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Solid propellants, K.O.Hartman (Alliant techsytems, Allegancy ballistics laboratory), Scott
morrow (U.S. Army).
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' Action time

2_ Detonation

>~ Shock wave

“_ Erosive burning

>~ Gas horsepower

. BTU (British termal unit)
’- Impetus

8_ Specific impulse
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' Thrust

2. Web thickness

3- Slower burning process
“_ High explosive
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' Black Powder

% Gun propellant

3- Propellant grains

“- Burning rate

>~ Thermal diffsivity

6. Regression rate

7~ Oxidizer

¥. Ammonium Perchlorate

°- Cyclomethylenetrinitramine (RDX)
1% Cyclomethylenetetranitramine (HMX)
' Nitroguanidine

12_ Detonability

3. Composite Peropellants
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'- Gun Propellants

2_ Nitrocellulose (NC)

>~ Single-base propellant

% Double-base propellant

>~ Triple-base propellant

®_ Diphenylamine

’- Ethyl centralite

8. Dinitrotoluene

°_ Dibutyl phthalate

'°_ Ethylene dimethacrylate

' Experimental Gun Propellants

12 Acrylic

1. Polyurethane

1. Polybutadiene

1>_ Heterogeneous

1. Composite Modified Double — Base (CMDB)
. Cartridge — Actuated Devices (CADS)
'8_ Propellant — Actuated Devices
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' Regressive
%_ Neutral
3_ Progressive
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' Strand burners

%~ Closed bombs

3. Vieille's law

“_ Surface — impregnated chemical deterrents
>~ Plateau burning
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*- Difluoramino

>~ 1-Isopropenylcarborane

4 1-nitro-2-carboranylpropene
>~ Calorimetric bomb

®. Cool burning propellants
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Nominal Bulk Relative
dimensions, density guickness
Powder diameter (mm) iglem®) (%) Use

I 0813 0.570 100 12-Gauge, 1-oz. target load. handgun loads
2 |.47 0.465 il Handgun loads, shotgun loads
3 1.47 0.480 04 Handgun loads, shotgun loads
4 1.55 0.590 02 Handgun and reduced rifle loads, shotgun loads
5 1.55 0.575 T Heavy handgun loads, heavy shotgun loads
6 1.27 0.795 55 Magnum handgun and reduced rifle loads, magnum shotgun loads
7 0.762 0.855 45 Some rifle and shotshell loads, magnum handgun loads
8 (.965 0.90K) 13 Silhouette target loads, rifle loads

'- Small — arms propellants
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Designation: IM45010 WCE1S SR7970 HP C-2 HP C-1
Type: Single base Double hase Single base Double base Duouble base
Configuration: Tubular Spherical Flake Flake Flake
Supplier: Radford Arsenal Olin Radford Arsenal Hercules Hercules
Nitrocellulose Remainder Remainder Remainder Remainder Remainder
Mitrogen in nitrocellulose 13.15 £ 0.05 13.05-13.20 13.15 £ 0.05 13.25 &£ 0.05 13.25 £ 0.05
Nitroglycerin a 8.00-12.00 0 12.0-18.0 37.5-40.0
Diphenylamine 0.50-1.25 0.75-1.50 0.50-1.25 0.65-1.25 0
Graphite (.40 0.30 0.4 04 0.4
Dinitrotoluene 6.5-10.0 0-1.0 0.0-5.0 0 ]
Dibutyl phthalate a 1.50 0 0 0
Potassium sulfate 0L10-1.0 0-0.10 0 0 0.50-2.00
Potassium nitrate a 0-0.1 0 0 0
Calcium carbonate a 100 0 0 0
Sodium sulfate a 0.50 0 0 0
Ethyl centralite a 0 0 0.00-5.00 0.0-1.50
Use 50 caliber 7.62 mm 45 caliber, M-1 7.62 mm 38, 45 caliber, M-1
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' Sporting caliber
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' Bulk density

*- Dibutyl phthalate

’- Dinitrotoluene

“_ Ethylene dimethacrylate
>~ Methyl or ethyl centralite
®_ Diphenylamine

’- Sodium carbonate

5. Potassium sulfate

%- Blank cartridges
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Designation: M-2 M-6 M-8 M-10 M-30 M30-A-1
Type: Double base  Single base  Double base  Single base  Triple base  Triple base
Nitrocellulose 77.45 87.00 52.15 98.00 28.00 28.00
Type I | I I I |
Grade C C C C A A
Nitroglycerin 19.50 0 43.00 0 22.50 22.50
Nitroguanidine 0 0 0 0 47.70 47.00
Ethyl centralite 0.60 0 0.60 0 1.50 1.50
Barium nitrate 1.40 0 0 0 0 0
Potassium nitrate 0.75 0 1.25 0 0 0
Potassium sulfate 0 1.00 1] 1.00 0 1.0
Diphenylamine 0 1.00 0 100 0 0
Dinitrotoluens 0 10.00 a 0 0 a
Dibutyl phthalate 0 3.00 3.00 0 0 0
Graphite 0.30 0 0 0 0 0
Graphite glaze 0.15 0 0 0 0.2 0.15
Other 0 0 0 0.10¢ 0.3¢ 0
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I_ Recoilless rifles
%_ Nitroguanidine
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'_ A solvent extrusion
2. Radford

3_ Web thickness

“_ Ethyl acetate

>- Sodium sulfate

'

ELVISFYé@yahoo.com



S 38 o Sl 1 1y el 5 5 85 gL (slae 5 5 55 8 a5 Kl G55 AD BV (gles 3 w3 L i
lauT 3 5sd esls idg (YL JS s 55 0l o pdd 59 mies dSle sl yls L o:uéi.i\.ggl.bj.s 03 Ly Tu\&i
b sl 5 Sagh) w s dadils el 4 (St (slaodiS” #Yol 035531 ¢ g1350T (03 87 <Shale Jols ol (S LS

sl sl §

'S S ,yg 5 Sladil paw .0
ST 5 6o b ,E W5 e kS o g5 58 K Slaoly 51 plil b (STISG Sl g 11 LI 61 487 ladi oy
Sl oS TS A Jls 53 ST s S e I8 @ 8zs S8 Sl b oS by oLT 5 A8 IS o 4l 5 S e
e 2 4 033 Sler K 53 ST 0dSir slalogl g bkt oslizad sy oo HSG Lo f (Slaleylsa 51 OLLS =5 =
30T syl ol bl 228 55 s slaaun) 51 ol 4 58 Slaygl5 (o3 Slas S L ol jemes

s Jola Lo 51550 5 6l e M5 Dl 5 ilas B lagys o 6l pn slaanS m 5w 03 S50

55 ol Sl 3l s wlga b 4l &G S e 18 280 58 L L oS by S (b 3 03lizal 3550 (sladi] iy 15
3345 (2550l 31V &S e (5,5 b sl )l 53 Lo gor 13, eslisul Ol e el S (5 58 & e (558 4 47 e
Butos 533,85 ol @2y &SG AT 55 g 41 min il oo g e T Dl 13 55 0 03t ol by IS s goT SIS 0T
G685 S o J8 S8 65,5 LA Sliges © Sl il s cnlie jlw 03 2.8 ()8 i p K s eslinal (gl
33,8 o Sl (&S 0 3555 5 PoiS ot O gy b el €y 5 S 4 87 YL (sles 5 528 L (658 51 0T 0l &S
L& 518 o b S S SO ( Ssoien 015 a0 Gl 6551555 o oalizul LI slaul (gl 015 OT 31 &7
o5 slaid e 03,5 3L eSSb s Hlis sbul ol » (638 lay 5155 515 ged agwluﬁguﬂéu&wﬁ&g@ﬁg\f@
35 b ooz L 53 (golas Sppe 4 b (6551 L bl iy 55 e e3litul Slule 03 87 5l 5 OT (65 g5l sls
(p S +/FOF) Ly ) S o b (22800 o oy g 4 4]y Oloige 45 &80T s o ol 3 p S LS ¥/0 1 4/

35 dale W st Ve 51y 638 Sl Vor b g aast oS5 5 1T Sl el Ve sgde s Sl el 4 iy

IE sles 5 Wl iy S5 55 il M5 15 (28 B s a0 65 slaas iz Ik s 558 sl 135
b b Slles lajlis 5l e atils & o eSS m@;,\f ka5 Lagls ¢ 5 S b 5ol 1 ol
3ol G5 S b g gr e 5 1 ey Aol s a3 038 e J ST UL s Gl dadoes s
Cows 56350 L0k lasdl Gy b 50T ol 63,31 Kb &G 53 03,8 0,53 1 s Sl sl w4358 43 8 0T

J}j

' Gas generator propellants

%_ Cartridge — Actuated Devices (CADs)
>~ Catapult

“_ Impeller

>~ Piston expander

®. Gas HorsePower (GHP)
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'- Oxalohydroxamic acid

*- Dihydroxyglyoxime

’- Case bonded

“_ Cartridge loaded

>~ Liquid aliphatic nitrate esters
®_ Diethylene glycol dinitrate

’- Extrusion

¥. Solvent casting

°- Nitramines

1. Triacetin

\#
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Metal content  Density Flame I Burning rate  Pressure
Propellant (wt%e) {lbﬁn.JJ temperature (“F)  (Ibg - sec/lbg, ) (in.Jsec) exponent nf

DB 0 0.058 4100 220-230 0.45 0.30
DB/APFA] 20-21 0.065 6500 260-265 0.78 0.40
DB/AP-HMX/AL 20 0.065 6700 265-270 0.55 .49
XLDB/AP-HMXJ/A] 19 0.067 6060 269 0.35 0.50
PVCIAP 0 0.061 4600 230240 .45 (.38
PVCIAP/AL 21 0.064 5600 260265 0.45 (.35
PS/AP 0 0.062 4700 230240 0.35 0.43
PS/APIAL 3 0.062 5000 2400250 0.31 0.33
PU/AP/AL 16-20 0.064 54006000 260265 0.27 (.15
NEPE 19 0.067 6060 269 0.60 0.50
PBAN/AP/AI 16 0.064 5800 260-263 0.55 .33
CTPB/AP/A] 15-17 0.064 56005800 260-265 0.45 0.40
PBAASAPIAL 14 0.064 54006000 260-265 0.32 0.35
HTPB/AP/ AL 417 0.067 S600-5800 260-265 0.40 (.40
Oidizers Binders

AP (ammonium perchlorate) CTPB (carboxy-terminated polybutadiene)

HMX icyclotetramethylene tetranitramine) HTPB (hydroxy-terminated polybutadiene)
Fuel PBAA (polybutadiene—acrylic acid polymer)

Al (aluminum) PBAN (polybutadiene—acrylic acid-acrylonitrile terpolymer)
High-energy additives PS (polysulfide)

DB (double base) PU (polyurethane)

XLDB (cross-linked double base) PVC {polyvinyl chloride)

I_Cross] MEPE (nitrate ester plasticizer)

2. Aging
3. Polybutadiene
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Mominal weight percent of constituents

Ammonium perchlorate 69.9
PBAN binder and curing agent 14.0
Aluminum 16.0
Iron oxide 0.1

Ballistic properties
Burning rate
r (mmi/sec) = 5.807P%* a1 298 K for P=1.4-11.7 MPa
r(in.fsec) =0.04424 PA33 for P=200-1700 psia
Specific impulse I3, =2568 N - sec/kg (261.9 sec) (standard
sea-level optimum expansion)
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'_ Intercontinental ballistic missiles (ICBMs)
2. Jet — assisted takeoff (JATO)
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Property Typical range Comments
Impulse (Ib/lby, - sec) 240-270 Maximized for each given application
Volumetric impulse (Ibg/in.? - sec) 13.5-18.5 Critical in volume-limited motors
Burning rate (in./sec) 02-2.0 Tailored for each application
Pressure exponent 0-0.7 Minimized for motors with fixed-area throats
Mechanical properties Tailored to carry mechanical loads over the motor operating and storage conditions;
low-temperature thermal and ignition strain are critical for tactical motors
Modulus (psi) 400-1000
Stress (psi) 80-150
Strain (%) 30-60
Processibility Mix, cast, and cure within minimal times; process conditions and ingredients controlled
Pot life (hr) 8-20
Viscosity (kp) 2-10 Important for mold filling
Service life (Years) =10 Failure modes must be understood and predicted
Exhaust plume Smokey—smokeless Minimize signature for short-range tactical rocket motors, minimize toxic products
Acoustic stability Stable Minimize tendency for pressure oscillations
Cost, cast in place ($/1b) 5-10 Minimize life cycle cost
Sensitivity Class 1.1-1.3 Formulate for Class 1.3; minimize in-process initiation sensitivity
Insensitive munitions In progress Meet Mil Std-2105B for tactical rockets
Environmental impact Assessments underway  Minimize environment impact during manufacture, use, and/or demilitarization
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Test/threat Condition Criteria Critical response factors
Sympathetic detonation  Detonate one of two units in shipping Mo detonation of acceptor 1. Propellant shock sensitivity
configuration 2. Case fragmentation
3. Shipping container—attenuation
Fast cookoff Jet fuel fire 1600°F Burning 1. Case venting
Bullet impact Three 50 cal at 2800 fi/sec at 50-msec intervals  Burning 1. Propellant extinguishability
2. Case configuration
Fragment impact Two 1/2-in. fragments at 8300 fufsec Burning |. Propellant—shock sensitivity, toughness
2. Shipping container—attenuation
Slow cookoff 6°Frhr Burning 1. Case venting—temp/pressure
2. Propellant stability
Shaped charge jet &l-mm or M42/M46 shape charge No Detonation 1. Propellant shock sensitivity
Spall &1-mm shape charge through armor plate No Burning 1. Propellant stability
2. Case. container thickness

J‘Jbﬁk"‘LSL“L;/}:’J)J"‘}“QQSJj‘ﬂGSJ’“LS)jﬁj‘j)J&S‘)W‘ﬁ)‘w‘ﬁg‘jud\%')°%6f|@‘
CJL«.@_A Lgl.h)j}'}.a A o5 6‘;: (&'W) McUﬂa UZ;&'Q‘)&.&T&%M o3ls OLis A d)%))ﬂ\.{.})b&)}:y

Sl il polas GL iy ires ]

e S 2S5 (e DYl Ll 55 sladl i b al 3 bkl iy GO smY g Jre a5 Jil L slasl iy
SIS s 5508 Gadl iy Jre casl 2l 555 L L 1o s slaail iy 4 Cand ol 5o Slage &S e (59,0 4 Aiyls
Cnl (Lwd Lol ‘_gL:a&:oTj:.g 3Ol gla mal (gl oS (39 Pla b gl iy 5> ol Jg.:« 'O/“-g"\:}‘lgfk’/(‘ﬁ‘.fj
2 g LT s 575 031 o 51 5 (6K w873 5 m 51 IS ke i U ¢ JSCin il by 51 okl oo 2575
-4l iy 33,5 SLEU ekl b 5 5L 55 5 Sy b Gl 83 gdome 43 538 4 e L 535 ad gl &S e (55 5 sl 055 !
5 pmsT DS 5kl sl el iy Kos Bb S e 4 g DT 4 S S e Iy bl s

& oml slolzs 53 LT bl (om0 gyl Ole 53) bl wles b 5 58 4 s b8 (Olesbp b (gla sl

ELVISFYé@yahoo.com



S a b g lonil 2S5 3, g o 53 el ey bl e S Sl LOT 0557 igels 5 L35 0 B e

3 8 i e g o bl s (e STy sl 53 (6 Kty st 4 (Sl sla

e T e B g e b5 G b 10T 0 8 T ab iy e Sy ade L Sk dlalu s
N - é . . o e . \ “ .. .. . . — Lz —
S AL AL 50 5 U a s Gl plp s STy BBl ol a3 8 e e Vsens al pf 35S e
(Llods 0313 QLA Jgdor 53 45 5lasbae 3,13 Koy g b5 (SS8 & i lejT ol 53 oSl Conlin sy IS
C.w:‘&ia,a.J;AJliJ},:EbQTJ..pl:-@Lﬁjlo:Li':..AL.Q\):.ic\g;i\Uc:)l:)’ybg@d@b}j\&éa&lﬁ)\&gu»l.ua-ﬂfc
Tl b 0T s 68 @ S g 5 BB 2 5mg S5to Ll 238 355 50 0 por Sl 50 L me S 655 55 5 5

..ua:ow:jﬁ-jc:.sjfﬁui.;eQﬁqugﬂj\j)sﬁﬂwl&{.w&‘onjiib

39000 ol i S gy N—T—F

4 590 STy Sdd oS ABbor ol i O e 5 55 Gl Ne b 50 (s 5 St Gl SN s 5 (S
LOT JaSTs oS sbadl i (g aminar 53 .Sl a8l 28l ( uluo o Slage 3,10kl 55 0l (o x5 Sl S5 s 400
ol yon (HTPE' (sladil 2y) s ok slasdisl aly s pssisnT OIS 5 SaiaST b ol oy 51 slosl gl sl o7 4,5 415 55
Bl S0 s ge b 4 Cod (650l slos 53 B Lyls LS ekl i pl cosdhe 4. idd @1, 65505 slay ple el L
i JREEI L g 55 g S o ol 1 il iy 2S¢ Ss € Sods palS L S 5 ob oS (s S Jwniie Oligsb g b
Qulp\}gua\jzﬁa\.mngTPB/pg,ﬁTu,lfﬁL;uuj:ﬁpdsL&ig,,é@,\s@b\LAoﬂYy;d‘.;”@
AV Jgdor) 3l oo 03,581 5 5 0,08 cdisl ls LU STy sladil i ann &1y Jlol 3

399 J31a> b lus> pé kil piy  Y—Y'—F
Ol 4 Vgl (il o olom e (sl iy b Ll 55 el 1S5 K 68 3 il b slasil iy ¢S 58 4y ol
Sl 3 503 3515 Sy (Sl 3550 2l 53 sams 5 gmily Gastls oSG o5 lanis) Syl ) Sl (65595 05 5 T 23
S b Sy 4,0 VLI L sl s 6l iy &5 53 YU Sl 555 o L Bl il 65 ST (6 5 5550 05 00 LS

ol 0 0313 0LES B IS 55 b Hloil oyl 5 (Lo gze a8 b 055 jes S ¥) el il 5 e IS el

' Sympathetic detonation

2. Hydroxyl Terminated polyButadiene (HTPB)
3~ Cookoff

%_ Heat of explosion (Hey)
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Acronym Name State Density
ADN Ammonium dinitramide Solid 1.81
C120 Hexazahexanitroisowurtzitane Solid 2.04
TNAZ Trinitroazetedine Solid 1.7
HNF Hydrazinium nitroformate Solid .86
' Nitronium perchlorate

2. Hydrazinium perchlorate
3. Hydroxyl ammonium perchlorate
‘- Beryllium hydride
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GAP Gylcidal azide polymer

PGN Polyglycidal nitrate

BAMO Bis 3.3(azidomethyl)oxetane

Nitramine polymers Poly(diethylene glycol dinitrazadecanedioate)
PolyNIMMO 3-Nitratomethyl,3-methyl oxetane
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' Energetic polymers

%- Nitro and Azide groups
>~ Nitrate esters

%~ Azido

>~ Aluminum hydride

®- Volume-limited motors
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'_ Strain capability

% Creep

’- Toughness

“_ Crosslink density

>~ Polyfunctional isocyanates
®. Functionary
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' Accelerated aging
2. Arrhenius activation energy
3- Slump
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' Extrusion

%- Solvent cast process

>~ Slurry cast

‘- High — shear vertical mixer
>- cure catalysts

®_ pseudoplastics

7~ Thixotropic

8. Packing fraction

°- Fluid energy mills

1. Flow — induced segregation
' Pot life
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' In — process sensitivity
2. Green propellant
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'- Hard block
2. Stratospheric
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