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Abstract 

 
 
 
 
 
 
 
 
 
 
Generally, street lights have high intensity discharge tubes which 
provides enormous amount of illumination, but new street lighting 
technologies such as LEDs which emits white light with low power 
consumption and more reliability.  
Our aim is to design a new LED housing. An optimum height of the 
lamp or arrangement of LEDs is around 6 meters so, replacing these 
LEDs is a dangerous task. The housing should be adaptive in a way that 
LEDs can be replaced from the ground level without climbing the pole. 
The materials that are supposed to used should have Environmental 
benefits such as composites which are recyclable with less CO2 
emission level. The high illumination can be achieved by using lenses 
instead of conventional coverings.  
 
Results presented in this thesis are based on observation and FEA 
analysis. The designed LED fixture is safe under its own weight and 
provided guide rail and hook arrangement can be integrated within the 
LED fixture. 
 
 
Keywords: LED Fixture, Design, FEA    
 

 

 
 
 



 3 

 
 
 
 

Table of Contents 
1 Introduction .........................................................................................................5 

1.1 Background ..............................................................................................................5 
1.1.1 Presentation of the Client ................................................................................7 

1.2 Aim of the study .......................................................................................................8 
1.2.1 Problem definition ............................................................................................9 

1.3 Delimitations ............................................................................................................9 
1.4 Individual responsibility and efforts during the project ....................................10 
1.5 Study environment ................................................................................................10 

2 Method ...............................................................................................................11 
2.1 Alternative methods ..............................................................................................11 
2.2 Chosen framework ................................................................................................14 

3 Theory ................................................................................................................16 
3.1 Literature study .....................................................................................................16 

3.1.1 Lamps ..............................................................................................................16 
3.1.2 Lamp technology ............................................................................................17 
3.1.3 LED fixture .....................................................................................................18 
3.1.4 Aspects of energy efficient design .................................................................19 
3.1.5 Types of pole arrangement ............................................................................19 
3.1.6 Vibration of the light pole due to wind .........................................................20 
3.1.7 Lens ..................................................................................................................21 
3.1.8 Cantilever Beam - Uniform Load .................................................................23 
3.1.9 Computer Aided Designing (CAD) ...............................................................24 
3.1.10 Finite Element Analysis (FEA) ...................................................................25 
3.1.11 Pugh’s chart ..................................................................................................26 

4 Results ................................................................................................................28 
4.1 Concept Generation ...............................................................................................28 
4.2 Concept Evaluation ...............................................................................................31 
4.3 Presentation of results based on models and simulations ..................................32 

4.3.1 Guide rails and hooks ....................................................................................32 
4.3.2 LED fixture .....................................................................................................32 
4.3.3 Connecting Arm .............................................................................................33 
4.2.4 Assembly .........................................................................................................34 

4.4 FEA .........................................................................................................................35 
4.4.1 Boundary conditions ......................................................................................35 
4.4.2 Load condition ................................................................................................36 
4.4.3 Result of FEA analysis ...................................................................................37 

4.5 Discussion ...............................................................................................................37 



 4 

5 Conclusions ........................................................................................................39 
5.1 Conclusions ............................................................................................................39 
5.2 Future work ...........................................................................................................39 

6 Critical Review ..................................................................................................40 
6.1 Environmental factor ............................................................................................40 
6.2 Health and safety ...................................................................................................40 

References: ............................................................................................................41 

Appendix I: LEDs Data Sheet .............................................................................43 
Appendix II: LED Fixture [17] ...........................................................................47 

Appendix III: Spatial distribution of illuminance with and      without lens. 47 
Appendix IV: Drawing of the Guide Rail ..........................................................48 

Appendix V: Drawing of the Hook .....................................................................49 
Appendix VI: Drawing of the LED fixture ........................................................50 

Appendix VII: Drawing of the arm ....................................................................51 
Appendix VIII: FEA Analysis ............................................................................52 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 5 

1 Introduction 

This chapter aims to identify the study area and presents the company or client. 

Furthermore, this section clearly identifies scope of the thesis and goals are clearly 

defined.  

1.1 Background  
 

Street lighting is one of the pillar of a fully developed or developing city. Street 

lighting can fetch 60-80% of total electricity consumption by a municipality which 

leads to a high fiscal burden for maintenance of outdoor lighting system [1]. In 

present scenario, most street lighting is chosen based on giving required amount of 

light to a roadway or just like the case with numerous business district projects 

which need to meet engineering requirements. Effective energy-efficient street 

lighting benefits for legitimate energy efficient technologies and its design layout 

to fulfill aesthetics, performance and energy norm required for residents, motorists 

and pedestrians [2].  

Philips estimated that Europe can save 3 billion Euros of energy cost just by 

incorporating new technology such as Light Emitting Diode (LEDs) instead of the 

conventional lighting systems. This energy saved is proportional to 11 million tons 

of emitted Carbon-dioxide [3]. A typical street pole consists of lamp housing, light 

source, pole and inspection box is as shown in the fig 1.    

 

 
Figure 1: Typical Street Pole 
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Light emitting diode is a semiconductor light source, emits photons when it is 

energized. LED technology is an emerging technology which is capable of saving 

energy. Normally, LEDs have 13 years’ life expectancy, by considering operating 

duration as 10 hours per day [4]. The life time and performance of LEDs rely on 

exposure environment, superiority of LEDs and its design system. The capital cost 

of LED is generally more than the conventional light sources but consumes very 

less energy and operates for prolonged duration. LED lamps are energy efficient 

and robust panacea due to the following boons [5],   

 

§ Immensely long operating life 

§ Exceptionally robust because filaments and glass components will not be 

needed 

§ High luminous efficiency  

§ Reflectors are not necessary 

§ Light weight  

§ Energy efficient 

 

Light source housing will be at 6 meter (in general case) above from the ground 

level, workers must climb poles and structures for maintenance purpose. Working 

at elevated environment may prone to a safety hazard and be at probability of falling 

from heights eventually, falling from heights result in injuries, fractures, damage to 

the internal organs and even more worse than these i.e. death. Falls from ladder and 

scaffolds due to improper selection, erection and maintenance or even may be 

slippage due to lack of support and failures of the structure. According to the Census 

of Fatal Occupational Injuries (CFOI) 1533 deaths tabulated (figure: 2) within the 

construction industry in which 24%, 15% and 2% are due to ladders, scaffolds and 

poles/towers (figure: 3) respectively [6].  
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Figure 2: Fatal falls to a lower level in construction by primary source, sum of 2011-2015 [source: BSL and 

CPWR data report] 

 
 

 
Figure 3: Number of fatal falls to a lower level, selected construction subsectors, sum of 2011-2015 [source: 

NAICS 23611] 

 
1.1.1 Presentation of the Client 
 
This project’s partner is MSL International AB, is located at Halmstad, Sweden. 

The parent company promotes, distributes composite poles and related products for 

sustainable lighting solutions primarily to governments, local authorities, 

constructors and entrepreneurs.  MSL installed poles with internal lighting in Borås, 

Gothenburg and it looks like as shown in figure: 4 [7]. 
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      Figure 5: MSL in Veberod [ source: MSL International 

AB] 

  

  Recently MSL International AB has installed poles at Veberod, are made up of 

composite material (glass fiber reinforced polyester with hard surface of gelcoat) 

as shown in figure: 5. The parent material has remarkably lower environmental 

impact with non-rusting property and cannot be energized. One more significant 

feature is the weight; composite pole weight is half of the half of the weight of 

steel poles (generally, 4-meter-long pole weighs 11 kilos) and can be erected by 2 

workers which is an appreciating factor [7].    

 
1.2 Aim of the study 
 
Based on data collected on fatal injuries occurred while servicing the pole at 

elevated heights, the aim of this thesis or project or research is to diminish these 

fatal injuries by eliminating the purpose of climbing the pole by providing or aiding 

the pole with guideways to feed entire electrical unit including LED stripes. 

Designing the LED housing to accommodate and to guide these LED stripes to the 

precise position of the light source. Therefore, two research questions or problems 

are formulated as following, 

 

Figure 4: MSL in Borås ,with internal lighting 
near Gothenburg [source: MSL International 
AB] 
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1.2.1 Problem definition 
 
Q.1) How can electrical unit including LED stripes be fed from the ground level? 

        In order to answer this question, a detailed analysis must be done on flexibility 

of the electric unit including LED stripes as well as on the guideways to make sure 

that enough tolerance needed to accomplish the task without any hitch. 

Consequently, the solution for this problem opens room for the next question. 

 

Q.2) How can guiderails be integrated with LED housing to accomplish exact 

position of the light source? 

         To answer this question, a new LED housing should be designed to 

accommodate LEDs at the exact position of the light source so that aim of this thesis 

is achieved.  

 
1.3 Delimitations 
 
This thesis is treated from a designer’s perspective which means having a unique 

style to achieve success by excluding already developed solutions to the problem. 

Aspects of geographical region is not considered while working on the thesis and 

wind related forces are not taken into consideration. The datasheet of the LED stripe 

is attached in the appendix (I)  

Data are collected from the company on the LED strips and is as follows, 

• Length of LED stripe = 300 mm 

• Width of LED stripe = 10mm 

• Number of LED stripe = 3 

• Total voltage= 18V 

• Current = 0.4A/stripe 

• Lumen = 1164lm/stripe 

• Total power = 23.7W  
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1.4 Individual responsibility and efforts during the project 
 
This thesis work is performed by two students and work is equally divided among 

them. More effort is made on literature part and designing part because these two 

serves as backbone of the thesis work.    

 
1.5 Study environment  
 

The thesis work is conducted at the Halmstad University. The review of the work 

is done by both supervisor and the company’s spoke person. The usual meeting has 

conducted once in a two weeks and location is at the university itself.       
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2 Method 
 

It is important to construct the bridge between research and deployment thus; a 

framework is inevitable to correlate the different research approach to achieve the 

aim. In this section questions and its connection to the phenomenon is described to 

influence the selection criteria of available frameworks. The aim of design is to 

execute the need hence discovering the need stands at the foremost position. The 

first section will give glimpse about alternative methods to design the LED housing 

and later describes selected methodology for this thesis, preparations and data 

collection. 

 

2.1 Alternative methods 
 
One of the widely-used methodology to design a product; Stage gate process. This 

is a product development process that breaks the development performance into 

distinct time sequenced six phases or six stages separated by management decision 

gates. Here product development teams are formed by senior management to set 

the activities in each stage, contains set of well-defined series of information 

concerned with particular stage and is validated and approved by senior 

management to proceed for the fore coming stages as shown in the following figure 

6 [8].  

              

   

 
Gate 3 

 

                                                             

 

  
                               Figure 6: Stage Gate Frame work 
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This framework starts with Stage 0 as Idea discovery; product development team 

needs pre-work to discover and unleash business opportunities and generate new 

ideas to capture forecasted market. In the second stage Scoping; extensive 

preliminary research is carried out to find out the scope and approved to the next 

stage if and only if the scope is matched with the requirements. At the stage 2: Build 

the business case, the key roles are point to point investigation on market and 

technical research, prompting a business justification, project definition and 

proposed plan. In the next stage; Development, eventually for the full-scale 

production the actual detailed design and outline of the production process and its 

development is carried out and sent to the higher hierarchy. At the fourth stage, 

testing and validation in the, plant is appraised on the proposed product furthermore 

if needed, design variations are operated and marketing plan is framed to grab the 

business area. At the last, proposal engraved by preceding stages is finally sent to 

full scale production and marketing [8]. 

   Second concept, Funnel concept contributes wide range of ideas and continuously 

refines, selects the best among generated ideas which can be pushed to the 

production line [9]. This can be illustrated as the converging funnel as below 

mentioned figure 7.   

 

 

 
 
 
 

 

 

 

 

 

 

                                                             
Figure: 7 Funnel Concept 
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  This concept begins with concept generation stage; the product planners and 

designers generate the concepts according to character of the product from 

customer perspective. The next stage, Product planning; the concept is converted 

into specifics for detailed design including technical parameters, aesthetics and the 

cost targets. The third stage is Product engineering; proposed product plans are 

converted into CAD drawings and then prototyped. This prototype resembles the 

original parameters and helps to visualize and validate the product according to the 

engineering specifications. In the next step, Process engineering; here 

manufacturing tools are deployed to understand material flow and 

manufacturability of the design. The last step of this concept is Production process; 

the final products are processed and delivered to the customers and continuous 

feedback is taken from the customers and sent to the concept generators if any 

modifications are encouraged [9].  

 

  The product designer and researcher David G. Ullman developed his own 

mechanical design process which has six major phases as shown in the figure 8. 

 

 
 
  

 
 

 

 

 

  The researcher focused on most important and least studied engineering skill is 

making good decisions. In the first phase, product discovery, researcher or designer 

emphasized on primary sources of the design project; technology, market and 

change. In the second phase, product planning, is focused on planning according to 

the company’s resources of money, people and equipment. In the third phase 

product definition; researcher is insisted to understand the problem and establish 

the framework for rest of the project. Planning and product definition phases are 

Product  
Discovery 

Product 
Planning 

Product  
Definition  

Conceptual 
Design 

Product 
Support 

Product 
Development 

Figure 8: David G. Ullman Frame work 
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used to define the next stage i.e. Concept generation. In this fourth stage concepts 

are generated and evaluated for the project by considering need of the aim. Silent 

feature of this phase is the functional approach which is obligatory for developing 

concepts to a good design. In the fifth stage the researcher focused on Product 

development; the goal is to refine the concepts in an iterative framework to meet 

the requirement of the project. At the last phase, Product support, is highlighted 

designer’s responsibility of support to manufacturing and assembly of the actual 

product by considering a room for redesigning if it is necessary [10].     

 

2.2 Chosen framework 
 
By understanding and analyzing the defined questions or problems of this thesis 

clearly manifests that detailed design work is desired and also needs to explore more 

about manufacturing and assembling parameters. All three described frameworks 

are applicable to this this thesis work but David G. Ullman’s framework emphasizes 

on iterative way to design and build the product knowledge. However, Stage gate 

process mostly focus on phases of the product, evaluated and approved by senior 

management, involves cross-functional team with strong collaboration for people 

and system and improves the speed with quality and effective cost management. 

This kind of research approach is useful where designing is done in general manner 

and bondage between technology and business opportunities are emphasized.  

         Furthermore, funnel concept of product development starts with wide range 

of inputs and converge into a final product to meet customer desires and market 

essentials. This concept reduces uncertainty gap and complexity of the concepts by 

avoiding other concepts instead of picking a good character of each characteristics 

of each generated concept. This framework terminates weaker generated concepts 

despite being constructive to find solutions to the problems based on generated wide 

range of ideas furthermore, will not give any room for improvement at the final 

stage.   Out of three research frameworks as described in the previous section, David 

G. Ullman’s approach strengthens the nature of this research and establishes a result 

to each phase by success criteria in a dual manner; academic and industrial manner. 
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Eventually, David G. Ullman’s methodology is best suitable to this thesis where it 

is less expensive and more effective to design, lasts long and meets all customer 

requirements. This framework is framed to eliminate all fore coming errors and 

conflicts at the earlier stage by allowing more time to analyze and design instead of 

refining the product after releasing to the production line thus, this approach the 

most cost effective method. Standard dimensions, material properties, surface 

finish, aesthetics and all other influential factors are encouraged while designing 

the product. This framework transforms concepts into the final product by adopting 

desired characteristics of each generated concepts regardless of just leaving the 

concept because it is weak in other characteristics. The first three phases will 

answer to the first research question and second research question is answerable by 

remaining phases of the work.          
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3 Theory 
 
This chapter gives fundamental knowledge about lamps, lamp technology, LED 

fixture and the reason behind the failure of the pole. A brief knowledge about 

cantilever beam is also included within this section.  

 
3.1 Literature study 
 
3.1.1 Lamps 
  
In early days’ street were illuminated with oil or gas lamps, as the days went on 

incandescent lamps were invented and used as light source for street lighting. The 

operating principle of these lamps is as electrical current flows into the heating 

electrodes on a filament thus filament glows. At the twentieth century, drastic 

improvement occurred and mercury lamps, high pressure sodium lamps and high-

intensity-discharge (HID) lamps were invented [11].  

HID lamps emit light when the current is passed between metal electrodes in the 

medium of noble gas (Argon, Xenon, Krypton and Neon), light is emitted due to 

the electron movement from higher energy level to the lower energy, the energy 

loss is emitted as light at a wavelength [12]. HID lamps are mostly used for street 

lighting due to its large light coverage area, pleasant colour rendering capacity and 

energy efficient when it is compared with its presiders. HID lamps are replaced by 

Metal Halide (MH) lamps where appropriate light colour is important, mainly at 

public, industrial and commercial spaces. Induction lamps produces high quality of 

light and works as HID lamps but differ from florescent lamps where electric 

current is passed through the gas tube by inductance instead of using metal 

electrodes [11]. 

As energy resources are becoming scarce, energy saving has become a critically 

important in today’s scenario. Traditional methods of lighting such incandescent 

are highly insufficient as compared with Light Emitting Diode (LED). Generally, 

semiconductor device is made by doping silicon with the material, creates free 
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positive charge (p-type) or free negative charge (n-type). LEDs are also made up of 

p-n junction but silicon is not used because of low energy barrier [13]. Different 

colour of light is emitted depending upon the type of element composition such as 

Gallium arsenide phosphide (GaAsP) will emit red light, Gallium phosphide (GaP) 

will emit green light and Iridium gallium nitride (InGaN) emits blue light, 

combining these individual LEDs together to form white light and denoted as Red, 

Green and Blue (RGB) model [14].  

  In early days LEDs were used to be 20 mA with 2 V for red led and higher for the 

other colours. Over time the current rating of LED has increased and manufacturers 

are supplying power LEDs of 350 mA to 700 mA which are used in traffic lighting, 

street lighting and other extensive applications. Generally, heat is generated in 

LEDs and can be calculated by multiplying voltage drop and current flow. A white 

LED with 3.5 V drop at 350 mA produces about 1.125 W of heat. These heat losses 

affect power rating of the LEDs so; a larger heatsink has to be designed to maintain 

the desired power rating.  

 

3.1.2 Lamp technology 
 

The light source is the primary element of illumination system where visual quality, 

cost and energy efficiency plays a prominent role. The efficacy of illumination is 

the rate of converting electrical energy into light and is measured in terms of lumens 

per watt. The intensity of the light on the road surface is measured as the amount of 

light per unit area in a particular direction and varies according to the lamps. The 

benchmark for required amount of light is the total luminous flux incident per unit 

area and is denoted as illuminance [15]. The table: 1, describes the types of lamps, 

luminous efficacy and its lifespan. Average illumination for the road depends on 

the characteristic of the traffic being considered and according to it the average 

illumination is specified as shown in the following table: 2.  
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Lamp types Luminance 
efficacy 
(lm/W) 

Colour 
rendering 

Lifespan 
(hrs) 

Remarks 

Metal Halide 
(MH) 

70-130 
lm/W 

Excellent 8000 - 12000 Efficiency is 
good but has less 

life span 
High Pressure 

Sodium 
Vapour 
(HPSV) 

50-150 
lm/W 

Fair enough 15000-24000 Energy efficient 
but poor colour 

rendering 

Fluorescent 
Tubular 
Lamp 

100-120 
lm/W 

Very good 15000-20000 Long lifespan but 
available in low 

wattage 
Light 

Emitting 
Diode (LED) 

70-160 
lm/W 

Good 40000-90000 Less 
maintenance, 
long lifespan, 

energy efficient 
but more capital 

cost 
Table 1: Types of lamps and its efficacy [15] 

 

Type of Roads Average illumination 
(lux) 

Ratio of minimum to 
average illumination 

Dense traffic roads 30 0.4 
Main road with mixed 

traffic 
15 0.4 

Local traffic roads and 
shopping streets 

8 0.3 

Normal traffic roads 4 0.3 
Table 2: Types of road [15] 

 
 
 
 
3.1.3 LED fixture 
 
The amount of power supply is particular to the lamp technology which is modified 

from the utility line level to the desired lamp technology. A typical LED street light 

fixture consists of three components; LEDs, power suppling unit and housing with 

lens. The housing is attached to the horizontal arm by a mounting hardware and 

houses power supply, LEDs and separate area for the electrical circuit. The LED 
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housing is covered by secondary lens and sealing is provided to avoid moisture, 

dust accumulation inside the pole [16]. A LED fixture diagram is added to appendix 

(II).  

 
 
3.1.4 Aspects of energy efficient design 
 
While designing the new street light system, calculation is made on optimum height 

of the pole, capacity of the light source, siting of the luminaries, overhang length 

and angle of tilt and a typical arrangement is shown in the following figure 9. 

 
Figure 9: Street Lighting Features [17] 

3.1.5 Types of pole arrangement  
 
i) Single sided: Height to width ratio is 1:1, i.e. pole height is equal to the distance 

between the poles and normally height and width will be of 10 meter as shown in 

the figure 10. 
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ii) Double sided: Width to height ratio is 2:1, i.e. Twice the height of the pole is 

equal to the width of the pole and generally, height of the pole will be of 20-meter-

long as shown in the figure 11. 

iii) Zigzag Pattern: Width to height ratio is 1.5:1, i.e. width of the road is equal to 

1.5 times of the height of the pole and this ratio is helpful to arrange the pole in 

zigzag manner to reduce the number of poles as shown in the figure 12 [18]. 

       
                            Figure 10: Single side [18]                                           Figure 11: Double side [18]      

 
Figure 12: Zigzag Pattern [18] 

 
3.1.6 Vibration of the light pole due to wind 
 
Generally, poles are designed to satisfy certain specific load, environmental and 

aesthetic requirements. As the wind blows, the poles with projected fixtures may 

be prone to harmonic vibrations or even worse failure may occur due to an effective 

force induced by the wind pressure. It is the responsibility of standard organizations 

and pole manufacturers to pre-define the forces associated with wind and design 

the pole to damp the vibration according to its geographical location and erection 

areas. There are two types of vibration associated the pole first mode vibration or 

sway, maximum deflection occurs at top part of the pole at a low frequency and 

usually not harmful to the pole. Second mode of vibration occurs at the center of 
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the pole at a high frequency and the main reason to this kind of vibration is 

synchronization of the natural frequencies of vibration and known as resonance as 

shown in the figure 13. As the wind blows, vortices occupy both side of the pole, 

leads to vibrate the pole at the wind blowing direction and this happens only when 

the above-mentioned frequencies matches as shown in the figure 14. One of the 

possible solution to these vibrations is wrap the pole with snake like structure to cut 

and diverge the wind [19].   

        

               
Figure13: Modes of vibration [19]                                  Figure 14: Vortex around the pole [20] 

            
 
3.1.7 Lens 
 
A lens is a transmissive optical device that focuses or disperses a light beam by 

means of refraction through its spherical or plane surfaces. Spherical lenses are 

classified as converging and diverging lenses. A parallel beam of light is converged 

by a converging lens towards a point F called principle focus (it is the distance 

between the center of lens and its focus). Normally, converging lens will be thicker 

at the center than the edges. A typical arrangement of this is shown in the following 

figure 15. A diverging lens diverge rays of light and it appears to emerge from a 

particular point on the axis and its typical arrangement is shown in the following 

figure 16.  
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Figure 15: Convex Lens                                                       Figure 16: Concave Lens                                 

(source: researchthetopic.wikispace.com , Riya. T 2011) 

 

LEDs and street light fixture manufactures insist to aid the fixture with proper 

secondary lens because, optical efficacy of LED light can be dramatically increased 

by designing proper lighting fixture with secondary optics [21]. As most of LEDs 

have a symmetrical luminous distribution normally with 120o of opening angle 

which is directed from the center to the front of the device. 

According to the Lambert’s law, 

E	 =
𝐼
𝑑& tan θ 

Where, illuminance (E) is related to the light intensity (I) which is inversely 

proportional to the square of distance (d) travelled by light and the angle of 

incidence (θ),	 

Hence the above equation justifies that street lighting luminaries with LEDs without 

secondary optics or lens may present high light concentrations at points directly 

below the luminaire [22]. In this region, the distance travelled by the light rays are 

smaller and thus generate high illuminance values. Instead of focusing light just 

below the fixture light should be spread towards focused area to do so lens are used. 

The points which are away from the luminaire, as the light travels at large distances, 

the illumination level decreases, results in low light uniformity on the road.  

      This ideology is backed up by an experiment conducted by author Vitor C. 

Bender et al. on lens HX-73, Phillips LED (LXML-PWC1) with 0.7A forward 



 23 

current and 85oC [23] estimated junction temperature with a typical arrangement of 

25 LEDs to reach the total lumen flux as 3401 lumens (141 lumens per LED), power 

consumption was 75 W and power factor 0.99. For the measurement Lux meter was 

used and the testing environment with illuminance measurement grid composed by 

255 measurement points, divided into 17 longitudinal and 15 transversal points are 

equally spaced [24]. The illuminance distribution without and with lens appended 

in appendix (III).  

 By observing figure in appendix (III) – unwanted high level of luminaire can be 

recognized which is and features poor use of luminaire. By using lens the light 

distribution satisfies the requirement. Hence, the results present the improvements 

achieved by using lens and LED arrangement in street light application.    

 
3.1.8 Cantilever Beam - Uniform Load 
 
A cantilever beam is a rigid structural beam fixed at only one end. This beam carries 
load to the support by a moment and shear stress & Cantilever construction used to 
overhang the structures.  
 

 

Figure 17: Cantilever Beam with uniform load [25] 

Consider a cantilever beam of length (L) is loaded with uniform load (q) and has 
section modulus of (Z) [26] 
 
σ = maximum stress at outer fibre  
L = length of beam  
Z = section modulus 
E = flexural modulus  
I = moment of inertia about bending axis 
RA = reaction force at A 
q = uniform load  
δB = maximum deflection in B 
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Maximum Reaction 

at the fixed end can be expressed as: 

RA = q L                                 

Maximum Moment 

at the fixed end can be expressed as 

MA = - q L2 / 2                               

Maximum Deflection 

at the end can be expressed as 

δB = q L4 / (8 E I)                                 

Maximum stress at outer fibre  

as the outer part of the beam undergoes more stress [27] 

σ= -./

&0
  

 

3.1.9 Computer Aided Designing (CAD) 
 
Computer Aided Design (CAD) is an automated drafting tool to create, modify, 

analysis and optimization of the design. These days it has become one of the 

backbone of new product development process. The designing procedure for 

machine elements has been documented through text books and handbooks [Rata 

98]. CAD tools varies from geometric tools for modifying the shapes to an extreme 

level, customized application programs such as optimizing and analysing [Zeid. I 

1998]. The mechanical design equations related to performance and functionality 

of design variables are highly coupled with non-linear parametric equations and 

these equations can be simplified by alternative design variables and constraints 

and is proposed by Watton and Rinderle [Watt90a] and [Watt90b]. The 

optimization of machining operations proposed by Kumar and Saha, a methodology 

to read STEP neutral file of a solid model and data can be extracted from it. CAD 

software helps to increase the productivity, improves quality of the design where 

missing dimensions and tolerances can be easily interpreted and operation of the 
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product can be simulated. In the stage of designing process many types of drawings 

and sketches are generated and derived to the concept generation phase and finally 

reviewed to give enough details to the production process [10].  

 

In the present market, several designing programs are available and Fusion 360™ 

stands apart because it is user friendly where a picture taken from a phone can be 

converted into a design. Basically, Fusion 360 is a Cloud based 3D CAD, CAM 

and CAE platform for the product development and combines mechanical and 

industrial design, simulation, collaboration and machining in a professional 

manner. It occupies only 800 Mega Bytes and supports both Mac and Windows 

operating system and it is free for students [28]. 

 
3.1.10 Finite Element Analysis (FEA) 
 
The Finite Element Method is a numerical approach where partial differential 

equations are solved to describe a physical phenomenon. FEA is a computerised 

method for analysing the product behaviour under real world forces, vibrations, 

heat, fluid flow and other physical effects and evaluates whether the system is safe 

under as the way it is designed. Its popularity can be estimated by, in USA over 1 

billion dollars is spent annually on FEM software. The analytical solutions to the 

boundary value problems can be solved by partial differential equation and results 

are in the form of algebraic equations. The basic ideology behind the FEM is, FEM 

divides the main body into finite elements connected by nodes which are located at 

the corner of the elements and nodes connects its neighbouring elements, this 

approach is called finite element meshing. To explain the basic approach of FEM, 

consider a medium thick plate with a through hole at the centre and the aim is to 

determine the temperature variation. For solution, a system of linear equation; the 

number of unknowns i.e. nodal temperature is equal to the number of nodes 

generated and for accuracy purpose large number of nodes are generated. 

Computerised solution is represented by determining the temperature at each node 

and heat flow through each element as computer visualization. This approach is 

also same for field variables, material connections and stress analysis problems. In 
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stress analysis, the FEM method is applicable only if the material behaviour is linear 

elastic and displacements are small [29].  

 

3.1.11 Pugh’s chart 
 

It is a simple and effective method to compare the alternative concepts with the 

engineering values. This method iteratively evaluates and tests the concepts and 

quickly points out the strongest alternatives. The Pugh’s method gives a way of 

scoring of each alternative concept by relating to the other to meet the criteria. The 

relating scores gives perception to the best alternatives with useful data to make the 

right decisions. This method is carried out in six following steps,  

1st step: Define issue 

In this step a concept is chosen from generated concepts for the further development 

process. 

2nd step: Selection of Alternatives 

Here different generated concepts are compared at a same level of speculation and 

with the same design language. A simple sketch is made by heaving a glimpse about 

structure, technology, functionality and manufacturability. 

3rd step: Criteria for comparison 

This step is to carry out comparison with all concept on a particular criteria. Ample 

number of criteria are generated based on engineering requirements and target to 

satisfy the customer. 

4th step: Developing relative importance weightings 

Relative weightings are used to indicate and differentiate the defined criteria as (+) 

more important, (0) as same and (-) as worst than the datum concept. 

5th step: Evaluation of alternatives 

Designer’s favorite alternative concept named as a Datum, is the best of all 

alternatives that has developed. For each comparison, the generated concept is 

judged better than, as same as or worse than the datum. If the concept is better than 

datum, is scored as (+), if the concept is as same as the datum, is scored as (0) and 

if it is worse than datum is scored as (-). 
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6th step: Compute the satisfaction 

After comparing the concepts with datum for each criterion, four scores are 

generated; (+) scores, (-) scores, overall total and weighted total. The overall total 

is the difference between total (+) scores and total (-) scores. The weighted total is 

the sum of each score multiplied by the weighted scale. If the overall total score of 

a concept is with more positives; these manifests strengths better than the datum. If 

the overall total score is same as datum, more knowledge must be developed to 

generate better concept. However, more effort is needed to generate concepts and 

to clarify the criteria. Eventually the highest scoring concept is defined as a datum 

and again iteration is performed based on the highest winning concept as datum 

until the best concept is evolved. 
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4 Results 
In this chapter results are structured according to generated concepts, design and 

FEA simulation. Here, generated concepts are evaluated according to Pugh’s 

method and a final winning concept is chosen. Description of the designed model 

and FEA results are critically explained. At last results are disused based on facts 

and observation made on the design FEA analysis.        

 

4.1 Concept Generation 
 
Concept 1: Telescopic arrangement 

In this concept, telescopic pole plays an import role, pole is equally divided into 3 

to 4 parts according to the desired length. Light source is mounted on the top part 

of the pole, light sourced can be lowered by pulling the part of the pole into the 

main part of the pole which is foundation. Pulling force of part of the pole is directly 

proportional to the tightness of the telescopic arrangement. It has several 

disadvantages such as complex mechanism, hard to apply telescopic mechanism at 

the curve surfaces, ductile material required, setup weighs more, skilled labor is 

required and overhang weight is limited and unstable at the high wind velocity. The 

typical arrangement of this pole is as shown in the following figure 18.    

 

 
Figure 18: Telescopic Arrangement 
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Concept 2: Roller chain arrangement 

As the name says two rollers (gears) and a chain arrangement is used to lower the 

light source by a proper feeding source as low rpm motor. First roller is placed at 

the desired ground level and the second one at the top, LED stripes are attached on 

the outer part of the chain and fed from power source at a very low rpm so that 

LEDs will not misplace from the chain. Although it is a nice concept but has many 

drawbacks such as, it should be strong enough to withstand the vibration caused by 

the translating motion of chain and gear arrangement secondly, more space is 

needed to accommodate this arrangement so it restricts total weight and dimension 

of the pole. One more important drawback is that designing this kind of 

arrangement is a complex and time consuming process. This type of concept can be 

seen in figure 19. 

 
Figure 19:  Roller chain arrangement 

 
Concept 3: Guide rail with hooks  

This concept seems to achieve all requirements of the thesis due to its robust design, 

simple working mechanism and cost effectiveness. LED arrangements are fed into 

the guide rails which are located inside the pole at the ground level and the setup 

travels to the top position and finally fits into the fixture by manually feeding the 

hooks into the guide rails. Sufficient tolerance between guide rails and LED stripes 

is provided at the bends for effortless motion of the setup. For maintenance purpose 

LEDs can be brought to the ground level by just pulling the arrangement. The main 
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challenge is to allocate the guide rails at the curve surfaces. This arrangement can 

be designed to be stable at high wind velocity snice no parts are housed outside the 

pole. The following figure 20 shows the arrangement of this concept.     

 

Concept 4: Using Sliders 

In this concept poles are manufactured with guide ways on its surfaces to 

accommodate the sliding fixture with a lock mechanism to restrict the movement 

of the fixture and feeding source is preferable. LEDs are attached into the fixture at 

the ground level and electrical connection is allocated inside the pole and slowly 

moved to top by a feeding source through the provided guide ways without any 

glitch in the sliding mechanism. And while maintaining, the fixture can be brought 

to the ground level by just removing the lock provided to rigid the fixture. This 

concept looks simple but hard to design and operate mechanically and has 

limitations such as high tolerance is preferable to guide the fixture without any 

glitch; wind stability is up to the mark since pole has some external parts and wiring 

of the fixture can be problematic as shown in figure 21.   

 

                     
                 Figure 20: Guide rail with Hooks                                        Figure 21: Using Sliders 
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4.2 Concept Evaluation  
 
According to Pugh’s method final concept is chosen.  

 
 
 

Criteria 

 
 
 

Weightage 
 

Concept 1 

 

 

Concept 2 

(datum) 

 

Concept 3 

 

 

Concept 4 

 

 
Safe 10 (+) (0) (+) (-) 
Free 

movement of 
LEDs 

10 (0) (0) (+) (+) 

Feeding 
technique 
inside the 

pole 

10 (+) (0) (+) (-) 

Light weight 9 (+) (0) (+) (0) 
Compatible 
with existing 

pole 

8 (-) (0) (0) (0) 

Easier 
withdrawing 

of LED 
assembly 

8 (+) (0) (0) (+) 

Easy 
movement in 

the curves 

8 (0) (0) (0) (0) 

Affordable 7 (+) (0) (+) (+) 
No external 
aid to feed 
the LED 
assembly 

7 (+) (0) (+) (-) 

Easy 
maintenance 

6 (+) (0) (+) (+) 

Less complex 6 (-) (0) (0) (0) 
Reliability 6 (0) (0) (+) (0) 

Eco-friendly 
material 

5 (-) (0) (+) (+) 

Less skilled 
operation 

level 

4 (+) (0) (+) (+) 

Less setup 
time 

3 (0) (0) (+) (0) 

 Total (+) (8) (0) (11) (6) 
 Total (0) (4) (0) (4) (6) 
 Total (-) (3) (0) (0) (3) 
 Weightage 42 (0) 77 13 
 Rank 2 - 1 3 

Table 3: Pugh's chart 
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4.3 Presentation of results based on models and simulations  
 
4.3.1 Guide rails and hooks 
 
To achieve the aim, LED arrangement has to be fed from the ground level so guide 

rails are provided inside the pole till the LED fixture to follow a smooth path and 

hooks are provided to restrict the torsional movement of the LEDs arrangement. 

The final design has enough tolerance to achieve free movement even in curved 

surfaces and this design is also applicable to the hooks, mating part of hook is 

curved to eliminate unnecessary conflicts related to friction and even this 

smoothens the movement. As the prescribed LED is of 10mm width and 4mm 

thickness so to accommodate this dimension guide rails (as shown in the figure 22) 

are designed with 14mm inner spacing with 2 mm overall thickness and the bottom 

of guide rail is curved to stick metal stripe to conduct heat generated from back side 

of LEDs to the fins which are allocated at the outer surface of the fixture and 

detailed drawing is appended in appendix (IV). The top part of hook (as shown in 

the figure 23) is to firmly hold the electrical assembly and needs a flexible 

connection between hook and the electrical assembly. The detailed drawing can be 

found in appendix (V).     

     

                                 
                                         Figure 22: Guide rails                                                          Figure 23: Hook 

  
 4.3.2 LED fixture 
 
This LED fixture is designed to house three LED stripes which are 300 mm long. 

And one is at centre and the other two offset to 8 mm at an angle of 5 degrees. The 

fixture is of 10 mm thickness and covering is provided of 5 mm thickness. The 

fixture is designed in such a way that it eliminates the need of cover, instead lenses 
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are fixed on the top of each stripes. Heat sink is yet to be designed according to the 

company’s specification but the designer should not leave this aspect while 

designing any kind of lamp fixture. Since the fixture is for LEDs, there is no need 

to provide supports inside the fixture for reflector or diffuser. Even though the effect 

of wind is out of the aspect of this project, the outer surface of the fixture is curved 

to eliminate unwanted forces related to turbulence caused by wind forces which are 

prone to fail the design. The end part of this fixture is drilled with M10 threaded 

holes till 20mm depth to give enough strength for the arm to hold the fixture rigidly. 

The preferred material is Aluminium (Al) and the whole fixture weighs only 4.3 

kilos, aluminium makes the fixture light weight to avoid unwanted harmonic 

motion under the wind pressure. The detailed drawing of this fixture is appended in 

the appendix number (VI).  

 

 
Figure 24: LED Fixture 

 
4.3.3 Connecting Arm 
 
The main function of the connecting arm is to rigidly connect LED fixture to the 

pole end. As shown in the figure 25 top part of arm is rectangular and bottom is 

cylindrical, the connection between these two is lofted at an arc to give enough 

curvature to the guide rails so that the movement of LED arrangement is smooth.   

At the top two through holes of 10 mm diameter are drilled to match the holes of 

the fixture and no space is provided between the mating parts of arm and fixture. 

At the bottom of the arm four through holes of 10 mm diameter are drilled to hold 
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the pole to avoid torsional moment between the pole and the arm, caused by 

turbulence due to wind. Ribs are provided on the outer curvature to eliminate 

buckling of the arm due to self-weight of the LED fixture and forces associated 

with it. Detailed drawing is found in appendix (VII).    

 

 
Figure 25: Connecting arm 

 
4.2.4 Assembly 
 
Two designed parts are assembled to the pole as shown in the figure 26. All parts 

are rigidly held by the simple threaded bolts and tolerance is neglected.  

 

   
Figure 26: Final assembly 
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4.4 FEA  
 
As there are several ways to prove the design is safe, one of the possible way to 

prove the design is safe under the prescribed boundary and loading condition is 

analysing the deformation and stress on the model i.e. Von misses stress using 

Finite Element Analysis in Fusion 360. Meshing phenomenon increases the 

accuracy of the result by dividing the body into elements, created nodes and 

elements generated while simulating are 38,586 and 18,036 respectively. The 

meshing of the present model is shown in the following figure 27.  

 

 
Figure 27: Mesh 

 

4.4.1 Boundary conditions 
 
A correctly constrained model can lead to accurate results and has great impact on 

analysis. The main role of boundary condition is to fix the load on a specific area 

on the model and stabilize the non-linear analysis to create singularities of the 

models boundary. In the present model, the lower part of the arm is constrained in 

all the three directions as shown in the figure 28 and imagined as it is fixed point of 

a cantilever beam.    
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Figure 28: Boundary Condition 

 

4.4.2 Load condition 
 
Loads are simple applied forces to the system during the simulation by imagining 

it is under the actual loading condition and assigning loads is a critical part of FEA. 

In this model the force is acting on the system is gravitational force associated with 

the weight of the system being analysed. As shown in the figure 29, the force is 

acting downwards at centre of the system.  

 
Figure 29: Load Condition 
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4.4.3 Result of FEA analysis 
 
Stress analysis  

The stress acting on the system is analysed to determine weakest and strongest point 

of the system under applied boundary and load conditions. In the present model, 

Von misses stress is 4.292 MPa as shown in figure 30 and the values are and factor 

of safety is 15 as shown in figure 31. Detailed results are appended in the appendix 

(VIII). 

  
                    Figure 30: Von misses stress                                             Figure 31: Factor of Safety 

          
 
4.5 Discussion 
 
Among four generated concepts the guide railing concept is used to simplify the 

feeding phenomenon and guide rails are easy to accommodate at the bends and 

inside the pole furthermore easy to manufacture and light weight. According to the 

company’s recommendation, three LED stripes are needed to cover 30m X 10m (B 

X W) street area. Guide rails for the LEDs at the fixture are spaced apart to give 

enough room for heat dissipation and as usual to cover more area. Here forces 

related to wind pressure are neglected and the model is designed to be safe under 

its own weight. Dummy heatsink is assumed during the designing because without 

heatsink the LED fixture will not be considered as the complete design.  

LED fixture is connected to the pole through the connecting arm by simple 

mechanical bolts and the residual stresses generated at the contact area are out of 

the context. The connecting arm should give enough rigid support to the fixture to 
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avoid torsional and bending moments to do so, a rib structure is allocated to the 

inner curvature of the arm. Instead of assembling the fixture and arm it can be 

moulded in a single component to avoid conflicts between mating parts and 

tolerances and even to increase the strength. In this thesis Aluminium is chosen for 

both fixture and arm, the main reason behind selection of aluminium is to reduce 

the weight by not compromising the strength of the system, dissipation property of 

aluminium is good. aluminium is abundantly available in the nature, costs very less 

and environmental impacts associated with manufacturing and recycling is 

comparatively low among the light weight metals.  

The lower part of the arm is restricted to give rigid support to the fixture and this 

restriction serves as boundary condition. The loading is done by assuming self-

weight of the system under the gravitational force. Static stress is considered to 

prove that the system is safe by analysing maximum and minimum stress locations 

and displacement of the system under applied load and boundary condition is 

negligible.   
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5 Conclusions 
 
5.1 Conclusions 
 
The answers to framed questions regarding thesis work are summarized as 

following points,   

• The best way to feed electronic assembly of LEDs in by using guide rails. 

As these guide rails are easy to manufacture, cost effective and serves the 

basic need. 

• Design of LED fixture and connecting arm is as per the company’s 

recommendation and the design incorporates the guide rails inner part of the 

entire assembly. 

• By observing the results of FEA simulation, the system is safe for prescribed 

load and boundary condition and has more factor of safety.   

 
5.2 Future work 
 
Since this thesis work is severs as a basic results to the problem defined, more future 

work has to be made to satisfy the need. LED fixture is designed for only less traffic 

areas and further refinement is needed to satisfy the luminance of the road. Active 

heat has to be designed according to the surface temperature of the LEDs and results 

can be enhanced by proper selection of the heat sink material.  

Forces associated with wind pressure and geographical region of the pole erection 

is considered while designing the system and boundary and loading conditions are 

critically observed and selected. This thesis work can be designed to accommodate 

any kind of pole structure and thus is area is more emphasized for the future work.  

 

 
 
 
 



 40 

6 Critical Review  
This thesis is done keeping in mind aspects like health, safety, environmental and 

social factors. These factors are related directly to the design and material chosen. 

The ethical aspect is also kept in mind as designer needs to work with honesty and 

work according to the state of law. 

 

6.1 Environmental factor 
Material chosen have different environmental factors so, choices of the material 

should be done very carefully by keeping recycling factor as the thesis aim is to 

sustainable development of the product. Mostly, carbon di oxide related problems 

contributes more to environmental issue hence, its effects needs to be minimized 

with selecting the material.  

 

6.2 Health and safety 
As human safety is the predominant part of life hence, designers need to make 

decisions critically to reduce risks related to health and safety aspects at the 

manufacturing stage. Thesis aim is to reduce fatal falls which occur due to height 

related accidents, as the feeding of entire LED unit is fed from the ground level 

hence, this aspect covers health and safety issues of the workers.  
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Appendix 
 

Appendix I: LEDs Data Sheet 
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Appendix II: LED Fixture [17] 

 

 

 

Appendix III: Spatial distribution of illuminance with and      
without lens. 
 

 
                           Without Lens                                                               With Lens 
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Appendix IV: Drawing of the Guide Rail 
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Appendix V: Drawing of the Hook 
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Appendix VI: Drawing of the LED fixture 
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Appendix VII: Drawing of the arm 
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Appendix VIII: FEA Analysis 
Study Report 

 
Analysed File Final Assembly 
Version Autodesk Fusion 360 (2.0.3033) 
Creation Date 2017-05-14, 20:24:00 
Author akshitpujar 
Project Properties 
Title Studies 
Author akshitpujar 
 
Final Assembly 
Study 1 - Static Stress 
Study Properties 
Study Type Static Stress 
Last Modification Date 2017-05-14, 20:18:51 
Settings 
General 

Contact Tolerance 0.1 
mm 

Remove Rigid Body Modes No 
Mesh 
Average Element Size (% of model size) 
Solids 10 
Scale Mesh Size Per Part No 
Average Element Size (absolute value) - 
Element Order Parabolic 
Create Curved Mesh Elements No 
Max. Turn Angle on Curves (Deg.) 60 
Max. Adjacent Mesh Size Ratio 1.5 
Max. Aspect Ratio 10 
Minimum Element Size (% of average size) 20 
Adaptive Mesh Refinement 
Number of Refinement Steps 0 
Results Convergence Tolerance (%) 20 
Portion of Elements to Refine (%) 10 
Results for Baseline Accuracy Von Mises Stress 
Materials 
Component Material Safety Factor 
Body1 Aluminum Yield Strength 
Untitled(1) v5:1/Body2 Aluminum Yield Strength 
Untitled (1) v5:1/Body3 Steel Yield Strength 
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Aluminum 
Density 2.7E-06 kg / mm^3 
Young's Modulus 68900 MPa 
Poisson's Ratio 0.33 
Yield Strength 275 MPa 
Ultimate Tensile Strength 310 MPa 
Thermal Conductivity 0.23 W / (mm C) 
Thermal Expansion Coefficient 2.36E-05 / C 
Specific Heat 897 J / (kg C) 
Steel 
Density 7.85E-06 kg / mm^3 
Young's Modulus 210000 MPa 
Poisson's Ratio 0.3 
Yield Strength 207 MPa 
Ultimate Tensile Strength 345 MPa 
Thermal Conductivity 0.056 W / (mm C) 
Thermal Expansion Coefficient 1.2E-05 / C 
Specific Heat 480 J / (kg C) 
Contacts 
Bonded 
Name 
[S] Bonded1 [Untitled(1) v5:1(Body2)||Untitled(1) v5:1(Body3)] 
[S] Bonded2 [Final assembly v3:1||Untitled(1) v5:1(Body2)] 
Connectors 
Bolt Connector1 
Type Bolt Connector 
Bolt Subtype Threaded Hole 
Bolt Diameter 10 mm 
Head Washer No 
Usable Thread Length 20 mm 
Pre-load type Axial 
Material Aluminum 
Elastic Modulus 68900 MPa 
Poisson's Ratio 0.33 
Thermal Expansion Coefficient 2.36E-05 / C 
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Selected Entities 

 
Bolt Connector2 
Type Bolt Connector 
Bolt Subtype Threaded Hole 
Bolt Diameter 10 mm 
Head Washer No 
Usable Thread Length 20 mm 
Pre-load type Axial 
Material Aluminum 
Elastic Modulus 68900 MPa 
Poisson's Ratio 0.33 
Thermal Expansion Coefficient 2.36E-05 / C 
 
Selected Entities 
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Mesh 

Type Nodes Elements 

Solids 38,586 18,036 

Load Case1 
 
Constraints 
Fixed1 
Ty
pe 

Fix
ed 

Ux Yes 
Uy Yes 
Uz Yes 
 
 
 
 
Selected Entities 

 
Loads 
Gravity 
Type Gravity 
X 
Value 0 m / s^2 

Y 
Value 9.807 m / s^2 

Z 0 m / s^2 
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Value 
Selected Entities 

 
Results 
Result Summary 
Name Minimum Maximum 
Safety Factor 
Per Body 15 15 
Stress 
Von Mises 2.733E-06 MPa 4.292 MPa 
1st 
Principal -1.434 MPa 1.97 MPa 

3rd 
Principal -4.808 MPa 0.44 MPa 

Normal XX -1.551 MPa 1.483 MPa 
Normal YY -3.71 MPa 1.647 MPa 
Normal ZZ -3.696 MPa 1.131 MPa 
Shear XY -0.4656 MPa 0.8674 MPa 
Shear YZ -0.5104 MPa 1.741 MPa 
Shear ZX -0.9958 MPa 1.021 MPa 
Displacement 
Total 0 mm 0.09809 mm 
X -0.001685 mm 2.862E-04 mm 
Y -6.561E-04 mm 0.09639 mm 
Z -5.637E-05 mm 0.01812 mm 
Reaction Force 
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Total 0 N 68.19 N 
X -9.841 N 9.363 N 
Y -64.2 N 41.57 N 
Z -22.26 N 29.09 N 
Strain 
Equivalent 6.3E-11 8.823E-05 
1st 
Principal 4.96E-11 4.214E-05 

3rd 
Principal -9.634E-05 -3.288E-11 

Normal XX -9.581E-06 2.472E-05 
Normal YY -4.316E-05 2.243E-05 
Normal ZZ -3.785E-05 1.928E-05 
Shear XY -1.797E-05 3.349E-05 
Shear YZ -1.971E-05 6.722E-05 
Shear ZX -3.844E-05 3.942E-05 
Contact Pressure 
Total 0 MPa 3.376 MPa 
X -1.021 MPa 0.9958 MPa 
Y -1.278 MPa 0.6368 MPa 
Z -1.131 MPa 3.141 MPa 
 
 
 
Per Body 
0  15 
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Stress 
Von Mises 
[MPa] 0  4.292 

 
1st Principal 
[MPa] -1.434  1.97 
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3rd Principal 
[MPa] -4.808  0.44 

 
 
Displacement 
Total 
[mm] 0  0.09809 
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