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ABSTRACT 

The Evolved Sea Sparrow Missile (ESSM) program has lead to the application of IM technology to new 
weapon systems. When the ESSM propulsion section failed to meet all IM requirements given in the  
MIL-STD-2105B, a waiver was granted and a plan of action and milestones documenting ongoing efforts 
to meet all IM requirements in the future was established. This paper presents a Norwegian initiative to 
improve the IM response of the ESSM missile by exchanging the rocket motor case from a steel case to a 
filament wound case made of carbon fibre reinforced plastic. 

INTRODUCTION 

The Evolved Sea Sparrow Missile (ESSM) System was among the first of the new, major weapons system 
development programs to fully address the Insensitive Munitions (IM) requirement. Both the Propulsion 
(Rocket Motor) and the Warhead Sections were designed to minimize the violence of the response to the 
IM stimuli as defined in MIL-STD-2105B. Ten nations of the NATO Sea Sparrow consortium are 
developing the ESSM. Norway has the primary responsibility for the design and development of the 
Propulsion Section, which was co-developed by Nammo Raufoss AS, Norway (NARA) and Alliant 
Techsystems, Inc, USA. 

The propulsion section uses Alliant’s HTPE (Hydro Terminated Poly Ethylen) propellant. This propellant 
family has been proved, in technology programs, to match the performance of the current HTPB based 
propellant family while being much less violent in response to energetic stimuli. Even though initial  
IM tests showed that a HTPE propellant grain in combination with a motor case, produced of carbon fibre 
reinforced plastic (CFRP), HTPE/CFRP, showed better IM response than HTPE/steel case, a high strength 
steel case was selected for the ESSM propulsion section. The major reasons for selecting a steel case were 
due to time constraints to the development program and the immaturity of the CFRP and filament winding 
technology. 

In the IM tests performed during the EMD (Engineering Manufacturing Development) phase of the 
development program, the ESSM propulsion section failed to meet the IM requirements given in the  
MIL-STD-2105B. A waiver was granted, and the ESSM consortium established a plan of action and 
milestones to document ongoing efforts to meet the IM requirements in the future. 

In 1996, NA RA launched a technology program where the objective was to develop a composite case for 
the ESSM propulsion section. In the program, rocket motor cases were produced and tested mechanically 
to verify structurally adequacy. Rocket motors were cast, and a static firing and a series of IM tests were 
performed. The results should be compared to the tests performed for the baseline ESSM propulsion 
section, and the aim was to improve the IM response of the motor while retaining the kinematic 
performance. 
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The technology program, which was finished in 2002, was done in co-operation with FFI (The Norwegian 
Defence Research Establishment), and was funded by NA RA and the Norwegian Defence authorities. 
The results of the tests of the rocket motor, “ESSM Composite”, and the comparisons with tests performed 
on the baseline ESSM rocket motor, “ESSM Baseline”, will be discussed. 

ESSM MOTOR DESIGN 

The ESSM Baseline rocket motor section, as shown in Figure 1, is composed of four major parts;  
Motor case with insulation, Propellant grain, Blast pipe and nozzle, and Ignition system. A brief 
description of the subsystem follows. 

Motor Case with Insulation 
A 250 mm (10”) diameter by 1780 mm (70”) long high strength steel tube forms the motor case.  
The motor case is internally insulated with a thin layer of EPDM-aramid rubber. The insulation thickness 
is increased in the front and aft end as well as in the two areas underneath the grain slots. The front end of 
the motor case is equipped to mount the ignition system and connects to the forward part of the missile 
body (warhead and guidance sections). In the aft end, the aft closure of the motor case is equipped to 
mount the blast pipe and connects to the aft part of the missile body (control and thrust vector control 
sections). The motor case is equipped with dorsal clips (4 x 11 clips) for mounting the dorsal fins and a 
launch lug.  

Propellant Grain 
The dual propellant grain consists of casebonded aluminised HTPE propellant covered by reduced smoke 
HTPE propellant. In the boost phase the reduced smoke propellant burns with only a minor contribution of 
the aluminised propellant, while the more energetic, aluminised propellant dominates during the sustain 
phase of the burning. Two radial slots are manufactured through the propellant to give the desired thrust 
vs. time profile, and to reduce the mechanical load on the grain. In addition stress relieve systems are 
included in both ends of the grain, the grain termination regions, to reduce induced stresses in the grain. 

Blastpipe and Nozzle  
The blast pipe and nozzle assembly is attached to the aft end of the motor case. The blast pipe serves as an 
axial extension between the rocket motor and the nozzle and gives space for the control actuation 
assembly hardware to be placed circumferentially around the blast pipe. The basic structural material is 
high strength steel which is internally insulated with silica fibre reinforced phenolic. The nozzle throat is 
made of graphite. 

Ignition System  
The ignition system consists of an igniter mounted to a laser arm fire device (AFD) with a safe/arm 
function. The ignition system is mounted in the front end of the rocket motor. The pyrotechnic igniter has 
a main charge of BKNO3 pellets. 
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igure 5: ESSM Rocket Motor 

Figure 1: ESSM Rocket Motor. 

ESSM COMPOSITE ROCKET MOTOR IM IMPROVEMENT INITIATIVE 

Objective 
As a Norwegian initiative to improve the IM capabilities of the ESSM rocket motor, it was decided to, 
through a demonstration program, develop a filament wound CFRP structure for the ESSM propulsion 
section. In this program, several rocket motors are produced and a static firing and four IM tests;  
Bullet Impact (BI), Fragment Impact (FI), Slow Cook-off (SCO) and Fast Cook-off (FCO), are performed.  
The tests should be performed according to the same procedures as the ESSM baseline rocket motor,  
and the test results are compared to see if any IM improvements were obtained. 

The ESSM Composite should be designed to meet all the kinematic requirements for the ESSM rocket 
motor given in the ESSM specification requirements and be compatible with the ESSM missile interfaces 
(Mk 41 launcher configuration) and the Mk 41 launcher.  

Background 
In 1993-95, an IM technology demonstration program was performed as a joint effort between NA RA, 
NAWC (China Lake, USA) and FFI. Five, filament wound, “ESSM like”, motor cases were produced,  
see Figure 2. The design of several risk elements (components; Launch lug (NA RA patented),  
integrated aft end ring and Y-joint) were addressed and reduced in criticality. In Figure 3 the launch lug, 
and mechanical test of it, is shown. Rocket motors were cast and a SCO test performed.  
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Figure 2: Five Filament Wound Rocket Motor Cases.  Figure 3: Launch Lug and  
Test of Launch Lug. 

In 1995, an ESSM Risk Reduction program was jointly performed between NA RA and Alliant 
Techsystems (USA). 16, 10” diameter subscale rocket motors were produced and tested vs. IM stimuli,  
see Figure 4. 4 motors comprised steel case and HTPB-based propellant grain, 4 motors comprised steel 
case and HTPE-based propellant grain, 4 motors comprised filament wound composite case and  
HTPB-based propellant grain, and 4 motors comprised filament wound composite case and HTPE-based 
propellant grain. The 16 subscale motors were subjected to FCO, SCO, BI and FI tests in accordance to 
MIL-STD-2105B. The design attributes under evaluation were steel vs. CFRP and HTPB propellant  
vs. HTPE propellant. The test matrix is given in Table 1, while the IM response found in the tests, 
normalized score (where the highest score represents the best performance) are given in Table 2.  
The following conclusions, based on the tests, were drawn: 

• 

• 

CFRP case / HTPE propellant would provide the highest probability of meeting the IM 
requirements 

All other choices are unlikely to yield an IM compliant motor 
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Figure 4: Motor Designs. 

Table 1: Test Matrix 

 BI FI FCO SCO 

Steel / HTPE 1 1 1 1 

Steel / HTPE 1 1 1 1 

CFRP / HTPB 1 1 1 1 

CFRP / HTPE 1 1 1 1 

 

Table 2: Test Results, IM Scoring 

CANDIDATE Normalized Score 

CFRP / HTPE 1,000 

Steel / HTPE 0,663 

CFRP / HTPB 0,660 

Steel / HTPB 0,543 

 

ESSM COMPOSITE MOTOR DESIGN 

In the ESSM Composite motor design, the steel case is exchanged with a filament wound carbon fibre 
reinforced plastic (CFRP) case. The CFRP motor case is externally wrapped with a filament wound layer 
of aramid epoxy, for aerothermal and impact protection. Internally, it is insulated with a layer of aramid 
fibre reinforced EPDM rubber for protection from hot combustion gases. The case and the insulation 
thickness are increased but the combined weight of the insulated case is reduced compared to the insulated 
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metal case. In the front and aft end of the case, steel rings are integrated during the production of the 
filament wound case. These steel rings serve as connection elements between the case, and the ignition 
system (front) and the blast pipe/ nozzle (aft). In addition, bolt holes are machined in the forward and aft 
end of the case to fit with the ESSM forward and aft missile bodies. The same grain design, a dual 
propellant grain, as for ESSM was used. In the aft part of the motor existing ESSM components were 
used; blast pipe and nozzle. A sketch of the ESSM Composite motor is shown in Figure 5. 

 

Figure 5: ESSM Composite Rocket Motor. 

Dorsal clips were integrated during winding of the cases. A simplified dorsal clip design was established 
and four rails, with eleven clips each were manufactured for each motor. A picture taken from the 
integration process of the dorsal clips is shown in Figure 6 and a drawing of the dorsal clip rail is shown in 
Figure 7. Figure 8 shows two complete rocket motor structures. 

 
 

Figure 6: Integration of the Dorsal Clip Rails. 

 

Figure 7: Sketch of a Dorsal Clip Rail. 
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Figure 8: Complete Rocket Motor Structures. 

TEST PLAN 

The ESSM Composite rocket motors were tested in accordance with the test plan given in Table 3. 

Table 3: Demonstration Program Test Plan 

 

 

Motor S/n 
 

01 02 03 04 05 06 

Hydro Proof Test • • • • • • 
X-Ray Inspection • • • • • • 
Environmental Tests       
     Temperature Cycling •      
     Transportation and Shock Vibration •      
     Temperature / Humidity •      
Insensitive Munitions      S 
     Bullet Impact  •    P 
     Fragment Impact   •   A 
     Fast Cock-Off    •  R 
     Slow Cock-Off     • E 
Static Firing, +56 °C •      
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TEST ACCOMPLISHMENTS 

Static Firing 
In June 2001 a static firing test was performed on the ESSM Composite rocket motor S/N 01. Before the 
test, the rocket motor was subjected to a fullworthy environmental test program, which included 
temperature cycling, shock and transportation vibration, temperature and humidity environments. The test 
program was the same as was defined in the ESSM specification requirements. During and after the 
environmental test program the rocket motor was x-ray inspected. After having finished the environmental 
test program, the rocket motor was conditioned at 56°C and fired statically. In Figure 9 an ESSM 
Composite rocket motor is shown in the vibration test fixture, and in Figure 10 the motor is shown before 
and during static firing. 

Ballistic analyses have been performed to compare the kinematic performance of a missile propelled with 
an ESSM Composite rocket motor to a missile propelled with an ESSM Baseline rocket motor.  
The analyses show that the reduced amount of propellant in the composite cased version, caused by 
increased CFRP and insulation thickness, is outweighed by the lower mass of this rocket motor.  

 

Figure 9: ESSM Composite Rocket Motor in Vibration Test Fixture. 

 

Figure 10: ESSM Composite Rocket Motor before and during Static Firing. 
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Insensitive Munitions Tests 
To obtain Insensitive Munitions (IM) characterization data with regard to explosive safety and IM when 
subjected to different types of stimuli, four IM tests were performed in accordance with MIL-STD-2105B. 
The types of stimuli were; bullet impact, fragment impact, fast cook-off and slow cook-off. One test was 
performed for each stimulus. All test items comprised a complete rocket motor with mass simulators for 
the forward and aft body of the missile. 

Bullet Impact 
In March 2001 a BI test was performed on the ESSM Composite rocket motor S/N 02. The test was 
performed at the Bradalsmyra test range. 

Three, 12.7 mm (0.5 inch) M2 Armour-piercing projectiles were aimed at the centre of the propellant grain 
and fired with 80 ms interval. All the bullets hit in the intended area. The bullets were fired through an  
Al-foam-Al sandwich panel simulating a launch canister wall. 

The appearance of the reaction was mild. The motor burned through the impact and bullet exit area,  
and the nozzle for a little less than two minutes. By the appearance of the plume, the thrust was estimated 
to be very low. 

The motor was in one piece after the test. No metal pieces were thrown out. The major part of the rocket 
motor inert mass was recovered. The unrecovered parts of the motor inert components were lost due to 
melting during the propellant burn. 

Approximately 97% of the propellant was consumed by burning. 

19 propellant pieces (mass up to 2.047 kg/4.51 lb) were thrown out to distances greater than 15 m (50ft). 
The propellant piece found furthest away was at 61 m (200 ft) distance (mass 0.048 kg/0.106 lb). 

Overpressures were low: 123 mbar at 5 m (16 ft) and 61 mbar at 10 m (33 ft).  

Based on the observations during and after the Bullet Impact Test, Nammo Raufoss has classified the 
rocket motor response as Type V (burning) reaction in accordance with MIL-STD-2105 B. 

Figures 11 to 14 shows pictures from the Bullet Impact Test.  
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Figure 11 – 14: Pictures from the BI Test. 

Fragment Impact 
In March 2002 a FI test was performed on the ESSM Composite rocket motor S/N 03. The test was 
performed at NAWCWPNS, China Lake USA, to ensure that the same test procedure was followed as in 
the FI test performed in the ESSM EMD program. 

The fragment projector was a “fragment mat” with 5 ea 12.7 mm (0.5 inch) steel cube fragments 
positioned in a “cross” pattern configuration 5.2 m (17 feet) from the rocket motor.  

The fragments were aimed at the centre of the motor and fired through an Al-foam-Al sandwich panel 
simulating a launch canister wall. The test item was impacted by all of the five fragments. The fragments 
impacted the rocket motor at 2530 m/s (average), 8300 ft/s, as determined by velocity screens. 

Upon impact, the motor case opened at the impact location and the test item fell to the ground with 
propellant burning from the impact point and the forward and aft ends. The propellant burned  
with occasional “chuffing”. Some pieces of burning propellant and case material were thrown.  
Burning propellant was thrown as far as 6 m (20 ft) and case material as far as 5 m (16 ft).  
The piezoelectric gauges indicated only a slight overpressure due to the reaction of the test item propellant 
after the impulse of the fragments. There was no damage to the horizontal witness plate. The vertical 
witness plate had several fragment holes. A few small pieces of propellant were scattered around the site. 
The percentage of non-energetic material recovered was 72%. After two minutes the propellant had 
burned out. Small orange flames and black smoke were still visible. 

No motor case fragments were found outside 15 m (50 ft). The inert fragment found furthest away was the 
forward mass simulator found at 5 m (16 ft), mass 81.6 kg (180 lb). Some propellant pieces of various 
sizes, as well as some burn marks, were found. The propellant piece found furthest away was at 44 m  
(144 ft). 
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The classification for the Fragment Impact Test, made by the Ordnance Hazard Evaluation Board (OHEB) 
at China Lake, was a burning reaction (reaction type V). 

Figures 15 to 17 shows pictures from the Fragment Impact Test. 

 

 

Figure 15 – 17: Pictures from the FI Test. 

Fast Cook-Off 
In March 2001 a FCO test was performed on the ESSM Composite rocket motor S/N 04. The test was 
performed at the Bradalsmyra test range. 

The heating source was a fuel pit filled with kerosene (F34) designed to meet the requirements of  
MIL-STD 2105B. The test item was suspended horizontally above the fuel pit. Vertical distance from the 
fuel surface to the motor centre line was 0.91m (3 ft).  

The motor ruptured with a moderate bang at reaction, 3 minutes and 42 seconds after fuel ignition.  
There was no propulsive burning and only a few fragments and burning propellant pieces were thrown.  
The forward end of the motor case with the forward mass simulator was hanging loosely in its attachments 
while the blastpipe, exit cone, retaining ring and aft mass simulator fell into the fuel. 

The burning time was approximately 1 minute. No propulsive burning occured, as determined from 
internal motor pressure measurement. Low overpressures were observed, i.e. ~ 100 mbar at 15 m (49 ft). 

Most of the rocket motor propellant was consumed by fire. 

The major part of the non-energetic remains was recovered.  

Only a few motor case fragments were thrown out when the motor reacted. The fragment found furthest 
away (EPDM rubber with mass of 0.03 kg / 0.07 lb) was found at 16 m (52.5 ft). 
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Based on the observations during and after the Fast Cook-Off Test, Nammo Raufoss has classified the 
rocket motor responses as Type V (burn) reaction in accordance with MIL-STD-2105 B. 

Figures 18 and 19 shows pictures from the Fragment Impact Test. 

 

Figure 18 – 19: Pictures from FCO Testing. 

Slow Cook-Off 
In March 2001 a SCO test was performed on the ESSM Composite rocket motor S/N 05. The test was 
performed at the Bradalsmyra test range. 

The motor was placed in a barrel-like oven, heated by resistive heating wires wound around the barrel. 
The temperature increase rate was 3.3°C/hour (6°F/hour), and both oven and motor temperatures were 
monitored by thermocouples.  

Reaction occurred at oven temperatures in the range of 136°C to 143°C (277°F to 289°F), and motor case 
temperatures of 125°C to 128°C (257°F to 262°F). Propellant burning time was approximately  
1 minute.  

Reaction overpressures were estimated from foil pressure gauges. Low overpressures were observed,  
i.e. 90 to 120 mbar at 10 m (33 ft). No pressure was detected by foil gauges at 20 m (66 ft), as none of 
these foil gauges ruptured. 

Almost all of the propellant was consumed by fire and most of the non-energetic remains were recovered. 

The most severe fragment expelled was the section consisting of the exit cone, blast pipe, aft ring and aft 
dummy weight (15.6 kg (34.4 lb)). This part was registered at a distance of 29 m (95 ft) from the oven.  
7 pieces of propellant, masses 0.05 kg to 0.61 kg (0.11 lb to 1.34 lb), were found outside 15 m (50 ft) 
radius. The motor case fragment (carbon fibre twist) found furthest away was at 55 m (180 ft) distance, 
mass 0.09 kg (0.2 lb). Several other small pieces of carbon fibre and EPDM were found outside 15 m  
(50 ft) radius, none of them with mass above 20 g (0.04 lb). 

Based on the observations during and after the Slow Cook-Off Test, Nammo Raufoss has classified the 
rocket motor responses as Type IV (deflagration) reaction in accordance with MIL-STD-2105 B. 
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Figures 20 and 23 shows pictures from the Fragment Impact Test. 

 

Figure 20 – 23: Pictures from the SCO Test. 

Comparison of ESSM Composite vs. ESSM Base Line 
The IM response of the ESSM Composite has been compared to the response found on the ESSM 
Baseline. As it is shown in Table 4, ESSM Composite is rated better or equal in all the IM tests.  
A significant improvement was obtained in the Fast Cook-of test, were a “Burn Reaction (V)”  
was obtained. ESSM Baseline Exploded (III) under the FCO stimuli. In the Slow Cook-off and the 
Fragment Impact tests, considerable improvements were obtained. SCO response was improved from an 
“Explosion” (III) to a “Deflagration” (IV), and FI response was improved from “Deflagration” (IV)  
to “Burn” (V). In the Bullet Impact test a “Burn” reaction was obtained for both rocket motors. 

 Table 4: Demonstration Program Test Results 

(OHEB Evaluation) (Internal Evaluation) 

 
(*) Evaluated by OHEB 

IM TEST ESSM Baseline ESSM Composite 

Fast Cook-Off Explosion, (3) 
(Fail) 

Burn, (5) 
(Pass) 

Slow Cook-Off Explosion, (3) 
(Fail) 

Deflagration, (4) 
(Fail) 

Bullet Impact Burn, (5) 
(Pass) 

Burn, (5) 
(Pass) 

Fragment 
Impact 

Deflagration, (4) 
(Fail) 

Burn, (5) (*) 
(Pass) 
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• 

• 

• 

CONCLUSIONS 

As a Norwegian initiative to improve the IM response of the propulsion section of the ESSM, Nammo 
Raufoss has accomplished a technology program. In the program, rocket motors with CFRP structure were 
made. Four of them were tested vs. IM stimuli and one rocket motor was exposed to an environmental test 
program, conditioned at hot operational temperature and fired in a static rocket motor test. One rocket 
motor was kept as a spare motor. 

The kinematic performance and the IM response obtained in the four IM tests, FCO, SCO, BI and FI,  
were compared to results gained in testing of the ESSM Baseline rocket motor. 

The kinematic performance of the ESSM Composite rocket motor was in the static test firing and by 
ballistic analysis, shown to be approximately the same as for the ESSM Baseline rocket motor. 

The IM performance of the ESSM Composite rocket motor was improved in all of the four IM tests. In the 
FCO test, the ESSM Composite rocket motor improved the IM response significantly. In the SCO and the 
FI a considerable improvement was demonstrated, while a slight improvement was demonstrated in the  
BI test. 

In the technology program, it has been shown that:  

a composite case will improve the IM performance of the ESSM Baseline rocket motor based on a 
steel motor case. 

the kinematic performance is the same for the ESSM rocket motor based on a composite motor 
case compared to the same rocket motor with a steel case. 

a composite case gives a significant mass reduction, the mass of the inert elements in the rocket 
motor is less than 70% of the steel case version. 

Improved IM performance will improve logistics by simplified transport arrangements and increased 
storage density. 

Mass reduction of the missile is important with respect to utilizing available space in launcher  
(longer motor, improved missile performance). 
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