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Transient-free commutation of a resonant-mode array of inductors
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A method and system are proposed for a transient-free commutation of a resonant-mode array of
inductors. A single capacitor is used to tune the entire array, and triacs are used to commutate the
inductors. To avoid the transients, the tuning capacitor is electrically locked when it stores the whole
energy of the excited circuit. This prevents the capacitor from discharge during the fast, 0.1 ms
delays, where a triac disconnects the previously excited inductor and another triac connects the next
inductor in series with the capacitor. The 0.1 ms delays are defined by the triacs’ recovery time.
After completing the commutation, the fully charged tuning capacitor is unlocked, and the next
excitation cycle begins with no transient. We neglect the short recovery delays and regard the
commutation process as transient free. We also show that the recovery delays can further be reduced
if the triacs are replaced with faster switching devices. Our experiments with an array of 64
inductors prove the efficiency and simplicity of the commutation method and system. The approach
suggested can be useful in instrumentation, power and control magnetics, where a large number of
resonant-mode inductors should be quickly commutate@085 American Institute of Physics
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I. INTRODUCTION mitter with inductance., resistanceR, and quality factoiQ
=2nfo,L/R, the commutation transientsy,,=2.2Q/ 7fq,,

This work deals with the fast commutation of a large are of about 1.2 ms for @=90. The tracking algorithm sug-
number of induction coils operated at resonance. An applicagested in Ref. 1 employs at least eight transmitting coils
tion where the above commutation is especially important isperated in a sequence. As a result, the operating time for a
magnetic tracking, which recently has caused increased irsingle transmitter is 2.5 ms at a 50 Hz update rate. The
terest in the areas of human-computer interface, virtual realt.2 ms commutation transients are too long compared to the
ity systems, biomedicine, avionics, etc. The current succesd.5 ms operating time. Such time-consuming commutation
of magnetic tracking is related to the possibility of locating reduces the average excitation current and the system’s SNR.
single-axial sensors® The tracking of single-axial sensors This either slows down the update rate of the tracking or
requires the use of numerical algorithms and has becomesduces its resolution. A faster, preferably transient-free com-
efficient only recently due to the progress in digital signalmutation is necessary to solve this problem.
processing hardware. To provide a fast and unambiguous Another principal disadvantage of the conventional
convergence of the iterative tracking algorithm, a relativelyresonant-mode operatibii is that each transmitting coil
large, redundant number of transmitting coils should beshould be tuned with the individual capacitor. Due to a large
used’ The above redundancy may also increase the trackingxcitation currentup to 5 A) and large quality factor of the
immunity to magnetic fields retransmitted by nearby conduc<oil, the tuning capacitor should withstand a high voltage
tive objects. to 700 V) applied at a relatively high frequenciup to

Conventional methods and systems for the commutatio®0 kHz). Commercially available capacitors that meet these
of a large number of transmitting coils are rather slow and
complex. The main reason for that is the resonant mode of -

. . Operating time
the transmitter operation.
Operating transmitting coils at resonance is generally
used to reduce the total coil impedance down to its active i !
part. At resonance, the inductive part of the coil impedance is VO mmm o —
compensated by a series tuning capacitor. As a result, a rela- [\An /\ I\ A I‘ -
tively low-voltage electronic driver can excite the transmit- == A = ’\VZ\.;_’_‘_"R;.
ters with large currents. This provides a large signal-to-noise L VVUU V \TV— d
ratio (SNR) and resolution of the tracking. L i et ma S
The principal disadvantage of the resonant-mode opera- , Leom , , feon ,
tion is that long transients are involved in the commutation \COmmu,a,;on transients
process(see Fig. 1. For a typical magnetic-tracking trans-
Forced response Natural response

dauthor to whom correspondence should be addressed; electronic maiFIG. 1. Conventional commutation of resonant-mode inductors involves
paperno@ee.bgu.ac.il long transients.
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cess starts from zero initial conditions and gyl ; circuit
(a) natural response is zero. Thus, the circuit’s behavior is de-
oo fined only by its forced response, and this causes a long
initial transient[see Fig. 2d)]. After completing the tran-
sient, the voltage on the tuning capaci@y, reaches a maxi-
mum, and theCy,L, circuit’s time response reaches steady
state.
() In order to store the maximum voltage of tig,y ca-
pacitor reached in the steady state, the swg¢lisconnects
Cing from the voltage source., [see Fig. 20)] at the mo-
ment when the excitation curreit, crosses zergsee Fig.
2(d)].
From this time, the excitation of the cdi} is finished,
© and the commutation of the next resonant circGikgl ,, to
the voltage source,, begins. During the commutation pro-
cess, the switcly,; turns off and the switcls, turns on. The
length of the commutation proce@sommutation delayde-
pends on the recovery time of the switchiese Fig. 2d)].

Supeposition of After the recovery is completed and thg, phase is the
Forced response forced and natural responses . . . .
N N SN same as it was at the end of the previous excitation stage, the
Initial transient V. switch § turns on, and the next excitation stage begins with
\ I @ no transienfsee Figs. &) and 2d)]. This is so, because the
n excitation of the second resonant circ@f, L, starts from
the initial state that is equal to the steady state reached in the

previous excitation stage. The complete-response transient
equals in this case the superposition of the forced-response
and natural-response transiefége Fig. 1, which compen-

7 \ " / " / " sate each other.
Although the method suggested may seem very simple

Excitation stages Commutation (recovery) delays . i . X . L.
and straightforward, its implementation is nontrivial. The
FIG. 2. Commutation method: the commutation of the tuning capacitor andifficulty is in synthesizing a simple enough electronic com-
transmitting coils(a) during the first excitation stagéh) between the exci- mutation system that will operate at relatively high voltages

tation stages, ang@t) during the second excitation stagd) time diagram of A
the tuning capacitor voltage. (up to 700 V), currents(up to 5 A), and frequenciegup to
50 kH2).

requirements are bulky. Hence, it is impractical to supply
transmitting coils in a large array with individual tuning ca- |Il. COMMUTATION SYSTEM
pacitors. . ] )

In this work we propose a method and system that allow 1€ commutation systerfsee Fig. 8] we have built
one to sequentially commutate a resonant-mode array of irf?Nd tested comprises 64 transmitting cailseach connected
ductors with no transients and to use a single capacitor t§! Series with the same tuning capaciy,. The triacsX; to
tune the whole array. Xe4 @re used to sgqugnually connect the transmlttlng coils to

Besides of magnetic tracking, the approach Suggestegr_ound. The excitation voltage source consists of a half
can also be used for other applications in the areas of instr/2fidge gate driver and the power staQg and Q. The mi-
mentation and measurements, power and control magneticg/ocontrollernC synchronizes the system operation.

where a transient-free commutation of resonant-mode induc- 1he System operation is illustrated in Fighg The mi-
tors is essential. crocontroller generates the trains of square wave pulggs,

at the resonant frequency of th€.l; circuits, fe,
=51.2 kHz. During each excitation sta¢ig,t/), the voltage
source applies the square wave excitation voltage
The method we suggest is based on a very simple idea 6f24 V zero to peak to the correspondi@g,gL; circuit. Due
storing the maximum voltage built up on the tuning capacitorto a high quality factorQ=90, of the resonant circuiGgL,
in the very first excitation stage and then using this voltagéhe excitation curreni, is of a sinusoidal wave form. When
as the initial condition in the following excitation stages. iex=i, Crosses zero, the tuning capacitor is fully charged
The method is illustrated in Fig. 2, where a number of(VCmg:700 V) and stores the whole energy of tBg,L; cir-
identical circuitsCy,L; are sequentially excited at the reso- cuit.
nant frequency,, by the voltage source,. The excitation stage§;,t/) and (t,3,t,;) are separated
In the first excitation stagfsee Fig. 2a)], the switches by relatively short 0.1 ms delaft ,t;.;) needed to execute
S and$,; connect the first resonant circ@,gl; to the volt-  the commutation processes. They start when the excitation
age source., We assume that the very first excitation pro- current crosses zero. From this moment, the trans@tas

Il. METHOD
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= i aatin BT
Gate _l
Min| driver X ¥ 4—l
= T FIG. 4. Replacing the triacs in Fig(8 with faster bidirectional switches
L can decrease the commutation deléyst;.,) in Fig. 3b).
Since the 0.1 ms commutation delays are much shorter
compared to commutation transients in a conventional sys-
RN WRRIARR] VR tem (see Fig. 1, we neglect them and regard the whole com-

~ e |\— S mutation process as a transient free. The 0.1 ms commuta-
tion delays can still be reduced further if the triacs are
replaced with faster switching devicésee Fig. 4.

400 Vidiv

IV. CONCLUSIONS

A method and system are proposed for a transient-free
commutation of a resonant-mode array of inductors. A single
capacitor is used to tune the entire array, and triacs are used
to commutate the induction coils. To avoid the transients, the
tuning capacitor is electrically locked when it stores the
whole energy of the excited circuit. This prevents the capaci-
tor from discharge during the fast, 0.1 ms delays, where a
triac disconnects the excited previously inductor, and another
triac connects the next inductor in series with the capacitor.
The 0.1 ms delays are defined by the triacs’ recovery time.
After completing a commutation, the fully charged tuning
capacitor is unlocked, and the next excitation cycle begins
with no transient. We neglect the short recovery delays and
regard the commutation process as transient free.

We also show that the recovery delays can further be
FIG. 3. Implementation of the transient-free commutation metf@dom- reduced if the triacs are replaced with faster switching de-
mutation system an¢b) oscillograms. vices.

Our experiments with the array of 64 inductors prove the
kept turned off until the end of the commutation. As a I'ESU|t,efficienCy and simplicity of the commutation method and
the capacitoCyyy is kept electrically locked by the turned-off gevice. The approach suggested can be useful in instrumen-
transistorQy and diodeD,. Since there is no discharge of tation, power and control magnetics, where a large number

Cing during the(t/,t.,) delay, the excitation current, re-  of resonant-mode inductors should be quickly commutated.
mains zero until the end of the commutation process.
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