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Abstrakt. On the basis of transfer function linearization of vibratory gyroscope resonator, as a
plant, the question of the resonator secondary wave control system stability is analyzed when
the resonator parameters are changed, for example from temperature. The two cases are
analyzed when controller istuned on the bandwidth of 100 Hz and 200 Hz
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Introduction. Signals coming from the Coriolis vibratory gyroseofCVG) resonator are
amplitude-modulated. The carrier is resonant fraque(from several to tens of kHz), and the
angularrate is the envelope (a few hundreds of Hz). Tosuesmangularate it needs to demodulate
the resonator signals. The demodulated signal caeme have a low frequency, so the dynamic
equations for the demodulated components are ctliedynamic equations for the slow variables.
Namely slow variables behavior determines CVG axyurControl signals are created using slow
variables, but before to send them to the resornh&yr are re-modulated by the resonant frequency
of the required phase.

Because of the presence of modulators and demodsilie control system is nonlinear,
making it difficult to research and analysis. Hoe tinearization of the control system in this work
the dynamic equations for the demodulated, i.@wSslvariables, are used and then based on these
equations, a linear transfer function of the plaith the controller is derived, ensuring the reqdir
quality control. Sensitivity analysis to changiig tbasic resonator (plant) parameters is conducted.

Linearization ofthe control system. One technique of CVG contreltesy linearization was
considered in [1]. Here a different approach issidered, using the transition from the dynamic
equations for the “fast” variables to the equafimmthe “slow” variables [2].

Coriolis vibratory gyroscope resonator dynamic égua in the “fast” variables are written
as follows:

X—2kQy+c X+cy+k x+k y="f

(1)
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wherek is Bryan coefficient, that is equal to about @4,is damping coefficient along-axis, c12
is a cross-coupling dampinky, is X-axis natural frequency, squardgh is cross-coupling stiffness,
c21= c12, c221S damping coefficient along-axis, ko1= ki, ko2 is Y-axis natural frequency, squared
fx, fy are forces acting alongand Y axes, respectively

Let’s introduce transformation of the “fast” variebx, y into the slow oneX andY, each of
which has a sine componexy Ys and cosine componekt, Yc:

X = X sin(wt)+ X, cosfot )
(2)
y =Y,sin(wt)+Y, cosfot ).
Differentiating (2) and determining the expressifmsthe derivatives ofk, X, y andy, after
substituting in equation (1) the dynamic equationthie “slow” variables can be obtained:
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Under transformations it was taken into account ¢hetanding wave has been established in
the resonator, i. e. the following conditions aadid:

X sin(wt)+ X, cosft )= 0

. . (4)
Y, sin(wt)+Y, cost = O.

and, also, for the period of the “fast” oscillatsotine “slow” variables are not changed.
In equations (3)x, Fxs, Fys Fyc are the cosine and sine components of fofcesnd fy,
respectively. Note that when working at the resondrequency ¢, the condition

k,—w’ =k,,—w? =0 is true. In the absence of frequency mismakgh=k,, =0 and Q-factor
mismatchc, =c,, =0, a simple equation can be obtained that after the application obfiace

transform determines the linear transfer function of the resonator. Reofinst equation of system
(3) follows that:

1
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Here O{ Xs} and [{ Fx} are Laplace transforms of the corresponding functions. In addition
the following relationshipg, =2/t and 1 =2Q/w, whereQ is resonatoQ-factor, 1 is resonator

time constant, have been taken into account, and was additinaaheterP, introduced, which
characterizes the conversion coefficient of the transducer that conwitemical oscillation into
electrical signal.

Control of the secondaryvave. Now the control system of the secondary wave can be
represented as equivalent linear system. As a controller, which genecetigsl signal and
provides it to the resonator, PIDF — controller (proportienaitegral — differential with low-pass
filter) is chosen. Block diagram of the equivalent control sysseshown in fig. 1.
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Fig. 1. Coriolis vibratory gyroscope angular ravatrol system block diagram
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In this block diagranﬁ(t) is the measured angulate and)(t) is the input angulamate,e(t) is

the measurement error. Time del&y, which exists in the system due to the presencehef t
demodulator filter was introduced in the block diagr&,, Ki, Kqs and N denote the gains of
proportional, integral, differential components of ®OF — controller and its lowpass filter pole,
respectively.

Controller adjusmet to the bandwidth 100 Hz givesfollowing values for the gaink, = 3248,
Ki = 2586,Kq = 0.88,N = 28626, withTq = 10* s. Bode diagram of the system for various
parameters that can realized in the plant (CVG resonator) in the temeaeatge [-40 +85C is
represented in fig 2. As can be seen phase and gain stability snafgire rate channel give reason
to state that the system is stable, and the bandwidth doehamge significantly [103 96] Hz.
Figure 3 shows the unit step response of the control chanrdelaribus parameters of the plant.
Time difference in settling time is approximately equal to 1 ms.

Control System Bode Diagram
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Fig. 2.Coriolis vibratory gyroscopangular rate feedback control channel with bantwi®0 Hz Bode
diagram

Control System Step Response at Different Parameters of the Plant
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Fig. 3.Coriolis vibratory gyroscopeate channel unit step response in the temperednge [-40 +85]C

Figure 4 shows Bode diagram of the CVG rate feedback control chaithebandwidth
200Hz. The controller parameters are the followikig= 5000;K; = 33451;Kq= —3; N = 1157. In
this case gain and phase margins are 33 and 23 dB, and 178 atehie?s, respectively.
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Control System Bode Diagram at Bandwidth 200 Hz=
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Fig. 4.Coriolis vibratory gyroscopangular rate feedback control channel with bantw2®0 Hz Bode
diagram

Conclusion. Thus, the possibility of tuning the rate controlanhel of CVG resonator

secondary wave with bandwidth of 100 Hz and 200with a stable performance over a wide

temperature range of [-40 +86]was shown.
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B. B. UikoBani

CucreMa KepyBaHHsI BTOPHHHOK XBWJICK) Pe30HATOpPa KOPiogicoBOro BiOpauniiHOro
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HaJlamToBaHui Ha cMyry nponyckands 10011 2001 .

B. B. UukoBanu

Cucrema ynpaBjieHHsl BTOPHYHONH BOJIHOW pe30HATOPAa KOPHOJHMCOBOIO BUOPAIHOHHOIO
rUpoOCKoNa.

Ha ocHoBe nuHeapu3anuu nepeaaTodHol (yHKIIMH Pe30HATOpa BUOPALMOHHOTO THPOCKOIA, Kak
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