“Mini-Twin”  Bipolar Tesla Coil

by Brian D. Basura
Introduction

The interest for this coil came from a couple directions. I was looking to build a small portable coil that required minimal grounding. I was also looking for a test-bed to evaluate an EMMC capacitor design. I read through various materials and decided upon a bipolar design.

 A bipolar coil has two discharge terminals where the voltage at any instant in time is 180 degrees out of phase. This opposite phase condition causes the arcs to attract. The main reason for grounding the base of the secondary coils is to prevent them from becoming unbalanced (necessary when an arc connects to something other than the opposite discharge terminal). 

My plan was to build the components in a modular fashion, breadboard the coil, test the EMMC design, optimize the overall design, then package it for transportability.

Design and Construction

The number one design goal was to maintain balance throughout the construction process (i.e. identical components for the right and left coils).

Secondary - I opted to use two separate secondary coils connected and grounded at their bases. Utilizing one winding jig I was able to wind and coat both secondary coils at the same time. Before winding I applied a coat of Spar Varnish to the forms. After winding I applied a couple coats of epoxy (for durability since the coil will often be assembled, disassembled, and transported). Secondary specifications are as follows:

Form – 2”PVC (2.365” OD) Sealed with Spar Varnish

Wire – 28awg magnet wire (446’ or 1/4 lb. each coil)

Winding – 10” long at 72tpi for a H/D ratio of 4.2 (each coil)

Primary – This design requires two primaries connected in series to form the primary circuit. Each primary coil must be set-up to produce a magnetic field, which at any instant is 180 degrees out of phase from the other one. This can be accomplished by winding the coils in opposite directions and/or swapping the primary connections (utilize the right-hand rule of electromagnetism). The construction of the primary coils was straightforward using a flat Archimedes’ Spiral design with HDPE spacers. Specifications are as follows:

Form – HDPE spacers with .080” holes for wire to thread through (turn to turn centerline of .25”)

Wire – .080” (12awg) bare copper wire

Winding –4.75”ID, 7.5”OD, 6 turns, spaced at .170”

Taps – Calculated at 5.75 turns on each coil

Spark Gap –Eight series gaps of .030” for a total of .240” Constructed as nine 1”x2.5” copper pipes inside a 6” piece of PVC (Commonly known as a RQ/TCBOR design).   A muffin fan on top pulls air in through slots milled in the PVC housing. These slots are located to focus the airflow on the gap.

Capacitor – EMMC design by Terry Fritz. Two strings of 10 Panasonic ECW-H16333JV’s (DigiKey P/N P10513-ND) for a total Cpri of .0066uF at 16,000vdc (this would prove to be a very robust design). The capacitors were installed on perforated board in two rows of 10. Each capacitor in a row was connected in series then the two rows were connected in parallel.  A 10meg-ohm discharge resistor was then placed across each cap.  

Toroids – 3” chord x 10” diameter (constructed out of corrugated aluminum air ducting).

NST Power Supply – I originally used a 15kv/30ma (as seen at the S.C. Teslathon) but moved up to a 15kv/60ma for better performance.

NST Protection – RCR design by Terry Fritz (5k/666pf/5k). Safety gap to ground on each leg of the NST  (made from ¾” brass balls). The safety gap was set with just the NST and fires just above the maximum Variac setting. 

Primary Wiring – To reduce primary losses ½” copper strap was used for internal connections and 10awg wire for the external connections.

Variac – A 10amp, 0-140volt Variac was attached to a DC motor. This configuration allows the Variac to be remotely adjusted and mounted in the main enclosure. There is no electronic feedback circuit (visual feedback is provided by watching the coil’s performance). A friction fit connector between the motor and the Variac shaft allows slippage when the Variac reaches either of it’s limits. Drive polarity (fwd/rev) comes from a hardwired handheld control box. 

Filtering – Two levels of A/C line filtering were employed. The first is at the mains input and uses a 15amp modular filter with an integral (PC type) line cord socket. The second is between the NST and the Variac and uses a standard 120volt, 10amp line filter ran in reverse.

Control – The control circuit is isolated and uses low voltage. The 24vac center tapped transformer along with a half wave rectifier provides plus and minus 24vdc for the Variac control motor. A three-position switch in the hand held control box controls the polarity. The transformer also provides 24vdc for the interlock switch, key lockout and main relay.

Cooling – Cooling of the internal components is accomplished by the use of a 5.25” muffin fan. Air intake and exhaust openings are baffled to prevent Spark Gap light from escaping the cabinet.

Testing and Refinement

1) It was immediately apparent that the initial primary wire (silicon spark plug wire) was inadequate. Larger 10awg primary wires were immediately substituted for the breadboard design. Performance was increased to 14” connected streamers. The plan for packaging was modified to include ½” copper straps for the internal primary connections.  

2) The EMMC capacitors were run for a full 15 minutes without any problems (even though they took a direct secondary strike). 

3) The breadboard design was run for an undetermined amount of time at the Southern California Teslathon.

4) Input power was increased from 30ma to 60ma by replacing the NST. Performance is now 24” connected streamers.  

5) The EMMC was operated in 5-minute runs for an additional 30 minutes. After each run the capacitance was measured looking for any degradation. No reduction in capacitance was measurable and the results were reported to Terry Fritz (Note: It was important to give the EMMC module time to return to ambient temperature before making the measurements).

Measurements (Actual)

Lsec  = 6.9mH (each coil)

Lsec total = 13.4mH (top to top)

Secondary DC Resistance = 31 ohms (each)

Fsec right coil (unloaded) = 893khz

Fsec right coil (loaded) = 541khz

Fsec left coil (unloaded) = 914khz

Fsec left coil (loaded) = 558

Lpri = 6uH (each coil tapped at 5.75 turns)

Lpri total = 14uH (full primary circuit)

Lpri off-axis = 2uH (back calculated)

Fpri = 501khz

Mutual Inductance = 49.8uH

Coupling = .114 (System coupling was measured using the standard method of applying a heavy A/C current to the primary. To accommodate the bipolar configuration one modification was made to this process. Secondary A/C voltage was measured between the top’s of the two secondary coils instead of from the top of the secondary to ground.) 

Results and Conclusion

This bipolar design produces 24” white hot connected streamers that are very loud. The EMMC design has proven itself to be both robust and compact. The handheld controller works great and allows for easy adjustment. The packaging design allows the coil to be transported and assembled with minimal effort.  Overall I’m very happy with the performance and functionality of this project. 
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