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Panes fit into 3/16” wide slots cut into four wood strips (1.5” x 0.75” x 8.187” ) glued to inside of box. Paint the wood spacers. with acrylic paint. 

The panels are cut freehand with a reciprocating saw (for lack of a table saw). After cutting, pieces must “reconciled” for dimensional consistency. Check corner angles and linear dimensions.  Errors are usually small but can be a nuisance during assembly. The best known practice is to match two panels together (inside against inside), clamp them in a vise and plane them with a single blade carpenter’s plane. 

16.75” x 23” side
9.25”x 23”width, vertical 

Corner blocks are 1.5” x 1.5” and 1” from top and flush with sides

Top edge of glass pane holder is 3” from top of side panels. Center the holder in the width dimension (0.5” clearance on both sides



8.125”x 1.5” 
4 slots (0.25”)







Corner blocks are 1.5” x 1.5” and 1” from bottom and flush with sides

Bottom edge of glass pane holder is 3” from bottom of side panels.





Glass capacitor (4 panes of glass 16” x 20” x 0.125”)
(1/4 scale, plan view, looking down on the long dimension edge of the glass)

capacitor is self contained in a plywood box with a bottom. Inside dimensions are 16.75” x 23” x 8.125”. Spacing between panes is about 1.625”.  Clearance of pane to inside edge (length) is 0.25 on either end. The 4” dead space at the top of the box is used for corner reinforcement. 

Panes are actually 0.088”  (about 3/32”) thick, not 1/8” thick.

Plywood is 5 ply and ½” thick. Plies are thin. Pieces are:

two    16.75” x 23”
two      9.25” x 23”
one      20.25” x 9.125” (base; base adds 1.25” on both ends to accommodate fasteners.)

Panes fit into 3/16” wide slots cut into four wood strips (1.5” x 0.75” x 8.125” ) glued to inside of box. Grooves are cut 0.5” deep at locations shown.
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17” resistor
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(The plywood turned out to be terrible in quality. Numerous de-laminations had to be fixed.)

Electrode distribution assembly is made from ½” PVC pipe and fittings:

½” PVC Tee (5 each) machined as follows:
3 Tees are unmodified
2 Tees have 7/16” removed from one end
½” PVC pipe segment 2.25” (3 each)
½” PVC pipe segment 1.875” (1 each)
½” PVC pipe segment 2.125” (1 each)
½” PVC pipe segment 0.55” (2 each; used as an entrance and an end filler)

The segments are trimmed and faced in the lathe. The diameter of the outer ½” of each segment is reduced very slightly with a file.

The Charlotte pipe labels can be removed by wetting a piece of paper towel with lacquer thinner and then rubbing the label. This will remove the “excess” ink and prevent it from diffusing during the next step. Then wet a piece of paper towel with acetone and then rub the remaining ink off the label.  

If only acetone is used, the result will be a pipe with a slight pink cast to it that may spread beyond the original label area. 

Electrode distribution support blocks:















The support blocks are made from 2” x 2” x 0.75” MDF. 

One is drilled with a 7/8” wood drill and cut in half across the diameter. 

The other is drilled with a 13/16” wood drill and cut in half across the diameter. One of the resulting pieces is then cut in half through the cross section to reduce the thickness from  ¾” to 3/8”.



Construction of glass capacitor plates


4




Corner 























Aluminum electrode is 12” x 16. Corner radius is about 1.5”. Glass is standard 16” x 20” x1/8”. One plate is approximately 4 nanoFarads


1. Arrange for a hassle free work area, preferably a large flat table top in a ventilated area. Collect all tools needed: tape measure, long straight edge, box cutter or safety razor, acetone, lacquer thinner, 3M spray adhesive, roll of paper towels,  roll of 12” heavy duty aluminum foil, glass panes, empty soup can (3” diameter), trash can, good lighting, and plenty of patience.

2. Sweep the assembly area free of debris so that a glass pane can lay flat on it.

3. Lay down 4 sheets of large newspaper (stapled together at corners). On top of this lay down a large sheet of brown wrapping paper (the edge of the glass is hard to see against newsprint).  If the wrapping paper comes from a roll, iron it flat with a steam iron. The paper should be free of lint, grit, dust, etc.

4. Lay the glass pane on the wrapping paper. Clean both sides with a piece of paper towel soaked with lacquer thinner.  Remove finger prints, adhesive from labels, etc.

5.With a dye pen, mark one boundary on the glass: a line 2 inches from the edge along the length.

6. Carefully unroll a length of the 12” aluminum foil (about 22 inches). Lay it on to of the glass. Smooth out any wrinkles with a small wad of paper towel. Note any “pimple” (raised spots) cause by debris on the foil or glass; clear these away. 

7. Set the foil aside on a clean surface. Wipe the glass with a piece of paper towel soaked in lacquer thinner just inside the boundary line. The intent is to leave a thin film of lacquer thinner on the glass. Then quickly spray the entire glass lightly with the 3M adhesive. Don’t wait for it to dry.

8. Pick up the foil and lay the whole thing onto the glass, matching the top edge to the boundary line first. Then smooth it out.  Work from center outward. If you get too many wrinkles, lift the foil and re-smooth that section again. If your work is really bad, discard the foil and start over.

9. After the foil has been laid down, clean the still exposed glass with lacquer thinner to remove any adhesive over-spray. (stray “stickies” are very annoying in this task).

10. Flip the pane over and repeat steps 6 through 8. The second foil should match the position of the frist.

[bookmark: _GoBack]11. Mark the excess foil 2”from the short edge of the glass. Trim the excess foil by dragging a sharp box cutter or safety razor 4 times along a straight edge or long ruler. Do not press hard with the cutter. After the foil is scored, carefully remove the excess pieces. The best technique seem to be to crumple the foil inward (towards the score) with a safety razor blade, then lift the crumpled foil away; attempting to peel the flat foil is usually not an efficient way to remove the foil. Do both sides. The finished product at this point will be a 16” x 20” glass pane with a 12” x 16” rectangular foil centered on the pane.

12. Make two marks on the bottom edge of a 3” diameter soup can so that they are about 2” apart on the circumference. Use this as a tool along with the cutter to make the rounded corners on the foils.  Do both sides, all corners. The intent is reduce corona from sharp points.

13. Tape all edges of the foils with common 2” wide acrylic packaging tape.  The tape should go from one edge of the glass, over the foil, and to the opposite edge of the glass. About 1/3 of the tape should be on the foil and the remainder on the glass. The intent is to reduce corona from foil edges. Do all four edges; then repeat for the other side.  Trim off all tape overhangs from the glass edges.



Wiring harness and connections to capacitor plates

All capacitor wires protrude 5”from the center line of the PVC Tee. They terminate in a female bullet connector. Red and black wire is used to reduce confusion when connecting to capacitor plates. The two wires from the PVC posts go direct to the vertical terminals on the base board; they are custom made and have different lengths.  They use double vinyl tubing as insulation.

Connections to the capacitor foil are made with fine stranded wire about 10” long, the last 4” of which is stripped, fanned out and taped to the bare foil surface.  Note that the glass wells may have two wires, but they are of the same polarity and have no voltage difference.







Red well harness shown 
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Glass capacitor

Glass capacitor consists of 4 sheets of glass panes 16” x 20” x1/8”. A typical design has a primary capacitor value of about 11 nanofarads. Capacitor panes may see peak voltages of 34 kV.

Glass has a dielectric strength of about 10 kV/mm. A glass pane 1/8” thick should withstand 31 kV
https://en.wikipedia.org/wiki/Dielectric_strength 



C = A/d          (1000cm = 1.12 nanoFarad)


A = 4.724 x 6.3 cm^2     (foil 12” x 16”; glass 16” x 20))
d = 0.049 cm

=(1822.114286)       (MS word formula)
= 2.04


glass 16 x 20,    foil 12” x 16 
(3*(12/2.54)*(16/2.54) /(.125 /2.54)/1000)*1.12     (MS word formula)
  =    2.03 nanoFarad

glass 12 x 16,    foil 8” x 12” foil
(3*(8/2.54)*(12/2.54) /(.125 /2.54)/1000)*1.12      ( MS word formula)
=   1.02   nanoFarad


Materials:
Glass: https://www.homedepot.com/p/12-in-x-16-in-x-125-in-Clear-Glass-91216/202091043  

Spray adhesive: 
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Main power supply assembly
High voltage barrier strips
Fuse
MOV spike protector
Inrush current limiter (Aqua-Rite Thermistor AS 2 ohm   X001K7JROR)
RFI line filter (clamp on type)
Fans (110 Volt, ball bearing) for spark gap, and diodes/transformer)
red status light

Hook up wire (16 AWG stranded; 105 Centigrade, black, white, green, red, yellow 
spade connectors

Vinyl tubing (high voltage insulation, transformer-capacitor-spark gap)



[bookmark: Testing]Testing
2-3-2018

1.  Fans and transformer work ok.  No corona problems were observed; there is a slight crackling noise near transformer. Fans have been temporarily disconnected so noise can be located more easily.

2. Spark gap does not fire. Electrodes cannot be easily adjusted. Length of 1/4-20 carriage bolts needs to be 4 or 5 inches instead of 3. Insulated handles need to be attached.

3. Wiring on inductor section needs to be verified.

4. Instrumentation output to scope or multimeter needs to be completed.

3. Design needs to have better diagnostics.
a. rectifier section needs indication of DC output. 
b. rectifier section & smoothing capacitor needs to have a bypass so as to run on straight 12kV AC (thru de-Qing diode and inductor section. 
4. Listening for corona needs to be done with a tube on a nylon stick. I got shocked by weak static (apparently due to the 100 meg resistors) during probing.

5. The CO2 fire extinguisher performed a test blast with no complications.

2-7-18	
1. spark gap system now uses 5” carriage bolts and vinyl tubing for insulated handles. Much nicer. Gap set to about 1/8” 

2. Gap now fires, but only very weakly, and with a repetition rate of a few sparks per second. A very weak spark is visible at the Tesla secondary. The instrumentation port shows about 60-70 volts DC (intermittent) on the Fluke multimeter as expected. Some AC (5-10 volts) also shows up. I need to look at this with the scope.

3. Each capacitor pane shows about 7 nanofarads. One pane has a problem with bubbles.

4. Future tests:
a. view instrument port with a scope.
b. reconfigure the connections to make an AC Tesla coil. Add RF powerline chokes to neon transformer secondary cables before running tests.

2-15-18  

1. An MOV was added to the cable on the instrumentation port.  Scope shows an apparently rectified AC waveform riding on top of DC offset. Trace is clean. Voltage build up requires dozens of pulses until the spark gap fires (about 4 times per second). Will make more precise tests later.

Transformer secondaries are 9.9 k ohm each or 19.85 k ohm total.
Smoothing capacitor is 0.011 mfd. Glass capacitor is about 18 nanofarads (0.018 mfd)
TC = (9.9 x10^3)(0.029 x 10^-6)  )  use one secondary, and combined system capacitance.
TC = 28.7 x 10^-5
TC = 0.287 milliseconds
Time constant is therefore about 0.3 milliseconds.
One half cycle of AC line power is 8.3 milliseconds. 
Why don’t the capacitors charge fully in one half cycle, even though this is not a rectifier transformer?
Why the performance is so bad?

2-18-18
Made a high voltage neon polarity indicator from two neon bulbs, a 1 Meg resistor (did not have a 10 Meg), vinyl tubing, and a wire to connect to GND.

Testing shows AC where it should be and DC where it should be. However, the coil posts are always energized even though they are in series with the Spark Gap. This was unexpected but appears to be normal. Both the positive and negative side of the rectifier output are 8 kV to ground.

The secondary terminal shows a very weak HV output even though the Spark Gap is not firing. This implies a weak AC current is still going through the primary at all times
[image: http://www.richieburnett.co.uk/dcdeq1.gif]
Use extreme caution while testing!






http://www.richieburnett.co.uk/dcreschg.html 
The table below shows some equations that are useful when working with the DC resonant charging arrangement. In particular these equations aid the designer in the choice of the Charging Inductor Lr and the Tank Capacitor Cp.
	[image: http://www.richieburnett.co.uk/dceqn1.gif]
	Resonant Frequency of charging circuit. (This is the standard equation for resonant frequency.)
	Hertz

	[image: http://www.richieburnett.co.uk/dceqn2.gif]
	Maximum Rotary firing rate. The maximum BPS is twice the resonant frequency of the charging circuit. This is because the charging operation takes one half cycle at the resonant frequency to complete. Correct resonant charging action no longer takes place above this maximum speed.
	Breaks
per
second

	[image: http://www.richieburnett.co.uk/dceqn3.gif]
	Characteristic impedance of resonant charging circuit. This gives an indication of the loading that the resonant charging circuit presents to the DC supply. It is also used later to calculate the peak charging current.
	Ohms

	[image: http://www.richieburnett.co.uk/dceqn4.gif]
	Peak voltage to which tank capacitor charges. The capacitor is charged to twice the DC supply voltage for all rotary speeds below the maximum allowable BPS.
	Volts

	[image: http://www.richieburnett.co.uk/dceqn5.gif]
	Energy stored in tank capacitor before firing. Obtained by substituting 2Vdc into the familiar energy equation.
	Joules

	[image: http://www.richieburnett.co.uk/dceqn6.gif]
	Power throughput at a particular firing rate. Obtained by multiplying the capacitor energy by the rotary firing rate.
	Watts

	[image: http://www.richieburnett.co.uk/dceqn7.gif]
	Power throughput achieved at maximum BPS. This is the maximum power throughput that can be achieved by running the rotary at the maximum allowable speed. Obtained by substituting the value for maximum BPS into the power equation above.
	Watts

	[image: http://www.richieburnett.co.uk/dceqn8.gif]
	Peak current through the charging inductor. Obtained by dividing the DC supply voltage by the characteristic impedance of the resonant charging circuit. This also represents the peak current drawn from the DC reservoir capacitor during the charging cycle.
	Amps

	[image: http://www.richieburnett.co.uk/dceqn9.gif]
	RMS current through charging inductor at maximum rotary BPS. This is the RMS current that the charging inductor will see when the system is run at full power. The charging inductor should be rated appropriately.
	Amps

	[image: http://www.richieburnett.co.uk/dceqn10.gif]
	Peak energy stored in the charging inductor during charging cycle. Obtained by substituting the peak inductor current into the familiar inductor energy equation. Notice that the peak inductor energy is independent of the actual inductor value, and it is equal to a quarter of the energy that is finally stored in the tank capacitor !
	Joules

	[image: http://www.richieburnett.co.uk/dceqn11.gif]
	Product of charging inductor and tank capacitor values. Obtained by rearranging the equation for maximum BPS. This is used as a step to derive to the design equations for Cp and Lp below.
	-

	[image: http://www.richieburnett.co.uk/dceqn12.gif]
	Ratio of charging inductor and tank capacitor values. Obtained by rearranging the equation for maximum power. This is also used as a step to derive the design equations for Cp and Lp below.
	-

	[image: http://www.richieburnett.co.uk/dceqn13.gif]
	Tank capacitor value for specified power at specified maximum BPS. Use this equation to calculate the capacitor size required to achieve your chosen maximum power at your chosen maximum rotary speed.
	Farads

	[image: http://www.richieburnett.co.uk/dceqn14.gif]
	Charging inductor value for specified power at specified maximum BPS. Use this equation to calculate the inductor value required to achieve your chosen maximum power at your chosen maximum rotary speed.
	Henries




Margaret:

Thank you for your prompt response.

The rectifiers will be used in a more-or-less conventional bipolar DC Tesla transformer (aka "Tesla coil"). Two such machines will be constructed and used to investigate the gravitational effects of HV rotating electrical fields.

The power supply uses a neon transformer, a rectifier bridge, a smoothing capacitor, a de-Q-ing diode, and an isolation inductor ; the latter two components isolate the Tesla primary from the power supply. The power supply output itself is about 17 kV DC but the inductor (and the Tesla primary capacitor) effectively double this and the de-Q-ing diode(s) could see 34 kV reverse voltage. Hence, all components (or combinations) are spec'd for 40kV.  The Tesla output is expected to be about 500 kV with a ringing waveform (130 kHz) that must be properly phased  with the output of another Tesla coil to produce a rotating field.

The scientific aspects of this are further described at:
https://www.researchgate.net/publication/309533409_Beyond_Einstein_non-local_physics  

https://www.researchgate.net/publication/319002136_Research_needed_on_monopolar_pulsed_high_voltage_levitation 

I was impressed by the VMI descriptions of the diodes in the FAQ. But I realize that your company probably does not service small quantity orders needed for research or prototyping. That is ok. I can find other sources of HV diodes. But I was impressed by VMI's and so I thought I should at least inquire about a quantity of 10 (not 6).


Brian Fraser
brianfraser427@yahoo.com 


On Wednesday, October 25, 2017, 5:29:10 PM MDT, Margaret Fulleylove <mfulley@voltagemultipliers.com> wrote:


Hello Brian,  

Thank you for your request.  Will you please advise the application these are being considered for.  
We will need to review this item with our engineering group., as we have not sold this item for quite a while now.  

I look forward to learning more about your application.  

Thank you, 

Margaret 
VMI Sales 

-----Original Message-----
From: fp1_fm192@formmail.com [mailto:fp1_fm192@formmail.com] 
Sent: Tuesday, October 24, 2017 5:12 PM
To: VMI Customer Service Request
Subject: Rectifier Assembly Request

Below is the result of your feedback form.  It was submitted by Brian Fraser (brianfraser427@yahoo.com) on Tuesday, October 24, 2017 at 19:11:42
---------------------------------------------------------------------------

Rectifier Assembly Quote: Quote

Address: 8243 E. Oak St.

Address2: Scottsdale, Arizona 85257

Phone: 480-946-7683

application: HV power supply

Quantity: 6

Input Voltage: 12 kV r.m.s

Output Voltage: 17 kV

Operating Frequency: 60 Hz

Output Current: 35 ma

Preferred Size: 6.5 inch case

Cooling Method: fan

Operating Temp: 60 C

Comments: Initial specs for this prototype point to the FP200UF  rectifier stack (20kV, 2.2 amps, 70 ns, 6.5” case length)

So I would like a quote for 6 each of FP200UF 

Submit: Submit

---------------------------------------------------------------------------
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