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BU3HAYEHHA CMYI' IIPOITYCKAHHA EJIEKTPOMEXAHIYHUX I'TPOTAXOMETPIB

Amorania. AHami3 IpUIAg0BOr0O CKJIALY, CTPYKTYPH TA JUHAMIYHHAX IIapaMeTpiB OJIOKIB BiOOMHX IU(pPOBUX
cTab1I13aTOPIB IIOKA3aB, IO AJIS MIIBUINEHHS TOYHOCTI cTablIi3allii Ta MBUAKOIII pe3epBiB HeMae. 301IbIINTH
CMYTyY IIPOIIYCKAHHS UyTJIUBUX €JIEMEHTIB CTA01I13aTopa, eJIeKTPOMEXAHIYHUX TipOTaXOMEeTPIB, He MOKJIMBO.
Orusim TeXHIYHOI JIiTepaTypy HABOAUTD MPUKJIAIN POIIIUPEHHS 30HU IPOIMYyCKaHHA. AHAJI3 TEeXHIYHAX Xapak-
TEPUCTHUK eJIEKTPOMEXaHIYHNX T1POTAXOMETPIB MPOBIAHUX MAIPUEMCTB HaJae, sIK JOBIIKOBUI TapaMeTp 3Ha-
venHs «cmyru yactom — 30 't Bpaxosyroun e, 110 emyra nponyckauus yacror ['T46 npuitmanacek ik JOBij-
KOBHM MaTepiajl Ta He IIepeBipsyach paHille, BUHHUKJIA HEOOXITHICTh €KCIePHMEHTAbHOIO INITBEePIMKeHHS
HaBeJIeHOT0 3HAYEHHS JO ITPOBEIeHHS POOIT 110710 1i podmmupeHHs. B poboTi HaiaeThcss METOINKA Ta Pe3yIbTaTH
€KCIIePMMEHTAJILHOTO JOCIIIKEeHHA CMYTH IIPOIIYCKAHHA IpoTaxoMeTpa.
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DETERMINATION OF ELECTROMECHANICAL TRANSMISSION
THRUES GYROTACHOMETERS

Summary. The current state of domestic production of light armored vehicles is characterized by a significant
increase in the requirements for accuracy, speed of control systems and weapon stabilization, including when
operating in complex conditions. Modern moving objects have much higher speeds, are subject to much greater
overloads and uncontrolled mechanical perturbations (shocks, vibrations). Therefore, the requirements for the
accuracy of the means and methods of measuring the above mechanical values of armament stabilizers have
become much higher. Scientific and technological progress in the field of weapon stabilizer instrumentation
complexes requires the improvement of components, the elemental base of the control system, the use of mo-
dern digital instruments for measuring angular velocities to improve the tactical and technical characteristics
of weapons stabilizers, which should be replaced by analog devices. An analysis of the instrument composition,
structure and dynamic parameters of the known digital stabilizers units revealed that there is no reserve
to improve the accuracy of stabilization and performance. The use of electromechanical gyro tachometers as
sensitive elements today is in many cases justified due to the low noise level, good dynamic characteristics, sat-
isfactory accuracy characteristics, advanced manufacturing processes. But mechanical gyro tachometers have
a number of disadvantages: the ready time to work is determined by the acceleration time of the gyro tachom-
eter, low frequency band, the output signals are given in analog form, unsatisfactory resistance to mechanical
shock factors, the need for an additional energy converter to power the gyromotors. To increase the bandwidth
of the sensing elements of the stabilizer, electromechanical gyrotachometers, it is not possible, based on the
principle of preserving its principle of action — compensation of the gyroscopic moment by the spring of the
torsion. Increasing the speed of electromechanical gyro-tachometers is possible when using gyro-tachometers
of the compensating type, in which the compensation of gyroscopic torque is performed by a special electric
torque sensor — an electric spring. However, a review of the technical literature on the unquestionable as-
sertion that bandwidth extension of electromechanical gyro tachometers is not possible provides examples of
bandwidth expansion. Examples include those obtained from patent research, where an electromechanical
gyro tachometer covered by an analog negative link that provides stability is further covered by a digital neg-
ative feedback link that provides broadening of the bandwidth. Additionally, it is suggested to consider the
possibility of widening the bandwidth by increasing the rigidity of the torsion on which the outer frame of the
two-stage gyro tachometer is fixed in the device, and to switch from analog to digital output information of the
gyro tachometer. Problem analysis and analysis of publications of technical characteristics of electromechani-
cal gyrotachometers GT46 of leading enterprises provides as a reference parameter the value of the "frequency
band" — 30 Hz. Considering that the bandwidth of the GT46 was accepted as a reference material and not
checked before, there was a need for experimental confirmation of the above value before carrying out works
on its extension. The paper presents the methodology and results of an experimental study of the bandwidth
of a GT46 gyrotachometer.
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HOCTaHOBRa npobsemu. CyuacHuit cran
BITYMSHSIHOIO BHUPOOHUIITBA JIETKHUX OpPO-
HBOBAHHUX MAIIHWH XaPaKTepU3yeThCsA 3SHAYHUM
OIABUIMEHHAM BHMOI JO TOYHOCTI, IIIBUIKOIIL CHC-
TeM KepyBaHHS Ta CTa0LII3allll 030pOEHHS, Y TOMY
YHCJIl, TIPY eKCILTyaTallii y CKJIagHux yMoBax. Tomy
BHMOTH JI0 TOYHOCTI 3aCO0IB T4 METOHIB BHMIpPIO-
BAHHS BHU3HAUYEHUX BUINE MEXAHIYHUX BeJINYNH
cTabl/I13aTOPIB 030POEHHS CTAJIM 3HAYHO BHUIIVIMH.
HayxoBo-TexHIUHMI IIporpec y rajaysi MpUIagoBUX
KOMILJIEKCIB C€Tablai3aTopiB 030poeHHsS II0Tpedye
VIOCKOHAJIEHHsS KOMIIOHEHTIB, eJIeMeHTHOI 0a3u
CHCTEMU KePYBAHHS, BAKOPUCTAHHS CyIaCHUX IIUQ-
POBMX TPHJIAIB BUMIPIOBAHHS KYTOBUX IIIBHIKO-
cTel IJIsT TIOKPAIEHHS TAKTUKO-TEeXHIYHUX XapaK-
Tepuctuk crucremu 03opoerus (CO).

IIsugxomis CO XapaKTePU3Y€EThCsI CMYyTOI0 IIPO-
IlyCKAHHS 9aCTOT, 9aCOM IIBUKOLILI €JIeKTPOIBUTY-
HIB 1 MJCHJIIOBAYIB, MOMEHTOM HABAHTAKEHHS HAa
eJIEKTPOIIPUBOIH, 4 TAKOK, JUCKPETHICTIO 38 YaCOM
1T POBOTO OOUMCITIOBAYA.

AHaJ1i3 IPUIIaf0BOTO CKIIALY, CTPYKTYPH Ta [1H-
HaMIYHUX IapaMeTpiB OJIOKIB BIJOMHUX L[PId’JpOBI/IX
crabiiaidaTopis [1] moxasaB, IMO [JIA IIBHIIEH-
HsI TOYHOCTI cTabliisalfli Ta IIBHIKOLII pe3epBlB
HeMae.

PosmupenHs ¢cMyru HpOIyCKaHHS YacTOT IJIS
YyTJIHMBHUX €JIEMeHTIB cTabliizaTopa eseKTpomexa-
HIYHUX TipPOTAXOMETPIB, HE MOKJINBO, BUXOIIYUN
3 yMOBY 30epeskeHHs MOoro IIPUHITUITY Jii — KOMITeH-
carfl TIPOCKOIIIYHOT0 MOMEHTY IIPY:KHMHOI TOPCio-
Hy. I[iqBUNIEeHHS IIBUAKOMII MOKJIMBO JIHIINE IIPU
3aCTOCYBaHHI TIIPOTAXOMETPIB  KOMIIEHCAIIIAHOIO
TUITy, B SIKUX KOMITEHCAITsI T1POCKOIIIYHOIO MO-
MEHTY BHUKOHYETHCS CIEINIAJbHUM eJIEKTPUIHUM
JaTYMKOM MOMEHTY EJIEKTPUYHOI IIPYKUHOIO.
3 iHmoro 60Ky BUKOPUCTAHHS €JIEMEHTIB eJIeKTPO-
MeXaHIYHHUX riPOTAXOMETPIB, K UYTJIUBUX €JIEMEH-
TIB HA CHOIOJHI, y 6araTboxX BHUIIAAKAX BHUIIpaBIA-
HO B 3B'I3KYy 3 HHU3BKHMM PIBHEM IIyMiB, TAPHUMU
IUHAMIYHUMA XapPaKTePUCTUKAMMY, 3aJ0BLILHUMUA
XapaKTepPUCTUKAMHY TI0 TOUHOCTI, HATIPAIIbOBAHUMU
TEeXHOJIOTIYHUMH IIPOIECAMH BUTOTOBJIEHHS. AJie
MeXaHIYHI TipoTaxoOMeTPU MAlOTh PN HENOJIKIB:
Yac TOTOBHOCTI JI0 pOOOTH BH-3HAYAETHCS YaCOM PO3-
TOHY FipOMOTOPY, HU3bKa CMyTa YacTOT HPOILyCKaH-
Hsl, BUXIJHI CHTHAIU BHJAIOTBCS B aHAJIOTOBOMY
BUTJISI, HE3aJ0BiJbHA CTIMKICTH 0 MeXaHIYHUX
yaapHux (PaxkTopiB, HEOOXITHICTH TOJATKOBOTO IIie-
peTBopoBavYa eHeprii IS JKUBJIEHHS T1POMOTOPIB.

AnaJsia ocramuix mociigykeHp Ta myOJika-
i, Oy TexHIYHOI JIITepaTypu Ha Oe33alepeyHi
TBEPFKEHHS, 1[0 POSIIUPEHH CMYTH MPOITYCKAHHS
€JIEKTPOMEXaHIYHUX TiPOTAXOMETPIB HE MOKJIU-
Be, HABOAWUTH TPUKJIAANA POSIIMPEHHS 30HU IIPO-
myckaHHA. Jo TaKWX TPUKJIAIIB MOKHA BlIHECTU
JaHHi, 10 oTpuMaHi 3 [2], Je eTeKTpoOMexaHIYHUH
ripoTaxOMeTp OXOILJIEHWH aHAJIOTOBUM HETaTUBHUM
3B'SI3KOM, AKHM 3a0e3lreuye CTIHKICTD, I0JATKOBO

T = (17229 -16165)-4 107 = 0,04256;
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OXOILTIOETHCA ITU(PPOBUM HETATUBHUM 3BOPOTHIM
3B'SI3KOM, 1110 3a0e3edye PO3ITUPEHHS ITOJI0CH IIPO-
HyCKaHHA Ta 30LIblIeHHss TodHocTl. JlomaTkoBo
IPOIIOHYETHCSA PO3TIISHYTH MOXKJIUBICTL POSIIHUPEH-
HS CMyTH IIPOIYCKAHHS 32 PaXyHOK 30LIbIIEHHS
KOPCTKOCTL TOPCIOHY, Ha SIKOMY 3aKpIIIJIeHA B IIpU-
JIaJ1l 30BHINIHSA paMKa JBOCTYIIEHEBOTO T1pOTaX0oMe-
Tpa Ta BUKOHATH IIepeXiJ 3 AaHAJIOT0BOI Ha ITU(POBY
BUXITHY 1HGOPMAITI0 TipoTaxoMeTpa.

IIpobsemy crarTi JOCHIMMKYyBaJiK Ta Opasid ak-
THUBHY y4acTb y 11 BupimrenHi Bosuenro B.B., Xaaa-
mosuu JI.A., Caiiperninos P.A.

Bunginnennss Hepo3B'a3aHux pamime dgac-
TUH 3arajJibHOI ImpoGsiemu. AHAJI3 IT0CTABJIEHOI
mpobJieMu Ta aHasIi3 MyO KAl TeXHIYHUX XapaK-
TEePUCTUKAX EeJIEKTPOMEXaHIYHUX TipoTaxoMeTpiB
I'T46 mposiguux mgmpueMcTB [3] Hagae sIK DOBII-
KOBUIT mapameTp 3HadYeHHs «cmyru yactom — 30 ',
BpaxoBywoun Te, mo cMyra IpOIYCKAHHS 9YacTOT
I'T46 HpI/II/IMaJIaCB SK JOBLIKOBUI MaTeplasl Ta He
IepeBipsIach paHillle, BUHUKJIA HEOOXITHICT eKc-
ePUMEHTAILHOTO MiATBEP/PKeHHS HABEIeHOr0 3Ha-
YeHHS JI0 IIPOBEIEHHSA POOIT 11010 Ii POSIIMPEHHS.

MeTra crarri. MeTa mipoBefeHUX BHIIPOOYBAHB —
EKCIIEPUMEHTAJIFHO BU3HAYNTH (PAKTUYHY ITOJIOCY
MIPOITYCKAHHS €JIEKTPOMEXaHIYHUX TipoTaxoMeTpiB
I'T46 Ta maBecTn MeTOOUKY Ii BU3SHAYECHHI.

Bukiamennsa ocuoBuHoro marepiainy. Poboru
MIOI0 EeKCIEPUMEHTAIBLHOTO JIOCTIIPKEHH CMYyTHU
MPOITYCKAHHS BUKOHYBAJIUCH HA OJHOMY 3 3pa3KiB
I'T46 y nBa erarmmu.

Ha mepimomy erarri 3a pe3yabTaTaMu JOCTIKEHD
mepexigHuX IIpolieciB riporaxomerpa ['T46 Oymau
orpumaHi mepematHi gyuxmii ['T46.

JlocmmkeHHsT IIPOBOAUJINCH IIPH TAKUX Ha-
CTYHHHMX HadaJIbHuUX yMoBax. Curmam 3 maTumka
kyra ['T46 mpu BUMKHEHOMY T1POMOTOP1 CKJIAB: 110
aminHOMY cTpyMmy 36,33 MB, mo mocrifiHoMy cTpyMmy
25 mB. O0mesxyBaul KyTa II0BOPOTY ITABICY 3HAXO-
OWJINCHh HA KyTax moBopory (3+0,5) rpag B o0mmBi
CTOpPOHH, 110 BiAmoBimaooTh Hampy3i 11,85 B. Ilpo-
BOJMJIMCH BIIXWJIEHHS IABICY JO YIIOPY CIOYATKY
B OJIHY, 4 IIOTIM B 1HIIY cTOpoHy. CUrHAJ ¢ JaTYNKA
ryta ['T46 y mportieci #ioro IpuBeIeHHs y HYJIb, 3a-
nucyBascesa Ha ocimiaorpadgp GDS2204.

Jloist oTpuMaHHA mapaMeTpiB mepegaTHol QyHEK-
mi I‘ipOTaXOMeTpiB OyJsiu 3ammcai OCLIMJIOrPaMH
(puc. 1-7) nepemeHx npouecns K1 6y.711/1 miTaHl
MaTeMaTUYHi#l 00poOdIrl y Bl,[LHOBl,LIHOCTl 3 dopmy-
namu [4]. 3a pe3yJibTaTaMu po0iT, SIKI BUKOHAHIL
HA TIepIoMy eTall OoTpuMaHi mepegaTHi QyHKITI
I'T46 (dpopmysm 1-7).

Ha ppyromy erami pobiT 3a mepegaTHUMU
dyHurmavu mobymoBaHil Jorapu@MIivdHI aMILIITYI-
HO-4ACTOTHI Ta (pa30BO-YACTOTHI XAPAKTEPUCTHKN
(puc. 1.2-7.2). 3a aMILTITyJHO-4aCTOTHUMH Ta (a-
30BO-4aCTOTHHMHU XapaKTePHCTHKAMYU BU3HAYWIIN
CMYTY IIPOILyCKAHHS, SIKA JOPIBHIOE 9aCTOTI, HA AKIH
HagiHHA KoedilIeHTa MiICUIeHH CTaHOBUTh 3 J10.
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K, = 229,2 B/pan — kpyTicTb BUXiTHOI XapaKTePUCTHKH JaTIMKA KyTa;
I, =3,38.10™ Huc — MOMeEHT iHepIiii miasicy. 11.04
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Puc. 7.2. AMmirityguao-4acroraa ra paso-dacrorHa xapakrepuctuxku 1'T46
mo Bapiaury 7 3i cmyroro nponyckanusa 33,9 I'ng

T=(17669-16602) -4 - 10~ = 0,04268c;

2n

W(p)=

_147,2162pad /¢y =~ In
T

B2
KI"T

40

B _ %1n—=42,93771; q =

16

f=

1

T 0,04268

Jr? + 22 =153,3501; ¢ =

KI”T

1

28
q

1+=-p+

» 1+0,0036517p + 4,25238 .10~ - p?

2

q

ITepenaTra dyskIia riporaxomerpa W (p)

11,04

(6)

T 4,252-10° % 1 0,003652p + 1

= 23,43018 Iy ;

=0,279998;

A
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1 1
T= (18166-17037)-4-107 = 0,04516¢; = —=———2=22141y;
( ) TIIRG S = 77504516 4
=27 1391316 pad /ey = 2 In B = 21038 =38.30812; q= 77+ A7 = 144,3091; ¢ =~ — 0,265459;
T = B T 16 e
K K
W)= IT - IT
®) L2 P 1+0,003679p+ 480189107 7
+ =2 p+
K i 11,04
[lepemarua gpyukims riporaxomerpa W, = 2 7
peaTHa GyHKIHA rip pa Wi (P) = 503 10757 0003679, 71
BucuoBku. 11,04
L. Cmyra IIPOILY CKAHHS “FT46 IJISI PI3HHUX Bapi- Wi (p) = 421-10°p° +0,003724p + 1’
aHTIB IepeJaTHNX (PYHKINHM 3HAXOOUTHLCA y Jiama- )
3o0H1 31-36 ', Haitbinpmra cMyra IpoIryCKaHHS qJIs 2. Pesynpratn EKCIIEPUMEHTAIBHUX JI0CPKEHb
riporaxoMerpa 3 IIepegaTHON (GyHKIen (1o Bapl- cMyru nporyckaHH:s 1'T46 dharTraHo mMaTBepIKyIOTh
aury 1) JaHHI, Kl HaBeIeH] y TeXHIYHuUX JoBlgHuKax — 30 ['m.
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