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EngTech Competencies Document 
 
Section A – Use engineering knowledge and understanding to apply technical 
and practical skills. 
A1 – Review and select appropriate techniques, procedures and methods to undertake tasks. 
 
A2 – Use appropriate scientific, technical or engineering principles. 

 
Section B – Contribute to the design, development, manufacture, 
construction, commissioning, operation or maintenance of products, 
equipment, processes, systems or services. 
B1 – Identify problems and apply appropriate methods to identify causes and achieve satisfactory 
solutions. 
 
B2 – Identify, organise and use resources effectively to complete tasks, with consideration for cost, 
quality, safety, security and environmental impact. 
 
Section C – Accept and exercise personal responsibility. 
C1 – Work reliably and effectively without close supervision, to the appropriate codes of practice. 
 
C2 – Accept responsibility for work of self or others. 
 
C3 – Accept, allocate and supervise technical and other tasks. 
 
Section D – Use effective communication and interpersonal skills. 
D1 – Use oral, written and electronic methods for the communication in English of technical and 
other information. 
 
D2 – Work effectively with colleagues, clients, suppliers or the public, and be aware of the needs 
and concerns of others, especially where related to diversity and equality. 

 
Section E – Make a personal commitment to an appropriate code of 
professional conduct, recognising obligations to society, the profession and 
the environment. 
E1 – Comply with the Code of Conduct of your institution. 
 
E2 – Manage and apply safe systems of work. 
 
E3 – Undertake engineering work in a way that contributes to sustainable development. 
 
E4 – Carry out and record CPD necessary to maintain and enhance competence in own area of 
practice. 
 
E5 – Exercise responsibilities in an ethical manner.
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Section A - Use engineering knowledge and understanding to apply technical 
and practical skills. 
 
A1 – Review and select appropriate techniques, procedures and methods to undertake tasks. 
 
Intercom Project (Prototype) 
 
The intercom system I have designed will be used in the Brachytherapy department of the hospital. 

Brachytherapy is a treatment in which a small radioactive pellet known as a seed is placed inside the 

body of the patient. The idea of this is that the radiation is located directly next to, or inside a 

(usually cancerous) tumour that is being treated. The radiation damages the cancerous cells so that 

they cannot regenerate or repair themselves; therefore the cancer reduces in size, potentially curing 

the patient. The 2 way intercom system that I am building will be very important for the protection 

of staff members treating and looking after the patients. Due to the radiation, the patient and the 

staff member wouldn’t be able to communicate as the patient is in a secure bunker with thick walls 

and doors. The 2 way intercom system will allow both the patient and the staff member to 

communicate both ways during the course of the treatment. This is potentially a safety device as if 

the patient is feeling unwell or in discomfort then they can make the medical staff aware of this. Also 

if a patient has contact with the staff members during their treatment they are more likely to feel 

relaxed and at ease having a better overall experience.  

Below is a mind map showing the specifications that my Intercom may have met: 
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When ordering the speaker the first stage was to 

choose an appropriate website in which to research 

and order the speakers. I chose to use the RS 

website as they had a good range available and we 

already order parts from them meaning that the 

order would come through quickly. 

Next, I entered the specifications I required into the 

search bar of the website. I compared the two most 

suitable speakers to make sure that I was getting 

the better one for the circumstances. I chose the 

speaker on the left hand. The reason for this is that 

it had a larger range of frequency response, and 

also was the cheaper option. The speaker I ordered 

isn’t as compact as the other option however the 

difference in size didn’t really matter as I am 

building the case myself so can take the size 

difference into account. If the product needed to 

be portable the heavier weight may have been an 

issue but because the speaker will be mounted into 

the ceiling, this won’t be an issue. It was important 

that I took both economy and function into account 

when I was choosing the speaker, as I didn’t want 

to waste money on a more expensive speaker that 

wouldn’t have had been much, if at all better than 

the cheaper option for the circumstances I need it 

for, however it was equally as important to ensure 

that the speaker would be of a suitable 

specification to ensure the system worked to its 

best capabilities. 
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Circuit Theory 

50W MOSFET Amplifier 

 

The main circuit that I have used is a 50W MOSFET amplifier. The circuit is part of my work-based 

electronics taskbook, and as can be seen on the image above, the circuit was originally from a 

website on the internet. The main reason I chose to use this circuit is that I was already building it as 

part of my work based learning, and so I had already ordered the components, which would allow 

me to spend less and therefore keep my overall budget much lower. Another reason I chose the 

circuit is because I wasn’t originally sure what gain or amount of amplification I would need and so I 

decided that 50W would definitely be more than enough. The circuit uses a 35V split supply, 

meaning that there are both a +35V supply and a -35V supply along with an earth rail. The input of 

the circuit is marked on the left hand side as Vin, and in my project this is where the incoming signal 

from the pre amp comes into the amplifier circuit. The signal first passes through a buffer stage 

setup by two BJT transistors Q1 and Q2. Q3 and Q4 make up the driver stage of the amplifier. It is 

important that these transistors were matching otherwise the amplifier would not work as intended, 

leading to the waveform being amplified non-symmetrically. 

The final amplification stage of the circuit is a push-pull amplifier built using MOSFET transistors. This 

would be a class B amplifier. Each of the MOSFET transistors amplifies half of the wave, one positive 

and one negative. The MOSFET transistors must both be of a similar type, called a complimentary 

pair. This means that the amplifier is quite efficient as the transistors are only on for half of the time, 

and using this much more power can be achieved using a given supply voltage when compared to a 

class A amplifier such as a common emitter. A disadvantage with the push-pull amplifier is that if the 

two transistors don’t match, then crossover distortion can be created. This is when the transistors 

turn on and turn off time isn’t quite right creating gaps between the positive and negative half cycles 

of the wave. To prevent this there is a potentiometer to control the quiescent current, which stops 

the cross over distortion as shown in the graph below.   
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741 Op Amp pre Amp 

 

The circuit that I have shown above is a pre amp circuit that uses a single op amp chip called a 741. I 

used this pre amp to amplify the input signal from the microphone so that the main amplifier can 

increase the amplitude of the signal, allowing it to be heard throughout the entire room. I chose this 

circuit after carrying out research because I felt that this was a relatively simple circuit using 

components that I already had available to me. For example I already had a 741 chip that I could use 

from another circuit I had made, and at work we have a number of components such as resistors 

always available. The circuit above shows a 15-30V supply and a ground rail at the base. I used this 

and found that the circuit worked really well however in my project I needed to use batteries to 

achieve this as I didn’t have time to tap this supply voltage from the mains input to the project. In 

the future I could improve the project by using a single mains supply, without batteries being 

required. I could also then use a redesigned circuit to use a +10 and -10V rail or something of a 

similar value. As mentioned below, I have also prototyped this circuit to ensure that it worked as 

intended. 

 

 

The image I have included above is the testing stage of the pre amp circuit. I found this circuit on the 

internet by researching pre amp circuits. After choosing the circuit it was very important to test it. I 

have done this using breadboard which I have found to be very useful. This is because it allowed me 

to test the circuit before soldering. Using breadboard is a much quicker method of testing a circuit as 

it is a push fit connection. Any mistakes in the circuit can be rectified very quickly and simply. I used 

the breadboard to ensure the circuit was fully working. I did this by using an oscilloscope to compare 
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both the input and the output of the circuit. As mentioned earlier in this document, while testing 

this circuit I found an issue with the circuit, however I was easily able to amend it using the 

breadboard. If I had soldered the connection it would have been more difficult and more 

inconvenient to fix. Once I was confident the circuit was fully working as I wanted it to, I was more 

confident and so could solder the components onto veroboard. I did this as veroboard gives a 

permanent connection meaning that it is more durable, and especially in amplifiers and sound uses, 

a better connection would improve the circuit’s performance by giving better sound quality. Once 

the circuit has been made the breadboard can be reused over and over again.  

Problems Encountered (and resolutions) 

 

 

 

Another problem that I encountered was when building my preamp circuit. I had researched a 

simple pre amp circuit shown in the image below using just a single 741 op amp chip. This was easy 

to build on breadboard to check it worked. The circuit didn’t work once I had built it and so I tried to 

find where I had gone wrong. After trying to fault find for a while, I realised that the comments 

section on the website I found the circuit on, mentioned that the circuit diagram wasn’t correct and 

that the connections to the inverting and non-inverting op amp inputs were in fact the wrong way 

round. Therefore I swapped them around on the breadboard, which was very quick and easy to do 

as it was just push fit, and found that the circuit was then working correctly. I tested with a signal 

generator and an oscilloscope and found that the circuit amplified the 20mV input from the 

microphone up to around 1V peak to peak which was exactly what I needed. I then built the pre amp 

on veroboard as soldered joints provide a much better connection than breadboard and are 

permanent giving a much better sound quality. This issue has taught me to not always trust circuits 

from the internet, and to always build a prototype to ensure that it works before using it or making 

it permanently.  

 

One of the issues that I had is when the transistors 

holding the amplifier to the heat sink snapped. The 

reason for this was that the transistor legs were the only 

thing providing support to the vero board amplifier 

circuit.  To fix this issue I had to replace the MOSFET 

transistors which involved de-soldering them from the 

veroboard, and unscrewing them from the heat sink. 

New transistors then needed to be soldered onto the 

board. I then tested the circuit again to ensure it was still 

working as intended. To do this I used a signal generator 

and an oscilloscope, and compared the input wave to the 

output wave, making sure that it had been amplified. To 

prevent this problem from occurring again I have made a 

bracket to hold the veroboard steady, preventing the 

transistor legs from being work hardened and snapping 

again. To ensure that this didn’t cause issues with the 

circuit, the bracket has been mounted using nylon 

screws and nuts to ensure it is insulated from the circuit.  
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The overall idea of the project was to help improve the ease at which the patients and staff can 

communicate. This is an important technique used to help patients to have a better quality of 

treatment as they will feel like more care and attention has been given to them. I imagine that the 

bunker in which they are treated could be an isolated and lonely place to be, especially for the 

length that some treatments can take, often overnight. Therefore I personally think that if the 

patient is able to communicate any feelings or issues with the staff members then this will definitely 

improve their experience of treatment here at  
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A2 – Use appropriate scientific, technical or engineering principles.  

Agility Multi-Leaf Collimator 
 
What is an MLC? 
An MLC (Multi Leaf Collimator) is a device used in the head (also called BLD – Beam Limiting Device) 
of an Elekta Medical Linear Accelerator. This is used to shape the radiation output beam to prevent 
healthy tissue from receiving too much radiation, preventing as serious treatment side effects and 
decreasing patient recovery time. The Agility MLC is made up from 160 individual leaves made from 
95% Tungsten, 3.75% Nickel and 1.25% Iron. Each MLC leaf is driven by an individual motor and 
gearbox. The first MLC was designed and improved on at the Christie Hospital where the physics 
team, engineers and the manufacturer who were then able to design the original MLC.  
 
The MLC position is determined by an optics system. On the Agility MLC there is a new system that 
uses UV LEDs to flood the MLC with UV light. Each of the leaves has a ruby located on the end. This 
Ruby is made from a material that fluoresces when UV light is present. The term fluoresce means 
that the ruby once exposed to UV light will give off Infra-red light.  

 
 
Figure 3.4 shown below includes the LED projector assembly as shown by label number 4. This PCB 
also contains a heat sink and cooling fan to prevent overheating. The board contains 3 UV LEDs and 
one green visible light LED. The green LED is to provide the user with a visible field of where the 
MLCs current position is so that the operator can see where the radiation will be delivered. This is 
especially useful to ensure the machine is calibrated properly and also to line up QC test tools and 
the patient being treated. The green colour is so that this wavelength doesn’t interfere with the IR 
wavelength read by the optics system. Once the UV LEDs are on the UV passes through a beam 
splitting mirror which will also be mentioned later in this write up. Due to the special coating of film 
on the front face of the beam splitter, UV can pass through, but IR will be reflected. This is also 
decided by the orientation of the mirror. After the UV light has passed through the beam splitter, 
the light is then reflected by the mylar mirror causing a flood field effect, meaning that the UV light 
floods the MLC causing the rubies to flouresce. The Mylar mirror is made from aluminized polyester 
film. This allows X-rays and electrons to pass through it but importantly, reflects light.  
 

 

 

  

Ruby Marker 
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Diagram taken from the Elekta CMM (Corrective Maintenance manual) 
 
The rubies are made from Al203:Cr (Aluminium Oxide doped with Chromium). This is a relatively 
inexpensive as they are grown in labs, rather than being a naturally occuring material. The rubies 
flouresce and the MLC control system can use this data to determine the position of the MLC leaves. 
The IR light is reflected by the beam splitter, rather than transmitted. This directs the IR light into an 
IR camera which converts the light into digitized data. The camera turns each pixel value into one of 
two possible numbers. 225 or 0. The 225 is for bright light and the 0 is for darkness or black. The 
position of the rubies are then compared to a set of 8 reference markers, which are made from the 
same material as the leaf rubies. The control system can then determine if the leaf is in the correct 
position, or if it isnt it can also adjust the position of the leaves until they are in the correct place.  
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Diagram taken from the Elekta CMM (Corrective Maintenance manual) 
 
 
Before the MLC became the standard way to treat in Radiotherapy shadow trays were used. These 
clear plastic trays attached to the head of the machine and then lead blocks would be placed onto 
this. These weren’t the best as the blocks would need to be set up every time by hand and so errors 
could happen, and the gantry wouldn’t be able to rotate like in the newer treatment techniques. If 
treating with gantry rotation, spring loaded lead blocks were sandwiched between two plastic sheets 
so that the gantry could rotate without the blocks moving. Before the MLC only rectangular shapes 
were treated as they were simple to create using diaphragms and jaws. Now however healthy tissue 
is far better protected by the MLCs better definition of treatment shape. This reduces the negative 
side effects patients receive as a result of their treatments and focuses on only the cancerous 
tumour, improving treatment results.  
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The above screenshot shows a diagram of how the original optics system for the first Philips MLC 
worked. The overall system is very similar with only the type of light used being different. In the 
Agility MLC UV light is flooded into the MLC, however the earlier versions used visible light, from a 
light projector or halogen lamp. Reflectors were positioned in a similar way to that of the Agility 
however they were made from a material that reflected the visible light, rather than by fluorescing. 
The mirror is only a one way mirror and so light from the projector is transmitted through the beam 
splitter, but light coming from the reflectors (the other direction) is reflected into the camera. 
 
An advantage of the new Agility system is that the user gets a much more defined field edge with 
the new green LEDs used. This is because the green light is more obvious than the white light used 
previously. This makes lining up QC test tools much easier and therefore I think that this would also 
apply for when the radiographers are lining up patients for treatment.  
 
Varian MLC – (Used at Satellite Centre) 
 
The MLC used on a Varian Linear Accelerator uses a very different system. The MLC is made up of 
120 leaves, 60 per bank. Rather than an optical system like the Elekta machines use, the Varian 
system uses pulse width modulation (PWM) to control each motor. Each leaf has its own individual 
motor, as does the Elekta version, however the position of the Varian leaves are determined by an 
encoder that calculates the pulses made to the motor, and can then calculate an accurate leaf 
position. Also, there is a back-up system that uses a soft membrane potentiometer system. A wiper 
connected to each individual leaf applies pressure to the soft membrane and then a voltage is 
generated and used to determine the position of the leaf.  
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The above diagram shows a simple soft potetiometer system. 
 
The potentiometer locks onto the leaf using an actuator system. Each leaf has an actuator made 
from beryllium and copper with a springy arm. On the end of the arm is a small plastic tip which 
actuates the soft pot, as shown in the diagram above. Before the actuators were used, a trailer hitch 
style system was used which connected the leaf into a hitch on the soft pot. The hitch would then 
push against the potentiometer so that the leaf position can be independently compared to the 
encoded PWM motors that drive and measure the position of the leaf.  
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Section B – Contribute to the design, development, construction, 
commissioning, operation or maintenance of products, equipment, 
processes, systems or services.  
 
B1- Identify problems and apply appropriate methods to identify causes and achieve satisfactory 
solutions. 
 
Leaf Key Fault 
 

 
 
 
 
 
The leaf tail is made from stainless steel to reduce manufacturing cost and to reduce the weight of 
the leaf and MLC overall. The leaf tail is never in the beam of radiation and so a less dense material 
can safely be used. The Ruby marker is flooded with UV light causing it to fluoresce, giving off IR 
light, which is then picked up by an infra-red camera in the optics system so that the control system 
can see at what position the leaf is, and then move it to the desired position when required.  
 
The fault that I have been regularly seeing is where the leaf key snaps due to excess stress being put 
on it. The leaf key is designed to be the weak part of the system so that any collisions or excess 
stress cause this self-lubricating leaf key to break, rather than for a more major part of the assembly 
to break.  

 
 

When arriving to a machine that has a leaf key fault, I am often told by the treatment staff that they 
have loaded a patient’s prescription but that the machine has a leaf showing as out of tolerance. 
Another issue I have seen is that the leaf will move but very slowly, or that a leaf has jammed 
completely and will not move. To ensure that I am able to clearly identify the leaf causing the issue 
the machine can be taken out of the clinical mode and put into a service mode. This means that 
better diagnostic tools can be used to find the main cause of the issue. In this case the issue was that 
the leaf was stuck. Using the diagnostic tool in service mode I was able to select which individual leaf 
to drive, or to drive all of the leaves in one go.   
 

Leaf 

Ruby Marker 

Leaf Tail 

Recess for leaf key 
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To replace a broken leaf key can be quite a lengthy task as it involves stripping down a fairly complex 
assembly. The first step is to remove the covers to the head of the machine, this is where the MLC is 
located.  
 

 
 
 

 
After removing the covers, which are held on by 4 Allen bolts or torques bolts, the MLC leaves can 
clearly be seen as shown in the above image. The MLC itself doesn’t need to be removed. This is an 
advantage to the Agility system as only one of a possible four leaf banks will need to be removed. 
Using the diagnostic tool in service mode, I can identify which of the leaf banks needs to be 
removed. This is a great benefit as it saves causing any unnecessary damage to the rest of the MLC 
assembly.  To remove the leaf bank with the broken leaf key, ribbon connectors and flexi PCBs need 
to be disconnected to ensure they are not damaged and they should also be put out of the way to 
prevent them becoming tangled up or broken in any way. Then a T shaped Allen key can be used to 
remove the large bolts holding the leaf bank in place. The T shaped tool needs to be used as a 
normal Allen key wouldn’t be long enough to access the bolts. Once the bolts have been removed 
the leaf bank can carefully be lifted out, while taking extra care not to damage the PCBs or PCB 
cooling fans in the process. When lifting the leafbank out the leaves will come away from the leaf 
keys. These are not secured to each other as the key simply fits into the slot in the leaf. 
 

 
 
The leaf bank should then be set down onto a flat surface so that it can easily be worked on without 
putting too much stress on the PCBs as they could be damaged (shown in the image above). Each 
leaf and therefore leaf key has its own individual motor and gearbox which will need to be removed 
or the damaged leaf key. The motor turns a lead-screw which has the leaf key attached to it. The leaf 
key will then need to be taken off the lead-screw and a new leaf key put back onto the screw. To 
ensure the leaf key can move freely it is important to remove any debris, dust or excess grease from 
the lead screw and the track. The assembly can then be put back together in the reverse order.  
 
After the machine has been reassembled it needs to be QC checked to ensure that the issue has 
been rectified and that no other areas of the machine have been damaged during the repair. This is 
done with a Physics test called a light field QC check. A member of the physics team or a trained 
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engineer is able to carry this out once they have been signed off as competent to do so. The test is 
done to ensure the MLC leaves are moving as they should, and to the correct position, ensuring that 
we haven’t caused any accidental damage to the system during the repair. The MLC will also be run 
through a self-test to ensure the leaves are moving as they should and at the correct speed and to 
the correct position. This simply involves a number of shapes that test each leaf at all of the possible 
positions and only takes a couple of mins to complete. After this the machine can be handed back 
for clinical use. After every fault it is also very important that we record all of the details in our 
ISO9001 Quality System.  
 
I have now worked on over 10 leaf key failures and so I feel I have become proficient at diagnosing 
and rectifying the fault. I have also trained new or less experienced members of staff on how to 
carry out the repair of this particular fault. Below I have included a screenshot of a database entry 
that I have made after attending a fault. 
 

 
 

Due to the large number of leaf key issues we have been seeing, I have opened a case with the 
machines manufacturer to try and find out why it happens so often. To gather data, I have created a 
simple spreadsheet that should be updated by all of the engineers after they have seen an issue with 
a leaf key. I have included a screenshot below for one of the machines here at . As you 
can see we have a high number of faults with leaf keys as this is just the data for a single machine, 
out of the 10 we have here. I think that gathering the data and opening the case with the machines 
manufacturer is a very important step in trying to fully resolve the issue to prevent downtime as 
much as we possibly can. It will also provide me with data that I can not only track, but make trends 
and see if there are any less obvious factors that could be playing a part in this issue.  
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While still gathering data, and still having quite a few leaf key faults, the machines manufacturer 
asked us to carry out a procedure to see what the spacing between the leaves was. This procedure 
can be seen below. 
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Procedure given to me by the Elekta Helpdesk team from an Elekta Agility Installation Manual. 
 
I requested that all of the engineers here at were aware of the issue so that they could 
then gather data for their machines on a service day. This will then be very useful data that can be 
fed back to the manufacturer allowing them and ourselves to come up with a solution or idea. 
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This procedure is still currently being undertaken, but I have found this to be a good opportunity for 
me to personally develop as I have taken the lead in training new members of staff and current 
members of staff in how to find and solve this fault, I am currently, along with my managers, leading 
the case and moving it forwards so that a solution can be found as soon as possible so that 
downtime is minimised, it can take well over an hour to replace a leafkey in some instances including 
the physics QC tests carried out afterwards. I also plan to bring up this issue, by means of my 
manager at a User Group Meeting for the machines, to see if any other centres have had similar 
issues or to see if anyone else has any knowledge or ideas that may help. This will also help me to 
develop working relationships with other engineers that are in the same field as myself, and 
therefore if we have other large scale faults or issues in the future it will be helpful to have this 
greater knowledge and experience to call on if needed. 
 
 
Safety 
UV light can be damaging to human eyes and therefore when working on the equipment we must 
follow specific guidelines. Once the machine head covers are removed and the power to the head is 
still on, we wear UV protection goggles. This is important as even when not staring directly at the UV 
LEDs it is still possible the optics system could cause issues to the human eyes. When investigating 
and repairing a leaf key issue, the engineers such as myself need to look into the head to identify any 
damage to the leaves. The best precaution we can take, however is to turn off the power to the 
head of the machine. This is very easy as it means just pulling out an IEC plug. The UV can also be 
turned off using a rocker switch, again this would be a better option that the goggles because if 
someone were to come into the room without goggles they could potentially be affected. If the 
power and/or UV is off then this won’t be an issue. 
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B2- Identify, organise and use resources effectively to complete tasks, with consideration for cost, 
quality, safety, security and environmental impact. 
 
Quality System Work Instruction Updated and Amended 
 
I have updated a procedure that had previously been written by another of the engineers in my 
department. The procedure was a step by step on how to configure a medical imaging PC as an 
image transfer database using the medical protocol DICOM (Digital Imaging and Communications in 
Medicine). The reason for doing this is that once the medical imaging PC becomes old or obsolete, it 
can still be used for another purpose, which will cut down financial costs of having to buy a new PC, 
but it will also be better for the environment as more use is gained from the PC before it is 
decommissioned and scrapped but still useful enough to help me to complete a task. In reference to 
ensuring I kept to the patient confidentiality NHS policy, I ensured that the hard disk was wiped of all 
patient data that it may have contained. Similarly when disposing of an old hard drive I will ensure 
that it is destroyed beyond repair so that no one can access the patient data contained on the 
device. This could involve drilling through it or sawing it in half depending on the device being 
disposed of. It will also then be disposed of following the WEEE Regulations. 
 
I felt that it was very important to update this work instruction procedure as in its old form, detail 
was lacking. I think that the reason for this is that the previous engineer had written it from memory 
rather than as a step by step procedure, written alongside carrying out the procedure showing any 
pitfalls and potential solutions. This procedure also needed to be updated to the best possible 
version as it is a Level 3 document in an ISO9001 Quality System. If the procedure wasn’t easy to 
follow, or correct then this would make the procedure more difficult and the results might not have 
worked as intended. The ISO9001 QS is controlled and therefore any procedures on the QS are the 
final version that must be followed. The quality system is also audited regularly to ensure that it is up 
to scratch. 
 

 

 
 
 
 
 
 
 
 
 
 
 
Below is the updated procedure that I have created and had added to the quality system.  
 

 

 

 

  

The first version of the document 

contained the initials of the manager who 

released it, along with the initials of the 

engineer who wrote the procedure. This 

has since been updated to my initials to 

reflect the changes that I have made. 
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The main reason that the procedure really needed to be updated was mainly due to the fact a ‘hot 
swap PC’ was required. This means a PC that is ready to go, should an issue or fault occur with the 
one in use currently. If a hot swap is ready to go then this will minimise the downtime caused. The 
database is a requirement in training purposes for clinical staff and so is quite important. It can also 
be used clinically therefore if the PC were to break, it is much better to already have one that is 
ready to go rather than trying to set one up in a rush or the heat of the moment. The detailed and up 
to date procedure needed to be in place to ensure that if I wasn’t present, someone else would be 
able to pick up the final stages of setting up the database in place, should they have needed to.  
 
 

Brachytherapy UPS Battery Replacement 

Another task that I was set was to replace replace a faulty UPS that is used on a Brachytherapy 
treatment machine. When trying to repair the UPS I discovered that the fault was that the battery no 
longer stored its charge. This also meant that the UPS would still work fine if the battery was 
replaced. Therefore rather than buying a new UPS and disposing of the old one, I was able to save on 
costs by not needing to purchase the new entire unit. Another area in which this was good, is that 
the UPS wasn’t thrown into landfill as it could still be used, therefore this was also the better option 
for the environment. When it came to disposing the old battery I made sure to dispose of it in a 
suitable way. This meant I followed the WEEE (Waste Electrical and Electronic Equipment Recycling) 
Regulations. This involved ensuring that the battery was disposed of in an approved battery bin 
which would be collected by a company who specialise in recycling batteries. The battery I was 
disposing of contained lead and therefore as this is toxic and can damage the environment if sent to 
landfill, it was very important to dispose of it properly. The WEEE section of the refuse area at 

is locked and therefore only autherised people who use electrical equipment can enter the 
WEEE compound.  
 
When ordering the new battery I can only use suppliers from an approved list. The first place that I 
checked for the new UPS battery was on the website as they usually have a good range of all 
products. I found the exact battery to replace the old one: 
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Before ordering the battery from  I decided to check other suppliers for batteries of the same 

physical size and rating so that I could see if this was a good deal or not, then if I found a better 

option I could order that instead, saving on the financial costs. Another approved supplier I found 

was recommended to me by a colleague who had used them in the past. When checking this 

company, I found an alternative battery at a much cheaper price. As you can see below the battery is 

of the same type and rating and at a substantially cheaper price. I have learnt from this as I now 

know that I should always check more than one supplier so that I can ultimately save the NHS money 

on items I need at work to carry out my job. This could also involve other parts, PPE and tools that I 

use. Saving resources in the workplace is very important, especially in some organisations such as 

which gets some of its funding from charity work, therefore making the most of the 

money is extra important.  

After replacing the UPS battery I tested it to ensure that it worked as it should. The UPS can now be 

put back into service, having minimalized the costs of the repair, by not having to buy a new unit and 

scrap the old one, but by simply replacing the battery. 
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Section C – Accept and exercise personal responsibility. 

C1 - Work reliably and effectively without close supervision, to the appropriate codes of practice. 

Linear Accelerator Run Up Procedure 

One of the areas of my job role in which I work unsupervised is when conducting a run up of a Linear 

Accelerator. This is a procedure that involves carrying out daily checks and tests on the linac before 

it is ready for clinical use. I conduct the run up on my own and therefore have the responsibility in 

making sure the machine is fit for clinical use within the permitted 1 hour time slot. With the aid of 

the Physics QC database there is a checklist which involves both manual movement checks along 

with safety checks and dosage checks on the machine. To ensure that I was competent to fulfil this 

role, I was trained by other engineers and signed of in the competency section of the ISO9001 QS.  

Figure C1.1 below shows a run up form that I have completed unsupervised. There is both a tick box 

checklist and a section for recording dosages. It is important that all of these checks are carried out 

before the machine can go clinical. 
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X-Ray Field Size QC 

One of the planned QC tasks we carry out is to ensure that the dimensions of the X-ray field size 

made by the machine, match the size set out by the software. The image below shows the software 

programme called IDL which is used to analyse the QC images I took. On the left hand side is the QC 

database entry form that must be filled in with the results after the QC job has been done. This 

database allows the results to be tracked so that trends and relationships can be found, along with 

using the data for fault finding and tracking issues.  

 

On the right hand side is the sodtware programme used to analyse the images. This is called IDL and 

has been coded by members of the physics team to ask for certain details such as the machine 

number and where the images to be analysed are located. Once it has all of the required information 

the programme gives a set of results in the form of  a table. 
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Once I have added the data from the QC job that I have carried out into the Physics QC database, it is 

my job to ensure that the results are within a set specification, outlined by a Medical Physics Expert 

in accordance with the machines manufacturers guidelines. Once I am happy the machine is in a 

state that is fit to be used clinically, and ensuring that the QC has been passed, I am able to sign the 

machine over for clinical use. The form shown below is used to sign off a QC session as completed, 

also showing what QC job(s) have been done. If I find any results that are not in the required 

specification tolerances then it is my duty and responsibility to report this to a member of the 

physics team who can then investigate the issue, or refer it back to the engineering team if they feel 

it is an issue with the machine. I would also then leave the decision down to the physicist as to 

whether they felt the machine was fit for clinical use and so I wouldn’t click the tick box.  
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This shows all 3 of the field sizes that we take an image of during the QC test. We do this to ensure 

the field sizes are accurate at all sizes, to ensure the leaves are exercised to a good range of motion – 

also checking at various sizes looks for both Offset and Gain errors. The sizes are already loaded into 

a program used to run patients prescriptions. After taking an image of each of the sizes at both head 

angle 0o and 180o, software called IDL can be used to analyse the images accurately to determine the 

true result of the field size. This is an important test because if the field size was too big, the patient 

is likely to receive a higher dose of radiation causing an extra risk to the healthy tissue surrounding 

the tumour, and longer lasting side effects. Also if the field size is too small then the tumour won’t 

receive the required dose to give maximum benefit to the patient.  
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C2 - Accept responsibility for work of self or others. 

Linear Accelerator QC 
In accepting work for myself, I had to be signed off as competent to carry out the work, before being 
allowed to carry it out unsupervised. Once a more senior member of staff had observed me carrying 
out a task and deemed me to be competent, a member of the physics team could sign me off in the 
competency database that we have here at  As you can see below I have now been 
signed off for a number of QC jobs and so I can now carry these out on my own, unsupervised. Once 
signed off, and countersigned by myself, it is my own responsibility to stick to the procedures that 
are used as a part of an ISO9001 Quality System. I therefore have to accept responsibility should 
anything go wrong in a QC job I am carrying out. 
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Bi Weekly CT SIM QC 

At we have 2 Phillips Brilliance Big bore CT Scanners. As part of the planned maintenance 

shedule the machine needs to be calibrated at least twice a week. The main job we do is called an 

Air Calibration. This involves calibrating the machine during the day while it is at operating 

temperatures and while the air pressure is consistent with that of when the machine is being used 

for treatments. The air cal consists of the scanner taking 69 images of just the air so that it has a 

reference to compare clinical images to. It is a way of measuring background noise or radiation so 

that this will not be picked up during a clinical image, potentially causing an obstruction or lower 

quality in image.  

 

Another of the QC checks done twice a week per machine is the Quick IQ Check. This involves setting 

a phantom onto the bed and lining it up to the lasers. The main idea of this test is to ensure that the 

Lasers and X-rays are lined up correctly. If the lasers are out of tolerance, then the scanner will fail 

the test, indicating which laser isn’t lining up as it should. The automatic test also measures a 

number of parameters shown in the results below such as the contrast visibility, calculated by the 

software automatically. When the test is passed a table of results is generated which can then be 

added to the database so that they have been properly recorded. The screenshot below shows a 

database entry of the results. 

   

The final bi-weekly QC check involves taking a scan of a phantom called the Tombstone. The main 

idea of this is to check the the bed is level. The process involves lining the phantom up to the lasers 

and taking a preset QA scan. The scanner takes a series of images, and then reconstructs them and 

the slice (individual image) where the holes in the tombstone can be seen is selected. Using the 
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crosshair tool on the screen, a straight line can be drawn to ensure that both ends of the phantom 

line up. Another quick check that can be done is to check the actual bed is level using the same 

method.  

Once the QC has been completed it can be added to the database so that engineers time on the 

machine, along with a record of the jobs completed can be kept. 

 

 

 

 

 

The image above shows a database entry while I was being trained. I observed the CT QC procedure 

and then was supervised carrying out the procedure by a more experienced engineer. 
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Planned Maintenance 

 

This time is when I carried the procedure out unassisted however with supervision from a more 

experienced engineer, the idea being that he could then see if I was competent or not to carry the 

procuedure out unassisted. He then decided that I was competent to be able to carry out the 

procedure on my own without supervision. I was therefore signed off in the Competency Database 

as shown in the screenshot below meaning that I can now carry out the CTSIM QC on my own. 
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Unplanned Maintenance 

One of the main and most important parts of my current job role is to be the first line in responding 
to machine faults or issues. Throughout the clinical day, the radiographers call our workshop to 
inform us of any machine related issues and faults they have had. Some issues can be non-urgent 
and so a note can be made and a planned job or procedure carried out at a later, more convenient 
time. However if the issue is urgent, such as a major machine fault or breakdown, then we must act 
immediately to reduce downtime. Throughout my apprenticeship I have gained experience from 
attending call outs with more experienced colleagues and shadowed them on many occasions. After 
attending my manufacturer first line training course I am now able to attend faults on my own 
unsupervised. This involves taking responsibility for my own actions as I need to ensure that I am 
happy for a treatment to continue after I have reset or fixed a fault. I also now train new members of 
staff on some call outs so that they too can gain experience in common faults and how to fix them, 
along with how the machine works. I have included an example below of an unplanned callout to a 
machine that had a fault during a clinical treatment: 
 

 
The database entry above shows a fault with the machines imaging system that I was called out to 
during a clinical treatment. It was important that I was quick about solving the issue, as there was a 
patient on the bed waiting to receive treatment, however it is vitally important that I was happy the 
machine was in a safe condition to continue, so as not to cause a mistreatment to the patient, and 
therefore an extra, unnecesary dose to them.  
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C3 - Accept, allocate and supervise technical and other tasks. 
 
One way in which I have been able to supervise a technical task was to be involved in training new 

starters in how to conduct the daily morning run up of a Linear Accelerator. This task involves the 

new starter shadowing me as I conducted the morning run up, and also carrying out some of the 

tasks himself while under supervision from myself. This allowed the new starter to see the 

procedure done numerous times, helping him to gain an understanding of how the task is carried 

out, and also allowing him to ask any questions he may have. The supervision also meant that he 

could become familiar with the computer systems used, how they are set out and where things are 

located in the bunker without having the responsibility for the task to be completed; therefore he 

could spend more time learning and developing new skills. Once the person had become more 

confident in the procedure of running up the machine, and they have gained more knowledge, my 

role changed to allow him to carry out the procedure on his own, while under my supervision as I 

will have to sign off the run up as completed to the correct standard. The reason for this is that the 

machine was still used clinically and therefore it was vitally important that the run up checks were all 

completed properly. Once the new starter has been supervised a few times, and it is decided that 

they are confident and competent to carry out the procedure, they can be signed off to do the run 

ups on their own, without supervision.  

Figure C3.1- shows the email from the group manager requesting that I supervised the new starter 

on a morning run up, so that he can continue with his run up training. During the training of a new 

engineer, it is important that they are able to observe a process before they carry it out. That way, 

they can ask any questions they may have and also be taught the correct way to carry out certain 

procedures. 

 

 

Figure C3.2- shows the completed run up form which I was responsible for ensuring the new starter 

had filled out correctly, and that all of the checks they had carried out were conducted properly. If 

there was an issue with this run up procedure I would have been held accountable as I was the 

person fully trained to carry out the task. This is part of the ISO9000 Quality System we use and is a 

level 4 document meaning that it is a means to input data into the quality system. The reason that 

this form is used is to ensure that if there was a fault or an issue with the Linear Accelerators output 

dosage then it can be flagged up before the machine is used clinically. Also if there is an issue then 

then it can be traced back to see if there are any trends or previous issues, and this form would 

provide us as engineers with a record of this.  
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Below are some more screenshots showing the different engineers that I have trained and 

supervised when carrying out the CT Simulator Bi-weekly QC procedure. This shows how I have 

trained various new staff members. I feel that I have learnt a lot from this as training my colleagues 

is very good experience for my future career as an engineer.  I have included a number of 

screenshots as it shows that I have trained quite a few new members of staff and so I feel that I have 

become fairly competent at doing this.  
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Section D – Use effective communication and interpersonal skills. 

D1 – Use oral, written and electronic methods for the communication in English of technical and 

other information. 

Weekly Physics Meetings 

One of the regular ways in which I have used oral communication is during the weekly departmental 

physics meetings. Once per week the physics and engineering team both meet to discuss the various 

machine faults and ongoing issues throughout the department. Before the meeting I print out from 

our database a list of all the call outs for faults, and also a list of all the planned work that has been 

done by the engineers. When leading the meeting, which I have done on a number of occasions, I 

verbally feedback the issues to the physics staff present. We as engineers can then discuss and put 

action plans into place so that the issues can be resolved as quickly as possible. 

Presentations 

Another area in which I have used verbal communication is when giving presentations. A few 

examples of these are a presentation to college students to encourage them to look at engineering 

apprenticeships as a career option. Another example is when carrying out my BTEC Level 3 project I 

was required to give a short presentation to my colleagues about how my project has developed and 

the outcomes of this. I was then given feedback on how to improve for the next time I deliver a 

presentation.   

Emails 

An area that I use daily in my job role is the electronic communication of email. I email a variety of 

people from college assessors, colleagues and manufacturer staff members. An example of this is 

shown below when I spoke to the helpdesk team at the machine manufacturers to arrange for a 

spare medical part to be ordered and delivered. When communicating via email it is important to 

ensure to be clear and concise using proper English and punctuation to correctly convey ideas and to 

also help the recipient to easily understand what is being said.  

 

Job entries 

When entering a job into the database I use effective written communication. This is very imporant 

as other engineers will often be called to the fault again, and so it is important to document exactly 

what fault I attended, and what I did to resolve it. Particularly with reccurrent or ongoing faults it is 

vital for other engineers to see what has already been done and what observations were made so 

that they have the best chance of rectifying the fault, causing the least amount of clinical downtime 

possible. Therefore I try to use good structure and clear consice language when describing a fault, 

especially when using technical language that can sometimes be harder to understand.  
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D2 – Work effectively with colleagues, clients, suppliers or the public, and be aware of the needs 

and concerns of others, especially where related to diversity and equality. 

Colleagues 

I work with colleagues on a day to day basis in my current role as part of an engineering team from a 

variety of backgrounds such as mechanical engineers, electrical engineers and physics based 

academic learning along with IT based qualifications. In a clinical environment it is very important to 

ensure that downtime is kept to a minimum. This can sometimes mean holding off meetings or other 

jobs when a higher priority issue arises, such as a major machine fault. Therefore good 

communication, especially verbal and written through emails is very important. To ensure this is 

easier to achieve I feel that it is very important to have a good working relationship with colleagues. 

This could mean that when a disagreement occurs, I would always ensure not to upset or offend 

colleagues and that the working relationships are kept. This means that machines issues can be 

resolved easily without personal issues getting in the way. Working as part of a team can help to get 

more service work done and also to get some faults fixed quicker, however sometimes there can be 

too many people in the way of each other. It is therefore very important to be able to see when 

there are too many people and to either step aside and let others solve the issue or to politely 

suggest this to others.  

Clients (Radiographers) 

On a day to day basis I also deal with radiographers. When they have an issue with a machine we as 

engineers are called to it. This can often be a high pressure situation as there can be an unwell 

patient on the bed waiting for treatment, usually in an uncomfortable position. Therefore the 

radiographers can be concerned so it is important for us to assess the situation quickly and advise 

the radiographers what we plan to do. Sometimes it can be a quick software reset, other times it can 

be a major part fault that could take hours to resolve. We therefore need to be calm and patient 

with them and ensure we are constantly communicating the status of the machine as any downtime 

has the potential to cause major delays throughout the department, which if the radiographers are 

not fully aware of can dramatically increase patient waiting time.  

Suppliers (

When attending training courses I was representing at a private company who were 

providing my training. Therefore it was important that I acted professionally and I ensure when 

dealing with others that I am polite and as helpful as possible. I also deal with manufacturers staff 

when ordering spare parts, which again if there is a machine down, can be a high pressure situation. 

Again I always make sure not to become worked up or stressed but to remain calm and try to be 

clear when putting information across to the person trying to help. Service engineers can also come 

from the manufacturer during a machines warranty period so when talking face to face I observe 

basic manners.  
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Members of the Public (Patients) 

In a hospital environment there are usually more patients than staff members. Therefore it is 

important to know how to deal with them correctly. I always offer assistance when a patient has a 

query, especially as they may be distressed and unwell. Even a simple request such as where a toilet 

is located can improve the patients experience and so being well mannered and helpful is a relatively 

easy but good way to ensure they have a good experience at   
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E1 – Comply with the code of conduct of your institution. 

IPEM Code of Professional and Ethical Conduct 

As an  member of IPEM I follow the code of conduct of the institute. The IPEM Code of 

Professional and Ethical Conduct is split into 3 main sections. The first section is called Patients, 

Clients and Users. As an Engineer I am not involved in direct patient contact as often as healthcare 

workers however I still ensure that I treat patients with dignity and I am aware safeguarding issues.  

For example, when entering a treatment room due to a fault, when the patient is present I will 

ensure that the radiographers have asked the patient if they are comfortable with me going into the 

room. Quite often patients will have had clothes removed and so may feel embarrassed. This 

sometimes means that the patient would rather be covered up or taken down from the treatment 

bed before I enter which requires patience on my behalf. I have also attended a trust run training 

session to ensure that I am aware of the safeguarding issues for both adults and children. This can 

apply to both other staff members and also to patients. I feel that I should also always be patient 

and polite when dealing with patients who may ask me for directions or for help.  

Rigour, Responsibility, Honesty and Integrity is the second section. An area in which I am honest is 

when completing overtime forms and lieu time. This means that I would never twist the truth or lie 

about hours I have worked which would not only be fraudulent but also dishonest. The area also 

covers only carrying out work that I am competent and trained to do so. Therefore I would never 

sign a machine off as fit for use if I wasn’t competent to do so and signed off for in the competency 

database. If I was not sure on a fault or issue then I would again not carry out procedures where I 

could harm a patent or user without a second opinion of a more senior staff member. I also aim to 

keep up to date with all training and to make sure to keep my professional competence as good as 

possible. 

Respect for life, the law, colleagues and the public good is the final section. This includes working 

well with colleagues which I feel I do and I also approach them for discussions and I am always kind 

and polite when dealing with them. To prevent unnecessary risk I carry out risk assessments 

whenever I see a potential issue with the work being carried out.  

Commitment  

As a staff member at I adhere to their code of conduct called 

 Below is how I feel I have demonstrated sticking to each area.  

Communication - I talk to colleagues when answering the phone to attend faults. I feel that I am able 

to communicate clearly and respectfully when on the phone. I also speak to colleagues when 

attending faults. In a busy treatment environment I try to be clear and to answer any questions they 

may have as best I can and to be accurate when doing so.  

Personal and people development - I work well as part of a team and get on well with my colleagues. 

I could be more proactive in putting myself forward for tasks so that I haven’t done before so that I 

can gain more experience from the other engineers around me. 

Health, safety and security - I make sure to follow safe working practices and when necessary I keep 

to following work instructions. This is to reduce the chances that I will make a mistake. When I am 

unsure of something I ask a more senior or more experienced staff member for assistance to ensure 

that all safety requirements are met. 

Service improvement - If I see something that can be improved I may ask a more senior member of 

staff about it, and may make a suggestion as to how it could be improved. An example of this was to 

amending a work instruction that was difficult to follow and had some information missing from it.  
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Quality - I try to make sure that I am always efficient by working to a high standard. When a machine 

is down I try to help as best I can in a way that assists my colleagues in getting the machine in 

working order as quickly as possible, but while also making sure a high level of respect and a high 

quality of work. 

Equality and Diversity - I ensure that I treat everyone with respect and dignity, no matter their age, 

race, gender or background. I work with some members of staff who are from a different 

background and ethnicity to myself and I get on with them well. 

I am also a member of the IMechE and so follow a similar code of conduct to that of IPEM. A 

summarised version can be seen below:  
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E2 – Manage and apply safe systems of work. 

Health and Safety at Work Act 

The Health and Safety at Work Act is the main piece of legislation covering the wellbeing of all 

employees in Great Britain. It is mainly enforced by the Health and Safety Executive (HSE). The 

HSAWA is used as the basis for creating and implimenting many of the other regulations and 

guidances used to protect the safety of people throughout their occupational workplace. It is a legal 

obligation for both employers and employees, with each reponsibility outlined and explained. The 

Health and Safety at Work Act also offers employers help on the measures that may be suitable for 

them to use to prevent hazards becoming issues. An example of this is Regulation 3 which covers the 

use of risk assessments in the work place.  Another important regulation is Regulation 13 which 

makes it a legal requirement for all employers to provide suitable training for employees. This is 

especially important in the medical engineering sector as if someone not sufficiently trained to work 

on a certain device then they could potentially be putting lives at risk for both patients and users 

when carrying out repair or maintenance work.  

IRMER (Presentation Notes from Radiographer Presentation) 

Order of Responsibility 

1. Board 

2. Chief Executive 

3. RPA 

4. RPS 

5. Department Manager 

6. Employee 

 

IRR is patient focused and is therefore primarily aimed at protecting them and ensuring they do not 

receive the incorrect treatment. IRR is a criminal law and therefore those working under it are 

prosecutable. 

Employer – Responsible in training people and signing them off as competent to carry out the 

correct following of procedures. To ensure that procedures are set into place (in the Christie we 

have a ISO 9000 QS that contains all of the procedures used in the radiotherapy department). It is 

also their responsibility to ensure operating procedures are correct. They must also keep an up to 

date inventory of equipment that is capable of giving out a radiation exposure. 

Referrer – This is traditionally a GP or Clinical Oncologist. They must provide a sufficient amount of 

medical evidence to support an exposure.  

Practitioner – This is the person who acts on the evidence provided to determine if an exposure is 

needed, and on what type of exposure is required. This can be the same person as the practitioner, 

however they must be a registered health professional and at the Christie, Band 7 Radiographers are 

able to authorise kV images and rescans. This person’s main responsibility is to ensure that the 

benefits outweigh the risks.  

Operator – An operator is classed as someone who may influence the patient’s dose in a practical 

way. For example this can include:  
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 Physics  

 Engineers (me) 

 Clinicians 

 Mould Room Staff 

 Treatment Planning Staff 

Clinical Operator 

They must ensure that the exposure has the relevant justification. According to IR(ME)R 2000 the 

clinicians should ask female patients before every single treatment, whether there is a chance of 

them being pregnant. However as this isn’t necessarily very practical, they are asked before 

treatment planning exposures, and again before the first treatment exposure. They are educated to 

ensure that if they feel they may be pregnant or that anything has changed then they must inform a 

member of the treatment staff. Women between the ages of 12 and 55 should be asked in 

accordance with IRMER regulations.  

Pre-sets, Contrast and QA are all areas in which the operators could potentially affect the dose a 

patient receives.  

 

Due Diligence 

It is expected that humans will make errors at some point, and no matter how many measures are 

put into place, there will still be mistakes. This is why procedures are put into place so that staff have 

a set method to follow and show that they are in fact taking due diligence when they are carrying 

out their duties. Even if a procedure is deemed to be inadequate, it should be followed until it is 

corrected, or until the member of staff is retrained to see that the procedure is correct, depending 

on the circumstances. If a staff member has a concern it should be raised so that corrective 

measures can be put into place, such as those mentioned above. 

 

The CQC can enforce and check IRMER compliance and they will investigate reported incidents that 

are made. Currently only over exposures need to be reported, however many centres also report 

near misses, and under exposures so that they can learn from them and prevent them from 

happening again. Likely causes of errors in treatment are: 

 Automaticity 

 Over-reliance on technology 

Automaticity means that a person carrying out a procedure regularly, or often in a short space of 

time could become complacent and may not make as detailed checks as would be required. People 

could also become distracted in what they are doing and so it is important to observe general 

manners and to not interrupt someone while they are carrying out a task. There was an instance in 

the US where an over reliance on technology led to a computer crashing and a plan not being fully 

completed. Therefore when experiencing an error or fault with a piece of technology (including 

treatment planning PC’s etc.) the user should run through the procedure again to check that the plan 

or procedure has been stuck to and the fault hasn’t created any causes for concern.  
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IRMER and IRR(99) (Notes From Engineers Presentation) 

Ionising Radiation regulations 1999 are enforced under the Health and Safety Act 1974 and are 

designed to protect staff members. The purpose of the regulations are to establish a framework to 

ensure that exposure to ionising radiation is kept as low as is reasonably practicable for the safety of 

employees.  

IRR 99 applies to me in my job role. The local rules used in the radiotherapy department are used to 

outline the responsibilities of employees such as myself, and to make sure that people are aware of 

the risks, control measures and procedures to keep staff and patients safe. This includes controlled 

and supervised areas, the signs and warning lights permit to work systems and hand over 

documents. I have a yearly dose limit of 2mSv set out by the RPA. If the level of radiation I received 

was higher than this then there would be an investigation to see why this was. I also learnt that it is 

the role of the RPS to ensure that the local rules are enforced in a particular department. I also 

learnt that the dosimeter all staff members in radiotherapy wear is part of the PPE we use. This is 

because it is used to measure the dose we receive and so is very important to our safety.  

IRMER 2000 stands for the (Ionising Radiation Medical Exposure Regulations). Again these 

regulations are enforced under the Health and Safety at Work Act 1974. This legislation is a criminal 

law and so people in breach of the regulations can be prosecuted. The aim of the regulations is to 

ensure the safety of patients.  

Under IRMER I as an engineer would be classed as an operator. This means that I am responsible for 

making sure that the machine is in a safe and working condition when handed over to clinical or 

physics staff. It is also important that I comply with all of the written procedures that are made to 

ensure procedures are carried out properly and safely. They are part of the group’s quality system. 

The quality system is a requirement of IRMER. All off my training must be carried out so that I am 

competent to carry out the job role in a safe way. Once I have been signed off as competent to carry 

out a particular task, a record must be made for if there are any problems in the future.  

ALARP is a common abbreviation used in regulations and in legislation. It stands for “As Low as 

Reasonably Practicable.” This means that there should be measures in place to limit all exposure to 

the hazard of ionising radiation to as low a value as possible, with the exception of if it would be too 

unreasonable, meaning that it would be silly or too impractical to lower further.  

Due Diligence is set out because everyone, even when fully trained, is likely to make mistakes. The 

idea of the quality system in accordance with IRMER is that any of these mistakes should be picked 

up before a colleague or patient’s safety is put at risk. This also means that the Quality System 

should always be followed. If there is a problem with the QS then the relevant person should be 

informed to ensure this is corrected. The procedure should not be carried out if it isn’t in the QS or if 

it is found to contain mistakes.  
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MR Linear Accelerator Safe Systems of Work 

 

When working in the MR Linac bunker it is vital that I follow a number of safe working procedures. 

One of these which is shown above is the MRI Local Rules for the MR Linac. This is a document in 

accordance with IRR99 that outlines the local working practices and any risks or hazards that could 

be posed when working in the area. To be allowed to enter the MR Linac bunker I had to be 

screened by a trained engineer to ensure that it was safe for me to enter the presence of the 

magnet. This involved filling out a form to ensure I hadn’t had any implants or health issues that 

could potentially endanger myself and others around me. Along with reading the local rules 

document, and being screened, I also attended a presentation given by an MRI lead radiographer. 

The purpose of this was again to ensure I knew the hazards and measures to prevent risks, before 

entering the bunker. I have copied my  notes to this presentation below:  
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Presentation: MR Safety 

Delivered by: 

The main purpose of this talk was to give the engineers, clinical staff and physics staff a good 

overview of the safety concerns and issues raised when entering an MR zone, due to the new 

MRLinac being installed at the hospital. MRI stands for Magnetic Resonance Imaging. The magnets 

used are usually either 1.5Tesla (T), or 3T. This means that there is a strong magnetic field present in 

the room, even when the machine is turned off. 

 

Warning Signs 

As the image shows, there is a set standard labelling for items that are taken into an MR room. The 

system works on a traffic light system so that it is clear and easy to understand, and therefore 

languages are also not a barrier. The green means that the item is MR safe and so can be taken into 

the room. The Red shows that the item cannot go into the MR room under any circumstances. The 

yellow sign shows that the item may only enter the MR room under an agreed set of conditions, 

which are agreed to by MR protection staff in accordance with the suitable regulations.  

 

The MR scanner has a magnetic field as can be seen in the image below. Due to the nature of the 

magnetic field anything that is ferrous would be pulled into the bore of the machine (hole in the 

centre).  This is obviously a huge safety problem as the patient’s life would be in danger as soon as 

there was a ferrous item present, especially if large or sharp. 

 

 

The area in which the MR scanner is located will be split up into sub locations as mentioned above, 

depending on the strength of the magnet. The red line in the image below represents an area where 

the magnetic flux is at 30 Gauss. This is called the projectile zone. As the name suggests, this means 
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that the field is strong enough here to cause ferrous items to be pulled to the magnet at such a force 

they are a projectile. The orange line shows the MR environment. This means that the magnetic field 

still has a direct influence on the room. No ferrous metals are allowed in this area, along with bank 

cards, metal implants, mechanical watches and keys. These items are however allowed in the 

building. The yellow line on the diagram shows the MR building. This area isn’t as dangerous due to 

the magnetic field being relatively weak. However, people who have pacemakers, insulin pumps, or 

metal implants are generally not allowed in this yellow area. The reason for this is that the magnetic 

field can still cause interference to these sensitive devices, therefore causing danger to the health of 

these people.  

 

 

Orange Line ≈ 5 Gauss 

Red Line ≈ 30 Gauss 

Centre of the MRI Bore ≈ 15000 Gauss 
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High Tension Electrical Equipment 

When working on high tension areas of the machine, we have a no lone worker policy. This means 

that there must be at least 2 engineers present when the covers are removed from the high voltage 

equipment areas. Only engineers may access these areas and they are locked shut with a key when 

the engineers aren’t present. The buddy system is to ensure if something does go wrong, there is 

someone watching who can quickly raise the alarm. 

Electricity at Work Regulations 1989 

The Electricity at Work Act imposes duties to the employer to limit the risks with electricity. 

Electricity is a major hazard as it can not only cause injury or death by electric shock but faults can 

also cause fire and explosions. The act covers any electrical equipment which is defined as anything 

used to generate, provide, transmit, transform, rectify, convert, conduct, distribute, control, store, 

measure and use electrical energy. Therefore the regulations cover a very wide variety of equipment 

and so sometimes the regulations can be seen as very general. 

The regulations place the responsibility on employers, employees and self-employed workers to 

comply with the regulations as far as is in their control. The main duty of the employees is to comply 

with their employers control measures as much as is possible.  

One of the key regulations is Regulation 4. This covers general safety and includes both the set up 

and maintenance of the equipment. PPE must be worn when required as directed by the employer. 

This can include items such as rubber mats and gloves which act as insulators. Maintenance can 

include regular services and checks to prevent systems becoming dangerous.  

Another is Regulation 7 which states any conductors must be adequately insulated or protected by 

covers. As I mentioned above this is another quite general regulation which covers many different 

areas and types of equipment. This can include large items such as mains transformers and 

substations down to relatively small circuits such as ring mains in a home.  

Formal Safety Training 

I have received formal Health and Safety training from when studying my BTEC Level 3. As well as 

trust Health and Safety Training I have also booked onto a CITB Course to work towards gaining a 

CSCS card. I will be doing this course on the 26/09/17.  
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E3 – Undertake engineering work in a way that contributes to sustainable development. 

Magnetron Change 

A fairly standard job that I carry out with my colleagues is when changing the magnetron on a 

machine. A linear accelerator has a lifespan of around 10 years, however the magnetron will often 

need to be changed during this lifetime, although it can vary depending on the machine. A 

magnetron, at the end of its life will either be sent back to the manufacturer, or disposed of in 

accordance with the WEEE Regulations (Waste Electrical and Electronic Equipment Recycling 

Regulations). If the magnetron is relatively new and shouldn’t have come to the end of its life then 

the manufacturer will usually ask for it to be returned to them so that they can conduct tests to see 

why it hasn’t lasted as long as expected. I think that this is a good way to contribute to a sustainable 

development as both me as the user, and the manufacturer can play a part in actively trying to 

increase the lifespan of a prodect that is made from finite resources. If it has overrun its expected 

life span then the magnetron will be disposed of in the hospitals waste and refuse area. It will be 

placed in a WEEE bin, meaning that it is in a secure locked compound and will be disposed of by a 

professional contractor in such a way that it will have a minimal effect on the environment.  

Another sustainability issue that arises when changing a magnetron is the SF6 gas that is used in the 

system. SF6 (Sulphur Hexafluoride) is one of the most potent greenhouse gasses that is known at the 

moment, and is about 23,900 times more damaging that CO2 and is therefore heavily regulated to 

prevent damaging consequences to the atmosphere. SF6 is used due to its dielectric capabilities. We 

use it in Linear Accelerators to prevent high voltage equipment from electrically arcing. In keeping 

with the F gas regulations, we have an engineer on site that is trained in the safe handling of SF6. As 

per EU regulations, SF6 cannot be released into the atmosphere due to its damaging capabilities, 

and so must be recycled.  

When working with SF6 at  we follow a work instruction that is part of an ISO9001 

quality system and that was written by the SF6 trained engineer. This specifies how to safely remove 

SF6 from the machines, how to store and dispose it, and also how to put it back into the machine. 

Specialist equipment is used such as an SF6 collection bag and an SF6 detector.  

 

Below is the risk assessment used to cover the removal of SF6 from a Linear Accelerator. Before 

carrying out the procedure I made sure that I was familiar with the risk assessment and I had also 

observed the SF6 trained engineer carrying out the procedure before. In the future I would like to 

attend the course myself so that I can ensure I am working to the best practice when carrying out 

the procedure myself. 
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WEEE Regulations 

Another area in which I need to ensure I work sustainably is when disposing of other waste electrical 

equipment, for example batteries may contain hazardous and toxic materials such as lead acid. 

Again I would dispose of these in the correct way and following the WEEE regulations.  

Lead 

The use of lead is needed in the radiotherapy department due to the fact we use ionising radiation 

to treat patients. Lead is used as a shielding material, and so when working on certain parts of the 

machine we wear gloves and use safety footwear. The use of this PPE is important to protect the 

user, gloves will prevent the material from being ingested accidentally or causing skin irritations and 

safety boots will protect the user’s feet in the event the lead is dropped, since it is a very dense 

material. When removing lead we also fill out a lead removal form to ensure all lead is put back on.  

Risk Assessment Training and Writing Risk Assessments Safety 

An area in which I have undertaken a task involving safety is when my college tutor needed to 

observe me carrying out a procedure that he could then assess and decide on whether I was 

competent at working to instructions and carrying out planned procedures. One of the procedures 

that he decided to observe was a morning run up on a Linear Accelerator. This was a good procedure 

for me to show him however some safety questions arose. The main issues were down to radiation 

protection as my college tutor has a rounded knowledge of engineering however didn’t have any 

experience in radiation. It was therefore decided that I should write a risk assessment to evaluate 

whether the benefit of his visit was more than the risks posed by the visit. To do this I used a General 

Risk assessment form that is on our ISO9001 quality system so that I could be sure that I was using a 

suitable and up to date document.  
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I was decided to be competent when carrying out the risk assessment as I had attended an NHS 

Trust Risk Assessment Course where we were taught how to write a suitable risk assessment. I have 

attached an image of my competency signatures after attending this event below: 

 

 

 

Below is a risk assessment that I carried out for a college tutor to come and assess me following a 

safe working procedure. The example is for a Linear Accelerator run up procedure. 
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Risk Assessment: 
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After completing the risk assessment I added it to the relevant places. In this case it was on a shared 

access computer drive and a physical copy in the workshop risk assessment folder. I also had to 

allocate it a tracking number for reference if it was ever needed again in the future. 
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E4 – Carry out and record CPD necessary to maintain and enhance competence in own area of 

practice including:   

My development needs 

A key time when I review my own development needs is when attending college. After completing 

my GCSEs I continued education in a 6th form environment. This was useful to me as it gave me the 

chance to focus on the theory of subjects, I completed Maths, Physics, Product Design and 

Geography and found that especially Physics has continued to help me in my current job role as a 

Radiotherapy Engineer as it has given me a good basis as to how particles interact and also a basic 

understanding of the concept of Radiation. After completing my A-Levels I decided that I wanted to 

go down the route of an Apprenticeship. The reason for this is that I had a good idea of the theory 

side of engineering but I also wanted to develop good practical skills. Therefore I started my 

Apprenticeship and have so far completed NVQ Level 2, and BTEC Level 3 in Engineering Operations 

and Maintenance. I have achieved a Distinction grade in this. I am still continuing my CPD in an 

academic way as I will shortly be starting a HNC in Electrical/ Electronic Engineering.  

Personal and Organisational Objectives 

At  Hospital, we are obliged to continue with CPD in a variety of areas, not always job 

specific. As can be seen below I have attended training sessions for a range of subjects. For example, 

Anti-Fraud awareness, Radiation Protection, Personal Safety and Security, Infection Prevention, 

Safeguarding Children and Manual Handling. I have a compliance matrix below, green showing 

completed and in date, Blue showing extra training. Some of these sessions will need to be done 

again and I will attend refresher courses to ensure I keep up with the latest advice.  

 

 

To meet personal and organisational objectives I have a meeting called a Personal Development 

Review (PDR). This is a meeting with my line manager where I can discuss any training needs I feel I 

have and also to set targets that I can work to before my next review.  

Planned and Unplanned CPD 

The main way in which I carry out planned CPD is by attending presentations and lectures given in 

my work place. An example of this is a presentation about Radiotherapy, given by the lead 

Radiographer at the time. This was designed to help give me a basic understanding of what 

radiotherapy is from a clinical, patient orientated view. I have attended a number of presentations 

and always write up a reflective piece after attending, making notes of what I have learnt and how it 

will affect me in my job role, such as having a greater understanding of the issues/ frustrations 

radiographers can have, helping me to become better at my job. Here is an example of a 

presentation reflection: 
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Evidence of Competence Development  

To ensure that I am competent in my job role I have continued to improve my knowledge of the 

Linear Accelerators that I work on, whenever I have the opportunity to do so. An example of this is 

when I attended a manufacturer training course for a 2 week period, also completing about 1 weeks 

worth of preliminary training on an online training website. The certificate below shows that I am 

now deemed competent to work on the Linear accelerators unsupervised on both faults and service 

work. I can also sign the machine off as safe.  Having completed the course (Elekta Oncology 

Engineer 1) I have also been signed off as competent in the Competency database that we use to 

keep track of competencies here at  I am now looking into the Elekta Oncology Engineer 

Line 2 course which I hope to attend in 2018, and I will also be looking at attending other training 

courses such as servicing Brachytherapy Afterloader equipment and health and safety courses to 

keep my knowledge up to date.  
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Assisting Others in CPD 

Assisting others in CPD is very important as it helps my colleagues to gain experience and 

understanding in key areas to do with our job. Sharing knowledge helps to ensure a wider skill base 

and a wider range of knowledge that can then help to make sure machine downtime is kept to an 

absolute minimum. An example of when I carried out CPD for the benefit of my colleagues was when 

I ran a QC training session. To be allowed to carry out QC, staff members must be signed off as 

competent to do so and so practice sessions are run to ensure that they have had enough practice to 

become familiar with the procedure. I carried out a session for new starters and ran through a few 

procedures that they then were able to observe. There were 4 trainee engineers watching me on 

this QC session. 

Associate Member of IPEM 

The email screenshot below shows how I have become a member of the Institute of Physics and 

Engineering in Medicine. 

 

As well as becoming an associate member to a professional institution, I have been actively involved 

in the institution. I have attended MPEC 2016, a conference organised by IPEM and also listened to 

varius presentations about our role, and also an interesting session on the register of clinical 

technologists, which I one day hope to work towards. I also plan on continuing my CPD with the 

intitute by completeing the IPEM training scheme which covers a wide range of job related subjects 

such as understanding how cancer works, and how the treatment we offer helps, along with the 

health and safety aspects we need to look at, and how the machines we work on function. I feel that 
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all of this will be relevent to me in my future career and so it will be good experience for me to carry 

out the training scheme portfolio. 
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Recording CPD 

One of the ways that I record the CPD that I carry out is to fill in a log of experience everyday. This is 

kept up to date and includes faults I attend, services, planned work, presentations and external visits 

to conferences or other linac sites. I have been filling this out since I started my current role, 

therefore I have built up quite a good record. If a particular CPD session is particularly interesting 

then I will also create a reflective practice document, outlining what I have learnt and how I feel this 

will help me to improve in the future. Here is a screenshot of my work log from when I first started in 

my position: 
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E5 – Exercise responsibilities in an ethical manner. 

Statement of Ethical Principles (UK Spec) 

Accuracy and Rigour – An area in my current job role that shows I am accurate and thorough is 

when I am entering data into the database after planned maintenance or an unplanned callout to a 

machine. The reason I need to be very accurate is because it is an official record of a fault or job, and 

so if looked back on it needs to be accurate and correct. If for example it wasn’t accurate, someone 

using what I had written to give them an idea of the fault would get the wrong idea, and so it may 

not be useful in helping them to solve an issue, or it may make it more difficult to sort the issue.  

I show respect for the public good by ensuring that I keep to patient confidentiality. This means 

when I come across patient data in my day to day job, I have to ensure I act responsibly with the 

information and in accordance with the Data Protection Act, the Human Rights Act and the NHS Act 

2006. For example when a college tutor came to observe me carrying out a machine run up 

procedure, I carried out a risk assessment that included patient data, and put measures into place to 

ensure that the tutor wouldn’t be able to take photos of or have access to this data. When disposing 

of old computers or faulty equipment I also ensure that the hard drive or memory capabilities have 

been destroyed beyond salvage so that no one will be able to access this patient data. I will also 

ensure that I keep up to date with the latest patient confidentiality training given to me by the 

Information Governance course offered by  

 A 

screenshot from my training compliance matrix showing that my Information Governance training is up to date, but will need to 

be renewed in 2019. 

 

On completion of the IPEM portfolio I plan to register on the Register of Clinical Technologists (RCT). This will 

mean I will work to another professional standard and prove that I plan to continue in CPD and ensuring that I 

can be at the top of my profession especially in regards to exercising my responsibilities in an ethical manner. 
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RTSG Department Structure 
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