Solid Rocket Motors
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 Oldest rocket technology

Fire Arrow launcher from
14t century Huo Long Jing |
(developed before 1230)

e ~ Boxer Rocket (1855), two- %
1941_ demonstration of Jet stage, used for rescue
Assisted Takeoff (JATO) operations i
— powder based propellants (black ', o
powder, amide* powder for JATO) M é

*no sulfur and ammonium nitrate added AE6450 Rocket Pl'ﬂﬂlll.fiﬂll




Solid Rocket Motors

» Compared to LREs
Simple (less system components) Lower Isp

Reliable (few moving parts) Harder to test (no subcomponent tests)
and sensitive to environmental temp.

Reduced storage volume (high p) Hard to actively throttle
Storable (especially compared to Manufacturing defects (e.g., cracks) and

cryogenics) degradation at extreme storage
conditions

Easier to start (vs. pump fed No restarts

LREs)

Easily(?) scalable (to high and Emissions (HCI and chlorinated

low thrust) compounds) and signature (smoke) for

popular propellants
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Solid Rockets - Major Applications

» High thrust
— boosters
— high acceleration missiles
« Simplicity, storability
— hobbyists, weapons systems
— novel programmable micro-thrusters
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Solid Rocket Motors

Components and
Configurations
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SRMs: Nomenclature

Payload

» Basic parts of a solid rocket
motor (SRM)

— casing (and insulation)
— propellant (grain)

— port/bore (not for end
burning)

— igniter
— payload \ \ \ \
—nozzle

Igniter

Port
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SRM Components: ASRM

88% solids, 19% Al
Segmented high- HTPB propeliant
strength steel caseto  (see Sec. 6.4)

promote reusability

Keviar-loaded Ethylene Propylene
EPDM Insulation Diene Monomer:
(see Sec. 6.3.6) synthetic rubber

Carbon menohc, silica phenolic, Ablative composite:

and steel construction thermal insulation
(see Sec. 6.3.7 and 6.3.8)
Fig. 6.2. Schematic of ASRM (Advanced Solid Rocket Motor). Courtesy of Aerojet Corpora-
tion. From Humble
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SRM Components: Pegasus

energetic solid  gaqgie attach Nozzle, intergral with three-
fitting, i dimensional carbon-carbon
(“ke propellant) a‘u::ngn graphlte and intergral throat and entry
Forward Structure External resin com pos ite section and with
adapger/closure Igniter- reinforcements insulation, Case, IM carbon/phenolic graphite
aluminum pyrogen for wing loads cork graphltyHBRF-55A epoxy insulation/cone

Forward flap, Case bond, Internal insulation, Propeliant, Flight termination
silica-filled EPDM SEL-133 aramid-filled EPDM  HTPB-88% solids system, shaped charge

FIGURE 11-2. Booster rocket motor for the Pegasus air-launched three-stage satellite launch vehicle. It has a cylinder
grain cavity with fins. The 50 in. diameter case has structural reinforcements to attach the Pegasus vehicle to its launch
airplane and also to mount a wing to the case. It produces a maximum vacuum thrust of 726 kN (163,200 1bf) for 68.6 sec, a
vacuum specific impulse of 295 sec, with a propellant mass of 15,014 kg and an initial mass of 16,383 kg. (Courtesy of
Orbital Sciences, Corp. and Alliant Tech Systems.)

From Sutton
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SRM Configurations: Tactical Motor

Case with internal insulation Snap ring (2)

Alf' o e for flight
closu as 2
/ __Insulation stability
9in| S 2 ﬂ

\

Igniter 4 _7J

Nozzle

Forward  Forward
closure skirt O ring groove (2)

|
39in. ’

+

FIGURE 11-4. Simplified cross section through a typical tactical motor. The blast tube
allows the grain to be close to the center of gravity of the vehicle; there is very little
movement of the center of gravity. The nozzle is at the missile’s aft end. The annular
space around the blast tube is usually filled with guidance, control, and other non-
propulsive equipment. A free-standing grain is loaded before the aft closure is

assembled.
From Sutton
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SRM ='Configurations: Launch Booster

Titan IV ose tairing support skin
Nose fairing Forward attach ring Aft closure  Nozzle throat Heat shield

Igniter Nozzle

extension

Forward stagin, Nozzle exit
rocket lain‘ngl . Center segment At g Aftsupport 2zle exit cone
S N
Forward closure voickat la%rir?g skirt TVC injectant manifold

Injectant transfer tube

TVC nose fairing \ T\ v TVC bass support

Fig.6.3. Schematic of Titan IV Motor. (TVC = Thrust Vector Control) Courtesy of United Technol-
ogles Chemical Systems.

From Humble
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Space Shuttle SRB
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Georgia & Gallege of

APPROX 149’ LONG, 146" DIA

from nasa.gov
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SRM Configurations: Launch Booster
GEM: Delta rockets, Atlas V, Vulcan

€ 1297 m -
Insulator Case
Aramid-filled EPDM  Graphite composite
(see Sec. 6.3.6) (see Sec. 6.3.3)

X
Access door
/ Composite propellant 4130 steel shell

External insulation Graphite case carbon and silica
Cylinder/nozzle—cork (see Sec. 6.3.5) phenolic insulators
(see Sec. 6.3.7 and 6.3.8)

raphite Epoxy Motor). Courtesy of Hercules Aerospace Company.
6

Fig.6.4. Schematic of GEM (G
now Orbital ATK

GEM 4

From Humble
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SRM Configurations: In-Space Motors

solid Mounting
flange

Composite
propellant grain

/ Insulation layer
Nozzle throat insert, carbon

Motor case- Kevlar fivers

Igniter
reinforced; 63.4 in. diameter

Rolled up extension device
Movable nozzle extension,
| al sted
27.30in. 19.474in,  '8niter - et il
Extended nozzle in
Propellant operating position
Aft
I for structural
7 48,725 in. Extended sheet metal
/ strip is disconnected and
Titanium  8-point star, intenal Contoured exhaust rotated out of way of
case burning grain cavity nozzle with carbon vectoring nozzle
phenolic inner liner
FIGURE 11-3. Inertial upper stage (IUS) rocket motor with an extendible exit cone|
(EEC). This motor is used for propelling upper launch vehicle stages or spacecraft. The
grain is simple (internal tube perforation). With the EEC and a thrust vector control, the|

FIGURE 11-1. Cross section of the STAR™ 27 rocket motor, which has been used for
orbit and satellite maneuvers. It has an altitude thrust of 6000 1bf, nominally burns for
34.4 sec and has an initial mass of 796 Ibm. For more data see Table 11-3. (Courtesy of

‘Thiokol Propulsion, a Division of Cordant Technologies.)
STAR (apogee kick motor): Inertial Upper Stage (IUS):
CTS, GMS, BS, GPS, GOES used in Titan, Space
Shuttle launches

satellites
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Sold Rocket Motor Overview 13
Copyright © 2017, 201 by Jerry M. Seitzman. Al ghts reserved.




