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SELF-ADJUSTING ADAPTIVE SPACECRAFT CONTROL SYSTEM

Abstract. The unmanned mobile system of any transport facilities (land, space and
underwater) should have high extent of reliability and non-failure operation in process. The
elementary mechanical system in a combination to the elementary control system can provide
these qualities. Besides the unmanned mobile system of space and underwater transport should
have small sizes and weight and self-regulation possibility at origination of non-staff situations.
Automatic gearboxes existing now (CVT) are the most complicated mechanical systems and
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have the most complicated hydro mechanical control system [1]. Such transmissions are
absolutely unsuitable for unmanned mobile system because of their low reliability and
inadequacy to a changing circumambient.

Recently adaptive gear variators are developed [2, 3, 4, 5]. The adaptive variator
represents the self-controlled gear planetary train with the constant engagement of the toothed
wheels. Who’s that was created on the basis of an author's disclosure «Effect of force adaptation
in mechanics». The adaptive gear box of the automobile represents a brand-new planetary gear
variator in the form of two mobile kinematic chain with the elementary additional original
constraints. The adaptive variator has ability to drive the executive tool with a speed which is
back - proportional external loading at constant power of an engine. The basic advantages of an
adaptive gear variator: absence of the control system, simplicity of a design, full adequacy to
working conditions. It seems expedient to use an adaptive gear variator in the transmission of a
mobile transport system.

Adaptive drivetrain based on usage of a gear variator (theoretical bases, tests,
characteristics and practical recommendations) is in-process presented.

Keywords: adaptive transmission, toothed variator, force adaptation, necessary
constraint, sufficient constraint, mid gear.

AHHoOTanusl. becnwioTHas MoOWIbHAs cHCTEMa JIFOOBIX TPAHCHOPTHBIX CPEJICTB
(HaBeMHBIX, KOCMHWYCCKHUX U HO,Z[BO,I[HBIX) JOJI’KHa 06J'IaI[aTL BBICOKOH CTEIIEHbBIO HaJACKHOCTH U
0e30TKa3HOM PabOThl B MpOIIECCE HKCIUTyaTallMu. JJIEMEHTapHas MEXaHW4ecKas CHUCTEeMa B
COUYC€TaHUuu C BHGMGHTapHOﬁ CUCTEMOH YIpaBJICHUA MOXKET o0ecIeunTh ITH KAveCTBa. KpOMe
TOrOo, OecnmJIOTHAasT MOOMJILHASI CHCTEMAa KOCMHUYECKOI'O MU IMOABOAHOTO TpaHCHIOpTa JOJIKHA
AMETH HEOOJbIIINE pa3MEpbl 1 BEC U BO3MOXKHOCTb CaMOPCTYJIMPOBAHUA IIPU BO3HUKHOBCHUU
BHEUITATHbIX cUTyauuid. CylIecTBYIOIIME B HACTOSIIEE BpeMs aBTOMATUYECKHME KOPOOKHU
nepeaayq (BapI/IaTopBI) SIBJIISIFOTCSL HAnOOJIee CI0KHBIMA MEXAHHUYECKUMH CUCTEMAMU U HUMEIOT
CaMylo CIJIOKHYIO THJIpOMEXaHHUYecKylo cuctemy ympasieHus [1]. Takue nepenaun aGCoIOTHO
HCIIPUTOAHBI  JIA OECHMIIOTHBIX MOOWJIBHBIX CHCTEM W3-3a WX HHU3KOH HAaaCKHOCTH H
HCAACKBATHOCTU I/ISMCHSIIOHIGﬁCfI OKPY’KHOCTH.

B nocnennee Bpems paspabarbiBaroTcs aJlaiTHBHbIE BapuaTopsl nepenad [2, 3, 4, 5].
AJlaniTUBHBIM BapuaTOp MPECTaBIAET COOON caMOperyJupyrNIyIocs 3yO0uaTyro TUIaHETapHYIO
nepeaaqy € NnOCTOAHHBIM 3allCIINICHUEM 3y6‘IaTBIX koisec. Kto »to ObII CO3JaH Ha OCHOBC
packpbiTusi aBTopa «O(deKT agantanuu CUIbl B MEXaHWKe». ANaNnTUBHAs KOpoOKa mepeaad
aBTOMOOWJIS TIPE/ICTaBIIIET COOON COBEPIIEHHO HOBBIM IUIAHETAPHBIA BapUaTOp B BUIE JIBYX
IIOABMXHBIX KHMHEMATHUYCCKUX HGHGI\/II C JJICMCHTApPHBIMH JOIMOJIHUTCIIBHBIMU OPHUIMHAJIbHBIMU
OrpaHUYCHUAMMU. AJIaHTI/IBHHf/’I BapruaTop UMCCT BO3MOXHOCTL YIIPABJIATH HCIOJHUTCIBHBIM
MHCTPYMEHTOM CO CKOpPOCTbIO, OOpaTHO MPOIMOPLHMOHAIBHON BHENIHEW Harpyske Ipu
MOCTOSIHHOH MOIITHOCTHU ABUI'aTCIIA. OCHOBHBIE npeumMmynieCcTtsa aAaallTUBHOI'O BapuaTropa:
OTCYTCTBHUE CHUCTCMBI YIIPABJIICHUA, NPOCTOTA KOHCTPYKIHWHU, IOJIHAA aACKBATHOCTH YCJIOBHUIAM
pa6OTLI. HpCI[CTaBJISIeTCSI I_ICJIeCOO6pa3HLIM HUCIIOJIB30BAaTh a,Z[aHTPIBHBIfI BapuaTtop nepeaad B
TPaHCMHUCCHUU MOOUJIBHON TPAHCIIOPTHOM CHCTEMBI.

Hpe,I[CTaBJ'ICHa aZlaliITUBHasA TPAaHCMUCCHA, OCHOBAHHAA Ha HCIIOJIbB30BaHHUU 3y6an0ro
BapHaropa (TeopeTHUeCKUe OCHOBBI, TECThI, XapaKTEPUCTUKH U MPAKTUUECKHE PEKOMEHIAI1N ).

KiroueBble ciioBa: aJlaliTuBHas Mniepcaaya, 3y6‘-IaTBII71 Bapuarop, axanrtainus CHIIbL,
HE0OXOAMMOE OrpaHUUYEHUE, JOCTATOYHOE OTpaHUUYEHUE, CPEIHSIS TIepeiayJa.

Angarna. Ke3 kenreH KeniK KypalJgapblHbIH (Kep YCTi, Fapbllll >KOHE CYy acThl)
MUJIOTCHI3 MOOWJIBIIK JKYHecl TMaiianaHy MpOIeciHAeT] CeHIMAUIIK TMEeH Y3IIKCi3 YKYMBICTBIH
KOFapbl JopekeciHe me Oomybl Tmic. KapamallbiM MeXaHUKaNbIK JKyie KapamailbiM Oackapy
JKy#eciMeH Oipre ochbl KaCHEeTTep/ll KaMTaMachl3 eTe anajnl. bynan 6acka, FapbIITHIK JKOHE CYy
acThl KOJITiHIH MUIOTCHI3 MOOWIBJI KYHecl IIaFbIH KOJeMIE KOHE cajMakKTa OOJyhl KOHE
MTAaTTaH THIC KaFaajaap TybIHIAAFaH Ke3[e ©31H-631 PEeTTey MYMKIHJITiHE Hue OOJybl THIC.
Kazipri yakpITTa aBTOMAaTTBl Oepijic KopamTapbl (BapuaTopiiap) €H KypAedi MeXaHUKaJbIK
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JKy#enep 0oJbIn TaObLIabI KoHE OaCKapyIbIH €H Kypaeii [ mapomexanukanbIK xyhecine ue [1].
MyHpaii GepimicTep YIIKBIIICH3 MOOUIIB/I1 KYHENep YIiH MYJIIEM jKapaMchbl3, OUTKEHI OJIapIbIH
CEHIMILIIT1 TOMEH JKOHE ©3TepeTiH MeHOepAiH )KETKITIKCI3Iiri.
XKakpiaga agantuBTi Oepimic Bapuatopiapsl >kacanabi[2, 3, 4, 5]. AmanTuBTi Bapuatop-OyiI
©3/ITIHEH PEeTTENETIH TICTI IUTAHETAPJBIK OepilTic, pemayKTopyiap YHeMi UTiHIN Typazasl. by
aBTOP/JBIH"'MEXaHUKAIaFbl KYWITIH OeiiMaeny ocepi" arThl HOCUIIHE HETI3JENTeH. Y sUIbl
TenedOHHBIH aIanTHBTI Oepislic KOpaObI-Oyi1 KapanaibiM KOChIMIIIA OacTarnKhl IMIEKTeyaepi oap
€Ki TYpJIi KHHEMaTHUKAaJBIK Ti30€K TYPIHIEri MyJAEeM aHa IUIaHeTapJbIK BapuaTop. AJanTUBTI
BapHUaTOp KO3FAITKBIIITHIH TYPAKThl KyaThl K€31HJIE CHIPTKBI )KYKTEMEre Kepi MPOIOPIHOHAIIbI
KBUIAAMJIBIKIICH JKeTeK KypalblH ©Oackapa anajpl. AJanTUBTI BapUaTOPABIH  HETI3TI
apTHIKIIBUIBIKTAPBL: OacKapy >KyHWeciHiH O00JMaybl, JU3alHHBIH KapanmalbIMIbUIBIFBI, KYMBIC
JKaraalIapelHa TOJNBIK CoMKecTik. MoOMIbII Kok KyHeciHiH OepimiciHae amanTuBTi Oepimic
BapHATOPbIH KOJIJAHY OPBIH/IbI OOJIBIN KOpIHE/].
TicTi BapraTop bl KOJIJJaHyFa HET13CITeH aIallTUBTI Oepislic YChIHBUIFaH (TEOPHSUIBIK HETi3/ep,
TECTTEp, CUITaTTamMalap )KOHE MPAKTUKAIBIK YChIHBICTAp).

Tyiiinai ce3mep: amanTuBTI Oepiyic, TicTi Bapuarop, KYIITIH OeWiMaenyi, KaXeTTi
HIEKTEY, )KETKUIIKTI IEeKTey, opTaria Oepiiic.

Adaptive Transmission for unmanned mobile system is based on use an adaptive toothed
variator. A variator is a friction mechanism with an adjustable gear ratio [1]. The following
frictional mechanisms are used as variators: a girth variator and a conical variator with
intermediate rollers and a belt drive with composite wedge drive pulleys. Control of crown
variator and conic variator is carried out by change of position of intermediate roller.

Control of the belt transmission is carried out by change of diameter of wedge pulley.
The main disadvantage of the friction variator is its low reliability and control complexity. A
more reliable mechanism is the hydromechanical transmission (CVT), which combines a torque
converter with a step transmission. In this transmission, the torque converter performs a smooth
change in gear ratio within a narrow range of each gear step. Disadvantages of a
hydromechanical variator: a complex design, a complex and inadequate gear shift control
system, as well as breaks in the transmitted power flow, leading to shocks.

Attempts of use of double coupling step transfers for advance of smoothness of motion at
switching of steps [2] lead to essential complication of a design.

The gear variator is a completely new wheel train with constant mesh and variable gear
ratio. The idea of creating a gear variator is based on the use of a kinematic chain with two
degrees of freedom, which makes it possible, in the presence of one input link, to provide
regulation of the output speed by means of an excessive limitation.

The idea of creation of the toothed variator has been based on use of a kinematic chain
with two degrees of freedom allowing in the presence of one input link to provide regulation of
output speed by means of superfluous constraint. So Ivanov's drives with dynamic self-regulation
[3] have been created. Later for the purpose of scheme simplification the two-row planetary
mechanism has been used in Harris's [4] and lvanov's [5] patents. Then inventors Crockett and
Volkov tried to create an adaptive hydromechanical system CVT using a planetary mechanism
with one degree of freedom together with a hydrodynamic converter with two degrees of
freedom [6, 7]. The torque converter allows the system to automatically adapt to the external
load but within narrow limits. Therefore, the switched automatic multistage hydro mechanical
transmissions got extension. The disadvantage of hydromechanical automatic gearboxes (CVT):
the complexity of the design, the complexity of the control system, the complexity of
maintenance, the incompatibility of the control system with all modes of movement, high cost.

A gear variator (gear variator) is a fundamentally new mechanism. The variator has two
degrees of freedom and only one input, which contradicts the condition for the existence of the
mechanism and the determinability of its motion. The definiteness of motion is provided by a
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moving closed loop that circulates energy. Attempts of inventors [4, 6, 7] to use well-known
approaches to the analysis of force interaction, suitable for systems with one degree of freedom,
did not explain the definability of motion and differed significantly from reality.

The theoretical prerequisites for the existence of a gear variator were developed by K.S.
Ivanov. [8 ... 11]. On the basis of these studies, Ivanov's patents were created [12, 13]. The
design of an experimental prototype of an adaptive gear variator was created on the basis of
fulfilling the necessary [8 ... 11] and sufficient [14, 15] adaptation conditions (conditions for the
presence of a gear variator).

The purpose of the present work is the developing of theoretical bases of creation of a
toothed variator.

The variator is a frictional mechanism that maintains a variable gear ratio. The main
disadvantage of the variator is its low load capacity depending on friction. The wheelwork has
considerably higher load-carrying capacity as it does not depend on a friction. But the
wheelwork has the constant transfer ratio and cannot provide variator function (continuous
smooth change of the transfer ratio).

For creation of a gear variator it is necessary to use brand new principle of act of the
mechanism providing the variable transfer ratio. This principle is based on the circulation of
energy in a kinematic chain with two degrees of freedom. Energy circulation is provided by gear
wheels forming a movable closed-loop located between the input and output links of the
mechanism. Intensity of circulation of energy depends on variable output loading. This key
property of the closed contour defines additional constraint which will neutralize superfluous
mobility of the closed contour. As a result, the variable transfer ratio is provided with variable
output loading. Thus, the gear variator will provide not only the variable transfer ratio but also
adaptation to a variable load. Adaptation is brand new property of the mechanism allowing to
work without a control system. The gear variator is the adaptive self-controlled mechanism.

Presence of the closed contour defines a necessary condition of the adaptation, giving the
chance to be accommodated for a variable power regime of motion.

The sufficient condition of power adaptation consists in implementation of possibility of
transfer of force from the input link of a mechanism to a output link. For force transfer concept
performance «moment lever» or «support on the case» is required. «Moment lever» is the certain
link having a motionless datum point, with the input to these link input and output forces which
create the counterbalanced moments.

The design of a gear variator looks like a planetary kinematic chain which has only one
motionless axis - the central axis. This axis is not capable to provide a support on the case (an
additional support) and to create «moment lever». However, the planetary kinematic chain of a
gear variator possesses unique property - presence of some point of coincidence of speeds of
links on an entry and an exit (the center of coincidence of speeds). This center allows connecting
the input carrier and the output satellite the parallel gearing which transforms the output satellite
in «moment lever» with an immovable support in the instant center of speeds.

Constant input force and variable output force on the output satellite are connected by the
equation of the moments concerning a datum point. As a result, in a gear variator «moment
lever» is presented in the form of a link with a datum point having a variable position.

Necessary and sufficient conditions provide performance of operating conditions of
motion. However, on start the motion regime in essence differs from motion in operating
condition.

On start an output link of a gear variator is motionless. The kinematic chain of a variator
has one degree of freedom. Therefore, force transfer on an output link is impossible. Start from a
place (the motion beginning) provides the mid gear of the kinematic chain created by a design of
the mechanism at the moment of start. The mid gear provides the beginning of motion of the
kinematic chain in the chocked position. At the moment of start the gear variator is rotated as a
single whole without internal mobility of links. A parallel transfer transferring input force on the
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output satellite is creating a “moment lever” which is linking the gear variator after the motion
beginning.

Presented in Fig. la the scheme of a two-mobile mechanism with a movable closed
contour allows you to create equilibrium conditions. (In a mechanism with two degrees of
freedom, it is impossible to create equilibrium conditions without a closed contour). The
equilibrium of the system leads to the implementation of the law of conservation of energy in the
mode of steady motion.

Closed-contour theorem 1.

A kinematic chain with two degrees of freedom, containing an input link, an output link,
and a movable closed chain placed between them, can exist in a steady-state mode of motion.

For the scheme (Fig. 1a), it is necessary to prove that the work (or power) on the input

link H, is equal to the work (power) on the output link H2, that is,

My, @y =My, -0y,

(1)

Fas

Faz

Flu1

a) b) o]

Fig. 1. (a) Kinematic chain of the mechanism with two degrees of freedom, (b) the plan of
linear velocities of the chain, (c) link 5 with applied forces

We will assume that with the steady motion of the system in the form of a gear planetary
mechanism, all the links move uniformly, and there are no inertia forces.

To prove the theorem, we transfer all the acting forces to satellite 5 (Fig. 1c). - A
movable closed contour allows you to perform this transfer.

According to Fig. 1a the force Fyy = My, ’,”Hlacting at the point B is transmitted to the

link 5 from the carrier A, to the satellite 2 through the wheel blocks 3-6 and 1-4 in the form of

Ry =0.5F,1, /7, ooy Ris =0.5F,

reactions i /"4. The input force reduced to link 5 is equal to

the sum of these reactions F = 0.5Fy, (57, + ’1’3)/’1’%.

Here " is the radius of the wheel .
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The position of the point of application B’ of the reduced force Fi, is determined by the

formula KB =71 =%) /7 Reduction of force 71 to a link 5 corresponds to the condition of
equality the power of these forces FnVir =F5m Vi The force Fira is applied at the point K .

Next, consider the equilibrium of link 5 (Fig. 1c). The sum of the moments relative to the

instantaneous center £ of the link velocities is zero ZM” =0 .Or

F', -(PK+KB")~F,, PK=0 @)
Here KB'= ¢ s the eccentricity. From here, the position of the instantaneous velocity
center P (distance PK') can be determined from the given forces.

PK:F'HIQ/(FHZ_F'HI) (3)

Taking into account the motion of link 5 around a point? with an angular veIocitywS,
you can use the substitutions in equation (2)

PK+KB'=V'y/ a5, PK=Vi /05 Then equation (2) will take the form

Flopn Vg =Fya Vi =0 Subject will receive Fir -V = Fya Vi

Substituting the values of the velocities "5 = @i’ Vi = @2tz intg this equation, we

obtain the equation of equilibrium of the entire mechanism according to the law of conservation
of energy

My, oy =M, o, (4)

which was required to be proved.

At the same time, formula (4) corresponds to the principle of virtual work (capacity) but
with a significant difference — using real speeds instead of virtual ones.

From equation (4) follows the expression of force adaptation

Wyyy :MHI'G)HI/MHZ (5)

At a given constant input power on the IinkHI , the output angular velocity @iz adapts to

the variable output resistance torque My, :

Thus, a movable closed chain in a two-mobile kinematic chain with one input and one
output creates the possibility of power adaptation.

SUFFICIENT CONDITION OF ADAPTATION AND MID GEAR AT START

The design of a gear variator looks like a planetary kinematic chain which has only one
motionless axis - the central axis A . This axis is not capable to provide a support on the case (an
additional support) and to create « the moment lever». However the planetary kinematic chain of
a gear variator possesses unique property - presence of some point S, of coincidence of speeds of

input link H, and output satellite 5 [14, 15]. This centre allows connecting the input carrier
H,and the output satellite 5 by the parallel gearing 8-7 which transforms the output satellite in
«the moment satellite 5 lever» with an immovable support in the instant centre of speeds P, (Fig.
1 b). Constant input force F_,and variable output force F,,, on the output satellite 5 (on line
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egP,) are acting in points s,and k. These forces are connected by the equation of the moments
concerning the point P,.

FHl'RSSS_FHZ'RfJKZO' (14)

As aresult, in a gear variator «the moment lever» is presented in the form of a link with a
datum point having a variable position.

The condition of independent start is defined by equality of lengths of the input and
output carriers r,, =r,,.

CONCLUSIONS

Novelty of researches consists in creation the mechanism of brand new design realizing
the author’s discovery "Effect of force adaptation in the mechanics". The toothed variator
performances the necessary and sufficient conditions of adaptation and provides the start by mid
gear that provides transfer of all energy from the engine on the output shaft of a variator both at
start-up, and in operating conditions. The adaptive gear variator is the highly effective self-
controlled connecting gear which can be used for machines with variable technological
resistance in all branches of engineering from motor industry to a robotics.
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AKa,Z[eMI/IH JIOTUCTUKHU U TpaHCIIOPTa, AJ'IMB.TBI, Ka3aXCTaH

AHAJIN3 IOMEXOYCTOMUYUBOCTU AMILIUTYIHO- U YACTOTHO-
MOAYJIUPOBAHHbBIX CUT'HAJIOB

Anparna. Ka3ipri koramaarbl akmapaTThiH e0yip 0eJIiri opTypiii MaKcaTTarbl OaiiaHbIC
KYHeNepiHae paauoTeXHUKANBIK KypaaaapAbl KOJJaHa OTBIPHIN, JJEKTP CHTHAJIAapbIMEH
oepineni. CoHapIKTaH OailyIaHBIC KYHeJepl aaaMIapblH OMIpIHIAE MaHbI3IbI POl aTKapasbl.
Monaynsauust HeriziHae naiina OofFaH CUTHaJAap, IIybUIFa Kapchl XoHe a3 acep ereni. CebeOdi
MOAyJAnUA TaCbIMajlJayllbl CUTHAJIABIH aMIUIMTYydacChbl KQHC SKHUIIK KOMIIOHEHTI MEH oJIapAbIH
epeKIIeNiKTEepiH e3repTy apKbUIbl KapacTsipbulaisl. OcuuiiorpadrneH ejiey MbIcaliapblHAa
aMIUIUTYAJIBIK TEH KUUIKTIK MOAYJSLMSUIAHFAaH CHUTHANJApAbl Tajljay HETI3IHIE JEpeKTep
KEJTIpUIreH.

Tyiiin ce3gep. Curnan amIuIMTyJachl, paauoapHa, >KUUTIKTIK MOIYJSIMS, (a3aybIK
MOJIYJISALNS, AMIUTUTYAATBIK MOTYJISTOP, TACKIMANIAYIITbI CUTHAI, Y3IIKC13 MOTYJISIIHSL.

AHHOTanUs. 3HAYUTEIbHAS 9acTh HHPOPMAIIMK B COBPEMEHHOM OOIIECTBE MepeaacTcs
QJICKTPUYCCKUMU CUTHAJIAaMU C TIOMOIIBIO PAaJUOTCXHUYCCKUX CPCACTB B CHUCTEMAxX CBA3U
pasznuuHoro HazHadyeHus. [03ToMy cucTeMbl CBSI3U UIPaOT BCE OOJIBIIYIO POJIb B KU3HU JIFOJCH.
CI/IFHaHBI, C(i)OpMI/IpOBaHHLIC o CpeaACTBOM MOI[yJ'ISII_II/Iﬁ Ooiee HOMCXOSaH_II/IIJ_IéHHLIe 1 MCHbBIIIC
MIO/IBEPIKEHBI yracaHur. PaccMoTpeHa MOAyJALMS MO CPEICTBOM M3MEHEHUS AMIUIMTYIHOW U
JaCcTOTHOH COCT&BJBIIOI.LIGﬁ HECYHICI0 CHUIrHajla U HX 0COOEHHOCTH. HpI/IBCI[eHBI JaHHBIC IIO
aHAIIN3y aMIUIMTYJHO W 4YaCTOTHO MOAYJIUPOBAHHBIX CHUIHAJIOB Ha MOpUMEpax H3MCPCHUA
ocumiiorpadom.

KuroueBble ciioBa. AMIUIMTYyJa CUTHala, paJloKaHal, YacTOTHAs MOIyJsALud, (a3oBas
MOoAyJdgnusd, aMHJ’II/ITy,Z[HHﬁ MOAYJATOD, HCCYI_I_II/Iﬁ CUT'HaJI, HCTIPCPBIBHAA MOAYJISAI .

Abstract. A significant part of the information in modern society is transmitted by
electrical signals using radio equipment in communication systems for various purposes.
Therefore, communication systems are playing an increasingly important role in people's lives.
Signals generated by modulation are more noise-proof and less susceptible to fading. Modulation
by changing the amplitude and frequency components of the carrier signal and their features are
considered. The data on the analysis of amplitude and frequency modulated signals are presented
using examples of measurement by an oscilloscope.
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