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Double Base

Binder: Nitrocellulose

*Reactive Plasticizer: Nitroglycerine
Burn rate modifiers

*Nearly Smokeless Exhaust

‘Not Commonly Used

Nitrocellulose Clip Textbook Reference: Table 13-6

Nitroglycerine Clip



https://www.youtube.com/watch?v=QQ5q9G1lHUc
https://www.youtube.com/watch?v=JjmH8pU5K9o

Composite

*Oxidizers

Solid Propellant Composition

*Fuels L 70

Binders E

‘Burning Rate g
Modifiers "o e o

*Plasticizers A

*Most Commonly S

Textbook Reference: Table 13-7
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TABLE 12-1. Characteristics of Some Operational Solid Propellants

Fliame Density or
I Temperature®  Spec. Gravity” Metal Burning Presaure Siress (pai)/Strain (%)

Propellant Type® Range Content Rate™ Exponent” Hazard e Processing

{sec)® CFy CKY (bt fspoge) (wt b {in.fsec) n Classification” ~60°F  + [50°F W ethod
B 1130 4100 1550 0058 161 0 (.05-1.2 .20 [N} AElil2 450760 Extruded
DBIAFAL 260-265 G500 3880 065 1.8l 20-21 ¢.2-1.0 (R 1.3 27505 120450 Extruded
DB AP-HMX /Al 265-170 BT00 4000 0065 1B 20 02-12 49 1.1 23175/3 50433 Solvent cast
PYC/AP/AL 260-265 600 3380 06 1.78 21 0.3-0.9 .33 1.3 3697150 B2 Castor

entruded
PUAPIAL 260265 FT00 440 0G4 1.78 la-20 (2-0.9 {13 1.3 11 TG 7433 Castl
PHAM/APAL 260263 SHO0 3500 D6 1.78 16 02510 033 1.3 SX0/16 T1/28 Cusi
far —10°F)

CTPB/AP/AI 260=265 700 3440 il 1.78 1517 0.25-20 [T 1.3 125026 BE/7S Cast
HTPB/AP Al 260265 5700 3440 0067 |86 417 (r25-3.0 LR ] 1.3 F10/50 W33 Cast
PBAAAPIAL 260165 700 3440 064 1.78 14 25-1.3 (.15 1.3 300411 4131 Casi
AN Polymer 1R 190 2300 1550 oS3 1.7 i} 0a-0.5 (pd 1.3 ol i T MNA Casi
a41, al . AM, nitrate; AP, smmoniem perchlorate; CTPR, carboxy-termicated palybuladiens; DB, double-base; HMX, cyclotetramithylene letramitramine; HTPH, hvdroxyi-lermanatd pohe-

butadiens, PBAA, polybuladiene-acrylic acid polymer; PBAN, polybuladicne-acrylic acid-actyloniliie werpolymer; FLL palyurethaoe; PYC. paisvinyl chlomde
* AL 10 piin expanding o 14.7 paia, idcal or (beorctical value al reference cosditions.

T AL 00 pea

* See page 491,

* I, Mame 1emperature, denssty, burn rate and pressure exponent will vary slightly with specific composition.
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Specific Application

 Tactical Missile

« Space Launch Booster
* High-Altitude Motors

« Ballistic Missile Defense
 (Gas Generator

Table 11-3 Sutton/Biblarz
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TABLE 11-1. Major Application Categories for Selid Propellant Rocket Motors

Category Application Typical Characteristics
Large booster  Space launch vehicles; lower Large diameter (above 48 in);
and second- stages of long-range ballistic LiD of case = 2 to 7; burn

stage motors missiles
(see Figs. 11-2 and 14-2)

tme 1= 60 to 120 sec; low-

altitude operations with low

nozzle arca ratios (6 w 16)

High-altitude  Upper stapes of multistage High-performance propellant;

molors ballistic missiles, space launch large nozzle area ratio (20 o
vehicles; space maneuvers 2000, L/D of case = 1 to 2;
bum time ¢ = 40 to 120 sec (see
Fig. 11-3)

Tactical missiles 1. High acoeleration: short-range Tube launched, £/ =4 w 13;
boembardment, antitank wvery short burnm time ((0L25 to ]
missile sec); small diameter (275 to |8

in.); some are spin stabilized

U U Daeect e Ll Lz
surface, surface-to-air, short- of case = 5 to 10, usuvally has
range guided surface-to-surface, fins and/or wings; thrust is high
and air-to-air missiles atl launch and then is reduced

(boost-sustainy; many have
blast tubes (see Fig. 11-4), wide
ambient temperature Limits:
sOmEemes minimurm
temperature —65° F or —53°C,
maximum temperature 4 160°F
or +71°C; usually high
acceleration; often low-smaoke
or smokeless propellant

Ballistic missile IMefense against long- and Booster rocket and a small upper

defense medivm-range ballistic missiles  mancuverable stage with
multiple attitude control
nozzles and one or more side
or divert nozzles

Gas generator  Pilot emergency cscape; push Uisually low gas temperature
missiles from submarine launch (= 1300°C); many different

tubes or land mobile canmisters;
actuators and valves; short-
term power supply; jet engine
starter; munition dispersion;
rocket turbine drive starter;
automotive air bags

configurations, designs, and
propellants; purpose 15 to create
high-pressure, encrgetic gas
rather than thrust
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FIGURE 12-1. Estimated actual specific impulse and burning rate for several solid
propellant categories. (Adapted and reproduced from Ref. 12-1 with permission of
the American Institute of Aeronautics and Astronautics [AIAA])
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TABLE 12-1. Characteristics of Some Operational Solid Propellants

Fliame Density or
I Temperature®  Spec. Gravity” Metal Burning Presaure Siress (pai)/Strain (%)
Propellant Type® Range Content Rate™ Exponent” Hazard e Processing
{sec)® CFy CKY (bt fspoge) (wt b {in.fsec) n Classification” ~60°F  + [50°F W ethod

B 1130 4100 1550 0058 161 0 0s-1.2 .20 L AElil2 450760 Extruded

DBIAFAL 260-265 G300 3880 065 1.8l 2021 ¢.2-1.0 b} 1.3 2THHS 120450 Extruded

DB/ AP-HMX Al 265-270 BT00 4000 0065 1B 20 0212 049 1.1 217573 50433 Solvent cast
— e R i S i = =t i ey = oo T

entruded
TR 6l e BLL o TILET T.o1 Ty e e = Lt Taet L :mu T pr- 2y
PHAM/APAL 260263 SHO0 3500 ) el 1.78 16 02510 033 1.3 SX0/16 T1/28 Cusi
far —10°F)

CTPB/AP/AI 260=265 700 3440 il 1.78 1517 0.25-20 [T 1.3 125026 BE/7S Cast

HTPB/AP Al 260265 5700 3440 0067 |86 417 (r25-3.0 LR ] 1.3 F10/50 P33 Cast

PBAAAPIA] 260165 700 3440 LR e 1.78 14 025-1.3 (.15 1.3 300411 4131 Casi
—r R Ea =i e b = L i = =t s vt

a41, al . AM, nitrate; AF, smmoniem perchlorate; CTPR, carboxy-termicated palybuladiens; DB, double-base; HMX, cvclotetramithylene telramitramine; HTPB, hydroxyi-lermanatd pohy-

butadiens, PBAA, polybuladiene-acrylic acid polymer; PBAN, polybuladicne-acrylic acid-actyloniliie werpolymer; FLL palyurethaoe; PYC. paisvinyl chlomde
* AL 10 piin expanding o 14.7 paia, idcal or (beorctical value al reference cosditions.

T AL 00 pea

* See page 491,

* I, Mame 1emperature, denssty, burn rate and pressure exponent will vary slightly with specific composition.
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Safety Rating

* Detonable (Class 1.1)
* Non Detonable (Class 1.3)

10



TABLE 12-1. Characteristics of Some Operational Solid Propellants

Fliame Density or
I Temperature®  Spec. Gravity” Metal Burning Presaure Siress (pai)/Strain (%)

Propellant Type® Range Content Rate™ Exponent” Hazard e Processing

{sec)” CEY O OCK) (bin') spogs) (wa %) {inn.jsec) " Classification” —60°F  + [30°F Method
r\! -\m 11:‘ 1Lan nn;s Lol Fal Fa o LA ] P oY Ll W'LH .aml-zn Bsikaiiilad
DB/AF/AI 260-265 6500 3B 0065 1.BD 20-21 0.2-10 .40 1.3 2750/ 120/50  Extruded
Dn |p ;“‘“ A ii; i;u !;w qm nﬁr Il w a0 Fia e I | P Ta Ll e A -:ﬂlr!rl [P | hiiiaial

— e R i it = =t i el = bt T
entruded
FUIAT AN m:l—“,l.} Jll:n B b o1 LS b ) LT LR il Wea WLF W=t P llm‘u Tadjm e h=rsa
PEAMN/APAL 260263 SRO0 350D 0D 1.78 16 02510 033 1.3 53016 T1/28 Cusi
far —10°F)

CTPRAPAL 260=265 500 Iy bl 1.78 1517 0.25-20 [T 1.3 125026 BE/7S Cast
HTPB/AP Al 260265 5700 M4 00eT |86 417 (r25-3.0 LR ] 1.3 F10/50 ELTEE] Cast
PBAAAPIAL 260165 500 3440 LI E 1.78 14 025-1.3 (.15 1.3 300411 4131 Casi
e b 2366 i T b ™ i Py b YT Aid P
a41, al . AM, nitrate; AF, smmoniem perchlorate; CTPR, carboxy-termicated palybuladiens; DB, double-base; HMX, cvclotetramithylene telramitramine; HTPB, hydroxyi-lermanatd pohy-

butadiens, PBAA, polybuladiene-acrylic acid polymer; PBAN, polybuladicne-acrylic acid-actyloniliie werpolymer; FLL palyurethaoe; PYC. paisvinyl chlomde
* AL 10 piin expanding o 14.7 paia, idcal or (beorctical value al reference cosditions.

T AL 00 pea

* See page 491,

* I, Mame 1emperature, denssty, burn rate and pressure exponent will vary slightly with specific composition.

Table 12-1 Sutton/Biblarz



Safety Rules

AD BT0258

Train all o
HAZARDS OF CHEMICAL ROCKETS
AND PROPELLANTS HANDBOO
personnel " Follow and
aidnetpopete. - €NFOrCe all
. prm:essing,han@ling.smrage
DeS|g n Safe and transportation Safety ru IeS
experiments s

TRt L
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Toxicity

e ToxiC
« Nontoxic

http://en.wikipedia.org/wiki/STS-27
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TABLE 12-1. Characteristics of Some Operational Solid Propellants

Fliame Density or
I Temperature®  Spec. Gravity” Metal Burning Presaure Siress (pai)/Strain (%)

Propellant Type® Range Content Rate™ Exponent” Hazard e Processing

{sec)” CEY O OCK) (bin') spogs) (wa %) {inn.jsec) " Classification” —60°F  + [30°F Method
r\! -\m 11:‘ 1:Fﬁ n.n:u Lol Fal Fa o LA ] P oY Ll W'LIH .aml-zn Bsikaiiilad
e EFraryss i 355 i i EPaET P mibich =2 ECTeNTs ETE = sl
Dn |p ;l““ A ai; i;u !;w qm Fal Tl Il w a0 Fia e I | P Ta Ll e A -:ﬂlr!rl [P | hiiiaial

— e R i it = 2 iy e = R RSt
entruded
FUIAT AN m:l—“,l.} Jll:n B b o1 LS b ) LT LR il Wea WLF W=t P L) lm‘u Tadjm e h=rsa
PEAMN/APAL 260263 SRO0 350D 0D 1.78 16 02510 033 1.3 53016 T1/28 Cusi
far —10°F)

CTPRAPAL 260=265 500 Iy bl 1.78 1517 0.25-20 [T 1.3 125026 BE/7S Cast
HTPHE AFAl 260265 5700 M4 00eT |86 417 (r25-3.0 LR ] 1.3 F10/50 ELTEE] Cast
PBAAAPIAL 260165 500 3440 LI E 1.78 14 025-1.3 (.15 1.3 300411 4131 Casi
PR — b 2366 i T b ™ i Py b YT Aid P
a41, al . AM, nitrate; AF, smmoniem perchlorate; CTPR, carboxy-termicated palybuladiens; DB, double-base; HMX, cvclotetramithylene telramitramine; HTPB, hydroxyi-lermanatd pohy-

butadiens, PBAA, polybuladiene-acrylic acid polymer; PBAN, polybuladicne-acrylic acid-actyloniliie werpolymer; FLL palyurethaoe; PYC. paisvinyl chlomde
* AL 10 piin expanding o 14.7 paia, idcal or (beorctical value al reference coaditions

T AL 00 pea
* See page 491,

I, Mame 1emperatuere, denssty, burn rute and pressure expanent will vary slightly with specific composition.

Table 12-1 Sutton/Biblarz
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TABL-E 12-2. Characteristics of Selected Propellants

Propellant Type Advantages Disadvantages
Double-base Modest cost; nontoxic clean exhaust, smokeless; good burn rate  Free-standing grain requires structural support; low
(extruded) control; wide range of burn rates; simple performance, low density; high to intermediate
well-known process; good mechanical properties; low hazard in manufacture; can have storage
temperature coefficient; very low pressure exponent; plateau problems with NG bleeding out; diameter limited
burning is possible by available extrusion presses; class 1.1
Double-base Wide range of burn rates; nontoxic smokeless exhaust; relatively NG may bleed out or migrate; high to intermediate
{castable) safe to handle; simple, well-known process; modest cost; good manufacture hazard; low performance; low

mechanical properties, good burn rate control; low temperature  density; higher cost than extruded DB; class 1.1
coefficient; plateau burning can be achieved
Composite-modified double-base or Higher performance; good mechanical properties; high density  Storage stability can be marginal, complex facilities;
CMDB with some AP and Al (sp. gr. 1.83-1.86); less likely to have combustion stability some smoke in exhaust; high flame temperature;
problems; intermediate cost; pood background experience moisiure sensitive; moderately toxic exhaust;
hazards in manufacture, modest ambient
temperature range; the value of # 15 high (0.8 to
0.9); moderately high temperature coefficient
Composite AP, Al, and PBAN or  Reliable; high density; long experience background; modest cost; Modest ambient temperature range; high viscosity

PLU or CTPB hinder good aging; long cure time, good performance; usually stabie limits at maximum =solid loading; high flame
combustion; low to medium cost; wide temperature range; high  temperature; toxic, smoky exhaust; some are
density; low to moderate temperature sensitivity; good burn moisture sensitive; some burn-rate modifiers (e.g.
eitsananissl il s b i et e e aziridines) are carcinogens
Composite AP, Al, and HTPE Slightly better solids loading % and performance than PRAN or  Complex facilities; moisture sensitive; fairly high
binder; most common composite  CTPR; widest ambient temperature limits; good burn-rate flame temperature; toxic, smoky exhaust
propellant today control; usually stable combustion; medium cost; good storage

stability; widest range of burn rates; good physical properties;
good experience; class 1.3

Modified composite AP, Al, PB Higher performance; good burn-rate control; wsually stable Expensive, complex facilities; hazardous processing,
binder plus some HMX or RDX  combustion; high density, moderate temperature sensitivity; can  harder-to-contral burn rate; high flame
have good mechanical properties temperature; toxic, smoky exhaust; can be impact
sensitive; can be class |.1; high cost; pressure

exponent 0.540.7
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TABLE 12-1. Characteristics of Some Operational Solid Propellants

Fliame Density or
I, Temperature®  Spec. Gravity” el Burning Pressure Btrress (pai)/Serain (%)

Propellant Type® Range Content Rate™ Exponent” Hazard e Processing

{sec)® CFy CKY (bt fspoge) (wt b {in.fsec) n Classification® —60°F  + [50°F Method
KN e T FEE.T i o T Lol Fal Fa o LA ] P oY Ll W'LIH .aml-zn Bsikaiiilad
e EFraryss i 355 i i ETE i i i ECTrN ERIT = i
SENITR WY & AT Tl a1 Falet ! EFTCY Fal Tl et a0 Fia e I | P Ta Ll e A -:ﬂlr!rl [P | hiiiaial

— e R i it = 2 iy e = R RSt
entruded
FUIAT AN m:l—“,l.} Jll:m B b o1 LS b ) LT LR il Wea WLF W=t P llmu Tadjm e h=rsa
BRABLARA Za0.JE0 SR00 2500 O0Edl LIi 15 iR LA 1] &3 L1 RNt il B o Cugd
fat —[0"F)

rrrnnun-ul el CAals daan Fal LT | ] 1L 13 P e L O LA L b L TN gg g sy
HTPHE AFAl 260265 5700 440 06T 1.B& 417 (r25-3.0 LR ] 1.3 F10/50 ELTEE] Cast
PBAAAPIAL 260165 500 3440 LI E 1.78 14 025-1.3 (.15 1.3 300411 4131 Casi
PR — b 2366 i T b ™ i Py b YT Aid P
a41, al . AM, nitrate; AF, smmoniem perchlorate; CTPR, carboxy-termicated palybuladiens; DB, double-base; HMX, cvclotetramithylene telramitramine; HTPB, hydroxyi-lermanatd pohy-

butadiens, PBAA, polybuladiene-acrylic acid polymer; PBAN, polybuladicne-acrylic acid-actyloniliie werpolymer; FLL palyurethaoe; PYC. paisvinyl chlomde
* AL 10 piin expanding o 14.7 paia, idcal or (beorctical value al reference coaditions

T AL 00 pea

* See page 491,

I, Mame 1emperatuere, denssty, burn rute and pressure expanent will vary slightly with specific composition.

Table 12-1 Sutton/Biblarz



TABLE 12-1. Characteristics of Some Operational Solid Propellants

Flame Density or
I, Temperature®  Spec. Gravity" Metal Burning Pressure Stress (psi)/Strain (%)
Propellant Type® Range Content Rate™" Exponent’ Hazard Processing
(sec)” (°F)  (°K) (Ibfin") (sp. gr.)  (wt %) (in./sec) n Classification” —60°F  +150°F Method
HTPB/AP/AI 260-265 5700 3440 0.067 1.86 4-17 0.25-3.0 0.40 1.3 910/50 90/33  Cast
PRAAAPATT 26026 i N 251 B35 =3 SOt L Fuap East-
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e Class: 76-100% L

¢ Diameter: 75.0000 mm
¢ Length: 665.0000 mm
o Letter: L

o Manufacturer: Aerotech
e Name: L2200

e Type:

Manufacturer: Aerotech

Aerotech L2200G-P -

3000]

List Price: §245:99 iggg;

Price: $237.99 ~

24004

2 22004

& 2000,

2 1800)

[i}] 1

Z 1600]

4 1400

£ 1200

" 1000}

800

« Designation: L2200G o

* Delays: 0,6,10,14,18 seconds 00
* Propellant Weight: 2516.0000 g 1N
« Total Weight: 4751.0000 g TR Y ¢ % 7N ¥ ¢ 8 &N %0
o Average Thrust: 2,104.9852 N © © © o -t NN

o Peak Thrust: 3,101.7700 N
* Total Impulse: 5051.9644 Ns

e Class: 97% L [Newtons] [Pounds]
e Thrust Duration: 2.4000 s
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Take Aways & Future Steps

« HTPB/AP/AL
* Buy Motor
 Target mass
« Calculations
« Simulations
« Calculations Ul .-
- Simulations R e

http://lowres.cartoonstock.com/military-bomb-naive-missile-rocket-
explosive-aton4830_low.jpg
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