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This paper discusses the author's computer modeling of a complete Tesla coil system.  The model is presented along with predicted voltage and current waveforms.  The predicted results are compared to actual measurements in the real Tesla coil for comparison.  This paper is believed to be the first formal presentation of a model that accurately predicts all the voltages and currents within a Tesla coil system.  This paper is also believed to be the first formal presentation of all actual voltage and current waveforms in a Tesla coil.  

Introduction:

This paper will demonstrate that Tesla coil systems can be accurately predicted with current computer modeling tools.  The author uses high-bandwidth fiber-optic voltage and current probes and voltage sensing plane wave antenna arrays to analyze and verify the models predicted waveforms.  


It is important to state that neither the computer models nor the actual measured results would have much meaning by themselves.  The computer models could never attain high accuracy without actual measurements to verify and measure the needed parameters.  Likewise, the actual measurements, while fascinating, are not very useful unless their meaning can be analyzed and understood with the help of a computer's immense power.  This is believed to be the first paper to give such a comprehensive view of Tesla coil operation. 

The Tesla Coil System:

The Tesla coil that is studied here is the author's research coil system.  This system has been studied for over a year and it's behavior and parameters are well known.  Below are pictures of the system.
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The specifications of the system are as follows:

Charging system:


10 amp  0 - 140 Vac Variac.


15kV  60mA Transco Neon Sign Transformer.


14 x 1800 volts MOV Protection Array.


Typical line filters and switching circuits.

Filter System (in order):


Two 5k ohm 50W Ohmite power resistors.


One 2700 pF  30kV doorknob capacitor.


Common mode choke.


Two more 5k ohm 50W Ohmite power resistors.


11.3kV Spark Gaps on each leg.

Spark Gap:


1800 RPM Synchronous (phase fully adjustable).


Four 3/8 inch all-thread brass electrodes spinning on a 7 inch diameter



polypropylene disk.

Primary Capacitor:


17.05nF.  Composed of ten 1.7nF 30kV HF doorknob capacitors.

Primary Inductor:


Inductance 127.9uH.


1/4 inch copper tubing.


12 inch inner diameter.


1/8 inch space between turns.


Tapped at 15.1 turns.

Primary system resistance:


~3 ohms

Secondary Inductor:


Inductance 75.4mH.


#24 enameled copper wire.


10.25 inch diameter.


30.0 inches long.


1000 turns (space wound).


Q = 160


Adjustable height.


DC Resistance 68.87 ohms.


Self Capacitance 16.68pF.

Top Terminal:


Two 12 inch salad bowls taped together with copper tape.


Adds 10.25pF to system.

General:


Primary Resonant Frequency  107.8kHz



Secondary Resonant Frequency  111.7kHz


Primary to Secondary Coupling  K = 0.1753

Measurement System:


The voltages and currents are measured with various voltage and current transducers.  These are connected to fiber-optic transmitters which turn the voltage levels from the transducers into a proportional light signal that is sent through a 10 meter length of dual fiber-optic cable.  This system allows for total isolation of the measurement devices.  The bandwidth of the system can go as high as 40MHz if needed.  A plane wave antenna system is also used to measure secondary voltage from the coil.  These measurement systems have been previously discussed in other papers.
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500-Amp Current sensor used to measure primary current.

The transducers available for this system are as follows:


-500 to 500 mA  Current


-5 to 5 A  Current


-50 to 50 A  Current


-500 to 500A  Current


-500 to 500 V  Voltage


-50000 to 50000 V  Voltage


The top terminal also has a 50 amp current transducers in the base to measure input current to the terminal current to the arc streamer.

All of these transducers have a bandwidth of 2.5MHz which can be extended to 40MHz with reduced accuracy.  The plane-wave antenna arrays have a bandwidth of 100MHz.  All these signal are feed to a Tektronix TDS 210 Digital storage oscilloscope.  There is a printer and a laptop PC typically connected to the oscilloscope to record the captured waveforms. 

Tesla Coil Computer Model:

Bellow is a spice schematic diagram of the model used to predict the Tesla coil system's behavior.  
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