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Introduction
In this assignment, I am required to produce an electrical design for a specified building. I will produce a report containing the design It is important that you provide a detailed narrative of your design. Any assumptions made should be included along with suitable references to regulations and guideline documents.
If spreadsheets (or other tools) are used for calculations, then an explanation of all formula must be included.
For the lighting illumination, levels are not required to be calculated. However, a reasonable number of lights should be positioned appropriately within each area.
Present your report in electronic form as a single text document (pdf). Your spreadsheets should be included as a separate file with multiple sheets (each labelled) if required
The production of the report will require IT skills, secondary research, critical thinking, academic skills such as referencing and report writing convention
Task 1
A new factory is to be constructed consisting of a workshop and two storey office block. Within the workshop there are several machines, welding bays and assembly areas as indicated in the following diagrams. Your task is to produce an electrical design for the workshop and office block. The design will include the following:
1.    Appropriate lighting systems for both the factory and office areas including wiring diagrams.
2.    Appropriate power distribution design including wiring diagrams.
3.    Cable size calculations. Also, determine the minimum cross sectional area of protective conductor for the Range oven in the canteen.
4.    Circuit protection designs.
5.    Emergency lighting design
6.    An outline of suitable cable support systems used throughout the installation





Cables

SWA cable – (Steel Wired Armoured Cable)
SWA a cable designed to supply heavy loads, usually used underground, outdoors, and indoors. SWA comes in a variety of different types such as two core, 3 core and five core. When referring to SWA you will see the terms BS5467 or BS6724, These are the British Standards requirements that the SWA meets for both testing and construction. The SWA has a steel sheathing as a protective layer to protect the cable from any damage, making it a good cable for outdoor use. Because of this sheathing, it makes the cable heavy and very difficult to bend and shape. 
Twin and Earth cable
Twin and earth cable is for indoor commercial use only, for small power such as lighting and mains sockets circuits. This cable is also recognised in the British standards under BS7211 624-B, and BS6004 624-Y. Twin and earth is a three core cable, with a live and neutral cable, and an earth conductor. The earth is not insulated so you will commonly find earth sleeve around the earth as an indicator. Twin and earth is easy to strip and bend. 
Singles cable
Like the SWA cable, singles cable have the same British standard number BS5467. Being single core, a key benefit of using this type of cable is the flexibility when feeding through conduit, however the bigger in size cable you use the less flexibility you will notice, as every cable is. Another benefit to the single core is that it is more suitable for higher voltages than multicore cable is as there is less of a magnetic interference with the singles. The single core cables have a high quality PVC insulation acting as a protective layer to prevent short-circuiting and other faults. However, the single core cables do tend to be more expensive than other cables. 
Pyro cable
Pyro cable also known as Mineral-insulated copper-clad cable is the only fireproof cable that would sustain any fire conditions. This will ensure any fire alarm will continue to ring to ensure the building is correctly evacuated, and emergency lighting to help navigate the escape route. Pyro is under the BS5839, meeting the fire detection and fire alarm system in non-domestic buildings regulation. Pyro has a copper sheath insulated with inorganic magnesium oxide powder. When wiring pyro you will not need to place in any conduit or containment, this will save money.
SY cable
Similarly, to SWA, SY cable is commonly used in industrial environments, due to its flexibility with vibration for machinery. However, SY is not practical for outdoors as SWA is, the PVC sheathing won’t protect the cable from being damaged 

Lighting types
[image: ]I have researched many different lighting systems to wire into the factory and offices, lights such as florescent fittings for the factory floor, 2D fittings for the toilets, 600x600 panel lights for the offices that will sit in the ceiling grid tiles. Here are data sheets of the lighting that I have researched and decided to place in my design.
[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]

I have decided to use the HI Style fittings for the offices. A-Line for the factory floor, and Arcadian for the toilets     





Emergency lighting systems
[image: ]I have researched many different style emergency lighting and decided to place a wireless scan light system in place throughout the building. If a situation occurs where the building needs evacuating and the power drops out the scan lights and running man signs will be activated. These are all self-testing and bare minimum maintenance required. When testing they will feed back to the system with any faults or if they are healthy. You can then log onto the system to check if any faults have been reported and if any maintenance needs undertaking. Here are the data sheets for the styles I would put in place. 

Lighting switching
There are many different types and ways to switch lighting, such as;
· Light switch
· PIR
· Photocell
· Timer

PIR- (Passive Infrared Sensor)
The PIR is motion sensor activated, it awaits for infrared temperature from body heat activation to trigger the sensor and brings the lights on. It senses motion through changes in temperature in the room. Typically, the PIR can only be used  indoors. Because of the nature of the movement, the PIT also works in reverse. If the PIR does not sense any motion activation after a given time set on the PIR, the PIR will then tell the light to turn off, this is an energy saving application so that the lights are not left on when the room is not in use. You can set the timer on the PIR anywhere from a few seconds to 30 minutes depending on the make and model. You can also set the PIR to pick up motion from a set distance.
Light switch
The light switch is the most common way of turning your lights on and off. Unlike the PIR, you will not have to wait until the light turns off you have complete control over the supply to the light. However if the switch is left on and the room is not in use it will remain on. There are certain rules to follow when installing switches, such as if you are wiring one for outdoor use it is important you use an IP^^ rated weatherproof switch. This is to prevent any rainwater getting into the switch and causing a short circuit and the supply to trip. When putting a light switch in the bathroom the switch needs to be greater than 0.6m away from the bath edge and shower following the BS7671. If the light switch must be fed with an RCD with a maximum tripping current of 30mA. 
Photocell
The photocell is activated when the sensor is in an environment that gets dark. When the outside light starts to drop to a certain level the photocell will activate and bring on the lighting, this is typically used for outside lighting.
Timer
The timer is as states. You can set the lighting to come on at any times you choose. This can be used for both indoors and outdoor lighting. For outdoor lighting, you can set the timer to kick in and out for when the sunsets and rises, or any times you know you will be using the area. For indoor use the same rules apply, however I find PIR to be the more energy efficient to use.
1 way, 2 way, and intermediate switching 
2 way switching is very self-explanatory, it means you are able to control a light from 2 different locations. Unlike the 1 way switch that is only switched from one switch. Intermediate switching is similar to 2 way however there is a number of switches in control. Again, the switch can be positioned anywhere, commonly on stairwells.




























Socket supply types
[image: Pins, holes and poles of plugs and sockets explained]In my factory, I will be wiring the machinery into commando sockets and small power into basic 3 pin electrical sockets. The Commando socket is typically used in industrial environments for supplying heavy load machinery such as some of the equipment used in the factory. The Commando socket is made with a matching socket, the plug is often known as the male side whereas the socket known as female. You will often see the commando socket in three different colours, each coded according to its voltage supply; Yellow being the lowest at 110v, Blue at 230v and finally, Red at 400v for a 3-phase supply. Yellow and blue as single phase. The commando socket also comes with a variety of pins, 3 pin through to 5 pin, this will indicate what type of supply is being fed. Starting with three pin, this is for a single phase, one live pin, one neutral and one earth. The four-pin connector will have three pins acting as a live and just one for the neutral, this suggests it is a three-phase supply; however, this style does not contain an earth pin. The fifth pin does not typically count as a pin as the fifth pin is an added earth, this is only sometimes, therefore not always seen to be as a pin count. From reading the description given for my assignment, I will be using both blue and red as I have a mixture of supplies needed for my design. 
For my small power I will be using the basic electrical 3pin sockets these sockets will of course have a terminal for the live neutral and earth. The earth cable is a safety cable; its purpose is to ground the electrical supply if there is a fault or a short circuit. This includes any disruptions to the circuit including touch of the hand; this will help prevent fire, electric shock, and damage to the equipment. It is always important you ensure the terminals all have a good connection and no copper is showing. 
I will be wiring these sockets into my factory. Basic three pin electrical sockets for small power. 
[image: Image result for commando sockets and plug uk][image: Image result for commando sockets and plug uk]
[image: electrical wiring plugs and switches - DH-NX Wiring Diagram]



Containment types
There are many different types of cable containment such as
· Trunking 
· Cable tray
· Cable basket
· Conduit
· Lighting trunking
In the office block, I will be using 3-compartment dado trunking, and on the factory floor, I will be using metal conduit .  
Trunking 
[image: Dado Trunking | Unistrut]As stated above I will be running my cables in the office in 3-compartment trunking. This is a trunking with different compartment for different types of cables to prevent any interference. As the offices will be having data point fed to feed the computers and office phones I have decided to use the trunking most suitable to prevent any interference between the mains power supply and data cables. Dado trunking is also very easy to affix to the walls, they are lightweight and have markings where to place your fixings. There are many different styles of dado trunking 
Cable tray
Cable tray can be used in many different applications to manage cables, such as in industrial, outdoors and commercial. Cable tray is seen as an alternative for conduit as you can have many more cables than you would in conduit. Cable tray are designed to be an open style, this is to allow heat dissipation to ensure the cables remain at a cool temperature, they also provide easy access. They provide a structured routing for the cables within the installation. Cable trays are very easy to replace or repair, allowing easy maintenance. The holes in the bottom of the tray are there to enable ventilation and water drainage.
Conduit
There is two different types of conduit, metal and plastic. Plastic conduit is much easier to bend, using a spring. Whereas meal conduit is slightly tougher to shape, using a conduit bender. Metal conduit can be used both indoors and outdoors. I will be running the power supplies for the factory in metal conduit.
Cable basket
Cable basket is very similar to cable tray, you can fit many more cables than you could conduit. This is used in industrial and commercial. Like the cable tray, the basket enables the cables to breathe and not overheat. Cable basket is much easier to install as all it requires is to be clipped together. With the basket design, you can assemble the basket to go in whichever direction you require with no fuss. However, unlike the cable tray it is best to only use the basket for indoor use. 

Lighting trunking
Lighting trunking is a system that will combine lighting fixtures and power distribution in a single solution. Lighting trunking is effectively a track runs with the ceiling with various lighting accessories that are easily attached to the fittings ad adjusted. This trunking will support the cables for the lighting and take the weight of the light fittings. However lighting trunking is not the most aesthetically pleasing and you would not tend to find it in a domestic environment, mostly used for industrial. I will be using this method for the lighting in the factory.

























Distribution boards
There are many different distribution boards. They play an essential role in managing and distributing the power throughout a building. Inside each DB, you will find an individual circuit breaker for each circuit wired in. The DB is made of a few different parts, firstly the main switch, this allows for a complete shutdown of everything fed from the bard. Secondly, the circuit breakers (RCBO’s, MCB’s, and RCD’s) these will act as a protective device against overloads and short circuits. Thirdly the busbar, this will be what distributes the power to each circuit efficiently. An important aspect of the DB is the Earth busbar, it will be connected to the earthing system and provide a path for any faults and safely relocate to ground. 
· MCC
· MDB
· SDB

MCC – (Motor Control Centre) 
Often known as an electrical panel, this is designed for distributing power to motors, circuit breakers, and more.
MDB – (Main Distribution Board)
This is the distribution point where the power from the main supply is distributed to the sub-distribution or final circuits. Inside this, you will find circuit breakers, busbars and the main isolation switch to do a complete shutdown if required.
SDB – (Sub-Distribution Board)
These are known to be heh secondary boards that will receive power from the MBD and distributes to specific areas that helps control the power distribution. 

You can get both single phase power supply and three phase power supply boards. As you can imagine the three phase board size difference is significant in comparison to a single phase board.








Circuit protection types
The main objective of the circuit breaker is to safely break the circuit when a fault is detected in the circuit. There are many different circuit protection devices such as; 
· MCB
· MCCB
· RCD
· RCNO
· AFD
A circuit breaker is more of a mechanical switch that will operate to protect ay disruptions caused within the circuit. This includes faults, short circuits and others. The breaker will automatically close the circuit’s current flow when it notices the load of current exceeding its rate for overload or short circuit. This helps keep the circuit protected from damage. This may happen for a number of reasons, however overloading occurs when the equipment is trying to pull more current than the breaker will allow, this is why there are so many different ratings for breakers, to ensure the load is stable with few interruptions. A short circuit will occur when the bare cables come into contact with something, that might be another cable, human touch and much more. Once the circuit breaker detects a fault it will trip to safely interrupt the current flow. 
MCB – (miniature circuit breaker)
The MCB acts as above, trips and closes supply when a fault is detected. The MCB is used for small power AC. I
The MCP will not trip instantly; there is in fact a time delay from detecting the fault to tripping. This time delay is designed to be less than 2.5 milliseconds for a short circuit, however for an overload this time delay is anything between 2 seconds to 2 minutes, this is to ensure the breaker does not trip every time a small rise of current is detected.  
RCD – (Residual Current Device) 
Also known as ELCB (Earth Leakage Circuit Breaker), this style circuit breaker breaks the circuit when a current leakage is detected, this will help protect from electric shock. The leakage is detected when the current strays and takes an unexpected route. This is detected by the current normally flowing through the live wire and out of the load via the neutral wire, the current will then leak if the current flows out through the earth wire or terminal, such as through a person’s touch. The RCD has limitations, unlike the MCB the RCD does not offer protection against short circuit or overload.
RCBO (Residual Current Breaker with Overcurrent)
The RCBO in my opinion is the best to use, it is a combination of the MCB and the RCD, it has all the functions of both combined. Such as; the protection against ground fault, overcurrent & overload. Residual current is the disparity in the current between the live and neutral cables due to the current leakage to ground. The RCBO ensures protection against to prevent electric shock. The overcurrent is when the current surpasses it’s given limit, this will occur when a short circuit or an overload is detected. Overloading occurs when a sudden surge of current is drawn above the rated circuit breaker. A short circuit occurs when the live and neutral cables come into contact with wither each other or contact with an object that will conduct the current. Again, the RCBO offers protection against both said types of fault that the MBC and RCD will give, making it in my opinion the better circuit breaker. 



Power supply

The main difference between single phase and three phase is the load that is supplies, single phase will only take you up to 230v, whereas three phase will supply 230v - 400v. three phase is typically used for heavy load machinery in an industrial environment. Three phase plugs and sockets are different to what is found for the common 230v supply sockets. Three phase plugs and sockets are known as commando sockets. You will often see the commando socket in three different colours, each coded according to its voltage supply; Yellow being the lowest at 110v, Blue at 230v and finally, Red at 400v for a 3-phase supply. Yellow and blue as single phase. The commando socket also comes with a variety of pins, 3 pin through to 5 pin, this will indicate what type of supply is being fed. 















Calculations

Conference room lighting

 
Ib =  12 x 100  = 1200 =  = 5.21A
In = 6Amps
Iz = 
It = 16a reference method B
Cable size = 1mm²


Zs = Ze + (R1+R2) = 0.08 (Ze) given in assignment brief = 0.08 + 1.303 = 1.383

Office 3 power

Ib = =  =  x 9 (sockets) = 29.34 x 0.75 (apply diversity) = 22.005 + 3.260 A = 25.265

In = 32Amps
Iz = 
It =  reference method B
Cable size =4mm²


Zs = Ze + (R1+R2) = 0.08 (Ze) given in assignment brief = 0.08 + 0.0968 = 0.176

  S = 0.0314


CNC1 3 phase
Ib =  
=  =32.075A

In = 40Amps
Iz = 
It =  reference method B
Cable size =25mm²


Zs = Ze + (R1+R2) = 0.08 (Ze) given in assignment brief = 0.08 + 0.008724 = 0.088724

   S = 3.920



[image: ]

Lighting Drawings
[image: ]Drawings
[image: ]

Power Drawings
[image: ]
[image: ]
Diagrams
[image: Incandescent Ceiling Light Symbol - Ceiling Light Ideas][image: Lighting Symbols][image: ][image: Symbol Disconnectible Plug Socket - Ac Power Plugs And Sockets Clipart ...]
Sockets                                    Switched fused spur
Distribution Board                     
                                                               Main isolator
Pull cord

Fluorescent style light fitting

600x600 style light fitting

Data point
DB – SP – L3
DB – SP – L2
DB – SP – L1
DB - WAREHOUSE LIGHTING
DB – TP - C
DB - TP - B
DB – TP - A
Main Panel supply

Conclusion

In the factory you will find supply to machinery ran firstly in cable tray then drop down in metal conduit and trunking dependant on cable size. For most machinery there will be a commando socket with isolator and emergency stop, commando sockets for appropriate load. And 3-pin metal clad sockets where 13Amp supply is required. The lighting for the factory is fed through lighting trunking with accessory clips to attach fittings. In the factory will be Thorlux A-line fittings with build in emergency lights in case of black out. These fittings are LED and therefore more energy efficient than standard fluorescent tube fittings, as will all lights be. The lighting will be fed via sensors also built into the fittings, these are known to be smart fittings, they also will dim when natural sunlight is bright enough to dim the lights, keeping the area at a comfortable lux level.
Office power will be fed through three compartment trunking to take into consideration of the possible interference between mains supply and data cables. Office lighting will be an in basket then T-off in metal conduit and fed to each lights via clicks. Fittings used in the offices will be the Thorlux Hi-Style again with built in sensors and emergency fittings. These fittings are also energy efficient; they will dim when no motion has been detected, and also dim when natural sunlight hits, keeping the working area at a comfortable lux level. 
I have not run cables for data, nor fire alarm system or heating and ventilation, theses will be carried out by the appropriate engineer. However, I have left blanks in the distribution boards ready for the engineers to tab into and take an appropriate supply where necessary. 


References
https://www.thorlux.co.uk/v4/en/applications/office/break-outspace
https://www.thorlux.co.uk/v4/en/applications/office/toilets
https://www.thorlux.co.uk/v4/en/applications/office/circulation
https://www.thorlux.co.uk/v4/en/applications/office/conference-rooms
https://www.thorlux.co.uk/v4/en/applications/office/open-plan-offices
https://www.thorlux.co.uk/v4/en/applications/office/reception
1207 for 'rcbos' | RS (rs-online.com)
17 for 'commando sockets' | RS (rs-online.com)
RS PRO IP67 Blue Wall Mount 2P + E Horizontal Industrial Power Socket, Rated At 32A, 230 V | RS (rs-online.com)
7126 | MENNEKES IP44 Red Wall Mount 4P 25 ° Industrial Power Socket, Rated At 16A, 400 V | RS (rs-online.com)
119 for 'schneider board' | RS (rs-online.com)
SEA9BNEX034N | Schneider Electric Acti 9 1, 3 Phase Distribution Board, 4 Way | RS (rs-online.com)
7187 for 'singles cable' | RS (rs-online.com)
ER3W | Schneider Electric Mita White Perimeter Trunking - Closed Slot, W180 mm x D52mm, L3m, uPVC | RS (rs-online.com)
CF30150EZ | Cablofil International Wire, Electrogalvanised steel 3m x 150 mm x 30mm | RS (rs-online.com)
SRFL/75/G | Legrand Heavy Duty Tray, Hot Dip Galvanised Steel 3m x 75 mm x 50mm | RS (rs-online.com)
RS PRO Rigid Conduit, 25mm Nominal Diameter, Stainless Steel, Silver | RS (rs-online.com)
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