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[bookmark: _Toc104044947]Work Plan – Method Statement 

To ensure a safe, hazard free work environment, before carrying out any tasks the work area needs to be made safe and any risks either need to be removed or minimised. Good housekeeping will be implemented carrying out and ensuring the work areas are clean and tools are in good condition.  As well as making sure that any slip and trip hazards have been removed.
Once all hazards have been removed/minimised and the work area is cleared, work can begin. The first part of the task is to draw the layout of the circuit onto the work surface. This assists with ensuring that everything is laid out in the correct way and gives an overview of the circuit that is going to be installed.
Firstly, installation of all the metal accessory boxes for the sockets and switches need to be screwed into place in their allocated positions that have been previously outlined. Next, the enclosures for the junction box and lighting need to be fitted and secured into place. After all boxes are secured into place the cables need to be measured, cut and installed
When the cables are being clipped into place, the requirement is to match the bends to the layout diagram provided. All clips can be installed using a hammer, they need to be suitably spaced apart, as well as securing the cable in place sufficiently while dressing the bends in the cable.
After the cables are clipped into place, they can be stripped. Wire strippers are required to carry out this task, ensuring all installed wiring complies with BS7671:2018. The cables need to be stripped allowing a suitable amount of exposed conductor to be connected into the terminals, as well as enough wire for flexibility when screwing the socket down. 
The circuit needs to be tested once all the wires have been terminated. Before any testing is carried out, checks need to be made to ensure that all wires are secured into place correctly and into the correct terminals. 
A (R1+R2) test is carried out to ensure that the resistance of the earth fault path is low enough to effectively conduct a fault current should a fault occur. The RCD operating time needs to be and tested at one times and five times the rated operating current to ensure that the device operates within 300ms and 40ms. To test the operating time of a 30mA RCD, fault currents of 15mA, 30mA and 150mA are applied to the circuit and the reaction time is measured. This ensures that the operation of the RCD is working accurately. 
A polarity test is also conducted on the circuit, the result of this is either pass or fail.
[bookmark: _Toc104044948]  Tools List

· Measuring tape
· Pencil
· Wire strippers
· Philips screwdriver
· Flathead screwdriver
· Hammer
· Step ladder
· Level
· Wire cutters
· Fluke 1662 Multifunction Tester

[bookmark: _Toc104044949]Materials List

· CCU (Customer Consumer Unit)
· MCB (Miniature Circuit Breaker)
· RCB (Residual Current Device)
· X4 Socket Outlets
· Junction Box
· Switched Fused connection unit
· 1mm2, 3 Core PVC Cable (Twin and earth)
· 2.5mm2, 3 Core PVC Cable (Twin and earth) 
· 1mm2, 4 Core Cable (3 Core and Earth)
· X2 One Gang, Two Way Switch
· Intermediate Switch
· X2 Ceiling Rose
· Screws
· Earth Sleeving
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	Visual Inspection
	Pass

	Continuity of CPC
	Test Lead Resistance
	= Nulled by Test Meter

	
	(R1 + R2)
	= 0.09Ω

	Insulation Resistance
	Test Voltage Applied
	= 500V

	
	Min Acceptable Value
	= 1MΩ

	
	Line to Neutral Value
	Greater than 500MΩ 

	
	Line to CPC Value
	Greater than 500MΩ 

	
	Neutral to CPC Value
	Greater than 500MΩ 

	30mA RCD Test
	½ x
	= Fail to operate (Correct)

	
	1 x
	= 18.9 ms

	
	5 x 
	= 19.2 ms

	Polarity Test
	Pass



Comments 
Test Equipment: BSEN61010
Test Leads: HSE GS38
To carry out the Step 1 testing of the circuit, the end to end resistance of the line, neutral and circuit protective conductors is measured and recorded.
To carry out the Step 2 testing on the circuit the outgoing line to the incoming neutral and the outgoing neutral to the incoming line is connected in a figure 8 arrangement creating a loop. This testing methods is used to measure the resistance value of (r1 + rn) at the socket outlets. 
To carry out the Step 3 testing, the (R1 + R2) method is used to measure the resistance of the line and cpc connected in a figure 8 arrangement. This measurement ensures that the resistance of these interconnected conductors is low enough to operate correctly under earth fault conditions.
The measurement taken at each socket outlet will be approximately ¼ of the sum of the end to end values of line and CPC recorded in Step 1.
RCD testing is carried out by applying a fault current to the circuit. As shown in the results table three fault currents rated at ½ x, 1 x and 5 x the rated tripping current of the RCD are applied using a proprietary test instrument.  
An earth fault loop impedance test is carried out to ensure that the circuit complies with BS7671:2018. This is achieved by testing at the supply terminals of the main switch and the disconnected earthing conductor. Further tests are carried out at every point in the circuit. 
A low ohm’s value was read giving satisfactory results. 




[bookmark: _Toc104044951]Circuit Diagram of a Ring Final Circuit 
with spurs and a switched fused spur controlling a 2-way switched lighting circuit.
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Figure A – Circuit Diagram
Refer to Appendix A for PDF copy.


[bookmark: _Toc104044952]Wiring Diagram of a Ring Final Circuit 
[image: Diagram

Description automatically generated]with spurs and a switched fused spur controlling a 2-way switched lighting circuit.
Figure B – Wiring Diagram
Refer to Appendix B for PDF copy.
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[bookmark: _Toc104044954]Question 1
a) The fuse in figure 1.1 are BS88 Type 2

i) Explain why it is important to achieve discrimination between fuses A and B

The importance to achieve discrimination between fuses A and B is to minimise any chance of undesirable tripping of the protective devices within the system, as well as to reduce unwanted interruption to the circuit when it is put under fault conditions. As illustrated in figure 1.1, when a fault is applied to fuse B, fuse B needs to be able to disconnect to prevent fuse A from tripping. In a case where fuse B does not disconnect from the circuit when it trips, fuse A will trip which will consequently cause the rest of the circuit to trip, this can cause major issues within the circuit, for example if there is important equipment operating from the other half of the circuit, then by the circuit tripping fuse A as well as fuse B will cause all equipment to disconnect. “Discrimination is the practice of selecting protective devices and adjusting their settings in order to limit interruption to electrical installations under fault conditions. When the devices in a distribution path are ‘coordinated’ it reduces nuisance tripping and makes it easier to identify where a fault has occurred. It is therefore also referred to as selective co-ordination.” (An. Unsworth).

ii) To consider the time-current characteristics of fuses A and B, the relevant tables need to be used to determine the disconnection times that caused by the fault current of 300A, the appropriate tables that need to be used are from BS7671:2018, these tables have been used within figure 1.2 and 1.3 to find the time-current characteristics of fuse A and B. Fuse A rated at 63A will operate within 3.5 seconds when a fault current is applied, whereas fuse B rated at 32A will operate within 0.12 seconds when a fault current is applied. 
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Figure 1.1
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Figure 1.2
Refer to Appendix 1.2 for PDF copy.
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Figure 1.3 
Refer to Appendix 1.3 for PDF copy.
b) Explain what is meant by thermal and magnetic tripping properties with regard to protective devices
There are many types of methods that can be used to protect devices in an electrical circuit. Protective devices are put in place to prevent / stop over-current and short-circuits from occurring. Two methods that can be used are known as thermal tripping and magnetic tripping.
Thermal tripping is where the bimetal strip inside the circuit breaker is used to protect against overload currents. As the current passes through the strip, the strip heats up which consequently causes the strip to lengthen and bend. The current below the breakers rated current is able to pass through the bimetal avoiding opening the contact due to it not heating up enough. Nevertheless, if a large current arises the bimetal element will heat up and bend to a point in which that it will open the contact, this contact opens by when the contact opens it pushes the latch open. When the contact has opened it will stay open until it is manually reset. The latch is needed so that it is able to keep the contact open whilst the bimetal element cools down aster it has been disconnected from the load. This is important to ensure compliance with BS 7671 Regulation 433.1.1.
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Figure 1.4 – Thermal Tripping Diagram (Kingsley, 2017)
The response of the thermal expansion of the bimetal strip is linear, this assists when finding the correct current rating of the protective device. For example, when a thermal tripping device is used for a MCB (Miniature Circuit Breaker), the thermal tripping is used as a delay fuse so that is will trip when it exceeds the current rating that has been set, it will not trip as soon as the current rating has been met. But higher currents will cause the thermal bimetal element to trip faster. A disadvantage to using thermal tripping is that they are sensitive and cannot be used in environments where there are high temperatures due to the sensitivity of the bimetal element.

Magnetic tripping is made up of an iron core where coils are wrapped around the core, this produces an electromagnet. The electromagnet is connected to the load in series. An electromagnetic field is created when a current passes through the electromagnet, when a higher current is applied, the greater the electromagnetic field is. To be able to determine the current rating required, the distance between the electromagnet and the tripping bar is taken. For the electromagnetic field to become strong enough to pull the tripping bar, the current that passes through the electromagnet needs to be either equal or greater than the current rating of the protective device. Once the tripping bar has been pulled towards the electromagnetic field, the contact is now open and is kept open by the latch which can only be reset manually. This is illustrated within figure 1.5, the tripping system will operate immediately once the fault has passed through the electromagnetic field. These protection devices time/current characteristics will need to comply with BS 7671 to maintain suitable operation times.
[image: Diagram, schematic
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Figure 1.5 – Magnetic Tripping Diagram (Kingsley, 2017) 

[bookmark: _Toc104044955]Question 2
The illustration below shows a line diagram that illustrates a typical lighting point controlled by a dimmer switch and protected by a fuse.
[image: Diagram
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Figure 2.1
Create similar line diagrams for the following circuits:
a) Light point controlled by two-way switching

[image: ]
Figure 2.3 

b) Two lighting points switched together and controlled by two-way and intermediate switching
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Figure 2.4

c) Six x One Gang 13A BS1363 switched socket outlets wired as a radial final circuit

[image: ]
Figure 2.5

d) Thermostatically controlled heater wired from a double-pole switch
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Figure 2.6
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Marking Comments
A very thorough and well-presented assignment Sian.
The practical work produced was neat and tidy and in full compliance with the requirements of BS7671:2018.
Proficient use of test instruments was demonstrated during the commissioning process.
[bookmark: _GoBack]Excellent work, Sian. Well done.
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