Friction and Wear
2021, vol. 42, no. 3, pp. 329—337
V.B. Balyakin and A.V. Lavrin

Tpenue u usmoc
2021. —T. 42, Ne 3. — C. 329—337
B.b. Banaxun, A.B. Jlaspun

VJIK 621.869

MeToauka NOBBILICHUS JONYCTUMOI0 MOMEHTA TPEHM S
pyjaeBbix arperatos 7KP/{

B.b. baasikun, A.B. Jlappun

Camapcruti HayuoHnanbHwulll ucciedosamenvckuil ynusepcumem um. axao. C.I11. Koponésa,
Mockosckoe wocce, 34, e. Camapa 443086, Poccus

Hocmynuna 6 pedaxyuro 28.09.2020.
Ilocne oopabomku 12.03.2021.
THpunama x nyoruxayuu 12.03.2021.

PaccMotpena ycnoBHast cyMMa MOMEHTA TPEHHSI 1 MOMEHTa OT aCUMMETPHUH TATH B OTJEIBHOM pyJie-
BOM arperare. BriepBble B IIpaKTHUKE HUCCIENOBAHUA MOMEHTHBIX XapaKTEPUCTHK PYJIEBBIX arperaToB XUJ-
KOCTHBIX PAKETHBIX JIBUraTeJIed BBEIECH MapaMeTp COBOKYIHOIO MOMEHTA, XAPaKTEPU3YIOIIUHA JAHHYIO
YCIIOBHYIO cymMMYy. IIpr 3TOM KOMIOHEHTHI NMOJYYEHHOTO NapaMeTpa MOTYT SIBISATHCS HE3aBUCHUMBIMH IIe-
pEMEHHBIMU BelMuMHaMH. J[aHHOE OOCTOSTENHCTBO IMO3BOJSIET pa3padoTaTh YHHBEPCAIbHYIO METOIUKY
KOPPEKTUPOBKU COBOKYITHOT'O MOMEHTA, KOTOPAsl IPUTOAHA JUIsl PETYIMPOBAHNUS IIAPHUPHBIX PYJIEBBIX ar-
peraToB Npu JIOOBIX OrPaHUYEHUSX BXOMSIIMX B CYMMY MOMEHTOB. lIpH 3TOM MeTOAMKa MOXET IpHuMe-
HATBCA KaK Ha 3Talle IPOCKTUPOBAHUS IPU BBIPAOOTKE TEXHMUYECKOTO NPEATIOKEHHUS, TaK U B TPOLIECCE MO-
THUKALUN CYIIECTBYIOMINX KOHCTPYKIMH TPU U3MEHEHUH JKCIUTyaTallMOHHBIX ycJIOBUi. MeToauka oc-
HOBaHa Ha NPHUMEHEHUM SKCLUEHTPUKOBOW BTYJKH, pPaHEE HCIIOJIB30BABIICHCS TOJBKO A KOMIICHCALIUH
MOMEHTa OT acCHMMETpUM TArH. Ha mpuMepe MCHONMHEHUs CEpUIlHOrO pyJIEBOrO arperara IokKaszaHo, YTo
MIPeIOKEHHBIN CTIOCO0 PerylnnpoBaHUs XapaKTepHU3yeTcsl Ype3BbIUaifHOW MPOCTOTON M HE TpeOyeT paju-
KaJIBHBIX JOPOTOCTOSIIIIMX KOMIIOHOBOYHBIX M3MEHEHUH. Ha OCHOBE BHOBB IIOJyYEHHBIX AHAJUTHYECKUX
3aBHCHMOCTEH YCTaHOBJIEHAa ONTHMalbHAas TpaHHIa MPUMEHEHUS BTYJKH, MO3BOJIAIONIAs MOBBICHUTH MO-
MEHT TPEeHHs arperaTa Kak OJHOI'O U3 KOMIIOHEHTOB yCJIOBHOH CyMMBI 0€3 MOBBILICHUS €€ BEPXHEro ycra-
HOBJICHHOTO TIpenena. BHenpeHne HOBOro crnocoba peryiupoBKH MOMEHTHBIX XapaKTepHCTHK MO3BOJISIET
COKPAaTHUTh MPOLECC JOBOJKU CEPUHHBIX KOHCTPYKLHUH 10 TpeOyeMbIX 3HaUeHUIl MOMEHTa TpeHus. JlaHHas
BO3MOXHOCTbH CIIOCOOCTBYET YMEHBLICHHUIO YUCIIA JOPOTOCTOSAIINX MOBTOPHBIX UCTIBITAHHUH.
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Abstract

The conditional sum of the friction torque and the torque from the asymmetry of thrust in a separate
steering unit is considered. For the first time in the practice of researching the torque characteristics of the
steering units of liquid-propellant rocket engines, the parameter of the cumulative torque was introduced,
which characterizes this conditional sum. In this case, the components of the obtained parameter can be in-
dependent variables. This circumstance makes it possible to develop a universal method for correcting the
cumulative torque, which is suitable for regulating articulated steering units under any restrictions of the
torques included in the sum. In this case, the technique can be applied both at the design stage when devel-
oping a technical proposal, and in the process of modifying existing designs when operating conditions
change. The method is based on the use of an eccentric bushing, previously used only to compensate for the
torque from the thrust asymmetry. On the example of the execution of a serial steering unit, it is shown that
the proposed control method is characterized by extreme simplicity and does not require radical expensive
layout changes. Based on the newly obtained analytical dependencies, the optimal limit for the use of the
bushing is established. This makes it possible to increase the friction torque of the unit as one of the com-
ponents of the conventional sum without increasing its established threshold. The introduction of a new
method of adjusting the torque characteristics makes it possible to reduce the process of adjusting produc-
tion designs to the required values of the friction torque. This capability helps to reduce the number of cost-
ly retests.

Keywords: rocket engine steering unit, swing units, friction moment, moment from traction asymmetry,
eccentric bush.
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