105

GOLF CLUB

Although it is simply a functional 
sporting item, the driver of these 
golf clubs has been crafted to an 
interesting product with unique 
personality.



Electronics

45.19

46.81

64.45

15.40

Firstly the three small transistors were bent into shape and pushed 
through into the PCB - printed circuit board. Once this was done the 
soldering iron and tin wire was used to fix all the components in place, 
including the LEDs - light emitting diodes,  and to create the 
connections between the components and the contacts on the board.

SOLDERING

A pair of digital callipers were used 
to precisely measure the dimensions 
of the components so that they 
could be correctly incorporated into 
the design.

DESIGN CONSIDERATIONS

Lighting Technology

SWITCH / LATCHING BUTTON

Though it seemed a challenge to encompass a switch within the head, it soon became easier to find small units when PCB buttons were searched for rather 
then electronic switches. This PCB switch is only 12 x 12 x 9 mm while others where much taller and would be nearly impossible to fit into the head or the 
base. It was important that a leachable switch was sourced so that the light would stay on rather then just being momentarily activated. Because the design of 
the button is a cuboid, it would be very easy to  replicate in CAD and prototype where it would fit. While black was not in keeping with the design as it was 
neither light in colour, aluminium or a natural material it was by far the best solution from what was available online.

RESISTOR MOVEMENT

While at the time the instructions for the lighting kit were followed to correctly position the 
resistors on the outside face, it became apparent that this would prevent the board from 
being slotted into the cutouts in the new cover design. For this reason they would be moved 
to the other side of the PCB. To do this heat was applied with a soldering iron and the existing 
solder removed with small tool like a plunger that was able to suck the molten solder away. 

FITTING

A pair of nail clippers was used to remove the excess 
metal wire from the connection of the resistors on the 
front of the board so that the cover should fit neatly 
against the PCB. A hot glue gun was then used to fix 
both the PCB and small button in place in the cover.



Workflow ChartWorkflow Chart
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BUTTON

The button was added last so that it could be ruled out of any problems 
that may have happened. Otherwise one would have to trouble shoot the 
button and its connection as well as the other components. The positive 
wire was cut and both ends stripped and tinned before soldering onto 
the connections on the button.

BATTERY BAY

While the kit had included a connection piece between the wires and battery bay, there was no need for the functionality and 
little room for the bulky connection in the space left in the head. For this reason it was removed and the wires soldered directly 
onto the connections on the battery bay. To do this the plastic covering front both wires was cut away from the end and the 
wires tinned. When tested the light would not come on so an electrical testing device was used to determine the problem. The 
cause turned out to be a bent coil in the bay that wasn't making a proper connection with one of the batteries.



Design & Creativity
Abstraction of collective thoughts from inspiration

While a more shallow head 
would make it appear less 
obtrusive and more dainty, space 
must be considered to house the 
lighting electronics.

The use of a precision CNC would allow for the detail of the leaf 
to be defined in the head of the light. This would most certainly 
make for an interesting and innovative product with a unique 
selling point and characteristic. However it would not fit into so 
many people homes and thus not be suited to a mass market.

All ladles resolve the transition from the stem or handle into 
the spooned hollow. The natural and fluid transition in form is 
important to make the design look beautiful and effortless. A 
slight angle is applied which for the light would make it appear 
more alive like a flower in the sun rather then wilting

Aluminium could be used to compliment the pale coloured 
natural wood. It would be best placed in joints where it could 
serve as a hinge as well as a design element. Another idea 
would be a small indent design engraved in the wood which 
would be filled with small metal inlays.

The product shown is an explicit definition of all elements that the design strives to achieve. The combination of sleek metal and plain matt 
white base and head make sure the solid form of the light is not overpowering. While the head is slightly oversized and the stem very thin, this is 
overcome by the overall balance achieved with the angle of the head and the wedge shape of the base. As the stem allows for adjustments to be 
made by the user with a hinge, the head is shaped so that it is easy to grasp as well as the diameter allows for space inside for the light to reflect 
and give a soft and wide illumination. The curves in the head create interesting shadow and break up the conical design into two parts.  

While the head of this light is large and out of 
proportion in solid volume to the rest of the 
frame, it manages to look elegant by being 
cleverly angled on the frame which in itself 
does not stand perpendicular to the ground.

The head and stem form one solid 
form that flow into each other 
seamlessly. This is achieved with 
continuous curves which could also 
be incorporated into the design.

It is almost strange to comment on these products as they are so utilitarian and not seen as high valued desirable items. However the designer 
has made them absolutely perfect in form. This perfection is achieved by their true intent to be nothing but what they really are. The desk lamp 
will be no more then it needs to with no additional detail to distract. While this is definitely the desired path of principle for the project it does 
mean that some earlier explored ideas such as engraving the head with a leaf design would be shunned in favour of a simple dome that curves 
into the stem. 

As this lamp is simple but yet strives to be much more then just your average desk 
lamp it does have one similarity. This is that is stands like a sculpture or piece of 
art. For this reason it is like having a painting on a wall which would look peculiar if 
it had a cable hanging down. This is one of the reasons why the desk lamp’s design 
will not incorporate a mains power cable.

While the desk lamp did not need to have any unnecessary additions to its minimalist design, inspiration was 
taken form the work of John Ive and his friend Marc Newson who both feature small chamfers or bevels on the 
edges of products to break up the otherwise rounded form. As well as adding additional interest it also marks 
the change of one plane to another. In the case of the desk lamp this is the change from the top to the edge of 
the bottom of the base. Without such a distinguishing feature the form could become ugly. 





Different stems were explored with the choice being made not 
to have a hinge. This was mainly due to the unbalance in 
fengshui with the tight movement causing the hinge to stick 
out with opposition and therefor negativity. The design put 
form before ultimate functionality so the stem would be fixed. 

While lamp shade like solutions 
were explored, it seems much 
more natural to just bring the 
head seamlessly out from the 
stem as a leaf from a stem. 

While scale was of course 
very important, the 
proportions were more so 
as this had a large impact 
on the design.

The initial specification was more then just a desk lamp but a product that 
was heavily influenced by a large varying theme and vogue. For this reason it 
is difficult to pin point specific design decisions as they were intuitively made 
in accordance with the culmination of influential material. There was no 
need to further explore ideas once a satisfactory design had been found.

Lamp shade like solutions 
looked unnatural and 
forced as an unnecessary 
addition to what could be 
a more refined design. 

Ideas for the base were explored but 
largely looked the same. This is because  
there did not seem to be any need to make 
it more complex than one smaller eclipse 
within another large rounded circler mass. 

One sticking point was the transition from the head into the stem. 
Although there are not many illustrations to show a variety of solutions 
for this, many variations were explored during the resistant modelling 
process. It was important to make sure that transition from one shape 
and form to another was as seamless and natural as possible.

Like the base, the head was easy enough to decide on as it 
was simply a circle that had to fit around a rectangular 
lighting unit and join onto a stem. As the head needed to 
encase the battery bay as well, it was formed into a dome and 
extruded out to join onto the stem.

I tried to image how a perfect circle could be 
incorporated into the design of the head. But the 
problem was that part of it would always need to be used 
for doing the stem. This meant that it felt that the circle 
was being compromised and looked like an afterthought.

The simple concept of a head, stem and base came from an 
equally simple thought process that the desk lamp was just a 
light source suspended. For the light source not to fall over it 
would have a large base. This defined the entire project as a 
construction of three pieces with distinct function.

The product had to be constructed from three 
separately manufactured components because the 
base was big to be milled in the CNC. It also gave 
interest and the tactile feel of precision engineering of 
perfectly complementing mortise joints.



Resistant Prototyping
Design Creativity Meets Reality 

MODELLING FROM BLOCK

Two pieces of square modelling foam were cut, one for the head and the 
other for the base. Then a large felt tip pen was used to sketch the 
outlines so that the corners of the block could be removed.  This was 
done with the larger band saw, while smaller adjustment were later 
made to the thinner base with a separate saw. 

Rapid shaping and more tight curves 
were achieved using both a chisel 
and wood grater. While quick, they 
left a lumpy finish which would later 
need to be sanded off.

FINAL FINISHING

An electric sander, 
and sander paper of 
varying grit levels 
was used to give a 
smooth finish.

SHAPING

The stationery fixed sander proved very effective 
against the soft modelling material for both finishing 
and perfecting the initial shape and curves. However 
the setup of the machine did not allow holes or tight 
curves to be formed.

CONCAVE HOLLOW

To achieve the hollow in the head that would house the lighting unit, a large drill was 
fitted and used on a low rotation setting to gauge out from the block. This left an unsightly 
finish but allowed the creation of a rounded form. The lower section of the model was 
removed so that the start of the stem would be formed from the head.  The band saw was 
used for its speed and to achieve an even surface on the base on the head.



Digitising
Resistant Model to 3D Computer Model

Photogrammetry

AGISOFT PHOTOSCAN

From this process a complete 3D rendered model 
can be created and though largely unheard of this 
technology has lately been realised for its 
potential in the game and film industry as well as 
for historical archives and industrial simulations.

Software

RENDERED OUTPUT

As can clearly be seen from screenshots of the final 3D renders, the process is not best suited to all forms and materials. It requires that materials have unique elements that allow for it to be identified in different 
photos. For this reason the software struggles to match up the photos of the blue foam as the final finish gives the entire model a very indistinguishable uniform appearance to the algorithm. To try and combat this, 
lines and sticks were placed on the model randomly to try and aid the sticking process. However this did not seem to have a very significant impact on the results. Multiple sets of photos were taken of the model in 
different environments to see what worked best. Although it seemed sensible to light the object with a pointed light, it turned out that the shadow made by a desk lamp or torch confused the software as it works to a 
constant. For this reason only fixed ceiling lights would have to be used. It seemed impossible to capture the head from this angle so a complete model could be made to machine the concave hollow. This was less of 
a problem for the base as the bottom surface is flat and did not hold valuable model data.

RECAP

This was a more comprehensive tool 
that allowed for complex 
manipulation of the model but 
struggled to process offline on the 
consumer graphics cad available.

REMAKE

This proved to be a great solution as it compiles a three step workflow from taking the pictures to a final model. With 
the student license in use, the free cloud render service was available directly within the defined workflow. This meant 
that the photos were first uploaded to the Autodesk cloud before being processed there. This was a great saver for 
time and money as it meant the huge processing capabilities of cloud computing could be used rather than waiting for 
the small consumer grade capabilities of a desktop computer to cary out the renderings.

PIX4D

This tool was more difficult to secure a student license for and was 
also more complex to use. The intended purpose for much of their 
software lineup is arial photogrammetry and so has comprehensive 
tools to suit this application. This made it more confusing and less 
well suited to the small scale modelling that was needed.

This Russia software 
proved a good user 
experience but took 
quite some time to 
process.



 

LIDAR

LIDAR stands for Light Detection And Ranging and uses light to measure the distance from the 
sensor to build a 3D point cloud. This technology is widely used in 3D mapping seen in Google 
Maps as large sensors can quickly gather huge detail at a very large scale from vegetation and 
buildings to landscape from a helicopter or small aeroplane. Although this process becomes very 
cost effective when gathering huge expanses of data, it is not affordable for small projects. 

SCANNERSBARCLAYS EAGLE LABS

The initiative Barclays Bank Eagle Labs serves as a community resource providing both facilities and modern equipment as well as business connections and advice. There are several labs open across the UK with 
free access to small business and individuals for a small fee charged to cover running costs. So that I could have access to a 3D scanner I booked an appointment at the Bournemouth location where I was happy to 
receive great support and advice. Though they had a small hand held scanner this was based on limited technology. It captured a picture combined with three dimensional information captured by shooting three 
flashes one after the other and measuring the difference in rebound. The product relied on software running on a computer to process and render the final result. While this could capture someones face, it relied on 
focusing on a detailed subject and working from one position. This meant that like the photogrammetry process used, software found it difficult to read the solid blue model. As well as this difficulty, the single 
perspective would mean that several separate scenes would need to be made and then manually combined together to make one full model. For this reason a new technology would need to be used. As Eagle Labs 
works as a combined group of several locations the models were taken by a member of staff from the Brighton location where they had a more comprehensive fixed scanning unit.

To try and capture all sides of the head, a knife was stuck into the stem of the head and shots taken of it against a plain white background so that the head could be rotated. While this seemed sensible it once again 
had less then satisfactory results. While it would be necessary to capture all side of the lamp it would be possible to combine two models taken at different times to product a final complex model.  Best results were 
achieved with a base on a complex orange surface. This was found when shooting the base on a wooden floor with lots or distinguishing grain features. While taking high resolution photos produce a more detailed 
final render, it did not lead to any more accurate or detailed polygon creation. This combined with the longer processing times for higher resolution photos meant that it was more economical to take pictures on a 
lower resolution phone. It was tempting to take more pictures of the model then strictly necessary however this did not help and only increased processing times.  

Results and Processing
REMAKE

Scanning



The quality of an STL file depends on the polygon density. The disadvantage of higher 
densities is the increase in processing time. For this reason polygon reduction known 
as decimation can be used. While this reduces the quality  in curves, it can perform a 
lossless compression on flat surfaces. The selection tool in Remake was used to make 
sure that only the base of the lamp received large reductions in polygon density.

Autodesk provides an extensive range of software solutions for different applications. Within the range Remake exists not just 
to create but edit and manage models created using photogrammetry. For this reason it was perfect with a very streamlined 
workflow with all but only the tools needed for this specific application.  For example a set of dialogs can be used for 
smoothing out the model and filling any holes and peculiarities left by the scanning process. The 3D scanning used resulted in 
problems common with the use of photogrammetry. This meant that the software was suited to many of the same problems.   



CAD
Computer Aided Design

A short trial use of this software was enough to see its complexity but huge capability with just the use of  a few tools. This program is unlike Fusion or Maya 
in that is not just capable of sculpting but entirely oriented round it and is the industry standard. As it naturally creates more organic forms it is mostly used 
for sculpting characters to be rigged and animated. While this software is by far the best of its sort it had such a large expanse of settings and tools that most 
of it rendered the user experience overwhelming. For this reason a simple open general public licensed online graphics tool was used. Although also capable 
of creating complex meshes, an online tool proved far more easy to use and there for time efficient. Products are not usually created in such a way and it 
seemed better suited to create the desk lamp in a program like Maya or Fusion. This was because the polygon mesh created in z-brush became confused and 
distorted when trying to completely smooth it out. This is because this sort of sculpting in intended for high complexity natural forms rather then relatively 
simple ones like the half dome forming the lamp head. For this reason other programs were used while the unbounded organic design process was achieved 
earlier using the resistant foam modelling material. Although this software did not eventually become a crucial part of the workflow it was important to 
explore a variety of different solutions so that the most appropriate could be found.

Z-BRUSH

MAYA

As in Fusion 360, Maya is made by and exists as part of Autodesk’s range of software solutions for various different applications. Although both Maya and Fusion are both 3D design tools they vary hugely both in 
complexity and capabilities. Maya is designed primarily for character creation and animation rigging.  This means that part form a whole range of extensive tools specific to animation, even the more common tool 
sets are extended so that anything in the imagination of the user can be created. Because the user experience is designed for designers rather then engineers and architects, the 3D environment is traded differently 
then in Fusion when creating. While Fusion is based on the principle of planes on which plans and be sketched, Maya is largely used in a way that allows for the user to continuously be moving around the creation 
and working on it. This is more suited to complex organic shapes rather then products that reply heavily on specified dimensions.  It was imported to maintain a boundless workflow that would allow for quick and 
efficient progress. So that this would not constantly be hindered by measuring scale and dimensions, simple boxes were constructed as a mark of bounding limitations with the model being sculpted inside them. 
The range of tools within the different tabs allows for a huge variety of manipulations to be performed on the model. The model’s mesh naturally becomes quite complex and so was created using the mirror function 
that replicates each action to maintain symmetry. Although it was definitely capable of rendering, it made more sense to use the existing rendering workflow within Fusion as it was so simple and would not require 
any further research or learning. To move the creation from Maya into Fusion the model was exported into OBJ format. 



Lighting Unit

Google’s 3D design program Sketchup, is becoming ever popular with beginners and professional as it is intuitive and free. Because of this 
the supporting 3D warehouse has many submissions and returns several results for any search. Using this as one of a few different 3D model 
resources it was possible to source models of the battery bay and the leads for free download in the appropriate format. This mean that 
much time could be saved vs having to create the battery bay from reference images. Measurements of the bay were taken using digital 
callipers so that a correctly sized model could be sourced and modelled in the designing of the lamp head.

3D WAREHOUSE

MODEL ASSETS

Continuing the development approach of basing the light’s head 
on a ladle, 3D models were sourced from 3D Warehouse and 
TF3D. These were not just for reference but were intended to 
become an integral part of the design workflow should sculpting 
from scratch prove too time consuming and technical.

STL STEREOLITHOGRAPHY FORMAT

This format provides limited information only concerning the polygon form of the 
model. It does not hold any information on for example physics, material, finish, 
texture, colour, rigging, refraction. This means that when imported it can be easily used 
in a modelling and sculpting workflow without the extra baggage of worrying about 
other factors. For this reason all models were sourced or converted into STL format.

LYNDA TUTORIALS 

Though there are many YouTube videos available for learning the 
software used in this project, most are unprofessional and are geared for 
views and subscriptions with larger projects split into small sub videos. 
Lynda tutorials gave a comprehensive understanding of the software. 
This was a crucial factor in enabling an efficient workflow.



RENDERING

One mode, or workspace, is entirely dedicated to rendering which makes it simple and easy to use. Although there were options for setting the scene lighting these did not need to 
be changed. A menu easily allowed for the selection of material such as finished wood. Once selected this material was downloaded and applied to the model. The view of the 
model was manoeuvred to best capture all elements of the design. While this process could have been carried out in the cloud it was also possible to do offline on the personal 
computers hardware. The rendering was generated through a process called ray tracing in which a physics engine simulates the shooting on thousands of light rays which rebound 
hitting the model. This simulates real world physics and thus creates realistic lighting.  As the number of light rays increase the more processing time it take for the processor to 
computer all the calculations. With the increase also comes quality and the decrease in small black points in the render.

This is quite possibly one of the most convoluted and non 
sensical pieces of software and thus was far difficult to even 
render the final model. Instead of persevering with Blender 
it made more sense to use fusions built in ray tracing render 
engine which was extremely easy to use. 

BLENDER

The head of the 
desk lamp loomed 
over the base and 
looked to big and 
overwhelming.

The stem was to 
fat and the head to 
bulky with the 
base far too small.

No angle had been 
applied tot he 
head and the stem 
was too short

This revision was 
nearly right but 
looked a little short 
a stumpy for a desk 
lamp.

The addition of an 
angle to the head 
made the desk lamp 
look more natural like 
a growing plant.

The base was a 
little too wide 
and them stem 
far too wide at 
the bottom.

The base looked 
a little too large 
in comparison to 
the head.

A balance in 
weight and scale 
of components 
was found.

An addition 
hole was 
added for 
the button.

A rounded back 
and front chamfer 
was added 
according to the 
design workflow.



Final Model
Computer Generated Images





 
CAM

Computer Aided Machining

3/4 Axis CNC Router

QUALITY, PRECISION, 
MAINTENANCE FREE

ROUTING 

For full details - See page 9 

NOW AVAILABLE:
ROUTER 2600 ATC 
SEE PAGES 16-17

Post Processing & Toolpath Generation

1. MODEL IMPORT

The first step of the process began where 
the computer aided design workflow had 
ended with the export of an STL. file. This 
holds only the information for a solid 
shape and is treated as such.

2. ADJUSTMENT

As a demo file was being used it did not need any adjustments made in this 
dialog, other models may have been made using an alternate axis default. 
For example most machining software treats the ‘z’ axis as up and down 
while in much 3D deign software it is represented by ‘y’. Adjustments would 
also likely need to be made for the model to fit within the billet.

4. TOOLING

The speed and feed rate can 
be adjusted to suit the 
different materials that can 
be milled on the machine 
such as hardwood, softwood 
and milling foam. 

3. OFFSET & BILLET

Once again a dialog is given so 
that the model can be scaled and 
moved so that it fits within the 
billet. Also given is a dialog for the 
size of the billet.

As shown a datum point 
must be chosen for 
where the work 
material offsets will be 
taken from. Shown is 
the top surface preset. 
Once ‘Ok’ is selected 
the user is prompted to 
save the newly 
generated .FNC file.

6. OFFSET ORIGIN5. CREATE TOOL-PATH

Though small this dialog will define how the tool paths 
are generated. The CNC understands only the linear 

movements on axis and so this part from tooling is the 
only information given in the G code. The start of the 
code tells the machine which tool it will be using and 

what speed to turn it. From this point onwards the lines 
tell each axis motor to turn accordingly to position the 

drill head. While the first three axis consists 
of an x, y and z; the fourth  turns the 

‘a’ axis rotary fixture. This 
enables the CNC to work 
round a circular billet to 

make a 3D object.

As the Denford software suite would 
only run on Windows I had to install 
software to run windows as a virtual 
instance on the Macintosh operating 
system I use. Once this was 
completed the milling applications 
could be run conveniently.

Machine Dimensions. 

MICROROUTER PRO

OS Virtualisation



 
Offset & Tool Setup

The FNC. file mentioned 
previously that was 
created using QuickCAM 
4D is now imported into VR 
Milling V.5 where it can be 
executed on the machine.

1. G-CODE IMPORT

The tool setup should suit both the 
complexity of the model, material used 
and the settings used in post 
processing. Denford includes a library 
of tool presets one of which was stated 
for use in this demo project.

2. TOOLING

4. WORK OFFSETS

While the current home position of ‘x = 0’, ‘y = 0’, ‘z = 0’ and ‘a = 0’ set for the machine 
is in the furthermost right hand corner of the machine. The G-Code assumes that the 
drill bit is homed from a datum point specific to the work material. In post 
processing the option was given for a top surface or centre datum point. This now 
must be taken into account and the drill bits position set accordingly.

With the centre option selected, some of the offsets would be made from 
the head of the driver in the absence of the material and the diameter of 
the billet added on. While the surface offset would simply be taken from 
the top middle left surface point of the billet.

The x, y, and z buttons shown here are used to set 
the offsets from the current position of the drill 
bit. The button beside each value can then be 
used to add any addition offset manually.

While the door is closed and there is no running operations the machine can be put into ‘Job mode’. The arrow keys, ‘Page Up and ‘Page Down’ keys are used to manoeuvre the drill head. This 
mode is used to position the head at the datum point for work offsets to be taken from. ‘Show’ is the change in coordinate position for each axis. The speed of movement can be changed either 
using the physical knob mounted on the front panel or in the software control panel using the feed knob. The jogging movement can be confined to individual adjustments or continues 
movement.

3. JOG MODE



 
Virtual Execution

With the new offsets made, the MDI tab 
can now be selected to manually tell the 
machine to manufacture to its’ newly set 
home coordinate. This is done by typing 
one line for each axis and stating that it 
is equal to 0. Now the play panel at the 
bottom of the screen is used to play this 
short G-Code script.

6.VERIFYING OFFSETS

With the Auto tab selected, presets for 
materials can be set to override 
previous settings. Also available is the 
Turbo mode which speeds up the 
mining for use with complex models 
being milled in modelling foam. Once 
the Auto tab is selected the program 
can be run.

7. EXECUTION OPTIONS

To connect to the machine a USB or Rs232 lead can be used. For 
this to work a driver had to be sourced from the software packages 
provided by Denford and installed on the virtual windows instance. 
Although it was possible to connect to the machine and jog it to set 
offsets as well as play the G-Code, for the purposes of this 
documentation a virtual simulation of the machine was selected. 
This feature is good for testing to see how the code will be executed 
so that any safety complications and offset mistakes can be 
identified before performing the operation on real equipment.

5. MACHINE COMMUNICATION

With the Auto tab selected, 
these four buttons are used to 
run through and rewind to the 
start of the G-Code script 
before playing, or executing it.

9. EXECUTION

It is best practice to home the machine before 
running the code. This button will always 
return the axis to their default position in the 
furthermost right corner of the machine.

8. HOMING

WORKING

While the billet could be quickly cut on a 
band saw, it left angular defects that 
would hit against the drill as the ‘A’ axis 
rotated. To avoid this the datum point 
was set away from the largest point of 
diameter and the roughing cut 
programmed to first shape the workplace 
into a cylinder. Once this was finished the 
area clearance began before moving on to 
more rough cuts to form the features.



BASE POST SCAN PRE CAD

Though the scans were archived very successfully, they did have 
holes and anomalies. However these seem to come to no 
consequence when machined as the software ignored any holes that 
the six millimetre drill bit would not be able to make. This was the 
same for any minor imperfections in the surface quality of the model.

Working with 3 Axis

While the additional 4th Axis fixture enables a much wider range of creativity and can use many different applications for different projects, it was not best suited to 
the thee components that would make up the desk lamp.  The base is very wide with a flat bottom so would always have been suited to a simple 3 axis configuration. 
The rotary fixture would have worked fine for the stem if it had not had the side effect of imposing severe restrictions on possible size of the machinable billet. This is 
because the fixture is mounted with space above and below and the stem would have hit against the bottom of the unit holding the drill bit. The addition of an axis 
also made the entire workflow more complex in setting the datum position and work offsets.

REMOVAL OF 4TH AXIS

It was intriguing to finally see the workflow completed from designing the parts, modelling them in foam, scanning into a 3D digital format and finally 
realising them through computer aided machining. While this was a clear success especially in the light of so many problems, there was room for 
improvement. While at this point a range of technologies had already been used, for advancements to be made in the final quality of the product, more 
computer aided design would be needed to finalise the 3D models. Although this was not in the original plan it came to make sense as the natural 
progression and would be based very heavily on the existing 3D models which were more easy to copy in the CAD workflow then sketches.

It was a valuable exercise to machine the piece from a custom model as it showed what in virtual reality simulations and computer interfaces would actually be in the real world. The first tool path generation clearly 
demonstrated the need for quick area clearance while the finishing cut would remove the splinters left by roughing. As already mentioned there are limits to using just three axis. These became clear with the lack of 
any bevel or chamfer on the underside of the model. While the base would be easy to finish by hand by simple rounding off the bottom, the head would pose more challenging problems. These problems have to be 
considered seriously to accurately model the components. This had not been so obvious before milling the base as the software did not provide any information on the limitations or indicate which parts it would not 
be able to mill. 

RESULTS

MACHINE LIMITS

Although the machine was relatively large it was only capable of cutting 
billets of a certain size with the drill bit used. To overcome this the default 
base position for the workpiece was ignored and the billet set further 
down onto the bottom of the machine. This did not cause any problems 
as only half of the billet was going to be cut at a time.

Once the program was set up properly with all the correct offsets it ran 
through very slowly making sure to achieve every small detail to a high 
level of quality. Once finished it was easy to cut the ends off and 
smooth over the rough nibs. This left a very pleasing final piece that 
proved the workflow and what could be achieved using it in the future. 



Toolpath Generation For 3 Axis
BASE

HEAD



STEM

BASE

It became clear while milling the base that another drill bit should be used separately for area clearance. This would greatly 
increase cutting time at the same time preserving the drill bit as the high speed and constant use for several hours would wear it 
out. While the start of the program ran through as expected, half way through the code instructed the drill to move to start 
cutting the mortise. However instead of moving upwards to avoid cutting the model it proceeded to manoeuvre straight through 
the model completely recking it. Seemingly unexplainable problems such as this persist though the milling wasting much time. 

Milling & Results

SAFETY

The Denford CNC machine is fitted with an automated locking system in which the door is locked when the drill bit is moving while a 
program is being executed. This prevents anyone from opening the door and injuring themselves on moving machinery. When not in use 
the door is locked so that no one can tamper or remove tooling. When in use the area was cordoned off and signs put in place to warn 
other students. The terminal computer was also logged out and locked while in use. Margins were left around the model in the billet 
during post processing. This made sure that there was a tolerance for error so that the drill bit would not enter off limit areas and damage  
itself.



HEAD

The first iteration of the head could be considered a success as it clearly demonstrated 
that the idea of cutting it from two sides could work. It also showed how important it was 
to make sure that work piece was correctly lined up so that they would form a seamless 
model when complete. The final finishing cut was not generated so that the file would 
complete in less time as it was unlikely that it would run though perfectly the first time.

STEM

Initially when cutting the stem it became apparent that something was wrong when the second side finished cutting 
leaving a space between the two cuts. This seemed strange but was solved when realising that an offset had been 
created to allow for a space at the bottom of the model while generating the G code for the tool paths. Small human 
error such as these slowed down the progression of the project with some workflows, such as machining that takes 
several stages to generate the completed file and to wait for the machine to finish cutting the model.

While cutting simulations shows up most problems, many would only be identified when running 
the program for real. This meant that after leaving the machine for an hour or so one would come 
back to find that it had stopped on one of fifty-thousand lines of G code. While the problem with the 
model offsets were fixed when finished, the stem still was not right with the top of the model 
obviously far too thin to take the top mortise that would fit the head of the desk lamp.

Final Wood Milling

HEAD

Though extraction was used, it was not able to clear the bulk 
of the material as can be seen. The head was formed in two 
halves in separate billets. Once again the code had to be 
stopped as it had started to make bazaar erratic movements 
which gouged into the corner of the head. 

BASE

Though the largest component, the base was the easiest to cut as it only really needed 
to be cut from one side. The program began to cut properly but ended up moving the 
billet along one axis in between the clamps. This means that a new billet would have to 
be used and the program started again. There was a large amount of material to be 
removed. For this reason an area clearance tool should have been used.

The second wooden cut of the base was still not a success but was formed enough 
for it to be used later in the construction of the final model. The machine had been 
stopped as it began to make random gouges in the model. This meant that it never 
reached the final finishing stages of the G-Code and thus left it with many defined 
grooves.



While all available instruction provided by Denford was followed step by step to set-up, some trouble arose in 
setting the work offsets. Though while sometimes minor errors caused the drill to fix and smoke in the billet, 
often the drill would plunge down into the material in an apparent attempt at machine suicide. It would then 
proceed to drill into its own driver. This was avoided in future by simulating the G-Code. This generated a 
graphical representation and would allow for any problems to be identified before running the physical machine.  

EXTERNAL SUPPORT

An engineer from a local seal 
manufacturing  firm kindly 
donated some of his time to come 
and assist in getting the machinery 
to work with the 4th Axis

OUTSOURCING

To make sure that problems that could not be overcome, did not 
slow down or halt the projects progression, it was important to keep 
all opportunities and methods open for use. For this reason twenty or 
so local wood routing and CNC companies were contacted so quotes 
could be sourced should the machines onsite not be capable.

While the job was fairly simple with accurate and complete machining data provided, 
many either didn't respond or said that they would not complete single bespoke orders. 
Further quotes were sourced from China where it is common place for orders to be made 
efficiently via email. Most machines are setup for milling metal for mechanics so quotes 
were often suggested for metal with the design suiting aluminium usually available.

STAR RAPID

3D PRINTING

Dialogs within Remake also allow for the creation of machine 
specific files for use in 3D printing the model. With the 
machines available for use at the Barclays Eagle Labs it would 
be possible to rapidly prototype variations of the model or 
create the final pieces in small components.

Although it seemed easier to print then CNC it was important to make sure that the design workflow 
and project brief was adhered to with the desk lamp being made from wood. Although the printing 
service would have been affordable it does not allow for the speed or design alterations achievable 
using software. For this reason design decisions were taken based on the alterations achieved through 
working in the design and sculpting programs.
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Construction & Finishing
Computer Aided Machining

GOUGING 

As can be seen there are small ridges in the head. These were left as the machine never reached the finishing stage. This is because it had to be stopped should it continue to gouge 
the model in a bazaar fashion. This became apparent when an abnormal sound could be heard accompanied by the erratic movements of the drill. The drill bit proceeded to cut 
right through edge of the head. This was very strange and impossible to reason with or explain. This would have to be tackled when later cutting the head in wood.  This same 
strange phenomena occurred in the milling of the base where a quick cut made its way from the right far corner to the middle of the mortise. This again seemed very strange but 
possibly due to the mortise. To rule this out as a cause the mortise was removed from the model and the milling began again. However this made no difference and only furthered 
the frustration that there was no logic for this madness and thus no fix in sight. While it may seem simple to have just removed the mortise, it actually required the retracing of a 
large workflow using various CAD packages, tool path generation software, sourcing and cutting billets, setting offsets and finally waiting for the machine to finish executing the 
sixty-thousand or so lines of code.  This ultimately took a huge amount of time and was the primary reason why the final model could never be fully completed using the CNC. In 
light of the perfection achieved using CAD and the acclaimed capabilities of the machinery by its’ manufactures, it is a great shame that the final model in its detail could never be 
truly realised using CAM as it would be in the production of a consumer product. So that a product would finally emerge from computer generated renders and CAD files to a real 
world model in wood, the problems would have to be overcome manually in the shaping and finishing of the components. This process began with filling in the holes in the head left 
by the machine.

COMPLETED MODEL
Although none of the components were accurately completed to a desirable level of 
quality, they gave a comprehensive real world visualisation of the model and allowed 
for it to be handled for judgements of weight and balance. Although this was a chance 
for evaluation of the product, there were two reasons for not making any alterations to 
the CAD models for subsequent revisions in the design. The first is there was very little 
time to complete the project, and the second was that there were no revisions needed. 
The model performed ergonomically and aesthetically as required. Although the finish 
was rough and bits missing, the model delivers on the design aspiration and looked well 
proportioned.  When placed in different rooms next to other objects or on a bedside 
table it looked pleasing and not out of place or oddly sized. This was not just due to luck 
but a result of many measurements taken of other household objects and other desk 
lamps. It was these measurements that made sure that once the model was milled to 
scale that there would be no surprises in its proportions.

JOINING

The original idea was to complete the forming of each component using two separately executed programs. The block billet, cut for each 
component, had some excess material left on either side of it needed to incorporate the model. This was complimented in the tool-path generation 
software so that the drill bit would not enter this extra space. The reason for this is so that firstly the drill bit would never have the chance to drill 
into the metal clamps holding the billet, but also so that the billet could be turned over. This is to say that the first program would be run on one 
side while the second program to finish the other side of the head would be run once the billet had been turned. Although in theory this seemed a 
sensible and rather ingenious solution, it turned out to be more challenging as the block would have to be very precisely placed for the whole 
model to be correctly formed. Having the whole component made in one block also meant that the billet had to be clamped in place differently 
without using the base of the default clamping arrangement. When first approaching the problem it was suspected that an unsightly join line 
would be visible from gluing the two halves. However this made no difference as the billet itself was made from many joined parts and once 
sanded the pieces all smoothed into each other to make for a satisfying join.



MORTISING

It was soon realised that the CNC would by nature of its design (3 axis) not be capable of milling the underside cavity. Instead of beginning much work to find a way of 
achieving the undercut on the CNC the more traditional solution of a mortiser was used. This would be used to create both the larger space for the lighting unit as well 
as a smaller separate hole for the button. However once milling began it became clear that once additional necessary finishing had been completed that there would 
not be enough space for the separate hole. This would incur further design work to overcome this change in plan. As the head had a rounded dome form it needed to be 
clamped in place with supporting wedges to make sure that when the arm on the mortise was used to supply significant pressure that the head didn't move around.

Although the stem’s tool path generation workflow had been completed and a model made by CAM in modelling foam, no success had been had. This 
was due to the stem being cut very thin at the top while looking seemingly fine at the base connection end. Although there would probably be a simple 
explanation for this there was no time to overcome this an all the other numinous setbacks. For this reason a much more simple and manual but 
equally effective workflow began. This started with measuring up from CAD drawings and referencing from renders and the cut foam model. Then the 
Bandsaw was used to quickly remove large excess material which defined the size of the component and proportions of the curvature.

DREMEL

Several drill bits were used with the Dremel to rectify any messy cuts 
made by the mortising machine. A longer drill bit was used to smooth 
down the side of the cavity while rounded sander pads were used to 
smooth of the edges so that the space would look more organic and in 
harmony with the rest of the curves of the design.

As can be seen there was a significant workflow from the machines output to the final component pre fitting. First the model was cut from the billet using 
a bandsaw before a fixed sander was used to remove grooves left by the machine as it has never reached the final finishing stages of the G-Code. While 
finishing the component it was important to maintain the original design and adhere to the brief. For this reason effort was made to achieve details such 
as the finishing of the underside edge and the small top front bevel/chamfer which was smoothed off to gradually disappear into the rounded back 
corners. The stem joint’s radius was maintained as much as possible to preserve planned and measured fitting of the stem.

BASE

STEM

Although the fixed sanding machine was great for relatively small items with flat surfaces, it was not possible to use with the long curves of the stem. The machine was quickly 
adapted to meet this requirement by temporarily removing the safety guard.  For the machine to be used in this way gloves were advised and supervision given as well as taking in to 
account the direction of rotation of the sand paper so that the points for holding the components would not ever allow for the users hand to contact the sand paper. Once the guard 
was removed the machine proved an instrumental part of the workflow as its large rounded top fitted perfectly to shape the stem as well as later removing all grooves and finally 
smoothing the other components. Measurements and marks were taken against the base of the stem so that the stem would later be able to sit atop the base and make a clean fit.

Once both the head and stem had been shaped and sanded they could be compared 
with each other to make any necessary adjustments so that they would fit together 
properly. Unfortunately the cut on the top of the stem was a little too steep so the back 
of the head need to be sanded flat to allow for this mistake. For better results the head 
and stem would be joined prior to further sanding to achieve a seamless join.



INITIAL SOLUTION

As can be seen in the rendered model, two indents are made so that the lighting unit and button can be fitted. The lighting unit consists of a small LED baring LCD fitted under the battery. 
Though these two spaces are separated a small hole can be drilled to join them without breaking the bridge. This is a success from a design point of view while allowing the electronics to be 
connected with a pair of small wires. The hole for the button is made slightly larger to enable the prongs sticking from the bottom to be encompassed. So that the electronics do not simply fall 
out of the head, a small clear or clouded piece of acrylic can be easily cut on the laser so that it can fit in the larger space to cover the lighting unit. To stop this from also falling out it would be 
easy to screw in several small picture frame parts. These are not hooks but the small pieces that are screwed into the back of picture frames to secure the backing board. Once a pilot hole was 
drilled these could be screwed in the underside of the head. The reason for this solution is that it provides a simple intuitive and tactile operation for the user to undertake to be able to take 
out the lighting unit and replace the batteries once flat. While a clear transparent piece would provide more light, an opaque piece would make sure that the green of the PCB was not visible 
as well as filtering the light to prevent glare.

Lighting Unit Fitting

POST MORTISING
As discussed in the section on mortising, it became clear that there would not be enough material for a second hole to be made for the button. For this reason a new solution would have to be 
found to encompass both the lighting unit and button in the singe space. Although there were several revisions, there were all based on a single template based on the constants in the design 
requirements, which were the size of the mortised space and the dimensions of the two components that would have to be encompassed. For better functionality of the light it was decided that 
each LED should stick out from the cover. The quickest and most precise way to manufacture the cover was to laser cut some acrylic. So that it would match the design principles set out earlier in 
the project, transparent acrylic was chosen. So that the green of the PCB and black of the battery bay would not be visible the acrylic would be etched all over by the laser cutter.

CARD PROTOTYPE

Firstly cutting the design out in card allowed for rapid prototyping as the material was 
quicker to cut and less thick. It also meant less wastage of more valuable material such 
as the acrylic and additionally allowed for quick bending in the case of the U-shape 
design. Each time one was cut, it was tested to see whether the components would fit 
through or whether another revision would need to be made with slight adjustments.

AFFINITY DESIGNER PROTOTYPING

This simple vector graphics editing and Adobe Illustrator alternative was used 
to quickly mockup and prototype the design of the cover. While the default 
setting for the document was in pixels the settings could be changed so that all 
parts could be accurately sized by dimensions in millimetres.

2D DESIGN AND LASER CUTTING

The plan was to bridge the gap between Affinity Designer and 2D Design by exporting the document to SVG Scalable Vector Graphics, importing this 
into SketchUp and then exporting this into a vector graphic format that 2D design would be able to import with all scale and dimensions retained. 
However the trail period on SketchUp had expired leaving the free edition named Make which did not allow for such a variety of export options. This 
meant that the cover would now have to be recreated from dimensions in 2D Design before moving it onto the PC for executing on the laser cutter. 
This worked by a combined effort between Denford and Techsoft to create a seamless transition from 2D Design to the laser cutting utility software.



U-SHAPE FITTING

The intention of this design was that it could easily be slotted in and out of the space so 
that the user would be able to replace the batteries once flat. The U shape was achieved 
bending the front and back lengths on the hot wire. While like the inside slotting idea this 
appeared easy, it actually proved difficult to fit and thus was abandoned in favour of 
overlapping piece.

SAFETY

There is a good chance of an electronic connection between the lighting circuit board and the connections on 
the battery unit causes a spark. Apart from shorting the circuit and damaging the product, a small spark may 
occur and set alight the inside compartment of the head. This in combination with the batteries and plastic case 
should be considered as a point of concern. To prevent this a material that is both nonflammable and not 
conductive should be chosen to separate the battery compartment from the connection on the PCB.

INSIDE FITTING

It was desirable to have the cover neatly fit into the space so 
that it could not be seen protruding from the underside of the 
head. A small saw was used to remove the lengths from the 
original design. However it was difficult and time consuming 
to make sure that the cover would neatly fit within the space.

The final design incorporated the same component fitting as the others but with a small addition of a tab on the back edge. This has a hole 
so that a small pilot hole can be made for a screw to fix the cover in place but allow for it to be removed by the user. Though this looked fine, 
it would have been preferable to have the cover built into the space. While it would be easy to remove the screw, it would eventually wear 
out the thread in the wood and become loose. For this reason it would have been better to fit a metal thread and fix with a small bolt. These 
improvements can be noted for future work.

OVERLAPPING 

FINISHING

The fixed sander with removed safety guard was used to round off the entire model and blend each component into 
each other. This was used in combination with a handheld sander which could have various grades of sandpaper to 
achieve a final smooth finish. While these two tools could be used for pretty much the whole desk lamp, the Dremel 
had to be used for the smoothing out of the inside of the head. As the design process specified that the product was 
not be finished to a gloss, it was waxed to seal the wood and give a uniform finish.

JOINING

While the CAD files had been made for the components to be fitted with mortises according to the design brief, it was not possible for this system to be used on any of the 
components. As the top of the stem had been cut slightly too thin there was no room for a mortise, so the male mortise on the head had to be cut off and smoothed. The other 
reason was that mortising the head of the stem would likely result in splits and the stem falling apart. For this reason it made sense to join them with PVA - Poly Vinyl Acetate. As it 
had been suspected that the mortise in the base model was causing the gouging, it had been removed. The male motorise of the stem had also not been made by hand so they 
were glued together. A pair of dowels could have been used to fix both the head and base in place in addition to glue but this seamed unnecessary.



Packaging
For Sales and Promotion

By affixing CE marking to electrical equipment, you are making a statement that in your view the equipment meets the 
requirements of all relevant directives. It does not mean that the electrical equipment cannot be challenged by an 
enforcement authority if they have reasonable grounds for suspecting an infringement of the regulations. 
Though it is not a European safety mark or quality assurance for consumers but to indicate to enforcement authorities 
that it is eligible for free circulation throughout the European Economic Area and satisfies the 1994 Regulations.

CE

Certification Marks

Checks have been carried out at every stage of processing with every 
company involved being FSC certified so that the consumer can be certain 
that the production of the product has not compromised the environment 
or communities at any stage. This must be followed though for any and all 
components included in a product that have a FSC certification.

CHAIN OF CUSTODY CERTIFICATION TRADEMARK LICENCE

This allows third parties to use the FSC labelling on products and 
services as well as material for promotional activity purposes. It 
can be granted to those manufacturing FSC certified products as 
well as those involved in a process of the production or those 
reselling authorised products that have not been altered.

Patents
1. Be new, not have been shown or discussed publicly anywhere prior to the patent 
application being filed. 2. Involve an inventive step.  Idea must not be obvious to someone 
with reasonable prior knowledge of the product 3. It must be capable of being industrially 
made. It must take the physical form of a substance, product or an industrial process. 
4. Must not be on the Excluded list held by the Patent Office

CRITERIA
Once granted, the holder becomes the legal owner of the 
rights to the product and can authorise others to 
manufacture and sell the product in exchange for royalties. 
Applications must contain all necessary information for a 
third party to accurately reproduce the product. 

• must be in proportion to the standard version 
• at least 5 millimetres 
• placed onto the product or to its data plate 
• packaging and accompanying documents 
• easily visible, readable and permanent

MARK PLACEMENT

BRITISH STANDARDS INSTITUTION

The BSI can be paid to assess products or practices 
against regulations, quality levels, and consumer 
safety. Once an item is passed the company is 
issued with a licence to use the Kitemark label 
which is recognised within the CEN and the ISO. 

GRAPHIC COVER

To package the product a graphical cover has been designed which would be printed and 
fixed to form material which would then be folded around the box form to complete the 
product packaging. The design reflects not just the product but who it is intended for with 
a unique branding and personality. Certification will be applied to comply with legislation 
and to satisfy and reassure the customer.  Quality controls checks would have to be put in 
place so that accurate colour was achieved when printing the cover sleeve. This would be 
achieved by printing various colour cards on different printers with different colour profiles 
so that the correct shade could be selected. Each card would then be compared against the 
original export displayed on a monitor using REGBA. As this uses an LCD with LED backlight 
there will always be a noticeable difference form the deployed colour and the printed one.

As accurate CAD files exist for the entire product, a complete casing could be produced for the 
desk lamp to fit into. This should be cut from a single piece of material which could be 
polystyrene or a recycled material. The casing would hold the components separately making 
it more compact then just slotting the entire lamp in a box. It would also give it a unique 
presentation because the product comes as a kit with three components. 

PRODUCT CASING



Final Model
Completed Model with Natural Finish





Finished Product
Completed Product with Applied Finish



Evaluation
Review Against Specification

The final design was well achieved in accidence to the comprehensive theme and vogue resources. The product also excelled at fitting the specification in its simple and natural curves and form. The product is nice 
to hold and touch as well as look at with a very pleasing and friendly appearance. Although little design decisions were made as a direct result of complete resistant modelling for the whole model, this did to have a 
negative effect on the final results. This is because measurements were taken from real products and sized on paper and placed in different environments and setups. This means that once made the proportions of 
the both the components and the whole form looked at ease and did not offend with and oversized curves, thin pieces or a bulbous head. Further tot he size and form, small details such as the cork base and front 
chamfer added to the base made sure the product did not just become a large rounded blob. This was also backed with the other design decisions such as shaping the top of the stem as a smaller trapezium while 
the base was a larger round profile and the tear-dome shaped head.

As always there is room for improvement which in this product mainly revolves around the head’s incorporation of the lighting unit. The challenge of incorporating a specifically lighter unit was stated in the 
specification and confronted throughout the project. While there is other better solution that could have been explored this is not to say that the light incineration was a failure as it fitted all the requirements and did 
not greatly affect the design aspirations. However as mentioned there are other more desirable solutions in mind. One of these is to create a 3D teardrop shaped dome for the underside of the head to compliment it. 
This would be laser cut and then vacuum formed to create a dome that complements the form of the head. The tear drop shape would also allow for a small rounded tab which spaces for a bolt to secure the cover. 
Unless the lighting unit cover is embedded in the head it will be visible. For his reason, more time could be taken to create a pleasing design which is purposely visible and adds to the overall appearance of the 
product. The dome shape would also allow for the light to be placed further from the centre of the lamp with more room to spread light. The material for the dome would be one that lets light pass through but not 
gives view to the ugly interior of the lighting unit. While at the moment the rectangular cover with rounded corners does not offend, the tear drop would sit more naturally on the underside of the head. Some 
difficulty was had in finishing the inside of the head to a high standard. This could be overcome if the head was clamped in such away as the drill bit could access it at the right angle to make the cuts by CAM. As well 
as giving a clean finish, this would also make the space cut more accurate which would better fit the lighting unit.

While there was defined, specified and inspired instruction for he material to be a light wood with natural finish, the decision was taken to finally finish the model with a quality spray paint. This was not a primary 
colour nor a well know effect and so is a little difficult to describe but us like the plain cardboard of an egg box ground into a fine coating. This looked very pleasing when applied. This is because it covered all the 
joints and blended the product into one seamless piece. Although care was ten in filling and sanding the model, the paint finish also removed any small artefacts and made a clean crisp finish that untimely made it 
look like a real product of high quality. Almost surprisingly  the colour and texture of the finish suited the theme and vogue to a great extent. This is because although it was an unusual choice, it did not look 
overthought or pretensions. In fact it looked plain, unassuming and naturally organic rather then a manufactured high gloss or bright primary colour. The unfinished wood effect the model had previously had 
reflected in the rough texture of the rugged matt coating.

As earlier specified, it was important that that project produced a manufacturing process that was possible to replicate for the purposes of father production. In this respect, the project was a success even though 
the CAM process never gave true results. This is because all CAD files are in existence in a format the can be used in any post preceding software for tool path creation. This combined with the three component 
structure means that it is possible to manufacture both on off bespoke pieces with any small changes as needed as well as being able to mass reproduce the product in different materials and finishes.  The larger 
evaluation point regarding the CAM process taken to produce the final model is the machines poor user-friendly use and dysfunction. This is to say that all resources and support were used but yet that CNC machine 
never functioned in a logical fashion to correctly produce any of the final models. The gouging that took place for each cut is seemingly illogical and unexplainable. For this reason, there it was never possible to 
completely manufacture the model through the chosen CAM process.

1. It is made of a combination of hand made and CNC processes, it has a nice finish and the overall design is quite simplistic. 
The design is the best part of the lamp. 2. The lines flow very nicely to create a very contemporary look. Creating this lamp, is probably the most impressive and complicated aspect of it as there were so many 
techniques used to manufacture it. The only problem with the lamp is that the cover for the LED board. It would have been better is if the cover for it had been sunk into the head of the lamp more. This would 
continue the smooth, continuous lines of the rest of the lamp. 3. The complexity of CNC processes makes the design very impressive and I like the buttonless feature of the base which makes the design more eye-
catching. I would like to see a curved shaped cover for the LED section. 

THOUGHTS OF OTHERS


