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METHOD OF DETERMINING THE POSITION OF THE GEOGRAPHIC MERIDIAN
THREEFOLD PENDULUM GYROCOMPASS DURING NATURAL STOP ITS ROTOR

Fedorov V.N, Heryk B.V,, Lukomsky Y.Y. Shtefan N.I.
National Technical University of Ukraine
«Kyiv Polytechnic Institute»

A method for determining the position of the geographic meridian three-stage pendulum gyrocompass during
the process of natural stop its rotor. An algorithm identifying the initial position of the rotor axis, which are
based on the properties of the motion differential equation gyrocompass and the equation itself. The results
of the simulation of the corresponding algorithm of information processing. These advantages of the proposed

method is compared to traditional.

Keywords: geographic meridian, three-stage pendulum gyrocompass, a natural process stops the rotor,

identifying the initial position of the rotor axis.

Formulation of the problem. In carrying out
geodetic, topographic, marksheyderskih and
other activities connected with the definition of ref-
erence direction relative to the Earth, is a topical
issue of increasing accuracy and reducing the time
spent on carrying out one measurement. This arti-
cle discusses how to determine the direction geo-
graphic meridian ground threefold pendulum gyro-
compass with torsion suspension unmanaged sensor
equipped with high-precision digital sensor azimuth

angle position sensor and processing unit. During
data processing indirect method is used to obtain
data on the initial deviation of dynamic systems.
Analysis of recent achievements and publica-
tions. In the process of improving the device re-
vealed that a further increase in accuracy is due to
the need to consider the following factors. During
the measurement around the vertical axis of the
sensor operates a permanent uncontrolled moment
due to operational reasons, different from meas-
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urement to measurement. This shifts the center
point of the azimuthal oscillation sensor, which,
in accordance with the procedure identified az-
imuth northerly direction, a constant value. For
the self-compensation of this error have been pro-
posed several methods, based on measurements of
different but fixed device parameters. However,
these measures are more than twice lengthened
measurement process.

The article [2] proposed to determine the ge-
ographical position of the meridian based on the
analysis of the azimuthal motion sensor gyro dur-
ing ramp-up of its rotor. The proposal brings a
double win in the issue of reducing the measure-
ment time: firstly, the rotor acceleration mode
becomes the «staff» rather than ballast operation
mode gyro, as it was before; secondly, there is no
need for special measures to combat the harmful
vertical moments, since the displacement of the
equilibrium position, due to the action of the latter,
is variable in time, which allows to determine the
value of harmful torque during one measurement.

In [3] is the next step in determining the ge-
ographic meridian plane threefold pendulum gy-
rocompass mode changes the speed of rotation of
its rotor. We consider the work gyro mode when
before the measurement process it instantly rotor
(Pulse, for example, with the help of the cutter)
reported nominal angular velocity of rotation, after
which it is given to itself and its rotational speed is
reduced in a natural way — by law exponent.

The purpose of the article. The aim is to build
an information processing algorithms on the move-
ment of three-stage pendulum gyrocompass mode
in the natural stop its rotor.

Main part. The equations of motion of the de-
vice is stationary relative to the base of the Earth,
taking into account the current around the vertical
axis of the sensor harmful uncontrolled moment
M = const, have the form:

Ha + HU.B +mglB+ HU, = 0

HE+HF—HUa=M, (1)
rme H — the angular momentum of the gyro-
scope,

Ur and U, — the horizontal and vertical compo-
nents of the Earth’s angular velocity at the point
of measurement

a and B — the current angle of the rotor axis
gyro deviations from the meridian and the plane
of the horizon, respectively,

mgl — pendulum gyrocompass.

The system of equations (1) in the case of a reduc-
tion of the angular momentum according to the law:

H=H,e ™, (3)
where H,, — the maximum angular momentum,
A — an indicator of decay exponential functiqn,
t — the current time t=A"In(H,,-H 1) =1 In(e™)
taking into B=mglH, >, account and refer to the
equation of motion is given by the azimuthal coor-
dinate o type
i —2ia+ UmglH, ‘e -a = 24U, — M-Be?™. (4)
By introducing a new independent variable
z =24 U H;lmgle”,
and denoting /= 8U,A™"; A = 0.25 2HAUZ? (mgl)~2,
a derivative of the unknown function on the new
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independent variable through o’ and o, the equa-
tion (4) can be written as

N=8U2"" A=0.25 HLU-2(mgh)2,

z?a" —3za' +z?a=D—BAz*-M (5)
The homogeneous equation corresponding to
(5), is a special case of the Bessel equation and has
a solution [4]:
a=C,z°L(z) + C,z°Y,(2),
where C; u C, — arbitrary constants, I,(z) and
Y.(z) — Bessel functions of the second order of the

first and second kind, respectively.
With the notation

fzz‘a Y, (2)dz = F(z); J’zz‘3 I,(z)dz = E(z),,

Equation (5) has a solution
o= [a + (Zg + 4)BAM]§[Y1(ZOJ[2 (2) — 1, (z)Y-(2)] +

+ [%m (L;;g’l’"“ + ,80) + BAM] -1z [V (20)] (2) — L (2,)Y,(2)] — BAM(2* + 4)+ (6)

+Z 24 @IER) - E(2)] - L(2)F@) — F(z,)])

As seen from the equation (6), in the last two
brackets integral with the recorded limits of inte-
gration and z:

fzzoz‘g Y, (2)dz = F(z,,2); fzzoz‘g L(z)dz = E(z,2); (7)

Taking into account the expressions (7) and
introduced below the designations for the known
functions of the parameter z

£@ = - EILE - LEL@] - 1L
f(2) = 0.25AU7 2% [Y;(2o) 12 (2) — L (2,)Y2(2)]

f(2) = BA{(z§ + 4)% [Y: (z9)1> (2) — I (7)Y, (2)] +
0

+z? [V, (20),(2) — L () Y2 (2)] — (2° + 4}

@ = a2 2Bz 2) ~ b (@F(z0,2)] -
— 0.25AU7* U, H,,(mgl)*nz* [V, (20)1,(2) — I, (zo)Y; (2)]

can be written

fa=aofi +Bofa + Mf. (8)

Picture 1 shows a graph of the angular mo-
mentum from time to time in accordance with
(3) the following numerical data: H,, = 1 N*m®*s;
A= 1.068*1073, rad/s, and Figure 2 is a graph of the
corresponding azimuthal motion sensing element at
a time U, = 3.65*107° rad/s; U, = 6.32¥107°, rad/s,
which corresponds to the latitude of 60°, mgl=4.1,
N*m; M = 7*107", N*m; a = 0; o,= I1/180, rad.
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Fig. 1. Schedule changes in the angular momentum
of the law of time H=H,e™.
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Fig. 2. Schedule changes azimuthal coordinates
of the time when you change
the angular momentum by law

Making changes in the discrete time points can,
using the processing information, such as the least
squares method in its analytic form, to find the
best estimate, unknown from the system
Gy (i) + Bo 2 (fi o)+ Mo S fi) = 2 (Fifoo)

i=l i=1 i=1 i=1
doZ(flffzx')""ﬂoZ(fszzi)'*'MoZ(fzify):Z(fzifzu)’ 9)

i=l i=1 i=1 i=l
G (it )+ B 2o+ Mo (S fir) = 2 (fu i)

i=l i=l i=1 i=1

Evaluation provides clear information on the
status of the plane of the geographic meridian.

If the analytical solution of the equation of mo-
tion can not be represented by a linear combina-
tion of the unknown, to find them you can use
an algorithm based on the actual characteristics of
the differential equations of motion gyrocompass
[5]. The scheme for obtaining solutions in this case
is shown in Figure 3.
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Fig. 3. The scheme of calculating the «best»
assessment of initial position gyro axis
with exponential «freewheel» rotor

According to this scheme, resulting from the
gyro array of information about the azimuthal
motion sensor in the «coasting» of the rotor is
compared with the result of the integration of
the differential equations of motion of the de-
vice, produced for arbitrary but permissible in
terms of the operation of the unit, the initial
conditions and perturbations. It then computes
the sum of the squares of the differences of the
real instrument readings and machine model
(called the sum «residuals» squares), reduced to
one dimension, and implemented search engine
minimum of this amount. Rank, corresponding to
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the minimum sum of squares «residual» and is
the «best» estimate of the initial position of the
axis gyro.

With computer simulation algorithm block «gy-
rocompass» in Figure 3 has been replaced by a
block of integration of the differential equation (4),
to the output of the random noise is added a pre-
determined intensity. Driving machine experiment
is shown in Figure 4.
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Fig. 4. The scheme of computer experiment

Computer modeling of the proposed algo-
rithm for determining the meridian confirmed
its efficiency. Figure 5 shows the estimation er-
ror of the initial position of the rotor axis gyro
from the time of collection of information for
different values of the intensity of the «noise»
measurement.
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Fig. 5. The dependence of the estimation error
of the initial position of the gyro axis
of observation time

Conclusions. In the article the technique [6]
determining the position of the geographic me-
ridian threefold pendulum gyrocompass based on
an analysis of the azimuthal motion sensor mode
exponential overrun its rotor. The scheme of iden-
tifying the «best» assessment of the initial posi-
tion of the rotor axis gyro, which is based on the
properties of differential equations of motion of
the device.

Assuming that after the acceleration pulse
gyro rotor to rated speed is no need for a me-
chanical connection between the housing and the
gyro sensor, the proposed method has two signif-
icant advantages compared to the methods ap-
plied until now:

— An opportunity to «non-contact» hanging the
sensor, which greatly reduce the level of distur-
bances transmitted from the gyrocompass housing
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on the sensing element, and as a consequence — Further studies that improve the use of this
increase the accuracy of measurements; technique, there may be in the direction of algo-

— As a gyro sensor can use a device whose rotor rithmic accounting and other compensation (ex-

and stator do not carry electrical coils that greatly cept DC) types of uncontrolled moments that arise
reduce the cost of the device. during the operation of the gyrocompass.
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dDepopor B.M, I'epur B.B., JIykomcbruii S.IO., IlItecpan H.I
Harionasnbunii TexHiuHMI yHiBepcuTeT YKpainm
«KMiBChbKUII MOJIITEXHIYHMIT IHCTUTYT»

METOAMKA BUSHAYEHH{ ITOJOREHHA 'EOTPA®IYHOI'O MEPUJITIAHA
TPUCTYIIEHEBUM MAATHNROBVM I'N'POROMIIACOM
1] YAC HATYPAJIBHOI 3YIIMHKM J10I'0 POTOPA

AnoTaris

3aIporOHOBAaHO METOJi BUBHAYEHH: IIOJIOKEHH:A reorpadidHoro MepujiaHa TPUCTYIEHEBUM MaATHMKOBUM
ripoKoMITIacoM B IIpOIieci MPUPOAHOI 3yNMHKM Jioro poropa. OTpumaHi ajgroputmu inenTudikariii mogaTkoBoro
IIOJIO}KEHHA Bici poTopa, B OCHOBY AKMX IIOKJIAJIeHI AK BJIACTMBOCTI DillleHb NM(PEPEeHIIHNX PIBHAHb PyXy
ripokoMmaca, Tak i came piBHAHHA. PO3TIAHYTI pe3yJsbTaTy MOJEIIOBAHHSA BiNIOBITHUX aJropuTMiB 00pOOKM
indpopwmariii. ITokazani mepeBaru 3anpoONOHOBAHOI METOAUKY Yy IOPIiBHAHHI 3 TpaaUIliiiHUMI.

KoarodoBi ciioBa: reorpacpiuamii MepuziaH, TPUCTyIIeHeBMI MaATHMKOBUI TipOKOMIIAC, IPMPOJHMII IIPOIiec
3YIUHKYM POTOPA, ifeHTrdIKaIlisa I09aTKOBOrO MOJIOMKEHHA Bici poTopa.

depopor B.H,, I'epux B.B., JIykomcrkuii I.IO., IllItecpan H.IL.
HammoHaJbHBIN TeXHMYECKUI YHUBEPCUTET YKpPaUHbI
«KMeBCKMII ONMMTEXHUYECKIII UHCTUTYT»

METOJIMRKA OIIPEJEJEHNA ITOJOSREHA
TEOTPA®IMECKROTO MEPUANAHA TPEXCTEITEHHBIM MAATHUROBBIM
TMPOKOMIIACOM BO BPEM$A ECTECTBEHHOI OCTAHOBKI EIrO POTOPA

AnHOTANIA

IIpensoskeH MeTOn OIpeneseHNA MOJIOMKEHUA TeorpapmuuecKoro MepuanaHa TPEXCTENeHHbIM MaATHUKOBBIM
IMPOKOMIIACOM BO BpeMs#d IIPOIlecca eCTECTBEHHON OCTaHOBKM ero poropa. IlosiydeHbl aJiropuTMbl UAEHTU-
uKaMy HAYaJIBHOTO MOJIOMKEHMA OCM POTOpPAa, B OCHOBY KOTOPBIX IIOJIOMKEHBI KaK CBOIMCTBa pelleHnit amud-
dpepeHINaIbHOTO ypaBHEHNA ABVIMKEHNUA TMPOKOMIIACA, TAK M CaMO ypaBHeHMe. PacCcMOTpeHbl Pe3yJibTaThl
MOJIEJIIPOBAHNA COOTBETCTBYIOIINX AJrOPUTMOB 00paboTky mHQOpManmy, YKasaHbl [IPEUMYIIecTBa IIpes-
JIO}KEHHO MEeTONMUKY II0 CPAaBHEHUIO C TPaAUIIMOHHBIMIA.

Karouepbie ciioBa: reorpauyeckmii MepUAMaH, TPEXCTEIIeHHO MasdTHUKOBBINM T'MPOKOMIIAC, IIPOIECC ecTe-
CTBEHHOJ OCTAaHOBKM POTOPA, UAEHTUMUKAIA HAYaJbHOTO IOJIOKEHUA OCY POTOPA.



