myMusicalTesla
What is a Tesla Coil?
In the 1890s Nikola Tesla (an electrical and mechanical engineer, futurist and all round inventor) was trying to develop a method for wirelessly transmitting electricity. Unfortunately, this idea never really took off, there are far too many losses associated with this idea and although there are rumours that he turned on 100 light bulbs 26 miles away by using the Earth as a conductor for his Tesla Coil – there is not enough substantial evidence to conclude whether or not this happened.
As I have alluded to before, the way in which he wirelessly sent electricity was with a Tesla Coil. There are a number of different variations of Tesla Coils (TCs), but they all operate in a similar fashion. Tesla Coils are essentially high voltage step up transformers, but they differ in one key way. Since the voltages needed to create sparks are so high (a rule of thumb is 10KV/CM) a tightly coupled transformer with an iron core would break down and short with potentially catastrophic results. Therefore, a loosely coupled transformer (with an air gap) is used. Energy is transferred from one oscillating circuit to another over a number of cycles.
The original Tesla Coil was what is known now as a Spark Gap Tesla Coil or SGTC.  The circuit is fairly simple; you have a LRC circuit which resonates with another LRC circuit. When driving the primary coil (the left half of figure 1) at resonance you begin to ‘top up’ the voltage on the top load (labelled ‘torus’). When the voltage is sufficient it ionises the surrounding air and creates a flow of charge and hence a spark!
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/1/10/Tesla_coil_3.svg/496px-Tesla_coil_3.svg.png]
Figure 1 – Typical arrangement of a SGTC
When the voltage across the spark gap is high enough, it too ionises the surrounding air and causes a huge current to flow through the primary coil – this sudden and drastic change in current induces a large voltage on the secondary coil (by way of Faradays Laws). As mentioned previously, because the coils are loosely coupled, a few oscillations are needed before enough voltage (which can be up to thousands if not hundreds of thousands of volts!) is created on the top load and the spark occurs. The top load is usually a torus; the reason being is that it has no sharp points (unless a break point is added); this allows the voltage to build up sufficiently. What’s more, it acts as a capacitor – between the ground, using the air as a dielectric. This is where the LRC circuit is, the windings are the inductor (and also the resistor) and the top load is the capacitor.
In the low voltage side circuit, the LRC arrangement comes from the primary capacitor (also known as a tank capacitor) and the primary coil (again acting as the resistor and inductor). The spark gap simply acts as a switch; it causes a large amount of voltage to flow when the voltage breaks down across the spark gap. We have now moved to an age of semiconductors and it seems fitting to replace this spark gap with high power, solid state switches – this brings us to the Solid State Tesla Coil or SSTC.
 Figure 2 is the general outline for a Solid State Tesla Coil or SSTC:
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Figure 2 – A Solid State Tesla Coil
This is a high level abstract approach to a SSTC – I will talk more about the switching circuitry and such later. Essentially, the circuit is the same but now we use solid state devices (such as MOSFETS or IGBTS) to control when the primary coil becomes energised. This gives us more control over the spark and allows us (with the use of an interrupter) to modulate the spark – and hence create music! 






SSTC Schematic
Most SSTC have a very similar design. For example, mine was based off one created by Steve Wards, see below:
[image: http://www.stevehv.4hv.org/SSTC5/miniSSTCsch.JPG]
[image: C:\Users\UKSimmoM\Dropbox\Uni\National Instruments  - Work Placement\Indervidual Project\Documentatio\Design.PNG]I made some alterations to this, including a different IGBT driver (one that I was more familiar with) different IGBTs and a different method for interrupting the drive signal. My design is shown below:



I designed my circuit using NI Multisim – this then allowed me to transfer it to NI Ultiboard for PCB manufacturing.
The circuit can be split up in to several core components – Half Bridge, Rectification, Switching circuitry and control. These are explained in more depth below.
Switching Circuitry
The switching circuitry is simply what it says on the tin, its circuit that switches your input voltage across your primary coil. I have used the IR2110 high/low side driver because it can provide enough current to turn on the gates of the IGBTs quickly, and also provides the step up in voltage necessary for switching. Below is a Multisim snippet of this circuit:
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)[image: C:\Users\UKSimmoM\Dropbox\Uni\National Instruments  - Work Placement\Indervidual Project\Documentatio\Switching.png]
To briefly explain what is going on here, the IR2110 needs bootstrap capacitors charge the gates for quickly switching the IGBTs, these are C3 and C4. The SD line is the shutdown or enable pin – this goes to the controller so that we can interrupt the signal to create music/tones. Diodes D4 and D2 are for discharging the capacitance on the gates so that they can be turned off quicker. The resistors that are in parallel to this (R3 and R4) are used to dampen the oscillations that are caused when switching at high frequencies. Finally, D3 is used to charge up the bootstrap capacitors from Vcc.
Half Bridge
The half bridge simply describes the arrangement of the IGBTs – for mine I used a Half bridge arrangement due to the fact I would need only 2 IGBTs as appose to 4 in the full bridge arrangement. The down side to this is that it halves your available voltage for exciting the primary coil and hence reduces spark length. Below is the half bridge:
[image: C:\Users\UKSimmoM\Dropbox\Uni\National Instruments  - Work Placement\Indervidual Project\Documentatio\Half.png]
The IGBTs both have high voltage rated diodes in parallel with them for a very important reason. Turning the switching of the IGBTs, we want to ensure that they are switching complimentary with each other – IE when one goes high, the other is low. Otherwise, if they are both high (turned on) you will be shorting the mains supply (330VDC) straight to ground through the IGBTs with theoretically infinite current. This will cause the IGBTs to blow. On the other hand, if we force them to switch so that we ensure one IGBT is always off (which requires having them both off, also known as deadtime) we have another problem. Since we have an inductive coil, it stores energy and this energy needs to go somewhere, which it usually does by ionising the air near a ground and shorting. To solve this, we put D1 and D5 in to act as flyback diodes. The capacitors C1 and C2 are used to hold one end of the coil at half the voltage.
Rectification
Ideally we want to be switching DC voltages, and to do this we need to rectify the mains AC voltage to DC. This done quite simply by using a bridge rectifier, schematic shown below. Note a neon indicator in parallel with the mains input – this allows us to see when the terminals are live. I’ve also introduced a quick blow fuse for further protection.
[image: C:\Users\UKSimmoM\Dropbox\Uni\National Instruments  - Work Placement\Indervidual Project\Documentatio\Rectification.png]
Control
All of the control in this project is done using the myRIO-1900. It has an on board FPGA which allows us to use deterministic and fast processing of data (which is used for performing an FFT) and has a range of DIO channels so we can drive the IR2110. It has an audio input jack allowing simple and easy input of music. As well as all this is has logic level supplies which can be used for the components, reducing the components required on your circuit board. 
[image: http://sine.ni.com/images/products/us/05161303_l.jpg]
The general processes are:
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)This process happens at a constant rate (audio sampling rate) which is defined by the user on the LabVIEW front panel. Another process which runs in parallel is the one that generates the square wave for the IGBTs:


	
This happened constantly the frequency can be changed by the user again using the LabVIEW front panel.


How do I build myMusicalTesla?
First and foremost, you need to obtain some materials. The list of materials is below:
	Parts list for myMusicalTesla
	Quantity

	
	

	myRIO-1900
	1

	IR2110
	1

	100KOhm 2 watt Resistor
	1

	ultra fast recover diodes
	4

	100nF ceramic decoupling capacitor
	2

	1KOhm 1/4 watt resistors
	2

	5 Ohm 1/4 watt resistors
	2

	470uF 400v electrolytic capacitor
	1

	20mm/5mm fuse holder
	1

	bridge rectifier (rated above 350v)
	1

	Neon Indicator
	1

	screw terminals (rated over 350v)
	3

	IGBTS (Rated over 20A and 600v)
	2

	470nF capacitors PP (rated 400v or above)
	2

	5A 20mm/5mm fuse
	1

	3 male header pins
	1

	Perfboard or PCB
	1

	MSP PCB connector
	1

	0.25mm enamelled wire
	200g

	Speaker cable
	2M

	4.5in PVC tube
	0.3M

	Aluminium air ducting 50mm diameter
	1M

	TO-220 heat sink
	2

	TO-247 heat sink
	2

	Optionally, Fan
	1



Once you have these, I would advise first prototyping the switching circuit on a breadboard and use 12v to switch across a speaker; this will allow you to hear a tone of your choice. Code for this can be found within this directory. 






Top Load
The top load can either be aluminium ducting curved round on itself and then taped or anything in a torus shape! I found 2 hemispheres made of polystyrene from HobbyCraft, I then used a paint lid to glue them together and then finally I used so silver tape to coat them:
[image: ][image: ]
[image: ]
Secondary Coil
Making the secondary coil is a long process – put simply, you need to wrap the enamelled wire around the PVC tube until it is 25cm long. 
[image: ]
This was one of my first secondary coils, unfortunately the frequency of resonance is too high (over 700KHz) and so I changed to the secondary coil shown below:
[image: ]
The top load shown above did not give me a high enough capacitance and so I eventually used the air duct torrid by placing it on top and using silver tape to bind it to my previous top load.
Primary Coil
The Primary coil is very simple, you need to wind some speaker cable around the base of the secondary and tape it in place (I used black electrician’s tape).
[image: ]

Electronics
I’ve designed a PCB using Ultiboard for the myMusicalTesla. Below is an image of the board, please find the file in this directory.
[image: C:\Users\UKSimmoM\Dropbox\Uni\National Instruments  - Work Placement\Indervidual Project\Documentatio\PCB.PNG]       [image: ]
Once the parts have been soldered on you end up with this:
[image: C:\Users\UKSimmoM\Dropbox\Camera Uploads\2015-01-14 20.22.34.jpg]
You’re now ready to wire it up! The mains AC goes into the bottom right screw terminals (labelled 240VAC INPUT) and the neon indicator goes in the screw terminal at the bottom (labelled 240V Indicator). Finally, connect your primary coil to the top right screw terminal.





LabVIEW Code
As I have mentioned before, the Tesla Coil is controlled using LabVIEW and the myRIO. The code for this is in this directory. There are several modes of operation. myMuscialTelsa can be used in “pre-programmed mode”, “Instrument mode” or “Musical Mode”. These are explained below.
Pre-Programmed mode
In this mode, you need only run the VI called “PreProgrammedMode”. It has three programmed songs, one is Imperial March from Star Wars and the other is Harry Potter and finally Rue’s call from the Hunger Games. The settings that need to be set are generally the same throughout the 3 modes:
[image: ]
The three controls to the right are: “Tesla Coil Resonate Frequency”, “Choose a Song” and “Audio Pulse Width”. The TC Resonate Frequency shouldn’t change much from 132KHz, so unless the sparks are very small, I would leave it at that. The Song is an obvious one; simply choose one from the drop down box. And finally, the audio pulse width allows you to control how much power goes through the IGBTs, this value should be small (<15%) so that the IGBTs do not get hot and fail. Again, my advice is to stay at 8%.
You need to run the “PreProgrammedMode[RT].vi” first, then the PreProgrammedMode[Host].vi. This is because the code running on the PC sends data down to the host using Network Published Shared Variables (NPSV). This allows you to send the most recent values down to the RT target, which then 




Instrument Mode
In this mode, you can use the virtual (or real) keyboard/piano. This works by pressing the keys on the PC, the frequency is then sent down to the TC using Network Published Shared Variables (just like the Pre-programmed mode above).
[image: ]
Again, you need to set the Tesla Coil Resonate Frequency and Audio Pulse Width; I would leave them as the default values unless the sparks are very small.
Musical Mode
Musical Mode allows you to input music into the myRIO, it then performs an FFT and obtains the frequency of the highest amplitude. This is then sent to the myMusicalTesla and it plays the tune! This requires a little more setup than previous programs:

As before, the audio pulse width and TC resonate frequency stay at their default values (unless the spark is small as said before). I would advice leaving the “Hanning Window” for the window select value (as this gives better results). The sample rate can be adjusted so that it gives the best results, I find a value around 10KHz +/-5KHz is the best. Finally, the FFT Threshold really depends on the response you receive; pick a value which is just below the largest peak.
Once this is done, run the RT VI and then hit run! You can then turn on the mains input and watch the sparks fly! Here’s a few from when I tested it:
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