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Sammanfattning 
 

LightLift Esystems AB tillverkar patenterade, motoriserade lyftsystem för 
belysningsarmaturer till utrymmen med höga takhöjder. Företaget vill utveckla en ny 
konstruktion för enstaka punktbelysningar för att utöka sin konkurrensförmåga. 

Föreliggande projekt innefattar utveckling av en ny konstruktion utgående från en av 
företaget given specifikation. Den nya konstruktionen skall kunna hantera laster upp till 300 kg 
och dimensionerna skall hållas så små som möjligt med bibehållande av den ursprungliga 
lyftenheten. 

Detta dokument innehåller alla utvecklingssteg som följts fram till slutlig lösning, likaså 
materialval, val av tillverkningsmetod och monteringssätt för samtliga komponenter. 

Den valda lösningen visar sig vara konkurrenskraftig i jämförelse med alternativen 
emedan den kan lyfta tredubbla lasten med bevarade yttre dimensioner. 

Av konkurrensskäl är självklart också formgivningen av betydelse för uppdragsgivaren, 
varför även hänsyn till detta togs. Från estetisk synpunkt visar sig den valda lösningen vara 
fördelaktig emedan den lika lätt kan döljas bakom ett ”falskt” innertak som kapslas in i en 
lämpligt utformad kåpa av plast. 

Lösningen uppfyller således alla de ställda kraven i specifikationen. Den är tillförlitlig, 
kompakt, billig att tillverka, lätt att montera och har en tilltalande formgivning. 
 
 
 
 
 
 
 
 
 
 
 
 

 8



 9



 
 

 
 

 Master of Science Thesis MMK 2007:22 MPK 590
 
 

Development of 300kg HD LightLift for 
Chandeliers and similar heavy attachments  

 
   
  Mariano López-Catalá Muñoz 

Approved 

2007-02-21 
Examiner 

Priidu Pukk 
Supervisor 

Priidu Pukk  
 Commissioner 

LightLift Esystems AB 
Contact person 

Rolf Cederström 

 
Abstract 
 

The company LightLift Esystems AB manufactures patented motorized lift systems for 
the illumination of halls with high ceilings. The company wants a new design for singular heavy 
lights in order to be more competitive. 

This project consists of the development of the new design under the requirements and 
specifications imposed by the company. The new design must support lights up to 300kg and 
keep the overall dimensions as low as possible without modifying the driving unit. 

This document contains all the designing steps followed to reach the final solution as well 
as the material selection, manufacturing process and assembly of all the parts that form it.  

The solution obtained shows to be very competitive with other alternative products, since 
this new design triples their maximum load capacity while the dimensions are very similar. 

In this context, the optical appearance was also very important to the company and so it 
was another main objective of this project. From an aesthetical point of view, the final solution 
proves to be very compact and versatile since it can either be hidden behind a false ceiling or 
covered by a plastic case that gives the design a very nice look. 

Finally, the solution achieved fulfils all the requirements and specification previously 
imposed. It is reliable, compact, cheap to manufacture, easy to assembly and it has a good optical 
appearance. 
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1. INTRODUCTION 
 

After six years studying at the Universidad Politécnica de Madrid it was time to 
complete my studies with a final project that summed up everything I had learnt over those 
years. I have taken many subjects that cover most of the fields in which Industrial Engineering is 
applied and so, it was very hard to find a project that met them all.  

However, I had the fortune to become a part of the Erasmus Exchange Student 
Agreement and found a place to complete my degree at KTH in Stockholm (Sweden). To me, 
being able to do my Master Thesis at a university with such renown was a big opportunity. At 
the same time I could learn from the experience of living with people from all over the world. 
This is something I would not have got anywhere else. It gives you a different point of view for 
the problems, and not only engineering ones. This is a sort of knowledge that you cannot achieve 
at any university in the world. 

At my home university, I took the choice of focusing my studies in Mechanical 
Engineering, which involved taking subjects related to CAD Design, Machine Design, 
Vibrations in Machines and many other different subjects that I wanted to apply and combine 
them altogether to something real.  

In this context, this project allowed me to start a design from the beginning, dealing with 
many different unexpected problems and evolving the different solutions obtained to meet the 
requirements and wishes.  

In conclusion, this project has taken me closer to the engineering problems in real life, 
something that I had lacked of before. I cannot think of any better way to finish my degree than 
this one and I am sure that all I have learnt during this project will be of great value in my 
professional future.  
 
1.1. Problem analysis and market opportunities 
 

LightLift is a company that manufactures patented lifting systems for illuminating and 
lighting in halls with high ceilings. By means of a simple button or a remote control, the lights 
can be lowered to the ground where maintenance works can be performed easy, safe and cheap, 
avoiding the need of scaffolding or skylifts.  The company has achieved a privileged position in 
the market thanks to its guarantee of quality, safety and reliability. Nevertheless, the company is 
willing to enlarge its scope in the market.  
 

The objective of this project is to create a new design for the company LightLift 
Esystems AB that allow lifting singular lights that can weight up to 300kg. As well, the final 
solution had to be as compact as possible, with an attractive optical appearance and an easy 
installation of the whole structure, making it simple and cheap. 

This design would mean a big competitive advantage in the market, since similar 
products, such as the ones provided by Panasonic LuxLift, can only lift lights up to 100kg 
maximum. Therefore, the main aim was to design a new product based on the technology that 
the company had been using for years which met the operation, safety, quality and profitability 
requirements. One determined demand from LightLift was that the new design had to be based 
on the components that the company was using because it lowered the costs and made it easier to 
install. Particularly, the chassis must remain unmodified since it had recently been redesigned 
and optimized for the new requirements, considerably reducing its weight and adopting new 
safety devices. 
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2. METHODOLOGY 
 

First of all, it is to be said that every project comes from the necessity of covering the 
demand of a specific product or service. In our case, the company LightLift Systems EA found 
that there was a big interest in developing a new illumination system that could lift singular point 
lights with a maximum weight of 300kg.  
 

Before facing any problem, it is essential to establish a certain criterion, a wise structure 
of steps to follow that will lead to a successful solution. No specific method will be followed to 
do this project but instead a general guideline used for solving design and development 
problems, from the notes given in the subject Engineering Design of Machines and Devices from 
the University of Aachen in Germany. 
  
 
The first step to take is to divide the problem into different areas, which are as follows: 
 

• Contradictive Objectives: set the main objectives and study whether they can be all 
achieved at the same time or contrarily the objectives are contradictive. In this case the 
extent of contradiction will have to be determined. 

• Complexity: establish the number of functions and the links between them all.  
• Transparency: clear information of the requirements, boundary conditions, solution 

method and result desired. 
• Dynamic: it must take into account the changeability of the output conditions, the impact 

from decisions and interventions and the effect of outside parameters. 
• Required knowledge: awareness of the skills and knowledge the project will require for 

its development. 
 

Taking a look at the different parts that the development and design problem involves, we 
must now analyse them and then apply them to our specific project. 
 
1. Contradictive objectives: 

 
The main objective of this project is to find a solution as compact as possible, based on 

the new chassis. This will have a vital influence on the size of the new design and cannot be 
modified. Also, the cable reels needed for the design will be purchased and their dimensions will 
also go against our chase for compactness, since they cannot be diminished in any way. 
Therefore, the design must be orientated under these dimension constraints. 

 
2. Complexity: 

 
We will define three main functions of the design: 

− Support and transfer of the load 
− Power to the lift  
− Power to the lights 
− Cover of the design 
 

These functions will themselves entail different sub-functions necessary to make the 
whole design be assembled properly. 
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3.Transparency: 
 

All the information created must be clear and concise to avoid misinterpretation and 
errors, especially with the detailed drawings of the final design. 

 
4. Dynamic: 

 
The final design must be valid for any potential customer and so, it has to take into 

account every possible scenario where the system could be installed. This means that the design 
must be flexible to adequate to every situation by a simple addition or elimination of standard 
parts. 

 
5. Required knowledge: 

 
This project basically requires the use of CAD programs for the designing part of the job 

and a structure simulation program based on finite elements for the validation of the design. To 
conclude, a very simple cost analysis will be performed to contrast the pros and cons of the final 
solution.  

 
These different areas will be considered in the development of the new design to achieve 

a successful solution. 
 
 
 

3. LIST OF REQUIREMENTS 
 

To be able to compete in the market maintaining the standard of quality and safety, the 
company LightLift expressed its demands and wishes and they formed the following list of 
requirement: 

 
1. Technical requirements and wishes 

− Support a load up to 300kg. (Safety Factor of 4) 
− Attach two cable reels to supply power to the lights and motor drum. 
− Easy manufacturing and assembly 
− Free space for cable guidance and connection 
− Leave the interior of the new chassis unmodified 
− Use standard pulleys as the ones being used before by the company 
− Keep the weight as low as possible 

 
2. Market requirements and attractive wishes  

− Nice optical appearance 
− Design suitable for any kind of scenario 
− Higher load capacity  
− Small dimensions  
− Cover for false ceiling 
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4. DESIGN PROCESS 
 

“About 70% of the costs are determined by the design, while the designing process 
represent between 2-10% of the total cost”  

The phrase above can be more or less precise but one thing is certain, the final design of 
any product influences not only the process of manufacturing with its consequences over the 
costs but also the final sales. Therefore, a good development of the design process has to 
guarantee a feasible and reliable manufacturing process keeping it as easy and cheap as possible, 
always meeting the standards of quality required and the demands and wishes of the costumer. 

Keeping all this in mind, we will follow the general process of finding solutions for any 
kind of problems.  
 

 
 

Fig 4.1 General process of finding solutions 
 

Once the problem has been presented, we have to deal with it (or confront it) in order to 
find a satisfactory solution. All the Information about the problem has already been specified and 
now we must deal with the Definition, Creation and Evaluation processes. They must be carried 
out to satisfy certain conditions and guarantee that the design fulfils its purpose. These 
conditions are grouped in: 

 
• Market Conditions: 

− Performance 
− High reliability 
− Long service life 
− Low weight  
− Small building space 
− Cost-effectiveness 
− Optical appearance 
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• Working conditions  
− High ceilings 
− High load capacity 
− Safety devices  

 
• Life-cycle conditions 

− Long service life  
− Minimum maintenance 
− Designed for relatively small number of times used 
− Small production 
− Designed for easy assembly 

 
When the Creation process is finished, the design requires to be evaluated from different 

points of view but especially important is the simulation test since failing it would mean that the 
design does not guarantee the safety requirements. Considering the results of the Evaluation 
process a Decision will be made, either to take it as a final Solution or to go back to the previous 
processes in order to achieve a satisfactory result. 
 
4.1 Obtaining Solutions 
 

According to the technical specifications and the conditions under which the design must 
perform, we are in condition to start the process of model creation. It is essential to keep in mind 
everything that has been mentioned before: technical requirements, market conditions, 
transparency, manufacturing… 
 

The creation of a final design is a long process that follows different steps with different 
degrees of detail. 
 

 
 

Fig 4.1.1 Data and models in the design process 
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4.1.1 First design 
 

From the beginning, two main functions were clearly defined: supporting the load and 
supplying the power for the motor and lights. In this context, the design process was aimed to 
reach the highest simplicity and compactness possible. One of the most important requirements 
was to keep the dimensions as small as possible and so that is how the first draft came out.  

 

 
Fig 4.1.1.1. First design 

 
 

The idea consisted of two steel cables attached to the chassis through holes made on its 
long plates and joined together by some kind of grip under the chassis. 

This design showed many mistakes from the beginning but as a first draft it helped to 
realize where the problems would appear and the way the pulleys should be attached to the 
chassis as well.  
 
Mistakes to be fixed: 

− The cables do not ensure stability to the support of the load 
− The inner space of the chassis must remain unmodified 
− A second axis of forces is created so the instability increases 
− The fixing points of the cable transmit a bending force into the chassis 

 
Decisions to be adopted: 

− The pulleys will be fixed to both side plates of the chassis  
− The cable reels must be placed at each side of the long plates of the chassis 

 
Both decisions taken from this first draft are just mere concepts, since the way of fixing the 

pulleys and the cable reels are yet to be determined. Also, the position of the cable reels must be 
studied to see whether it is better to place them horizontally or vertically. 
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4.1.2 Second design 
 
In order to improve the first draft and to try to solve the mistakes made, the following 

design was created: 
 

 
 

 
 

Fig 4.1.2.1.-4.1.2.2. Second design 
 

This design shows a stronger construction based on an outer box which functions were to 
allow the attachment of the cable reels and the pulleys to it and also to support the load by means 
of the fixing points of both pulleys and the fixing points located in the middle of the chassis (see 
arrows in fig 4.1.2.2.). These fixing points required the manufacture of two holes in the small 
wings at each side of the chassis. The load would be located on the middle plate of the box and 
the pulleys would transfer this load to the ceiling through the cables. Moreover, the middle plate 
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of the box is fixed to the chassis to serve as a support to it and also to prevent high deformations 
of the box.  
 
Besides the improvements achieved there are still some mistakes to be fixed: 

− Manufacturing the box would mean the use of welding techniques which would put up 
the costs and would decrease the reliability of the piece 

− The middle plate of the box results in a weak solution for supporting the load 
− Two much waste of material for the few functions of the box 
− The box increases the dimensions of the draft 
− There are still two axes of forces, therefore increasing the instability of the draft 
 

4.1.3 Third design 
 

Between all the mistakes that had to be fixed from the previous model there were 
especially two of them that needed an immediate solution: diminish dimensions and increase 
reliability. To achieve it, the box was taken away and instead of it, a single plate was placed 
underneath the chassis with the same attachment method as before: two holes made in the side 
wings of the chassis.  

The load would be supported by this plate but in this case, there were no welded parts 
that could endanger the integrity of the structure.  

The pulleys were joined to the chassis by a standard T-profile and a ring. The profile was 
fixed to the chassis by bolts and so new holes had to be manufactured in the side plates of the 
chassis. This solution for the pulleys worked well and took very little space so they were taken 
into consideration for further solutions. 

In general, this design proved to be the simplest and easiest to manufacture one but failed 
when validating it under computer simulation. The place for transferring the load had to be 
changed definitively.  
 

 
 

Fig 4.1.3.1 Third design 
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Fig 4.1.3.2 Third design 
 
  After three different drafts there were still things that had to be optimized: 

− Still two axes with transferred loads 
− Place of load transfer fails under computer simulation 
− The cable reels take too much space so the way of attachment and their place has to be 

reconsidered 
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4.1.4 Final design 
 

After the previous design, it was clear that the place for transferring the load could no 
longer be at the long plates of the chassis, so it was obvious that it had to be moved to the side 
plates. Furthermore, by doing this the problem of the loads transferred to two perpendicular axes 
would be solved as well. At this point, the task was to combine the attachment of the pulleys to 
the chassis with supporting the load. Both had to be placed at the same side plates, trying to keep 
the dimensions as low as possible. Also, the cable reels had to be attached to the chassis 
somehow, keeping the construction as compact as possible and guaranteeing its structural 
stability. 
 

 
 

 
 

Fig 4.1.4.1- 4.1.4.2. Final design 
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The design shown in fig 4.1.4.1- 4.1.4.2 is the basis of the final design. It meets the 
requirements of maximum compactness, there is only one force axis and from a manufacturing 
point of view all the pieces involved are simple and relatively cheap. 

The main part of the design is the middle bridge, where the load is attached from down 
below through the holes in it and then transmitted to the ceiling by means of the pulleys. These 
pulleys are attached to the chassis by screws inserted in small blocks that allow the transfer of 
the load be made throughout a surface instead of the punctual contact that would appear if the 
screws were installed without the blocks. A closer look at this solution will show how it works. 
 

 
 

Fig 4.1.4.3 Detail of screw inside blocks to improve load transmission 
 

Once the chassis is hung with the light attached to the bridge, the weight of the whole 
design would be transmitted through the cables to the pulleys and these ones, at the same time, 
would transmit it to both ends of the bridge, creating a moment and bending them up. 
Meanwhile, the light is attached to the middle part of the bridge, which creates another moment 
that makes the main part of the bridge bend down. 

Regarding the cable reels, they were finally placed in vertical position since this way they 
provided maximum compactness with respect to width, while the height of the whole design was 
still inside the margins set for it. These cable reels were planned to be purchased from Jula, a 
supplier of LightLift for this sort of devices. Therefore, the dimensions of the cable reels could 
not be modified, although they were put into pieces to see if some material could be cut out in 
order to diminish their size. However, once these cable reels were opened no material could be 
cut out and so their dimensions would condition the dimensions of the design. 

The solution of placing the cable reels in horizontal position was also considered but the 
overall dimensions of the design made this option be unviable. 
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Fig 4.1.4.4 Possibility of placing cable reels  
 

This solution was thought to be the best one that could be achieved so now it had to be 
simulated with the computer to determine whether it would perform under the working 
conditions or not. 
 
5. MATERIAL SELECTION 
 

Before simulating the parts of the design it is necessary to choose the material of the 
pieces that are going to be manufactured. In fact, only the bridge and the L-shape metal sheets 
necessary to attach the cable reels required to be manufactured and hence simulated before. The 
rest of the parts were deliberately chosen to be standard so they could be purchased with lower 
cost. It also allowed us to have quality proved and tested by the manufacturer.  
  

This important decision of the material selection for the design was based on several 
conditions that the material had to fulfil: 

− Keep the overall weight as low as possible 
− High resistant 
− Suitable for laser/water jet cutting and bending 
− Good resistance to corrosion 
− Cheap 

 
In these conditions, the material chosen for the bridge was an aluminium alloy. Although 

it is not the best material for the process of manufacturing, it fulfils the rest of the requirements 
with high satisfaction. Among the aluminium alloys, the most suitable one for the design was the 
AW-5754 H32. Its properties are shown on the following table.  
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Composition: Al 3.1Mg Mn Cr 
Applications: Welded structures in nuclear, chemical and food industries. Pressure vessels, 

piping and tubing (for hydraulic application), boilermaking. Marine and 
offshore applications, ship building, boats, office equipment. Architectural 
use, anodizing quality. Appliances, vehicle bodywork. Road poles and 
structures. Common sheet alloy for medium strength. Rivets.  

Characteristic 
Properties: 

Very good weldability. Very good resistance to corrosion, especially in 
seawater and marine and industrial atmosphere. Good cold formability. 
Medium high strength slightly higher than 5052 and 5251. High fatigue 
strength. Fair machinability. Anodizing quality allows excellent anodizing 
properties. More difficult to extrude than AlMgSi alloys.  

Precautions and 
Warnings: 

When cold worked it should preferably be used in stabilized tempers (H3x) in 
order to avoid unforeseen reduction in strength at elevated temperatures. May 
be subject to intercrystalline and stress corrosion cracking after undergoing 
unsuitable thermal treatment. Not to be used above 65 °C for extended time if 
later exposed to corrosive environment. 

Product Forms: Plate, Sheet, Bar, Wire, Tube, Profile section shape  
 

Cold Formability & Machinability: Scale 2 (bad) - 7 (excellent) 
General: 5 Deep drawing: 4 
Stretch forming:    Spinning: 4 
Extrudability: 5   Machinability: 4 
Joinability: Scale 2 (bad) - 7 (excellent) 
Oxy-gas weldability: 4   Brazability: 3 
MIG/TIG arc weldability: 6   Solderability: 3 
Electron beam weldability: 6     
Spot/seam weldability: 6     
 
Corrosion Resistance: Scale 2 (bad) - 7 (excellent) 
General: 6   Industrial atmosphere: 6 
Marine atmosphere: 6   Rural atmosphere: 6 
Intercrystalline: 5   Stress corrosion: 5 
Exfoliation: 6   Pitting corrosion: 6 
 
Anodizing: Scale 2 (bad) - 7 (excellent) 
Bright anodizing: 4   Colour anodizing: 5 
Hard anodizing: 6   Protective anodizing: 6 
 
Elastic Properties 
Modulus of elasticity, E: 70500 MPa  Modulus of rigidity, G: 26500 MPa 
Poisson's ration, �: 0.33     
 
Physical Properties 
Density, �: 2680 kg m-3   Specific heat capacity, Cp: 897 J kg-1 K-1

Thermal conductivity, �: 132 W m-1 K-1  Melting point, liquidus, Tliq: 645 °C   
Coeff. thermal expansion, �: 23.7 µm m-1 K-1Melting point, solidus, Tsol: 595 °C   

Electrical conductivity: 32.5 %IACS   Electrical resistivity, �: 53 n� m 
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Mechanical Properties 
Min. 0.2% Proof stress: 130 MPa    0.2% Proof stress: 185 MPa 
Min. UTS: 220 MPa    UTS: 245 MPa 
Min. elongation A5: 14 %    Elongation A5: 15 % 
Min. elongation A50: %   Elongation A50: 14 % 
Min. Brinell hardness: 65   Brinell hardness: 70 
Vickers hardness: 75   Shear stress: 150 MPa  

 
Table 5.1. Material properties 

 
This alloy is highly recommended over the rest for its good behaviour when 

manufactured by laser cutting and bending under determined radii. For thicknesses between 2,0 - 
6,0mm. the alloys H22 and H32 provide better mechanical properties than H12 which can result 
too weak for structural purposes.  
 
6. SIMULATION 
 

Having chosen the specific material in which the bridge and the L-shape metal sheets are 
going to be manufactured, it is necessary to settle the loads that will be applied over the design. 
As an approximation to reality the following assumptions will be taken: 

− Since the movement of the design while coming up or down is very slow and the use of 
the lift is estimated in only a few hundred times over its lifetime, only static forces will 
be analyzed.  

− There are no alternative stresses so no fatigue stresses will be considered. 
− Very few components of the design have pieces with relative movement between each 

other so the wear will be very low. 
 

With these assumptions the loading case is shown in the figure. 
As can be seen in the picture, the forces that had to be considered for the simulation are: 

• F1: weight of the light  
• F2: reaction to the weight of the whole design 

 

 

F2 F2

F1

 
Fig 6.1 Loads 
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In order to validate the design, as a first step for deeper calculations, the reactions on both 
ends of the bridge were just an approximation to their exact value: 
 

1 2F X F+ ≈ 2

g

;     X: weight of chassis, cable reels and motor drum 
 

1

2

300
200

F kg
F k
= ⎫

⎬= ⎭
 These considerations are for the most demanding case 

 
Since the bridge is attached to the chassis with bolts, the faces where the bridge is fixed 

to the chassis are taken as displacement constraints. 
For this first simulation a finite element application of Solid Edge (Femap) was used. 

This application is very basic but it helps to have an idea of how the pieces behave under loads 
and constraints.  

The results obtained for the aluminium alloy with 6mm. of thickness were as follows: 
 

 
 

Fig 6.2. Concentration of stresses at bending points 
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Fig 6.3. Concentration of stresses at bending points 
 

It can be seen that the main part of the piece shows no hazardous spots, however both 
ends of the piece showed two small areas where the stresses were too high due to concentration 
of stresses. 

To avoid the concentration of stresses the piece had to be modified at those problematic 
spots. The reason for this high concentration of stresses was the sharp edges of the piece in that 
area so the first modification made to release the stresses was the addition of fillet radii.  
 

 
 

Fig 6.4. Introduction of fillet radii at bending points 
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When simulating the piece under the same conditions the results obtained were 
satisfactory but not as much as desired. The stresses had been released but they were still too 
high for the requirements. Although the piece supported the loads for which it was designed, it 
did not reach the standards of safety that would be required for the piece.  
 

 
 

 
 

Fig 6.5-6.6. Concentration of stresses at bending point 
 

The blocks that appear in the figure above were added to reproduce better the conditions 
of the real situation.  
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The same simulation was performed for different alloys of aluminium and steel with no 
significant changes in the results. Furthermore, the thickness of the piece was increased as well 
as the fillet radii but yet again no remarkable changes were obtained. 

In these conditions, after failing to validate the design created, the whole bridge had to be 
redesigned. In fact, since only the edges of the bridge showed problems with too high stresses 
the focus was set on this area, trying to keep the rest unmodified.  

The easiest way of avoiding these areas with stress concentration was simply to cut them 
out. The problem with this solution was that the attachment of the pulley to the chassis had to be 
modified as well. However, it seemed easier to solve that problem than finding another solution 
for the concentration of stresses.  

Applying these ideas to the design, the way the pulleys were fixed to the chassis was 
completely changed. They would be directly fixed to the chassis through the bridge with screws 
at both ends of the piece. This way the fillet radii were avoided. 

 

 
 

Fig 6.7. New solution for load transmission 
 

This solution was even simpler but at the same time it was stiffer, easier to manufacture 
and also easier for the assembly of the whole design.  

The light would be attached to the bridge in the same way as before, through the holes in 
the middle part of the bridge, while the pulleys would do it by using screws through the holes in 
the middle of both side plates. A small piece of metal is needed to adjust the width of the pulley 
to the distance between the outer part of it and the chassis. In fact, there would be two ways of 
attaching the pulleys to the chassis depending on the installation of the motor drum inside the 
chassis.  

This motor drum is usually secured by three metal bars that are fixed to the chassis 
through holes at the side plates of it. One of these bars comes through the whole needed for the 
attachment of the pulley and so two possibilities can be followed: one of them would be to 
change the position of the bars, which is perfectly possible, and the other one would be to make 
that metal bar longer and use it for the attachment of the pulley as described before. 

Both possibilities are valid and they do not imply any serious modification. 
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Fig 6.8. Detail of elements needed for fixing the pulleys 
 
 
7. VALIDATION 
 

In order to validate the design, the bridge was simulated with ANSYS since it is a more 
powerful and precise program of finite elements than the application of Solid Edge that had been 
used so far.  

For the simulation, the same loading case was analyzed: 
A force of 300kg was applied at six of the middle holes of the bridge while the reactions 

at both sides of the bridge were set at 200kg applied at the middle holes. The rest of holes at both 
sides were set as fixed supports and the bent faces were set as displacement constraints. Under 
these conditions the results are shown in fig 7.1-7.2-7.3. 

 

 
Fig 7.1. Results for equivalent stresses 
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Fig 7.2. Maximum stresses 
 

 
 

Fig 7.3. Results for safety factor 
 

The results obtained were completely unexpected. There were far too high stresses on the 
areas next to the side plates and especially problematic were the corners that joined the middle 
part of the bridge with the lateral wings. In these areas the safety factor was almost zero. 

 Many modifications were made to try to lower the stresses, such as increasing the fillet 
radii of the corners, widening the middle part of the bridge, changing the material properties or 
enlarging the wings at both sides, but no satisfactory results were obtained.  

After these unsuccessful results, the idea of eliminating the corners came out. On these 
conditions the piece passed the test with a safety factor of 1.5, which was not completely 

 - 20 -



acceptable, however the main problem of this solution was that, since it was fixed only by two 
points, it provided a balancing axis for the light and so it was discarded.  

Nevertheless, this solution showed that the high stresses obtained on the first test were 
due to a bending force created between the load and the fixed faces. Therefore, the idea was to 
cut away the wings at both sides and make the middle part as close to the fixed faces as possible.  

This would reduce the bending force to the minimum. The results obtained with this new 
solution were totally satisfactory. 

 

 
Fig 7.4. Results for equivalent stresses 

 

 
Fig 7.5. Results for safety factor 
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The values of the measurements taken from the simulation were the following: 
− Maximum Von Misses stress: 62 MPa 
− Minimum safety factor: 3.84 
− Maximum deformation: 1.17 mm. 

 
The analytical solution for the maximum deflection of a cantilever beam is the following: 
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Fig 7.6. Dimensions for calculation of moment of inertia 
 
 The moment of inertia has been calculated for an axis placed 13mm below the top of the 
middle section. Then, it has been calculated for the axis of the centre of masses which is 4.19mm 
below the previous axis by using Steiner Theorem. 
 However, both ends of the bridge have not been calculated and so, the moment of inertia 
would be higher, making the analytical solution converge to the one obtained in the simulation. 
We can take the solution given by the simulation as valid. 
 

With the new modifications, the maximum stresses were moved to the middle part of the 
bridge and the safety factor was raised up to almost 4 under the worst possible loading 
conditions, which is enough to pass the safety tests required by the law.  
 
 As well as the bridge, also the L-shape metal sheets were simulated to see whether they 
could support the weight of the cable reels or not. Due to the simple geometry of the sheet, the 
piece passed the simulation with a safety factor over 4 when applying a load of 10kg, while the 
cable reels are only 7.5kg.  
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8. MANUFACTURING 
 

As mentioned before, the whole process of designing and choosing a specific material has 
to be concentrated not only on the function fulfilment but also on the manufacturing process.  

Therefore, the solution achieved meets all the function and safety requirements and is 
designed to be easily manufactured by either laser cutting or water jet cutting. The final decision 
of which method to follow will be taken at the workshop, where the workers will decide the most 
suitable one based on the design, the results desired and their experience. 
 
8.1 Laser cutting 
 

Laser cutting is a technology that uses a laser to cut materials, and is commonly used in 
industrial manufacturing. 

Laser cutting works by directing the output high power laser, by computer, at the material 
to be cut. The material then either melts, burns or vaporizes away while a co-axial gas jet is used 
to eject the molten material from the cut, leaving an edge with a high quality surface finish. A 
continuous cut is produced by moving the laser beam or work piece under CNC control.  

Laser cutting is the largest industrial application of higher power lasers. It is used in 
industry in a range of applications from prototyping and smaller batch manufacturing up to 
continuous production line systems. The process lends itself to automation with offline 
CAD/CAM systems controlling either 3-axis flat bed systems or 6-axis robots for three 
dimensional laser cutting. 

In recent years the increase in laser cutting has been dramatic, replacing more 
conventional mechanical processes due to increased flexibility. The improvements in accuracy, 
edge squareness and heat input control means that other profiling techniques such as plasma 
cutting and oxy-fuel cutting are being replaced by laser cutting.  

Laser cutting takes direct input in the form of electronic data from a CAD drawing to 
produce flat form parts of great complexity. With 3-axis control, the laser cutting process can 
profile parts after they have been formed on the CNC/Turret process.  

Lasers work best on materials such as carbon steel or stainless steels. Metals such as 
aluminium and copper alloys are more difficult to cut due to their ability to reflect the light as 
well as absorb and conduct heat. This requires lasers that are more powerful. 
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Design considerations 
 
− Lasers cut by melting the material in the beam path. Materials that are heat treatable will 

get case hardened at the cut edges. This may be beneficial if the hardened edges are 
functionally desirable in the finished parts. However, if further machining operations 
such as threading are required, then hardening is a problem. 

− A hole cut with a laser has an entry diameter larger than the exit diameter, creating a 
slightly tapered hole. 

− The minimum radius for slot corners is 0.75mm. Unlike blanking, piercing, and forming, 
the normal design rules regarding minimum wall thicknesses and minimum hole size (as 
a percent of stock thickness) do not apply. The minimum hole sizes are related to stock 
thickness and can be as low as 20% of the stock thickness, with a minimum of 0.25mm 
for up to 1.9mm. Contrast this with normal piercing operations with the recommended 
hole size 1.2 times the stock thickness. 

− Burrs are quite small compared to blanking and shearing. They can be almost eliminated 
when 3D lasers are used and further, eliminate the need for secondary deburring 
operations. 

− As in blanking and piercing, considerable economies can be obtained by nesting parts, 
and cutting along common lines. In addition, secondary deburring operations can be 
reduced or eliminated. 

 
Processing range 

− C-Mn steels up to 20mm  
− Stainless steel up to 12mm  
− Aluminium up to 10mm  
− Other non-ferrous metals  
− Thermoplastic materials  
− Wide range of other non-metals  

Geometric Advantages 
 
− Accuracy with excellent repeatability. Standard tolerance can be +/- .005, reaching +/- 

.002 on some thin materials. 
− Smaller cut taper than other methods such as plasma cutting or turret punching. 
− Minimal heat input, results in less distortion of the work piece. 
− High cutting speeds. 
− Suitable for very intricate and difficult geometric cuts. 
− Suitable for a wide range of steels and other materials from acrylic to wood 
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8.2 Water jet cutting 
 

A water jet cutter is a tool capable of slicing into metal or other materials using a jet of 
water at high velocity and pressure, or a mixture of water and an abrasive substance. It is often 
used during fabrication or manufacture of parts for machinery and other devices. It has found 
applications in a diverse number of industries from mining to aerospace where it is used for 
operations such as cutting, shaping, carving, and reaming. 
 

  
 

Fig 8.2.1-8.2.2. Detail of water jet cutting nozzle with/without abrasive  
 
 
 
Benefits 
 

An important benefit of the water jet cutter is its ability to cut material without interfering 
with the material's inherent structure as there is no "heat affected zone" or HAZ. This allows 
metals to be cut without harming or changing their intrinsic properties. 

Water jet cutters are also capable of producing rather intricate cuts in material. The kerf, 
or width, of the cut can be changed by changing parts in the nozzle, as well as the type and size 
of abrasive. Typical abrasive cuts are made with a kerf in the range of 1mm. to 1.3mm. but can 
be as narrow as 0.5mm. Non-abrasive cuts are normally 0.18mm. to 0.33mm. but can be as small 
as 0.076mm. which is approximately the size of a human hair. These small cutters can make very 
small detail possible in a wide range of applications. The surface quality depends on the kerf size 
and the abrasive used due to the grain size of it. 
 

Both methods, laser cutting and water jet cutting, can be applied to manufacture the 
bridge and so the decision about the suitability of one over the other will be made at the 
workshop in order to achieve the best results. 
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8.3 Bending 
 

Once the metal sheet has been cut, it has to be bended at certain parts to obtain the 
desired final shape. The process of bending is highly important since the deformations caused to 
the piece have to be previously calculated and taken into account before designing. There are 
several factors that have to be studied in order to achieve satisfactory results on a bending 
process such as the topology of the piece, material, sheet thickness and properties of the bending 
machine.  

Conventionally, the metal sheets are named according to the U.S. Standard Gauge in 
reference to sheet thicknesses given by the AISI manufacturing regulations.  
 

Gauge (ga) 
Standard 

Steel 
Thickness 
(inches) 

Standard 
Steel 

Thickness 
(mm) 

Galvanized 
Steel 

Thickness 
(inches) 

Galvanized 
Steel 

Thickness 
(mm) 

Aluminum 
Thickness 
(inches) 

Aluminum 
Thickness 

(mm) 

3 0.2391 6.07     0.2294 5.83 
4 0.2242 5.69     0.2043 5.19 
5 0.2092 5.31     0.1819 4.62 
6 0.1943 4.94     0.1620 4.11 
7 0.1793 4.55     0.1443 3.67 
8 0.1644 4.18     0.1285 3.26 
9 0.1495 3.80 0.1532 3.89 0.1144 2.91 

10 0.1345 3.42 0.1382 3.51 0.1019 2.59 
11 0.1196 3.04 0.1233 3.13 0.0907 2.30 
12 0.1046 2.66 0.1084 2.75 0.0808 2.05 
13 0.0897 2.28 0.0934 2.37 0.0720 1.83 
14 0.0747 1.90 0.0785 1.99 0.0641 1.63 
15 0.0673 1.71 0.0710 1.80 0.0571 1.45 
16 0.0598 1.52 0.0635 1.61 0.0508 1.29 
17 0.0538 1.37 0.0575 1.46 0.0453 1.15 
18 0.0478 1.21 0.0516 1.31 0.0403 1.02 
19 0.0418 1.06 0.0456 1.16 0.0359 0.91 
20 0.0359 0.91 0.0396 1.01 0.0320 0.81 
21 0.0329 0.84 0.0366 0.93 0.0285 0.72 
22 0.0299 0.76 0.0336 0.85 0.0253 0.64 
23 0.0269 0.68 0.0306 0.78 0.0226 0.57 
24 0.0239 0.61 0.0276 0.70 0.0201 0.51 
25 0.0209 0.53 0.0247 0.63 0.0179 0.45 
26 0.0179 0.45 0.0217 0.55 0.0159 0.40 
27 0.0164 0.42 0.0202 0.51 0.0142 0.36 
28 0.0149 0.38 0.0187 0.47 0.0126 0.32 
29 0.0135 0.34 0.0172 0.44 0.0113 0.29 
30 0.0120 0.30 0.0157 0.40 0.0100 0.25 
31 0.0105 0.27 0.0142 0.36 0.0089 0.23 
32 0.0097 0.25 0.0134 0.34 0.0080 0.20 
33 0.0090 0.23     0.0071 0.18 
34 0.0082 0.21     0.0063 0.16 
35 0.0075 0.19     0.0056 0.14 

 
Table 8.3.1. U.S. Standard Gauge 
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Minimum bend radius 
 

This measurement represents the minimum bend radius allowed by the piece. It is a 
control parameter which avoids cracking and splitting of the external fibres by using too small 
radii. This parameter varies with the material, thickness, treatment, grain distribution, properties 
desired after bending and many other characteristics of the piece. Therefore, it is very difficult to 
determine its value with accuracy. However, there are tables based on bending tests which show 
the minimum recommended radius for each material depending on the thickness.  

In the case of aluminium, always keeping in mind the big differences between each type 
of alloy, there is a common agreement that the minimum bending radius should always be at 
least equal to the thickness of the sheet. Thus, since the thickness of the bridge is 6mm. and this 
is the most loaded piece of the design, the minimum bend radius will be considered to be 7mm.  

However, once the piece is taken to the workshop it will be studied and, in order to reach 
the best results based on their experience and the machines available, the bend radius will follow 
the specifications of the design or it will have to be modified. 
 

Besides the minimum bend radius, the global bend radius is the one used by default 
unless required for a specific purpose. These values depend on the conditions given by the 
bending machine 
 
Global Bend Relief 
 

It is a small cut that is made in the piece to prevent possible deformations due to the 
bending process. Although it is not always necessary, it is highly recommended. It can be done 
either by a rectangular cut or a round one. 
 

                                

The relation d/s must be between 0.05 and 2.0 

 
Fig 8.3.1. Bend relief 
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Calculation of Bend Allowance  
 
There are two methods for calculating the fold play 

 
1. Unfold Length 
 

The following equation is used to determine the total length of the unfolded sheet by 
taking the interior measurements. 
 

tL A B BA= + +  
• L is the total unfolded length 
• A and B are the lengths shown in the figure 
• BA is the bend allowance 

 
To calculate it from the bend deduction the exterior measurements have to be taken. 

 

 

 

tL A B BD= + −  
• L is the total unfolded length 
• A and B are the lengths shown in the figure 
• BD is the bend deduction 
 

 
2. K Factor 
 

The K factor is related to the bend deduction and the bend allowance. It is a proportion 
that represents the location of the neutral fibre with respect to the sheet thickness. 
There are many experimental equations to calculate the bend allowances from the K factor, such 
as follows: 
 

 

*( * )* 180
ABA R K sπ= +    (linear relationship) 

• BA: bend allowance 
• R: internal bend radius 
• K: K factor (t/s) 
• T: distance from internal face to neutral fibre 
• A: bend angle (in degrees) 
• S: thickness 

 
Another method to calculate the K factor comes from the dependence between this factor 

and the curve radius, which is related to the variation of the relation R/s: 
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Fig 8.3.2. K factor versus Ri/s 

 
The inconvenience of this sort of procedure is that it does not take into account the type 

of material of the metal sheet and so it only provides approximated values. 
 

However, there are tables with the values of BA and K factor depending on the material, 
thickness and bend radius selected for the process. 
 
Example of bending machine diagram 
 

 
 

Fig 8.3.3. Typical bending machine diagram  
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Fig 8.3.4. Bending process 
 
 
 

9. FINAL DESIGN 
 
9.1 Bridge 
 

This is the main piece of the whole design and so, once it has passed the validating test, 
the rest of the design has to be designed in accordance to it.  
 

 
 

Fig 9.1.1. Bridge 
 

 - 30 -



9.2 Pulleys 
 

In order to lift loads up to 300kg it was necessary to reduce the tension of the supporting 
cables so that the motor could lift the load. According to this, the total weight had to be 
supported by three pulleys for each side of the motor instead of two, as it had been done before. 

On the other hand, by using three pulleys the total length of the cable and hence the 
maximum height that could be achieved was reduced by a third. Nevertheless, with this solution 
the lamps could still be hung at around 6.5m high. This height is acceptable if we add the use of 
a ladder and the worker’s height himself, which can result in a total of another 4m. Therefore, 
the total height at which the lamps could be fixed would be around 10.5m. 

 
The use of three pulleys and the transmission of loads throughout the cable would be as 

the following: 
 

        
 

Fig 9.2.1. Load transmission in pulleys 
 
 

The load transmitted to the cables would be a third of the total weight of the design. 
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9.3 Lights 
 

As one of the requirements was that the design had to be suitable for any possible 
scenario, the solution found for the light is not unique but it shows the working principle that the 
final solution adopted should follow. 
 

 
 

 
 

Fig 9.3.1-9.3.2. Detail of light attachment 
 

The light is attached to a supporting metal shaft which is threaded at one of its ends. A U-
shape metal piece joins the shaft with the light attached to it to the bridge. This metal piece has 
also two slots that will be used to place two springs that will support the weight of a plastic cover 
for the whole design. This cover is supported by springs to allow certain displacement when 
pulling up the lights. Since the design will be hidden behind a false ceiling, it is necessary that 
the adjustment of the cover to the ceiling is smooth and free of high stresses. 
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Fig 9.3.3. View of the whole design from the floor 
 

In case that the illumination system is desired to be installed without being hidden behind 
a false ceiling, another solution was developed. It consists of a plastic cover for the whole design 
which could be manufactured by vacuum processes. This way of manufacturing plastic pieces is 
simple and provides good results in quality and precision. Also, the use of plastic gives many 
choices of colours that enhance the optical appearance of the design with a very low influence on 
the overall weight.  

In this context, the solution given for this scenario is just a mere idea of how things 
would look like should the design be covered by a plastic housing. The advantages of this 
solution are the easiness of the assembly due to the absence of a false ceiling, very high 
compactness, nice optical appearance and no need of any damping system for the coupling when 
the lights are pulled up. 

 

 
 

Fig 9.3.4. Design with plastic cover while going up 
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Fig 9.3.5. Design with plastic cover once it is up 
 
9.4 Cable reels 
 

In reference to the cable reels, they were finally placed at both long plates of the chassis, 
each of them supported by one L-shape metal sheet attached to the chassis by means of two 
screws. At the same time, the cable reels are fixed to the metal sheets by two screws in the 
bottom part and another one made in the centre of them.  

This solution provided stability and was completely feasible since when the cable reels 
were put into pieces it could be seen that there was enough space for the all the holes necessary 
for the fixing. Besides the metal sheets, the cable reels are mounted on thin plastic sheets which 
function is to raise the cable reels in order to allow them to be as close as possible to the chassis.  

Also, a slot was added to the metal sheets to allow an adjustable height attachment of the 
automatic stop switch. 

 

 
 

Fig 9.4.1. Cable reels 
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Fig 9.3.4. Compactness of cable reels 
 

As it was mentioned before, these cables reels would be purchased from the company 
Jula. They are equipped with 5-phase electric connection and each of them supplies power to the 
motor and lights respectively. They are also equipped with a stopping mechanism that avoids the 
cable from coiling when it is pulled out of the plastic case. To adjust the cable reels so that they 
can fulfil our purpose, this stopping mechanism must be removed from the inside of the cable 
reels. Once the mechanism is removed, the electric cables can coil and uncoil freely when the lift 
is moving up or down.  

Finally, the plugs at the both ends of the cables must be cut away so that they can be 
plugged into the small electrical connection boxes used for this kind of designs. 
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10. CONCLUSIONS 
 
 As a final review of the work done, the grade of fulfilment of the requirements demanded 
by the company will be discussed: 
 
1. Technical requirements and wishes 

 
− Support a load up to 300kg (Safety Factor of 4): according to the simulations done, the 

design could support a load of 300kg with a safety factor of 3.83 which means that the 
maximum load that could be applied keeping the safety factor of 4 would be 288kg. 
Although the aim was not completely reached the result is most satisfactory. 

 
− Attach two cable reels to supply power to the lights and motor drum: the attachment of 

the cable reels was carried out keeping the overall dimensions as low as possible. 
 
− Easy manufacturing and assembly: in reference to the manufacturing process, only one 

piece must be manufactured while the rest of the parts are standard and they must be 
purchased. The assembly of all the elements is very simple and basically requires the 
use of bolts and screws. Also, the number of elements taking place in the assembly 
process is very low. 

 
− Free space for cable guidance and connection: due to the disposition of the elements of 

the design, there is plenty of space for the electrical cables.  
 
− Leave the interior of the new chassis unmodified: completed. 
 
− Use standard pulleys as the ones being used before by the company: completed. 
 
− Keep the weight as low as possible: The total weight of the design is around 20kg. The 

heaviest parts among all the rest are the cable reels, which make a total of 15kg. As 
well, since these cable reels are standard, their weight cannot be lowered. The bridge 
only adds 2.70kg to the total and the rest of the elements which are the pulleys, the L-
shape metal sheets, the bolts and the nuts will be around 3kg maximum. Compared to 
the 300kg that have to be supported and also the weight of the chassis with the motor 
inside and all the safety equipment, this 20kg represent less than 5% of the total weight. 
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3. Market requirements and attractive wishes  

 
− Nice optical appearance: although this requirement is very subjective, both solutions 

suggested look very attractive from an aesthetical point of view. First, with the solution 
of placing the chassis behind a false ceiling, only the light and the plastic tray that hides 
the chassis can be seen when the lights are up. And second, the solution of using a 
plastic cover without the need of a false ceiling provides many alternatives. The plastic 
cover can be manufactured in almost any shape and colour that the costumer may ask 
for.  

 
− Design suitable for any kind of scenario: besides the possibility of installing the lights 

with or without a false ceiling, the design of bridge allows the attachment of any type 
of light by only using different connecting parts for each specific case. 

 
− Higher load capacity: this design almost triples the load capacity of other alternatives in 

the market. 
 
− Small dimensions: the overall dimensions of the new LightLift design have been kept 

as low as possible. The final solution is very compact and comparable to other 
alternatives which have a maximum capacity of 100kg.  

 
− Cover for false ceiling: completed. 
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Appendix 1 
 

List of elements 
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The following table includes all the elements necessary to assemble the whole design: 
 
 

Piece Material Number Function 
Bridge Aluminium AW-5754 H32 1 Support load of lights 

Cable Reels  Plastic 2 Supply power to motor and lights 
L-shape sheets Aluminium  2 Support cable reels 

Pulleys Steel 2 Support chassis 
Pulleys Steel 4 Support whole structure 

Bar Aluminium  1 Fixing chassis pulleys 
Metal tubes Aluminium/Steel 2 Avoid bending of pulleys when fixing 

Small metal pieces Aluminium/Steel 2 Separate pulleys from chassis 
Plastic sheets Plastic 2 Raise cable reels 

Screws M8+Nuts Steel 6 Fixing cable reels  
Screws M8+Nuts Steel 4 Fixing L-shape metal sheets 

Screws M8 Steel 8 Fixing ceiling pulleys 
 

The fixing elements depend on the regulation system for this type of designs and may be 
modified in order to fulfil the regulations. However, any possible change on this will not cause 
any difficulty.  
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Appendix 2 
 

Drawings of detailed elements 
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