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[bookmark: _Toc121602974]Abstract
The following report intends to optimize the design, manufacture and implementation of a shower using systems engineering principles. 
[bookmark: _Toc121602975]Introduction 
[image: A picture containing engineering drawing

Description automatically generated]Showers are an essential part of the modern hygiene routine. From the first blast of hot water that wakes you up in the morning, to the icy refreshing shower that cools you down after a tiring workout, they are crucial in our everyday lives. Unfortunately, not all showers are created equal. The shower installed in the author’s Salisbury flat is at the bottom of that scale. As demonstrated in figure 1, a precise awareness of angular geometry is required to get both taps to achieve an acceptable water temperature. Consequently, a lengthy balancing act must ensue, to get the temperature within this goldilocks flow rate. Additionally, the shower head displays severe deposits of limescale as a result of the hard local water. This  further reduces the flow rate of the water droplets leaving the shower head. This reduced flow rate in turn leads to longer showering times leading to a sub optimal end user experience. Therefore, it is vital a new system is proposed that combats these issues effectively.
Using a variety of systems engineering principles, the author aims to methodically design and manufacture a new shower system, ensuring it fulfils both their and fellow stakeholders full set of requirements. 
[bookmark: _Toc121688476]Figure 1- The author’s current shower

[bookmark: _Toc121602976]

Context Diagram
Firstly, a context diagram is created to outline how external entities interact with any new system. This allows potential issues such as clashes with existing systems to be identified and amended [1]. The context diagram for the shower can be seen in figure 2. As shown, it has great dependencies on the boiler and water system for the flat. Therefore any solution must bear that in mind. 
[image: ]
[bookmark: _Toc121688477]Figure 2- The context diagram for the shower within the flat
Requirements 
Requirements are the basis of all development tasks within a project. To understand the system requirements, the key stakeholders must first be identified. A stakeholder map is a visual way of mapping out the influences and relationships between the stakeholders of a project. They are useful as they encourage the user to think about the range of stakeholders and ensure their views are heard if required. Additionally, they show which stakeholder has the most influence, so their requirements may be prioritized. A stakeholder influence map for the shower can be seen in figure 3. 
[image: ]
[bookmark: _Toc121688478][bookmark: _Hlk121486427]Figure 3- Stakeholder influence map

The diagram above assumes the landlord is considerate of their clients needs and is purchasing a bespoke system to suit their own unique requirements. As shown, the designers show a reliance on three key stakeholders: the landlord, manufacturer and any external suppliers, as these have either a direct or indirect effect upon them. Consequently, their requirements will be prioritised upon the product design. 
Next, their needs and expectations need to be captured and organised. It is vital these requirements are as detailed and targeted as possible. The SMART (Specific Measurable Achievable Realistic and Time-related) acronym has been used throughout the shaping of these requirements to ensure the requirements themselves are attainable for this task [2]. As shown in figure 4, this has been completed through researching the showering options currently available and their relevant price points. 
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[bookmark: _Toc121688479]Figure 4- List of stakeholder requirements

These requirements are essential in shaping any future design work that occurs. If these requirements are not achieved, the consequences are a dissatisfied customer. 

[bookmark: _Toc121602977]Requirements analysis 
The requirements above need to be broken down further to gain a further understanding of the functionality required from the system. They can be broken into three categories:

[bookmark: _Toc121602978]Operational requirements 
These define the main purpose of a system together with the key overarching constraints. For a shower it would be : a device capable of releasing filtered temperature controlled water upon demand. 

[bookmark: _Toc121602979]Functional requirements 
The functional requirements specify the function of the system- how a system will achieve its operational requirement. Requirement 1 from figure 4 is a good example of this. It requires a high degree of accuracy to execute, which limits the designers component choices for performing this function.  
[bookmark: _Toc121602980]Non-functional requirements 
The non-functional requirements are the constraints on the system. They do not specify what a system has to do, just how it does it. These requirements fall into three categories:
· Non-functional performance- these define how well a particular has to perform, such as requirement 3 from figure 4. This example is beneficial to the manufacturers, as it provides figures which they can test against.
· Non-functional system- these define constraints that effect the whole system. Requirement 9 impacts all stakeholders, so must be fed into both the design and manufacturing options. 
· Non-functional implementation- These requirements specify how a system has to be built in terms of a specific technology, such as requirement 12. This justifiable requirement assists the designers with the fittings and fixtures the shower requires. 

Once all the requirements have been realized, the next stage of the process can occur. It is essential that throughout every future stage, these requirements must be regularly considered, to ensure that every action in the design and manufacture enables their completion. 
[bookmark: _Toc121602981]Quality Function Deployment 
Quality functionality deployment (QFD) is a focussed way of capturing the requirements of the customer and mapping them against product characteristics. QFD-1 enables the products functions to be built with the customers requirements at the forefront. Each of the showers functions is ranked by importance (on a 0-9 scale) against the customers’ requirements. This is beneficial as it highlights any functions not required by the customer, as well as functions that are crucial to the product design. Additionally, it can display functions that the customer has not even considered, which demonstrates the importance of the requirements capture [3]. 

The initial QFD-1 can be seen for the shower in figure 5. As demonstrated, the function “pre-set the shower pressure and temperature” is significant across the majority of requirements. Consequently this function is critical to the product design and is therefore is crucial to completing the customer requirements. The water filtration is the least significant feature. Therefore, less energy can be spent in ensuring an optimum design and manufacture.  

[image: ]
[bookmark: _Toc121688480]Figure 5- QFD-1 for the shower


[bookmark: _Toc121602982]Function Means Analysis 
Function means analysis (FMA) is a tool that assists with generating, capturing, selecting and documenting system design concepts. It can be used to identify complete solutions, through producing a systematic, transparent and traceable diagram [4]. Creativity is the key, as there are always multiple solutions to solving each function. This diagram enables the user to broaden their design ideas and not necessarily go for the “status quo” in solutions. 
The FMA for the shower is in figure 6. As shown, there are many similarities between the means of achieving the required functions. This is advantageous, as it means the same methodology can be used for each function, making the system itself simple in the design, manufacture, usability and maintenance.  
[image: Table
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[bookmark: _Toc121688481]Figure 6- The FMA for the shower
After the FMA has been filled in, all the design choices must be compared against each other, and the optimal solutions found. Each control measure must be compared against a selection criteria, based upon the original customer requirements. These included: cost, ease of use, reliability, ease of installation and manufacturability. Each design choice was then ranked from 1-5 for each criteria, to allow the user to establish the optimal choice for each function. 
Next, the solutions for each function are analysed as a complete working system to determine if there are any issues with the sub-system interactions. The ideal solution is shown in green, and the secondary in orange. 
Pugh diagrams allow these two optimum designed solutions to be compared against the original design. They are essential in ensuring any designed options are an improvement upon the existing system, and fulfil the original design requirements. The Pugh diagram for the shower can be seen in figure 7. As demonstrated, the both proposed systems perform better than the current shower, and design 1 is the most effective. 


[image: ]
[bookmark: _Toc121688482]Figure 7-Pugh diagram for the proposed shower designs

[bookmark: _Toc121602983]Potential failure modes
Before going too far into the design of the product, the failure modes must be considered. Failure Modes and Effects Analysis (FMEA) is a systematic method for evaluating the failure modes of a process, their causes, and their effects on the rest of the system. In doing so, it identifies the parts of the process that require change [5]. They often utilise the 5 failure modes: too much function, too little function, intermittent function, no function and unintended function [6].
Figure 8 describes the failure modes of the filtration sub-system. As shown, it only displays 3 of the 5 failure modes. This is because there are no drawbacks to showering in soft water, therefore having too much function isn’t plausible. Additionally, no water is filtered when the shower is off, so there should be no unintended function. 
This information should then be fed back into the FMA to ensure the optimal design options have been decided, or whether they should be amended based upon the predicted severity and occurrence of their failures. Ideally, this FMEA diagram should be completed for each proposed design solution within the FMA, as it highlights any flaws early on, however it can become repetitive and time intensive. By completing it for the chosen design solutions it ensures risk management is built into the component design. The process controls for these failure modes will be fed into the manufacturing processes later on. 

[image: ]Unfortunately, by looking at each function individually within FMEA, it is difficult to understand any knock on effect a function failure has on a different function. To combat this, other systems engineers use connection circles to see a systems cause and effects through the relationships between functions. This technique involves placing the design solutions around a circle, and drawing arrows across it to symbolise their relationships. Through this, it can identify any feedback loops that arise. In failure analysis, it can also allow the designer to assume the “worst case scenario” for faulty systems [7]. For example, the temperature displayed on the screen is affected by both the app and the temperature sensor. If the app sends an incorrect temperature, and the sensor also records an incorrect temperature then the temperature displayed may be wildly different to that inputted by the customer (e.g. far too hot). Understanding the effects of this sub-systems failure is just as significant as the individual ones. [bookmark: _Toc121688483]Figure 8-FMEA for the shower filter sub-system



[bookmark: _Toc121602984]Critical design features
QFD-2 checks the chosen concept design from the Pugh diagram will meet its requirements by verifying the design concept. It outputs the critical design features required for the whole system to work effectively. Additionally, it helps define the lower-level sub-system requirements. In the example below in figure 9,  the app is essential in executing a majority of the systems required functions. Consequently, the app is a critical design feature and should be prioritised in the later stages of manufacture/ software development as without it the customers requirements will not be met.  
[image: ]
[bookmark: _Toc121688484]Figure 9- QFD-2 for the shower system

Next, in order to understand what design parameters are sensitive to which noise factors, a parameter (P) diagram is used. This notifies, captures and documents all parameters that have an effect on system performance. The control factors are elements that can be altered within the system, to optimize its performance. Unwanted behaviours (noise) are also considered. There are three types of noise: 
•External: the system experiences external factors which reduces the likelihood of optimal performance.
•Unit to unit: natural variation between manufactured components cause system failures. 
•Deterioration: usage of the system causes parts to deteriorate away from their assigned tolerances. 
The noise factors are then numerically compared to the control factors. This allows the critical design features to be realised, as these are the highest ranking control factors. 
Next, a what-why table is created from the noise and control factors created within the P-diagram. This allows the user to numerically assess which factors are most likely to influence the robustness of the process or design. Any issues with the intended functions are fed back into QFD-2. 


[bookmark: _Toc121602985]The manufacturing processes
The manufacturing process for the system is complex, and thus requires repetition of the activities above. Firstly, stakeholders requirements are captured. Examples of such requirements are: having repeatable performance, a low rate of defects and a low set up cost. Once again, QFD-1 is used, to compare this with known manufacturing functions such as fitting the CPU, and putting a casing over the shower motor.  
Next, manufacturing solutions must be found for each function. An FMA was completed to determine the best solutions. For example, extruding was chosen over machining to produce the basic shape due to the reduction in cost and time. An additional QFD-2 is created to  determine the criticality of each solution when compared to the required functions. 
Sequence diagrams put the chosen functions from QFD-2 in chronological order so the full manufacturing process can be realised. These allow the interaction between objects and processes to be understood. This allows for potential emergent behaviour to be assessed and potentially reduced further down the process [8]. The sequence diagram for the manufacture of the showerhead filter can be seen below in figure 10. 


[image: ]
[bookmark: _Toc121688485]Figure 10- the sequence diagram for the shower filter sub-system

[bookmark: _Toc121602986]Critical process steps
QFD-3 involves choosing the product assembly process which helps the user translate solution requirements into manufacturing requirements by addressing the proposed manufacturing processes stated within QFD-2 . The operational guidelines, elements and levels of variation in manufacture must be fully defined and understood for this to be successful. 

Shown in figure 11, QFD-3 utilises the critical process parameters from QFD-2, the what why table and the P-diagram from the original product design. These diagrams help identify the features sensitive to variation, and thus are critical to the overall system. 

[image: ]
[bookmark: _Toc121688486]Figure 11-QFD-3 for the manufacture of the shower filter sub-system

An additional P-diagram then identifies the process parameters of the critical process steps from QFD-3. An example of this can be seen in figure 12, for the shower filter sub-system. There are a many noise factors that require addressing in the later stages of manufacture. 
[image: ][bookmark: _Toc121688487]Figure 12- P-diagram for the manufacture of the shower filter sub-system


[image: ]Next, a what why table is created to determine the critical process parameters. Figure 13 shows how the control parameters from the P diagram are compared against the noise factors. The dimensions of the connector are susceptible to the most amount of noise so therefore it is essential that the  proposed control measures in QFD-4 reduces this to ensure a fully functioning product is created. [bookmark: _Toc121688488]Figure 13- A what why table for the manufacture of the shower filter sub-system


The process parameters and targets from this are fed into QFD-4. 
[bookmark: _Toc121602987]Process control measures
Process capability diagrams compare the variation in manufacture to the original customer requirements. They map a standard deviation curve of the process variation against the specification decided by the designer. If the degree of variation lays outside the these upper and lower limits, it is deemed uncapable. If the centre of the curve does not match the target specified by the designer, it can also be off target. Completing these curves helps the designer understand how good the process can be in both the long and short term. This can help the manufacturer foresee any upcoming issues, and then implement changes to reduce it. This could include changing the manufacturing process, relying on inspection to remove any defected products and altering the design to be less sensitive to variation. This was completed for the shower filter, and no issues were discovered. 

QFD-4 plans how the manufacturing/production and quality control intend to keep the promises of QFD-3. It allows the relationships between manufacturing system process requirements and production/quality control requirements to be assessed. This ensures the end product is repeatedly within specification during manufacture. Consequently, the impact of the manufactures component selection can be compared with the original customer requirements.

[image: ]As shown in figure 14, the control measures from the P-diagram have been used. Emphasis must be placed upon operator training, manufacturer instructions and pre/post assembly checks to ensure quality products are produced. [bookmark: _Toc121688489]Figure 14- QFD-4 for the manufacture of the shower filter sub-system


QFD 4 should be repeated for each critical process step to ensure there are enough process controls in place to limit the variance and errors within each step. This will create a consistently reproducible product to a high manufacturing standard. 

[bookmark: _Toc121602988]Conclusion
The shower has successfully been upgraded into a design which matches the original stakeholder requirements. Any potential failure modes in the filtration sub-system has been left shifted through an emphasis in operator training, clear manufacturing instructions and having pre and post assembly inspections.  











References

[1] 	Micro, Micro, [Online]. Available: https://miro.com/blog/context-diagram/. [Accessed 9 12 2022].
[2] 	G. Doran, “There's a S.M.A.R.T. way to write management's goals and objectives,” Management Review, vol. 70, no. 11, p. 35–36, 1981. 
[3] 	P. Guevara, “Safety Culture,” 29 11 2022. [Online]. Available: https://safetyculture.com/topics/qfd/. [Accessed 12 10 2022].
[4] 	D. S. Burge, “Function Means Analysis (FMA) Alias Morphological Analysis,” in The Systems Engineering Tool Box, Warwickshire, Burge Hughes Walsh, 2006, pp. 1-13.
[5] 	Institute for Healthcare Improvement, “ QI Essentials Toolkit: Failure Modes and Effects Analysis (FMEA) Tool,” Institute for Healthcare Improvement, 2017. [Online]. Available: https://www.ihi.org/resources/Pages/Tools/FailureModesandEffectsAnalysisTool.aspx#:~:text=Failure%20Modes%20and%20Effects%20Analysis%20(FMEA)%20is%20a%20systematic%2C,most%20in%20need%20of%20change. [Accessed 22 11 2022].
[6] 	D. S. Burge, “A Systems Approach to Failure Modes, Mechanisms,Effects and Causes,” Systems Engineering Company, 2018.
[7] 	L. Acaroglu, “Tools for Systems Thinkers: Systems Mapping,” Disruptive design, 2017. 
[8] 	Lucid Chart, “Lucid Chart,” [Online]. Available: https://www.lucidchart.com/pages/uml-sequence-diagram. [Accessed 10 12 2022].









image1.jpeg
i g T gy B &

[





image2.png
The boiler

Other rooms

The bathroom

Bathroom
#2





image3.png
The
plumber

designer manufacturer

Other
flatmates





image4.png
VA wN P

© N

10.

11
12
13.
14.

The user requires the shower to adjust the temperature in 0.5 degree implements
The user requires the shower to be easy to use

The user requires a shower head uses at least 20% less water than her current model

The user requires multiple jet settings

The user requires an in-built water softening system

The user requires a system that is easy to adjust temperature and jet settings both inside
and outside of the shower

The user requires a shower that releases water at the correct temperature to the one set
The user requires the shower to be aesthetically pleasing

The landlord requires that the system must not cost above £600

The plumber requires that all maintenance work completed on the system should be simple
(take less than 1 hour).

The landlord requires that all replacement parts cost less than £100

The landlord requires the shower to be compatible with the existing boiler

The plumber requires the system should not take more than 2 hours to install

The other tenants require that the shower must not be louder than 70 decibels




image5.png
How

Importance

Presetthe shower turning on

Presetthe shower temperature

Preset jet sefiings

Shower turns on and off

Display temperature
Output water at the correct temperature

Adjusttermperature

Adjustjet seflings

Informthe user of maintenece issues

Filter water

Reduce water useage

Requirements’

“The user requites e shower to adjust ihe temperature in
0.5 degree implements

The user requires the shower to be easy 1o use

The user requires a shower head uses atleast 20% less
water than her current model

The user requires muliple jet setings

The user requires an in-built water softening system

The user requires a system thatis easy to agjust
temperature and jet settings both inside and outside of the
shower

The user requires a shower that releases water atthe
correct temperature to the one set

The user requires the shower to be aesthetically peasing

The landlord requires that the system must not cost above.

£600 s|ala|a|3]s
The plumber requires that all maintenance work completed

onthe system should be simple (take less than 1hour) | 5 33|33
The landlord requires that all replacement parts costless

than £100 5 33|33
The 1andlord requires the shower (o be compatibie with the

existing boiler

The plumber requires the system should nottake more

than 2 hours to instal s|a 1]

The other tenants require that the shower must ot be

Jouder than 70 decibels. 5 3





image6.png
Funotion

reset shower turming on

Preset shower
temperature.

Preset shower jettype.

Buton on the

tothe shower

bathroom wallinke|

Avily to schedule
temperature with
particular day of e
week

Link wih househoi
thermostatto
determine
temperature

Pressure pad on
bathmatt

Voice activation

Wanualy adjust
Shower head
before entry

Abilty to adjust the:
et seting during
water fow

Pressurepd on

Waintain

Output water atthe correct
temperature.

Fiter water

Reduce water usage

Shower s onandof Lo Sosor Tustioy | Pt -
Oisplaytemperature e mermoneteron | oo co aspay
Aasttempereurs Lo suien Touhacren
Aot Leer suie Touhacren

Automaticaly buys
new parts

Customer helpine

LED faiure indcator|
on controlunit

[ermacouple inked|

Thermocouples | nfrared sensors | to PD control
cectronics
Reverse osmosis | UV treatment | _SPorne ferto

reduce hair damage |

Wanualy pausig
the shower when
ashing

Water usage.
racker





image7.png
H o

Customer Requirements. s g
The userequires e Shower o sdk st he emperae 05 degres
implements 1 2
(The uasrreaures e Shawertabe sxsy auas o 2 T
The ser eauives = hower headuses atleast 207 ess water b
T res o 1 2
e e e i ot e o 2 T
The st reares ami bl wter saarimg etem o 2 T
The et emies 2 sytem e 3 1o s tamperare st
etings both ide and outsde of the shawer o 2 1
The usereauires 2 hower hat el ases water 3 he canest
emperatureto e one set o ! !
Th usatequres the vt be 2 sesthataly peasng o T T
The Tandiord equies it the spstem st ot oo sbove €600 o o )
The phambereares it slimateranca wark omplatedonthe
ysiam shovd be sinple (ake e han 1ol o 1 1
The Tardlord reauves tat Areplasement pars costless han €00 o T T
T Trfors oo v ool s s o o o
Tre e e e e o ok o on 2o 5 T
The iher tenans eaure hat e haver st notbeoudsr han 70
dscoeiz 0 2 0
Farking o = =





image8.png
Function

Potential Failure Mode

Potential Effects of Failure

Possible Causes of failure

Process Controls

Filter the shower water

Water not filtered effectively

Less effective soap lather
produced
Causes dry skin and hair

Limescale on shower head

Carbon layers not replaced

& monthly carbon layer
change

Water does not get filtered at
all

Poor soap lather produced

Results in dry skin and hair|

Water pressure too high

Ensure water pressure
within a set tolerance from
the boiler

Water is occasionally filttered

Poor soap lather produced

Results in dry skin and hair|

Filters not put in correctly

Ensure the filter change is
completed correctly by
writing detailed
instructions





image9.png
Design feature

Importance

App
Temperature displayed on a

waterproof screen

Temperature knob

Manually twist shower head

Temperature sensor

Filter in the showerhead

Button

Fine jet spray

Number displayed on a

waterproof screen

Functionality

Pre-set the shower turning on

Pre-set the shower temperature

Pre-set jet seftings

Shower turns on and off

Display temperature

oo oo |on

Output water at the correct
temperature (during shower)

Adjust temperature (during shower)

Adjust jet seftings (during shower)

Inform the user of maintenance issues

Filter water

Reduce water usage

oo oo oo





image10.png
Raw sheet of plastic

Extrude with a hole in the
centre

Machine connectors

Manually add carbon

layers





image11.png
Process Features.

zlz
K
2 sz
Elsle|e
Important design features
Carbon layers 5
Connector to shower hose 7
Plastic outer body' 5
Screw to the shower head 7
126] 90 | 131





image12.png
Noise Factors

External

[Operator competence
(Operator fatigue
[Temperature

Input- Filter
components

Noise Factors

Unit to unit

Noise Factor

Deterioration

[Variation in dimensions of carbon layers
|Variation in connector dimensions.
|Variation in connector positioning
[Variation inthe amount of carbon layers
|Variation in casing material properties

[Carbon layer deferioration
Deterioration in connectors
Deterioration in plastic casing
ITool wear

Fiture wear

Output- Correct

Filter assembly

[Control Factors

ly assembled shower
filter

[The dimensions of the carbon ayers
[The amount of carbon layers
[The dimensions of the connector
[The connector position

liaterial properties of casing
lanufaciuring Instructions
|Operator training

Random batch checks

Dry run assemoly
Pre-inspection of parts

|Operator rest breaks

|Crew rotation

Side effects.
Potential leakage

| Water not being fitered





image13.png
Ie3oL

BN Jeam aImXIy
- BN Jeam (00)
£
g
8 | uswuouiauz |onseld Ul uoledolisteq
b
3 s10j03UL00
JuswuoAUT
Ul uopesoLeiea
oo UoneioLeiep
¥ M3 ake) uogien
uewny| enBiey Jojesado
K
m uewnH |sousiaduwos Jojelsdo
&
JuswuosAUT aumesedwa ]
saipadold [eLelew
BIN| 6ise0 Uy uoperen
sJake| uogles jo
[ | Uogued §
- UnowWe au3 U Uoperen
8
]
2 Bujuopisod
5
2 BN | 0108000 U UoeLEA
f
e
2 suojsuswp
5 B3N 0108000 U) Uopewen
siofe|
B3 | U0GIED Jo SUoISUBWIP
Ul uoeLen
“Jejeweled
|013u03 UBISep w|w|w]v|wv]v|wv]v|wv]v|v|v
10 BupyBiem
8
[
s |8
c
glelg =
o528 |6le
2|88 8| |85
5 2l e
252855 |2 |8,
5|5|5|6| 8| 8|B| o £ =
HEEEEEEEEREE
£|a|e||0| o] E| || B3| 8|S
HEEEEEE R o3
HEEREEE
3| 8|3 e |25l © m. =8
| E|E|E| 5|=|8|2|5|c| 2|8 ©
ndadcademmmW
3| 0| 0| 0| 0L = K
55|85 2 8] 8
alE|E|E]F =12|6]2|6]a| 616

Performance
Characteristics Ys:





image14.png
syeaiqisey

uonejol maiy

8Inpayds avsuBjUIB
sped Jo uopdadsul -ald
Alquesse uni Aig
S99 Yojeq wopuey
uoljoadsul A|quesse jsod
Buiuie Jojesado
suoponsUl JaINjoBNUB Y

Buises jo seipuadoud [eusiey

uonisod J0}o8UU0d By

10}98UUOD B} JO SUOISUSWIP By L

Ae| uoquea sy jo suolisusWIp YL

si1ake| uoqued jo Junowe sy

©83/818|]88/e
L N EENEEEN
Aungerdsiagf —|o|<t|oi|w|o|—
Auansg|  o|m|w|w|n|w|w
Kousnbai4| |w|w|o|<t|< |
Anogig| | || <t|o|w|<t|o
SpIY pue sjosuod Buunjoenuew

=
~

@

£

4

[ )

@ ola

& 8(S|%
K] alo| o

c 8lo

«

3 _[g| |82

s| E| E| 9| 8|%

3| E|w| E|w 5| 8
<|c|o|+|o| 2| 2

R R R R N
*|¥|F|¥|¥|b|b

T

) of

=|E| |.€

59| |@

08| 0| a|®

95| 25| 8

EREERER

c|'6|'G| 8| §| 2
Slu| ol a8l
alelel e g3
2 ol £| .o
5|/ 5|5 & E|2
Slal's| 5| 83| ®
w| 2| 2| g 2|O|u| 5
2 28 g2 5| 5|8
Si5|s| 8| 8[8|8|=
8l olo|s
£ 22 25 aal 8
IS





