Analysis Of Resonant Ring Modulation

Edgar Berdahl

Here we analyze the harmonic content ©ft) when ‘ ‘
resonant ring modulation is applied with the adaptive/PI ® Spectrum from simulation
controller for integem. We will assume that the instrument S0f ©  Predicted values ]
and effect parameters are not changing, and we will fing
candidate equilibrium states at time- co. We will continue
to assume that the modes of the instrument line up perfect
in a harmonic series. Once the system is in equilibrium, w’
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have the following: g -50¢
z(t) = g(t) * (La(t)cos(2mn fot)), 1) 100t \ollololo T 5 % o ? o
where L is the loop gain,g(t) is the inverse Laplace : : :
transform ofG(s), and * is the convolution symbol. Since 0 1000 fro uzeor?co ] 3000 4000
n is an integerx(¢) will be periodic with periodl/ fy, and quency
so we may describe(t) by its Fourier series: 1: Comparison of spectra from resonant ring modulation
“+o0
w(t)= Y X(k)e Ik, )
k=—o0

Let g, = G(27jkfo), and note that the;, are real since the Zpz = Lz )
sensor and actuator are collocated. Now we may transformye see thatz may be any eigenvector df,,, where the

(1) into the frequency domain. loop gain L is the corresponding eigenvalue. Eigenvectors
X () — Lgy. (K X (k 3 that do not have a low-pass characteristic may be eliminated
(k) = T( (k —n) + X(k +n)) ©) because they do not satisfy the low-pass assumption. Fig. 1

In practice, this relation may be approximated }6¢k) up to  Shows the match between the spectrum 60 seconds into a
someMth order since for real systemg, — 0 ask — oo. simulation usingn = 2 and one of the remaining eigenvec-
The truncated expression may thus be expressed using lin&4SZ- The eigenvector finder does not have quite as large of

algebra. Only the positive half of the spectrum is require§ dynamic range as the simulation, and the spectrum from
since the signals as real, implying that(—k) = [X (k)]* simulation shows some signs of mismatch at the 13th and

where[* denotes the complex conjugate operation. 15th_ harmonigs. This is due to harmonic distortion from L
. varying with time and perhaps also due to théth-order
T=(X(0) RX(1) IX(1) RX(2) IX(2) ...)" (4 approximation of the spectra; however, this mismatch is
probably inaudible.
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z= Ed'ag(9091919292~-~)an (6)

If we let Z,, = (1diad(g0g1919292.-.)H,) "', then we may
write the following:



