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Why Use Composite Materials?  

4Conventional Gun Tubes 

ïNeed to lighten the muzzle end of the gun 

ÅCenter of Gravity (CG) of the tube is forward of the trunnions 

ïNeed to stiffen the gun 

ÅDesire a higher natural frequency to increase  

pointing accuracy 

ïNeed to combat dynamic strain effect 

ÅHigh projectile velocity causes strains to be amplified up to seven time 

static levels 

4EM Guns 

ïFirst two above plus direct containment of  

firing loads without being electrically conductive 

4In General 

ïLighter weight for same stiffness / strength 
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Why Use Composite Materials?  

4Provides superior specific strength and specific stiffness 
compared to homogenous materials 

4Allows for material to be placed only where needed 

4Allows for unique designs using concepts such as shear 
coupling / extension-twist coupling 

ï If you pull on the part it will twist.   

Has been used in experimental planes and  

helicopters to change angle of attack 

4Coefficient of Thermal Expansion is  
tailorable 

ïCTE is 0 or negative in carbon fiber 

4Possibility for high heat transfer 

ïCarbon fiber can be 5 times copper 
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Types of Composite Materials  

4Material Types 

ïPolymer Matrix Composites (PMC) 
4Graphite, Kevlar, Fiberglass 

4Thermoset, Thermoplastic, Pre-Ceramic Polymers 

ïCeramic Matrix Composites (CMC) 
4C/SiC, SiC/Al2O3, SiC/SiC 

ïMetal Matrix Composites (MMC) 
4Al/SiC, Ti/SiC, Mg/SiC 

ïCarbon/Carbon (C/C) 
4C/C, C/C/SiC 
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Previous Work in Composite  

Gun Tubes  

440 years of Benét expertise in composite cannon 
development, manufacture, and testing. 
ï Organic Fiberglass 105mm (No Pre-stress) 

ï Titanium Jacketed 120mm (Swage Pre-stress) 

ï Metal Matrix Composite 120mm (Swage Pre-stress) 

ï Organic Composite 120mm (Swage Pre-stress) 

ï Organic Thermoset 105mm MRAAS  
(Lay-up Tailoring ï No Pre-stress)  

ï Electromagnetic Railgun Tubes 

ï M256 Bore Evacuator 

ï Paladin Ballistic Shield 

ï LOS/BLOS ATD Thermoplastic Wrapped Tube 
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LOS/BLOS ATD & XM360 SDD  

4120mm Organic Thermoplastic Overwrap 

ï 113.4 kg (250 lbs) steel removed 

ï 20.4 kg (45 lbs) IM7/PEEK applied 

ï 72 layers, hoop to axial ratio of 2:1 

414 Tubes Manufactured at Benet 

ï Cooled and wound under tension ï 60 lbs 

ï NDE conducted before and after firing 

4Fired between 2004 and 2007 at APG 

ï Some tubes saw over 250 rounds 

4Two tubes subjected to Fatigue, Safe 
Maximum Pressure and Damage Testing 

ï Tubes behaved as predicted 

ï Damaged tube cycled 100  
times without failure 
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Electromagnetic Railgun   

Å Composite Jacket  

ï Hoop to axial ratio of 2:1 

ï S2 / PEEK for insulation 

ï IM7/PEEK applied under 250 lbs tension 

Å C18000 Chromium Copper Rails 

Å Nextel 610  2D / 3D weave Insulators 

Å 2m fired in July 2007 at Yuma Proving Grounds 

ï First railgun fired fully cantilevered 

ï First tactical type railgun in two decades 

Å 4m gun fired in 2008 

ï 720g projectile at 2.07 km/s 
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Reengineering 81mm Mortar System  

- Tube  

4 Goal is to reduce system weight from ~90 lbs to ~50 lbs by applying composites to 
tube and baseplate while maintaining performance 

4 Flame temperatures of 3400K and high firing rate limit ability to use standard PMCôs 

4 Tube Options - Metal matrix, ablatives, pre-ceramic polymers, and carbon-carbon 

 

Thermal shock resistant layer 

(MCrAlY, 0.005-0.010ò) 

M = Nickel or Cobalt (or combination) 

Chromium, Aluminum, Yitrium 

MetPreg MMC (0.20-0.25ò thick) 

Ceramic insulation layer (YSZ, 

0.01-0.02ò) 

Yitra Stabilized Zarconia 

MMC Option 
 

Carbon/Carbon Tube 

ïWorking with AFRL at Edwards 

AFB to develop a C/C/SiC tube 

ïInitial sample formulations have 

been subjected to Pulse Laser 

Heating and some VES testing 

ïLiner being fabricated for range 

4 Tube samples passed simulated heating test 

4 MMC/TBC with and without Inconel Liner 

4 New program starting this Summer 

4 PyroKarb /TBC with and without Inconel Liner 

4 Continued under FTAS effort 

 

http://www.army.mil/-images/2007/05/14/4959/army.mil-2007-05-23-170652.jpg
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Reengineering 81mm Mortar System  

- Baseplate  

4 Goal is to reduce system weight from ~90 lbs to ~50 lbs by applying composites to 
tube and baseplate while maintaining performance 

4 Flame temperatures of 3400K and high firing rate limit ability to use standard PMCôs 

4 Previous composite baseplate efforts failed at leg / plate joint 

4 Baseplate Options ï Modular, 3D Weave 

4 Target weight is 15 lbs  - Current 24 to 30 lbs 

Modular Option 

Å  Designed  as a series of pie pieces 

Å  Each piece contains half a leg and part of the top plate 

Å  Top plate covers all five pieces 

Å  Projected to weigh 15 ï 18 lbs 

 
3D Weave Option 

Å  Uses 3D weave in top plate and legs 

Å  Two weaving vendors: TEAM & 3TEX/Saertex 

Å  Univ of Delaware CCM completing VARTM at present 

Å  Legs: integral with inserts (TEAM) or stitched (3Tex) 

Å  First article weighs 12.7 lbs without socket hardware 

ÅShould be test fired this Summer 
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Design Goals: 

Å Reduce Maintenance Burden  

o Make it easier to Remove / Install Bore Evacuator 

 

155mm M284 Lightweight Bore Evacuator  

Design Approach : 

Å Reduce Component Weight 

o Current weight 200+ lbs, new weight, 78lbs  

Å Use Composite Bore Evacuator Fabrication Processes 

developed for the 120mm M256 Cannon (M1A1 / M1A2 

Abrams Tank) 

Å Find alternative material to sole source Cytec material 

used on M256 evacuator 

Å Conduct Laboratory Strength of Design (Burst) Testing 

Å Conduct Live Fire Testing 

o Evaluate both bore evacuator performance & 

Ease of Maintenance 

 

 

New Design will be Functionally Identical to Current Configuration 

Going into Production 

Summer 2015 


