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[bookmark: _Toc164032364]Introduction
An external organisation recently made contact and explained they were constructing a new factory that was to consist of a workshop and two storey offices. The workshop area of the factory would consist of multiple manufacturing machines, welding bays and assembly lines which will require variations of electrical main power such as one phase or three phase supply. The double storey office requirement is only a one phase supply as there will only be lights, switches and socket outlets needing to be incorporated into the design.
For this design and installation of the factory, it will be split into two major stages (offices and factory workshop and canteen area). The plans need to include several considerations for instance cable calculations to select correct cables, installation support systems and circuit protection. It will also need wire diagrams to illustrate lighting (emergency lighting embedded), supply outlets (sockets), distribution board locations and cable routing.
The overview plan of the building was provided with dimensions attached below to illustrate the factory size. The two storey offices floors will be at a height of 2500mm and include a void in between floors and building roof.
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[bookmark: _Toc164032366]Double Storey Office Lighting Design
From observing the plans provided and possible design for the factory, the double storey office block appeared the most appropriate part of the design to focus on first. The office area would only require lights, sockets and switches to be installed and linked to a one phase distribution board (DB1).
The first consideration would be the design of the lighting system. The lights will need to provide an adequate amount of illumination in each room, but also be energy efficient. There are two popular options of lighting: fluorescent and LED lights. 
Fluorescent lamps are an older design and have been phasing out for many years with organisations designing LED lamps which have a much larger energy efficiency. LED lights produce an equal amount of illumination as fluorescent lighting but use a minimal amount of energy and watts. It can achieve a greater portion of lumens per watt. LED lights if left on 24hrs a day will only require replacement every five years on estimate.
When LED lamps appear to be at end of life they do not blow like standard halogen or fluorescent lights, they will reach a stage where it is only possible to produce 70% of light output, also known as L70, as it slowly reaches end of life. They are 80% more efficient due to their ability to convert all but 5% of its energy into light, minimising heat wastage. LED lights provide a consistent and strong output, using far less power and a lower wattage. (MOUNT Lighting the Way, 2024) 
It was determined that the LED lamps will need to be 4600 lumens each. After reviewing suppliers online, an appropriate LED lamp would be purchased from Panel Hut UK.  It will be a 48W recessed ceiling lamp LED panel 6500K, with a dimension of 600mm x 600mm as shown below. As there will be a void in the ceiling from the ground floor to first floor and first floor to roof, it is recommended to have square tiled ceiling for standard office. This will allow ease of installation but especially maintenance and repair (Panel Hut 2024).
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Fig 1: LED lamp panel from panelhut.co.uk 
The LED lamps will also be incorporated with a maintained emergency lighting system. The system will continuously be functioning acting as everyday lighting and emergency lighting. The emergency lighting system will continuously illuminate 24/7 as they will be integrated into the LED lamps making it a perfect set up for commercial buildings. This will ensure there is always clear visibility in the offices and corridors, in the case of evacuation of employees. The emergency equipment that will be integrated into the LED lights are used for lamp panels and have a 3h duration time when emergency lighting is activated (RS 2024).
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Fig 2: Maintained emergency lighting system from uk.rs-online.com


[bookmark: _Toc164032367]Office 1 Lighting Circuit Calculation
To conduct cable calculations, the first requirement is to find the number of lamps required for the room by dividing the illuminance level required (Lux) and area of the room (m²) by the average luminous flux from each lamp (lumens), utilisation factor (allowance for light distribution and room surfaces) and maintenance factor as annotated in the formula below. The utilisation factor and maintenance factor will be higher than the factory floor as they will be easier to maintain.
 					  
Even though the lights are a max of 48W it was determined a max of 100W for electrical safety for the calculation. The design current (Ib) is firstly calculated by multiplying the number of lamps by the max watts, that will provide the max watts for that room and as the offices are one phase system it will be divided by 230V.
						3.48A
Using table 41.3 from the BS7671:2018 electrical regulations, the design current can be correlated to select the appropriate protective device. The protective device (In) will be a Type B residual current circuit breaker with over current protection (RCBO) and requires to be equal or greater than Ib. 

To calculate the current carrying capacity of cable (Iz) the result of the protective device factor will be divided by ambient temperature (Ca) which is 25⁰C table F1, grouping of circuits (Cg) which will be a max of 4 with in tray system, table F3. As well as thermal insulation (Ci), Fuse factor (Cf) BS3036 and buried in ground (Cc). All factors can be found in the IET Wiring Regulations On-Site Guide BS7671:2018+A2:2022.
				
Once Iz has been calculated it can be correlated in table F5 reference method C (Clipped direct) from the OSG as cables will all be multicore and conductor operating temperature of 70⁰C.
Cable size = 1mm²
To calculate the voltage drop, Cable size is correlated within Table F4-4D1B of the OSG to locate the correct value, which is multiplied by Ib, length (L) of the cabling for the specific room and overall divided by the factor of 1000.  
				
To determine the maximum resistance of the circuit (R1+R2) The cross-sectional area need to be found within OSG table I1 using cable size as a cross reference, multiplied by the multiplier which is 70⁰C thermoplastic and length and divided again by the factor of 1000.
				

To find the earth fault loop impedance (𝑍𝑠) value by adding the external resistance to external resistance (𝑍𝑒) to R1+R2. In this instance 𝑍𝑒 would normally be 0.35Ω for a commercial TNC-S, but for this factory it is required to be 0.08Ω.
					

The fault current (𝐼𝑓) needs to be determined; this is done by dividing the nominal voltage (UoC) by 𝑍𝑠.
				
To find the minimal cross-sectional area of the earthing conductor, the fault current (𝐼2) is multiplied by the operating time of the protective device and square routed. They are then divided by factor considering resistivity, temperature and heat capacity of the conductor (𝑘).
				
(The Institution of Engineering and Technology, 2022a; The Institution of Engineering and Technology, 2022b). 
Step 1 to 7 cable calculations process were then repeated to formulate the values for each of the rooms in the office block and entered in to an excel data spreadsheet as displayed in the table below. 
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Fig 3: Lighting calculation values for each section of the office block. 
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Fig 4: Wiring diagram for all lights located in the double storey offices.

Key For Wire Diagrams
	Symbols
	Description

	[image: A black and blue circle with black center

Description automatically generated]
	Maintained or Non-Maintained Lights

	E

	Emergency Exit Sign
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	Light Cable Routing
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	Toilet Cable Routing
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	One Way Light Switch
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	Two Way Light Switch
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	Distribution Board
(1 Phase & 3 Phase)
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	1 Phase Double Gang Socket Supply (13A)
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	1 Phase Socket Supply (kW)
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	1 Phase Socket Cable Routing
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	3 Phase Socket Supply
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	3 Phase Cable Routing














Above is a lighting wire diagram of the ground floor and first floor to explain the cable routing and light positions for each room. If the symbols are shown in dashed outline, it represents placement of the component on another floor.
The routing of cables annotated in the wire diagram will be clipped in above the ceiling for each floor within the ceiling void. The ladder cable trays are well ventilated to allow dissipation of heat from cables, preventing them from exceeding operating temperatures and provides ease of access for any maintenance requirements in future. 
The elongated slots provided on the trays are ideal clipping points for horizontal or vertically routing, which was taken into consideration during calculation known as reference method C in the OSG table F5. It also allows the cables to enter or exit from the bottom or top of the trays via small sections of conduits within the walls to switches or distribution boards. (Cable Tray Institute, 2024)	
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Fig 5: Ladder Cable Tray to be fitted in ceiling voids (CEF, 2024). 
The electrical cabling to supply the one phase circuits in the whole factory and office area will be PVC multicore, there are many benefits such as they can be up to 40% smaller than average cabling products. Using high quality rubber and copper will increase electrical performance for the appliances receiving electrical supply. They are wrapped in high quality rubber sheath to improve life expectancy and the internal wiring carrion resistant.
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Fig 6: 1mm² Multi core cable for all lighting circuits (RS, 2024).
The diagram also shows emergency signs to direct staff in an event of an emergency evacuation. The emergency signs will be integrated into the maintained lighting circuit and will be installed between 2m-2.5m. Corridor emergency signs are located at a height between 1.7m - 2m and will conform to commercial building regulations. These emergency exit signs will be installed throughout the whole factory as shown in both lighting diagrams for the factory floor and office block (Stocksigns, 2024).
The LED emergency signs will have various directional arrows for the specific location they are installed. It also has the same duration time as the maintained emergency lights in the event of an emergency. 
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Fig 7: Maintained Emergency exit sign (RS, 2024).
There will be two variations of single pole one gang switches in the design for the office area. Single pole means each switch will control only one 230V lighting circuit for each room as shown in the diagram. For each room there will be a one-way switch located by the door internally as you enter and will control that individual rooms lamp circuit via supply from distribution board 1 (DB1). The stairs and corridor will have two-way switches included into the design so the light can be controlled at either end of the stairway.
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Fig 8: Single pole one way switch (TLC ELECTRICAL SUPPLIES DIRECT, 2024).
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Fig 9: Single pole two-way switch (TLC ELECTRICAL SUPPLIES DIRECT, 2024). 

[bookmark: _Toc164032368]Double Storey Office Socket Design
The second stage involved considering socket design. There are two options of wiring circuits either radial or ring for the socket outlets, both holding benefits and drawbacks.
Radial circuits are created so each socket outlet would be directly connected to the distribution board via individual cables, so power will then flow through separately to each desired outlet.  This is a linear design so if a fault occurs within the circuit, only the individual socket outlet will be affected with the remaining outlets still able to function. 
Ring circuits involve multiple outlets connecting within a loop and will provide steady load equal supply to each outlet from the distribution board causing less voltage drops. Ring main circuits are cost effective because of minimal material due to less copper wiring required and ease of installation. Due to ring circuits being in a complete loop they are much less prone to cause the circuit breaker, whereas radial will trip on a more frequent basis. For this reason, all circuits for socket outlets will be a ring main circuit (HANDYMIKE Electrical, 2023).
The decision was made to use dado trunking for all offices as it can be installed on the walls externally at desk or skirting board height. Dado trunking is regularly utilised in offices, schools and medical establishments as they are easy to access for rapid changes and repairs. As the offices and conference rooms will have multiple staff sitting at tables, it was best to locate the trunking at desk height as sockets are required to be at a height of 450mm. It also has segregated channels for other cables such as data for IT equipment to the company network (eFIXX, 2022).
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Fig 10: Dado trunking for office socket cable routing and protection (CEF, 2024).
The organisation did not specify on the type of sockets required for the whole factory. In this case all rooms within the double storey will have 13A double gang double polar socket supply, they are standard 230V outlets for commercial environments and will be located flush onto the dado trunking when installed. This reason is due to offices needing enough power supply for multiple electrical devices e.g. Computers, Tv screens and phones. Double gang sockets will be installed within the whole factory but will differ in areas such as workshop due to industrial conditions. The exact same socket outlets will be installed inside the canteen as shown in wire diagram (Fig 30).
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Fig 11: 13 Amp 2 Gang socket (elesi, 2023).
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Fig 12: 4mm² Multicore cable for all socket circuits (RS, 2024).



[bookmark: _Toc164032369]Office 1 Socket Circuit Calculation
To formulate the correct design current for sockets it had to be in accordance with IET wiring regulation BS7671:2018, chapter 43 – protection against overcurrent, sub section 433.1.204. It illustrates that ring main circuits should be wired to include copper and neutral conductors with a cross sectional area of 2.5mm². There is an exception for two-core mineral insulated cable as they comply with BS EN 60702-1, which means the minimum requirement is 1.5mm² for the cross-sectional area. It is required for these circuits to meet Regulation 433.1.1 if current-carrying capacity (Iz) is not below 20A and if there is minimal chance of the load current exceeding the current capacity for extended amounts of time.
This will set the design current and protective device to 20A.
A 

 can now be calculated, the only change for this calculation compared to the lighting calculations is grouping (Cg) as the value will be changed to 0.65 due to the cabling being routed within Dado trunking for a ring main circuit.
			 	
Navigate to table F5 from OSG and using reference method B (enclosed in trunking) and cables will again be multicore and conductor operating temperature of 70⁰C.
Cable size = 4mm² 
To determine the voltage-drop the cable size of 4mm² will correlate with table 4D1B (Reference method A within trunking), which will multiply together with  and cable Length. Divide overall by the factor of 4000 as ring main circuits will be installed.
				
Determining the maximum resistance, cross reference the cross-sectional area (4mm²) via On-Site Guide table I1, multiply both multiplier table I3 and cable length. Divide again by factor of 4000.
				
 
To determine the overall impedance again it requires adding the factory required TNC-S system to .
					

The next step would be to divide the nominal voltage for a one phase system by the overall impedance to find the fault current value.
				
The last step as previously shown would be to square route both fault current when multiplied by the operating time and then divide overall by .
				
(The Institution of Engineering and Technology, 2022a; The Institution of Engineering and Technology, 2022b). 


The other rooms within the office block were calculated using the same process as previously shown, with all relevant values entered in a spread sheet.
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Fig 13: Office block socket calculation values
On completion of the calculations a wiring diagram was designed to illustrate socket outlet positions and cable routing in each room to DB1. 
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Fig 14: Wiring diagram for sockets located in the double storey offices.
[bookmark: _Toc164032370]Factory Lighting and Socket Design
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The LED lamps to be installed into the factory area will require a much larger luminous flux for such a large work area, with consideration of utilisation and maintenance factors will be 0.6. The factors are lower due to the increased amount of dust in the factory environment and installation being much higher requiring increase of lumen flux. The canteen corridor, storeroom and rest rooms remain with the same LED panel lighting designed for the office block.
The high bay lamps will be 14000 lumens and max of 100W which equates to 140 lumens per watt, making it an acceptable brightness for the workshop areas. It is very efficient and dissipates heat quicker to ensure the life of each lamp is longer and safer.
The lamp provides a large angle of 120⁰C of light, eliminating any shadows or glares whilst operating. The brightness of each LED bulb is significantly more than standard light bulbs and allows up to 70% of energy efficiency. It is also recommended for factory environments with large manufacturing machines producing high levels of dust (ENER-J Smart Home Living, 2024).
The factory area was divided into three main areas to conduct the correct number of lamps required for each area. After calculating the number of lamps necessary, each area was split into two circuits (6 circuits total).
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Fig 15: High bay LED lamps for factory floor (ENER-J Smart Home Living, 2024).
The lamps situated in the workshop areas will be non-maintained, this means when the factory loses power the lamps will illuminate as emergency lighting via the emergency battery packs attached to each lamp and is integrated within the circuit. They will provide illumination for a duration of three-hours minimum. The emergency battery pack is charged by the circuit power supply when not in use (230V). 
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Fig 16: Emergency LED pack can be used for high bay lamps (Edwardes, 2024).
The cable calculation factors will differ for factory workshop for instance the high bay LEDs will operate in an area where the ambient temperature is 35⁰C (0.94). All cable routing will be a normal within ladder trays vertically or overhead. Overhead trays are secured by support brackets at a max of 5000mm making it accessible for maintenance teams.
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Fig 17: Ladder cable trays with support brackets (DIRECT CHANNEL SUPPORT SYSTEMS LIMITED, 2024). 
The factory lighting will also consist of either one-way or two-way single pole switches but will consist of a specified IP rating for industrial conditions that will consist of dust and dirt. They will be installed at a height of 1200mm as stated in the OSG 533.1.6 building regulations England, Wales and Scotland. The two varieties of switches to be included in the design will be in steel casing which is the same material as the one phase socket outlets to be fitted in the small tools and painting bays. The material is very robust and has a sealed unit to prevent ingress of dust making it perfect for manufacturing environments. 
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Fig 18: One-way light switches to be fitted (RS, 2024).
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Fig 19: Two-way light switches to be fitted in accordance with wiring diagram (RS, 2024).
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Fig 20: LED wire diagram for factory area with inclusion of canteen, rest rooms and DBs.

[bookmark: _Toc164032372]Three Phase and One Phase Supply 
The second and final stage of the factory area would be the design of the three phase and one phase socket supply.
There was a request for not only the workshop area to include three phase supply but also the canteen area for a 23kW oven to be installed. The calculation format and factors will vary for 3ɸ supply, such as ambient temperature which will be different in the factory compared to the canteen as shown below and data tables. 
[bookmark: _Toc164032373]Range Oven 23kW Calculation
Design current formula will be re-arranged for 3ɸ, this is formulated by square routing three, multiplying by the voltage which in this case is 400V and dividing in to power required.
				33.2A 
 result is correlated using Table 41.3 to select  (Type B protective devices). 

Ambient temperature factor will remain as 1.03 due to DB2 situated in the corridor.
			 	 
After establishing , correlate the result with BS7671:2018 table 4D4A – Multicore armoured 70⁰C thermoplastic insulated cables. Reference method C – Clipped Direct
Cable size = 6mm²
Cable size is then linked to BS7671 regulations guide table 4D4B to find Mv/A/m and calculation format remains the same.
				
(R1+R2) value is in table I1 0SG which is multiplied with multiplier (table I3) and length. Result is then divided by Factor of 1000.
				

						

Nominal voltage is divided by overall resistance to determine fault current for the circuit.
				
Fault current is below the 5kA requirement for origin of installation.
Further investigation found that table 54.7 from BS7671:2018 states that the line conductor is less or equal to 16mm², which allows CPC to be the same size.
					 (Minimum requirement of CPC)
(The Institution of Engineering and Technology, 2022a; The Institution of Engineering and Technology, 2022b). 
Commando sockets will also be embedded in the design as they are used regularly within industrial and commercial settings. They power equipment such CNC machines, welding equipment and compressors. 
There are three variations of commando sockets, but there will only be two included in this design. The blue commando socket is utilized for 1ɸ supply (230V), it is identified by colour and contains 3 pins (live, neutral and earth) inside. The sockets have a range between 16A’s to 125A of power supply for appliances. These socket outlets will be in the storeroom and kitchen section of the canteen for appliances such as microwave ovens.
The red commando socket will be also included as this will supply all three phase (400V) appliances incorporated in the canteen and factory. The red socket will be recognised by colour and will either contain four or five pins. Four pin sockets will include three live pins and a neutral, where five pins will have an additional earth (largest pin) included at the bottom. They can supply power to appliances in a range between 16A to 125A. (Essential Supplies, 2024).
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Fig 20: Variation of commando socket pins (Essential Supplies, 2024).
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Fig 21: 1 Phase commando sockets for canteen and storeroom (CEF, 2024).
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Fig 22: 3 phase commando sockets for canteen and factory. (CEF, 2024).
All three-phase supply will use multicore steel wire armour cabling (SWA) in the factory and canteen as they are designed for multiple environments. The cables contain conductor, insulation, PVC, steel armouring and outer sheath for protection, which makes the cables possible to withstand adverse temperatures outside or inside of buildings. Steel wire armour will only be included within SWA multicore. The SWA cables will only need to supply power to an appliance to a max of 40 Amps in the canteen and 32 amps in the factory (Edwardes, 2024).
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Fig 23: SWA multicore cable for 3 phase supply (RS, 2024). 
The factory area socket cable routing will also be secured in ladder trays along the building walls or overhead as mentioned before and supplied by either DB3, DB4, DB5 and main board. All sockets inside the factory will also be at a height of 450mm. 
The small tools and painting bays will contain 13A double gang metal-clad (steel) sockets. These types of sockets have a protective coating making them robust and able to sustain impacts, this version also meet requirements to deal with commercial elements.
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Fig 24: 13A double gang steel socket (TOOLSTATION, 2024).
Assembly lines will have double gang sockets fixed and located on top in pairs. Power cables will be routed in steel conduit as this meets safety regulations as the conduit will be able to protect against possible fire damage and will not burn. It is very cost effective from the point of installation as it will last as long as the life span of the factory. The steel conduit material is flexible and can be reused if the factory had a structural upgrade resulting in cost reduction (STEEL TUBE INSTITUTE, 2020).
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Fig 25: Flexible steel conduit for ease of installation for assembly line (RS, 2024).
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Fig 26: Double gang sockets for assembly lines. IP20 – able to withstand dusty environments (BLT DIRECT, 2024).
On completion of the calculations, a wiring diagram was also designed as shown below to illustrate socket outlet positions (1ɸ and 3ɸ) and cable routing for all DBs and the main board in the factory. 
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Fig 27: All calculated circuits, including range oven for DB2 located in factory corridor.
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Fig 28: All circuits values determined and identified for DB3 located in Factory area.
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Fig 29: All circuits values determined for DB4, DB5 and main board located in the factory area.
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Fig 30: Two various phase supply socket outlet locations and cable routing wire diagram. The one phase outlets in the canteen kitchen will be displayed in the diagram with a specific circuit number for DB3 table.

Distribution Boards (DBs) which are also known as electrical panels are the most important as it supplies controlled electricity to large areas in industrial or residential buildings. The distribution boxes will be supplied by one single electrical input feed from the main board, it will then evenly transfer the electrical power supply to multiple circuits for the required appliances like lights and sockets (Schneider Electric, 2024).
For the overall factory proposal, there will be one DB (1ɸ) electrical system to supply power to office block ground and first floor. All four DBs in the factory section will be three phase due to a mix of circuits requiring one phase or three phase supply. Three phase supply is commonly used in commercial settings due to requiring higher loads of power for electrical applications. Whereas one phase supply can be used for basic source of supply for residential or offices. The reason for only including DBs with three phase supply is that they can supply circuits only requiring single phase power source. Three phase power also provides consistent power throughout whereas single phase is not able to, which makes 3ɸ more appropriate for the factory (FLUKE, 2024).
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Fig 31: 1 phase distribution board for office block (CEF, 2024). 
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Fig 32: 3 phase DB for factory area (RS, 2024).
All DBs will be included in the wiring diagrams confirming their locations and will be marked to identify the DBs installed (DB1, DB2, DB3). The cable calculation tables with also illustrate the circuits relating to the specific DB and main board (MB).
Distribution boards require protection when receiving mains supply and sharing it to various circuits to protect itself and other circuits from power surges. They can have several circuit breakers installed depending on how many circuits are connected to the DB. There are several types of circuit breakers, such as:
MCB’s (Miniature Circuit Breaker’s) protect electrical circuits from over current. The device will not be damaged during an over current incident meaning they can be reused. They can isolate a circuit by switching it on or off but will not be able to protect a maintainer from an electrical shock due to earth leaking. But RCDs and RCBOs can provide that protection to users (Consumer Unit World, 2024). 
RCD (Residual Circuit Device) is a device which protects humans from any fatal shocks occurring when contact is made with a live connection. It is possible they can protect from fires and can offer much larger protection than normal fuses or circuit-breakers (CBs). It will shut of electrical supply if it senses a fault inside a circuit. RCDs can also protect up to five individual circuits which others cannot (Electrical Safety First, 2024).
RCBO (Residual-current Circuit Breaker with Overcurrent protection) is a combination of an MCB and RCD but can only protect an individual circuit per RCBO. It can offer earth fault and overcurrent protection which increases electrical safety. It encompasses protection like RCDs by protecting the circuit from overload or short currents. So, for this design due to the protection ability of a type B circuit breaker they will be embodied into DBs within the factory to provide maximum protection to circuits and staff (Schneider Electric, 2024).
There will be spare access slots for other RCBOS so that if extra circuits for offices require AC or extra sockets in corridors, this can be installed in the future. The same will also be done for the three phase DBs if the company need extractor fans installed or the roller door to be controlled by an electrical power source.
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Fig 33: 1 Phase RCBOs (RS, 2024).
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Fig 34: 3 Phase RCBO for workshop area. A different RCBO will be selected for the range cooker as it will require an RCBO over 32A. (Electricals Online, 2022).


Diversity factor needs to be taken into consideration for all circuits, as most circuits will not be used twenty-four hours a day e.g. lighting. Below is a table of all circuits for each DB with diversity factor applied to the demand of the circuit. This in correlation with Appendix A table A2 – Allowances of Diversity of OSG.
	Circuit
	Demand
	Diversity Factor
	Demand Following Diversity

	DB1
	 
	 
	 

	Office 1 Lights
	3.48A
	90%
	3.1A

	Office 1 Sockets
	20A
	75%
	15A

	Office 2 Lights
	3.48A
	90%
	3.1A

	Office 2 Sockets
	20A
	75%
	15A

	Reception Lights
	2.17A
	90%
	2A

	Reception Sockets
	20A
	75%
	15A

	Toilet 1 Lights
	0.87A
	90%
	0.8A

	Toilet 2 Lights
	0.87A
	90%
	0.8A

	Corridor 1 Lights
	6.09A
	90%
	5.5A

	Office 3 Lights
	5.22A
	90%
	5A

	Office 3 Sockets
	20A
	75%
	15A

	Office 4 Lights
	2.17A
	90%
	2A

	Office 4 Sockets
	20A
	75%
	15A

	Conference Room Lights
	3.5A
	90%
	3.2A

	Conference Room Sockets
	20A
	75%
	15A

	Toilet 3 Lights
	0.87A
	90%
	0.8A

	Corridor & Stairs Lights
	3.91A
	90%
	3.5A

	DB 2
	 
	 
	 

	Canteen Lights
	2.6A
	90%
	2.6A

	Canteen Sockets
	20A
	75%
	15A

	Canteen Cooker
	33.2A
	100%
	33.2A

	Canteen Microwave Oven X 3 Circuis Sockets
	8.7A
	75%
	6.5A

	Canteen Water Heater Socket
	17.4A
	100%
	17.4A

	Canteen Fridge Socket
	8.7A
	75%
	6.5A

	Corridor Lights
	3.04A
	90%
	2.7A

	Toilet 1 Lights
	1.3A
	90%
	1.2A

	Toilet 2 Lights
	0.87A
	90%
	0.8A

	DB 3
	 
	 
	 

	Storeroom Lights
	2.6A
	90%
	2.3A

	Storeroom Socket
	13.04A
	75%
	9.8A

	Drill 1 & Small Tools Lights
	5.22A
	90%
	4.7A

	Small Tools Sockets
	20A
	75%
	15A

	Drill 1 Bay 3ɸ Socket
	5A
	75%
	3.8A

	Assembly line 2 & 3 Lights
	3.91A
	90%
	3.5A

	DB 4 
	 
	 
	 

	CNC 1 & 2 Lights
	3.91A
	90%
	3.5A

	Paint & Finish Sockets
	20A
	75%
	15A

	Paint & Finish Compressor Socket
	4.33A
	75%
	3.2A

	DB 5
	 
	 
	 

	Welding Bay 1 & CNC 1 Lights
	3.91A
	90%
	3.5A

	Welding Bay 1 3ɸ Socket
	23A
	75%
	17.3A

	Welding Bay 2 3ɸ Socket
	23A
	75%
	17.3A

	Welding Bay 3 3ɸ Socket
	23A
	75%
	17.3A

	CNC 1 3ɸ Socket
	26A
	75%
	19.5A

	CNC 1 3ɸ Socket
	32A
	75%
	24A

	Main Board
	 
	 
	 

	Assembly Line 1 Lights
	5.22A
	90%
	4.7A

	Assembly Line 1 Sockets
	20A
	75%
	15A

	Assembly Line 2 Sockets
	20A
	75%
	15A

	Assembly Line 3 Sockets
	20A
	75%
	15A

	Painting & Goods Out Lighting
	5.22A
	90%
	4.7A

	Goods Out Sockets
	20A
	75%
	15A

	Total
	547.8A
	Total
	431.3A


  

[bookmark: _Toc164032374]Conclusion
After review of the design and installation for the factory area and offices, several considerations for improvement arose. Firstly, a recommendation of integrating motion sensors into the LED lamp circuits for the corridors. This will improve energy efficiency and cost as staff will not always be present in the located areas.
After reviewing the LED wiring diagram for the factory too many DBs were included into the design. The workshop area initially consisted of 3 large lamp circuits and was not practicable. They were then splits into multiple lighting circuits thus increasing the amount of DBs withing the factory area. On further analysis, it would be possible to remove one or two of the distribution boards and re-route the circuits to other DBs reducing cost with inclusion of double pole switches to reduce costs further. 
It was noticed on reflection of the lighting calculations multiple lighting circuits are above 6.9V (Vd) for a 230V supply. Circuits affected are: 
· DB1 – Circuit 6, 7 and 11.
· All lighting circuits in the factory area. 
Calculations for Vd for each circuit were complete and resulted in the cable size needing to be 2.5mm² (mV/A/m = 18). This will reduce all the circuit voltage drops below the 6.9V.
The last recommendation would be to replace all three phase ring circuits for radial. The reason is radial circuits as previously explained as power flows from the DB to each individual outlet separately, so if a fault occurs at some point, it will only affect that specific circuit. They are mainly used for high power appliances such as CNC machines, welding which need separate protection. Cable calculations in this case would need alterations for Vd and R1+R2 formula by dividing with a factor of 1000 instead of 4000.
All individual components included in this design and installation of the factory will have data sheets included. These can be found via the website links attached in the reference section.
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Ansell Lighting Emergency Lighting, Maintained
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DB1 - Ground Floor Lightin,

DB1 - First Floor Lighting

Officel | Office2 | Reception | Toilet 1 Tollet2 | Corridorl | Office3 Officed | Conference | Toilet 3 c"'s:‘l’.': &
(Cireuit 1) (Cireuit 2) (Cireuit 3) (Circuit 4) (Cireuit 5) { (Cireuit 7) (Circuit 8) (Cireuit 9) (Cireuit 10) (Cireuit 11)
Lamps 8 8 5 2 2 14 12 5 8 2 9
Cable Length| 42.5m 30m 27m 12m 19m 62m 34m 33m 38m 16m 70m
Power 800W. 800W. 500W. 200W 200W 1400W 1200W. 500W. 800W. 200W 900w
Voltage 230V 230V 230V 230V 230V 230V 230V 230V 230V 230V 230V
b 3.48A 3.48A 2.17A 0.87A 0.87A 6.09A 5.22A 2.17A 3.5A 0.87A 3.91A
In 6A 6A 3A 3A 3A 10A 6A 3A 6A 3A 6A
Ca 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03
Ce 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
G 1 1 1 1 1 1 1 1 1 1 1
of 1 1 1 1 1 1 1 1 1 1 1
Ce 1 1 1 1 1 1 1 1 1 1 1
Iz 7.56A 7.57A 3.78A 3.18A 3.78A 12.6A 7.57A 3.78A 7.6A 3.78A 7.6A
Cable Size 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm?
(mV/A/m) as as as as as as as as as as as
vd 6.5V 4.59v 2.58V. 0.46V 0.73V 16.6V. 7.81V. 3.15v. 5.85V 0.61V 12.04v
(R1+R2) 36.2 36.2 36.2 36.2 36.2 242 36.2 36.2 36.2 36.2 36.2
Multiplier 12 12 12 12 12 12 12 12 12 12 12
R1+R2 1.850Q 1.30Q 1170 1.09Q 0.830 270 1.480 1.440 1.650 0.7Q 3.040
Ze 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q
s 1.930 13.80 1.520 1170 0.930 2.78Q 1.56Q 1.520 1.730 0.78Q 3.120
Max Zs 7.280 7.280 14.57Q 14.57Q 14.57Q 4370 7.280 14.57Q 7.280 14.57Q 7.280
UoC 230V 230V 230V 230V 230V 230V 230V 230V 230V 230V 230V
I 119.17A 166.67A 151.3A 196.6A 247.3A 82.7A 147.4A 151.32A 132.9A 294.9A 73.72A
s 0.33mm? 0.46mm? 0.41mm? 0.54mm? 0.68mm? 0.23mm? 0.41mm? 0.42mm? 0.35mm? 0.81mm? 0.2mm?
cPC 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm? 1mm?
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[( 12) | (Cireuit 13) | (Circuit 14) | (Circuit 15) | (Circuit 16) | (Circuit 17)
Socket 16 10 1 8 16
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1b 208 208 208 208 208 208
In 208 208 208 208 208 208
Ca 103 103 103 103 103 103
ce 0.65 0.65 0.65 0.65 0.65 0.65
ci 1 1 1 1 1 1
of 1 1 1 1 1 1
[ 1 1 1 1 1 1
Iz 29.87A 29.87A 29.87A 29.87A 29.87A 29.87A
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(mV/A/m) 11 11 11 11 11 11
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150MM CABLE TRAY TRAPEZE SUPPORT BRACKET

Oreviews | Write a review
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RS PRO Grey Metal Clad Switch, 1 Way, 1 Gang L PRO |

RS Stock No.: 668-3660 | Brand: RS PRO

267 In stock - FREE next working day delivery

available

6 available from Europe for delivery wi
days).

D FREE delivery for orders over £50.00

Check stock levels Add to a parts list

in 1 working

Price Each

£8.14 £9.77

(exc. VAT) (inc. VAT)
tches Units Per unit

10-49 7.7

50+ £7.29

Technical Reference
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MK Electric Metal Clad Switch, 2 Way, 1 Gang, K53

RS Stock No.: 246-9603 | Mfr. Part No.: K3591 ALM | Brand: MK Electric

189 In stoc!
available

D FREE delivery for orders over £50.00

Check stock levels dd to a parts list

REE next working day del

Price Each

£8.92 £10.70
(exc. VAT) (inc. VAT)
Units. Per unit

1-9 £892

10-49 £845

50+ £8.03




image33.png
21900

Emergency 2
Exit 21000
=T O°
\':\Ia d1|ng x CNC % )(-DNIL:—T Small Tool area
Welding 8000 E
b2 2| x X x~ x k8000 g ——x
8
Welding
bay 3 {x X x X x x X ;
21500 jlet
r o ‘ o
8 oss
. g, - ilet
8 N
< x X 0
x L = o 2
o E
x - | =z b= 5 D2 5
Goods z £ e g Ca
o x £ 2 E X Irest réom
! g g
Hos00 x x x 8000
ain board x|
Exit 3
Roller Door Power entry point

40000





image34.png
Pilot Pin does NOT
‘count for Pin quantity

3 Pin 4 Pin 5 Pin




image35.png
Q ti e,

Connexs 16A 2P+E 230V Interlocked Switched
Socket IP44

COBRASIS oo Coce 14535165

DODE e

£40.50 701

4860 e VAT 03 Compare

BULKSAVINGS OF 3.6% 3+ £38.95 for 1 CauiT

ES Add to Basket for Delivery

< Delivery T Reserve & Collect

© 138 nstock
pr——
ey o s v [ sscocionzion |





image36.png
m Connexs 32A 3P+N+E 415V Interlocked
Switched Socket IP44

< Crazspa1ssis

£52.95 o1

6254 me VAT T compare
( I BULKSAVINGS OF 3.6% 3+ £80.95 for  CxuiT

-. S E Add to Basket for Delivery

< Delivery T Reserve & Collect

e
© 151 instock

Free delivery onorders over £50
5 05 Dt o orcere i £50.




image37.png
RS PRO 4 Core Power Cable, 6 mm?, 50m Armoured, Black PVC Sheath,
Armoured, 600/1000 V

RS Stock No.: 196-4688 | Brand: RS PRO

41n stock - FREE next working day delivery

/ available
2 available from Europe for delivery within 1 working

days).

D FREE delivery for orders over £50.00

Check stock levels Add to a parts list

Price 1 Reel of 50 Metre(s)

£504.97 £605.96

(exc. VAT) (inc. vAT)
View all Power Cable Reel(s) Per Reel Per Metre*

1+ £504.97 £10.099

*price indicative

Technical Reference

RS PRO Wiring.and Connectivity Selection

Cable Selection Guide B G lide 2001

S PRO Datasheet
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Axiom Metal Clad Switched Socket 2 Gang Double Pole

by Axiom  Product Code: 55722

" 4 purchased in the last 24 hours

AX|OM
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Pack size: Each £7.99
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20+ Available for delivery. Order before 9pm to receive
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RS PRO Flexible Conduit, 12mm Nominal Diameter, Galvanised Steel, 3 PRO |
Black

RS Stock No.: 784-0094 | Brand: RS PRO

Available to back order for despatch
11/06/2024

D FREE delivery for orders over £50.00
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Knightsbridge 13A 2G Mounting Double Pole Socket (Stainless Steel with Grey Insert)
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Distribution Board 2

Range Microwave
Canteen | ooker Water | “oven3x | Fridgezikw | Srteen | | Toilet1 | Toilet 2
Lights Heater 4kW X ‘ Sockets |Lights (Circuit| o' rore
(G | 23W (et 3) | W (Greuit | (cireuie7) | SOTEE 5 (Gircuit 10) | (Circuit 11)
(Circuit 2) 4,5&6)
Lamp/ Socket| 6 1 1 3 1 8 7 3 2
Cable Length 29m 12m 13m 10m 13m 34m 32.5m 18.5m 25m
Power 600W 23000W 4000W. 2000W 2000W. n/a 700W 300w 200W
Volts 230V, 400V 230V, 230V, 230V n/a 230V 230V, 230V,
Ib 2.6A 33.2A 17.4A 8.7A 8.7A 20A 3.04A 13A 0.87A
In 3A 40A 29A 10A 10A 20A 6A 3A 3A
Ca 1.03 1 1.03 1.03 1.03 1.03 1.03 1.03 1.03
Ce 0.77 1 0.65 0.65 0.65 0.7 0.77 0.77 0.77
Ci 1 1 1 1 1 1 1 1 1
Cf 1 1 1 1 1 1 1 1 1
Ce 1 1 1 1 1 1 1 1 1
Iz 3.78A 38.8A 29.9A 15A 15A 27.7A 7.57A 3.78A 3.78A
Cable Size 1mm? 6mm? 4mm? 2.5mm? 2.5mm? 6mm? 1mm? 1mm? 1mm?
(mV/A/m) 44 6.4 1 18 18 73 44 44 44
vd 3.3V 3V 0.26V 16V 0.8V, 5V 17V 1.03V. 0.96V
(R1+R1) 36.2 6.16 16.71 25.51 25.51 10.49 362 362 362
Multiplier 12 12 12 12 12 12 12 12 12
R1+R2 1.260 0.090 0.260 030 0.40 0.110 1410 0.78Q 1.09Q
Ze 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q
s 1340 0.17Q 0.340 0.38Q 0.230 0.190 1490 0.8600 1170
Max Zs 14.57Q 1.09Q 2.19Q 4370 4370 2.19Q 7.280 14.57Q 14.57Q
UoC 230V, 400V 230V, 230V, 230V, 230V, 230V, 230V, 196.6A
¥ 171.6A 2353A 676.5A 605A A79A 1210A 154.4A 267.4A 230V,
S 0.47mm? 6mm? 1.86mm? 1.7mm? 1.31mm? 3.33mm? 0.42mm? 0.74mm? 0.54mm?
CPC 1mm? S < 16mm? 2.5mm? 2.5mm? 1.5mm? 4mm? 1mm? 1mm? 1mm?
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Distribution Board 3

Store Room |21l 1 &Small| - Small tools 1Bay 3| ::;“:";
1¢ (Gircuit 2) | ToOlsLights | Bay Sockets | 3¢ i
(Circuit3) | (CGireuitd) | (Circuits)
Lamp/ Socket| 6 1 12 8 1
Cable Length 39m 15m 65m 48m 27m
Power 600W 3000W 1200W. n/a 3500
Volts 230V 230V 230V n/a 400V
b 2.6A 13.04A 5.22A 20A SA
In 3A 16A 6A 20A 6A
Ca 1.03 1.03 0.94 0.94 0.94
Ce 0.77 0.77 0.77 0.77 0.77
G 1 1 1 1 1 1
of 1 1 1 1 1 1
Ce 1 1 1 1 1 1
Iz 3.8A 20.2A 8.3A 27.6A 8.3A 8.3A
Cable Size 1mm? 1.5mm? 1mm? 4mm? 1.5mm? 1mm?
(mV/A/m) a1 18 a1 11 25 a1
vd 4.5V 3.52v. 15V 2.64V. 3.4v 8.6V
(R1+R1) 36.2 2551 36.2 16.71 242 36.2
Multiplier 12 12 12 12 12 12
R1+R2 170 0.450 2.80 0.240 0.8Q 2.17Q
Ze 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q
s 1.78Q 0.530 2.880 0.320 0.88Q 2.250
Max Zs 14.57Q 2.730 7.280 2.190 7.280 Q
UoC 230V 400V 230V 230V 400V 230V
I 129.2A 434A 80A 718.2A 454.5A 102.2A
s 0.36mm? 1.2mm? 0.22mm? 1.98mm? 1.3mm? 0.3mm?
CPC 1mm? 1.5mm? 1mm? 2.5mm? 1.5mm? 1mm?
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Distribution Board 4

Distribution Board 5

Main Distribution Board

cnc1gz | Pant& FoincS [ WeidheBavs Welding Bay | Welding Bay |Assembly Line|Assembly Line |Assembly Line [Assembly Line| F2"HP8 & | Goog oue
s || BT | G | ek 236 (Circuit | 3 34 (Circuit | CC B2 1 3¢ | CNCBay 23|70, L 1Sockets | 2Sockets | 3 Sockets | C°°HSOU | oot
(Circuit 1) | Sockets | Comp 3 (s 3) 2) (Cireuit ) | (Cireuit8) | (o ie) | (Cireuit2) | (Cireuit3) | (Gircuitd) |-EMS (Gireuit
(Gircuit2) | (Cireuit3) | (Circuit1) 5)
Lamp/ Socket| 9 6 1 9 1 1 1 1 1 12 10 10 10 12 8
Cable Length 59m 30m 24.5m 65m 13m 14m 16m 19.5m 25.5m 65.25m 30m 51m 70m 52.5m 48.5m
Power 900w n/a 3000W 900w 16000W. 16000W. 16000W. 18000 22000 1200W. n/a n/a n/a 1200W n/a
Volts 230V, n/a 400 230V, 400v 400v 400v 400v 400v 230V n/a n/a n/a 230V, n/a
Ib 3.91A 20A 4.33A 3.91A 23A 23A 23A 26A 32A 5.22A 20A 20A 20A 5.22A 20A
In 6A 20A 6A 6A 25A 25A 25A 32A 32A 6A 20A 20A 20A 6A 20A
Ca 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Ce 0.77 0.82 0.77 0.77 0.82 0.82 0.82 0.82 0.82 0.77 0.65 0.65 0.65 0.77 0.77
Ci 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cf 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ce 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Iz 8.3A 27.6A 8.3A 8.3A 32.4A 32.4A 32.4A 41.5A 41.5A 5.3A 33A 33A 33A 8.3A 27.6A
Cable Size 1mm? 4mm? 1.5mm? 1mm? 4mm? 4mm? 4mm? 6mm? 6mm? 1mm? 6mm? 6mm? 6mm? 1mm? 4mm?
(mV/A/m) 44 18 25 44 9.5 9.5 9.5 6.4 6.4 44 73 73 73 44 1
vd 10.2v. 1.65V. 2.7V 11v 2.8V 3V 3.5V 3.24V. 5.2V, 15V 11v 19v 19v 12.1V. 2.68V.
(R1+R1) 36.2 16.71 24.2 36.2 9.22 9.22 9.22 6.16 6.16 36.2 10.49 10.49 10.49 36.2 16.71
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
2.56Q 0.150 0.710 2.820 0.140 0.150 0.180 0.140 0.190 2.830 0.10 0.20 0.220 2.280 0.240
0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q 0.08Q
2.640 0.230 0.79Q 2.9Q 0.220 0.230 0.260 0.220 0.270 2910 0.180 0.280 030 23600 0.320
14.57Q 2.19Q 7.280 7.280 1750 1750 1750 1370 1370 7.280 2.19Q 2.19Q 2.19Q 7.280 2.19Q
230V, 230V, 400V 230V, 400V 400V 400V 400V 400V 230V, 230V, 230V, 230V, 230V, 230V,
89.8A 1000A 506A 79.3A 1818A 1739A 1538.5A 1818A 1481.5A 79A 1278A 821A 767A 80A 719A
0.24mm? 2.74mm? 1.39mm? 0.22mm? 5Smm? 4.8mm? 4.23mm? 5Smm? 4mm? 0.22mm? 3.5mm? 2.3mm? 2.1mm? 0.22mm? 1.97mm?
1mm? 4mm? 1.5mm? 1mm? S < 16mm? S < 16mm? S < 16mm? S < 16mm? 6mm? 1mm? 4mm? 2.5mm? 2.5mm? 1mm? 2.5mm?
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Proteus 26 Way 100A Isolator Incomer Metal
Clad Consumer Unit

Part Code: AYXLM26U  Stock Code: 2178-5161

No reviews
==
o——
£9 5 . 9 5 For 1
5 £115.14 Inc VAT IE1 compare
o
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< Delivery T Reserve & Collect

@ 41nStock
Select Collection Store
Free delivery on orders over £50

£5.95 Delivery on orders under £50
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Schneider Electric Acti 9 1, 3 Phase Distribution Board, 12 Way, 125 A

RS Stock No.: 125-1402 | Mfr. Part No.: SEA9BN1251654 | Brand: Schneider Electric

Available to back order for despatch
29/05/2024

D FREE delivery for orders over £50.00

1= Add'to a parts list

Price Each
£3,385.04 £4,062.05
(exc. VAT) (inc. VAT)

Units Per unit

1+ £3,385.04

View all Distribution Boat

g Better World

. Our Better World range features products that
Technical Reference make it easy for you to make a greener product

Datasheet choice you can trust. Click here to find out
more.
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Schneider Electric RCBO, 32A Current Rating, 1P+N Poles, 30mA Trip
Sensitivity, Type B, Acti 9 Range

RS Stock No.: 790-9222 | I Part No.: AID31832 | Brand: Schneider Sectric

In

«‘ .

3 FREE delivery for orders over £50.00

Check sock levels

. Price tach
* £136.49 £163.79
e van vy
. unis perunc

g 83 - =

) e it easy for you to make a greener product
Technical Reference choice you can trust. Click here to find out

B Datasheer B Instruction Sheet - IC60 RCBO A9D Series

B Product Environmental Profile
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