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KOJIMBAJIBHI ITPOLECHU Y CTAIIEJII B MOMEHT BUXOAY PATII
HA OCHOBHUH PEXKUM POBOTHU

Po3znsiHymo cxemy cmanernisi, SKul rnpu3HaqyeHo Oris 3aKpirnsieHHs1 pakemHux 0gueyHie meepdozo narsu-
ea (Oani dsuzyHu) nid Yac ix sunpobysaHsb i3 3abe3rnedyeHHsIM 8UMIPIOBaHHSI msieu damyuxkom cusnu. Bemaro-
8/1€HO, W0 cmariesib € 8aX/UBOK JTaHKOK 8 JlaHUto2y 8UMIpo8aHb, sika 6e3rnocepedHbO ennueac Ha 8uUMi-
PrOBaHHSA MSsau, 3Ha4eHHsI SIKOi BUKOPUCMO8YMb O/ 8U3HaYeHHSI Halu8aX/ueilux xapakmepucmuk 08u-
2yHie (Harpuknad, cymapHo20 iMrynbcy mseu). BidsHa4yeHo, wo nid yac euxody 0suzyHa Ha OCHOBHUL pe-
XKum pobomu Ha msi2o8uMiprogasibHy cucmeMy cmarniess 0ie duHaMmiyHe HagaHMaXXeHHs!, CripuduHeHe msi-
2010 08uzyHa, sike npu3eodumse 00 r10sI8U KOUBaANbHUX MPOYECie y cmaneni, moMy nid Yyac rnpoeKkmyeaHHs
cmarnesnie ma ix msz2oeuMiproganbHUX cucmem HeOobXiOHO 3Hamu Xxapakmep Yux KosugasrbHUX Mpoyecis,
wob ouyiHuMu ix ernue Ha sumiptosaHHss msiau. lNokasaHo, wo 3a 8i0CymHOCMI 8 Hasi8HIl NPOEeKMHIU rpakK-
muui MemoOuku, Wo A0380JIS€ 8U3HAYUMU Xapakmep KonuearnbHUX rnpoyecie y cmarnesi, OouinnbHO iX xapak-
mep cripo2Ho3y8amu WIISIXOM aHaridy eKcriepuMeHmarbHUX Kpusux 3anexxHocmi msiau 6id yacy 8 MoOMeHm
8UX00y pi3HUX O8ueyHi8 Ha OCHOBHULU pexum pobomu. HasedeHo Onsi aHanisy psid ekcriepuMeHmarnbHUX
KpuguX 3a/iexxHocmi msau i nepeMilyeHHs1 pyxoMoi YacmuHu cmariesisi 8i0 4acy 8 MOMeHm 8uxo0dy Ha OCHO8-
Hul pexum pobomu Yomupbox 08u2yHI8 3 pi3HUMU banicmu4YHUMU U eHepeemuyHUMU XapakKmepucmukamu.
KonuearnbHi npouecu y cmaneni criomeoproromes QisudHUl xapakmep msiau, wo esumMmazae rnpoeedeHHs1 00-
damkoeoz0 aHani3y iHghopmauil nicrisi surnpobysaHHs, 8MiM, ypaxosyrodu me, o KoueaHHs1 documsb Weuo-
KO 32acaromb, 80HU iCIMOMHO HE MOXYMb 8r1/1U8amu Ha 8U3Ha4YeHHsI CyMapHO20 iMrybcy mseu. Bid3Haue-
HO makKoX, W0 Yacmoma KonugaHb PyXOMOI YacmuHuU cmanersisi, 3apeecmpogaHux 0amyukoM nepemiuieH-
Hs1, 36izaembCs 3 4acmMOMOK KoslugaHb msau, 3apeecmpogaHux 0amyukoMm curnu, Kpim ubo2o, cmabinbHuli
Xxapakmep KonueasibHUX Mpouyecig, 3apeecmpogaHux damyukom cusmu, 0OHUX i mux camux OguayHie y Mo-
mMeHm 8uxoQy ix Ha OCHOBHUU pexum pobomu, eka3zye Ha cmabinbHiCmb Xxapakmepucmuk yux 08uzyHie i
cmabinbHicmb pobomu cmanersisi.

Knto4yoBi cnoBa: BorHeBi CTeHA0BI BUNPOBYyBaHHA OBUIYHIB, BUMIPIOBAHHSA TArW, rpadoikn 3anexHocTi 18-
r OBUrYHIB i IX NepemMilleHHs BiJ yacy.

This paper describes the configuration of the rig, designed to fasten the solid-propellant rocket engine
(hereunder referred to engine) during their testing, with engine thrust measurements by force transducers. It
is determined that rig is the important link in the measurement chain, which directly impacts the thrust meas-
urements, values of which will be used for calculation of the most important engine characteristics (for ex-
ample, total burn). It was observed that when engine starts the basic mode of operation the thrust-measuring
system of the rig is impacted by the dynamic loading caused by the engine thrust, which results in the occur-
rence of the oscillating processes in the rig, therefore it is important to know the behavior of these oscillating
processes to estimate their impact on the thrust measurement during the design of the rigs and their thrust-
measuring systems. It is shown that if there is no procedure in the design practice to define the mode of os-
cillations in the rig it is rational to do it analyzing experimental thrust — time curves when different engines
start the basic mode of operation. Number of experimental thrust (displacement of the engine/rig moving
part) — time curves are provided for analysis when four different engines with different ballistic characteristic
and capabilities start the basic mode of operation. Oscillating processes in the rig distort the physical behav-
ior of the thrust, which requires additional analysis of the data following the tests, but since the oscillations
subside rapidly, they will not significantly affect the calculation of the total burn. It is also observed that fre-
quency of oscillations of the moving part of the rig, registered by the motion sensor, coincides with oscillation
frequency, registered by the force transducer, moreover stable behavior of the oscillating processes, regis-
tered by the force transducer of the same engines, when they started the basic mode of operation, indicate
the stable behavior of those engines and stable performance of the rig.

Keywords: firing rig tests of the engine, thrust measurement, engine thrust and displacement — time dia-
grams.

Beryn. MacuB 3HaueHb TATHM, OTPUMAaHUM ry. BunpoOyBaHHs IBUT'YHIB NPOBOJSATH 3 BU-
nig vyac BunpoOysBanb PJITII (mami nBuryH), KOPUCTaHHAM cTameriB’, sKi MPU3HAYCHI IS
BUKOPUCTOBYIOTh JJIsl BUBHAUYCHHSI HAWBAKIIU-

BIIIINX XapaKTCPUCTUK JIBUTYHA (HaHpI/IKHaI[, * beckposnblit U. b., Kupnuenko A. C., bamuukuii U. I1. u ap. Omsit
cymapworo immymsey Tarm). Toy mTamiio TSI e tpocTmere n s et uy e
BUMIPIOBAHHS TATU OPUAUISAIOTL BEIUKY YyBa- Eejlel.giliz;. 2008. — B 1. — quenporerposck: I'TI "KB "FOxnoe". —
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3aKpIIUICHHS JBUTYHIB Ha cTeHi. Po3risHemo
cranens (puc. 1), sKuil ckIagaeTbes 31 CTario-
HapHOI 6 1 pyXxoMoi 5 4acTHH, 3’ €JHAHUX TIPYXK-
HUMH cTpiukamu 7. Ha pyxowmiii yacTuni 3a-
KpIIUICHO NIBUTYH 4, Ha MEpEeIHbOMY OaHIaxi
SIKOTO 3MOHTOBAHO TATOBHMIPIOBAIbHY CHCTE-
My, SIKa CKJIAJIA€ThCS 3 paMu 3, IaTYWKa CHIIN
2 i1 ynopa 1. Cranenb € BaXJIMBOIO JIAHKOIO B
CHUCTEMI BHMIpIOBaHb, sKa Oe3mocepeIHbO
BIUIMBA€ HA BUMIPIOBAHHS TATU JABUTYHIB.

17 2 3 4 5

Puc. 1. Cxema cramens: 1 — ynop; 2 — gaTauk
cuny; 3 — paMa, 4 — IBUTYH, 5 — pyXxoMa 4acTHHa;
6 — cTarioHapHa yacTUHa; 7 — NPYyXKHA CTpiYKa

IlocranoBka 3aBaanHs. Ilin yac Bumpo-
OyBaHb, Y MOMEHT BUXOJY JIBUTYHA Ha OCHOB-
HUN pexuM poOOTH, Ha TATOBUMIPIOBAIBHY
CHUCTEMY CTarels Ji€ TUHaMIYHe HaBaHTa)KEH-
HSl, COPUYMHEHE TATOI0 JBHUTYHA, SIKE MPU3BO-
JUTH JI0 TIOSIBM KOJMUBAJIbHUX MPOIECIB y CTa-
e, M0 BIUIMBAIOTh Ha BUMIPIOBAHHS TATH Ha
bOMY BiJIpi3Ky. ToMy mia yac MpoOeKTyBaHHS
cTaresiB HeoOX1HO 3HaTH XapakTep LUX KO-
JUBAIBHUX TMPOIIECIB, MO0 OIIHUTH iX BILIUB
Ha BUMIPIOBAaHHS TATH.

BapianT BupilieHHsi 3aBJaHHsA. Y 3B 43Ky
3 TUM, 110 B HasBHIM MPOEKTHIN MpaKTUL BiJ-
CYTHS METO/AMKa, IO J03BOJISIE JOCTOBIPHO
BU3HAYHUTH XapaKTep KOJUBAILHUX MPOIIECIB Y
cTameni, iX JOUIJIbHO CIPOTHO3YBaTH LUIIXOM
aHaJi3y eKCIIEPUMEHTATFHUX KPHUBHUX 3aJICK-
HOCTI TATH BiJl 4aCy B MOMEHT BUXOJY JBHIY-
HIB Ha OCHOBHUI peXHUM POOOTH.

VY 3B’A3Ky 3 MM pO3IJIIHEMO KOHKPETHI
eKCIIEpUMEHTAJIbH1 KPUB1 TATH JABUTYHIB 3 Pi3-
HUMH OQJIICTUYHUMH ¥ €HepreTHYHUMH XapaK-
tepuctukamu. Ha puc. 2, 5, 6 HaBeeHO KpUBI,
K1 3apeeCTPOBaH] JATYUKOM CHIIH TiJl 4ac BU-
npoOyBaHb cepiifHuX nBuryHiB Ne 1, 3, 4.
Ha puc. 3, 4 HaBeneHO KpuBIi, SKi 3apeecTpo-
BaHI JaTYMKOM CHJIM IIiJl Yac BHIPOOYBaHb
neuryHa Ne 2 y mporieci Horo BiAmpaitoBaHHs.

BunpoOyBaHHsS mpoBOAMIN Ha CTarem, CXeMy
SKOT'0 HaBeJIeHo Ha puc. 1.

R, Krc
12000

11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

5

-1000
0 0,020,040,060,08 0,1 0,120,140,160,18 0,2 0,220,240,260,28 0,3

R, Krc
12000

11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

% @

-1000

0 0,020,040,060,08 0,1 0,120,140,160,18 0,2 0,220,240,260,28 0,3
Yac, ¢

0

Puc. 2. Kpugi 3amesxxHocti TsTH R Big 9acy B MOMEHT
BUXOAY nBUTYHA Ne 1 Ha OCHOBHHI PEXHM: a — IIi]] 4ac
BunpoOyBanHs Ne 1; 6 — mi yac BunpoOyBaHHs No 2
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Puc. 3. Kpusi 3aiexsocri Tsru R Bij yacy B MOMEHT
BUXOJy ABUTrYHa Ne 2 Ha OCHOBHMH PEKUM: a — ITij1 4ac
BunpoOyBanHs Ne 1; 6 — mij yac BunpoOyBanHs Ne 2
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Puc. 4. Kpugi 3anexxHocTi Tru Rx Ta nepemimieHHs
pyxomoi yactuHM ctanens L1 Bix 4acy B MOMEHT
BUXO/y ABUTYHA Ne 2 Ha OCHOBHHH PEIKUM IIiJT Yac
BunpoOyBanHs Ne 3
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Puc. 5. Kpugi 3anexxHocTi Tru Rx Ta nepemitieHHs
pyxomoi yactuHH ctanens L1 Bix 9acy B MOMEHT
BUXOAy nBuryHa Ne 3 Ha OCHOBHHUI PEKHUM: a — IIiJ] Yac
BunpoOyBaHHs Ne 1; 6 — mij yac BunpoOyBanHs Ne 2
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Puc. 6. Kpugi 3aexxHocTi Tru Rx Ta nmepeMitieHHs
pyxomoi yacTuHH cTareis L1 Bix 9acy B MOMEHT BHXO-
ny aBuryHa Ne4 Ha OCHOBHUI peXHM: a — IIiJ] 9ac BH-
npoOyBanHs Nel; © — nix yac BUunpoOyBanHs Ne2

Pe3yabTaTn. AHaii3 BUIIEHABEACHUX EKC-
NEPUMEHTAIBHUX KPUBHX 3AJICKHOCTI TATH BiJl
qacy IMOKa3ye, 110 KPUBI SABISAIOTH COOOKO 3ra-
carodi KOJIMBAaHHS, XapakTep SKHUX 3aJICKHUTh
BiJl Py B3a€EMO3B’S3aHUX OATICTHYHHX 1 €HEp-
TEeTUYHUX  XapaKTePHCTUK  BUIIPOOYBAHOTO
JBUTYHa Ta KOHCTPYKTHMBHHMX OCOOJMBOCTEH
cTarne’s.

Tak, 3HaueHHs aMIUNTYAM LUX KOJHMBaHb
3aJIOKUTHh BIJ] XapakTepy 3pOCTaHHS TATH B
MOMEHT BUXO/Y JIBUTYHA HA OCHOBHHMH pEXUM
pOOOTH Ta 3HAYEHHS THUCKY BHJIBOTY HOTO CO-
IUIOBOT 3arJIyIIKU. A 4acToTa KOJMBaHb PyXO-
MOi YaCTHHU CTaress 3aJIeKUTh BiJ Macu JIBH-
ryHa Ta pyXOMOI YacCTHHHU cTamens H >KOpCT-
KOCTI TSITOBUMIPIOBaJIbHOI CUCTEMH.

Ha puc. 4-6 HaBeneHO KpHBI TATH 1 mepe-
MIIIEHHS] PyXOMOT YaCTUHHU CTaress, BUMIpsH1
B MOMEHT BUXOJAY JBUI'YHA Ha OCHOBHHH pe-
KUM POOOTH. AHAIII3 IIUX KPUBUX TTOKA3YE, 110
XapakTep KpUBHUX MEPEMILIEHHS pyXoMoi yac-
TUHU CTamness BIAMNOBIAE XapakTepy KpHUBHX
3aJIeKHOCTI TATH BiJ 4acy, 3apeecTpOBaHHX
natdyukoM cwid. Kpim 1poro, dactora KOJH-
BaHb, 3apeecTpoBaHa JaTYMKOM CHIIM, 30ira-
€TbCS 3 YACTOTOIO KOJIMBAaHb PyXOMOi YaCTHMHHU
cTare’s.

BucHoBku. Pe3ynbTatu aHamizy excrepu-
MEHTQJIbHUX KPUBUX TSTHU 1 MEPEMIIIEHHS PY-
XOMO{ YaCTUHM CTamels J03BOJIAIOTh 3pOOUTH
pSiA IPAaKTUYHUX BUCHOBKIB:

— Yy MOMEHT BHUXOJly IBUT'YHAa Ha OCHOBHUN
pPeXUM POOOTH 3aBXKIU CIOCTEPIralOThCsl KO-
JIMBaHHS PyXOMOi YaCTHHHM CTaIels;
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—4acToTa KOJIMBaHb 3aJ€KUTh BiJ Macu
JBUTYHA i PyXOMOi YaCTHHU CTares 1 )KOpCT-
KOCTI TATOBUMIPIOBAIBHOI CHCTEMH;

— 3HAYEHHS aMIUTITY1 KOJIMBAaHb 3aJICKUTh
BIJ] XapaKTepy 3pOCTaHHsS TATM B MOMEHT BH-
XOJly TBUTYHA Ha OCHOBHUH PEKUM POOOTH Ta
3HAYEHHS THCKY BUJIBOTY COILJIOBOI 3arilylIKH
JIBUTYHA,

— 4acToTa KOJMBAHb PyXOMOI YaCTHHHM CTa-
mest 30iracTbCsa 3 YaCTOTOIO KOJIMBAHb TATH,
3apeecTPOBAHUX JIaTYUKOM CUJIH;

— CTaOUIbHUN XapakTep KOJIMBAJIBHHUX IPO-
IIECIB, 3aPEECTPOBAHUX JATUUKOM CUIIM, OJHUX
1 THX CaMHUX JIBUTYHIB Y MOMEHT BHXOJy iX Ha
OCHOBHUU pEXKUM BKa3ye Ha CTaOLIbHICTh
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XapaKTEPUCTUK IMX JABUTYHIB 1 CTAOUIBHICTH
poboTH cramens.

VY migcymky Tpeba BII3HAUUTH, IO KOJIH-
BaJIbHI TIPOIIECH Y CTaresli B MOMEHT BHUXOJY
JIBUTYHA Ha OCHOBHUI pPeXHM pOOOTH CIIOTBO-
PIOIOTh XapakTep TATH Ha HbOMY BiJpi3Ky, IO
BUMAara€e TPOBEJICHHS JOJAaTKOBOIO aHAIi3y
iHpopmanii, oTpumaHoi micast BUNPOOYBaHb,
BTIM, YPaxOBYIOYH T€, IO KOJMBAaHHS JOCHTH
HIBHJIKO 3Tacal0Th, MOJKHA CTBEP/XKYBATH, IO
BOHHM ICTOTHO HE BIUIMBAIOTh HA BH3HAYCHHS
CYMapHOTO IMITYJIbCY TSTH.
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