0.200 - Lecture 26

Coupled Resonators

* Transformers

* Resonators

* Coupled Resonators

 Tesla Coi
 Wireless Power Xfer



Transformer Summary

A transformer is a pair (or more) of
magnetically-coupled inductors.
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Two Poorly-Coupled Transformers

Wireless Power Transfer
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Demo: Tesla Coll

The Tesla Coil employs two coupled resonators,
with both resonators tuned to the same frequency.
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The resistors protect the transformer, which charges
the capacitor (+/-) at 120 Hz. When the capacitor
voltage gets high enough, the spark gap sparks,
and becomes a short allowing the LC resonator to
oscillate, driving the rest of the Tesla coil.



Demo: Tesla Coil
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Demo: Key Design Features

* The use of a coreless transformer
prevents core loss and arcing to the core,
and aids in achieving a low coupling factor

 The dome is smoothed to prevent
premature breakdown, and sized for a
small secondary capacitance

* The secondary winding geometry results
In a high inductance, while using a single
layer to prevent turn-to-turn breakdown

* The primary winding geometry results in a
low inductance and a low coupling factor

* The primary capacitance is large

* The primary and secondary resonance
frequencies are tuned to be equal

« The driving step-up transformer provides
6 kV rms, and recharges the primary
capacitor twice per mains cycle.



Tesla Coil Circuit Design
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L, = 262 uH (tescured)

L, = 504 mH (Nescuced) = L, * 688
C, = 1O nF (NMessured)

C, =14 pF (Estimuted) = C, 7688
VZTIL,C, = /2ZTL,C, = 582 kHz
L./¢c, =27.6Q

L,7¢, = 14.3 kD

R, = 1+ m{] (Nesguced)

R, = 10.8 {1 (Mescured)

Kp = 2000 £ (Hescuced)

ANE, (Dame Dinmater) = Il pF

k =7 = 0.l

B.C,= 20 us




Tesla Coil Analysis
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L,C, = L. C, = Natural frequencies are:
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Fach resonater gscillates quickly with a slow envelape,
When energy disoppears from one resonator, it must
move to the other. The two envelopes are out of phace.
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Demo Tesla Goil : v, = 85KV = v =230 kV
7.6 cm spark h



Coupled Resonator Simulation

C1=1F;C2=1/9F;L1=1H;L2=9H k=0.1
M | ]

=) .\ ;

@ |

g /W \ M

© \

= \

3 I h I I U i
0 20 40 60 80 100 120 140
Time [s]
1.5 -

Primary
Secondary

05}

Current [A]
=

o
o
T

1
—
T

N
n




Wireless Power Transfer
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Wireless Power Transfer
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Wireless Power Transfer Approach
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Matching Network
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Demo

For an LED load, voltage is more important than load matching,
so choose a resonator output over a load matching output.
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\What Comes After 6.2007

Labs:

6.204
6.205
6.206
6.222

6.111]
6.115]

6.131;

Classroom:;

6.101] analog systems

digital systems
microcomputer systems
power electronics

— 6.208 analog circuits

6.209 [6.301] advanced analog circuits

6.220 electric energy systems

6.250
6.600
6.601
6.602
6.622
6.650

6.012
6.775
6.374
6.776
6.334

6.720

nanoelectronics and computing
analog and mixed-signal CMOS
digital integrated circuits
high-speed integrated circuits
power electronics

integrated microelectronic devices
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