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~ PenepanbHoe rocyaapcTBeHHOE YHUTapHOe npeanpuaTue
“Hay4Ho-uccnenoBatenibCKMNU MHCTUTYT MaWMHOCTPOEHus”

“==  FSUE R&D Institute of Mechanical Engineering

CEPUUHbLIU OBYXKOMMNOHEHTHbLIN PAKETHbIA OBUrATENb MANOWU TAMU

110428A

[Buratens npegHasHayYeH Ans nepeMeLLeHns KOCMUYECKoro
annaparta (KA) B npocTpaHCcTBe No koMaHaaMm, nogaBaembim
cuctemon ynpaenexus (CY). [iBuratens co3gaet HOMUHAMbHYO
Tary senudmHon 130,5 H n cnocobeH k MHOroKpaTHbIM
BKMOYeHMaM gnuTtenbHocTbio oT 0,03¢c oo 2000c.

B gBuratene vcnonb3yeTcs aneKTpoMarHWTHbIA knanaH (3K)
Tvna PT.200.00 pa3pabotkn un umsrotoBrnenus Oryr “HAMMaw”.
OK saBnsetcs opHocedenbHbIM OQHOCTYNEHYaTbiM KnanaHoMm C
hbTOpPONNAacToBLIM YNIIOTHEHMEM W MpedHa3HayYeH Ans nogayun u
OTCEYKMN KOMMOHEHTOB TOMMNMBA B CMECUTENbHYIO roflosBky. KnanaH
mmeet maccy 0,18 kr, Bpemss cpabaTbiBaHusi He 6onee 0,03 c,
TokonotpebrneHne He Gonee 0,45 A npu HanpsbkeHun 34 B u
Temnepatype 20°C. K knanaHam npvBapeHbl NOABOASLME
Tpy6oNpoBOAbl  OKACAUTENS W FOPKOYEro, BHYTPU  KOTOPbIX
YCTaHOBIEHbI XUKNEpbl HACTPOWKM pacxofoB OKUCIUTENS W
roptovero. [isuratenb C TMOMOLLBIO KMKNEPOB HACTPOEH Ha
3aJaHHOe COOTHOLLEHNE KOMMOHEHTOB Tonnvea. Kamepa cropaHus
W conno Apuratens M3roTaBnuBaloTcs U3 HMOOMEBOro cnnasa C
YKapOCTOMKUM CUNLNAHBIM MOKPLITUEM.

Mpv nopave HanpsbxkeHUst Ha koHTakTbl AK no komaHge ot CY
KnanaHbl OTKpbIBalOTCA. KOMMOHEHTbI TOMMMBa Yepes KaHasbl
CMEecUTENbHOW TFOMOBKM MNOCTyMalT B KaMepy CcropaHusi, rae
NpOUCXOAUT CaMOBOCMNIIAMEHEHME TOMMMBa U €ro ropeHue.

pOAYKTbl CropaHusi, WCTekas 4Yepe3 COMMo, co3gawT  Tary
aBuratens. [pyv [OOCTWXKEHWVM [aBMNEeHWss B Kamepe CropaHusi
0,078...0,15 MINa curHanusaTop [aBneHus B Kamepe
cpabaTbiBaeT, ero KOHTakTbl 3amblkaloT uenn u B CY noctynaet
CUrHan o BKMHYeHUn Asuratensi. [suraternb BbIKMIOYAETCS CHATUEM
HaMpshKEHUsT C KOHTAKTOB KriarnaHoB, Mpy 3TOM KranaHbl 3aKpbIBAKTCH,
npekpaLlaeTcs AOCTYN KOMIMOHEHTOB B Kamepy cropaHus. [JaBneHve B
Kamepe CropaHvsi NagaeT, KOHTaKTbl CUrHanM3aTopa, pasMblkasi Lenw,
paloT curHan B CY 06 OKOHYaHMM  paboTbl  gsuratensi.
MpogomkutenbHOCTL paboTel ABWratens v nays Mexay ero
BKINOYeHusiMu perynupyetcs CY. lNocTaBnsiembld notpebutento
OBuratenb He HyXJaeTcsl B HACTPOWMKE 1 perynmpoBKe.

TennoBoe COCTOsIHWE ABWraTensi BO Bpemsi ero paboTbl BO BCEX
pexumax obecrneynBaeTcs BHYTPEHHUM MMIIEHOYHbIM  OXIaXOeHeM
Kamepbl  CropaHusi W paguauMoHHbIM  OXMaXdeHWeM  corna.
Tennousonsuust conna W CMECUTENbHOM TONOBKU  MOAAEPKVBAET
3adaHHbI TEMMOBOM PEXWUM KOHCTPYKUuM apuratens. Kpome Toro,
TEennonsonauus conna yMeHbLLIaeT nepenady TENMoBbIX
pagvauMoHHbIX MOTOKOB, BO3HMKAaKOWMX B pesyrnbTare  paboTbl
[OBuvraternsi, K pacnonoxeHHblM B6nun3v Hero anemeHTam KA. Tennosoe
COCTOsIHME ABuraTenst B nepvog naccUBHOTO npebbiBaHUS B KOCMOCEe
KOHTPONMpYeTCs1 AaT4ynkoM TemrepaTypbl, YCTaHaBNMBaeMbIM B 30HE
KnanaHa okvcnutensi. Heobxoaymbln YpoBEHb TemrepaTtypbl C Lienbio

VCKMIOYEHNs  3aMep3aHns  okucrnuTens  obecnedvnsaeTca  nyTem
BKIIOYEHNST OB AMNeKTpUYeckX  HarpesaTenemn cgmmapHom
MOLLHOCTBIO He Oornee 2,5 BT npu HanpsbkeHun nutanus 27 B. TMpu

HeobXoAMMOCTU BO3MOXHO MofdepXaHWe TemnepaTypHOro pexuma
KOHTaKTHbIM TennoobMeHoM Yepea chnaHel, kpennenus asuratens k KA
UNM MpoKayvkol MOAOTrpeBatoLLen XUOKOCTU Yepes TenroobMeHHbIN
KOHTYp CMEeCUTENbHOM ronoBku. Bo3amMoXHO codveTaHne crnocobos
obecreyeHnst TeNNoBoro COCTOAHMS.
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K Hauany 2006 ropa 1586 pgBuratenen tuna 110428A

obecneuunu ycnewHoe BbINOJIHEHUE noneToB
NMUNoTUPyemMon opbuTtanbHomn CTaHuMun “CanwoT”,
TPaAHCNOPTHbIX Kopabnen, “Cow3-TM”, “Mporpecc-M”.

[OBuratenb ucnonb3yerca B cnyxeb6Hom moayne “3BE30A”
MeXAYHapOAHOM KOCMUYECKOW CTaHLUU.

TexHu4yeckue xapakTepuCcTUKN

KOMMOHEeHTHI, roptodee/okucnunTens HOMI/ATUH
COOTHOLLIEHNE KOMMOHEHTOB 1,85+0,05
CpeaHsaa HoMUHanbHas Tara, H 130,5
CpegHuii ya. uMnynbe B HEMp. pexume npu =56, ¢ 290
CpegHuii y4. UMMynbC B Henp. pexume npu =150, ¢ 308
HomuHansHoe gasneHue Ha Bxoge, MMa 1,77
MakcumansHoe gasrneHune Ha Bxoge, MMa 2,16
MuHumansHoe aasneHune Ha Bxoae, MMa 0,98
CpeaHuii MVH. UMMynbC 3a BKMtoYeHne, H-c 2,09
BpeMmsi BKMoYeHUs, C 0,030...2 000
MakcumanbHasi AnHa, MM 274
MakcuManbsHbIi AnameTp conna, MM 298

MakcumanbsHasi Macca, Kr 1,5
CymmapHbIn nMnynesc, kH-c 6525
Pecypc no Bkrto4eHnsM, Kon-Bo BKI. 500 000
HoMmuHanbHoe Hanpsbkenue, B 27
[Owana3oH HanpskeHun, B 21...34
Tok cpabaTtbiBaHus, A 0,15...0,20

oryn “HMMMaw”

depnepanbHoro Kocmnyeckoro AreHTcTBa

Poccus, 624740, r. HwkHsas Canga,

Ceepanosckort 06n., yn. Ctpoutenen, 72

Ten.:34 345 36 787 dakc: 34 345 31 703, 34 345 30 654
E-mail: niimash@saldanet.ru
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SERIAL BIPROPELLANT LOW THRUST ROCKET ENGINE 11D428A

Thrust versus Inlet Pressure curve
3aBMCUMOCTb TAMM OT BXOAHOIO AaBrieHus
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Impulse Bit versus Electrical Pulse Width curve
3aBucumocTb IBK OT ANUTENBHOCTU 3NEKTPUYECKON KOMaHAbI
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The thruster is designed to move a space vehicle (SV) in the space by
commands, provided by a control system (CS). The thruster produces rated
thrust of 130.5 N and 'is capable for the repeated starts-up of duration from
0.03 sec to 2,000 sec.

In the thruster there is the solenoid-operated valve (SOV) of PT.200.00
type, developed and fabricated by FSUE R&DIME. The SOV is a single-seat,
single-stage valve with teflon sealing and is designed for supply and shut-off of
propellants to an injector. The valve has mass of 0.18 kg, response time of
not over 0.03 sec, electric current consumption of not over 0.45 A at voltage
of 34V and temperature of 20°C. The inlet pipelines of oxidizer and fuel are
welded to the valves. The trim orifices for adjustment of flow rate of oxidizer
and fuel are installed inside the above pipelines. With the help of trim orifices
the thruster is adjusted to the preset mixture ratio. The chamber and nozzle of
thrutster are manufactured from a columbium alloy with heat-resistant silicide
coating.

At the deIivefly of voltage to SOV contacts by a command from CS the valves
are opened. The propellants via the passages of injector enter the combustion
chamber, where the self—ignition of propellants and their combustion take
place. When pressure in the combustion chamber reaches 0.078...0.15 MPa,
the pressure indicator in combustion chamber responds, its contacts close
circuits and the signal on start-up of thruster enters CS. The thruster is cut-off
by removing voltage from valve contacts. In this case the valves are closed,
and the access of propellants to the combustion chamber stops. The
pressures in combustion chamber drops, the contacts of indicator, opening
circuits, supply the signal to CS on thruster cut-off. The durations of thruster
firing operation and pauses between starts are regulated by CS. The thruster
to be supplied to a customer does not require adjustment and regulation.

The thermal conditions of thruster during its operation in all the modes
are provided by internal film cooling of the combustion chamber and radiation
cooling of the nozzle. The thermal insulation of nozzle and injector keeps the
preset thermal state of thruster design. Moreover, the thermal insulation of
nozzle reduces the transfer of heat radiation fluxes, occurring in consequence
of thruster runs, to elements of SV, located in proximity to the thruster. The
thermal conditions of thruster within passive life in the space are controlled by
the temperature sensor, installed in the area of oxidizer valve. In order to
exclude freezing of oxidizer the required level of temperature is provided by
way of turning-on two electric heaters of total power not over 2.5 W at supply
voltage of 27 V. If required, it is possible to keep a temperature regime by a
contact heat exchange via the flange of thruster attachment to SV or by
[IJ_umping a warming-up fluid through the heat-exchanging circuit of injector.

he combination of methods for thermal condition providing is possible.

To the beginning of 2006 1586 pcs of such type thruster have ensured the
successful missions of the Salyut manned Space Station, the transportation

— — spacecraft SOYUZ-TM, PROGRESS-M. The thruster is being used in the
o For nominal inet condition service module ZVEZDA of the International Space Station.
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0 0.1 0.2 0.3 0.4 0.5 0.6 KOHCTPYKTOPCKUM MNOTeHUuanom, nossonsiowmmu nposoauts HUP n
Electrical Pulse Width (s) OKP no pgBuratenecTpoeHuMio Manoro Kracca B MHTepecax
AnUTEnbHOCTL SNEKTPUECKOH KoMaHAE!, © OTe4YeCTBEHHbIX U 3apy6eXHbIX 3aKa34NKOB.
oryn “HUUMaw” 3akniovaeT KOHTPaKTbl Ha W3roToBrieHUWE W
Technical characteristics MOCTaBKYy CEPUMHO U3roTaBfMBaeMbIX PakKeTHbIX ABUratenen marnow
TAMM 1 ANEeKTPOKNanaHoB.
Propellants, Fuel/Oxidizer UDMH/NTO oryn  “HMMMaw”  npoBoauT  pa3paboTKy, W3roToBrneHwue,
Mixture Ratio 1.85+0.045 aKcnnyartauuio, peM(6)HT N TexXHu4yeckoe obGcnyxuBaHue CTeH.q%BOFO
. ucnbiTaTeNlbHOro 0o6opyaAoBaHWsA, MNpPUMEHAeMoro npu oTpaboTke
Average Nominal Thrust, N (Iby) 130.5(29.34) || pakeTHO-KOGMAMECKOR R P P P
Average Specific Impulse, Steady State
(for nozzle expansion ratio = 56), sec 290 FSUE R&DIME possesses the stand, experimental, production bases|
Average Specific Impulse, Steady State and the scien!:ific: gngineering and designing potential,_which allqws_ to|
(for nozzle expansion ratio = 150), sec 308 carry out scientific and res_earch yvork_s apd experlmental-de5|gnln_g
Nominal Inlet Pressure, MPa (psi) 177 (256.72) works on small-class propulsion engineering in the interests of domestic
. ' p . : : and foreign customers.
Maximum Inlet Pressure, MPa (psi) 2.45 (355.34) FSUE R&DIME concludes contracts on production and supply of
Minimum Inlet Pressure, MPa (psi) 0.98 (142.14) serial Low Thrust Rocket Engines and electrically - actuated valves.
Minimum Impulse Bit, N-s (Ib-s) 1.86 F_SUE _R&DIME creates and manuf_actures test st_and equipment and
Duration of Single Impulse, s 0.030...2,000 provides .|ts operational use and maintenance during development of
Maximum Thruster Length, mm (in) 274 (10.79) space articles.
Maximum Nozzle Diameter, mm (in) @98 (3.86)
Maximum Mass, kg(lbm) 1.5 (3.31)
Total Impulse, kN-s (klb-s) 6,525 (1,466,82)
Cycle Life, Number of starts-up 500,000
Nominal Voltage, VDC 27
Voltage Range, VDC 21...34
Pull-in Current, A 0.15...0.20
oryn “HMMMaw” _» FSUE R&D Institute Of Mechanical Engineering
depnepansHoro Kocmmyeckoro AreHTcTBa & Federal Space Agency
Poccus, 624740, r. HuwkHaa Canga, a0 72, ul. Stroiteley, Nizhnyaya Salda,

Csepanosckon o6n., yn. Ctpoutenen, 72
Ten.:34 345 36 787 akc: 34 345 31 703 , 34 345 30 654
E-mail: niimash@saldanet.ru

Sverdlovsk region, 624740, Russia
phone: 007 34 345 36 787 fax: 007 34 345 31 703, 007 34 345 30 654
E-mail: niimash@saldanet.ru
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FSUE R&D Institute of Mechanical Engineering

CEPUMNHBbIN OBYXKOMMOHEHTHbLIN PAKETHbIN OBUIATENb MAJIOU TAMU
110458M

[euraTtenb npegHasHayeH ans nepemeLLeHns
KocMmuyeckoro annapaTta (KA) B npocTpaHCTBe Mo KOMaHaam,
nogaBaemMbiM cuctemon ynpaenenuss (CY). [euratenb
c030aeT HOMUHanbHyto Tary BenuunHon 392,4 H n cnocobex
r1<0|\6|-(|)oror<paTHb|M BKNtoYeHnaAM anuTtenbHocTbio oT 0,05 ¢ oo

C.

B pgBuratene McCnonb3yeTcd 3MneKTpoMarHUTHbIA KranaH
(Sw Tna 26PT.200 paspaboTtkum u uarotoBrneHus PIryri
‘HAMNMaw’”. 3K ABnseTcs oaHoceaenbHbIM
OAHOCTYMNeHYaTbIM KnanaHom c ¢dTOpONNacToBbIM
yAnoTHEHMEM W MNpefHasHavyeH [Ans nojayn Wn  OTCEYKU
KOMMOHEHTOB TOMMBA B CMECUTESbHYH FOJTOBKY.

Mpn nogaye HanpspkeHUs Ha koHTakTbl K No komaHae ot
CY «knanaHbl OTKpbiBatoTCA. KOMMNOHEHTbI TOnnMBa 4epes
KaHanbl CMECWUTESNIbHOM TOfIoBKM MOCTYNakT B Kamepy
cropaHusi, rge nNpPoOMCXoauMT camoBOCMNaMeHeHne Tonnmea U
ero ropeHue. lMpoaykTbl CropaHusi, UcTekas 4epes Conmro,
co3[atoT TAry gpuratens. [BuraTenbs BbIKITOYaETCA CHATUEM
HaNpPsPKEHUST C KOHTaKTOB KranaHoB, MpW 3TOM  KnanaHbl
3aKpbIBaAlOTCA, MpeKpawaeTca [[OCTyn  KOMMOHEHTOB B
Kamepy cropanus. NpoaomkuTenbHOCTb paboThbl ABuUraTens
M nays Mexagy ero BKNoYeHusmum perynupyetca CY.
MocTtaBnsiembin NoTpebutento gpuraternb He HyXXOaeTcs B
HaCTPOWMKE 1 peryrnnpoBke.

TennoBoe cOCTOsIHME ABUraTens BO BpeMsi ero paboThbl
BO BCEX pexumax obecneymBaeTcsi BHYTPEHHUM MNEHOYHbLIM
OXMNaXOeHMEeM Kamepbl CropaHus U pagnauuoHHbIM
oxnaxgeHnem conna. Tennounsonsaums conna "
CMECUTENBHOWN FOMNoBKM NOAAEPXKMBAET 3a[aHHbIA TENNOBOM
pPEXUM KOHCTPYKLMK asuratens. Kpome TOro,
TENNOU30NSALMS CoMnfa YyMeHblUaeT rnepedady TennoBbIX
paguvaLMoHHbIX MOTOKOB, BO3HMKAKOWMX B pesynbraTe
paboTbl gBuraTens, K pacrnonioXeHHbIM BONU3M  Hero
anemeHTam KA. TennoBoe cocTosiHWMe ABuraTens B nepuoa
MacCMBHOrO nMpebbiBaHUST B KOCMOCE  KOHTpONMpyeTcs
OaTynKkoM TemrepaTypbl, yCTaHaBNMBaeMbIM B 30HE KnanaHa
okucnuTens. Heobxoammblii ypoBeHb TeMNepaTypbl C LESbo
UCKIMIOYEHMs1 3amMep3aHusi  okucnutenst obecneuvvBaeTcs
nyTemM BKI/OYEHUS [OBYX SMEKTPUYECKUX HarpeBaTenem

OBuratens paspabotaH AnA NpPUMEHeHuss B
pa3roHHom 6noke "bpus - M".

TexHu4veckue XapakKTepucTmuku

CYMMapHON MOLWHOCTbIO He 6onee 2,5 BT npu HanpskeHum E%'g::;'fu;b;g‘;g::g:ézﬁg‘;””Te”b Hﬂ:v' géﬁmg
nuTaHusa 27 B. Mpwn HeobxoaMMocTH BO3MOXHO | {0\ 1ian was Tsira B HenpepbiBHoM pexive, H 392.4
NOAAEpXaHUe  TeMNEepaTypHOrO  PEXMMA  KOHTAKTHBIM | oy wian v v, uMynbG B HEMPepsIBHOM
TennooobMeHom yepeal qriaHely KperyieHna asuratend K KA. pexume, ¢ 302
BosmoxHo coyeTaHne cnocoboB obecnedeHus TennoBoro | o - naBnenve Ha sxoge, MMa 147
COCTOAHMA. MakcumansHoe gaBneHue Ha Bxoae, MlMa 1,97
5 8 3 7 7 9 2 MuHumanbHoe AaBneHve Ha Bxoae, MlMa 1,27
CpefHuin MVH. UMNyIbC 3a BKIMoYeHne, H-c 19,62
Bpems BknoveHus, ¢ 0,05...1000
[eomeTpuryeckasn cTeneHb pacumpeHuns conna 100
T < N MakcumanbHas anuHa, Mv 467
2 MakcumanbHbIi guameTp conna, MM 170
Q % | A [ — % MakcumanbHas macca, Kr 3
Q\» © CyMmapHbIi umnynec, KH-c 3924
> Pecypc no BKoYeHNsiM, KON-BO BKIT. 10 000
HomuHanbHoe HanpsbkeHue, B 27
[nanasoH HanpsbxeHui, B 20...34
6 /4 7 Elad Tok cpabaTtbiBaHus, A 0,20...0,30
455
oryn “HuMMaw” - FSUE R&D Institute Of Mechanical Engineering
PepepanbHoro Kocmuyeckoro AreHTcTBa D Federal Space Agency
Poccusi, 624740, r. HuwkHsa Canpa, 20 72, ul. Stroiteley, Nizhnyaya Salda,
Cseppanosckon 06n., yn. Ctpoutenen, 72 Sverdlovsk region, 624740, Russia
Ten.:34 345 36 787 dakc: 34 345 31 703 , 34 345 30 654 phone: 007 34 345 36 787 fax: 007 34 345 31 703, 007 34 345 30 654
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SERIAL BIPROPELLANT LOW THRUST ROCKET ENGINE 11D458M

Thrust versus Inlet Pressure curve
3aBMCUMMOCTL TArMM OT BXOAHOIO AaBreHus
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Impulse Bit versus Elektrical Pulse Width curve
3aBUCUMMOCTb MMMYNbCa TAMM OT 3NeKTPU4ecKon KoMaHAbI
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Specific Impulse versus Inlet Pressure curve
3aBUCUMMOCTb yAenbHOro UMNynbca TArU oT BXOAHOIO AaBneHus
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The thruster is designed to move a space vehicle (SV) in the
space by commands, provided by a control system (CS). The thruster
produces the rated thrust of 392.4 N and is capable for the repeated
starts-up of duration from 0.05 sec to 1,000 sec.

In the thruster there is the solenoid-operated valve (SOV) of
PT.200.00 type, developed and fabricated by FSUE R&DIME. The
SOV is a single-seat, single-stage valve with teflon sealing and is
designed for supply and shut-off of propellants for an injector. The
valve has mass of 0.18kg, response time of not over 0.03 sec, electric
current consumption of not over 0.45A at voltage of 34V and
temperature of 20°C. The inlet pipelines of oxidizer and fuel are welded
to the valves. Trim orifices for adjustment of flow rates of oxidizer and
fuel are installed inside the above pipelines. With the help of trim
orifices the thruster is adjusted to a preset mixture ratio. The chamber
and nozzle of thruster are manufactured from a columbium alloy with
heat-resistant silicide coating. The nozzle extension is manufactured from
stainless steel.

At the delivery of voltage to SOV contacts by a command from
CS the valves are opened. The propellants via the passages of injector
enter a combustion chamber, where the self —ignition of propellants
and their combustion take place. Combustion products, outflowing
through a nozzle, produce thrust of the thruster. The thruster is cut - off
by removing voltage from the valve contacts. In this case the valves
are closed, and the access of components to the combustion chamber
stops. The duration of firing operation and pauses between thruster
starts-up are regulated by CS. The thruster to be supplied to a
customer does not require adjustment and regulation.

The thermal conditions of thruster during its operation in all the
modes are provided by internal film cooling of the combustion chamber
and radiation cooling of the nozzle. The thermal conditions of thruster
within passive life in the space are controlled by the temperature
sensor, installed in the area of oxidizer valve. In order to exclude
freezing of oxidizer the required level of temperature is provided by
way of providing two electric heaters of total power not over 2.5 W at
supply voltage of 27 V. If required, it is possible to keep a temperature
regime by a contact heat exchange via the flange of thruster
attachment to SV. The combination of methods for thermal condition
providing is possible. The thermal shield for nozzle can be installed in
order to reduce heat radiation fluxes to the element of SV located in
proximity to the operating thruster.

&
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Technical characteristics

Propellants, Fuel/Oxidizer UDMH/NTO
Mixture Ratio 1.85+0.15
Average Nominal Thrust, N 392.4

Average Specific Impulse, Steady State, s 302

Nominal Inlet Pressure, MPa 1.47
Maximum Inlet Pressure, MPa 1.96
Minimum Inlet Pressure, MPa 0.97
Minimum Impulse, Bit N-s 1.27
Time of start-up, s 0.05...1,000
Nozzle Expansion Ratio 100
Maximum Thruster Length, mm 367
Maximum Nozzle Diameter, mm @170
Maximum Mass, kg 3
Total Impulse, kN-s 3,924
Cycle Life, Number of starts-up 10,000

Nominal Voltage, VDC 27
Voltage Range, VDC 20...34
Pull-in Current, A 0.20...0.30

A

FSUE “R&DIME”

oryn “HUMMaw”
JKCnepuMeHTanbLHOWn,
WHXeHepHbIM 7]

pacnonaraet CTEeHA0BOM,
NMPOU3BOACTBEHHOW 6a3amMu, Hay4HbIM,

KOHCTPYKTOPCKUM noTeHUnanom,
nosBonAWUMN npoBeAeHue HUP 7] OKP no
ABUraTenecTpoeHuo mMarnoro Knacca B MHTepecax
OTe4YeCTBEHHbIX U 3apyOeXHbIX 3aKa34yMKOB.

®ryn “HANMaw” 3akntoyaeT KOHTPaKTbl HAa U3rOTOBJIEHUE U
NoCTaBKy CEpUNHO W3roTaBNMBaeMbIX pPaKeTHbIX ABUrarenew
Marnou TAMM u 3neKTPOoKnanaHoB.

oryn “HMAMaw” npoBoaut pa3paboTKy, M3roToBneHue,
JKcnnyaTtauuio, pPeMOHT U  TeXHU4Yeckoe obGcnyxuBaHue
CTeHAOBOro MCNbITaTeNlbHOro OGopyAOBaHWUs, NMPUMEHSIEMOro
npu oTpaboTKke pakeTHO-KOCMUYECKOW TeXHUKM.

FSUE R&DIME possesses the stand, experimental,
production bases, the scientific, engineering and designing
potential, allowing to carry out scientific and research works and
experimental-designing works on small-class propulsion
engineering in the interests of domestic and foreign customers.

FSUE R&DIME concludes contracts on production and
supply of serial Low Thrust Rocket Engines and electrically
actuated valves .

FSUE R&DIME creates and manufactures test stand
equipment, provides its operational use and maintenance during
development of space articles.

oryn “HMMMaw”
depepanbHoro Kocmnyeckoro AreHTcTea

=
Poccus, 624740, r. HwkHaa Canga, a0

Csepanosckon o6n., yn. Ctpoutenen, 72
Ten.:34 345 36 787 akc: 34 345 31 703, 34 345 30 654
E-mail: niimash@saldanet.ru
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Federal Space Agency

72, ul. Stroiteley, Nizhnyaya Salda,
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»~ PenepanbHoe rocyaapcTBeHHOE YHUTapHOe npeanpuaTue
“Hay4Ho-uccnenoBatenibCKMNU MHCTUTYT MaWMHOCTPOEHus”

“s=  FSUE R&D Institute of Mechanical Engineering

CEPUUHbLIV OBYXKOMMNOHEHTHbLIN PAKETHbIA OBUrATENb MANOW TArU
17016

Oevratenb  npedHa3HavyeH  Ans  YApaBleHWst  MONIOXEHWEM
MHOropa3oBOro  TPaHCMOPTHOrO  KocMuyeckoro kopabns  (MTKK) B
NpPOCTpaHCTBE MO KOMaHAaMm, nogaBaemMblM cuctemoin ynpasneHus (CY).
[Bvratenb co3gaeT HOMUHanNbHYH TAry BenmuuHon 196,1 H 1 cnocobeH k
MHOIOKPaTHbIM BKIOMEHUAM anuTenbHocTbio oT 0,06 ¢ go 100 c.

B pBuratene wucnonb3yloTCA anekTpomMarHuTHble knanaHbl (JK)
pa3paboTku n nsrotosnenns Oryr “HANMMaw”: Tuna PT.200.00-01 B
TpakTe roptoyero un Tuna 6PT.200.00-03 B TpakTe okucnutens. K
PT.200.00-01 ABNsieTcH oAHoceaenbHbIM OAHOCTYNeH4YaTbIM
KrnanaHoMm ¢ hTOPONMacToBbIM YNIOTHEHWEM W MpeAHasHaveH Ans
nogayy M OTCEYKU TOploYero B CMecuTenbHyro ronosky. 9K umeer
maccy 0,18 kr, Bpemss cpabaTtbiBaHus He 6Gonee 0,03 c,
TokonoTpebneHne He 6Gonee 0,74 A npu Hanpsxenun 34 B nu
Temnepatype 20°C. OK 6PT.200.00-03 sBnsietca ABYXCTyNeHYaTbIM
KrnanaHom ¢ TOpPONIacToBbIMK YNNOTHEHUSIMA U NpeAHa3HayveH Ans
noAayy M OTCEYKN OKUCIUTENS B CMeCUTenbHylo ronoBky. OK umeer
maccy 0,16 kr, Bpemss cpabaTtbiBaHuss He 6Gonee 0,025c,
TokornoTpebneHne He 6Gonee 0,16 A npu Hanpsxenun 34 B n
Temnepatype 20°C. BocnnameHeHue TOMMMBHOW CMecU B Kamepe
CropaHusi OCyLLEEeCTBISIETCS arperatoM 3axuraHus, notpebnaowmm He
6onee 1 A B Teyenune 0,120 c.

[euratenb umeeT crtabunusatop, obecrnevymBaloLLmii NOCTOAHHBIN
pacxod OKUCIUTENS NpU BO3MOXHBLIX W3MEHEHUsIX [aBreHus Ha
BXoae.

[puratenb BKMOYaeTCa MoJayert HanpsbkeHust MuTaHus Ha
3MeKTpOKnanaHbl OKUCIMTENs W TOploYero, a Takke Ha arperat
3aXuUraHMss Mo KOMaHOHbIM curHanam ot CY. J3nekTpoknanaHbl
OTKPbIBAKOTCSl, KOMMOHEHTbI TOMMMBA MOCTYyNawT B CMECUTENbHYO
rorioBKy, 3aTeM B Kamepy CropaHusi, rge npoucxoamt ux
BOCnnameHeHwe u ropeHue. [locne BocCnNNamMeHEHUs TOMMMBHOW
CMEeCH HanpsbkeHue NUTaHWs C arperaTta 3aXuraHusi CHUMaeTCs, U OH
BbIKINtoyaeTca u3 paboyero npouecca. MpoaykTel cropaHus, uctekas
yepes conmo, co3gjalT TAry Asuratens. [dBuratenb BblkoYaeTcs
CHATMEM HanpsPKeHUss C KOHTAKTOB 3rieKTpoKnanaHoB, Npu 3TOM
npekpaLlaeTcst 4OCTYN KOMIMOHEHTOB B KAMEPY CropaHus.

TennoBoe cOCTOsiHME ABWratens BO BpeMsi ero paboTbl BO BCEX
pexumax obecneumBaeTcsi BHYTPEHHVWM MNIEHOYHBIM U HaPYXHbIM
pereHepaTuBHbIM OXNaXAEHWEM KaMepbl CropaHusi, paavaulOHHbIM
oxnaxaeHneMm conna, KOHTakTHbIM TennoobmeHoMm uyepe3 dnaHey
kpennenns pasuratens k MTKK w/wnu npokaykon TennoHocuTens
yepes TennoobMeHHbIN KOHTYp CMecuTENbHON rOfIOBKM.
Tennousonsaumsa conna noaaepXvMBaeT 3adaHHbIl TEMNOBON PEXuM
KOHCTPYKUMW  ABUraTenss W yMeHbllaeT nepejadvy TenmnoBbiX
paavaumMoHHbIX MOTOKOB OT ABWraTternsi K pacrofioXEHHbIM BOGNU3N
Hero anemeHtam MTKK.

[Buratens MoxeT paboTaTb B OAHOKOMMOHEHTHOM pexume Ha
razoobpas3HoM KMCMopoAe CO cpedHel HOoMuHanbHow Tarom 45 H un
cpedHuM  yaenbHbIM - umnynecom Tsarm 700 m/c. [MoctaBnsiembii
noTpebuTento ABMraTerb B HACTPOWKE 1 PErynupoBKe He HyXaaeTcs.

500

J60 max

85

294

D,BVIFaTeﬂb npeagHa3Ha4yeH AnNA uUcnosfib3oBaHuA

B cocTaBe MHOropasoBoro

KOCMMYecKoro kopabnsa "bypaH".

TPaHCNOPTHOro

TexHu4eckue XapaKTepUucTukun

KoMnOHeHTLI, okucnutens/ roproyee

CpepHsis HoMuHanbHas Tara, H

CpepgHuii yg. »MnynbC B HENpepbIBHOM. pexume, ¢
HomuHanbHoOe faBneHve Ha Bxoae, MlMa
MakcumanbHoe aasneHune Ha Bxoge, MlMa
MwuHmanbHOe aasneHne Ha Bxoae, Mla
CpeaHuii MVH. UMMyINbC 3a BKoYeHne, H-c
Bpems BkntoyeHus, ¢

[eomeTpuyeckas cTerneHb pacluMpeHns conna
MakcumanbHas 4nvMHa, Mm

MakcumanbeHbIi guameTp conna, MM
MakcumanbHasi macca, Kr

CymMapHbI umnynesc, kH-c

Pecypc no BkntoYeHusiM, KON-BO BKII.
HoMuHanbHoe HanpshkeHue, B

[nana3oH HanpsbkeHun, B

Tok cpabaTtbiBaHus, A

O, (ras)/kepocuH
196,1

257
3,43/1,62
5,89/1,96
2,4511,37
11,2
0,06-100
52,9

360

94

6,3

857,4

40 000

27

23...34
0,05/0,2...0,3
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SERIAL BIPROPELLANT LOW THRUST ROCKET ENGINE 17D16

Thrust versus Inlet Pressure curve

3aBMCUMOCTb TAArM OT BXOAHOro AaBrieHUs
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Impulse Bit versus Electrical Pulse Width curve
3aBucuMocTb IBK OT ANNTENBLHOCTU 3NEKTPUYECKON KOMaHAbI

Impulse Bit (N-s)
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For nominal inlet condition
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Electrical Pulse Width (s)
[iNnTenbHOCTb SNIEKTPUHECKO KoMaHAbI, C

0,08 0,2

Specific Impulse versus Electrical Pulse Width curve
3aBucumocTb lya oT ANUTENbLHOCTU 3NEKTPUYECKON KOMaHAbI

The thruster is designed to control the attitude of re-usable transportation
space vehicle (RTSV) by commands provided by a control system (CS). The
thruster produces rated thrust of 196.1 N and is capable for the repeated
starts-up of duration from 0.06 sec to 100 sec.

In the thruster there are the solenoid-operated valves (SOV) developed
and fabricated by FSUE R&DIME: the PT.200.00-01 type is in a fuel line and
the 6PT.200.00-03 type is in an oxidizer line. The SOV PT.200.00-01 is a
single-seat, single-stage valve with teflon sealing and is designed for supply
and shut-off of fuel for an injector. It has mass of 0.18 kg, response time of not
over 0.03 sec, current consumption of not over 0.74 A at voltage of 34 V and
temperature of 20°C. The SOV 6PT.200.00-03 is a two-stage valve with
teflon sealing and is designed for supply and shut-off of oxidizer for an
injector. It has mass of 0.16 kg, response time of not over 0.025 sec, electric
current consumption of not over 0.16 A at voltage of 34 V and temperature of
20°C. The ignition of a propellant mixture in a combustion chamber is carried
out by an igniting unit, consuming not over 1 A within 0.120 sec.

The thruster has a stabilizer, providing a constant flow rate of oxidizer in
case of possible pressure changes at a thruster inlet.

The thruster start-up is carried out by supply of voltage to the solenoid-
operated valves of oxidizer and fuel and also to the igniting unit with the help
of commands from CS. The valves are opened; the propellants enter the
injector and then come to the combustion chamber, where propellant mixture
ignition and combustion occur. After the ignition of propellant mixture
supply voltage is removed from the igniting unit and the mentioned unit is out
of an operation process. Combustion products, outflowing from the nozzle,
produce thrust of the thruster. The thruster is cut-off by removing voltage
from valve contacts. In this case the access of propellants to the combustion
chamber stops.

Thermal conditions of thruster during its firing operation in all the modes
are provided by the internal film and external regenerative cooling of the
combustion chamber, the radiation cooling of nozzle, a contact heat exchange
via the flange of thruster attachment to RTSV and/or by pumping a warming-
up fluid through the head-exchanging circuit of injector. The thermoinsulation
of nozzle keeps a preset thermal mode of a thruster structure and reduces
the transfer of heat radiation fluxes from the thruster to the RTSV elements
located in proximity to the thruster.

o 280 For nominal inlet condition The thruster can operate in a single-propellant mode with gaseous
S5 oxygen at average rated thrust of 45N and average specific impulse of
@E 260 - 700 m/sec . The thruster to be supplied to a customer does not require
K § adjustment and regulation.
g 5 240
Qs
&g 220
=
200 ‘ ‘ ‘ ‘ ‘ “ » () “ 9
DI'YII “HUNMam FSUE “R&DIME
0 0,1 0,2 0,3 0,4 0,5 0,6 )
Electrical Pulse Width (s) —
,D,J'IIATeJ'IbHOCTb SJ'IEKTpl/NSCKOVI KOMaHabl, C
®ryn “HUMMaw” pacnonaraeT CTEHOOBOW, 3KCNepUMEHTanbHOW,
Npou3BOACTBEHHON 6asamu, Hay4HbIM, MHXEeHEepPHbIM 7
KOHCTPYKTOPCKUM MoTeHuuanom, nossonsowmmu nposeaenve HUP un
. e OKP no pBuratenecTpoeHMio Manoro Kknacca B MHTepecax
Technical characteristics OTEUYECTBEHHLIX 1 3apy6eXHbIX 3aKa34MKOB.
- oryn “HUMMaw” 3aknioyaeT KOHTPaKTbl Ha W3roToBneHWE U
Propellants, Fuel/Oxidizer O;(gas)/kerosene NoCTaBKy CepUMHO M3roTaBNMBaeMbIX PaKeTHbIX ABUraTenei Manom
Average Nominal Thrust, N (Iby) 196.10 (40.85) TAMM 1 3NeKTPOKNanaHoB.
Average Specific Impulse, Steady State, sec 257 oryn “HMAMaw”  npoBoguT  pa3paboTKy, W3roToBneHue,

Nominal Inlet Pressure, MPa (psi)
Maximum Inlet Pressure, MPa (psi)
Minimum Inlet Pressure, MPa (psi)
Minimum Impulse Bit, N-s (Ib-s)
Duration of Single Impulse, s
Nozzle Expansion Ratio

Maximum Thruster Length, mm (in)
Maximum Nozzle Diameter, mm (in)
Maximum Mass, kg (Ibm)

Total Impulse, kN-s (klb-s)

Cycle Life, Number of starts-up
Nominal Voltage, VDC

Voltage Range, VDC

Pull-in Current, A

3.43/1.62 (497.47/234,96)
5.89/1.96 (852.81/284.27)
2.45/1.37 (355.34/199.00)
11.2 (2.52)

0.06-100

52.9

360 (14.17)

94 (3.70)

6.3 (13.9)

857.4 (193.02)

40,000

27

23...34

0.05/0.2...0.3

JKcnnyatauuo, peMOHT WU TexXHU4yecKoe Oscl'ly)KVIBaHVIe cTeHAoBoOro
ucnbiTaTesibHOro OGOpyAOBaHMH,
pPaKkeTHO-KOCMUYECKON TEXHUKW.

npumeHsieMoro npu oTpaboTke

FSUE R&DIME possesses the stand, experimental, production
bases and the scientific, engineering and designing potential, allowing
to carry out scientific and research works and experimental-designing
works on small-class propulsion engineering in the interests of
domestic and foreign customers.

FSUE R&DIME concludes contracts on production and supply of
serial Low Thrust Rocket Engines and electrically actuated valves

FSUE R&DIME creates and manufactures test stand equipment,
provides its operational use and maintenance during development of
space articles.

oryn “HUMMaw”

depnepanbHoro Kocmnyeckoro AreHTcTBa
Poccusi, 624740, r. HwkHss Canga,
CeepanoBsckori 06n., yn. Ctpoutenein, 72
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“Hay4yHo-uccnepoBatenibCKMNU MHCTUTYT MaWMHOCTpoeHusa”
‘== FSUE R&D Institute of Mechanical Engineering

CEPUNHbLIN OBYXKOMNOHEHTHbLIN PAKETHbIV OBUTATENb MAINOWU TArU
170583

[Buratens npegHasHadyeH ANS NepeMelleHUst KOCMUYeCcKoro
annapata (KA) B npocTpaHCcTBE MO KOMaHAaMm, noAaBaembiM
cuctemon ynpasneHus (CY). [Osuratenb cosgaeT HOMUHanbHYO
Tary BennyvHon 13,3 H n cnocobeH K MHOTOKpaTHBIM BKIMOYEHUSIM
anutensHocTbto oT 0,03 ¢ go 10000 c.

B pBuratene ucnonb3yetcs aneKkTpoMarHuTHei knanaH (3K)
Tvna 12PT.200.00 paspaboTku u nsrotoenenuns ®ryr “HANMaw”.
OK saBnsetca opHocefdernbHbIM OQHOCTYNEHYaTbIM KrnanaHoM C
TOpONMacToBbIM YNIIOTHEHWEM W MpedHas3HavyeH Ans nojayn u
OTCEYKM KOMMOHEHTOB TOMMNMBA B CMECUTENbHY ronosky. KnanaH
umeet maccy 0,035 kr, Bpems cpabatbiBaHus He Gonee 0,015 c,
TokonotpebneHne He Gonee 0,083 A npu HanpsbkeHun 34 B n
Temnepatype 20°C. [suratens umeeT crabunusatopbl pacxona
OKUCIIUTENST U roptovero, obecneyvmBalrolme MOCTOSIHHBIA pacxon
KOMMOHEHTOB MPU BO3MOXHbIX WU3MEHEHUSIX OaBMEHUs Ha BXOAe.
OTO No3BONSIET OrpaHMYMTL AMana3oH U3MEHEHMWS TArv B npegenax
13,0...14,0 H npn wuameHeHun BxogHoro pAasneHua ot 1,18 po
3,43 MNa. Kamepa wu conno pgpuratens W3roTaBnuBalOTCst U3
Hep)aBetoLLen cTanu.

Mpu nogaye HanpskeHUs Ha KoHTakTbl K no komaHge ot CY

KrnanaHbl OTKpbIBAOTCA. KomnoHeHTbl TOnnuBa yepe3 KaHanbl
CMECUTENbHON rOMoBKU NocTynakT B Kamepy cropaHua, rae
npomcxoaut camoBOCNiiamMeHeHue TonnmMBa WU ero  ropeHue.
npO,D,yKTbI CropaHuda, WUCTekaa 4epe3 conso, co3nakT Tary
nuratensl. [Buratenb BbIKMOYAETCA CHATUMEM Hanps>XeHna cC
KOHTaKTOB KrnanaHos, npu 3TOM KnanaHbl 3aKpblBaAKOTCA,
npekpawiaeTcd OO0OCTyn KOMMOHEHTOB B KamMepy CropaHua.

MpoponmxutensHoCcTb paboTel ABWratenss M nay3 Mexay ero
BKMoveHusamn perynupyetca CY. lNoctaBnsgembii notpebutento
ABuraTenb He HYXOaeTcs B HAaCTPOMKE U perynpoBkKe.

TennoBoe cocTosiHWe ABUraTens Bo Bpems ero paboTbl Bo Bcex
pexumMax obecneunBaeTcs Hapy>XHbIM pereHepaTuBHbIM
OXNax4eHNem KaMepbl CropaHusi U paguauMoHHbIM OXNaXaeHnem
conna. OkucnuTenb W roptodee, nocTynawwme B ABUrarternb,
BHayane npoXoAaT 4epe3 TPaKT OXNaXAeHWs, BbINOMHEHHbIA B
BMOE HaBUTbIX Ha Kamepy cropaHus Tpybok, a 3atem 4yepe3 OK
nocTynawT B KaMepy cropaHusl. TennoBoe COCTOsiHME ABuraTtens B
nepvos NacCUMBHOTO npebbiBaHUS B KOCMOCE KOHTPONMpyeTcs
OaTyukoM TemnepaTtypbl, yCTaHaBnMBaeMblM B 30He knanaHa
okucnutens. Heobxoaumbil ypoBeHb Temnepatypbl C Lenbio
UCKIIOYEHNS 3amep3aHusi okucnutenst obecneunBaeTcs nyTem
BKITIOYEHUS] 3MEKTPUYECKOrO HarpeBaTensi MOLHOCTb0 He Gonee
2 BT npu HanpspkeHun nuTaHust 27 B. Tpu  HeobxoammocTu
BO3MOXHO MoaJepXaHne TeMNnepaTypHOro pexuMa KOHTaKTHbIM
TennoobmeHoM 4epe3 praHel kpennewus asuratens kKA.
Bo3moxxHO cnocoboB  obecneveHnss  TenrnoBoro
COCTOSIHUS.

co4yeTaHne

77
N

K Havany 2006 ropa 375 pBuratenes 3TOro Tuna
3KCNNyaTUpPOBasnocb B OpOUTaANbLHOM CTaHUUM «AnMasy,
pasroHHoM ©Onoke "Bpus", mMoaynsix AOOCHaleHus
opoutansHonm cTaHumu "Mup": "KBaHnT", "KBaHT-2",
"Kpuctann", "Cnektp", "lMpupoaa”, nepBoM pOCCUACKOM
mogyne "3apsa" mexayHapogHOM KOCMWYECKOM CTaHUUMU
(MKC) n cnyTtHuke cBs3u “MonHusn”.

TexHU4yeckue xapakTepUCTUKN

KomnoHeHThbI, roptodee/okucnutens HOMI/ATUH
COOTHOLLEHNE KOMMOHEHTOB 1,8540,2
CpegHsia HomMuHanbHas Tara, H 13,3
CpegHuii yg. »MnynbC B HENPEPBLIBHOM pexume, ¢ 274
HomuHanbHoe gaBneHue Ha Bxoae, MlMa 1,47
MakcumanbHoe aaBneHune Ha Bxoae, MlMa 3,43
MwuHumanbHoe gaBneHue Ha Bxoae, MlMa 0,78
CpefHuii MVH. UMMynbC 3a BKMoYeHne, H-c 0,49
Bpems BkntoyeHus, ¢ 0,030...10 000
"eomeTpuyeckas cteneHb paclumpeHus conna 132,3
MakcumanbHas anuHa, MM 137
MakcumanbHbI guameTp conna, Mm 43
MakcumanbHas macca, Kr 0,55
CyMMapHbI umnynbsc, kKH-c 2394
Pecypc no Bknto4eHnaM, Kon-Bo BKI. 450 000

HomwuHanbHoe HanpsbkeHue, B 27
[nanasoH HanpsbkeHun, B 20...34
Tok cpabaTbiBaHus, A 0,03
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SERIAL BIPROPELLANT LOW THRUST ROCKET ENGINE 17D58E

Thrust versus Inlet Pressure curve
3aBUCUMOCTb TAMM OT BXOAHOrO JaBneHUs
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Impulse Bit versus Electrical Pulse Width curve
3aBucumMocTsb IBK OT ANUTENbLHOCTU 3NEKTPUYECKOW KOMaHAbI
6
51 For nominal inlet
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Specific Impulse versus Electrical Pulse Width curve
3aBucumocTsb lya oT ANUTENbHOCTU 3MEeKTPUYECKON KOMaHAbI
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The thruster is designed to move a space vehicle (SV) in the
space by commands, provided by a control system (CS). The thruster
produces the rated thrust of 13.3 N and is capable for the repeated
starts-up of duration from 0.03 sec to 10,000 sec.

In the thruster there is the solenoid-operated valve (SOV) of
12PT.200.00 type, developed and fabricated by FSUE R&DIME. The
SOV is a single-seat, single-stage valve with teflon sealing and is
designed for supply and shut-off of propellants for an injector. The valve
has mass of 0.035kg, response time of not over 0.015 sec, electric
current consumption of not over 0.083 A at voltage of 34V and
temperature of 20°C. The chamber and nozzle of thruster are
manufactured from stainless still.

At the delivery of voltage to SOV contacts by a command from CS
the valves are opened. The propellants via the passages of injector enter
a combustion chamber, where the self —ignition of propellants and their
combustion take place. Combustion products, outflowing through the
nozzle, produce thrust of the thruster. The thruster is cut - off b
removing voltage from the valve contacts. In this case the valves are
closed, and the access of components to the combustion chamber stops.
The duration of firing operation and pauses between thruster starts-up
are regulated by CS. The thruster to be supplied to a customer does not
require adjustment and regulation.

Thermal conditions of thruster during its operation in all the modes
are provided by internal film cooling of the combustion chamber and
radiation cooling of the nozzle. The oxidizer and fuel entering the thruster
at first go through cooling passage made of tubes wound on the
combustion chamber, and then enter the combustion chamber through
the SOVs. The thermal conditions of thruster within passive life in the
space are controlled by the temperature sensor, installed in the area of
oxidizer valve. In order to exclude freezing of oxidizer the required level
of temperature is provided by way of providing two electric heaters of
total power not over 2 W at supply voltage of 27 V. If required, it is
possible to keep a temperature regime by a contact heat exchange via
the flange of thruster attachment to SV. The combination of methods for
thermal condition providing is possible.

Technical characteristics

Propellants, Fuel/Oxidizer UDMH/NTO
Mixture Ratio 1.85+0.2
Average Nominal Thrust, N (lby) 13.3 (2.99)

Average Specific Impulse, Steady State, sec 274
Nominal Inlet Pressure, MPa (psi) 1.47 (213.21)
Maximum Inlet Pressure, MPa (psi) 3.43 (497.48)
Minimum Inlet Pressure, MPa (psi) 0.78 (113.13)
Minimum Impulse Bit, N-s (Ib-s) 0.49 (0.11)
Duration of Single Impulse, s 0.030...10,000
Nozzle Expansion Ratio 132.3

Maximum Thruster Length, mm (in) 137 (5.39)
Maximum Nozzle Diameter, mm (in) 243 (1.69)
Maximum Mass, kg (Ibn) 0.55 (1.21)
Total Impulse, kN-s (klb-s) 2,394 (538,170)
Cycle Life, Number of starts-up 450,000
Nominal Voltage, VDC 27
Voltage Range, VDC 20...34
Pull-in Current, A 0.03
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oryn “HUNMaw” pacnonaraeT CTEeHAOBOM,
3KCNepuMeHTanbLHOW, Npou3BOACTBEHHOM 6a3amu, Hay4HbIM,
VH)XEeHEPHbIM U KOHCTPYKTOPCKUM MOTEHLMUariom, No3BonsoWUMn
npoBepeHve HUP n OKP no aBuratenectpoeHuto manoro knacca B
MHTepecax OTeYeCTBEHHbIX U 3apyOGeXHbIX 3aKa34YUKOB.

®ryn “HUMMaw” 3akniovyaeT KOHTPaKTbl Ha M3roTOBIEHME U
MOCTaBKy CEPUMHO WU3roTaBfIMBaeMbIX paKeTHbIX ABUrarenemn
Masiom TSrM U afIeKTpPoKnanaHoB.

oryn “HMMMaw” npoBoaut pa3paboTKy, W3roToBreHue,
aKcnnyaTauul, PEeMOHT M TexHuyeckoe obcnyxuBaHue
CTEHAOBOro UcCNbITaTesIbHOro 06opyAoBaHUs, NPUMEHAEMOro npu
oTpaboTke pakeTHO-KOCMUYECKOW TEXHUKM.

FSUE R&DIME possesses the stand, experimental, production
bases, the scientific, engineering and designing potential, allowing
to carry out scientific and research works and experimental-
designing works on small-class propulsion engineering in the
interests of domestic and foreign customers.

FSUE R&DIME concludes contracts on production and supply
of serial Low Thrust Rocket Engines and electrically actuated
valves.

FSUE R&DIME creates and manufactures test stand
equipment, provides its operational use and maintenance during
development of space articles.

oryn “HUMMaw”

depepanbHoro Kocmmyeckoro AreHTcTea

Poccus, 624740, r. HwxHss Canga,

Csepanosckoit 061., yn. Ctpoutenein, 72
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E-mail: niimash@saldanet.ru

@
%&Q

FSUE R&D Institute Of Mechanical Engineering

Federal Space Agency

72, ul. Stroiteley, Nizhnyaya Salda,

Sverdlovsk region, 624740, Russia

phone: 007 34 345 36 787 fax: 007 34 345 31 703, 007 34 345 30 654
E-mail: niimash@saldanet.ru



denepanbHOe rocyaapcTBeHHOE YHUTapHOe npeanpusaTue

“Hay4yHo-uccnepoBatenibCKMNU MHCTUTYT MaWMHOCTpPOeHusa”

FSUE R&D Institute of Mechanical Engineering

CEPUWUHbIN TA30BbI PAKETHbIW ABUTATEJIb MANOW TAMM M08

MO8 — 31O pakeTHbI ABuraternb Manon Taru, paboTarolmin Ha
rasoobpasHoM asoTe uUnu renuu.

[Buratenb npegHasHaveH AnA TOYHON OpUEHTauUMM KOCMUYECKOro
annapata (KA) B npocTpaHCTBe MO KOMaHAaM, NogaBaemMbiM CUCTEMON
ynpasnexnus (CY). [iBuratens co3gaeT HOMUHAMBHYIO TAry BENUYMHON
0,8 H 1 cnocobeH K MHOrOKpaTHbIM BKIOYEHUSM ANUTENBHOCTLIO OT
0,05 c go 100 c.

B gBuratene vcnonb3yeTcst anekTpoMarHuTHeIn knanaH (3K) tuna
12PT.200-01 paspabotkn u wusrotoBnenns ®ryr “HAMaw”. 3K
SBMAETCH  OfHOCeferbHbIM  OQHOCTYNEeH4YaTbiM  KnanaHoMm  C
hbTOpPOMMACTOBLIM YMMOTHEHMEM W NpedHasHayYeH AnNA nojayiv wu
oTceYku rasa B conno gsuratens. KnanaH nmeet maccy 0,035 kr, Bpems
cpabaTtbiBaHns He bonee 0,015 c, TokonoTpebnexHne He Gonee 0,22 A
npu HanpsbkeHun 34 B u Temnepatype 20°C. K knanaHy npuBapeH
noaBoAsALMIA  TPyOOMpPOBOA, BHYTPU KOTOPOrO YCTaHOBMEH XXUKMep
HacTpoVikv pacxofa rasa.

Mpn nopgayve HanpskeHus Ha KoHTakTel QK Mo komaHge ot CY
KnanaH oTKpbiBaeTcs. A30T UNu renunii NocTynarT B COMNMO ABWUratens u,
UcTeKasi U3 Hero, co3aaloT TAry ABuraTens.

p,BI/IFaTeJ'Ib BbIKNMKOYaeTCca CHATUEM HanpsaXXeHUa C KOHTaKTOoB
KnanaHoB, Npu 3TOM KnanaH 3aKpbiBaeTCd, npekpawasa nocrtynrneHue
rasa B conno.

MpopgomkutenbHoCcTe paboTel ABuratens u nays Mexpy ero
BKMoveHusamu  peryrmimpyetca  CY. T[loctaBnsembin  notpeburtento
ABuratenb He HYXXOaeTCs B HAaCTPOMKE U peryrnpoBKe.

TennoBoe cocTosiHMe QABuratens obecnevvMBaeTCsd KOHTAKTHbIM
TennoobmeHoM yepes dnaHey kpennexus asuratens k KA.
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Bocemb gBuratenen M[ 08 ob6ecneumnu ycnewHoe
BbinonHeHne nonetoB KA cepun "Kocmoc" wu
"Okcnpecc”.

TexHU4Yeckue XxapaKTepUCTUKU

Pab6ouee Teno asot/renun
CpenHsis HoMuHanbHas Tara, H 0,8/0,73
CpeaHuii ya. uMnynbC B HEMPEPLIBHOM pexvme, ¢ 73/169
HomuHanbHoe gaBneHue Ha Bxoae, MlMa 1,77
MakcumanbHoe aaeneHune Ha Bxode, MlMa 1,96
MwuHmanbHoe aaeneHune Ha Bxode, Mla 1,47
CpeaHuii MUH. UMMyNbC 3a BKMoYeHne, H-c 0,043/0,039
Bpewms BkntoyeHus, ¢ 0,050...100
[eomeTpuyeckas cTeneHb paclUMpeHns conna 64,0
MakcumanbHas anvHa, MM 93
MakcumanbHbI AuameTp conna, MM 28
MakcumanbsHas macca, Kr 0,25
CyMMapHsI umnynsc, kH-c 8/7,3
Pecypc no Bk4eHNsiM, KOM-BO BKIT. 80 000

HomuHansHoe HanpspkeHne, B 27
[nanasoH HanpsbkeHun, B 20...34
Tok cpabaTbiBaHus, A 0,05...0,07

eoryn “HUMMaw”

®depepanbHoro Kocmmyeckoro AreHTcTBa

Poccus, 624740, r. HuwxHsaa Canga,

Ceepanosckon o6n., yn. Ctpoutenein, 72

Ten.:34 345 36 787 dakc: 34 345 31 703 , 34 345 30 654
E-mail: niimash@saldanet.ru

@
éoaA

FSUE R&D Institute Of Mechanical Engineering

Federal Space Agency

72, ul. Stroiteley, Nizhnyaya Salda,

Sverdlovsk region, 624740, Russia

phone: 007 34 345 36 787 fax: 007 34 345 31 703, 007 34 345 30 654
E-mail: niimash@saldanet.ru




SERIAL COOL GAS LOW THRUST ROCKET ENGINE MD 08

Thrust versus Inlet Pressure curve
3aBUMCUMOCTbL TAMM OT BXOAHOIO AaBneHUs
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Impulse Bit versus Electrical Pulse Width curve
3aBucumocTb IBK OT ANUTENBHOCTU 3NEKTPUYECKON KOMaHAbl
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Specific Impulse versus Electrical Pulse Width curve
3aBucumocTb lya OT ANUTENBHOCTU 3NEKTPUYECKON KOMaHAbI

T
For nominal inlet condition He

MD 08 is a low thrust rocket engine operating on gaseous nitrogen or
helium.

The thruster is designed for precise stationkeeping of space vehicle
(SV) in the space by commands provided by a control system (CS).
The thruster produces rated thrust of 0.8 N and is capable for the
repeated starts-up of duration from 0.05 sec to 100 sec.

In the thruster there is a solenoid-operated valve (SOV) of 12PT.200-
01 type, developed and fabricated by FSUE R&DIME. The SOV is a
single-seat, single-stage valve with teflon sealing and is designed for
supply and shut-off of gas for a thruster nozzle. The valve has mass
of 0.035 kg, response time of not over 0.015 sec, a current
consumption of not over 0.22 A at voltage of 34 V and temperature of
20°C. An inlet pipeline is welded to the valve. A trim orifice for
adjustment of a gas flow rate is installed inside the above pipeline.

At the delivery of voltage to SOV contacts the valve is opened by a
command from CS. Nitrogen or helium enters a thruster nozzle and,
by flowing out of the latter, produce thrust of the thruster.

The thruster is cut-off by removing voltage from the valve contacts
and in this case the valve is closed to stop the access of gas to the
nozzle.

In the thruster, the duration of runs and pauses between starts-up is
regulated by CS. The thruster to be supplied to a customer does not
require adjustment and regulation.

The thermal condition of thruster is ensured by a contact heat
exchange via the flange of thruster attachment to SV.

The eight thrusters MD 08 have ensured successful missions of by a
command from CS the KOSMOS and EXPRESS series SVs.
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Technical characteristics

Average Specific Impulse, Steady State, sec
Nominal Inlet Pressure, MPa (psi)

Maximum Inlet Pressure, MPa (psi)
Minimum Inlet Pressure, MPa (psi)

Operation Medium nitrogen/gelium
Average Nominal Thrust, N (lIby) 0.8 (0.18)/0.73 (0.16)

73/169
1.77 (256.72)
1.96 (284.27)
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oryn “HUUMaw” pacnonaraet CTEeHOO0BOM,
3KCNepuUMeHTanbHOW, NPOU3BOACTBEHHON 6a3aMu, Hay4HbIM,
MH)XeHEepPHbIM ] KOHCTPYKTOPCKUM noTeHUuanom,
No3BONAKLWMMHU npoBeAeHue HUP n OKP no
ABUraTenecTpoeHuro manoro Knacca B MHTepecax
0OTeYeCTBEHHbIX M 3apy6eXHbIX 3aKa34YMKOB.

@ryn “HUMMaw” sakntoyaeT KOHTPaKTbl Ha U3rOTOBMIEHUE U
MOCTaBKy CEPUIAHO M3roTaBNMBaEeMbIX PaKeTHbIX ABUratenen
Manom TArM U aNeKTpoKnanaHoB.

oryn “HMMMaw” npoBoautT pa3paboTKy, M3roToBMEHUe,
3KcnnyaTauulo, PeMOHT M TexHu4yeckoe oGcnyxuBaHue
CTEeHAOBOro MCNbITaTeNlbHOrO 0GOpyAOBaHUA, NPUMEHSeMOro
npu oTpaboTKe pakeTHO-KOCMUYECKOWN TEXHUKM.

1.47 (213.21)

Minimum Impulse Bit, N-s (Ib-s) 0.043 (0.01)/0.039 (0.01)
Duration of Single Impulse s 0.050...100
Nozzle Expansion Ratio 64.0
Maximum Thruster Length, mm(in) 93 (3.66)
Maximum Nozzle Diameter, mm(in) 28 (0.31)
Maximum Mass, kg(lbm) 0.25 (1.10)
Total Impulse, kN-s (klb-s) 8 (1,800)/7.3 (1,640)
Cycle Life, Number of starts-up 80,000
Nominal Voltage, VDC 27
Voltage Range, VDC 20...34
Pull-in Current, A 0.05...0.07

FSUE R&DIME possesses the stand, experimental,
production bases, the scientific, engineering and designing
potential, allowing to carry out scientific and research works
and experimental-designing works on small-class propulsion
engineering in the interests of domestic and foreign
customers.

FSUE R&DIME concludes contracts on production and
supply of serial Low Thrust Rocket Engines and electrically
actuated valves .

FSUE R&DIME creates and manufactures test stand
equipment, provides equipment operational use and
maintenance during development of space articles.
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“Hay4yHo-uccnepoBaTenbCKMM MHCTUTYT MalIMHOCTPOEHUA”
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FSUE R&D Institute of Mechanical Engineering

CEPUWHbIN TA30BbIA PAKETHbIA OBUTATENb MANION TAMM MA5

MI5 — 370 pakeTHbIV ABUraTenb Manon Tsru, paboTarowmn Ha
rasoobpasHoM asoTe uUnun Bo3ayxe.

Oeuratenb npegHasHayeH Ans YNpaBreHUst MONIOKEHWEM U
nepeMeLleHnst CpeacTBa MEPEdBWKEHUS KOCMOHaBTa, a Takke
TOYHOW OpMeHTaumun KocMmudeckoro annaparta (KA) B npocTpaHcTBe
no KoMaHgam, nofaBaeMbiM cucTemoln ynpasneHuss  (CVY).
[Buratenb cosgaeT HOMUHamnbHyK Tary BenudnHon 4.9 H un
cnocobeH K MHOFOKpPaTHbIM BKIMIOYEHUSIM  ONUTENBHOCTBIO  OT
0,012 c po 3000 c.

B pBuratene ucnonb3yetcs aneKkTpoMarHuTHein knanaH (3K)
Tvna 6PT.200.00 paspaboTtku u usrotoeneHus Pryr “HANMaw”.
OK gaBnseTca AByxCTyneH4yaTbiM KnamnaHoM ¢ (pToponfnacTtoBbIMU
YMOTHEHVAMW W MpedHa3HavyeH AN nojaynm U OTCeYkn rasa B
conno ppuratensa. KnanmaH wmeetr wmaccy 0,16 «kr, Bpewms
cpabatbiBaHuss He Gonee 0,025 c, TokonoTpeGneHve He Gonee
0,2 A npu HanpspkeHun 34 B n Temnepatype 20°C.

Mpun nogaye HanpsbkeHus Ha koHTakTbl K no komaHge ot CY
KnanaH OTKpbiBaeTcs. A30T WnM BO34yX MOCTyNawT B COMMo
nBuratensi 1, UcTekas U3 Hero, cosgalT Tary asuratens. [pu
OOCTUXEHUN OaBneHust B [03BYKOBOW yacTtu conna
0,078...0,17 MNa curHanu3atop pJaBneHuss B kamepe (COK)
cpabaTbiBaeT, ero KOHTakTbl 3amblkaloT Uenu n B CY nocTynaet
CWrHan o BKIMYEHUM aBuraTens.

[Buratenb BbIKNIOYAETCA CHATUEM HanpshKeHUsi C KOHTaKTOB
KnanaHa, npy 3TOM KnanaH 3akpblBaeTcsi, Npekpallas nocTynneHne
rasa B conno. [laBneHue B [O3BYKOBOM YacTu comnna najaer,
KOHTaKTbl CUrHanu3aTopa, pas3mMblkas uenu, gatioTt curHan B CY 06
OKOHYaHMM paboTbl asuratens. POMT5 umeeT moaudmkaumio
POMT5-01, B koTopown oTcytcTByeT COK.

MpopgomxutensHocTb paboTbl ABuratens u nays mexgy ero
BKMoveHusamun perynupyetca CY. [NoctaBngembii notpebutento
ABuraTenb He HYXXOaeTcs B HAaCTPONKE U perynpoBke.

TennoBoe cocTosiHWe ABuraTtensi obecneymBaeTcs KOHTAKTHbIM
TennoobmeHomM yepes dnaHey kpennexHus asuratens k KA.
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Tpuauatb aBa auratena M5 o6ecneuunu ycnewHoe
BbINONMHEHWe MNONEeTOB CcpeacTBa  NepenBUMXeHUs
KOCMOHaBTa.

TexHuuyeckune XapaKTepUucTukun

Pabouee Teno BO34yX, a3oT

CpepHsisn HomMuHanbHas Tsra, H 4,9
CpeaHuii ya. uMnynbC B HEMPEepbIBHOM pexuMe, ¢ 70
HomuHanbHoe fasneHve Ha Bxoge, MlMa 1,23
MakcumansHoe fasneHune Ha Bxoge, MlMa 1,86
MuHumansHoe fasneHune Ha Bxoge, MlMa 1,08
CpenHuii MUH. UMMYNbC 3a BKYeHne, H-c 0,049
Bpems BkntoyeHus, ¢ 0,012...3 000
"eomeTpuyeckas cteneHb paclumpeHns conna 74.7
MakcumanbHas anuHa, Mm 91
MakcumanbHbI guameTp conna, MM @20
MakcumanbHas macca, Kr 0,35
CyMMmapHbI umnynbsc, kKH-c 147
Pecypc no Bkno4eHnam, Kon-Bo BKI. 250 000
HomuHanbHoe HanpshkeHue, B 27
[nanasoH HanpshkeHun, B 23...34
Tok cpabaTtbiBaHus, A 0,025...0,05
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SERIAL COOL GAS LOW THRUST ROCKET ENGINE MD5

Thrust versus Inlet Pressure curve
3aBUMCUMOCTbL TAMM OT BXOAHOIO AaBneHUs
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Impulse Bit versus Electrical Pulse Width curve
3aBucuMOCTb IBK OT ANUTENbHOCTU 3NEKTPUYECKON KOMaHAbI
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Specific Impulse versus Electrical Pulse Width curve
3aBucumocTb lya oT ANUTENbHOCTU 3NEKTPMYECKON KOMaHAbI

MD 5 is a low thrust rocket engine operating on gaseous nitrogen or air.

The thruster is designed to control an attitude and move an astronaut
motion unit (AMU) and also for precise stationkeeping of a space vehicle
(SV) in the space by commands provided by a control system (CS). The
thruster produces rated thrust of 4.9 N and is capable for the repeated
starts-up of duration from 0.012 sec to 3,000 sec.

In the thruster there is a solenoid-operated valve (SOV) of 6PT.200-00
type, developed and fabricated by FSUE R&DIME. The SOV is a two-
stage valve with teflon sealing and is designed for supply and shut-off of
gas for thruster nozzle. The valve has mass of 0.16 kg, response time of
not over 0.025 sec, current consumption of not over 0.2 A at he voltage
of 34 V and temperature of 20°C.

At the delivery of voltage to SOV contacts the valve is opened by a
command from CS. Nitrogen or air enters a thruster nozzle and by
flowing out of the latter, produces thrust of the thruster. When pressure in
the subsonic section of nozzle reaches 0.078...0.17 MPa, the pressure
indicator in combustion chamber (CCPI) responds, indicator contacts
close circuits and the signal on start-up of thruster enters CS.

The thruster is cut-off by removing voltage from the valve contacts. In this
case the valve is closed to stop the access of gas to the nozzle. The
pressure in nozzle subsonic section drops, indicator contacts open the
circuits and supply the signal to CS on a thruster cut-off. The thruster
MD 5 has the MD 5-01 modification, where the CCPI is not available.

In the thruster, the durations of runs and pauses between starts-up are
regulated by CS. The thruster to be supplied to a customer does not
require adjustment and regulation.

The thermal condition of thruster is ensured by a contact heat exchange
via the flange of thruster attachment to SV.

The thirty two MD 51 thrusters have ensured successful AMU missions.
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Technical characteristics
Operation Medium air, nitrogen
Average Nominal Thrust, N (Iby) 4.9 (1.10)

70
1.23 (178.40)
1.86 (269.77)

Average Specific Impulse, Steady State, sec
Nominal Inlet Pressure, MPa (psi)
Maximum Inlet Pressure, MPa (psi)
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Oyl “HUMAMam” @ FSUE “R&DIME”
o
oryn “HANMaw” pacnonaraet CTeHA0BOW,
3KCMepuMeHTanbLHOW, MNPOU3BOACTBEHHOW 6a3amu, Hay4HbIM,

VMHXeHEepPHbIM U KOHCTPYKTOPCKMM MOTeHUManoM, no3BonsAWwmumMmn
npoBegeHve HUP u OKP no aBuratenecTpoeHuto manoro knacca B
MHTepecax 0Te4YeCTBEeHHbIX U 3apyb6eXXHbIX 3aKa34nKoB.

oryn “HAMMaw” 3aknioyaeT KOHTPaKTbl Ha WU3roTOBNIEHUE W
NOCTaBKy CEPUMHO M3roTaBNMBaeMbIX paKeTHbIX ABUratenen manom
TAMN U 3NEKTPOKIIANaHoB.

eryn “HUAMMaw” npoBogut pa3paboTKy, W3roToBreHue,
aKcnnyaTauuio, peMOHT U TeXHU4Yeckoe obcnyxuBaHue CTeHA0BOro
ucnbiTaTenbHOrO 06GOpyAoOBaHUSA, NpPUMMeHsieMoro npu oTpaboTke
PaKeTHO-KOCMUYECKOWN TEXHUKW.

Minimum Inlet Pressure, MPa (psi) 1.08 (156.64)

Minimum Impulse Bit, N-s (Ib-s) 0.049 (0.01)
Duration of Single Impulse, s 0.012...3,000
Nozzle Expansion Ratio 74.7
Maximum Thruster Length, mm(in) 91 (3.58)
Maximum Nozzle Diameter, mmy(in) 220 (0.79)
Maximum Mass, kg(lby,) 0.35 (0.77)
Total Impulse, kN-s (klb-s) 147 (33,050)
Cycle Life, Number of starts-up 250,000
Nominal Voltage, VDC 27
Voltage Range, VDC 23...34
Pull-in Current, A 0.03...0.05

FSUE R&DIME possesses the stand, experimental, production
bases, the scientific, engineering and designing potential, allowing
to carry out scientific and research works and experimental-
designing works on small-class propulsion engineering in the
interests of domestic and foreign customers.

FSUE R&DIME concludes contracts on production and supply of
serial Low Thrust Rocket Engines and electrically actuated valves .

FSUE R&DIME creates and manufactures test stand equipment,
provides equipment operational use and maintenance during
development of space articles.
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“Hay4Ho-uccnenoBaTenibCKMN MHCTUTYT MalIMHOCTPOEHUA”

“==  FSUE R&D Institute of Mechanical Engineering

9KCMNMEPUMEHTAINbHbIN ABYXKOMMNOHEHTHbIW PAKETHbIV ABUMATENb
MAINOWU TAIrn PAMT10

[Oeuratenb npegHasHa4yeH ANs NepemeLleHnst KOCMUYECKOro
annapata (KA) B npocTpaHCTBe MO KOMaHAaMm, noJaBaeMbiM
cuctemolt ynpaenenus (CY). [BuraTenb co3gaeT HOMUHAIbHYHO
TAry BenuumHon 12 H 1 cnocobeH K MHOrOKpPaTHbIM BKITHOYEHUSIM
anutensHocTbio ot 0,020 ¢ go 10000 c.

B pBuratene uvcnonb3yeTcsi anekTpoMarHuTHbI knanaH (3K)
Tvna 12PT.200.00 paspabotku u marotoBnenus ®ryn “HANMaw”.
OK saBngetca opHocefdenbHbIM OAHOCTYMEHYaTbIM  KranaHoMm C
TOPONNAcTOBLIM YNMOTHEHUEM W MpeAHasHayYeH Ans nogayv u
OTCEYKM KOMMOHEHTOB TOMMUBA B CMECUTENbHYH ronoBky. KnanaH
nmeeT maccy 0,035 kr, Bpemss cpabatbiBaHusa He 6onee 0,015 c,
TokonotpebneHne He Gonee 0,083 A npu HanpsbkeHun 34 B wu
Temnepartype 20°C. Kamepa u conno gsuratens M3rotaBnunBaroTcs
13 HMOBMEBOro crnaea C XapoCTONKUM CUNULIMAHBIM MOKPbITUEM.

Mpu nogaye HanpskeHUs Ha KoHTakTbl AK no komaHge ot CY

KnanaHbl OTKPbIBAKTCA. KomnoHeHTbl TOMnuBa yepes3 KaHanbl
CMECUTENBHON FONOBKK nocTynarwT B KaMepy cropaHua, rae
npoucxoauT camoBOCnlaMeHeHue TonnmBa WU ero ropeHue.
npO,ClyKTbI CropaHud, WuCTekada 4epeld consio, cCo3garT TAary
asurartens. ﬂ,BI/IFaTeJ'Ib BbIKNTOYaETCA CHATUEM HaNpsaXeHua C
KOHTaKTOB KrnanaHos, npu 3TOM KnanaHbl 3aKpblBalOTCA,
npekpawaeTtcda AOoCTyn KOMMNOHEHTOB B  KamMepy CropaHuda.

MpoponmxutensHocTb paboTel ABUratenss W nays mexgy ero
BKItoYeHuAMu perynupyetcs CVY. [MoctaBnsembin notpebutento
ABuraTenb He HYXXAaeTcsi B HAaCTPOWiKe U perynvmpoBke.

TennoBoe cocTosiHMe ABuratens BO Bpems ero paboTbl BO BCex
pexvmax obecneuvBaeTcs HapY>XHbIM pereHepaTuBHbIM
OXITaXAEHUEM Kamepbl CropaHus U pagvauMOHHBIM OXNaXAeHNeM
conna. Okucnutenb W roptoyee, nocTynawwye B ABuraTenb,
BHayane npoxoasiT Yepes TPaKT OXNaXAEeHNs, BbINOMHEHHbIN B BUAE
HaBWUTBIX Ha Kamepy cropaHusi Tpybok, a 3atem uyepe3d OK
nocTynatwT B Kamepy cropaHus. Tennosoe COCTOsIHWE ABuratens B
nepvoA NaccvBHOrO MpebbiBaHWsS B KOCMOCE KOHTpOnupyeTcsi
[aTynukoM TemnepaTtypbl, YCTaHaBMMBaeMbiM B 30He KranaHa
okucnutens. HeobxoauMbli ypoBeHb TemnepaTypbl C LEMblo
UCKIIOYEHNS 3aMep3aHusi okucnuTenst obecneunBaeTcs nyTem
BKITIOYEHUSA 3MeKTPUYEeCKOro HarpeBaTens MOLHOCTbIO He Gonee
2 BT npu HanpsbkeHum nutanua 27 B. TMpu  HeoGxogumocTtu
BO3MOXHO NoAfepXaHue TemnepaTypHOro pexuma KOHTaKTHbIM

TennoobmeHoM uyepes dnaHey kpenneHus pasuratens kKA.
BoamoxHO coveTaHne crnocoboB  obecneyeHns  TennoBoro

COCTOAHMUA.

§2
#51

kel

64

-7

TexHuueckne XapakKTepucTukun

KoMMNOHeHTbI, Froptoyee/oKUCnnTeNb HOMI/ATUH
COOTHOLLEHNE KOMMOHEHTOB 1,85+0,2
CpepgHsisa HoMUHanbHas Tsara, H 12
CpeaHuii ya. UMnynbc B HENPEPBLIBHOM PEXUME, C 295
HomuHanbHoe aaBneHue Ha Bxoae, MlMa 1,47
MakcumanbHoe gasneHue Ha Bxoae, Mla 2,0
MwuHMmanbHoe naBneHue Ha Bxoae, MIMa 0,98
CpeaHuii MUH. UMMYNbLC 3a BKIOYeHue, H ¢ 0,2
Bpems BkntoveHus, ¢ 0,020...10 000
[eomeTpuyeckas cTeneHb pacluMpeHust conna 295
MakcumanbHas anvHa, My 164
MakcumanbHasa macca, Kr 0,35
CyMmapHbI umnynec kH ¢ 120
Pecypc no BkntoyYeHnsm, Kon-so BKII. 450 000*
HomuHanbHoe HanpspkeHune, B 27
[Ounana3oH HanpsxeHui, B 20...34
Tok cpabaTtbiBaHus, A 0,03

*MporHosvpyeTcs Ans NoATBEPXAEHNUS Npu
Ha3eMHOI aKCneprMeHTasIbHOM 0TpaboTke.
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Thrust versus intel Pressures curve
3aBHCHMOCTL TAMW OT BXOOHOro QaBnNeHns
15
“,': The thruster is designed to move a space vehicle (SV) in the
s L space by commands, provided by a control system (CS). The thruster
Fz 13 —— produces the rated thrust of 12 N and is capable for the repeated starts-
BE ] up of duration from 0.020 sec to 10,000 sec.
F™on — In the thruster there is the solenoid-operated valve (SOV) of 12
s — PT.200.00 type, developed and fabricated by FSUE R&DIME. The SOV
" is a single-seat, single-stage valve with teflon sealing and is designed for
108 supply and shut-off of propellants for an injector. The valve has mass of
e S 0.035kg, response time of not over 0.015 sec, electric current
consumption of not over 0.083 A at voltage of 34 V and temperature of
Exonon e 20°C. The chamber and nozzle of thruster are manufactured of niobium
Impuls Bit versus Electrical Pulse Width curve a”Oy with heat-resistant Coating.
aagucuuo:m“ OT ANMTENLHOCTI ANEKTPUHECKON KOMaHAL! At the delivery of voltage to SOV contacts by a command from CS
the valves are opened. The propellants via the passages of injector enter
o 127 . . 1 a combustion chamber, where the self —ignition of propellants and their
z For nominal intel condition combustion take place. Combustion products, outflowing through the
g nozzle, produce thrust of the thruster. The thruster is cut - off by removing
7T o, voltage from the valve contacts. In this case the valves are closed, and
Eg the access of components to the combustion chamber stops. The
25 6 duration of firing operation and pauses between thruster starts-up are
iE T regulated by CS. The thruster to be supplied to a customer does not
ES Y | = require adjustment and regulation.
% 2 — Thermal conditions of thruster during its operation in all the modes
= are provided by internal film cooling of the combustion chamber and
0015 0415 0215 0315 0415 0515 0615 0715 0815 015 radiation cooling of the nozzle. The oxidizer and fuel, entering the
. thruster, at first go through the cooling passage made of tubes, wound on
[ANMTONLHOCTL ANAKTPHNECKOH KOMAHALI, € the combustion chamber, and then enter the combustion chamber
through the SOV. The thermal conditions of thruster within passive life in
Specific inpulse varsus Elactrical Pulse Width curve the space are controlled by the temperature sensor, installed in the area
3aBUCHMOCTE Iy OT ANUTENEHOCTH INEKTPHHECKO! KOMAHAB! of oxidizer valve. In order to exclude freezing of oxidizer the required level
w00 of temperature is provided by way of providing two electric heaters of total
I — power not over 2.0 W at supply voltage of 27 V. If required, it is possible
S 280 P For rorminal il condiion to keep a temperature regime by a contact heat exchange via the flange
§F 0 — of thruster attachment to SV. The combination of methods for thermal
E g 0 condition providing is possible.
E‘E 220
% E 200
E-é 180
T Ji
140 . t '
o 0.1 0.2 03 04 05 06 o7 08 09 1 o
Frrensisocs snerTpHvecKoR souaas, OIryIil “HUNMam”™ ) FSUE “R&DIME”
S
. e oryn “HUUMaw” pacnonaraet CTEeHAOBOW,
Technical characteristics 3KCMEPUMEHTamNbHOM, MPOM3BOACTBEHHON 6a3amu, Hay4HbIM,
- MHXEHEPHbIM U KOHCTPYKTOPCKUM MOTEHLMUanomM, No3BonsitolmmMm
Pr'opellants,. Fuel/Oxidizer UDMH/NTO npoBepeHve HUP u OKP no aBurarenecTtpoeHuio Manoro knacca B
Mixture Ratio 1.85+0.2 MHTepecax OTeYECTBEHHbIX N 3apyBeXHLIX 3aKa34YNKOB.
Average Nominal Thrust, N 12 ®ryn “HUMMaw” sakntoyaeT KOHTPAKTbI Ha M3rOTOBNEHWE U
Average Specific Impulse, Steady State, s 205 :'ng;‘;aﬁBgmc;gﬂ::_?po:;;‘:_;a:;"a"BaeMb'X PakeTHbLIX ABUrarenev
Nominal Inlet Pressure, MPa 147 oryn “HUMMMaw” nposoauT paspaboTKy, W3roTOBreHue,
Maximum Inlet Pressure, MPa 20 3Kcnnyatauuio, PeMOHT M  TexHM4yeckoe obGcnyxuBaHue
. : CTEHAOBOro UCMbITaTeNIbHOIrO 060pPYAOBaHUA, NPUMEHAEMOro npu
Minimum Inlet Pressure, MPa 0.98 OTpaboTKe PaKeTHO-KOCMUYECKON TEXHUKM.
Minimum Impulse Bit, N.s 0.2
On-time, s
Nozzle Expansion Ratio 0.020...10,000 FSUE R&DIME possesses the stand, experimental, production
) p 295 bases, the scientific, engineering and designing potential, allowing
Maximum Thruster Length, mm 164 to carry out scientific and research works and experimental-
Maximum Mass, kg designing works on small-class propulsion engineering in the
’ 0.35 interests of domestic and foreign customers.
Total Impulse, kN.s 120 FSUE R&DIME concludes contracts on production and supply
Cycle Life, Number of starts-up 450.000 oflserial Low Thrust Rocket Engines and electrically actuated
Nominal Voltage, VDC ' valves .
Volmma R © age\,/DC 27 FSUE R&DIME creates and manufactures test stand
ote?ge ange, 20...34 equipment, provides equipment operational use and maintenance
Pull-in Current, A 0.03 during development of space articles.
*Forecast to be verified at ground experimental
development.
oryn “HuMMaw” FSUE R&D Institute Of Mechanical Engineering
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®denepanbHoe rocyfapcTBeHHOE YHUTapHoe npeanpusitue
“Hay4Ho-uccnenoBatenilbCKMM UHCTUTYT MALUMHOCTPOEHUNA”

“o==  FSUE R&D Institute of Mechanical Engineering

SKCMNEPUMEHTAIbHbIW ABYXKOMMNOHEHTHbIA PAKETHbIA ABUrATESb
MAJIOU TAIr' POMT3

OBuratens npegHa3HayeH [Anst NepeMeLLeHnss  KOCMUYEeCKOoro
annapata (KA) B npocTpaHCTBE MO KOMaHAaM, nogaBaeMblM CUCTEMON
ynpaeneHusa (CY). Opuratens co3gaeT HOMUHANbHYK TAry BeENUYMHOMN
3H un cnocobeH K MHOrOKpaTHbIM BKIHOYEHUSM AONUTENbHOCTLIO OT
0,020 c po 600 c.

B gBuratene ucnonb3yetcs anekTpomarHuWTHbIA knanaH (OK) tuna
18PT.200.00 paspabotkm u wusrotoBneHus Sryrl “HAMMaw”. 3K
saBnseTcs opHoceaenbHbIM OofHOCTYyneH4aTbiM KrnanaHom c
(bTOpONMACcTOBbLIM YNIIOTHEHUEM W TMpedHasHayYeH [ans nojayvm u
OTCEYKM KOMMOHEHTOB TOMMMBa B CMecuTenbHyt ronosky. Knanad
umeet maccy 0,008 kr, Bpemsi cpabatbiBaHuss He 6onee 0,0015c,
TokonotpebneHne He ©Gonee 0,4A npu HanpsbkeHun 34B un
Temnepatype 20°C. Kamepa v conno gsuratens M3rotaBnuBaloTcs w3
HVMoBMeEBOro cnnaea C KapoCTONKUM CUNULMAHBIM NOKPbITUEM.

Mpn nopave HanpsbkeHust Ha koHTakTbl OK no komaHge oTr CY
KnanaHbl  OTKpbIBalOTCA. KOMMOHEHTbI  TOMnMBa 4Yepe3  KaHarbl
CMEeCUTENbHOM roNoBKM NOCTYNakT B KAaMepy CropaHusi, rae npoMcxoamT
CaMOBOCN/IAMEHEHME TOMMMBa W ero ropeHue. [MpodykTbl cropaHus,
uctekass 4epes confo, cosgjatT TAry Asuratens. [suraTensb
BbIKIIOYAETCS1 CHATUEM HanpsbkeHUs! C KOHTAKTOB KIlanaHoB, Npu 3TOM
KnanaHbl 3aKpblBalOTCs, NpekpallaeTcs AOCTYN KOMMOHEHTOB B KaMepy
cropaHnusi. NpoaomkuTensHOCTE paboThl ABUraTens v nay3 Mexay ero
BKMOYeHusiMM  perynupyetca  CY. [loctaBnsiembli  notpebutento
OBuUratenb He HYXX4aeTcs B HaCTPOWMKe U perynmpoBke.

TennoBoe COCTOsIHME ABuratenss BO Bpemsi ero paboTbl BO BCeX
pexumax obecrneynBaeTCs HapyXHbIM pereHepaTMBHbIM OXIaXAeHUeM
Kamepbl CropaHvs 1 paavauWoHHbIM oxnaxaeHvuem conna. OkucnuTens
U roprovee, NocTynarwlume B ABUraTenb, BHa4Yane npoxoasT yepes TpakT
OXIMaXOeHUsi, BBIMOMHEHHbIA B BWAE HABUTbIX Ha KaMepy CropaHus
Tpybok, a 3aTem yepe3 OK nocTtynaiwT B Kamepy cropaHus. Tennosoe
COCTOSIHWE [BuraTensi B Mepuop naccuMBHOro npebbiBaHWs B KOCMOCE
KOHTPONUpYeTCA [aTyMKOM TemnepaTypbl, yCTaHaBNUBAEMbIM B 30HE
knanaHa okucnutensi. Heo6xoaumelln ypoBeHb TeMnepaTypbl C Lenbio
UCKMIOYEHNs1  3amMep3aHus  okucnuTenst  obecneymBaeTcs  nyTem
BKITIOYEHMS 3NEKTPUYECKOro HarpeBaTensi MOLHOCTbI0O He Gonee 2 BT
npu HanpsbkeHun nutanms 27 B. Mpu HeobGxoaMMOCTU BO3MOXHO
nogAepXaHve TemnepaTypHOro pexuMa KOHTaKTHbIM TernnoobmeHoM
yepe3 cpnaHel, kpenneHus asuratenss k KA. Bo3aMOXHO coyeTaHue
cnocoboB obecrneveHns TENIOBOTO COCTOSIHUS.

o -
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TexHu4veckue XapaKTepUCTUKu

KOMMNOHEHTELI, roptoyee/okucnmnTenb HOMI/ATUH
COOTHOLLIEHNE KOMMOHEHTOB 1,85+0,2
CpepnHsia HoMuHanbHasa Tsra, H 3
CpefHuii ya. uMnynbc B HENPEPBLIBHOM PEXUME, C 283
HomuHanbHoe gaBsneHue Ha Bxoae, MMa 1,47
MakcumanbHoe gaBnexve Ha Bxoge, MlMa 2,0
MuHumansHoe aaBneHue Ha Bxoae, MlMa 0,98
CpefHuiA MUH. UMMYNbC 3a BKYeHue, H ¢ 0,07
Bpewms BkntoveHus, ¢ 0,020...600
eomeTpuyeckas cTeneHb paclumpeHns conna 127
MakcumanbHas anvHa, Mm 137
MakcumanbHas macca, Kr 0,31
CymMapHBbIn umnynsc kH ¢ 1,8
Pecypc no BkntoyeHnsiM, KON-BO BKII. 450 000*
HomuHanbHoe HanpsikeHne, B 27
[Owana3oH HanpsxeHun, B 20...34
Tok cpabaTtbiBaHus, A 0,2

*MNporHo3upyeTcsa Anst NOATBEPXAEHUSI NPU HA3EMHON
aKcnepuMeHTanbHom oTpaboTke.
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EXPERIMENTAL BIPROPELLANT LOW THRUST ROCKET ENGINE RDMT3

Thrust versus intel Pressures curve
3ABUCHMOCTE TAMM OT BXOAHOTD NABNOHWA
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Impuls Bit versus Electrical Pulse Width curve
3aBMCHMOCTE |BK OT ANWTENBHOCTH INEKTPUMECKON KOMaHOb!
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Specific Impulse versus Electrical Pulse Width curve
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The thruster is designed to move a space vehicle (SV) in the space by
commands, provided by a control system (CS). The thruster produces the
rated thrust of 3.0 N and is capable for the repeated starts-up of duration
from 0.020 sec to 600 sec.

In the thruster there is the solenoid-operated valve (SOV) of
18PT.200.00 type, developed and fabricated by FSUE R&DIME. The SOV
is a single-seat, single-stage valve with teflon sealing and is designed for
supply and shut-off of propellants for an injector. The valve has mass of
0.008kg, response time of not over 0.0015 sec, electric current consumption
of not over 0.4 A at voltage of 34 V and temperature of 20°C. The chamber
and nozzle of thruster are manufactured of a columbium alloy with heat-
resistant coating.

At the delivery of voltage to SOV contacts by a command from CS the
valves are opened. The propellants via the passages of injector enter a
combustion chamber, where the self —ignition of propellants and their
combustion take place. Combustion products, outflowing through the
nozzle, produce thrust of the thruster The thruster is cut - off by removing
voltage from the valve contacts. In this case the valves are closed, and the
access of components to the combustion chamber stops. The duration of
firing operation and pauses between thruster starts-up are regulated by CS.
The Ithruster to be supplied to a customer does not require adjustment and
regulation.

Thermal conditions of thruster during its operation in all the modes are
provided by internal film cooling of the combustion chamber and radiation
cooling of the nozzle. The oxidizer and fuel, entering the thruster, at first go
through the cooling passage made of tubes wound on the combustion
chamber and then enter the combustion chamber through the SOVs.The
thermal conditions of thruster within passive life in the space are controlled
by the temperature sensor, installed in the area of oxidizer valve. In order to
exclude freezing of oxidizer the required level of temperature is provided by
way of providing two electric heaters of total power not over 2.0 W at supply
voltage of 27 V. If required, it is possible to keep a temperature regime by a
contact heat exchange via the flange of thruster attachment to SV. The
combination of methods for thermal condition providing is possible.

Technical characteristics

Propellants, Fuel/Oxidizer UDMH/NTO
Mixture Ratio 1.85+0.2
Average Nominal Thrust, N 3
Average Specific Impulse, Steady State, s 283
Nominal Inlet Pressure, MPa 1.47
Maximum Inlet Pressure, MPa 20
Minimum Inlet Pressure, MPa 0.98
Minimum Impulse Bit, N.s 0.07
On-time, s 0.020...600
Nozzle Expansion Ratio 127
Maximum Thruster Length, mm 137
Maximum Mass, kg 0.35
Total Impulse, kN.s 1.8
Cycle Life, Number of starts-up 450,000
Nominal Voltage, VDC 27
Voltage Range, VDC 20...34
Pull-in Current, A 02

*Forecast to be verified at ground experimental
development.

oIyl “HUNMMam” @I FSUE “R&DIME”

Lo

®ryn “HUMMaw” pacnonaraet CTeHOOBOMW, 3KCMepPUMEHTaNbHOM,

Npou3BOACTBEHHON 6asamum, Hay4HbIM, VHXEeHEepPHbIM 7]
KOHCTPYKTOPCKMM MoTeHuuanom, nossonsowmmmn nposeaeHne HUP n
OKP no pBuratenecTpoeHUd Manoro Knacca B WHTepecax

OTeYeCTBEHHbIX U 3apyb6eXHbIX 3aKa34YMKOB.

oryn “HUAMaw” 3akno4vaeT KOHTPaKTbl Ha W3roToBrieHMe WU
nocTtaBKy CepUMMHO U3roTaBrMBaeMbIX pPaKeTHbIX ABUratenen marnow
TAMM M 3NIeKTPOKIIanaHoB.

ryn “HUMMaw” npoBoaut pa3paboTKy, W3roToBreHUe,

3KCnnyaTauumio, PEeMOHT U TeXHUYeckoe obcnyxvBaHMe CTEHAO0BOIO
ucnbiTaTeNbHOro 0GOpPYAOBaHUS, MPUMEHSIeMOro MNpu OTpaboTke
paKeTHO-KOCMUYECKON TEXHUKM.

FSUE R&DIME possesses the stand, experimental, production
bases, the scientific, engineering and designing potential, allowing to
carry out scientific and research works and experimental-designing
works on small-class propulsion engineering in the interests of
domestic and foreign customers.

FSUE R&DIME concludes contracts on production and supply of
serial Low Thrust Rocket Engines and electrically actuated valves .

FSUE R&DIME creates and manufactures test stand equipment,
provides equipment operational use and maintenance during
development of space articles.
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» ®PegepanbHoe rocyaapcTBeHHOE YHUTapHOe nNpeanpusaTue

“Hay4yHo-unccnepoBatenibCKMNU MHCTUTYT MaWMHOCTpPOeHusa”
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FSUE R&D Institute of Mechanical Engineering

3KCMEPUMEHTAIBHbIN D,BYXKUOMI'IOHEHTHbIVI PAKETHbIA OBUrATENDb
MAJNOU TAr PAMTSOM

[Buratenb npefHasHayeH AnNs NepemMeLleHnst KOCMUYECKOro
annapata (KA) B npocTpaHCTBe MO KOMaHAaMm, fogaBaembiM
cuctemon ynpaeneuus (CY). [euratens co3gaeT HOMUHAMbHYHO
TAry BenmumHon 54 H 1 cnocobeH K MHOrOKpaTHbIM BKITHOYEHUAM
anutenbHocTblo oT 0,03 ¢ go 300 c.

B pBuratene ncnonb3yeTcs anekTpoMarHUTHbIM knanaH (3K)
Tvna PT.200.00 pa3paboTkn n usrotosnexus Oryr “HMMaw”. 3K
ABNAeTCA  opHOCedeNbHbIM  OAHOCTYyNeH4YaTbiM  KnanaHom C
bTOpPONNacToBbIM YNNIOTHEHWEM W MpedHa3HayYeH Ans nojaun u
OTCEYKM KOMMOHEHTOB TOMAMBa B CMecuTenbHylo ronosky. K
KrnanaHam npvBapeHbl NoABoAsiluMe TpyGonpoBoAbl OKUCIUTENS W
roptoyero, BHYTPU KOTOPbIX YCTAHOBMEHbl XXWKMepbl HaCTPOWKW
pacxofoB OKWACNMTENst W roptoyero. [iuratens C MNOMOLLbO
XUKINEepoB HaCTPOeH Ha 3a4aHHOe COOTHOLUEHWE KOMMOHEHTOB
TonnuBa. Kamepa v conno Asuratens W3rotaBnuBalOTCH W3
HMOGKEeBOro crnnasa C >XapOCTOMKUM CUMULNAHBIM NOKPLITUEM.

Mpu nogave HanpspkeHus Ha KoHTakTbl OK no komaHge ot CY
KnanaHbl OTKpbIBAKOTCA. KOMMOHEHTbI TOMNMBa Yepes KaHarbl
CMEeCUTENbHOM TOMOBKM MOCTYNalT B Kamepy CropaHus, rge
NpoucXoauMT CaMOBOCMNIaMEHEHMe TOMMMBa W €ero ropeHue.
poadyKTbl CropaHusi, ucTekasi 4Yepe3 COMMo, co3fdalT  TAry
aBuratensi. lNpu pocTuxkeHUM [aBneHnss B Kamepe CropaHusi
0,078...0,15 MNa curHanusatop gaBneHuns B kamepe cpabaTbiBaeT,
€ero KOHTaKTbl 3aMblkaloT Lenn u B noctynaeTt curHan o
BKMIOYEHUM  ABuratens. [lBuratenb  BbIKIOYAETCA  CHSATMEM
HanpskeHUsT C KOHTaKTOB KNanaHoB, Npu 3TOM  KranaHbl
3aKpblBalOTCS, MpekpaliaeTcs [AoCTyn KOMMOHEHTOB B Kamepy
cropaHusi. [laBneHve B Kamepe CropaHus mnagaeTt, KOHTaKTbl
CUrHanusaTopa, pasmblkas uenu, gatot curHan B CY 06 okoHYaHum
pabotbl aBuratens. [popomkutensHOCTb paboTel ABuratens wu
nays mexgy ero BknodeHusamu perynupyetca CVY. lNocTtaBnsiembin
notpebutenio ABuraTenb He HYXOaeTca B HacTpovike W
perynuposke.

TennoBoe COCTOSHWE ABWUraTensi BO BpeMsi ero paboTbl BO BCEX
pexumax obecneynBaeTcsl BHYTPEHHUM MIEHOYHBIM OXMaxaeHnem
Kamepbl CropaHus W paavMauuoHHbIM  OXNaXAeHuem  comna.
Tennousonauus conna u CMecuUTenbHOW ronoBKU MNoaaepxvBaeTt
3a[laHHbIN TENMOBOW PEXUM KOHCTPYKUMK Asuratensi. Kpome Toro,
TennousonsauMs  conna  yMeHbllaeT — nepegady  TenmnoBbIX
paAvauMoHHBIX MOTOKOB, BO3HMKAWOLWMX B pesynbrate paboThbl
ABuraTtens, K pacronoxeHHbIM BOnuM3n Hero anemeHtam KA.
TennoBoe cocTosHVWE [ABuratens B  Nepuo  MacCUBHOTO
npebblBaHNA B KOCMOCE KOHTPONMMpYeTCs AaTYMKOM TemrepaTypebl,
yCTaHaBnuBaemMblM B 30He KnanaHa okucnutens. Heobxogumbin
ypoBEeHb TemnepaTypbl C Lenbilo WCKIIOYEHUs 3amep3aHus
okucnuTens obecneunBaeTcs nytem BKITIOYEHNSA OBYyX
ANEeKTPUYECKNX HarpeBaTenen CyMMapHOW MOLLYHOCTbIO He Bornee
2,5BT npu HanpskeHunm nutanmus 27 B. Tpn HeobxoanmocTtu
BO3MOXHO MOAAEPXaHNe TeMnepaTypHOro pexuma KOHTaKTHbIM
TennoobmeHom 4epes dnaHel kpennexHus asuratens kK KA unu
npokaykon nofdorpeBaloLlert XWMOKOCTM Yepe3 TennoobMeHHbI
KOHTYp CMecuTenbHOM ronoBku. Bo3amoxHo coveTanme cnocobos
obecneyeHuns TENOBOrO COCTOSAHUSA.
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TexHu4yeckue xapakTepuCcTUKN

KOMMOHEHTLI, roptoyee/okucnunTens HOMI/ATUH
COOTHOLLEHNE KOMMOHEHTOB 1,85+0,05
CpepHsisa HoMuHanbHas Tara, H 54
CpeaHuii ya. MMnynbc B HENPepbIBHOM pexuMe, ¢ 290
HomuHanbHoe gaBsnexue Ha Bxoge, MlMa 1,18
MakcumanbHoe aaBneHune Ha Bxoge, MlMa 1,32
MwuHumanbHoe gaBsneHue Ha Bxoge, MlMa 1,03
CpegHuii MUH. UMMYNbC 3a BKIOYeHNe, H-c 1,73
Bpems BkntoveHus, ¢ 0,030...300
[eomeTpuyeckas cTeneHb paclumpeHus conna 52,4
MakcumanbHas anuHa, Mm 253,1
MakcumanbeHbI guameTp conna, MM 70
MakcumanbHasi macca, Kr 1,3
CymMMapHbI umnynesc, kH-c 540
Pecypc no Bkmo4eHnsm, Kon-Bo BKI. 100 000
HomuHanbHoe HanpsikeHne, B 27
[Ounanas3oH HanpsxeHun, B 21,5...32
Tok cpabaTtbiBaHus, A 0,15...0,20
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EXPERIMENTAL BIPROPELLANT LOW THRUST ROCKET ENGINE RDMT50M
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Impulse Bit versus Electrical Pulse Width curve
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The thruster is designed to move a space vehicle (SV) in the
space by commands, provided by a control system (CS). The thruster
produces the rated thrust of 392.4 N and is capable for the repeated
starts-up of duration from 0.05 sec to 1,000 sec.

In the thruster there is the solenoid-operated valve (SOV) of
26PT.200 type, developed and fabricated by FSUE R&DIME. The SOV is
a single-seat, single-stage valve with teflon sealing and is designed for
supply and shut-off of propellants to an injector.

The inlet pipelines of oxidizer and fuel are welded to the valves.
Trim orifices for adjustment of flow rates of oxidizer and fuel are installed
inside the above pipelines. With the help of trim orifices the thruster is
adjusted to a preset mixture ratio. Combustion products, outflowing
through the nozzle, produce thrust of thruster. The chamber and nozzle
of thruster are manufactured from a columbium alloy with heat-resistant
silicide coating.

At the delivery of voltage to SOV contacts by a command from CS
the valves are opened. The propellants via the passages of injector enter
a combustion chamber, where the self —ignition of propellants and their
combustion take place. Combustion products, outflowing through the
nozzle, produce thrust of the thruster. When pressure in the combustion
chamber reaches 0.078...0.15 MPa, a pressure indicator in the
combustion chamber responds, its contacts close the circuits and the
signal on a start-up of thruster enters CS. The thruster is cut - off by
removing voltage from the valve contacts. In this case the valves are
closed, and the access of components to the combustion chamber stops.
The pressure drops and contacts of indicator, opening circuits, supply the
signal to CS on thruster cut-off. The duration of firing operation and
pauses between thruster starts-up are regulated by CS. The thruster to
be supplied to a customer does not require adjustment and regulation.

Thermal conditions of thruster during its operation in all the modes
are provided by internal film cooling of the combustion chamber and
radiation cooling of the nozzle. The thermal insulation of nozzle and
injector keeps the preset thermal state of thruster design. Moreover, the
thermal insulation of nozzle reduces the transfer of heat radiation fluxes,
occurring in consequence of thruster firing operation to the elements of
SV, located in proximity to the thruster. The thermal conditions of thruster
within passive life in the space are controlled by the temperature sensor,
installed in the area of oxidizer valve. In order to exclude freezing of
oxidizer the required level of temperature is provided by way of providing
two electric heaters of total power not over 2.5 W at supply voltage of
27 V. If required, it is possible to keep a temperature regime by a contact
heat exchange via the flange of thruster attachment to SV or pumping a
warming-up fluid through a heat-exchanging of the injector. The
combination of methods for thermal condition providing is possible.

Minimum Inlet

Total Impulse,

Average Specific Impulse, Steady State, sec
Nominal Inlet Pressure, MPa (psi)
Maximum Inlet Pressure, MPa (psi)

Pressure, MPa (psi)

Minimum Impulse Bit, N-s (Ib-s)
Duration of Single Impulse, s
Nozzle Expansion Ratio

Maximum Thruster Length, mm(in)
Maximum Nozzle Diameter, mmy(in)
Maximum Mass, kg (Ibm)

kN-s (klb-s)

Cycle Life, Number of starts-up
Nominal Voltage, VDC
Voltage Range, VDC

Pull-in Current, A

220 /
200 ‘ ‘ : ‘
0 0,1 0,2 0,3 04 0,5 0,6
Electrical Pulse Width (s)
,ﬂﬂVITeJ'IbHOCTb aﬂEKTpVIHeCKOVI KOMaHabl, C
Technical characteristics
Propellants, Fuel/Oxidizer UDMH/NTO
Mixture Ratio 1.85+0.05
Average Nominal Thrust, N (Ib) 54 (12.14)

290
1.18 (171.14)
1.32 (191.45)
1.03 (149.39)

1.73(0,.39)
0.030...300
52.4

253.1 (9.96)
@70 (2.74)
1.3 (2.87)
540 (121,350)
100,000

27
21.5...32
0.15...0.20
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OI'YIl “HUMMam”™ . FSUE “R&DIME”

oryn “HANMaw” pacnonaraeTt CTeHA0BOMN,
aKcnepuMeHTanbLHOW, MNpPOU3BOACTBEHHON Ga3zamMu, Hay4HbIM,
WHXEeHEePHbIM U KOHCTPYKTOPCKUM NOTEHLUanom, No3BonsowmmMm
npoBegeHne HUP n OKP no aBurarenecTpoeHuo manoro knacca B
WHTepecax 0TeYeCTBEHHbIX U 3apybeXHbIX 3aKa34nKOB.

dryn “HUMMMaw” 3aknroyvaeT KOHTPaKTbl Ha U3roTOBNEeHWe U
NOCTaBKy CEpPUMHO U3roTaBfIMBaeMbIX pPaKeTHbIX [ABUrartenem
Marnom TArM U aNeKTPoKnanaHoB.

oryn “HMMMaw” nposBoaut pa3paboTKy, MW3roTtoBneHue,
aKcnnyaTtauul, PeMOHT M TexHuyeckoe obGcnyxuBaHue
CTeHAOBOro UCMbITaTeNlbHOro 060pyaoBaHus, MPUMEHSIeMOro npu
oTpaboTke pakeTHO-KOCMUYECKOWN TEXHUKM.

FSUE R&DIME possesses the stand, experimental, production
bases, the scientific, engineering and designing potential, allowing
to carry out scientific and research works and experimental-
designing works on small-class propulsion engineering in the
interests of domestic and foreign customers.

FSUE R&DIME concludes contracts on production and supply
of serial Low Thrust Rocket Engines and electrically actuated
valves .

FSUE R&DIME creates and manufactures test stand
equipment, provides equipment operational use and maintenance
during development of space articles.

eryn “HUMMaw”
depepanbHoro Kocmuyeckoro AreHTcTea

Poccus, 624740,

r. HwxHsas Canga,
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