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A Introduction
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Part 1: IM Rocket Motors

e Tradeoffs, “building in” IMness




An IM Rocket Motor
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Ignition System Composite Less Sensitive
Motor Case Propellant

*Examples of Mitigation Techniques



IM - A Systems Approach
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v  Motor Case
v Propellant
Munition v Mitigation Devices
B v Container/Storage
[ Stimuli 1

v Effect of Warhead
[ Environment ] ﬂﬂ::> Response




* Rocket Motor Design Tradeoffs
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MOTOR
PERFORMANCE ) l

USEABLE IM

= PROPELLANT
COST & " PROCESSING,

MATURITY i\ [ﬁ AGING

ENVIRONMENT, M
END OF LIFE HAZARDS

Can the designer increase propellant |M-ness
without compromising other system requirements?
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IM Propellant Characteristics
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ENERGY MANAGEMENT- PARTITIONING

e Control particle size/
distribution

* Uselow ignition
temperature binders

* Reduce Solids L oading
 Develop new oxidizers
e Useenergetic binder system
« Usehigh-density Additives

e Useless-senditive ingredients
* Reducenitramines, AP
e Change ballistic modifiers

Not new concepts— How have wedonein the

past 10 years?



....... Insensitive XLDB, “Nitramites”
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SNPE & CELERG (France) e

Energetic low-signature, cross-linked DB propellants

: _ In reduced- Nitramites: High level of shock
v Reduced Nitramine Leve smoke sensitive ingredients

AN Used to Replace 3 >

Portion of Nitramines , ,
v Less-Sensitive Plasticizers XDT or “bore effect” seen by

TMETN/BTTN developersasthemain IM issue

Formulated to prevent XDT
reactionsto Bullet | mpact

Bullet | mpact:
No Reaction

| | IM Testsin
et N 5 o Composite Case
oy ﬁ‘ (hyper velocity demo)

Fast Cokoff - yp \



/- HTPE
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Alliant Techsystems, NAWC, NAMMO Raufoss
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Family of propellants based on hydroxy-terminated polyether binder

IM Approach
Permitslower % solids at equivalent 1sp

of comparable HTPB propéellant

v" Reduced Solids Loading

Energetic Plasticizer 10% Ammonium Nitrate

v Reduced Level of AP

Energy Partitioned Using Reduced Smoke & Aluminized
2nd Oxidizer (AN) Formulations

v' Good Elongation



HTPE
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. |
Characteristic HTPB HTPE

What about the
design tradeoffs?
\
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Evolved Impressive
SeaSparrow Expect Significant | mprovement

(ESSM) with Composite Case



* HTCE
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Pratt & Whitney (CSD) & NAWCWPNS China Lake

Family of propellants based on HT CE — block copolymer of
polyTHF & polycaprolactone

2 Z China
v Reduced Solids Loading”™ | o« CSD achieved BURN (Type V)

Energetic Plasticizer IMAD-116
responsesto FCO, SCO, FI, Bl with
v Reduced Level of AP O UTP-32,070
Energy Partitioned by oC>
Using 2nd Oxidizer (AN)

v Good Elongation Similar propertiesto HTPE propéllants,
binder islower cost, commercially available

Reduced Smoke & Aluminized Versions



Other Examples?
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Additional Examples, for various propellant
types, in RTO paper (NIMIC O-74)

Includes discussion of new ingredients

Input sought from IM community
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To reduce motor
response to fuel
fire: reduce
. Reducethe
confinement ) ”
deadly
fragmentsin

resultant debris

Weaken during
FCO==Burn, or
low pressure
bur st

More effective
et S  \when combined
lmprovementsin R NG with less sensitive
FI & Bl response g O A propellant
(For some - A RN
propellants)




Composite Case IM Response
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Example: early (1980s) IMAD effort:

IM Test
(per MIL-STD-2105)

Composite Case 6-in
(15.2cm) @

Pilot MSIAC

Monolithic Steel Case 6-in
(15.2cm) @

Fast Cookoff

Burn (V)

Explosion (llI)

Slow Cookoff Explosion (llI) Explosion (llI)
Bullet Impact Burn (V) Propulsion (1V)
Fragment Impact Burn (V) Deflagration (V)

>

What happensif we
combine composites
with IM propelant?

Using “ garden variety” HTPB/AP propellant
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Technology Program conducted

Achieved significant
improvementsin IM response

by NAMM O Raufoss

Photographs courtesy of NAMM O Raufoss AS




Evolved Seasparrow

Comparison of IM Responses —
Baseline ESSM vs. ESSM Composite

M TEST ESSM Baseline ESSM Composite
(OHEB Evaluation) | (NAMMO Evaluation)

Slow Cookoff Explosion (llI) ‘ Deflagration (IV '
Bullet Impact Burn (V) ' Burn (V)

Fragment Impact Deflagration (IV) Burn (V)

Nozzle/blastpipe section E—
(15.6 kg) expelled 29 m. QEEE=S inadaion . -

|
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Ignition system
with Laser Arm-
Fire Device

Thick Insul. at Prop. Slots and
Motorcase fwd and aft ends




* Summary - Part 1
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Propellant development primarily driven by performance

| M-nessisone of several competing requirements

Formulations, ingredients & techniques exist.
Designer can reduce sensitivity to IM hazar ds without
compromising system requirements

Rem Propellant is only Isthe

part of the equation Composite Cases

- —ltmust be are another integral } technology
integrated into a part of a system matur e?

system approach appr oach:
for true IM-ness!




21-inch IM Pulse Booster Project
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m MK-72 Largest VLS Compatible Booster

m Issues

Deflagrated

Exploded

Exploded

Exploded

Deflagrated

Deflagrated




Approach
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B Systems Engineering Approach
e Included “building-in IMness”

m Energy Managed System - 2 Pulse Motor

Maintain Similar System Performance




21" Pulse Booster
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m Pulse 2 Pulse 1
e HTPE/AI/AP/AN propellant HTPE/AI/AP/AN propellant
e BKNOS3 igniter BKNO, Igniter
e Foam fins left in place Highly configured grain design




Propellant Grain Designs
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Pulse 2
6 fin design

T =0.71i 1000psia : - -
argetr, =0.71ps @ PS! Foam fins remain after casting

Neutral Ballistics
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....... Case Design Overview ?
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m Composite Structure: IM7 Fibers with Epoxy Resin
e Kevlar Overwrap

m Wound in Forward and Aft Metal Sections




wawe Bulkhead Design _$ IMIC
T i | N ZEVING

m 4130 Steel Structure

: Insulation
e 48 Bolt holes; floating nuts

m Elastomerized Silica Phenolic Insulation Port covers
m Large Port Area For Low Gas Velocity
Graphite Fiber Port Covers

L




A Motor Fabrication Photos
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 Installing pulse 2

\| mandrel in case
{1
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A Fast Cook Off Test ?
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m Bikini Gauge Overpressures
e 0-0.95psi @50




Slow Cook Off Test
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m Bikini Gauge Overpressure
e 2.8-3.7psi @50
m Piece distribution

EXPLOSION
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7/ Bullet Impact Test ?
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m Bikini Gauge
Overpressures
e 1.9-28psi @50

DEFLAGRATION
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Fragment Impact Test
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m Very few pieces went any
distance

m Pulse 2 separated and burned 10’

DEFLAGRATION

mm-:,_’i 350 H‘%@

,f-al::-.




The End
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Grain Designs
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Pulse 2

6 fin design

Foam fins remain after casting
~650 |Ibs propellant

Chukar Feet

Pulse 1

High A,

~310 Ibs. Propellant

Target r, = 0.7 ips @1000psia
Neutral Ballistics




