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X TACTICAL ROCKETS MOTORS IM DEMONSTRATORS q‘;! L

In order to improve IM response of rocket motors to thermal and
mechanical stimuli, Roxel has conduct several ways of investigation.

oAfter theoritical and/or full-scale evaluation of reference rocket motor response,
existing motors have been modified by adaptation of new concepit.

oTheoritical calculations have been performed to validate and compare new
concept interest, then for the most attractive solutions demonstrators have been
manufactured and tested

The poster presentation shows recent works and/or results on
various rocket motors with calibre from 120 to 230 mm.

The design of these rocket motors take into account steel,
aluminium or hybrid case with composite, double base, new
gap binder or XLDB propellants, sometimes associated with
specific device introduced to improve response to SCO stimuli
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TACTICAL ROCKETS MOTORS IM DEMONSTRATORS

Status Type C(z;l]lrt:]r)e Propellant Case Device ;ﬁrsrfﬁl? Modelisation

. Anti ship Reduced smoke HTPB - FCO - BI -
1 Qualified missile booster 128 High burning rate Aluminium 12m Drop
2 IM Technology Anti tank 150 Reduced .smoke HTPB Hybrid (KOA) Low temperature Igniter SCO

demonstrator Low burning rate
3 IM Technology Anti tank 150 Redl_Jced smqke HTPB Hybrid (KOA) Low temperature Igniter FCO - SCO Yes
demonstrator Medium burning rate

4 :jl\gn:gr?rs]tr; Z![?)?y All type 160 Aluminised HTPB Steel Intumescent coating FCO

. Intumescent coating
5 g/lx(i)sdtlifrlledmotor Grr(;)l:j;;j o 227 Aluminised HTPB Steel Low temperature Igniter FCO - SCO

9 9 Case modification
Anti ship Reduced smoke HTPB - FCO - BI -
6 Development missile booster 235 Low burning rate Aluminium 12m Drop Yes
7 E)‘:i‘;'t‘i’rt]g%otor Anti tank 136 | EDB Hybrid (KOA) FCO - BI
8 ;:;honnc:?rg}[lo . \I;glrc))iirty 140 XLDB Composite Grain architecture FCO - BI
9 Qualifed Anti tank 150 CwvMDB Hybrid (KOA) FCO - BI Yes
10 | Qualifed Anti tank 152 CDB Hybrid (KOA) FCO Yes
11 | Development Air to Ground 240 Reduced _smoke HTPB Aluminium Extra mternal thermal FCO Yes
Low burning rate protection
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\ 1 ANTI SHIP MISSILE BOOSTER

BOOSTER: Aluminium Case ( »2 mm thickness)
HTPB Reduced smoke Propellant (15 Kg)
Motor Caliber 128 mm - Lenght 1200 mm

. ! t '.. * = _--:--'
12 m Drop : 4 >, ~ - I- _ et
one Test FCO :one Test 127 mm a0
NO REACTION TYPE V REACTION at 57s TYPE V REACTION
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\ 2& 3 IMTECHNOLOGY DEMONSTRATOR

BOOSTER: Hybrid Case (KOA)
HTPB Reduced smoke Propellant (3 Kg)
Motor Caliber 150 mm

Low temperature Igniter

i A i

’ | JEe
. / i |
1 \ / i Burst disk with

i intumescent paint
A\
Propellant - \_ =ity /

(Low or Medium burning rate) Internal body insulation

(Increase reaction delay for FCO stimuli)
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\\ 2& 3 IMTECHNOLOGY DEMONSTRATOR

FCO : one Test Reaction : type V at 3'43”

Maximum Propellant temperature = 193TC
(Propellant self-ignition temperature = 227/270<C)

173 = EDB self-ignition temperature
(Expected FCO time reaction 3'20")

at 139 for low burning rate

SCO: two tests ion '
Reaction : Type IV « Propulsion » at 140 for medium burning rate

Bloc )
Tappui Barre d’appui

Colliers chauffants
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IM TECHNOLOGY DEMONSTRATOR

Rocket Motor: Steel case

HTPB Propellant (24 Kg)
Motor Caliber 160 mm
Protected with 2 mm of intumescent coating

FCO : six tests

R.M. CONFIGURATION DELAY UP TO TYPE OF
REACTION REACTION
I Completely protected 4' 18" 1
I With an unprotected zone 2' 30" V
I Without protection 1' 37" 1
1 Completely protected 7' IV
I With an unprotected zone 4' 22" V
I Without protection 1" 15" 1
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\ 4 IM TECHNOLOGY DEMONSTRATOR
FCO

R.M. SET UP FOR FUEL FIRE TEST

TYPE V REACTION
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\ 5 MODIFICATION OF EXISTING MOTORS

Rocket Motor:  Steel case (<3 mm thickness)
Alumised HTPB Propellant (98 Kq)
Motor Caliber 227 mm Lenght 1980 mm
FCO four tests
1 Test with a nominal rocket motor (named “Referenc  e”)
3 Tests with a modified rocket motor:
A One longitudinal case modification (outside)

‘B : Rocket Motor coated with an intumescent paint, except for a longitudinal
zone of 20 mm wide without paint

C: Combination of modification A & B, with the case modification located in
the middle of the unpainted zone

Classical Igniter for the 4 specimens

SCO two tests
1 Test with a nominal rocket motor (named “Referenc  e”)
1 Tests with a modified rocket motor:
‘D One longitudinal case modification milled on the case (outside)
Low temperature igniter
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\ 5 MODIFICATION OF EXISTING MOTORS

FCO: four tests TEST ON THE REFERENCE

TESTS CONFIGURATION
Reference & Conf. A Conf.B&C

TESTS ON MODIFIED MOTOR
Configuration A Configuration B Configuration C

The presence of the case modification lead to ared  uction of the weight of ejected parts,
as well as a reduction of the overpressure values ( lowest TNT equivalent)
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\ 5 MODIFICATION OF EXISTING MOTORS

SCO: two tests TEST ON THE REFERENCE

Temperature of reaction : 192C
TESTS CONFIGURATION

TYPE | REACTION (TNT equivalent)
overpressure and fragments effects

TEST ON MODIFIED MOTOR

Temperature of reaction : 137C

TYPE Il REACTION
overpressure and fragments effects

Significant improvement of the rocket motor response

IMEMTS 2006 : This document is the property of Roxel and must not be copied, reproduced, duplicated nor disclosed to any third Party, nor used in any manner whatsoever without prior written consent of Roxel. © Roxel 2006

IM demonstrator Page 11




\ 6 ANTI SHIP MISSILE BOOSTER

BOOSTER: Aluminium Case ( »7 mm thickness)
HTPB non aluminised Reduced smoke Propellant (50 K  g)
Motor Caliber 235 mm - Lenght 1200 mm

12 m Drop :
one Test Bl : one Test
FCO : one Test (12.7 mm 857 m/s)
NO REACTION
TYPE V REACTION at 2’ 50" TYPE IV REACTION
Due to overpressure at 15 m
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\ 7 EVOLUTION OF EXISTING MOTOR

Anti Tank Sustain Motor: Hybrid case (KOA)
EDB Propellant (2 Kg)
Motor Caliber 136 mm

Bl : one Test

(22.7 mm 850 m/s)

FCO : one Test

TYPE V REACTION
NO REACTION
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\ 8 TECHNOLOGY DEMONSTRATOR

Hypervelocity Rocket Motor: Composite case (Carbon F  iber)
XLDB Smokeless Propellant (25 Kg)
Motor Caliber 140 mm Lenght 1670 mm
Case Bonded Rod and Tube Grain

Bl : one Test FCO : one Test

(12.7 mm 850 m/s)

NO REACTION TYPE V REACTION at 34s
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\ 9 ANTI-TANK MAIN MOTOR LONG RANGE

Anti-Tank Main Motor  First design Maraging case
External insulation
Motor Caliber 150 mm

Fast Cook Off modelisation: Rocket motor in its tactical launch tube

Temperature profil
att=98s

Temperature profil
att=230s

Auto ignition of the propellant /

att = 350s

With first design of the rocket motor: - violent react lon to FCO test

- metal fragment ejection to Bl test
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\ 9 ANTI-TANK MAIN MOTOR LONG RANGE

Anti-Tank Main Motor  Final design Hybrid case (KOA)
Internal elastomeric insulation
CMDB Propellant (7 kg)
Motor Caliber 150 mm

Thermal modeling on modified grain
and protected igniter

A FCO : two tests
A S—
\\// v TYPE V REACTION

At 230s test nd
At 164 s test N2

Bl : five tests TYPE V REACTION (2)

BURST PRESSURE TEST
(12.7 mm 850 mis) NO REACTION (3)
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\ 10 ANTI-TANK MAIN MOTOR MEDIUM RANGE

Anti-Tank Main Motor  Hybrid case (KOA)
Free standing grain bonded on front end
Dual CDB Propellant (4 kg)
Motor Caliber 152 mm

EDB propellant igniter with external thermal insulat ion
Safety venting system with black powder

Fast Cook Off with Rocket motor in its tactical launch tube

FECO : one test TYPE V REACTION
At 323 s
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\ 11 AIR TO GROUND MISSILE ROCKET MOTOR

SUSTAIN: Aluminium Case (<3 mm thickness)
HTPB Reduced smoke Propellant (28 Kg)
Motor Caliber 240 mm - Lenght 700 mm

Extra internal thermal protection
Protected burst disk

Front and rear part modelisation
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Exploitation of thermocouple TYPE V REACTION at 286 s
measurement
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