YHTU, Kuis

banicTUYHI paKeTH i KOCMIUYHI paKeTU-HoCIl
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3MICT

BaniCTU4YHI pakeTU: BU3HAYEHHA, NapaMeTpu | TPAEKTOPII

CtpaTeriyHa 3arpo3a 3 6oky liBHi4HOI Kopei

PywinHi cnctemun: T8BEpa0onanmBHi N PiAKONANMBHI

Cucrtemun HaBeaeHHA

PakeTa-Hocin EC: BETA



BU3HauYeHHA, AaNbHICTb Ta KnacndikKauia

BanicTUUHi paKkeTu: 3anylleHa paKeTa, AKa PYXaeTbCA 3aBAAKM CUAI rpaBsiTaLii 6e3 Taru.

[anbHicTb Ta KNacndikauia:

Ballistic missiles

SRBM .==. < 1,000km
Short-range \
ballistic missile

MRBM ---n-- ‘--'.QJD-S,UGGRHT
Medium-range
ballistic missile

IRBM .+""" 3,000-5,500km

Intermediate-range
ballistic missile

ICBM ,-° “*eu.a > 5,500km
Intercontinental \

ballistic missile

SLEM

Submarine-launched
ballistic missile

€M Source: Natlonal Alr and Space Center Note: Misslle trajectories are not to scale
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BbanictuyHa TpaekTopisa (1/2)

Local Elliptical ballistic

vertical flight path

Launch =" 3
location —__ // \(

Trajectory .//

£
L2

Horizontal
launch plane

_Impact point (ballistic missile)

\— Sateliite circular orbit

Upper limit

l“_, _—— of atmosphere

FIGURE 4-9. Long-range ballistic missiles follow an elliptical free-flight trajectory (in a
drag-free flight) with the earth’s center as one of the focal points. The surface launch is
usually vertically up (not shown here), but the trajectory is quickly tilted during early
powered flight to enter into the ellipse trajectory. The ballistic range is the arc distance
on the earth’s surface. For satellites, another powered flight period occurs (called orbit

21/05/19 injection) just as the vehicle is at ifs glliptisal/apogeer(as indicated by the velocity arrow),
causing the vehicle to enter an orbit.

"~ Planet earth surface



BanictnyHa TpaekTopisa (2/2)

3 KOXKHOI eNiNTUYHOK TPAEKTOPIEID, HE3a1EXHO Bif il EKCUEHTPUUMTETY, NOB'A3aHa

KOHKpEeTHa eHepria:

v B K

v=opbiTanbHa WBMAKICTb OpbiTanbHOrO TiNa;

r= BiACTaHb Big opbiTaNnbHOIO TiNla A0 LEHTPANbHOIO TiNa;
a= Be/qInKa opbiTanbHa niBBICb;

= CTaHOAPTHWI rpaBiTalUiMHNI NapameTp.

®a3a opbiTanbHOI WBKMAKOCTI (V) Ha dasi BUMKHEHHA ABUIYHA - LWBUAKICTb HANPUKIHL aKTUBHOI
, AinAaHkm (u):
2 1 ) _ BCp4
n = #(___) = up=-cln{l+§'}—grp——+rf[,
T a i

Llen Bupa3 € GyHKLIEKD, MOMIXK iHWXM, Macu anapaTa i TTX pakeTu:

- (= macoBa YacCTKa NanuBea;
- My=NoYaTKOBA Maca NOBHICTIO CNOPAANKEHOrO anapara;
- C= edeKTnBHa WBUAKICTb BUTIKAHHS (c=|spg=T/mdot; T —T1Aara, a mdot — macoBa BUTpaTa)

(BTpdTdiMa onip, 3a3BNYal, CTaHOBUTL 5+10% @craTtéHHOro HapoLlyBaHHA WBWAKOCTI anaparTa)



TpaekTopii (1/3)

- Tpa€ekTopis _MiHIManbHOI _eHeprii: [03BOMSE MaKCMMasibHO 36iNblUINTM  KOPUCHE
HaBaHTa)KeHHs (Macy 6OMOBOI 4YaCTMHM) 3@ pPaxyHOK BJIACHOrO iMMyAbCy paKeTu
(CKopouytoUM Macy KOPUCHOro HaBaHTAXKEHHS, MOXHa 0bupaTu iHWI TpPaeKTopii, AKi
NiABULWATb HOMiHa/IbHY Aa/ibHICTb ab0 3MeHLWaTb 3arasibHUM Yac NosbOTY).

- KpyTa Tpa€eKTopifa: manke BepTUKaAbHA TPAEKTOPIA 3 BULLLUM AMOreeEM, HiX y TPAEKTOPII
MiHIMaNbHOI eHeprii, OAHAK 3 TIEIO X AANBHICTIO.

- [lonora Tpa€eKTopiA: HEONTUMA/IbHA, HUXKYA | NPAMILLIA TPAEKTOPIA, 33 AKOI 3MEHLLIEHNI
4ac MiX NYCKOM i NaAiHHAM, OAHAK 3 HUXYO0 Macoto 6OMOBOT YaCcTUHM (3HAYHUI BNAUB

onopy).

Maca 60MOBOT YaCTUHU: BKAOYAE Y cebe macy OOEronoBOK, 0OMaAHHUX Linen i Tak 3BaHOro
610Ka po3BefeHHA, Y AKOMY BOHM PO3TaLLOBaHi.



TpaeKTopii (2/3)

2000

FB0D st e R e S R B A e R e S T S SEaS
T i 400 km lofted
5 -
E .
D 1000 |
]
3 E -

3000 km MET
T . AT -5 OO .5 o . R USRS P
Burnout
0 Lo o Bl e oo B o Boe o boa il e F 5

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Range (km)

Lle nopiBHAHHA BUKOHAHO 33 NPUNYLLEHHA OAHAKOBOro KOPUCHOro HaBaHTa*KeHHA (750Kr) i Tmx
caMux NapameTpiB nonboTy pakeTn MycyaaH (XBacoH-10) 21 yepsHa 2016 p. [3 Beb6-canTy UCS]
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TpaekTopii (3/3)
[Monori TpaeKkTopii

DT-60-SYM DT-120 MET
7.1 minutes 7.2 minutes 12.5 minutes

— = —
- S

1,850 kilometers
Launch (1,000 nautical miles) Target

Tpwu TpaekTopii 3 AanbHicTiO 1 850 KM: NYHKTUPOM NO3HAYEHa TPAEKTOPIA MiHIMANbHOI eHepril 3
anoreem 450 Km; cyuinbHoto niHieto (DT-120) — TpaeKTOpiA 3 HU3bKMM HABaHTa*KEHHAM 3
anoreem 120 kKm; ToykoBoOtO niHielo (DT-60-SYM) — cumeTpuyHa TpaekTopis 3 anoreem 60 Km
(n03'§13/aHa 3 ICTOTHO BULWUM aTN\och)epHM:\}/\Kejljoal\glsiﬁﬂgﬁgwﬂm I HarpiBaHHAM. Yac Hi,EI,ﬂbOTg/: 7,1

03/19 A h
XB. ANA BT—60-SYM; 7,2 xB. gpna DT-120; 12£,L5 xB. ana TME.



CrpaTeriyHa 3arpo3a 3 60Ky lNisHiYyHOI Kopei

CHINA :
Punggye-ri Nuclear

Test Site

Musudan-ri Missile
NORTH KOREA Test Site

Yongbyon Nuclear
Science Center Sinpo South

Naval Shipyard

— Sohae

1,000/{07 Space

'onsan

Launch ® Pyongyang
Center

Ballistic missile
test-fired August 3, EEEENHY7 =

flew some 1,000 km - 500 km In September 2016, North Korea
3 o - tested a nuclear warhead that it
claimed will arm the country’s

strategic ballistic missiles.

5 - (E ; =t S ‘ 7
‘BEIJING ! PYONGYANG S The claim is unverified but some
: Hwangju f ok experts find it credible based on
CHINA ey 3 7 North Korea's five nuclear tests.
* . Hwanghae i
TOKYO i
Two Scud missiles,
. one Rodong missile ... .~
test-fired July 19 .-
' A
_________ o~
......... A N
(=)
>
L S
(&)
F K
—
o ®
KN-02 Scud B/C/ER KN-11 Nodong Musudan KN-14 KN-08
120 km 300-1,000 km 1,000 km 1,300 km 3,500 km 10,000 km 11,500 km
Fewer than 100 Atleast1, Fewer Fewer At least 6 launchers,
. . launchers submarine than 50 than 50 not yet teste
21/05/19 AHﬂ,)‘Ke}'lO Mi HOTTI, Ph D launched launchers launchers Cg

Note: North Korea may have additional missiles.



PywinHi cuctemu

* TBepaonanuBHI
* PiaKonanueHi



TBepAonanuBHiI pywinHi cMcTemm




PakeTHUU ABUIYH 3 TBEepAONaJMBHUM NPUCKOPIOBaYEM:
npuknaa paketu Pegasus

Saddie attach Nozzle, intergral with three-

fitting, dimensional carbon-carbon

aluminum intergral throat and entry
Forward Structure External section and with
adapter/ciosure lgnitar- reinforcements insulation, Case, IM7 carbonfphenclic graphite
alurminum pyrogen for wing loads cork graphite/HBRF-554 ~ epoxy insulationfcone

Forward flap, Case bond, internal insulation, Propeilant, Flight termination
silica-filled EPDM SEL-133 aramid-filed EPDM  HTPB-88% solids  systern, shaped charge

21/05/19 Angxxeno MiHotTi, PhD 12



Tunosi BUAK TBepAOro NasiuBa Ta ix Xxapakrepuctmku (1/3)

Flame Density or
I Temperature® Spec. Gravity” Metal Burning Pressure Stress (psi1)fStrain (%)

Propellant Type” Range Content Rate™ Exponent® Hazard Processing

{sec)” °F)  (°K)  (Ibfin") (sp. gr.) (w1 %) {in./sec) " Classification® —60°F  +150°F Method
DB 220-230 4100 25350 0.058 1.61 0 0.05-1.2 0.30 1.1 4600/2 490,60 Extruded
DB/APIAL 260265 G500 3880 0.065 1.80 2021 0.2-1.0 0.40 1.3 275015 120750 Extruded
DB/AP-HMX/Al  265-270 6700 4000  0.085 1.80 20 0.2-1.2 0.49 1.1 237503 50/33  Solvent cast
PVC/APAL 260-265 5600 3380 0.064 1.78 21 0.3-0.9 0.35 1.3 3697150 38/220 Cast or

extruded
PU/AP/AL 260-265 5700 440 0.064 1.78 1620 0.2-0.9 0.15 1.3 11706 75/33  Cast
PBAM/AP/A]L 260-2463 SO0 3500 0.064 1.78 16 0.25-1.0 0.33 1.3 520416 Tij28 Cast
(at —107F)

CTPB/APAL 260-265 5700 3440 0,004 1.78 1517 0.25-2.0 0.40 1.3 325/26 B8/75 Cast
HTPB/APIA] 260-265 5700 3440 0.067 1.86 a7 0.25-3.0 0.40 1.3 S10¢50 9033 Cast
PBAAAPIAL 260-265 5700 3440 0.064 1.78 14 0.25-1.3 0.35 1.3 00713 41/31 Cast
AN/Polymer 180190 2300 1550 0.053 1.47 0 0.06-0.5 0.60 1.3 2005 NA Cast

“Al, aluminum; AN, ammonium nitrate; AP, ammonpium perchlorate; CTPR, carboxy-terminated polybutadiene; DB, double-base; HMX, cyclotetramethyiens tetranitramine, HTPB, hydroxyl-terminutd poly-
butadiene: PBAA, polybutadisne—-acrylic acid polymer: PBAN, polvbutadiene-acrylic scid-acrylonitnile terpolymer; PU. polyurethane; PYC, polyvinyi chlonde.

* AL 1DD0 psia expanding to 14.7 psia, ideal or theoretical value at reference conditions.

AL 100D peta.

* See page 491.

© [, fame temperature, density, burn rate and pressure exponent will vary slightly with specific composition.

21/05/19 Angxxeno MiHotTi, PhD 13



Tunosi BUAK TBEpPAOro NasiuBa Ta iX Xapakrepuctuku (2/3)

21/05/19

250

240

210

200

High energy

J r,.-"ﬁ ! # Aluminized
- 7 .
e o s ———— Min. smoke
-
h{ (L 7 o Reduced smoke
| | | | 1 .
10 20 . MD ohD 40 50 60 »
eJ10 IHOTTI
"Bumni ng rate (mm/sec)



TunoBi BUAU TBepAOro NaanBa Ta ix Xxapakrepuctuku (3/3)

Propellant Type

Advantages

Disadvantages

Double-base
(extruded)

Double-base
(castable)

Composite-modified double-base or
CMDB with some AP and Al

Composite AP, Al, and PBAN or
PU or CTPB binder

Composite AP, Al, and HTPB
binder; most common composite
propeliant today

Modified composite AP, Al, PB
binder plus some HMX or RDX

Composite with energetic binder
and plasticizer
such as NG, AP, HMX
Modified double-
base with HMX
Modified AN propellant with
HMX or RDX added

Ammonium nitrate plus polymer
binder (gas generator)

21/05/19
RDX/HMX with polymer

Modest cost; nontoxic clean exhaust, smokeless; good burn rate

control; wide range of burn rates; simple

well-known process; good mechanical properties; low
temperature coefficient; very low pressure exponent; plateau
burning is possible

Free-standing grain requires structural support; low
performance, low density; high to intermediate
hazard in manufacture; can have storage
problems with NG bleeding out; diameter limited
by available extrusion presses; class 1.1

Wide range of burn rates; nontoxic smokeless exhaust; relatively NG may bleed out or migrate; high to intermediate

safe to handle; simple, well-known process; modest cost; good
mechanical properties; good burn rate control; low temperature

coefficient; plateau burning can be achieved

Higher performance; good mechanical properties; high density
(sp. gr. 1.83-] 86); less likely to have combustion stability
problems; intermediate cost; good background experience

manufacture hazard; low performance; low
density; higher cost than extruded DB; class 1.1

Storage stability can be marginal; complex facilities;
some smoke in exhaust; high flame temperature;
moisture sensitive; moderately toxic exhaust;
hazards in manufacture; modest ambient
temperature range, the value of » is high (0.8 to
0.9); moderately high temperature coefficient

Reliable; high density; long experience background; modest cost; Modest ambient temperature range; high viscosity

good aging; long cure time; good performance; usually stable
combustion; low to medium cost; wide temperature range; high

density; low to moderate temperature sensitivity; good burn
rate control; usually good physical properties; class 1.3

limits at maximum solid loading; high flame
temperature; toxic, smoky exhaust; some are
moisture sensitive; some burn-rate modifiers (e.g.
aziridines) are carcinogens

Slightly better solids loading % and performance than PBAN or Complex facilities; moisture sensitive; fairly high

CTPB; widest ambient temperature limits; good burn-rate

control; usually stable combustion; medium cost; good storage
stability; widest range of burn rates; good physical properties;

good experience; class 1.3
Higher performance; good burn-rate control; usually stable

combustion; high density; moderate temperature sensitivity; can

have good mechanical properties

Highest performance; high density
(1.8 to 1.86); narrow range of burn rates

Higher performance; high density
(1.78 to 1.88); stable combustion; narrow range of burn rates
Fair performance; relatively clean; smokeless; nontoxic exhaust

Clean exhaust; little smoke: essentially nontoxic exhaust; low
temperature gas; usually stable combustion; modest cost; low
pressure exponent . .

AHaxeno MiHoTTi, PhD

Low smoke; nontoxic exhaust; lower combustion temperature

flame temperature; toxic, smoky exhaust

Expensive, complex facilities; hazardous processing,
harder-to-control burn rate; high flame
temperature; toxic, smoky exhaust; can be impact
sensitive; can be class 1.1; high cost; pressure
exponent 0.5-4.7

Expensive; limited experience; impact sensitive; high
pressure exponent

Same as CMDB above; limited experience; most are
class 1.1; high cost

Relatively little experience; can be hazardous to
manufacture; need to stabilize AN to limit grain
growth; low burn rates; impact sensitive; medium
density; class 1.1 or 1.3

Low performance; low density; need to stabilize AN
to limit grain growth and avoid phase
transformations; moisture sensitive; low burn
rates

Low performance; low density; class 1.1

15




TunoBi CKAaan pakeTHoOro nasimBa

Double-Base
(JPN Propellant)

Composite
(PBAN Propellant)

Composite Double-Base
(CMDB Propellant)

Ingredient Wt % Ingredient Wt % Ingredient Wt %
Nitrocellulose 51.5 Ammonium 70.00  Ammonium 204
perchlorate perchlorate
Nitroglycering 43.0 Aluminum powder 16.0  Aluminum powder 21.1
Diethyl phthalate 3.2 Polybutadiene- 11.78 Nitrocellulose 21.9
acrylic acid-
acrylonitrile
Ethyl centralite 1.0 Epoxy curative 2.22 Nitroglycerine 29.0
Potassium sulfate 1.2 Triacetin 5.1
Carbon black < 1% Stabilizers 2.5
Candelilla wax < 1%

Source: Courtesy of Air Force Phillips Laboratory, Edwards, California.

21/05/19
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TMNoBi KOMMNOHEHTU ABOXOCHOBHOIO Ta CYMilLeBOro

21/05/19

ABOXOCHOBHOIO paKeTHOro nasimBd

Type Percent Acronym Typical Chemicals
Binder 30-50 NC Nitrocellulose (solid), usually plasticized
with 20 to 50% nitroglycerine
Reactive plasticizer NG Nitroglycerine
{liquid explosive) DEGDN Diethylene glycol dinitrate
20-50 TEGDN Triethylene glycol dinitrate
PDN Propanedial-dinitrate
TMETN Trimethylolethane trinitrate
Plasticizer ( DEP Diethyl phthalate
{organic liguid fuel) TA Triacetin
DMP Dimethyl phthalate
0-10 Dioctile phthalate
EC Ethyl centralite
DBP Dibutyl phthalate
\
Burn-rate PbSa Lead salicylate
modifier up to 3 PbSt Lead stearate
CuSa Copper salicylate
Cubst Copper stearate
Coolant OXM Oxamine
Opacifier C Carbon black (powder or graphite
powder)
Stabilizer and DED Diethy] diphenyl
or antioxidant >1 EC Ethyl centralite
DPA Diphenyl amine

Visible flame { KNO, Potassium nitrate
suppressant up to 2 K,80, Potassium sulphate
Lubricant =03 C Graphite
{for extruded Wax
propellant only)
Metal fuel 0-15 Al Aluminum, fine powder (solid)
Crystalline oxidizer® { AP Ammonium perchlorate
0-15 AN Ammonium nitrate
Solid explosive crystals® HMX Cyclotetramethylenetetranitramine
0-20 LRDX Cyclotrimethylenetrinitramine
A Iﬁlgeno MiHOTTi’I‘ghnguanddmc 17

# Several of these, but not all, are added to CMDB propellant.



TUNoBi KOMNOHEHTU CYMiLLEeBOro TBepAaoro pakeTHoro nasimsa

Type Percent  Acronym
Onidizer AP
(crystallime) {hﬁ
0-70 tKP
KN
L\I).\'
Metal fuel erl
(also acts as a 030 Be
combustion *:
stabilizer) [ £r
Fuel/Binder, [ HTFB
polybutadiens 5-18 CTPB
type 1 PBAN
PBAA
Fuel/Binder, [ PEG
polyether and PCP
polyester type PGA
0-13 { PPG
HTPE
VPU
Curing agent or f MAPO
crosslinker, which IPIM
reacts with polymer ™™
binder 0.2-35 ( HMDI
DDl
TMP
\BITA
Burn-rate modifier Fel()
(nBF
{
0.2-3 t
Explosive filler HMX
(solid) =40 BEDX
NG
Plasticizer/Pot life DOoP
control {organic [ DOA
liquid) 0-7 { DOS
21/05/19 l DMP

Typical Chemicals

Glycidyl azide polymer

Digthylene glycol dinitrate
Butanetriol trinitrate
Tricthylene glycol dinitrate
Trimethylolethane trinitrate
Polycaprolactone polymer
Gilycidyl azide polymer
Propylglycidyl nitrate
Bis-azidomethyloxetane/ Azidomethyl-
methyloxetane copolymer
Bis-azidomethyloxetane/MNitramethyl-
methyloxetane copelyvimer
MAPO-tartaric acid-adipic acid

Bis-isophthal-methyl-aziridine
Phenylnaphthylamine

MN-methyl-p-nitroaniline
Dinitrodiphenylanine

Typical Chemicals Type Percent Acronym

Ammonium perchlorate Energetic GAP
Ammaonium nitrate plasticizer ( Nitroglycerine
Potassium perchlorate (liquid) DE (.1)\
Paotassium nitrate ETT\I
.*"mef:lnium dinitramine TEGDN
A]umt_num ) [TMEIT\
Beryllium (experimental propellant PCP
_ only) Energetic fuel/ F TAP
Firconium (also acts as burn-rate .

modifier) binder ,
Hydroxyl-terminated polybutadiene 0-15 I: BhMG:hMMO
Carboxyl-terminated polybutadiens [ .
Polybutadiene acrylonitrile acrylic acid BAMO/NMMO
Polybutadiene acrvlic acid i
Polyethylene glycol Bonding agent =01 MT-4
Polycaprolactone polyol (Improves condensate
Polyglycol adipate bond to selid HX-752
Polypropylene glycol particles)
Hydroxyl-terminated polvethylene Stabilizer J DPA Diphenylamine
Polyurethane polyester or polyether (reduces .
Methyl aziridinyl phosphine oxide chemical . I- MM A
[sophorone diisccyanate deterioration) .
Toluene-2 4-diisocyanate Processing aid =0.5 - Lecithin

Hexamethylene diisocyanide
Dimeryl dilsocyanate

Trimethvlol propane
Trimesoyl-1{2-ethylj-aziridine
Ferric oxide

n-Butyl ferrocens

Oxides of Cu, Ph, Zr, Fe

Alkaline earth carbonates
Alkaline earth sulfates
Metallo-organic compounds
Cyclotetramethvlenetetranitramine
Cyclotrimethylenetrinitramine
Nitroguanadine
Dioctyl phthalate
Dioctyl adipate
Dicctyl sebacate
Dimethyl phthalate
Isodecy] pelargonate

AHaxeno MiHoTTi, PhD

Sodium lauryl sulfate
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Knacudikauisa 3rigHo 3i CNONIYYHUMU KOMMNOHEHTAMM,
naactudikatopamu i TBepaUMU KOMMNOHEHTAMMU

Sold Onidizer Propellant
Dresignation Binder Flasticizer and/or Fusl Application
Double-base, [DH Flasticimed N MO, TA, erc. Mone Minimum signature and
simoke
CMDB" Plasticized MNC MG, TMETN, TA, BTTN, elc. Al AP, KP Booster, sustminer, and
spacecrafl
Same Same HMX, RDX, AP Reduced smaoke
Same Same HMX, RDX, andes Minimum signalure, gas
generator
EMCIR" Plasticized NC + Same Like CMDB above, but generzlly superior mechanical properties
elastomenc polymer wilth elastomer added as binder
Polvbutadiens HTFB DA, TDP, DOP, DOA, el Al AP, KP, HMX, RDX Booster, sustainer ar

spacecralt, used
extensively in many
applications

HTFH Bame AN, HMX, RI¥X, some AP Reduced smoke, gas
EENEraior
CTPB. PFEAN, PRAA All ike HTPE above, but somewhat lower performance due to higher processing viscosity and
consequent lower salids content. 51ill used in applications with older designs
TPE® Thermoplastic elastomer Similar to HTPB, but without chemical cuning process, TPEs cure (crosslink) via selective
crystallization of certain parts of the binder. Still are experimental propellants
Polyeiher and FEG, FPG, PCP, PGA, DA, IDP, TMETHN, DEGDN, ec. Al AP, KP, HMX Boosler, suslainer, or
polyesiers and mixtures spacecrall
Energetic binder AP, PGM, BAMOY/ TMETM, BTTM, ete. GAP-rzide,  Like polyether/polvester propellants above, but with slightly
(other than NO) MMMO, BAMO/AMMO  GAP-mitrate, NG higher performance. Expenmental propellan:,

T CMDB, composite-modified double-base; EMCDE, elastomer-modified cast double-base; TPE, thermoplastic elastomer. For definition of acronyms and abbreviation of propellant
ingredients see Tables 126 and 12-7,

21/05/19 Angxxeno MiHotTi, PhD 19



[MopiBHAHHA KPUCTANIYHUX OKUCHIOBAYIB

Chemical

Oxidizer Symbaol

Ammonium NH,ClO,
perchlorate

Potassium KClO,
perchlorate

Sodium MNaCl0,
perchlorate

Ammonium NH, N,
nitrate

Potassium KNy
nitrate

21/05/19

Molecular Oxygen
Mass Density Content
(kg/kg-mol)  {keg/m’) (wt %) Remarks
117.49 1949 34,5 Low n, low cost,
readily available
138.55 2519 6.2 Low burning rate,
medium
performance
122.44 2018 52.3 Hygroscopic, high
performance
=00 1730 ). Smokeless, medium
performance
101,10 2109 47.5 Low cost, low
performance

AHaxeno MiHoTTi, PhD
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PiaKonannBHi pyLWiUHi CMCTEMMU




OCHOBHI KOMMNOHEHTH

TATOBA KAMEPA (KAMEPA + COMNMO)

BARKW ON1A NAJTUBA

MEXAHI3M NOAAYI NMAJZTUBA

OXKEPETO XUBNEHHA (414 MEXAHISMY NOOAYI MAZTUBA)

NPUCTPIA KEPYBAHHA (ON1A PEMY/TIOBAHHA BUTPATU NANMBA)



BUTiCHIOBa/IbHA
cucrtema nopgaudi

NnasjinBd

21/05/19

Check Check

valve vale
| -
Iﬁﬁf F"[ﬁ: Filler I;flﬁ“
M
valve rieck valve
High preasure
r&gljl_a_t?r_l e gas valve
- (remote control)
Onidizer [ Euel
tank ; 3 tank
Crranin
valve
Gas filt
valve
Rt | R . Propeliant valves
2R =" [rermote control)
w5 Restricting
Optional e orifice
additional . :
thrust H H
charmber(s) i i FRocket thrust chamber
i 1
1 i

FIGURE 1-3. Schematic flow diagram of a ligquid propellant rocket engine with a gas
pressure feed system. The dashed lines show a second thrust chamber, but some engines
have more than a dozen thrust chambers supplied by the same feed system. Also shown
are components needed for start and stop, controlling tank pressure, filling propellants
d““&ﬁﬁﬁ!ﬁhﬁ%&%rﬁ’ﬁiﬂm or fiushing out remaining propellants, tank pressure relief
or vemting, ani sewrnf SCMSOTS,



Typb6oHacocHa
cucrema noaaudi

nanusa (1/2)

21/05/19

Fressurized Tark prassurization
sl e valve
L

lllll

Turba

assembly A
i )
Fual ' -
pump |
N
" Gas I
g '-_. :
W 5 Eanerator |
Thrust
chambér exchanger |
Exhausl .
dct ~
Turbine
exhaust
nozzle

FIGURE 1-4. Simplified schematic diagram of one type of higuid propellant rocket
engine with a turbopump feed system and a separate gas generator, which generates
warm gas for driving the turbine. Mot shown aré components necessary for controlling
the operation, filling, venting, draining, or flushing cut propellants, filters or sensors.
The turbopump assembly consists of two propellant pumps, a gear case, and a high

speed furbine, . .
pe iAall,meno MiHoTTi, PhD 24



Typb6oHacocHa cuctema nogavi naamsa (2/2)

Gimbal baaring

Hydraulic/pneumatic Girnlkl b2aring

iritertacas Low-pressure fue!
g - Lows-procaine turbopump duct
£ I _.E'::-."z '-- N with fles, joirts o T L === Lora-pressure
ﬂ;ﬂ'llffel;:-:dll:ﬂ T EE_"-" ouldizer turbapump Valve for — i e N = fuel Wrkbapump
;m!rlts = 'q.*luh Elecirical omcipgr prefurner :I, Hydraul ic/paeumatic
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FIGURE 6-1. Two views of the Space Shuttle Main Engine (SSME). Itz flowsheet is in Figure 6-12 and some component data are in Chapter
10, (Courtesy of The Boeing Company, Rocketdyne Propulsion and Power.)
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Cuctemu nogadi naanBa: OCHOBHIi KOMNOHEHTHU

Liguid propellant

feed sysiems |
1
I — ]
Pressurized systems Turbopump systems |
N [ :
I | I I
Direcd gas Flexible bag Pistan Bump Turbing Gas power supply
Eressu;'lzamrl -.m'lhhl-l tank praasujnmtinn — [and gas ul:llacrharge
| - 1 ]
| I | Multi-stage Single stage | [
By stored By vaporized | | By chemically impellers impeller Precombustion| | | Separate gas
inert gas propellant generated gas [ [ chamber i generator
[ I _' ! I |
| | Small portion of one One pump Two main | Warm Hot gas bleed
As received Healed propellant flow raised to each for fuel | | pumps plus two | h‘!'ﬂmgﬂ_" from fmain
| | precombustor pressure | | and oxidizer | | booster pumps | from cocling combustion
with additional impelier 1| jacket {1 chamber
. | I : |
Regulated d | |
| pressure Blow down Hot gas Driven by high pressure| , .
= — turbine ( liquid propellant (for | | Flow through Flow through
. | booster pumps only) | | turbines in lurbines in
' ' , saries parallel
Single stage Two stage — T T
i |— ] |
| | [ |
One turbine drives | | Two turbines; one Four lurbines; two Exhausi overboarnd Exhaust feeds | Exhaustinto
both fuel and | far fuel pump, one far main pumps, twaol with low area inta diverging | injector of |
oxidizer pumps i for cxidizer pumg for booster pumps | ratic nozzle nozzle section | | main combustor

{ 1 —_— )
B h_I_
With gear Direct drive

ransmission —

FIGURE 6-2. Design options of fed systems for liquid propellant rocket engings. The more common Lypes are designated with a double line at
the bottom of the box.
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PiaKi Buau paketHoro nanusa: 6akaHi QisnyHi
XapaKTEepPUCTUKMU

Hu3sbka TemnepaTtypa 3amep3aHHA: A03BOJIAE eKCMN/yaTalito 3a X0/104HO0i noroau;

Bucoka ryctuHa (BMCOKa NnMToma Bara):

3abe3neyye HU3bKy Macy KOHCTPYKLLT i HU3bKUI aepoanHaMIYHMI onip;
BMN/INBAE HA MAaKCUMabHY WBUAKICTb i AaNbHICTb NONbOTY (B MeXax aTmocdepu
3emni).

XimiuHa/di3nuHa cTabinbHicTb:

BiICYTHICTb PO3K/iaAy pPiAKOro nanmea Nifg yac ekcnayaTauii Ta 36epiraHHA, HaBiTb
3a NigBULLLEHNX TeMNepaTyp;
BiACYTHICTb HECNPMATANBOTO BMNJIMBY HE3HAYHUX AOMILLOK;

HE3MIHHICTb QiI3UYHMX BIACTUBOCTEN HE3AJIEXKHO Big TemnepaTypu.

Hu3bKi piBHI AMMY Ta CBIT/IOBOro BUXNOMNHOro pakeny;



Piaki Buau naausa: TMnosi Pi3anyHi BAAaCTUBOCTI

Liguid Liguid
Propellant Fluorine Hydrazine Hydrogen
Chemical formula F, MaHy H,
Molecular mass B0 32.05 2016
Meiting or freezing 53.54 274.69 14.0
point (K}
Boiling pomi {K) 85,02 186.66 204
Heat of vaporization 166.26” 447" 446
(kI kg) (298.15 K)
Specific heat 0,368 0.736 1.75"
(kcalkg-K) (85 K) (293 K} (204 K)
0,357 (.758 -
{693 K) (338 K)
Specific pravity” 1.636 1.005 0.071
(66 K) (283 K) (204 K)
1.440 1.952 (L0776
(93 K) (350 K) (id K)
Viscosily 0305 097 0.024
(centipoise) (77.6 K) (298 K) (14.3 K
0,397 0,913 0013
(70 K} (130 K) (20.4 K)
Wapor pressure 00087 00014 0.2026
(MPa) (100 K) (293 K) {23 KJ
{1LHHK 2 0016 087
(66.5 K) (340 K) (30 K)

Methane
CH,

1603
9.5

1.6
s1®

0.835°

0.424
(L3 K)

0.12
(1116 K)
0.22
(90.5 K)
0.033
(100 K)

10
{117 K)

"Red fuming nitric acid (RFNA) has 5 to 20% dissolved N0, with an average molecular weight
about 60, and a density and vapor préssure somewhal higher than those of pure nitric acid.

bAt hoilin g point.

“Reference for specific gravity ratio: i’ kgﬁml or 62.42 Ibm/ft*,

21/05/19

Unsyimmetrical
Dimethyl-
Monomethy  Mitric Acid” Mitrogen Liquid Rocket Fuel hydrazine
hydrazine  (99%) pure) Tetroxide Oxypen RP-1 (UDMH]) Water
CH;NHNF HMN, M,y 0, Hydrocarbon  (CH3).NNH, H,0
CH'..‘}T
46.072 6i0la 92016 3200 ~ |75 6. 10 15.02
2207 2116 261.95 544 225 216 273.15
606 3557 294.3 k0 460-540 336 37315
875 480 413 213 246" 542 2253°
{298 K)
0,698 0.042 0374 0.4 0.45 0672 1.00%
(293 K) (3K (290 K) (65 K) (298 K) (298 K) (273.15 K)
0.735 0.163 0.447 .71
(191 K) (373 K) (360 K) (340 K)
0.8TEE 1.549 1.447 1.14 0.58 0.856 1.002
(293 K) (27315 K) (293 K) (90.4 K) (422 K) (228 K) (3ITII5 K)
0857 1.476 1.38 1.23 (0,807 0.784 L0
(31 K} (31315 K) (322 K) (77.6 K) (289 K} (244 K) (2934 K)
0855 1.45 (.47 087 (.75 4.4 0,284
(293 K) (273 K) (293 K) (33.7 K) (289 K) (220 K) (37315 K}
0440 0.33 019 .21 (.45 (L]
(344 K) (315 K) (G0, 4 K) (366 K) (300 K) 27T K)
(LT3 00027 001014 0.0052 0,002 0.0384 (1 6ERS
{300 K) (27315 K) (293 K) (%8.7 K} (344 K) (289 K) (112 K)
0638 0.605 0.2013 0.023 1093 0.03447
(428 K) (343 K) (128 K) (422 K) (339 K) (345 K)
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TeopeTuyHa ePeKTUBHICTb KOMbiHaLIN PiaAKOro pakeTtHoro
naauea

Mixture Ratio Average Chamber Chamber I, (sec)
Specific Temp. ot m
Orudizer Fuel By Mass By Volume Gravity (K} {m/sec) (kg/maol) Shifting Frozen k
Onygen Methane 320 1.19 0.81 3526 1835 296
3.00 1.11 0.80 3526 1853 311
Hydrazine 0.74 .66 1.06 3285 1871 8.3 301 1.25
0.90 .80 1.07 3404 1892 19.3 313
Hydrogen 3.40 .21 0.26 2959 2428 8.9 386 1.26
4.02 0.25 0.28 2005 2432 10,0 3895
RP-1 2.24 1.59 1.01 3571 1774 219 2854 1.24
2.56 182 1.02 3677 LEOD 213 300
UDMH 1.39 096 0.96 3542 1835 19.8 205 1.25
.65 1.14 098 31594 186 21.3 310
Fluprine Hydrazine 1.83 1.22 1.29 4553 2128 [8.5 3134 1.33
2.30 1.54 1.31 4713 2208 19.4 365
Hydrogen 4.54 0.21 0.33 3080 2534 8.9 389 1.33
7.60 0.33 0.45 3900 2549 [1.8 410
Mitrogen Hydrazine 1.08 0.73 1.20 3258 1765 19.5 283 1.26
tetroxide 1.34 093 1.22 3152 1782 209 293
0% UDMH- 162 1.01 1.18 3242 1p52 21.0 278 1.24
0% hydrazine 2.00 1.24 1.21 3372 1711 226 289
RP-1 34 105 1.23 3290 4.1 247 1.23
MMH 2.15 1.30 1.20 3396 1747 22.3 289
.65 1.00 1.16 3200 1391 21.7 278
Red fuming RP-1 4.1 2.12 1.33 3175 1594 24.6 258
nitric acid 4.8 248 .33 3230 1609 258 269
0% UDMH- 1.73 1.00 1.23 2997 1682 20.6 272 1.22
0% hydrazine 2.20 1.26 1.27 T2 1701 24 279
Hydrogen peroxide
{90%) RP-1 7.0 401 1.29 2760 217 297 1.19

MNotes-

Combustion chamber pressure— 1000 psia (6895 kN.-'m:}: nozzle exit pressure—14.7 psia {1 atm) optimum expans:’-}h.
Adiabatic combustion and isentropic expansion of ideal gas

The specific gravity at the boding point was wsed for those oxidizers or fuels that boil below 20°C at 1 atm pressure.
Mixture ratios are for approximate maximum value of [,
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PakeTu Ha ri6pnaHomy naaumsi (1/3)

FIGURE 1-6. Simphtied schematic diagram of a tvpical hybrid rocker engine. The
relative positions of the oxidizer tank, high pressure gas tank, and the fue]l chamber
with its nozzle depend on the particular vehicle design.
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PaKkeTu Ha ri6pnaHomy nanumsi (2/3)

Pressurization system
i LO, oxidizer

Systems tunne!

Graphite/aluminum LO; tank

~ LO; injector

»
- Inert HTPB fuel grain

E -
P B \ / o\ Graphite composite case
& o A Y :
. 5 K N [ Combustion ports
Concept features Hypergolic \\ _ \,ﬁ Mixing chamber
* Throttleable gnites X ]\\\
* Inert fuel grain \\ |

» Simple injector
Flex beanng TVC

FIGURE 15-1. Large hybrid rocket booster concept capable of boosting the Space
Shuttle. It has an inert sohd fuel grain, a pressurized hquid oxygen feed system, and
21/05/19 ¢an be throttled. AHgkeno MiHoTTi, PhD
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PakeTu Ha ri6pnaHomy nanumsi (3/3)

TABLE 15-1. Thermochemical Properties of Selected Oxidizers Reacted with HTPB

Fuel

Boiling Point Density AcHC
Oxidizer Type ("C) {g;’cmﬁ) (kcal/mol)
0O, Cryogenic —183 1.149 —3.1
F> Cryogenic — 188 1.696 -3.0
0, Cryogenic —112 1.614 +30.9
F,O Cryogenic — 145 1.650 +2.5
F,0, Cryogenic —57 1.450 +4.7
N,O Cryogenic —&8 1.226 +15.5
N,Oy Storable + 21 1.449 +2.3
IRFNA® Storable +80 to +120 1.583 —41.0
H,O, Storable + 150 1.463 44 .8
Cl0O, Storable +11 1.640 +24.7
CIF, Storable F1 1.810 —44 .4

“AfH 1s the heat of formation as defined in Chapter 5.

"Inhibited red fuming nitric acid.

21/05/19
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MoMeHTH, WO AiloTb Ha AiTanbHUM anapart (1/3)

+ Ruoll

- Pitch

* KepyBaHHsA BekTopom Tarun (KBT): ana KepyBaHHA NONOKEHHAM Ta KYPCOM NOJIbOTY

NiTanbHOro anapaTa
* AepoauHamiyHe onepeHHA (KopcTKe i pyxome): 3aci6 KBT npu nonboTi y atmocdepi 3emni

Ta (ab0) Nnpn BUMKHEHOMY ABUTYHI



MomeHTH, Lo AiloTb Ha AiTanbHUK anaparT (2/3)

» KepyBaHHsA BekTopom TaArn (KBT): ana KepyBaHHS NONOKEHHAM Ta KYPCOM NO/bOTY
NiTanbHOro anapaTa

e

Vehicle axis .

Center of mass /

MOMEHT TaHraxy, Wo Ai€ Ha
anapart: Flsin®

Hinge point /
/Q Deflection angle, @

Thrist
force
vector,



MomeHTH, Lo AiloTb Ha AiTanbHU anapar (3/3)

* AepoanHaMiyHe onepeHHs
(kopcTKe i pyxome):

3aci6 KBT npu nonboTi y atmocdepi 3emni
Ta (ab0) Nnpn BUMKHEHOMY ABUTYHI

HocoBun pynb: bHinblla YyacTMHa Baru
NiTaNbHOro anapata ANAra€  Ha Kpwuna;
HOCOBUW PY/ib BUKOPUCTOBYETHLCSA, FOJIOBHUM
YMHOM, AN KepyBaHHA TaHraXem nig 4ac
MaHeBpYyBaHHA. BiH BCTAHOBAIOETbLCA nepes
LEHTPOM BarM i 3MEHLWYE CTiMKICTb 3a
TaHraXkem. Wing Control

*N

-
p—

Tail Control
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KBT 3 ogHuM consiom (nunwie TaHra)x i pUcKaHHA)

Type L/8"

Advantages

Disadvantages

Gimbal or hinge L

Movable nozzle 5
(flexible
bearing)
Movable nozzle §
(rotary hall
with gas seal)

Simple, proven technology; low
torques, low power; =127
duration limited only by
propellant supply; very
small thrust loss

Froven technology; no shiding,
moving seals; predictable
actuation power; up to £12°

Proven technology: no thrust
loss if entire nozzle is moved;
+20° possible

Requires flexible piping; high
inertia; large actuators for high
slew rate

High actuation forces; high torque
a1 low temperatures; variable
actuation force

Sliding, moving hot gas spherical
seal, highly variable actuation
power; limited duration; needs
continuous load 1o maintain seal

Jet vanes L{5  Proven technology; low actuation Thrust loss of 0.5 to 3%, erosion
power; high slew rate; roll of jet vanes; limited duration;
control with single nozzle; £9° extends missile length

et tabs 5 Proven technology, high siew Erosion of tabs; thrust loss, but
rate; low actuation power; only when tab is in the jet;
compact package limited duration

letavator 3 Proven on Polaris missile; low Erosion and thrust loss; induces
actuation power; can be vehicle base hot gas
lightweight recirculation; limited duration

Liquid-side S/L  Proven technology; specific Toxic liquids are needed for high

injection impulse of injectant nearly performance; often difficult

Hot-gas-side S/L
injection

offsets weight penally; high
slew rate; easy to adapt 1o
various motors, can check out
before Right; components are
reusable; duration limited by
liguid supply; £6°

Lightweight; low actuation power;

high slew rate; low volume/
compact; low performance loss

Hinged auxiliary L
thrust
chambers for
high thrust
ENEIne

Turbine exhaust L
gas swivel for
large engine

Proven technology; feed from
main turbopump; low
performance loss; compact;
low actuation power; no hot
moving surfaces; unlimited
duration

Swivel joint s at low pressure;
low performance loss,
lightweight; proven technology

“L. used with%!-:]:{[LQ%A'.]]ig[am engines; 5, usad with solid propellant motors.

packaging for tanks and fesed
SYS1em; Somelimes requires
excessive maintenance; potential
spills and toxic fumes with some
propellants; limited 1o low vector
angle applications

Multiple hot sliding contacts and
seals in hot gas valve, hot piping
expansion; mited duration;
requires special hot gas valves;
technology is not yet proven

Additional components and
complexity; moments applied to
vehicle are small; not used for 15
years im LISA

Limted side forces; moderately hot
swivel joint; used for roll control
only

AHOReno MiHoTTi, PhD
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KBT 3 6aratbma connamu (Takox KpeH) (1/3)

@ @O -
a0 ol AndepeHuinHe KepyBaHHA TArO 3a AOMNOMOrOH0

YOTUPBLOX TATOBMX Kamep PiKCOBAHOrO NONOMKEHHSA
Pitch Yaw Raoll 3abe3neyye maHeBpPYyBaHHA Y NoAboTi. MpuxoBaHi
conna cBigyaTb NPO NOAIT Yy peXUmi KepyBaHHA
TAroto abo nNpo 3meHwWeHHA Tarn. Kpim Toro, ans
KepyBaHHA KPEHOM COM/a 3/1erka HaxuaeHi.

&

[BUryH nepworo ctyneHAa paketn MiHiTmeH 3 4
PYXOMMMM CONMaMMN ONA KepyBaHHA TaHraXem,
PUCKAHHAM i KpeHom (1 TaroBa Kamepa).
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KBT 3 6aratbma connamum (Takox KpeH) (2/3)

- Compartment for guidance
control, seeker and electronics

21'/'0'5'/19'

aquipment
ACS grain #1

Insulated hot gas pipe
Divert grain, #1

Center of gravity
High-thrust divert nozzle

with hot gas valve
(electr. actuator)

Divert grain, #2

ACS grain #2

Space for power supply

Six low-thrust ACS
nozzles

Cluster of six hot gas
valves for ACS nozzles
(pitch 2, yaw and roll|4;

Cxema ABOX PYWIiMHUX CUCTEM AN OAHOro TUNYy
MaHEBPYHOYOro BEePXHbOro CTyneHA paKeTu-
nepexonatoBaya. bokosBi cuam  abo  cuam
BiAXMNEHHA € AOCUTb MNOTYXHUMMU | NPOXOAATD,
FO/IOBHUM 4YMHOM, u4epe3 ueHTp Barn (LIB)
BEPXHbOro cTyneHAa. na miHimizauii amiweHHa LB
Hag UB i nig HMUM po3TaloByOTb NO ABa 3apAaau
nanmea. Ko)kHe conao Ma€e BAACHUM  KaanaH
rapaumx rasie. Cuctema OpPIEHTYBAHHA, A0 AKOI
NoAaloOTbCA PeaKTUBHI rasn 3 ABOX 3apAfiB, Mae
LWICTb Maaunx conen.

AHaxeno MiHoTTi, PhD 39



KBT 3 6aratbma connamum (Takox KpeH) (3/3)

Coto3: yotnupum moayni RD-107 i ueHTpanbHU asmuryH RD-108

y \ 4 \ 7.,1 e
& ' \ ,

-

W

Mani conna — Kopurytodi ABUryHM AN TOYHOTrO KepyBaHHA OpieHTaLielo Ta (abo)

LUBUAKICTIO
21/05/19 Angxxeno MiHotTi, PhD



PakeTta-Hocin €EC: BETA
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Falring

Adapter

4" stage (AVUM)

3" stage (Z8)

2 stage (Z23)

1” staae (PEO)

-

e m

o

PakeTa-Hociu €EC: BETA

PAYLOAD FAIRING AvomueeeRsTAGE |

Diameter; 260 m Size: 2.18-m diameter = 2.04-m height
Length: B0 M Dry mass: 548 kg
Mass: 540 kg Propellant: 331 kg/196 kg of NTO/UDMH
Structure: Two habees - Sandwich pancls CFRP sheets and aluminum Subsystems:
noneyoomib core Struchure: Alurninium cylindrical case with 4 ttarium progellant @nks
Separation: Viertical saparations by mears of leak-prool pyrotechnical and supgorting frame
expanding tubes and harizontal separation by a damp- Pripulsion: MEA (evalution of RID-BE9) — | chambser
band - Thrust 245 kN - Vacuum
- Isp 314.6 5 - Vacuum
- Feed system Regulated pressure-fed
87 1{3.9 kg) GHe tank MEOP 32E barA
PAYLOAD ADAPTERS - Burn timefrestart  Lip o 612.5 5/ up to 5 controlled or deplebon bumns
RACS: Six 20 M hydrazine thrusters
PL& 937 VG M, ;391 (38.6 kg) MAH, tank MEDP 26 barA
Height: 1461 mm Avionics: Inertal 3-axis platform, or-board computer,
Mass: 77 kg TM & RF systems, Power
PLA 1194 VG Attitude comtrol
Height: 1071.5 mm - Pitchy, yaw Main pngine 10 dng gimbaled noenie — bovsted phases
Mass: 7B kg [TBC) By RACK thruslors — hallishe phases
- Rall Roll rate and atttude contrpfed &y fowr of (e s RACE
Bhvusters
1* STAGE (PB0) 2™ STAGE (Z23) 3™ STAGE (29
Size: 3.00-m diameter x 11.30-m length 1.20-m diameter x B.3%-m length L.50-m diameter = 4.12-m length
Gross mass: 95 243 kg 26 300 kg 12 000 kg
Propellant: 8F 71i-kg of HTPE 1912 soiid 23 814-kg of HTPE 1512 solid 10 567k of HTFE 1912 solid
Sulbsystems:
Structure Carbon-epowy flament wound monalithic matar Carban-cpouy filament waund manolithic meior Carbon-cpaxy filament waund manalithic motor
case protected by ERDM case protected by EFDM case pratecied by EFDM
Propulsion PEOFW Solid Rocket Mator (SRM) ZEFIRD 23FW Solid Riocket Motor [SRM) ZEFIRO 9FW Solid Rocket Matar (SRM)
- Thrust 3015 kN Mant Vac thrust 1120 kN Max Mac thrust 317 kN - Man Vac thnust
- Isp 280 5 - Vac FHTE 5 - Vac 2949 5 - Wac
- Burn tirme 19.5s 7ilsg 11965
Avionics Actuabors 10 eectronics, power Actuators [0 electronics, power
Attiteds control;
- Pifch, yaw Gimbaled F8.5 deg nozzie with sleckro mecianica! Embaled’ 27 dag mozsle wath sfecing mechanical imbaled 26 Jog nozzle Wil slecire mechanical
PCLNTNR AT Acfuatas
- Rall Roll rate Smited by feur of the i RACS thrustors Rl rabe Smited by four of the sy RACS Hrusters Aol rate and astitue controled by for of e s
RACE Hhrusters
Interstage: 0/1 interstage: 2/3 interstage:
Structure:  Cylinder aluminum shellfinner Structure;  Cylinder aluminum shelfinner
stilfeners stiffieners
Housing:  Adtuators [f0 clectronics, power, Hausing:  TWC local contral equipment;
safety/destruction subsystem Safety/Destruction subsystam
1/2 interstage: I/AVUM interstage:
Structure:  Carical aluminum shellfinner Sructhure:  Aluminium clinder with integral
sriffemars. machined stringers
Housing:  TVIC Iocal controd egquigment; Housing:  TWC control eguipment;
Safeby/destruction subsystem Safety/Destruction subsystom, pawer
distrinution, BF and telemetry
submystems
Stage separation: Linear Cutting ChargeRetro rocket thnusters Linesar Cutting Charge/springs
Pyratechnic tight expansible tube/springs

Figure 1.5.1a - Launch vehicle general data

AHaxeno MiHoTTi, PhD
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A5.6. On-ground and in-flight configurations

AS assy
Payload
Assembly
Composite
A4 assy
AVUM upper stage
3/AVUM interstage
i/4 separation plane
2/3 separation plane
A3 assy

Z9 third stage
2/3 interstage

A2 assy

Z23 second stage

1/2 separation plane
Al assy
« 1/2 interstage
P8O first stage
0/1 interstage
On-ground prepaAra'-tHg\')tKeno M IHOTTI, PhD In-flight separations 43

and integration



Mepwwun ctyninb P8O

The Vega's first stage is powered by a
large single-piece Solid Rocket Motor
containing 87 710 kg of the solid propellant
HTPB 1912.

This SRM delivers maximum vacuum thrust
of 3015 kN and burns for 113 seconds
prior to being jettisoned at an altitude of
about 58 km.

The P80 first stage, a filament-wound
carbon-epoxy case, has the same diameter
(3 m) as the solid boosters used on
Ariane 5 and its overall length (11.2 m) is
similar to that of one of the longest
segments of the solid booster.

The transition in diameter from the P80 first stage to the Z23 second stage is ensured by
a conically shaped structure called 1/2 inter-stage.
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[MPOMIXKHI CTYNEeHi

Figure 6.2.3.2.1e - Hoisting and
integration of the 1/2 interstage
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NiHii Ha3emHoro »usneHHs (1/2)

The PAC umbilical lines transit through
the COE (electrical umbilical cable,
“Cable Ombilical Electrique™)
connected between the mast and the

AVUM interstage section.

21/05/19

RF link
LV customized

Permanent lines

lines

Customized lines provided

by the Custcmer

UNBILICAL
MAST

..............................

i Payload
¢ | Mast Junction g
Box '
[CMCU) \
A

— L.

COE

b FAIRING

Liribiecal
connectors

AHaxkeno MiHoTTi, PhD

wwvesses STFO Rack

COTE ROOM 101

| SIS |
Connecting Box[ff— — — —
(RCU) |

S/C QOTE

46



NiHii Ha3emHoro »usneHHs (2/2)

The launch tower is equipped with an
air-conditioning system providing clean
air under the fairing.
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By30/1 KOPUCHOIO HaBaAHTAXXeHHA

In single launch configuration, the Payload Assembly Composite is composed by the
fairing, the payload and the adapter.

The fairing, 2.6 m in diameter and 7.88 m long, i1s made of two half-shells. The
separation of the nose fairing is achieved by means of two separation systems: a vertical
one (VSS) and a honzontal one (HSS) (see Chapter 5 paragraph 5.3.1).

The adapter (see Annex 4a) is denved from Arianespace extended family of adapters. For

Ariane and Soyuz launch systems.

In multiple launch
configuration, the VEga
Secondary Payload

Adapter (VESPA) is
implemented in order to

embark several
passengers inside the
fairing.
Payloads
encapsulation

21/05/19 inSide fairing
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MepexigHa YacTUHA BYy3/1a KOPUCHOIO

HAdBAHTAXXEHHHA
The PLA 1194 VG is mainly composed of:

e A structure;
e A clamping device;

e An ejection subsystem (4 to 12 actuators).

The PLA 1194 VG structure comprises the
following main parts:

¢ Conical shell:

It is a monolithic structure of CFRP, made
on Fibre Placement technology.

¢ Lower ring:

This ring is the direct interface with the launch vehicle. The assembly between the

adapter and the launch wvehicle is achieved through a bolt interface by mean of
144 holes @MB6.

¢ Upper ring:

This ring is the direct interface with the payload. The assembly between the adapter
and the payload is achieved through a clamp-ring separation system.
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FC3, FC5 & FC9:
FC7:

FCI10:

FCI11:

FCI4:

-0 =60 =30 o 3o &0 a0 LZD 150

Acceleration threshold detection
Fairing jettisoning

AVUM ignition

AVUM cut-off

Spacecraft separation

Typical ground path for the Vega equatorial mission
{one AVUM boost mission profile)
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AKYIO

Dualuse-armscontrol@angelominotti.com

info@angelominotti.com

www.angelominotti.com

AHaxeno MiHoTTi, PhD
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