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AUTOCOMPENSATION OF DIFFRACTION PHENOMENA
IN SENSITIVE ELEMENTS

Melnyk V. M., Kosova V. P.

INTRODUCTION

We will evaluate one of the autocompensation methods, which are used
in gyroscopy — namely, the method of autocompensation of the influence
of external excitingfactors. The technical basis of the method is the dual-
channel principle by B.M. Petrov'2,

Let’s analyze the possibility of reducing the errors of float gyroscopic
instruments in the GSP systems under the action of penetrating acoustic
radiation using autocompensation methods. In particular, we will consider
two methods — a dual channel scheme and a method of forced rotation of

the gimbal around the axis parallel to the vector H of the Kinetic
momentum.

The dual channel method is a common method of reversing the kinetic
momentum vector. Both use the dependence of the direction of the gyros
drift under the influence of noise on the sign of the kinetic momentum. Both
methods suggest that there are two differently rotating gyromotors.
However, they also have significant differences as to the completeness of
compensation of all moments-obstacles. So the dual-channel method is
only averaging the manifestation of internal obstacles in two gyroscopes,
but does not compensate them. On the other hand, this method can
compensate not only stationary external obstacles, but non-stationary. In
addition, it provides the compensation for instantaneous values, rather than
the average for the period of the reverse of the kinetic momentum vector.
From the point of view of technical implementation it is also easier.

The dual-channel autocompensation of the acoustic radiation influence
on the gyroscope is achieved by using the direct principle of dual-channelty
of Bb.H. IlerpoBa. It involves the application of two connected
electromechanical identical gyroscopes with the opposite direction of the

! Herpos B.H. O peanusyeMocTH YcioBUii HMHBapMaHTHOCTH. Bcecorosn. Copel.
[To Teopun naBapuantHoctu, Kues, 1958: c6. Hayq. Tp. Kuis 1958. C. 56-64.

2 OnuHoB A.A. MeTo1 aBTOKOMIIEHCALMH BIMSHUS BHENTHUX MOMEX, IeHCTBYIOMUX Ha
TUPOCKOIIBI U MasiTHUKOBBIE akcesnepomeTpsl. ¢0. Hayun. Tp. Kues. [Toaut. Mu-Ta. Kuis 1973.
C. 87-94.
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kinetic momentum vectors. Achieving this goal is done by identification of
the initial alignment of devices relatively to the common basis.

The ability of autocompensation of acoustic pressure impacts on JYCY
Is realized by making two (instead of one) structurally unified channels for
receiving two functionally identical manifestations of external obstacles,
which differ only in sign. Uniformity of the channels for the acoustic
perturbation is provided by the use of gyroscopes with the same kinematic
gimbal.

The problem, therefore, is in the choice of technical solutions, when it
will be provided a partial invariance of a two-stage gyroscope relatively to
the acoustic power load.

1. Differential equations of the triaxial gyrostabilizer motion
Linearized differential equations of the platform can be written as
follows 3.

Acdy + Advgy — H1181 - lel(ﬂl) =M, ;
Ilﬁl + fllgl +H,o, +H 05 =M, — H S0, - H,f,0, :

|252 + fzﬁz —H,0, - H,w5, =M, —H, B0, - Hzﬂzwgl;
Car, +Cay + Hyf +ksFy (B) =M,

|35+ T35 = Hy, —Haahy =M s —H3 B0, — H3ﬂ3w§2’ (1)

where A, B, C — moments of inertia GSP together with the gimbal
relatively to the axes X, Y, Z, respectively; f,, f,, f, —coefficients of
moments of the viscous friction forces; wy, wy, W7 = the projections of the
angle rate of the platform of the stabilization axis; 1, 1,, 1, — moments of

inertia of the gyroscope moving parts relatively to the axes of precession;
By By, P —the precession angles of the gyroscope; M,, M,, M, — the

projections of the external moments on the stabilization axis; H,, H,, H; —
kinetic momentum of the gyroscope rotors; f,, f,, f; — coefficients of

viscous friction of the gimbal sensitive elements; M,,, M,,, M,, —
projections of external moments on the precession axis;

% OnmanoB A.A, Kapauyn B.B. O6 yMeHbIIGHHH TTOrPEITHOCTEH THPOCTAOUIN3aTOPOB OT
nepekpecTHbIX cBsi3eil. [Ipukin. Mexanuka. 1973. T. IX, Bem. 10. C. 111-118.
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F(8). F.(5,). F(B,) —functions characterizing the dependence between
the moments of the stabilizing engines and the corresponding precession
angles; o5, (i=1 2, 3) — «false» angle rate, on which reacts a float sensor
element of GSP, conditioned by the influence of acoustic radiation on the
gyroscope gimbal;
M, =—lo, - L&) - MTlsignﬂl + My
M, =—l0, — 1,0, - MTZSignBZ +M,;
Ile3 :_|3a)x_ |3d)§3_MT3SignIB3+M063, (2)
where M., M,,, M, — moments of friction on the axes of gyroscope
precession; M, M ,, M . — moments of the gyroscopes unbalance;

@, @, o —additional angle acceleration of a moving part of float sensitive
elements caused by diffraction phenomena in the gyroscope gimbal*:

_4|ma)ZV\'/(t). . _4IH2a)yV\'/(t). " _4In3a)xW(t)_

a
) ’

21 HlRl 22 HZRZ 23 H3R3

@ :j—léi{[a')ysinﬂl +a,cos 3, + (@, c0s B, —a)xsin,b’l)]x
1

x| MraRLWE (1) + 1, (Vi (8) + W, (1)) |+
+(a)y sin B, + w, Cosﬂl)[mTlRlLlel(t) +1n (Vl(t) + W, (t))]} !

&) = ::;2 {[a')xsinﬁ2 + @, €08 B, + f3, (@, cos B, —a)zsinﬂz)]x

[ mraRaMes (0)+ 1 (Va(8)+ 4 (1) ]+
+(w,sin B, + o, COSﬂZ)[mTZRngWTz (8)+ 1, (V3 (1) + W, (t))]} :

& = |—f||:3z {[a')ysinﬁ3 +a,c0 B3, + 3, (@, cos B, —a)zsinﬂs)]x

33

X[mTaRastm(t) + s (VS (t) + 72\N3 (t))] *

4. MHOroMepHbIE 3a/[aui HECTALMOHAPHOH YHPYTOCTH TO/BECA MOMIABKOBOTO THPOCKOMa/
B.B. Kapauyn, B.I'. JlozoBuk, E.P. IlotanoBa, B.H. Menbauk. Ham. Texn. YH-T YkpauHbl
«KIIN». Kues «Kopueituyx», 2000. 128 c.
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+(e, 5in 3, + 0,008 3, )| Mo RLMi (1) + 155 (Va (1) + AW (1) [}, (3)

where R; — floats radii of i-gyroscope; L — length of floats; I,,, — moments
of inertia of the moving parts of the floats relatively to the input gyroscope
axis; my, —masses of the float ends; W;, (t) — bending of the butt ends under

the influence of acoustic radiation; V,(t), W, (t) —movement of the

elements of the float lateral surface in the former plane (V, — tangential
components, W,— radial components); V. =iaV,; V. =-0®V,; W, =iaW,;
Vi = - W, ; W, =i, ; Wy, = —0®W;;

Ti ?

F

V z vanl exp ImIBHt)SIn L .ani :_Imﬂ ’
m=—c0 n=1 i mni
W, = iiw exp(impB )smE ;W @’ p—m —1—G(n—”j2 Fow
i — mni 1T I_l ’ mni p 2 L| Amni !
1 nz Y’ m) (nz)
(o) T 2 2 T
A =M +|o’p-m*——| — o' p+l)+c|| =— | +| — :
[ . Z(L)H( o+ [(RJ (h”} @
m=0, £1, +2, ...; n=0,1 2, 3...;
Foni = lniPexp(iot):
1, if k,R,q=-m
B Znﬁ[l—(—l)n} iexpi[—27zk0Ri(q+cosﬂ17,.cos<c:l)]—1
" () = (kL) | 27[k,R,(a+cosB,, cose, )+m] f k,R.q=-m;[’
wgere qg=sinfg, -sing -sinez2 , KL, #nzr

B — central angle in the former plane; Kk, ZB_Z)OZCQ’ [m?] — wave
0

number;
P, —pressure in the falling sound wave, dB; W;; =W, exp(i«t) (fig. 6.1),

where W,,, =c'u. , j=1,

Xty 2 X y W2 Y2 Xy
U=1-—5~- ; Uy =7l Uy =—==Uy Uy =—= U § Us =—=U; § Ug =5 Uy,
R R R R

5 Karachun V.V. Vibration of Porous. Plates under the Action of Acoustic. SOVIET
APPLIED MECHANICS. 1987. Vol. 22, Ne3. P. 236-238.

330



C = (c ¢ ..c" )T:G‘lF:

{4

i6-£0035
400 5 5 0 2
0900 00 —i6-£sing
Rf [0 09 0 00 2 _
= 0 2 ,
64D, °[5 0 0 19 7 0 5_2(2+C0328)[£)
500 7 19 0 2
2
0000 06 5—2(2—00325)(%)

2
2(£j sin2¢
2

Fig. 1. Chart of the sound waves passing through the butt end
of the float gimbal

1 —falling wave; 2 — reflected wave; 3 — passed wave

= _Eh cylindrical stiffness of the butt end;
12(1— 0')

2
(%j :%(cos2 g,sin*0+sin’ 6, )(k,R,)* <<1.
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Let’s assume that the aircraft fuselage causes determined perturbation,
that is periodic with a constant frequency and amplitude and given non-
random time functions (fig. 1) —

M =M +M?’sinyt:
M, =M +Mysin(y,t+7,);

M, =M, +M;sin(yt+n,), (5)

where M?, M{, M7 — quantity values of the moments; M;, M/, M, —

constant components.

It is clear that consideration of the constant components of the moments
will not bring the significant changes in the final results. Therefore, we
assume that M, =M_ =M =0.

The solution of the of equations system (1) we will search by the method
of successive approximations.

2. Errors of stabilization
Linear approximation

a\)_ .0 .
(a)x+a)21)—a)x+Xl+ e

a)_ 0 .
(a)y+a)22)—a)y+Yl+

a\)_ 0 .
(a)z+a)23)—a)z+Zl+

=B +6+ -,

Bo=P + 3+

B=P5 + 8+ -, (6)
Here of, o), o, B, B, B; — linear approximation solutions which

did not take into account the nonlinear members — gyroscopic moments of
cross-links; X,, Y,, Z,, &,, 6,, 8, — addition to the solutions relatively the
first, etc. order infinitesimality.

With the rejection of nonlinear members H,fw,, H,50,, H,f0,, the

equation of the system (6.1) can be regarded as pairs of equation of three
independent stabilization systems under the influence of disturbances
M,, M, and M,. The reaction of these disturbances is the solution of the

linear approximation «f, ), «?, £, B; and g;.
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After substituting of the expressions (5) into the equation (6.1), we again
obtain the linear equations, but relatively to variable X, Y,, Z,, 6,, 6, and

d,, structurally similar to the equations of linear approximation, although
in the right side will be already present H, (B’ +5)(e)+Y,),

H, (85 +6,)(@f + X,) and H, () +3,)(e) +Y,).

Assuming that the values X,, Y,, Z,, &,, 6, and 6, much smaller than
the corresponding solutions of linear approximation, we can write down —

H, (B +8,) (@) +Y,)~ H,Bw) =M,
Hz(ﬂztu'é‘z)(a))iJ + Xl)z H, B0, = Mfz;
Hy(B) +3,)(@) +Y,) = HyBlw) =M, (7)

Thus, the task of finding the solutions of the first approximation is
reduced again to determination of the reactions of two independent linear
systems of perturbation M7, and M, caused by the cross impact of the
stabilization channels.

Similarly, if necessary, we can find the second, third, etc. the following
approximation.

The first four equations of the system (6.1) can be solved independently
of the latter two, so we will continue to analyze the system from the first
four equations without studying of the GSP dynamics as a closed system.
We conditionally assume the circles of stabilization as opened, however,
we consider the platform small oscillations relatively to the axes X, Y,
Z ;;, which are responsible for stabilization errors.

In the linear approximation equations the two channels of stabilization
fall into the following two subsystems which are not connected —

A@S + fxwg - Hlﬂlo - lel(ﬂlo) =M,
.o . (8)
I1:310 + flﬂlo + ch’))(() + Hla);l =0
Bay + fLa) + H B + K, F, (B ) =M, ;

o ©)
LB, + 1.8 — Hza);) —H,w,,=0.

The reaction of GSP on periodic perturbations will contain forced and
own oscillations. We assume that the latter ones will quickly die down.
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Then the solutions of the systems (8) and (9) at the harmonic
perturbations are easily obtained using the frequency characteristics of the
system:

ol =MIA (r)sin] it + o (n) |;
B =MA (r)sin[ vt +,(7) ];
@) = M)A (7,)sin] yt+o,(7,)+m, |;
By =MIA,(7,)sin] vt +o,(7,)+m, |, (10)

where A (7,), Aj(;/z), 9. (1), (pj()/z) — respectively the amplitude-

frequency characteristics and phase-frequent characteristics of the tract
between the input influence and the original value; i=1, 2; j=3, 4.

The structural schemes of the platform in the linear approximation are
shown in Fig. 6.2. Their corresponding transfer functions of the platform
are outlined by the correlations —

o, (p) = [(‘Ox (p)"'@gl(pﬂ _ l,p? +f.p .

Mx(p) 1
(D3 (p) = I:O)y (TV)I:(O;;)Z (p)] _ IzpzA':fzp ’
_B(p) _H,
@4(}?) My(p)_A2 y
CD( ):[wx(p)—i_a);l(p)]:_Hlp_klwl(p)_
’ P+M,,(p) 4 !
[,(p)+@%(P)] H,p+kW,(p)
D,(p)= -
) ML (9) 4 -
where
A= ALP® + (1, + AR p* +(f,f+H ) p+kHW,(p) ;
(12)

A, =Bl,p° +(1,f, +Bf, ) p* +(f,f,+ HZ ) p+kHW,(p) .
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From the expression (11) it follows, that the constant components of
angle rate (e, + 5, ) and (o, + o3, ) are not shown by linear approximation.
Estimation of the stabilization error in the first approximation. Now we

consider the first approximation. Substituting (6) in the system(1), and
taking into account (8)

Mo /\ 1 W, +w2r/
& Yy AﬁT
[l [ ] 7]
ﬂ 7 oD M
lp+fp b %
/D
L D e W, +wz:)
3/ 3/ H,U*f
(w7 ] [ ]
Vs 7 N M
Lpfp \v
/D

Fig. 2. The structural scheme of the gyrostailized platform
in the linear approximation

and (9), we obtain a system of linear equations, where m7, and m7, are
determined by the expressions (7):

AX, + f, X, —H,8, -k F (5,)=0;
1,6, + f,0,+ H X, + H,d, =M 2 -
BY, + f,Y, + H,0, —k,F,(5,)=0:
1,6, + f,0, —H,Y, - H,a% =M2 (13)
Substituting in the expression (6.7) the solution (6.6) we find:
Mz =—HMIMUA, (72) A (7,)sin(zt +@,)sin(yt + o +1,);
M = —HZM)(()M)?A(}@)Al (}/Z)Sin(ylt +(pl)sin(]/2t + ¢, + 772) ,
Elementary transformations make possible to write these correlation as

follows —
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1

My =2 HMIMOA, (1) A (72) {cos[ (=72 )t+ 2, (1) = 0 (7). ] -

—COS|:(7/1 +7/2)t +(p2(71)+(P3(7/2)_772]};

1
MZ:_EHZMSMS'A&(M)AA(% {COS[ =7 t+§01 71 ¢74 72 772:|_

—cos[ (71 + 7 )t + (1) + 2 (72) — 1. ). (14)

Perturbations of the sensitive GSP elements on the precession axis will
be the periodic moments-obstacles of different (, —y,) and total (», +7,)

frequencies. Consequently, the reaction of these perturbations platform will
have the same structure (3, a).
At the frequencies equality, in other words, when y,=y,=y, the

expression (14) changes —

1

M, == HMIMIA, () A(7){cos o, (7) - o, (7)—n, ] -

—c0s27tcos ¢, (7) + s () —1, | +sin2ytsin[ g, () + () =1, |} =

- —% HMIMOA, (7) A(7){cos[ @, (7) ~ @ (7) =1, | - C,cos 2yt + C,sin 21}

M :_%Hzmgmga(y)AA(y){cos[wl(y)—(/)4(7)—772]—

—COSZthOS[%(y)—¢4(7/)—772:|+Sin2)/tSin|:(01(7)—¢4(]/)—772:|} =

1

:_EHZMSMSA&(?’)AA(?’){COS[%(J/)—¢4(7)—n2]—Cgcoszyt+C4sin 27t}

Obviously, there are constant components of exciting moments
relatively to the output axis of gyroblocks —

1

M(Zl)const 2H M M AZ( )%(7/)(303[%(7)—(03(7)—772},
M(IZYZ)const ;H M M Al( )A4(7/)COS|:(D1(7/)_(04(7)_772] (15)

These constant components cause the systematic drift of the platform
relatively to the axes of stabilization with the angle rate
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MH

a)(x)const = Xl* = M(Zl)const®5 (0) = (lz_::)conSt -
1
1
=S MIMSA, () A(7)cos[ g, (1)~ s (7). ;
* M cons
a)(y)const :Yl = M(ZZ)Constde (O) - (|Z_|2) -=
2
1
:_EMSI\/ISA&(;/)AA(]/)COS[%(V)_(04(7/)_772]- (16)

Fig. 3. Changes of inclination angles of the gyrostabilizer platform
at different frequencies of exciting:

) 2w 2r
a) V1F Vo le—’ T2: ;6)Y1:Y2

nt7s, e

The character of the GSP movement when y, =y, is shown in Fig. 3, 6.
Obviously, the acoustic vibration of the surface float gyroscopic sensitive
elements, with a wide frequency range, will contain in the values
Wy, @, 0y, @, the components of the frequencies y,of the kinematic
perturbation base. Thus, there will be a selectivity of these variables and a
systematic drift of the platform will also contain the value of pressure of
sound radiation P,. The frequencies, which do not match, will enrich the
range of harmonic components.

If the difference between the frequencies y, and y, is large, the GSP

errors have the oscillation origin of different oscillation and total
frequencies. When they are getting close to each other, except the long
periodic and short periodic components may occur beating.
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At synchronous tossing the GSP has a systembothatic drift around all
three axes of stabilization. Their value depend on the origin of the
perturbation and parameters of the platforms which are contained in
amplitude-frequent and phase-frequent characteristics, as well as in values
of the phase shift.

The estimation of the second approximation generates the confidence to
believe that it’s enough to consider only the first approximation.

3. Autocompensation methods of reducing the influence
of penetrating sound radiation

The emergence of the compensation theory (invariance theory) in
applied gyroscopy usually is associated with the name of
I'.B. Illunanosa®’. A great importance for the further development of the
basic theory of non-perturbation of gyroscopic systems, including a
gyrobalance and compass, had a fundamental work by B5.B. Bynrakosa®. In
the publications®1%111213 jt had been also discussed some aspects of
compensation of the perturbation factors on gyrodevices from the
standpoint of the postulates of the invariance theory.

Undoubtedly, the b.M. Ilerposa formulation of criterion by realization
of invariance conditions became increasingly important, particularly in the
part which stresses the necessity, but not sufficiency, of realization the

® Ilunano T'.B. T'mpockomuueckume mpuGOpH CIEMOro MojeTa. MOHOTp. MockBa.
O6oponrus, 1938. 116c.

" Karachun V.V., Mel’nick V.N., Korobiichuk I., Nowicki M., Szewczyk R., Kobzar S. The
Additional Error of Inertial Sensors Induced by Hypersonic Flight Conditions. Sensors 2016,
16 (3), 299; doi: 10.3390/9 16030299

8 Karachun V.V., Ladogubets N.V., Mel’nyck V.M. THE SPECIFIED DESIGN MODEL.
LOW FREQUENCY AND COMBINED RESONANCES// THE ADVANCED SCIENCE
JOURNAL. V. 106/ISSUES3. P. 73-78.

® Kapauyn B.B., Mensuuk B.H. Bo3HHKHOBeHHE pe3oHaHCa B aKyCTHUECKO# cpefe
mojBeca TOIUIABKOBOTO TUpockoma. Bocmouno-Eeponeiickutl  dcyprHan — nepeoosvix
mextnonoeuti. 2016. Ne 1/7 (79). C. 39-44.

¥ Ummuacknit AJO. Tlonnas KOMIeHcarusl BHEIIHHX BO3MYIIEHHH, BBI3BAHHBIX
MaHEBPUPOBAaHUEM, B THpOCKONMYEcKHX cuctemax. BcecorozH. Cosem. Ilo Tteopun
nHBapuanTHocTH, Kues, 1958: c6. Hayun. Tp. Kues. M3x-Bo AH YCCP, 1959. C. 12-24.

11 Kyxrenko B.M. IIpoGiaembl MHBApHMaHTHOCTM B aBTOMAaThKe: MoHorpadus. Kues.
T'ocrexmsmar, 1963. 143 c.

12 Konosanos C.®., Tpymo A.A. Buusuume ynpyrux pepopmanuii cunbGoHa u
KpOHILITEHiHA BBIHOCHOTO »JJIEMEHTa Ha BHOPOYCTOMYMBOCTH IOIJIABKOBOTO Mpubopa.
Tp. MBTYVY. Cep. Ilpuknannas rupoMexaHuKa MOIJIaBKOBBIX mpubopos: c6. Hayun. Tp.
MockBa. MBTY, Ne372, 1982. C. 25-60.

13 Cmenxosckuit E.I'. TIpuMeHeHue Teopun MHBAPUAHTHOCTH B aBTOMATHKeE. Bcecoros .
Cogem. 1o Teopun nuBapuantHoctd, Kues, 1962: ¢6. Hayun. Tp. Kues. Hayk. Jlymka, 1964.
C. 78-81.
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absolute invariance by presence of at least two channels translation of
perturbation between the point of perturbation application and the point,
relatively to which invariant (principle of dual channelty) is reached**.

We will have a closer look at the first mode of autocompensation of
influence of external mechanical perturbations — a dual channel. It is known
that in a single-contour system one cannot be satisfied with the requirements
of invariance (compensation) without a breach of the stability conditions. In
order to fulfill the conditions of stability relatively to certain perturbations, it
Is necessary for the information on this factor to come in the controlled point,
relatively to which the invariance is achieved, at least on two channels.

In applied gyroscopy, in the works by A.FO. Wnumnckoro,
B.B. Bymrakosa, H.J. Komgopckoro®® and others, are expanded the
suggestions for reducing the influence of some perturbations by applying
two gyroscopes, but which are connected by kinematics. However, this
method has a significant drawback — the presence of kinematic tie between
gyroscopes, which is loaded with the died out obstacles, it causes the
growth of moments of dry friction forces, so it is not suitable for float gyros.

The scheme of electromechanical connection between gyroscopes,
instead of kinematic was first proposed by N.D. Kondorsky. The ability of
removal the influence of angular acceleration of the basis when connecting
two integrating gyros at a differential scheme is also noted in the work of
V.A Karakashev and in his other publications?®.

A well-known technical realization of the forced rotation of the
gyroscope gimbal around its axis, parallel to the kinetic momentum vector
is described in*"18,

A bench seminatural research of autocompensation schemes were
carried out at the unit «Sirenax at the Institute for Strength Problems named
after G.S. Pysarenko of National Academy of Science of Ukraine.

The dual-channel scheme of autocompensation of the obstacles impact.
Two differently rotating angle rate sensors of JIYCY2-6AC series with the

14 Karachu V., Mel’nick V. Acoustic radiation energy focus in a shell with liquid. Advances
in Intelligent Systems and Computing, 2017, 543 p.

15 Korobiichuk 1., Karachu V., Mel’nick V. Kachniarz, M. Modelling of Influence of
Hypersonic Conditions on Gyroscopic Inertial Navigation Sensor Suspension. Metrol. Meas.
Syst. 2017, 24, pp. 357-368. DOI — [Google Scholar] [CrossRef] doi: 10.3390/s16030299

16, KapakameB B.A. Biusaue npeiida rupockonoB Ha JBMKEHHE THMPOCTAOMIM3UPOBAHHOM
wiardopmel ¢ 7=84,4 mun. U3B. BY30B CCCP, «IIpudopoctpoerne» 1960. T. 3, Ne 5. C. 37-44.

YKapry JLU., SI6n0uckas B.A. O XapakTepe IBMKEHHsS acTaTMYECKOTO TMPOCKOMA BO
Bpararoniemcs kapaanoBom mnojsece. 3. BY30s CCCP «IIpubopoctpoenue». 1968. T. 11,
Ne 1. C. 77-81.

18 Kapry JI.W. O nBuskeHNn cBOGOHOTO THPOCKOIIA C TIPHHYIUTEIHBIM BPAIIICHHEM OTIOP.
U3B. BY30B CCCP «IIpubopocrpoenue». 1962. T. 5, Ne 4. C. 54-62.
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same orientation of the gimbal relatively to the set basis are installed in a
reverberation chamber.

The forced rotation of the gyroscope gimbal around the axis, which is
parallel to the angular momentum vector. The gyroscope was set up on a
platform of universal turntable table of YIII'-56 series in order to ensure
collinearity of the kinetic momentum vector of gyroscope H, and angle

rate vector @ of forced rotation of the gimbal.

The tests showed that the JIYCY errors at the influence of the acoustic
level (~ 163-165 dB) change the sign at the change of direction of the
gyromotor rotation and has the character of instrumental error of the
gyroscope. Thus, the dual-channel scheme can only average the size of this
error, and the second scheme — reduce to zero, but in the average for the
period of rotation.

The experiments prove that the effective means of compensation of
intense sound fields is a modulation of constant perturbance moments of a
periodic function of time. A known technical realization of this method lies
in autocompensation of acoustic error by a forced rotation of the gyroscope
gimbal axis, parallel to the vector of the gyroscope kinetic momentum.

Let’s expand the task of the analysis and study the gyrostabilizer
operation in aircraft operating conditions, in other words, at the
simultaneous impact of intense acoustic perturbation, and the carrier
vibration caused by the engine operation.

In this case | is suggested an advanced scheme of power (Fig. 4) and the
indicator (Fig. 5) of gyrostabilizers.

A biaxial power gyrostabilizer contains the basis 1 on which the
dampers are fixed 18, 19, 20 and 21 with fixed bearings of the gyroscope
precession axes of swo-stage gyroscopes 22, 23 with the same kinematics

of the gimbal, parallel to each other vectors of the angular momentum H:

and mutually perpendicular precession axes H: and H.. The basis on
1 forcedly rotates with angle rate @ by a special engine 6 around its axis,
perpendicular to the plane of the stabilized platform 5 on which it is
installed.

The output signal of the gyroscope angle sensors 24 and 25 reaches the
converter of coordinates 9, which is mechanically connected with the base 1.
The output signal of the converter of coordinates 9 reaches the coordinated
device 14 and the input amplifiers 10 and 11 which are controlled by the
stabilizing engines 12 and 13. To coordinate the directions of the Kinetic

momentum vectors H1 and H of gyroscopes with the vector of angle rate @
from 1 base, it is carried out the correction of their position relatively to the
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basis 5 by giving signals from the angle sensors 24 and 25 to amplifiers 26
and 27, the output signal of which reaches the sensors of moments 28 and 29
which are on the precession axis of gyroscopes. The bearings of the outer
frame 15 are set on shock absorbers of the gyrostabilizer 16 and 17, which are
rigidly attached to the body of the carrier.

The indicated stabilizer with forced rotation of a gyroscope gimbal
(Fig.5) contains basis 1 on which the shock absorbers 2 and 3 is set a tree-
stage automatic non-corrected 4 gyroscope in the gimbal. Initially, the
vector H of the kinetic momentum is perpendicular to the plane of the
gyrostabilized platform 5. The basis1 forcedly rotates with angle rate « by
a special engine 6 around the axis, perpendicular to the plane of the
stabilized platform 5 on which it is set. On the axes of the gyroscope gimbal
there are angle sensors 7 and 8, which receive signals from the converter of
coordinates 9 and then reinforce by amplifiers 10 and 11 on the controlled
windings of stabilizing engines 12 and 13. The coordinated unit 14 is
electrically connected with the converter of coordinates 9 . The bearings of
the external frame 15 are set on shock absorbers of the gyrostabilizer 16 and
17, which are rigidly attached to the body of the carrier.

77

Fig. 4. The kinematic scheme of the power gyrostabilizer

The power of the gyrostabilizer with the simultaneous action of acoustic
intense and vibration disturbances of the body carrier works as follows.

Intensive acoustic waves generate oscillations in the gyroscope
elements. At certain frequencies these oscillations cause perturbation

341



moments constant in magnitude and direction, which are directed along the
axis of precession, and thus cause systematic errors in gyro devices. The
forced rotation of the gyroscope gimbal together with the base 1 with angle
rate w by aspecial engine 6 around the axis, perpendicular to the plane of
the stabilized platform 5 and parallel to the kinetic momentum vectors H:

and H.of gyroscopes, allows to modulate the vector of perturbation
moment by a periodic function of time sin wt. This will lead to the same

modulation of time of a two-stage gyroscope and thus it will minimize its
average value at the rotation period.

Fig. 5. The kinematic scheme of the indicating gyrostabilizer

Eliminating the influence of the basis vibration 1 generated by the action
of intensive acoustic perturbance is carried by installing of bearings of the
precession axis on shock absorbers 18,19, 20 and 21.

Considering the fact that forcedly rotation of the gyroscope gimbals
leads to their reorientation in space, while the stabilized platform 5 with
engines 12 and 13 remains stationary, the signals of angle sensors 24, 25 of
gyros reach the amplifiers 10 and 11 of stabilizing motors 12 and 13 from
the converter of coordinates 9, mechanically linked with the base 1 of its
repeating rotation and electrically connected to the angle sensors 24 and 25.
If for solving problems of the flight control a signal of a two-stage
gyroscope will be needed, it is available in analog or digital form using
coordinative device 14, electrically connected to the converter of
coordinates 9. In this case, the entire device can be considered as a two-
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stage gyroscope, but having less measurement errors at intense acoustic
perturbations and the aircraft body oscillation than the conventional
gyroscope under the same conditions.

At first, the kinetic momentum vectors H: and H. of gyros parallel to

the vector o of angle rate of basis 1 rotation. When inciting factors appear
on the axes of stabilization, a disagreement occur on these vectors, causing
additional gyroscopic moments as a result of cross component of the vector

o, which is parallel to the gyro sensitive axes 22, 23. An electrical signal
of the angle sensors 24, 25, which is proportional to this velocity and
previously amplified by the amplifiers 26 and 27, then reaches the sensors
of moments 28 and 29, which form the value and the direction of the

moment for the initial parallelism of vectors Hi, H» and .

To eliminate the effects of oscillations of the aircraft body on the
stabilization error, the bearings of the external frame of the power stabilizer
are set on the shock absorbers 16 and 17.

At intensive acoustic perturbations and the fuselage vibrations works
the indicated gyrostabilizer operates similarly. However, it should be noted
that at acoustic loads over 160 dB the uncorrectable gyroscope doesn’t
work.

A further improvement of the sceme of the power gyrostabilizer is a
gyrostabilizer with forced rotation of the gimbals. These gimbals belong to
some gyroscopes electrically connected with oppositely directed kinetic
momentum vectors of the same orientation of the gimbal axes (Fig. 7.6). In
this case the gyro angle sensors through the summing unit and the amplifier
are connected to the angular momentum sensors which are set on the
precession axes. By means of the differential amplifier they will be
connected to the converter of coordinates. In this case the use of mechanical
sparnyka is inappropriate at high level of sound pressure — over 160 dB. In
addition, the mechanical sparnyk practically eliminates the possibility of
using float gyroscopes in a gyrostabilizer.

The formation of the output signal of the swo-stage gyroscope as a
difference of two output signals of the devices, which are connected
electrically, allows compensating the influence of instantaneous values of
moments-obstacles, which are caused by side sensitivity of the gyroscopes
and angular acceleration of the fuselage at both stationary and non-
stationary characters of their change in time. Besides, zeroshift (zero shift
in the integrating gyroscope) is also compensated. This zero shift which
takes place at the kinematic perturbation at the basis even if the angle of
rotation of the gyroscope equals the level zero. Hard negative inverse
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connection by the sum of the gyro sensor signals allows to perform the
mutual correction of their position between themselves and with the vector

o of the angle rate of the basis 1 and the signal to sensors of the moments.

In the initial position the kinetic momentum vectors H: of gyros 10, 11,
12 and 13 are parallel to each other and perpendicular to the plane of the
stabilized platform 15. Acoustic wave generates bending oscillations in the
construction elements of gyros and creates a stringing state of the material,
which together cause stable inciting moments and thus to the systematic
errors of gyros. The formation of the output signal of the two-stage gyro as
a difference of two output signals of two electrically connected differently
rotating gyros 10, 11 and 12, 13 allows to compensate the influence of
instantaneous values of moments-obstacles due to lateral sensitivity of
gyroscopes and the influence of angular acceleration of the aircraft as for
their stationary and non-stationary development in time. Finally, the zero
shift is also compensated and occurs even without the angle of rotation of
the gyroscope moving part.

The hard negative inverse connection by the sum of the angle sensor
signals 16, 17, 18, 19 of gyroscopes 10, 11, 12, 13 allows to perform the

mutual correction of their position between themselves and the vector  of
the angle rate of the basis and the signal to the sensors of the moments 24,
25, 26 and 27.

The forced rotation of the gyroscope gimbal 10, 11, 12 and 13 together
with the basis 1 with angle rate » of the engine 14 around the axis,
perpendicular to the plane of the stabilized platform 15 and parallel to the

kinetic momentum vectors H; of the gyroscopes, allows to modulate the
vectors of inciting moments caused by the influence of acoustic radiation,
unbalance of the gyros, dry friction forces and other instrumental errors of
periodic function of time, for example sinwt, which will cause the same
modulation in time of systematic gyroscope errors and thus will allow to
minimize its average value over the period of rotation.
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Fig. 6. The kinematic scheme of a power gyrostabilizer with
a two-channel autocompensation for reducing the impact of external
mechanical perturbations

Eliminating of influence of basis vibration 1 under the action of
intensive acoustic perturbations on the gyros construction elements 10, 11
and 12, 13 it is carried out by the installation of bearings of the initial axes
on the shock absorbers 2, 3, 4,5, 6, 7,8 and 9.

Due to the forced rotations of the gyroscope gimbal leads to the
reorientation in space, while the stabilized platform 15 with engines 34 and
35 remains stationary, the signals of differential amplifiers 28 and 29 come
to the converter of coordinates 30 mechanically connected with the basis 1
and repeating its rotation, and then through amplifiers 32 and 33 on the
control windings of the stabilizing engines 34 and 35.

If for the tasks of air traffic control at intense acoustic perturbations and
the fuselage vibration is required a signal of a two-stage gyroscope, it can
be received in a digital or analog form using the coordinated device 31
electrically connected to the converter of coordinates 30. In this case, the
advised device can be considered as a two-stage gyroscope, but without
defects in a common two-stage gyroscope in the intensive acoustic field
and vibration.

Experimental studies have proved that the sample of the device for
gyroscopic stabilization of devices (GSP) which uses float devices of
JYCY (the angle rate sensor) class as sensors. These float devices are set
on shock absorbers and connected by the differential circuit, or forced
rotating around the axis parallel to the angular momentum vector, it
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normally operates at the acoustic load of 160 dB intensity in the frequency
range up to 1 kHz.

Bench tests and theoretical research of the influence of intensive sound
waves to poly-unit systems of the industrial model of the angle rate sensor
of the JIYCY class allow to make some generalizations for other technical
solutions of such systems and to formulate the following conclusions and
recommendations:

— poly-unit systems are subjected to the action of intensive acoustic
beams. The offered mechanical model of stringing-and-deformative poly-
unit system in the form of two coaxial cylindrical shells divided by fluid,
allows to make the quantitative and qualitative estimation of the studied
phenomena;

—onboard gyro equipment of the poly-unit structure in acoustic fields of
the aircraft operating conditions may have methodic and instrumental errors
as a result of to Euler inertial forces;

— to overcome the negative impact of acoustic vibration of the
component, as one of the wvariants can be recommended the
autocompensation methods that have been tested with a positive result.

Integrated gyroscopes are widely used in GSP as sensors. Therefore, a
few words about the peculiarities of their operation.

Let’s consider the simpliest case — harmonic oscillations of the platform
relatively to three axes, for example:

\l]x :\l']xo Sln(('olt—i_(l)l);
\ljy :\Vyo Sln((’o2t+¢2);
Y, =y _ Sinm,

For this perturbation the angle of rotation of the movable part of the
gimbal is determined by the expression:

B=B(0)—P(0)asinw, +bsin(w 7 + ¢, ) —ccos(wyt + @, ) —

_(,)Sab{cos[(co3 —ool)t—d)l] cos[(oo3 + wl)t+¢l]}+

2 ®; — O, 0, + O,

+@3ac{sin[(m3 —ooz)t—(l)z} N sin[((o3 + wz)t+¢2]}

2 0, — O, 0, + o,

where a=ky ,;
b=ky,,;
c=Tky o,
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In integrated gyroscopes the transfer coefficient & is usually close to the
unit, and the time constant 7 equals several milliseconds. Therefore, for
certain values ,the inequality is correct

Tw,<<k .

If the amplitude of the platform oscillations around x the axes are almost
identical, the result of the inequality is the correlation:

c<<b .

Then we can simplify the expression for the angle of rotation —
B=B(0)—P(0)asinw,t +bsin(w7 + ¢, ) — ccos(wyt +, ) —

(Dﬂb{cos[(c% _(Dl)t _¢1:| _ COS|:(033 +0)1)l+¢1:|}.

2 0, — O, 0, + o,

The expression shows that at the tossing around the axes x and z with
close frequencies there will be a changeable component of the error in the
signal which may reach significant values. The most undesirable is the
condition o, = ®,.

For this case the angle of rotation is changed by the law —

B=P(0)—-PO)asinwt+ bsin(colt + @, ) — ccos(a)zt + o, ) =

abm, sin
_le)]t +

This is the component that increases proportionally to time, and outlines
the large movement of gyroscope under these conditions. For example, let

k=1:vy_ =y, =5810"rad:

ancos(2oolt +0).

—_— — _ll
o, =0, =105

b=="¢=3600s .

T,
2 b
Then

. 2 -8 3
ABt:abcolsm(pltzl 5,87-10 210 3,6-10

This example confirms that even under moderate conditions of tossing,
the component of the gyroscope nutation can be significant.

To illustrate this example we will prove how effective is the
autocompensation two-channel method of the influence of tossing. The
control signal of the stabilizing engine should be formed as a difference of
electrical signals of two integrating channels on each axis, i.e.,

=6,06-107
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Uop = U utl UoutZ = ksaIBI - ksaZB2 )

O

k

sa2

where £, — coefficients of transfer of the electrical angle sensor of
the two devices;B,, B, — angles of the moving parts of the electrically

connected gyroscopes.

In order to simplify this effect all parameters of the integrated
gyroscopes will be considered as equal, except for the signs of the kinetic
momentums. Then, using the above mentioned equality, we write:

B, =PB,(0)—B,(0)asinw + bsin(w + @, ) —ccos(w,t +@, ) —
_abo, sin, -

2
B, =PB,(0)+B,(0)asinm —bsin(wt +@,)—ccos(w,t + ¢, ) -

%fcos(Zmlt +0)

- DO, D cos(20+9).

The angle of rotation of the second integrated gyroscope differs from the
first only by the signs of the coefficients « and b, that due to changes in the
sign of the angular momentum of the gyroengine of the second device.

It can also be assumed that

B,(0) =—P,(0) =—B(0).

After substitution of the values B, and B,, considering the last
expression and the identity of the coefficients &, i k,,,, we’ll get —

U,, = k,[2B(0)+2bsin(of+¢,)] .

A completely different situation occurs when the gyroscopic
instruments are in the acoustic fields of a high level — above 150-160 dB.
In particular the following levels occur in the operating conditions in a
supersonic motion.

Penetrating acoustic radiation «swings» the mechanical systems of
devices and accessories. The emerging stringing state of the material of the
gimbal causes the Euler inertial forces which create a «false» signal and,
correspondingly, the error of measurement®®, The cause of the

19 Karachun V.V., Mel’nick V.N. Influence of Diffraction Effects on the Inertial Sensors
of a Gyroscopically Stabilized Platform: Three —Dimensional Problem. International Applied
Mechanics. 2012. T.48(4) P. 458-464.

20 Korobiichuk 1., Karachun V., Mel’nick V., Asaftei O., Szewczyk R. The three-
measurable problem change of coordinates functions of floater suspended in acoustic
environment. In Proceedings of the 17th International Conference on Applied Mathematics
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phenomenon is in the transition the material of the gimbal and the engine
unit from the category of a completely solid surface in the category of an
impedance construction?'?2, This idea must necessarily be present in the
design of onboard equipment of supersonic technologies®2+2°,

CONCLUSIONS

Bench and theoretical studies of the effect of intense sound waves on
polyaggregate systems of industrial design sensor of angular velocity
modification DUSU allow to make some generalizations for other technical
solutions of such systems and to formulate the following conclusions and
recommendations:

— polyaggregate systems are subject to the action of intense acoustic
rays. The proposed mechanical model of the elastically deformable
polyaggregate system in the form of two coaxial cylindrical shells separated
by a liquid allows to make a quantitative and qualitative assessment of the
studied phenomena;

— on-board gyroscopic equipment of polyaggregate structure in the
acoustic fields of the operating conditions of the aircraft may have
methodological and instrumental errors due to the emerging Euler forces of
inertia;

— to combat the negative effects of acoustic vibration of components, as
one of the options, autocompensation methods can be recommended, which
have passed bench testing with a positive result.

The research has proven the following:

— at the fuselage tossing, the GSP gyroscopic sensitive elements in the
acoustic fields of a supersonic flight have the errors of measurement, which

APLIMAT 2018, Bratislava, Slovakia, 6-8 February 2018; pp. 621-632. DOI — [Google
Scholar]

21 1gor Korobiichuk, Viktorij Mel’nick, Volodimir Karachun. Effect of Acoustic Shock on
Submarine. Author to whom correspondence should be addressed. Appl. Sci. 2020, 10(14),
4993; https://doi.org/10.3390/app10144993. Received: 5 June 2020 / Revised: 12 July 2020 /
Accepted: 14 July 2020 / Published: 20 July 2020

22 Korobiichuk 1., Mel’nick V., Karachun V. Autocompensation methods of reducing the
influence of penetrating sound radiation. Advances in Intelligent Systems and Computing,
2020, 1044, pp. 340-349.

23 Korobiichuk 1., Karachun V., Mel’nick, V. Stochastic structure of inciting factors of
trivial gyrostabilized platform. Advances in Intelligent Systems and Computing, 2020, 1044,
pp. 36-44.

24 Mel’nick V.N., Karachun V.V. Determining Gyroscopic Integrator Errors to Diffraction
of Sound Waves International Applied Mechanics. 2004.T. 40(3). pp. 328-336.

25 Bymmsmxuii M., JIyan S1.JI. K o6partHoif 3a1a4e Teopun THpOCTaOMIN3aTopoB. W3B.
BVY3oB CCCP, «IIpubdopoctpoerue». T. 9. Ne6, 1966. C. 41-45.
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cause the construction errors of tryorthohonal coordinate system for the
aircraft;

— it is clarified the structure of construction errors in the coordinate
system using GSP, which enables to estimate the degree of influence of
kinematic and acoustic perturbations;

— it is opened the mechanism of diffraction of sound waves in
mechanical impedance systems of the gimbal in the inertial devices;

— the results obtained may serve as a theoretical basis of improvement
the accuracy of constructing the guide lines for hypersonic vehicles of
different classes.

SUMMARY

The paper evaluates one of the methods of autocompensation of
diffraction phenomena in sensitive elements, which is used in gyroscopy.
The operation of the gyrostabilizer in the operating conditions of the aircraft
under the simultaneous influence of external perturbing factors — intense
acoustic perturbation, as well as vibrations of the carrier body due to the
operation of the engines. The expediency of the method for the use of
supersonic aircraft in operational conditions for averaging the
instantaneous values of stochastic structure errors is proved. The two-
channel method is an effective means of reducing the influence of external
perturbing factors due to methodological errors of the kinematics of
gyroscopic sensors, in particular is an effective means of reducing the
influence of cross-links between the channels of force stabilization of the
platform by gyroscopic moment
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