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AKTYanbHoOCTb paboTbl 0bycioBeHa HEOOXOAMMOCTbIO MOBbILLIEHNS 3PPEKTUBHOCTY J0ObIYYM HEDTY 1 TPEOOBAHMAMY BbICOKOM MPOY-
HOCTV COEAMHEHMNSA Ha rpaHuLie CKperneHus TBEpAOro ToMmBa C BHyTPEHHeN MoBEepXHOCTbIO Kopryca. TBepAOTOMNIMBHbIE ra30reHepu-
pyloLLye yCTPOUCTBA LLUMPOKO UCMONL3YIOTCA npu Jo0bl4e HehTv AN MOAREPXKAHNSA BHYTPUNAACTOBOrO AaBEHNS U MOBLILLEHMS HegTe-
[06b14M CKBaXuH, 0CODEHHO rpu J0ObIYe BbICOKOBA3KMX BUAOB. [Tpy 3TOM paboTa ra3oreHepupyIoLLMX TBEPAbIX TOMIMB Orpesenser
3IHPEKTBHOCTb [OOLIYM HEDTY.

Llenb paboTbi: co3naHue crocoba cKpeneHu1s TBEPAOro TOMMBa C KOPYCOM ra3oreHepaTopa, rno3BONSIOLLEro PacLuMpUTh SKCyaTa-
LMOHHbIE BO3MOXHOCTY ra30reHeparopa, MoBbICUTL TEXHONOMYHOCTb M3rOTOBIEHNS 3a CYET CO3AaHMS YCOBII, 06ECENBAIOLLMX Bbl-
COKYIO MPOYHOCTb Ha OTPbIB MEXAY TeMN03aLLYMTHBIM MOKPLITUEM 1 TOMANBOM. 1oy 3TOM TOMANBO AOMXHO ObiTb CKPENEHO C Tenno3a-
LUMTHBIM MOKDBITUEM TONBKO MeXaHUYeckM ryTem, 6e3 oMonHUTENbHbIX KOHCTPYKLMOHHBIX 31EMEHTOB, HarpuUMep, 3aLUMTHO-Kpers-
LLjero ciof v KpersLLyero cocrasa.

Metopapl nccnenoBarus: onpeaeneHye Npo4YHOCTY CKPerieHus TONANBaA C TerI03aLUMTHbIM MOKPbITUEM METOLOM HOPMasbHOro OTPbI-
Ba, HabsioAeHe 3a ropeHvem (Busyanmaums).

PesynbTartbl. BbibpaHa opma npoduiibHbIX BbICTYNOB Ha MOBEPXHOCTY TEMIO3ALUMTHOIO MOKPBITUS, B BUAE JIMHENHBIX MOy raHTENeq,
06paLLieHHbIX BHYTPb 3apsaa v BbIMOTHEHHbIX 13 MaTepyana, XMMUYeck COBMECTMOro C TOMIMBOM. bnarofaps npoguibHbIM BbICTy -
nam 0becneqnBaeTca MexaHn4eckoe CKperieHiie Tenno3aLymTHOro MoKPLITUS C TOMMBHbLIM 3apSAOM. B 1abopaTtopHbIX 1 Mpon3Boa-
CTBEHHBIX YCIoBUSIX bbina MpoBepeHa npyHUMManbHas paboTocrnocoOOHOCTb MPEANOXEHHOM CXeMbl KperneHus. [ins 3Toro bbimm pas-
paboTaHbl npecc-opMbl v M3roToBIeHb 06PA3LbI MPOGUTLHOTO TEMN03ALUUTHOTO MOKPLITUS. IKCIIePUMEHTANIbLHO NPOBEAEHA ONTYMM-
3aumsa pa3mepos Mpogunen. VICibiTaHNa Ha HOPMasbHbIA OTPbIB MOKa3anu, YTo OTCII0eHWs TBEPAOIo TOM/MBA OT Npogunel Terno3a-
LYATHOIO MOKPLITUA HE NPONCXOAMT M MPOYHOCTb CKPEMIEHNSA C MPOMUIbHBIM TEMI03aLMTHBIM MOKPLITYEM HaxOAUTCA Ha YpPOBHE
YCIOBHOM MPOYHOCTY TBEPAOrO TOMMBa. Takum 0bpa3om, NOATBEPXAEHa PaboTOCIOCOBHOCTb MPeAOXeHHOro Cnocoba KpemneHus.

Knro4eBble cnoBa:
Afnre3vioHHas npo4HoCTb, 18epaoe TonmmBo (TT), ra30reHepaTopHbIf ABUraTeNb, TEMI03aLLUTHOE MOKPHITHE,
cnocob ckpenneHns TT ¢ KOPMYCOM, 3aLUMTHO-KPEMALLMIA CIIOM, KPEMALMI COCTaB, QPOHT ropeHus, 100bl4a HegTy.

BBepeHune

B rasorenepupymomux ycTpoiicTBax mpu A00bIUe
He()TU IPUMeHAETCA TBEPZOe TOILIKUBO AJIA CO3LAHUA
IaBleHNsA B He()TEHOCHOM ILiacTe [JId IIOBBINIEHUA
IPOM3BOAUTENLHOCTH CKBaXKUH [1]. OgHuM u3 ycio-
BUI CO3MAHMUA TAKUX YCTPOUCTB SABJIAETCA obecmeue-
HYe He00XOMMOI IIPOYHOCTH aT€3NOHHbIX COeIIHE-
HUH Ha TPAHUIE COCTaBHBIX 3jeMeHToB [2—-9] (puc. 1):
Kopmyc — remnosaniuTaoe mokpsitTue (T3II) — samuT-
Ho-Kpenamuii cioi (3KC) — kpensamuii cocras (KC) —
tBepzoe Tomnuso (TT).

B kpynHorabapuTHbix rasoreneparopax T3II za-
IIMIITAeT KOPIIYC OT BO3AEHCTBUA BEICOKOTEMIIEPATYD-

Puc. 1. Kopryc razoreHepupytoLuero yctpovicraa B paspese: 1 -
Kopnyc, 2 — Tenno3alymuTHoe nokpbitne, 3 — 3aLynuTHo-

HOT'0 ra30BOT'0 IIOTOKA U IIPeJICTaBJIAeT CO00H aJ1acTIy- KDENALLMI CION C KAMPOHOBON TKaHbIO; 4 — Kpenswmi
HOe TOKPBITHE Ha 0CHOBe KayuyKos [10]. cocras; 5 = 1BepmOe TOMNMBO

[inst ofecredeHus MPOUHOrO CKD enHeHHfI TT S Fig. 1. Engine body in section: 1is the engine housing, 2 is the
T3II ucmonssosanca 3KC, TIPEACTABIAIOMIU COGOI:I thermal-protective coating; 3 is the protective-fastening
pesuty, cAyOIMPOBAHHYIO ¢ 00BEMHOH KaIPOHOBOH layer with a cloth of technical kapron elastic; 4 is the
rkanbio (TKT9). adhesive composition; 5 is the solid propellant
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B xauectse KC mpuMeHSIN KUIKYIO KJEeBYIO
rommnoauruio [11], koropyio Hanocuau Ha 3KC Hermo-
CpPeJCTBEHHO Tepef (DOPMOBAHUEM TOILJIMBHOM MacChl
[12, 13].

Kpome sroro, misa obecmedeHunsa MPOYHOTO CKpe-
mwienusa TT ¢ KOpmycoM HEOOXOAMMO IPEIOTBPATUTE
MUrpanmio Iactuduraropo us tomnusa B KC u
3KC. 9ror mporiecc IpUBOAUT K 00Pa3OBaHUIO B TO-
ILTABe TIEPEXOIHOM B0HBI ¢ YXYAIIEHHBIMY MeXaHuye-
cKuMu xapakrepucturamu [ 14-20].

CyIiecTByIOT KOHCTPYRINY 3apanoB, rae TSI BeI-
IOJTHSET TaKJKe POJIb CKPEILISIONIero ajIeMeHTa ¢ 3a-
paznom [21]. IlonoOHAas KOHCTPYKIMS 3apsAga UCKJIIO-
yaeT Heo0XOAUMOCTh UCIOJIb30BAHUA KJed IJIA CKpe-
IJIEHUS CJI0s, 00J1aat0IIero TePMO3aIUTHOMR CII0c00-
HocThio (T3II), ¢ Kopmycom 3a cueT MCIONIH3OBAHUS
Marepuaa, MPEACTABIAIOIEr0 co00i KaJaHIPOBAH-
HBII JIMCTOBOM MaTepumas (Pe3MHOBAsg CMeCh), KOTO-
PBIM BBHIKJIAABIBAETCA BHYTPEHHSA IOBEPXHOCTH KOP-
myca ¢ mocJeyIolel ByJKaHU3aInel pesHOBOM cMe-
CH IIpH HOBBIIIEHHEIX Temieparypax (140...170 °C) u
nasnerun (0,49...1,47 MIla) ¢ ofHOBpPEMEHHOW IIPH-
KJIEHKOMH ero K KOpIycy.

HenocraTkoM TaKoro 3apsja SBJIAeTCS Heo0X0/u-
MocTh BBefieHus B coctaB T3II, KOTOPHII MMeeT OT-
JINYHYIO OT TOILJIMBHOTO 3aPsAfa I0JIUMEPHYIO OCHOBY,
JOIOJHUTEIBLHOTO KOMIIOHeHTa Aad mpupanusa T3II
IPUEMJIEMOH aiTe3NOHHON CIIOCOOHOCT! K TOILJIMBHO-
My 3apsafy, UTo yCa0:KHAET potecc moayuenns T3I1
C TAKUMU QYHKIUAMUA.

BrLm1 TpoBeIeHbI TIOUCKOBBIE PAGOTHI 0 CO3AHMIO
OeckJieeBoro crmocoba ckperienus 3apanos T'T ¢ Kopiry-
COM JIBUTATEJIA, TI03BOJIAIOIIETO PACITUPUTD 9KCILIya-
TAI[MOHHBIE BO3MOKHOCTH, IIOBBICUTH TEXHOJOTTY-
HOCTDb M3TOTOBJIEHUS 32 CUET CO3MAHUS YCIOBHUIL, 0bec-
MeYNBAIOIINX BBICOKYIO IIPOYHOCTH Ha OTPHIB MEMKIY
T3II 1 TOMINBOM IIPX JOCTATOYHOCTH HCIIOJb30BAHMS
TOJIbKO MEXaHUYECKOTO0 CKPEIJIeHUS X MeKIy Co00I.

Wssectuo npennoxxenue yuersix CIIIA mo 6eckie-
€BOMY CKDEILIEHUIO TOILINBA ¢ KopiycoM [22]. B ux
cIyJae CKperieHne 00ecredrBaeTCs TOUeUHBIMY BhI-
CTyIaMu Pa3iIuyHoi (opmbl Ha moBepxHocT: T3II.
OnmHOBPEMEHHO IIPeyCMOTPEHbl MePOIIPUATH 10 JI0-
TIOJTHEHUI0 MeXaHUUECKO! CBA3Y MPUMEHEHUEeM ajire-
3MOHHOTO Marepuaja, HaHeCEHHOTO Ha IOBEPXHOCTH
T3II u moBepxHOCTH BHICTYIIOB. HeobxoammocTs BBe-
JIEeHUA aATe3NOHHOTO CJIOS, BBIMOJHEHWE BBICTYIIOB
PABHOI BBICOTHI, BHITIOJTHEHE B HUIX OTBEPCTHH CyIIIe-
CTBEHHO YCJOKHAIOT TEXHOJOTHI0 M3TOTOBIEHUS 3a-
paza.

MeToauku akcnepumeHTa

IlocTiKeHWe TOCTABJIEHHOHW IENM IIPEIJIaraeTcs
nyreM usrotosneHus T3II ¢ TuHEHHBIMYU IPOPILIL-
HeIMU BeIcTyTaMu [23, 24]. CxeMa cKpelieHus 3aps-
na TT ¢ kKopiycoM rasoreHeparopa ¢ MOMOIIBIO IIPO-
¢unsuOro T3II mpencraBieHa Ha puc. 2.

ITpouasroe T3II MaroTaBIMBATIOCEH CIEAYIOMIIM
obpasom. MerajinyecKkue mpouUINpOBaHHBIE BKJA-
IBIIIY 3aKJIaIBIBAJIICE B IIpecc-hopMy, Ha HUX HaKJIa-
IbIBaJICA He ByJKaHusoBauHbI MaTepuas T3II, KoTo-

DB TIOATABINBAJICA U BYJIKAHU30BAJICA B IIpecc-hop-
Me ¢ 000IpPeBaeMbIMH ILINTAMHU, 3aTeM BKJIAJBIIIN 110~
CJIe0BATENbHO U3BJIEKAJNCH.

7 2

Puc. 2. (Cxema cKkperneHus 3apsaa TBEPAOo TOMmBa C Kopry-
COM ra3oreHeparopa: 1 = kopnyc, 2 = npoguibHoe Te-
7103aLLYNTHOE MOKPbITUE, 3 ~ TBEPAOE TOMINBO

Fig. 2. Scheme of fastening a solid propellant charge to the en-

gine casing: 1is the rocket engine body, 2 is the profile
thermal-protective coating, 3 is the solid propellant

Pasmepbl 57€MEHTOB HPO(QUIBHBEIX BHICTYIIOB
(puc. 3) 00yCIOBJIEHBI YCAOBUAMU PABHOIPOYHOCTH
TOIIJINBA B CeueHUAX [ u h:

L=1+D/2, h>1/2.

Haumenpmuii pasmep NpoQUIbHBIX BBICTYIIOB
onpefenderca MakpoomgHopogHocTbio TT. Ilma uc-
moas3yeMblx TT oH cocraBisger D=~3..5 mm. Ontu-
MaJIbHOE COOTHOIIeHHe mapamMeTpos L/D momo0paHo
AKCIIePUMEHTAIBHO U cocTaBisaer L/D=1,7...2.
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= \
! {

Puc. 3. [eomeTpuyeckme pa3mepbl Npopuen Tenao3alymuTHoro
MOKPbITUA

Fig. 3. Geometrical dimensions of thermal-protective coating

profiles

Pe3yanaTb| 3KCNePUMEHTOB

Ha mepBom srate uccieoBaHus B Ja0OPATOPHBIX
yCJI0BUSAX OblLiIa IPOBepeHa IPUHIAIAIbHAS PaboToC-
I0COOHOCTD ITPEJJIOMKEHHON CcXeMbl KperieHus. Ilms
9TOro OBLIM paspaboTaHbl mpecc-GopMbl (puc. 4, a) u
M3TOTOBJIEHBI 00pasisl mpoduiabHoro T3II guame-
tpom 115 mm.

ala 6/b

Puc. 4. ®otorpagum npoduabHOro Terno3aLyUTHOro MOKPbITIS
(a) v obpasua ckpenneHns auameTpom 115 MM ¢ MHepT-
HbIM TBEPABIM TOMMBOM (6)

Fig. 4. Photos of profile thermal-protective coating (a) and
bonding specimen 115 mm in diameter with inert solid

fuel (b)
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9T UCTIBITAHUSA TOKABAJH, UTO OTCIOSHU TOILIN-
Ba ot T3II ue mpoucxogurt. ITpu pacTa:xeHnn odpaser
paspymiaeTcs 1o TOILIUBY (puc. 4, 6).

Ha Bropom sTame [y ONTMMHU3ANUU DPa3MEPOB
mpoduiel B MPOMBBOACTBEHHBIX YCJIOBUAX IO Tei-
CTBYIOL[EHl TeXHOJOIMUYECKOH JOKYMEHTAIWK OBbLIN
MBTOTOBJIEHBI ¥ UCIIBITAHBI IITATHBIE 00PA3IIEI AUaMe-
tpom 25 mmM. IIpodunbroe T3II Ha 06pasmax uMeso
passimuHoe cootHorenue L/D (puc. 5, a).

ala o/b
Puc. 5. ®ororpacpum 0bpasyoB-rpubkos ¢ pasnmyHbIM pac-
CTOSHUEM MeXAY Mpounamu (a) n paspyLueHHoro 0b-
pasuja nocse vcrbitanms (6)

Fig. 5. Photos of samples-fungus with different distance
between the profiles (a) and the destroyed specimen af-

ter the test (b)

Pesynbrare! ncnbITaHUi IPEICTABIEHBI B TAOIATIE.

Tabnuua. Pe3ynbTaTbl UCTbITaHMI 06PAa3LOB C Pa3HbIMU M1PO-
punamm
Table. Test results for samples with different profiles
Homep obpas3Lia/Specimen number
MokasaTens Obpa3ubl Obpasubl
Index C 3 mpodunAMM C 4 npodunamu
Specimen Specimen
with 3 sections with 4 sections
D, mm (mm) 3,5 3,5
L, Mm (mm) 8,6 6
L/D 2,45 1.7

XapakTep paspyLueHus

Fracture mode Mo tonnusy By fuel

Oy Mna (MPa) 0,33%0,02 0,37+0,01
o, Mna (MPa) 0,480,071

/S 1,38 1,28
O, Mna (MPa) 0,45+0,02 0,47+0,01

W3 Tabauubl BHAHO, YTO PaspylleHue 00pasioB
IIPOMCXOJILIO II0 TOILIABY 0€3 OTCIOEHUS OT IPO(PUID-
uoro T3II (puc. 5, 6).

TBeproe TOILIMBO IO Kpaio 0b6pasia He CKPeIis-
aochk ¢ T3II (puc. 6), moaToMy B pacuer Ha MTPOYHOCTh
3aKJagbIBaNach TOAbKO a(h(heKTUBHAA ILIOMAIb 00-
pasmos (S,,).

IonyueHHble 3HAUEHUS MPOYHOCTH CKPEILIEHWS
(o,,) OKasanuch Ha YPOBHE IIPOYHOCTH TOILINBA (O) B
pezenax pasdpocos.

ITaccusHsI Bec, cosmaBaeMblil mpoduaamu T3II,
KOMIIEHCHPYeTCs MCKJIYeHneM naccuBHOro Beca KC
u 3KC ¢ TKT9, a Tak:ke BappbUpPOBAHMEM BBICOTHI BhI-
CTYIOB 110 30HaM 3apsza [25]. Hanpuwmep, BbicoTa BbI-
CTYIIOB B TOPIIEBBIX 30HAX BAPbUPYETCS B COOTBET-
CTBUY C YPOBHEM OTPHIBHBIX HATIPAKEHUH, TIOCTEIIEH-
HO YMEHbBIIAACH B HATIPABIECHNUY IMJINHIPUUECKOI ya-
CTH KOpIIyca.

S»

Puc. 6.

KoHcTpykums obpasua-rpmbka ¢ beckneesbiM Kpene-
Hwem: 1~ TBepaoe TonamBo, 2 — NpoguibHoe Tenno3a-
LMTHOE MOKPBITUE,; 3 = METANIMYECKUY puboK, 4 = no-
BEPXHOCTb TEMI03aLUMUTHOrO MOKPbITHSA, HE BOCMPUHMN-
MaloLLast Harpysky

Fig. 6. Sample-fungal construction with glue-free fastening:

11is the solid propellant; 2 is the profile heat-shielding co-
ating, 3 is the metallic fungus; 4 is the surface of the he-
at-shielding coating not absorbing the load

PaspaboTaHHBIN CIIOCOO CKpPEIIeHNs I[TO03BOJISET
COKPATHUTh TeXHOJOTUUECKUH IUKJI IIOATOTOBKHU KOP-
Iyca 3a CUeT YCTPaHeHUS OIepalldii CYIIIK: KOpIyca,
TOCJIeAYIOIel IIepeBO3KY, IEPErPY3KH, IPoIecca Ha-
unecennsa KC. BeckjeeBoe KpeIieHe 03BOJIACT YHE-
(pUIIPOBATH CHOCOOBI CKPEIIeHNS PA3IUYHBIX Ta30-
reaepupyionux TT, ucmoab3yeMsIX IpH L00bIUe Hed-
TH, IJIS MOAMeP:KaHuA BHYTPUILIACTOBOTO JaBICHU,
YMEHBIINUTD IPOLECChl JUPPY3UN HeCBIZAHHBIX KU/
KHX KOMIIOHEHTOB TOILIXBA B 9JIeMEHThI KOPITyCca, UTO
ZIaeT BO3MOXKHOCTD ITOBBICUTH CPOKH CJIYKOBI 3apsaia
3a CYeT MCKJUeHUA BepoaTHocTH oTcaoeHud TT or
5JIEMEHTOB KOpIIyca.

3aknoyeHune

B abopaTOpHBIX YCIOBUAX SKCIEPUMEHTAIBHO
[I0Ka3aHa IPUHIAIRAIbHAA PA00TOCIIOCOOHOCTD CIIO-
coba cxpemrenusa TT ¢ KopmycoM rasoresepaTopa ¢
mpumerenueM npoduabHoro T3II. Ha obpasmax, us-
TOTOBJIEHHBIX B IIPOM3BOJCTBEHHBIX YCIOBUAX, MTOKA-
3aHO, YTO IIPOYHOCTH CKPEILIEHNUS C NCIOJIH30BAHIEM
mpouiasaoro T3II (0,47 MIla) HaxomuTcs Ha YPOBHE
mpounoctu TomauBa (0,48 MIla). BeckeeBoii cocod
CKPEILIEHNsA [03BOJIUT IapaHTUPOBAHHO 00ECIeYTh
IpouHoe Kperutenue ragorenepupymomux TT ¢ Kopmy-
COM T'eHepaTopa, a TaK:Ke HaJeKHOCTH PAbOTHL U CTa-
OmIBHOE TIOAfIepIKaHIIe BHYTPUILIACTOBOTO TaBICHUSA
pu 10o0bIue BHICOKOBASKUX BUAOB HE(TH.
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The relevance of work is caused by the need to increase the efficiency of oil production and the requirements to high-strength joints in
places of bonding solid propellant with inner surface of the case. Solid propellant gas-generating devices are widely used in oil produc-
tion to maintain intra-layer pressure and increase oil production, especially at production of high-viscosity types. At the same time work
gas-generating solid propellant defines the effectiveness of oil production.

The main aim of the study is to develop a method to bond solid propellant with a case of the gas generating engine that allows expan-
ding operational functionality of solid-propellant engine, increasing manufacturability due to processing steps providing high pull
strength between thermal-protective coating and solid propellant. At the same time solid propellant is to be bonded with thermal-pro-
tective coating only physically without any structural element e.q. protective liner coating and liner composition.

The methods: determination of bonding strength of solid propellant with pull-off method.

The results. Shaped lugs on the surface of thermal-protective coating were chosen to be linear semi-dumb-bells that are charge inward
facing and made of a material that is chemically compatible with solid propellant. Due to the shaped lugs the mechanical bonding with
the propulsion charge is provided. In vitro and under factory conditions the performance capability of the proposed bonding scheme was
tested. Some press molds were developed and models of the shaped thermal-protective coating were manufactured. Optimization of
the shape was performed during the experiment. Pull-off tests showed that solid propellant were detached from thermal-protective co-
ating profiles and bonding strength with the shaped thermal-protective coating was at a level of solid propellant nominal strength. So
the performance capability of the proposed bonding way was confirmed.

Key words:
Adhesive strength, solid propellant (SP), gas generating engine, thermal-protective coating,
way of bonding SP with a case, protective liner layer, liner composition, combustion front, oil production.
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