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Potential +/- Difference Inc. How to Make a Bi-Toroid Transformer and Exceed 100% Efficiency in 2013



Thane Heins ©1/25/2013



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Conventional EI Transformer with Unity Power Factor Pf = 1



Typical EI Transformer



Figure 1, above shows the instantaneous and average power for a conventional EI transformer calculated from AC voltage and current with a unity power factor (φ=0, cosφ=1). The blue line (power sine wave) is completely above the Y axis 0 mark, meaning that all the power consumed by the primary coil of the transformer is real power. In addition, the voltage sine wave (red) and current sine wave (green) are both in phase with each other. If the voltage and current are both in phase then φ=0 and cosφ=1.



Figure 2, shows a conventional transformer onload with a purely resistive load Pf =1. In a conventional transformer the load power factor is transferred back to the transformer primary which in turn also shows a power factor of 1. .



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance All conventional transformers consumes REAL POWER when supplying real power to the load.



All conventional transformers consume real power when delivering real power to the load. The percentage of real power is dictated by the Power Factor. If the power factor is 1 (cosφ=1) as shown in the power analyzer to the right, then 100% of the power in the transformer primary is real power. The power being consumed by the primary is: Voltage x Current x Power Factor 80.4 x 0.07 x 1 = 5.53 Watts The oscilloscope shot shows that the power sine wave (red) is completely above the Y axis’ zero line meaning that all the power being consumed in the primary coil is real power. The voltage sine wave (yellow) and current sine wave (blue) are in phase which denotes a power factor of 1. The load on the conventional transformer is a purely resistive light bulb with a power factor of 1 as well – which is reflected in the primary power factor (of 1).



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Bi-Toroid (Bitt) Transformer with Zero Power Factor Pf = 0



Bi-Toroid Transformer(s)



Figure 4, shows the instantaneous and average power for a Bi-Toroid Transformer (BiTT) calculated from AC voltage and current with a zero power factor (φ=90, cosφ=0). The blue line (power sine wave) shows all the power is stored temporarily in the coil during the first quarter cycle and returned to the grid during the second quarter cycle, so no real power is consumed in the transformer primary. In addition, the voltage sine wave (red) and current sine wave (green) are both in 90 degrees out of phase with each other.



Figure 5, shows a Bi-Toroid transformer (BiTT) on-load with the same light bulb/purely resistive load (Pf =1) as employed in Figure 2. The load power factor is NOT transferred back to the EI transformer primary which shows a power factor of 0.08.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Bi-Toroid Transformer consumes REACTIVE POWER when supplying real power to the load.



All conventional transformers consume real power when delivering real power to the load. The Bi-Toroid Transformer consumes almost pure reactive power when delivering real power to the load. If the power factor is 0.08 (cosφ=0.08) as shown in the power analyzer to the right, then 85.4% of the power in the transformer primary is reactive power and only 4.6% is real power. The power being consumed by the primary is: Voltage x Current x Power Factor 77.5 x 0.16 x 0.08 = 0.992 Watts The oscilloscope shot shows the power sine wave (red) almost evenly distributed above and below the Y axis’ zero line meaning that almost all the power being consumed is reactive power with a small net consumption of real power. The voltage sine wave (yellow) and current sine wave (blue) are 90 degrees out of phase with each other which denotes a power factor of almost 0. The load on the Bi-Toroid Transformer is the same purely resistive light bulb with a power factor of 1 as was used in the conventional EI transformer in Figure 2.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Bi-Toroid Transformer (BiTT) History "Magnetic flux always follows the path of least resistance" PDi took a three phase transformer and placed the primary in the centre with the two secondaries at each side. Then added an outer toroid which connected the two secondaries to each other but bi-passed the primary. Now the primary delivers flux to both the secondaries but the secondary induced BEMF flux cannot couple back to the primary. Instead the secondary induced f lux follows the lower reluctance flux path route and couples to the other adjacent secondary while providing the flux required to maintain the voltage across the load. The Bi-Toroid Transformer (BiTT) operates as a Magnetic Diode, consumes almost pure reactive power but delivers real power to the loads and only allows the transfer of energy in one direction. Because the BiTT primary is isolated from the secondary on-load induced flux, the BiTT primary power factor and current do not change from no-load to on-load. With a purely resistive load on the BiTT the primary power factor is virtually zero and the efficiency of the energy transfer is increased accordingly.



Figure 7 Conventional Three Phase Transformer



Figure 8 Bi-Toroid Transformer Inner three legged transformer with outer secondary Toroid flux path route which isolates primary from secondary on-load BEMF induced flux.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Conclusions Conventional Transformer Performance The conventional EI transformer consumes real power when delivering real power to a load because the: EI transformer coefficient of coupling = 1 The coefficient of coupling for the conventional transformer between the primary and secondary is 1 and the coefficient of coupling between the secondary and primary is also 1. When the conventional transformer is placed on-load the secondary coil BEMF induced flux couples back to the primary and reduces the primary coil’s impedance – which allows more source current to flow into the primary and the primary current increases. The load power factor is also transferred back to the primary coil as well.



Bi-Toroid Transformer (BiTT) The Bi-Toroid Transformer (BiTT) consumes only reactive power when delivering real power to a load because the: BiTT coefficient of coupling = 0 The coefficient of coupling for the Bi-Toroid transformer between the primary and secondary is 1 and the coefficient of coupling between the secondary and primary is 0. When the BiTT is placed on-load the secondary coil BEMF induced flux does NOT couple back to the primary both follows the lower reluctance (outer ring) flux path route instead and it does NOT reduce the primary coil’s impedance – so the primary current does NOT increase from no-load to on-load. The load power factor is NOT transferred back to the primary coil as well – so the BiTT consumes reactive power on no-load and reactive power when on-load Third Party Independent Tests - Defence Research and Development Canada Ottawa University prototype tested by Dr. Giovanni Fusina of Defense Research and Development Canada: https://www.box.net/s/5pplhmk5g64g8h71vcjb



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance COMPARISON BETWEEN CONVENTIONAL TRANSFORMER PERFORMANCE VS BiTT PERFORMANCE Fig 9. No-Load Conventional Transformer Voltage and Current Sine Waves Figure 9 shows a conventional transformer on no-load. The current lags the voltage by 90 degrees. The current that flows in the primary coil is called Reactive Current. Reactive Current flows into the primary coil on one half of the sine wave and back to the source on the other half of the sine wave. The Power factor for an ideal transformer on no-load is zero and the Net power consumption is also zero. Pin = Vin x Iin x Power Factor



Because the PF is zero the primary consumes only Reactive Power (ie zero Real Power).



Fig 10. No-Load Conventional Transformer Input and Output Figure 10 shows the input current and the output voltage across a load for a conventional transformer. The input current is 0.071 Amps.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Fig 11. No-Load Flux Diagram for Conventional Transformer



Figure 11 shows how the primary coil delivers magnetic flux to the secondary coil in a conventional transformer and how a voltage is induced in the secondary coil.



Fig 12. On-Load Conventional Transformer Input and Output Figure 12 shows the same transformer output when it is collected across the load the primary current increases to almost double the no-load current at 0.133 Amps.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Fig. 13 On-Load Conventional Transformer Voltage and Current Sine Waves



When the conventional transformer is placed on-load, several things occur simultaneously; 1) Current flows in the secondary coil and BEMF induced magnetic field is produced. 2) This BEMF induced secondary magnetic flux travels back through the transformer core and through the primary coil. 3) When the secondary flux flows through the primary coil the impedance of the primary is reduced accordingly. 4) When the primary impedance is reduced more current can flow in the primary coil so the input current increases as is shown in Fig. 12 where the on-load primary current has doubled over the no-load current magnitude from 71 mA to 133 mA.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Fig. 14 On-Load Secondary Induced Flux Return Path Through Primary Coil Core. 5) This increase in current in the primary in turn produces an increase in primary flux being delivered to the secondary coil which is critically important to allow the secondary coil to maintain power through the load. 6) The load power factor dictates the power factor of the secondary coil, so if the load power factor is 1 (purely resistive load) then the secondary power factor will also be 1 and voltage and current sine waves will be in phase. 7) The conventional transformer employs mutual coupling so whatever happens in the secondary will be transferred back to the primary. When the secondary power factor is changed to an in phase power factor of 1 the primary power factor is also changed to 1 which is depicted in the oscilloscope shot in Fig. 13 where the voltage sine wave and current sine wave are in phase. A power factor of 1 indicates that real power is being consumed by the primary coil while real power is being delivered to the load.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Fig 15. No-Load Bi-Toroid Transformer Voltage and Current Sine Waves Figure 15 shows a bi-toroid transformer on no-load. The current lags the voltage by 90 degrees. The current that flows in the primary coil reactive current. The Power factor is zero and the Net power consumption is also zero.



Fig 16. No-load Bi-Toroid Transformer Input and Output Figure 16 shows the input current and the output voltage across a load for a conventional transformer.



The input current is 0.130 Amps.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Fig 17. No-Load Flux Diagram for Bi-Toroid Transformer



Figure 17 shows how the primary coil delivers magnetic flux to the secondary coils in a Bi-Toroid transformer and how voltages are induced in both the secondary coils.



Fig 18. On-Load Bi-Toroid Transformer Input and Output Figure 18 shows the BiTT transformer input current and output load voltage. The primary current does not increase at all.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Fig. 19 On-Load Bi-Toroid Transformer Voltage and Current Sine Waves



Figure 19 shows the current and voltage sine waves in the BiTT primary which are unchanged from no-load to on-load.



Fig. 20 On-Load Secondary Induced Flux Return Path in the BiTT.



Figure 20 shows the flux paths for the BiTT when it is placed on-load. The secondary induced BEMF fluxes that would normally couple back through the primary core in a conventional transformer follow the lower impedance and lower reluctance flux path route through into the adjacent secondary coil.



The secondary induced fluxes cannot couple back through the primary coil because the primary coil presents a high impedance route and the primary core reluctance is higher than the secondary flux path route into the adjacent secondary. Because flux always follows the path of least reluctance it avoids the primary core and remains in the outer flux path route. Because the primary flux and secondary induced flux are entering the coil’s core in the same direction they add together and maintain the flux increase required to maintain the power across the loads.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance



Because the secondary induced fluxes do not couple back through the primary core the impedance of the primary cannot be reduced therefore the primary current does not increase from no-load to onload nor does the primary no-load power factor of 0 change to reflect the secondary power factor of 1. The BiTT employs non-mutual coupling where the primary flux is delivered to the secondaries with a coupling coefficient of 1 but the secondary coupling coefficient back to the primary is 0. When the conventional transformer delivers real power to a load the primary coil consumes real power as well. The BiTT however delivers real power to the load(s) but the primary consumes only pure reactive power.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance



When the conventional transformer is placed on-load the primary current increases and the primary power factor mirrors the load. When the BiTT is placed on-load neither the primary current nor the primary power factor are affected.



Demo Test # 4 Bi-Toroid vs. Conventional Transformer Primary Coil Current and Power Factor Comparison Conventional Transformer NO Load



Conventional Transformer ON Load



Bi-Toroid Transformer NO Load



Bi-Toroid Transformer ON Load



Current mA



71



139



130



130



Power Factor



0



1



0



0



Fig. 21 Performance Comparison Between a BiTT and a Conventional Transformer



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance



Demo Test # 4 Bi-Toroid vs. Conventional Transformer



ON LOAD Conventional Transformer Power Factor = 1



NO LOAD Bi-Toroid Transformer



ON LOAD Bi-Toroid Transformer



Power Factor = 0



Power Factor = 0



Fig 22 On-Load Sine Wave Comparisons between a Conventional Transformer and a BiTT Figure 22 shows how the BiTT delivers real power to a load but consumes no-power.



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance



Test 1 Bi -Toroid Transformer



Test 1 Performance Data Input Voltage = 120 Volts Input Current = 0.01 Amps Power Factor = 0.035 / 88 degrees Load = 10 Ohms Load Voltage = 2.63 Volts Load Power = 0.69 Watts Input Power = 0.042 Watts



Input Voltage = 120 Volts



Load Voltage = 2.63 V Input Current = 0.01 Amps



Efficiency = 1648 %



Power Factor = 0.035 at 88 degrees



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Test 2 Bi -Toroid Transformer



Input Voltage = 70.7 Volts



Test 2 Performance Data Input Voltage = 70.7 Volts Input Current = 0.032 Amps Power Factor = 0.021 / 78 degrees Load = 10 Ohms Load Voltage = 2.45 Volts Load Power = 0.475 Watts Input Power = 0.600 Watts Efficiency = 126.3 % Load Voltage = 2.63 Volts Input Current = 0.032 Amps



Power Factor = 0.021 at 78 degrees



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Test 3 Bi -Toroid Transformer



Input Voltage = 122.3 Volts



Test 3 Performance Data Input Voltage = 122.3 Volts Input Current = 0.061 Amps Power Factor = 0.021 / 78 degrees Load = 10 Ohms Load Voltage = 5.23 Volts Load Power = 2.74 Watts Input Power = 1.55 Watts Efficiency = 177 %



Load Power Factor = 0.21 / 78 Degrees



Load Voltage = 5.23 Volts Load Current = 0.061 Amps



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance Test 4 Conventional Transformer



Test 4 Performance Data Input Voltage = 9.8 Volts Input Current = 0.393 Amps Power Factor = 0.95 / 18 degrees Load = 10 Ohms Load Voltage = 5.21 Volts Load Power = 2.71 Watts Input Power = 3.66 Watts



Conventional Transformer Input Voltage = 9.8 Volts



Efficiency = 74 %



Load Voltage = 5.21 Volts and Input Current = 0.393 Amps



On Load Power Factor = 0.95 / 18 Degrees



POTENTIAL +/- DIFFERENCE INC. How to make a Bi-Toroid Transformer and Exceed 100% Efficiency Conventional EI Transformer VS Bi-Toroid Transformer Performance



Thane C. Heins President & CEO Potential +/- Difference Inc. R & D "The Transition of Power" [email protected] 613.795.1602 (C) 613.256.4684 (H) Linkedin http://linkd.in/iIZyXF YouTube http://bit.ly/gCRePU EV World Regenerative Acceleration Article http://evworld.com/article.cfm?storyid=1890 "How do we make the world work for 100% of humanity in the shortest possible time -through spontaneous cooperation without ecological damage or disadvantage to anyone" ~ Dr. R. Buckminster Fuller
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