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ABIALINHA MPABIMETPUYHA CUCTEMA I3 BIGPALIIMHUM
HU3BbKOYACTOTHUM rPABIMETPOM

Abstract: The expediency of using aviation
gravimetric systems (AGS) with the new vibrating
string gravimeter for gravimetric measurements
and Earth’s gravitational field information
gathering was grounded. Advantages and
disadvantages of today’s existing AGS
gravimeters were defined. It was shown that AGS
with the new vibrating string gravimeter
accelerates the  significant  measurement
accuracy of acceleration of earth gravity by
compensating the influence of vertical
acceleration and instrumental device errors.
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INTRODUCTION

The information about the gravity g and its
anomalies Ag is needed in aviation and space
technique (correction of the systems of inertial
navigation of rockets, planes), for realization of
aims of engineering geology, archaeology, prog-
nosis of earthquakes. To determine the characte-
ristics of the Earth's gravity field the most useful
is aviation gravimetric system (AGS) [1 - 3].

By means of the AGS it is possible to obtain
the gravimentric information in the awkward-to-
reach zones of the globe much faster and at
lower costs than doing this by means of ground-
mounted, sea-going and land-based gravimetric
units.

Gravimeter is a sensitive element of AGS that
measures the gravity and the accuracy of which,
basically, determines the accuracy of all AGS [4].

Therefore, to improve the accuracy of existing
and creation of new gravimeters is a very topical
issue as of today

PROBLEM STATEMENT

Today there are many kinds of AGS
gravimeters, the operating principle of which is
based on different physical phenomena. They
have both pros and cons. The main types of
avionic gravimeters, principle of their operation,
basic parameters, pros and cons are described in
[4—7]. Some publications [4-11] provide the
prospects and feasibility of avionic string
gravimeter usage. The patent [2] shows the

AHomauis: O6rpyHmosaHo AouinibHICMb 8UKOPUCMAaH-
Hs  asiayitiHux epasimempuyHux cucmem (AlC) 3
HOBUM CMpPYHHUM 2pasimempom 07 Npo8edeHHs
2pasiMempuyHUX 8UMIpHO8aHb ma OmpuUMaHHs iHghop-
mauii npo epasimauiine none 3emni. Bu3Ha4yeHo
rnepesaszu ma HeOOMIKU (CHYIOHYUX CbO200HI 2pasi-
mempie AIC. lNokasaHo, wo AIC i3 HO8UM CMPYHHUM
epasimempom 3abe3neqye cymmese Mio8uU,eHHS MoY-
HOCMI 8UMIPIOBaHb MPUCKOPEHHS CUU MSDKIHHS Wirisi-
XOM KomrieHcauil ernnuey eepmukasibHO20 MPUCKOPEH-
HS ma iHcmpyMeHmarnbHUX noxubok npumnady.

Knro4oei cnoea: cmpyHHUl 2pasimemp, MpuUCKOPEHHs
CUnu MsKiHHSA, Yyymnueul erieMeHm.

BCTYN

IHdbopmauis npo rpasiTauiiHe none 3emni g Ta
noro aHomanin Ag HeobxigHe y aBiauifiHifA | KOCMIYHIN
TeXHiLi (KopekKLis cucTeM iHepuianbHOi HaBirauii paker,
niTakis), Ansa peanisauii 3agadv iHXeHepHoi reonorii,
apxeororii, NporHo3dy 3emneTpycis. [na BM3Ha4YeHHS
XapaKTepUCTMK rpaBiTauiiHoro nons 3emni Han3pyyHi-
e BMKOPMCTOBYBAaTU aBiauiiHi rpaBiMeTpuyHi cuctemu
(Arc)[1 - 3].

3a ponomoroto AIK moxHa 3006yt rpaBimeTpuyHy
iHpopmaLito y BaXKOAOCTYNHMX panioHax 3eMHOI Kyni
HabaraTo wBMAle Ta 3 MEHWWMW BUTPaTaMu, Hix 3a
JOMOMOrol0  Ha3eMHUX, MOPCbKMX abo CyXOmyTHUX
rpaBiMeTpuyHMX 3acobiB.

paBimeTp — ue uyTnuBunm enemeHT AlC, akun
BUMIPIOE MPUCKOPEHHA CUMNWN TAXIHHSA | Bifi TOYHOCTI
SIKOro, B LiNOMY, 3anexuTb TouYHicTb Bciei AI'C [4].

Tomy niaBMLLEHHSA TOYHOCTI iCHYIOUMX Ta CTBOPEHHSA
HoBwux rpasimeTpiB Al'C € akTyanbHUMM.

NMOCTAHOBKA NPOBJIEMU

CoorogHi icHye 6Garato BuaiB rpasimeTpiB AlC,
NpUHLMN poBGOTK SIKUX OCHOBaHWIA Ha Pi3HUX (Di3UYHNX
asuwax. BoHn matoTb sik CBOI nepeBaru, Tak i Hegorni-
kn. OCHOBHI pi3HOBMAM aBiaLiiHUX rpaBiMeTpiB, NPUH-
umn ix Aii, OCHOBHI MapameTpu, nepeBaru Ta Hedonikn
BUKNageHo B [4-7]. Y psai nybnikauin [4-11] obrpyHTo-
BaHO NEPCNEKTUBHICTL Ta OOUIMNbHICTE BUKOPWUCTAHHS
aBiaLiiHOro CTPYHHOro rpaeiMeTpa. Y naTeHTi [2] noka-
3aHO (pyHKUiOHanbHy cxemy Ta npuHumn aii ArC i3
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functional scheme and the AGS operation
principle with the new vibrating string gravimeter
(VSG).

A significant contribution to the gravimetric
measurement methods and means were done by
scientific  schools formed in the NASU
S.I Subbotin Institute of Geophysics led by
academician Starostenko V.I; in NASU Scientific
Centre for Aerospace Research of the Earth lead
by the NASU academician Lyalko V.l., in the
NASU Institute of Geological Sciences led by the
academician Hozhyk P.F., in NNC ‘Institute of
Metrology’ under the guidance of Ph.D Dudolad
0.S., in Kiev Polytechnic University under the
guidance of Honored Ukrainian Scientist, Ph.D,
professor Beszvesilna O.M. The known literature
[1-11] does not contain the functional scheme
description with the new vibrating string
gravimeter [2] and its operational principle is not
stated.

Article objective is to describe the functional
scheme with the new vibrating string gravimeter
[2] and to state its operational principle.

MAIN ARTICLE
All known AGS gravimeters are inherent to
both advantages and significant disadvantages,
for which the main ones are the following [1]:
1) Low measurement accuracy (2-10 mGal);
2)The mandatory need to use the filtration
procedure for AGS gravimeter output signal;
3) AGS gravimeter static gear coefficient volatility
caused by changes in the properties of structural
elements;
4)Low performance speed, the
operational data processing and others.
The articles [5, 7-9] show that the vibrating
string gravimeters own the highest precision of 2
mGal. Hence, they should be preferred.

lack of

Vibrating string gravimeters have high
vibration and impact durability, reliability,
frequency-modulated input signal, high-power

output signal, small size and weight. They allow
to do fast and accurate digital registration of g-
force acceleration. The benefits also include the
small time constant, which is vital for aircraft
measurements and nearly unlimited input
measurement range without reconfiguring the
device.

Picture 1 presents the functional scheme of
vibrating string gravimeter in the AGS system.
Avionic gravimetric system for measuring g-force
acceleration anomalies (fig.1.) contains system
(1) of navigation parameters identification, the
height meter (2) and vibrating string gravimeter
mounted on girostabilized platform (3), the out-
puts of which are connected to OBC inputs (4).

The sensitive gravimeter element (3) (fig.1.)
placed in the sealed vessel (8) and is designed
as two identical vertical strings (6) and (7). They

HOBMM CTPYHHUM rpasimeTpom (CI).

3HayHMI BKMag Yy PO3BUTOK MeTodiB Ta 3acobiB
rpaBiMETPUYHNX BMMIPIOBaHb BHECINW HAYKOBI LLIKOMMN,
ccopmoBaHi B IHCTUTYTI reodisnkm im. C.l. Cy66oTiHa
HAHY nig kepiBHnuTBoM akagemika HAHY CrapocTteH-
ka B.l., y HaykoBomy LleHTpi aepokocmiyHux gocnig-
XeHb 3emni IHcTuTyTy reonoriyHnx Hayk HAHY nig
KepiBHMUTBOM akagemika HAHY Jlaneko B.l., B
IHCTUTYTI reonoriyHmx Hayk HAHY nig kepiBHUUTBOM
akagemika HAHY Tloxuka M.®., y HHL “lHcTutyT
MeTpornorii” nig kepiBHMUTBOM K.e.H. [lyaonaga O.C., B
HTYY “KMI” nig kepiBHMUTBOM 3acnyxeHoro Aigya
HayKku i TexHikn Ykpainu, A4.T.H., npodecopa bessecinb-
Hoi O.M. Y Bigomii nitepatypi [1-11] Hemae onucy
PYHKLiOHanbLHOI CXeMM i3 HOBMM CTPYHHWUM rpaBsiMeT-
pom [2] Ta BMKNaAeHHS i npuHUmMny Aii.

MeTolo cTatTi € onuc (YHKUIOHanbHOI cxemu i3
HOBWM CTPYHHUM rpasiMeTpoMm [2] Ta BuUKnageHHs ii
npuHUMNYy aii.

OCHOBHUW TEKCT CTATTI

Bcim Bigomum rpasimeTpam AIC npuTamaHHi ik
nepesaru, Tak i CyTTeBi HEAONIKK, cepen AKMX OCHOBHU-
MU € HacTynHi [1]:

1) HM3bKa TOYHICTb BUMiptoBaHHSA (2-10 mIan);

2) oboB’A3KkoBa HEOOXiAHICTb 3aCTOCYBaHHS Mpoueny-
pv ginbTpauii BuxigHoro curHany rpasimeTtpa Al'C;

3) HecTabinbHICTbL CTaTUYHOIO NepeaaTHOro KoedilieH-
Ta rpaBimeTpa AlC, cnpuynHeHa 3miHamu BracTMBOC-
Ten KOHCTPYKTUBHUX eNeMeHTIB;
4)HeBMCOKa  LUBMAKOAiS, BIiOCYTHICTb
onepaTtuBHOi 06pobku iHpopMaLii Ta iHLLi.

Y [5, 7-9] nokasaHO, WO HaWBInbWy TOYHICTL 2
mlfan malTb CTpyHHi rpasimeTpu. IM cnig Hapaty
nepesary.

CTpyHHi rpaBiMeTpyn MarlTb BWCOKY BibpauinHy Ta
yAapHY MIUHICTb, HaAiNHICTb, YaCTOTHO-MOAYNbOBAHUN
BUXIOHWIA CUrHan, BUCOKY MOTYXHICTb BUXIAHOIO CUrHa-
ny, a Takox mani rabaputu Ta Bary. BoHn gossonsioTb
BUKOHYBaTW LWBUAOKY i TOYHY UMPPOBY peecTpaLito
NPUCKOPEHHS cunn TAXiHHA g. [lo nepesar Takox cnif
BiJHECTW ManicTb CTanoi 4acy, WO BaxnuBo npwu
BMMIPIOBAHHAX Ha niTaky, i Mawxe HeobMexeHun
JdianasoH BUMIipIOBaHHSA BXigHMX BenuuuH 6e3 nepe-
HaCTPOKOBaHHSA Npunagy.

Ha puc. 1. 306paxeH0 BUKOPUCTAHHS CTPYHHOro
rpaeimeTpa y cknagi cuctemmu AlrC.

ABiauinHa rpasimMeTpuyHa cuctema Ans BUMIPHO-
BaHb aHOManin MPUCKOPEHHsI cunn TaxXiHHA (puc. 1.)
MICTUTb cucTeMy 1 BU3HaAYEHHS HaBirauiiHMx napameT-
piB, BUMiptoBa4 2 BUCOTM | BCTAHOBMEHWM Ha ripo-
ctabinizoBaHinn nnatdopmi rpaeBiMeTp 3, BUXOAU SIKUX
nigkntoveri go exogis BLIOM 4.

Yytnueuin enemeHT rpasimeTtpa 3 (puc. 1), po3mi-
LEeHUN y repMeTU4HOMY Kopnyci 8 i BUKOHAHWUI Yy BUr-
nagi ABOX iAEHTUYHUX BepTUKanbHUX CTPYH 6, 7. BoHu

MO>IMBOCTI
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are attached to the top and bottom of the inertial
mass (IM) (5) by one end, which is attached to
the opposite wall sides of the sealed vessel (8)
by the elastic element (12). The free ends of the
vertical strings 6 and 7 are connected with string
generators (10) and (11), which outputs are
connected to the inputs of the adder (9).

NPUKPINNeHi oaHMM KiHLeM [0 BepXy i HU3Yy iHepLUinHOi
macu (IM) 5, wo npukpinneHa A0 NPOTUNEXHUX BiYHNX
CTOPiH repMeTUYHOro Koprycy 8 npyXHUM erneMeHTOM
12. BinbHi KiHUi BepTuKanbHUX CTPyH 6, 7 3'egHaHi 3i
CTpyHHUMM reHepaTopamu 10, 11, Buxoaun skux 3'egHa-
Hi 3 Bxogamu cymaTopa 9.

1
S \% >
System of navigation
parameters identification K R E
(Cucmema susHayeHHs i ]
HasizaujiliHuUx napamempie) ® >
> 7o
Height meter h
(Bumiprosay eucomu) > A
2 4 / +AYE )
—> A
f g J
3 OBC (6LIOM) Ag=f,+E+A-h-y,

Gravimeter (Mpasimemp)

Fig. 1 — A block diagram of AGS: / CtpykTypHa cxema Al'C:

1 —system of navigation parameters identification / cucmema susHa4eHHs1 TOMOYHUX HasizauyiliHux napamempis; 2 — height
meter / sumiprosay sucomu; 3 — gravimeter / rpasimeTp; 4 — onboard digital computer / 6LJOM,; 5 - inertial mass / iHepujitiHa
maca; 6,7 — eepmukarnbHi cmpyHu / vertical strings; 8 — kopriyc / vessel; 9 — cymamop / adder; 10,11 — cmpyHHi eeHepamopu /
string generators

Avionic Gravimetric System for measuring g-
force acceleration anomalies work in such a way.

The g-force acceleration g, aircraft vertical
acceleration [ and the total instrumental errors Aj
from the influence of residual non-identity of
identical string structures, from the temperature,
humidity and ambient pressure impacts the inertial
mass (5) (fig.2.).

The force equation along the Oz axis for
gravimeter sensitivity, directed along the vertical
strings will look like:

ABiauinHa rpaBimMeTpuyHa cuctema ans BUMiptoBaHb
aHomanin MPUCKOPEHHSI CUIN TSXKIHHA NpaLuoe HacTyn-
HUM YMHOM.

Ha iHepuivHy Macy 5 aie NPUCKOPEHHS CUNKN TSXKIHHS
g, BepTuKanbHe MPUCKOPEHHSA h nitaka Ta CyMapHi
iHCTpYMeHTanbHi Noxubkn Aj Big BMMMBY 3arnuLLKOBOI
HEeIAEHTUYHOCTI KOHCTPYKLIA OOHAKOBMX CTPYH, BIg
BMMAMBY 3MiHW TemnepaTypu, BONOrOCTi Ta TUCKY
30BHILLHBOIO cepeaoBuLLla (puc. 2).

PiBHSAHHS cun y3goBx oci Oz 4yTnMBOCTI rpaBiMeT-
pa, CNpAMOBaHOI Yy3[I0BX BepTUKanbHUX CTpyH, Oyae
MaTu BUrNAA:
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f, = f,+ f, = mg + mAh + Ai + mg — mAh — Ai = 2mg,

where f1 — output signal from string generator 10;
f2 — output signal from string generator 11;

f, — output signal from adder 9;
m — inertial mass

@)

ae f1 — BuUXigHWA curHan 3i cTpyHHoro reHeparopa 10;
f2 — BUXigHWI curHan 3i cTtpyHHoro reHeparopa 11;
f, - BUXiOHWI curHan 3 cymatopa 9;

m — Bara iHepLuinHOi Macu.

Fig. 2. Operation principle of AGS vibrating string gravimeter / MpuHumn aii HoBoro CI AI'C

Equation (1) shows that output signal from 9
adder contains the doubled value of useful g-force
acceleration signal and does not contain the vertical
acceleration h and the total instrumental errors  Ai

The output signals from the system 1 of
navigation parameters definition and altitude
measuring unit are set to the output of the
onboard digital computer 4, where the output
signal of gravimeter 3 is also set at the same
time. Taking into account the received data, the
onboard digital computer 4 calculates the
anomalieas Ag of the acceleration of earth gravity
in the following way [3]:

Ag=f1
where

f,

- output signal of the gravimeter AGS;

3 piBHAHHS (1) BUAHO, LWLO BUXIAHUIA CMrHan 3 cyma-

TOpa 9 MICTUTb NOABOEHE 3HAYEHHSI KOPWUCHOIo CuUrHa-
Ny NPUCKOPEHHA Cunu TSXKIHHS Ta He MICTUTb BEpPTU-

KanbHOro NpuckopeHHst N nitTaka Ta cyMapHuX iHCTpY-

MeHTanbHuX noxubok Al .

Ha Bxig BLUOM 4, kyan nogaetbCcsa BUXiAHWIA CUrHan

rpaeiMeTpa 3, TaKOX NOAATLCA BUXIAHI curHanu Big
cuctemm 1 BU3HAYEHHS HaBirauiiHMX napameTpiB Ta
BuMiptoBada 2 BucoTtu. BLIOM 4 Ha oCHOBi OTpMMaHmXx
AaHux obumucnioe aHomarnii Ag NMPUCKOPEHHS cunmn TS-
XiHHs 3a cpopmynoto [3]:

,TE+A-y,,
ae
f - BuxigHun curHan CIr Arc;
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E :V{1—2e~{1—2cosz(p-(l—

r

sin’k
2 )}Jr is

. ‘e .
+2m,vsink cosp —2h—vcosksin2¢p
r
Eotvos correction;
h
A=22"4 w?hcos’ -  adjustment  for
r

altitude;
Yo = Yo, (1+0,0052884sin” ¢ —0,000005%in’ 2¢)

- informative acceleration of gravity;
Yo = 0,78049m/c? -  informative

acceleration magnitude of gravity;
v — plane speed;

r — plane location radius;

e — ellipsoid compression;

¢ — geographical latitude;

k — plane flight track;

w3 — Earth angular velocity;

h — plane altitude over the ellipsoid;

equatorial

h - plane vertical speed;
yo — informative acceleration of gravity.

CONCLUSIONS

The expediency of using AGS with the new
vibrating string gravimeter [2] for gravimetric
measurements and information gathering about
Earth’s gravitational field was proved.

By using a new string gravimeter is provided
cancellation effect on its output signal error from the
effects of vertical acceleration and instrumental
errors.
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