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Annomayua. llens wuccnegoBaHUsT COCTOMT B OOOOIIECHWW TPHUHIUMIIA KOMOWHAIIMH
JBIDKCHUM Ha KPYTOBbIC JBMIKCHHS. AKTYallbHOCTh paOOThl 0OYyCIOBJIEHA TE€M, YTO B
TEXHUYECKUX CHUCTEMax, B TOM YHCJIE€ B aBUALIMOHHOW M KOCMHUYECKONW TEXHUKE, B
YaCTHOCTH, B aBUAIIMOHHBIX TPAHCMHCCHSX, TMOAIIMITHUKAX, OPOUTAIBHBIX CHCTEMAaX,
BEPTOJIETHBIX  MEXaHM3Max M  MHOTHUX  JIDYTUX  I[IMPOKO  PacHpOCTPaHEHBI
KOMOWHHMPOBAHHBIC BpallaTeIbHbIC JBWKCHHUS, W TPHU KOHCTPYHMPOBAHUU BAXKHO
MPEJCTABIATh XapaKTep CYMMApHOTO JBUKEHHS. Y CTAHOBJIEHO, YTO IMPU BPAILICHUAX B
IIPOTHUBOTIONIOKHBIE CTOPOHBI TPACKTOPHUS CYMMApHOTO ABWIKCHHS TMPEICTaBISIET COOO0M
smunc. [lpu BpalieHUsiX B OJIHY CTOPOHY TPACGKTOPUS CYMMApHOIO JIBHXKCHUSA
MPEACTABISACT COO0H OKPYXKHOCTh. [Ipr KpyroBbIX IBM)KCHHUSX C KPATHBIMH CKOPOCTSIMU
TPACKTOPUU CYMMApPHOTO JBMIKCHUS TpeCTaBiIsieT co0oi ynuTku. [IpakTuueckuil acekT
HCCJICIOBAHUS OMPEACISAETCS TEM, YTO IMOJydeHHbIe (POPMYINIBI MOTYT HEMOCPEICTBEHHO

ucroiab3oBaThes B CAIIP ipu BBIIOJIHEHUH KOHCTPYKTOPCKUX PadoT.
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Abstract. The purpose of the research consists in generalizing the principle of a
combination of movements to the circular movements. The relevance of the work is
stipulated by the fact that in technical systems, including aviation and space technology,
particularly, in aircraft transmissions, bearings, orbital systems, helicopter mechanisms
and many others, combined rotational movements are widespread, and it is important to

represent the nature of the total movement when designing. The author considers an x'0"y’
coordinate system, which rotates in an x0y one without angular acceleration with the
velocity of . The radius of rotation is p,. Wherein 0x||0’x’, Oy||Q"y’". The object a

rotates in a x'0'y" coordinate system without angular acceleration at a speed w. The
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radius of rotation is p,. It has been established that when rotating in opposite directions,

the trajectory of the total motion represents an ellipse. All standard characteristics of the
ellipse were determined in relation to the case under consideration. The elliptical trajectory
inclination is set. The article shows that in the case of the trajectory of the total motion is

elliptical and the semiaxes are equal to (p,+p,) and |p,—p,|, the object a performs
circular motion in the coordinate system x'0'y" without angular acceleration with velocity

—®. Just as the result of the two nonaccelerated movements superposition is also an
nonaccelerated movement, i.e. it is uniform and rectilinear movement, at rotations in the
same direction the trajectory of the total movement represents a circumference. At circular
motions with multiple speeds, the trajectory of the total motion represents spirals. The
practical aspect of the study is being determined by the fact that the formulas obtained can
be directly used in CAD when performing design work.

Keywords: combination of movements, circular movements, elliptical trajectory, circular
trajectory, multiples of speed

For citation: Popov I.P. Combined rotations in technical systems. Trudy MAI, 2021, no.

120. DOI: 10.34759/trd-2021-120-01

Pe3zynpratrom cyneprno3uuuu ABYX HEYCKOPEHHBIX JBHKCHUU SIBISETCS TaKkKe

HEYCKOPEHHOE, T.€. pPABHOMEPHOE U MPSIMOJIMHEITHOE ABMkKeHue (puc. 1).
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Puc. 1 — CnoxeHnue HEyCKOPEHHBIX ABUKEHHM

3neck V, — ckopocTh koopauHaTtHOM cuctembl X'0'Y' B KOOpOMHATHOI cucTeMe
X0y, V, — ckopocThb 00bekTa 8 B B KoopauHaTHOM cucteme X0y, V, — cKOpOCTbh
obbekTa @ B B KoopauHaTHOH cucteme X0Yy. OueBHOHO, YTO KOHEI BekTopa A

OIMCHIBACT OTPE30K MPSIMON JTUHUH.

Lenb nccmemoBanusi COCTOUT B 0OOOOIIEHUH MPUHIIMIIA KOMOWHAIIMK JIBHKEHUN Ha
KPYTOBBIE IBHKCHHUSI.

AXTyallbHOCTh PabOTHI OOYCIIOBJICHA TEM, YTO B TEXHHYCCKHUX CHCTEMax, B TOM
Ypclie B AaBHAIMOHHOW M KOCMHUYECKOW TEXHHWKE, B YaCTHOCTH, B aBHAIMOHHBIX
Tpancmuccusx [1, 2], nogmmmankax [3, 4], opOUTaNIBHBIX cUCTeMaX [5—7], BEpTOIETHBIX
mexanm3max [8-11] wm wmuormx gpyrux [12-20] mmpoko pacmpocTpaHESHBI
KOMOWHHPOBAHHBIC BpPAIATCIIbHBIC JIBIKECHUS, W TPH KOHCTPYHPOBAHHHM Ba’KHO

MPEJCTABIATh XaPAKTEP CYMMApPHOTO IBUKECHUS.
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[Tycte xoopaunatHas cuctema X'0'Yy' Bpamraercss B koopawHatHOU cucteme X0y
0e3 yIJIOBOTO YCKOpPEHHS CO CKOpOcThio . Paamyc Bpamienust paseH p,. Ilpu 3Tom
0x||0'x", Oy||Q"Yy". O0bekT a Bpaimaercs B koopauHaTHOM cucteMe X'0'y" 6e3 yrioBoro
YCKOPEHHS CO CKOPOCThIO0 +®. Pannyc BpameHus paseH p, .

BpameHusi B IpOTHBOMOJI0KHbIE CTOPOHBI
Teopema 1. Ilpu BpameHussXx B NPOTHUBONOJOXKHBIE CTOPOHBI TPACKTOPUS
CYMMAapHOTO JBUKEHUS MPEACTABIISIET COOOM 3IUIHIIC.
Lokazamenbcmeo.

B koopaunatHo#t cucreme X0y mwawamo 0 koopauHaTHOU cuctembr X'0'Yy'
OTPEEISICTCS CICIYIOIIM 00pa3oM.
X, =p,Cos(ot +@,), Y, =p,Sin(ot+o,). Q)
B xoopaunatroii cucreme X'0'y’ 00BEKT @ OmpenensieTcs, COOTBETCTBEHHO,
X, =p, CoS(—ot +@,), Y, =p,Sin(-ot +o,),
rae ¢, ¢, — HauajabHble (a3bl.
B xoopaunatroii cucreme X0y 0OBEKT a onpeaersieTcs: CAeayoIuM 00pa3oMm.
X=X, + X, = p, CoS(ot + @,) + p, Cos(—wt +@,),
y=Y,+Y,=p,;Sin(ot+¢,)+p,sin(-ot +,).
X = coswt(p, COS @, + p, COSP,) —Sinwt(p,Sine, —p,Sing,),
y =sinot(p,cose, —p, Cose, )+ cosat(p,sing, +p,sineg, ).

N3 3Tux BBIpa)KEHUN ONPEACIIAIOTCA
5
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sinof = y(p1COS(p1 +P, COS(Pz) _ X(plsm(Pl +P, Sm(Pz)
- 2 2 2 2
P1 — P2 P1 — P2

X(p1COS(p1—p2 COS(Pz) + y(pising, —p,sing,) .

cosmt =
P; —Ps P; —Pj

sin? ot + cos® wt =1,

y* (p,C0s@, +p,C0s@,)° +X* (p,sing, +p,sing,)”
2
(p?-p3)

_2XY(P.COSQ; + P, COSP, )(PiSINQ, +p,SiINQ,)
2
(pf-p3)

2 . .
L X (PiCOSQ —p,COSQ, ) + " (pySING, —p,SiNG,)” |
2
(P} —p3)

L 2Y(P1COSP, —p, COS P, ) (P, SIN P, — P, SN, )

2 =1,
(p? —p3)

X2 [pf +p5 —2p,p, COS(p, + (Pz)] N
(02 -p2)

YL +PE 29,0050+ 9,) | Axypip,sin (o, + )

2 2 =1 (2)
(P} -p3) (P} -p3)

[Tocnennee BbIpakeHHUE MPEACTABISIET COO0M PopMyITy IITUIICA.

Teopema oka3aHa.

Teopema 2. ITomyocu GurypsI (2) onpenensiorcs Kak (p, +p,) W |p,—p,|.

Jlokazamenbcmeo.
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ITpu ycnoBuu ¢, =@, =0 BbIpaxkeHHE (2) IPUBOAUTCA K KAHOHUYECKON opme

X(pr+P3=20:p,) ¥ (Pl +p3+20,)
(07 -p3) (i —p3)

x Y 1 ©)

Teopema nokasana.

CaencrBue 2-1. Ecnu p, =p, =p, TO TpPaeKTOpUS CyMMApPHOTO BUKECHUS ABISETCA
npsMmosinHerHou. Ee nimnaa paBHa 4p.

Hanee B crenctBusx 2-2 — 2-4 TpeACTaBICHbl CTaHAAPTHBIE XapaKTEPUCTUKH
JJUIAIICA TIPUMEHUTEIBHO K paCCMAaTPUBAEMOMY CIIy4aro.

CaencrBue 2-2.

e — \ PP,

(P +p,)/2

Caencrue 2-3. [liis hopmsr (3) cripaBeyiiBo
f1,2 =(i2 P1P2 ’0)'
CaencrBue 2-4.
2 2
Klz(pl_i_ pz) » Ay :(pl_ pz) .
Teopema 3. B koopaunatHoit cucteme X0y simunTuyeckas TPaeKTOpUS HWMEET

HaKJIOH (¢, +,)/2.

Jlokazamenbcmeo.
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Ecimn ¢opmy (3) noeepHyTs Ha (¢, +@,)/2, OHa IpeoOpaszyercs CleLyIOIUM

o0Opazom.

2 2
xcos Lt P2 | ysinLl + P, _xsinP1 P2 ycosiq)1 + 9,
2 2 2 2
2 + 2 =1,
(pl +p2) (pl_pz)

X[ Pl +pi = 20p,COS(p +92) |
(02 —p2)

N y? |:plz + p; +2p,p, COS(¢, + (Pz):' B 4Xyp,p, Sin ((Pl + (Pz)

=1.
(p2—p2) (p2—p2)

3T0 BhIpaXXEHUE UACHTUYHO dhopmyre (2).

Teopema oka3aHa.

Hpumep. Eciin ¢, =120°, ¢, =-30°, TO d/UIMNITHYECKAs TPAEKTOPHUs UMEET HAKIOH
(o, +¢,)/2=(120-30)/2=45° (puc. 2).

HerpynHo nokazate Teopemy, 0OpaTHYIO ITEPBOM.

Teopema 4. Eciin TpaekTopusi CYMMapHOTO JIBUKEHHUS SBJISIETCS DJUTUNITHYECKON U

II0JIyOCH DaBHBEI (p, +p,) H |p1— P,|, TO OOBEKT & COBEpLIACT KPYroBOE IBHKEHUE B

KoopauHaTHO# cucteme X'0'y' ©e3 yrioBoro yCKOpEHHUs CO CKOPOCTBIO —@ .
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Puc. 2 — Dnnuntudeckast TpaeKToOpus

BpameHusi B 0IHy CTOPOHY

Teopema 5. Ilpu BpalieHUsAX B OJHY CTOPOHY TPACKTOPHUS CYMMApHOTO JBUKCHHUS
HpPEACTaBIISIET COOOH OKPYKHOCTb.

Hoxazamenvcmeo.

B koopaunatHoit cucteme X0y Hawamo 0 xoopmuHatHO# cuctembl X'0'Y'
onuckiBaeTcs Gpopmysioit (1).

B koopaunatnoii cucreme X'0'y' 00bekT a ompenensercs CACAyIOIIMM 00pa3oM.

X, =P, Cos(wt+@,), Y, =p,sin(wt+@,).
B xoopaunaTHO# cucteme X0y 00BEKT a ompenensercsi, COOTBETCTBEHHO, .

X, = X + X, =p, Cos(ot +@,) +p, cos(mt +@,) ,

Y=Y+ Y, = plsin((ot +(Pl) +P, sin(ot +(Pz) .
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Jlns paanyc-BexkTopa A clipaBeaJIMBO MPeoOpa3OBaHUE
A% = x2 +y? = p? cos(ot + ¢,) + p3 cos(ot + @,) + 2p,p, Cos(mt + ¢, ) cos(ot + @, ) +

+p? sin’ (ot +@,) + p3sin(ot +¢,) + 2p,p, sin(wt + ¢, ) sin(ot +¢,) =

=p; +P; +20,0,C08(, — P,) .
Benunuuna paauyc-pexktopa A He MeHsETCA. JTO BO3MOXHO JIMILb B TOM CiydYae,
cClin TpaeKTOpI/IH CYMMapHOFO JABUXCHUS ABJIACTCA prrOBOﬁ.
TeopeMa JOKa3aHa.

CaencrBue 5-1. OOwvekT a Bpamaetcs B koopjauHatHou cucteme X0y 0e3

YTJI0BOI'O YCKOPCHHA CO CKOPOCTBIO .

CaeacrBue 5-2. Paguyc BpalieHusi paBeH p = \/ P2 +pi+2p,p,CoS(p, — @) .

Herpynno nokaszats TeopemMy, 0OpaTHYIO MSTOM.
Teopema 6. Eciau TpaekTopusi CyMMapHOTO ABMIKEHHS SIBJIISIETCS KPYTrOBOHM, TO

00BEKT a COBEpIlacT KPYroBoe JBMIKCHHE B KoopauHaTHoM cucteme X'0'y' 6e3 yrioBoro

YCKOPCHHA CO CKOPOCTBIO +M.

Teopema 7. Eciu ckopocTh BpaliieHHuss 00bekTa @ B KoopauHaTHOH cucteme X'0'y

paBHA HYJIO, TO TPACKTOPUS CYMMApHOT'O JIBMKEHHS SBISETCS KPYrOBOM C LIEHTPOM B

TOYKE C KOOPAMHATAMH X, =P, COSQ,, Y, =pP,SINQ, 1 ¢ paguycoMm p;.

Jlokazamenbcmeo.

10
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B koopaunatHO# cucreme X0y Hawamo 0 koopmuHaTHOW cucteMbl X'0'Y'
onuckiBaeTcs Gpopmyroit (1).
B koopaunatHoit cucreme X'0'y' 00BbeKT a onpeaensercs CiAeayIUM 00pa3oMm.
X, =P, COSP,, Y, =pP,SiNg,.
B xoopaunaTHo#t cucreme X0y 0OBEKT @ OmMpenensieTcs, COOTBETCTBEHHO, .
X, =X, + X, =p, COS(0t + ;) +p, COSP,,
Ya =Y1+ Y, =pisin(wt + @) +p,sing,,
X, — P, COSQ, =p, Cos(wt +@,),
Ya—P: sing, =p, sin(ot +,),
(X, =P, COS@,)” + (¥, —p,Sing,)* =p}.
Teopema gokazana.

Kpyrosble 1BH:KeHHMS ¢ KPATHBIMH CKOPOCTAMHM

OOBekT a Bparaercs B koopauHatHo# cucteme X'0'y' 6e3 yriioBoro yCKOpeHus co
CKOpocThio +2m, @, =@, =0.
B koopaunatHoit cucteme X0y Hawamo 0 xoopmuHatHO# cuctembr X0'Y'
OMPEACTSICTCS CIACTYIOIMM 00pa3oM.
X, =p,Ccosmt, y, =p,Sinwt.
B xoopaunatHoit cucteme X'0'Yy’ 00bekT a ompeaesnsieTcs, COOTBETCTBEHHO,

X, =p,C0S2mt, Y, =p,Sin2mt.

11
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B xoopnunathoii cucteme X0y 0OBEKT a ONpeaensieTcs: CAeayouM 00pa3om.
X, =p,Cosmt + p, cos2mt ,
Y, =p;Sinwt +p,sin 2omt.

Ha puc. 3 nmoka3zana Tpaekropusi o0bekTa a (p; =p, ).

Ay

v

Puc. 3 — Tpaekropus Tuna yiuTKu

B nossipHpIX KOOpAMHATAX 3TA TPACKTOPUS IPEACTABUMA B BUJIE

P =Py, /2+2cos§(p.

Iletnsa B TPACKTOPHHU ITIOABIISACTCA IIPU BBIITOJIHCHUHN COOTHOIIICHUMN

p,Sinot <p,sin2et,

p,Sinwt < p,2sinmtcosmt,
12
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p, <2p,cosmt.

Ecmu p, = 2p, nerns He oOpasyetca. Takas TpaeKTOpHs OKa3aHa Ha puc. 4.

ot

O/
v

Puc. 4 — Yiurka 0e3 et

3akiaoueHne
Y CTaHOBJEHO, YTO NpPHU BpAIIEHUSIX B MPOTHBOMOJIOKHBIE CTOPOHBI TPACKTOPHUS
CYMMAapHOTO JBMIKCHHS TIPEACTABIISACT COOOM ILIHUIIC.
IIpy BpameHussXx B OJAHY CTOPOHY TPaeKTOpHUS CYMMApHOTO JABUMKCHUSA
MPECTABIISACT COO0M OKPYKHOCTD.
IIpy KpyroBbIX NBUXKEHHSX C KPaTHBIMH CKOPOCTSIMH TPACKTOPHUHU CYMMapHOTIO

ABHKCHUSA IMPCACTABIISICT coboi YJINUTKH.

13
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[IpakTrueckuii acreKT WCCIAEAOBAHUS OINPEAEISIeTCS TEM, 4YTO IOJY4YEHHbIC
dbopMynbl MOTYT HENOCPEACTBEHHO ucnonas3oBaTthes B CAIIP mpu BbellodHEHUU

KOHCTPYKTOPCKUX paloT.
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