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Introduction

ignificant trend in large caliber ammunition today is demands
>uided, non-line-of-sight munitions.

munitions typically rely on seekers, sensors, and

lynamic control surfaces, i.e. delicate components.

se qualities make the projectiles more fragile than the legacy
unition that rely on overwhelming velocities or explosive
o defeat targets.

@ Such munitions require softer gun launches which pushes towards
the low-end of the envelope of gun system performance.

=@ Since at least from the development of the MGM-51 Shillelagh in
the 1960°s, armaments engineers have struggled to find a good
way to launch a missile-like projectile from a gun.
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ally Different Performance

Regimes
ANCE/HIGH SOFT LAUNCH/LOW
PERFORMANCE

@ Keep pressures and accelerations
low to allow a wider variety of
electronics and airframe options.

e projectile weight o Lift-generating and rocket powered
' projectiles need only a small initial
velocity, however the gun typically
needs a minimum velocity to cycle

without jamming.



About the Presentation

of this presentation is to

the gun and propellant

ity the lessons learned

| lesign in a low-pressure,
velocity system.
Mid-Range Munition (MRM) program is
2ferenced often because it is the best example
of this theme, however this will not be a
presentation of the MRM program per se.



Brief Overview of the MRM
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Requirements:
= Launched from 120mm Abrams main gun

= Has same survivability as legacy tank ammo, e.g.

= Resistance to inadvertent ignition of energetic
components

= Resistance to physical threats such as being dropped or
crushed



roblem Areas

opellant combustion (safety



Breech Press
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* Area under pressure vs. time
graph is proportional to
muzzle velocity

e Therefore, the two graphs
result in the same velocity,
although one exerts a lower
peak force on the gun and
projectile



Propellant Design

1e time interval over which the
increases the risk of incomplete

owever low pressure
ronments present a problem
pellant burn rate usually not well-studied at low pressures

ed bomb testing usually not optimized for pressures less
n 70 MPa

sellant burn rate is not linear, and large errors result from
bolating burn rates from higher pressure regimes

m Without accurate burn rate data, propellant grain

- design becomes difficult and relies more on trial-and-
error than solid engineering design.




Propellant Design Conclusions

OW-pressure behavior of

Optimize closed bomb test setup for lower pressures.

Employ alternative test methods (strand burner) that
‘e better suited for measuring burn rates at low
pressures.

Strand burner and closed bomb images courtesy of Design
Integrated Technology, Inc.




pose of the paint is
n when the
cted to external

[ C ne re ement
he paint be fully consu
| from the gun after the ¢

ammunition is painted with
inized epoxy paint that
ooth these requirements.
paint was used for the first-cut
ound for lack of any alternative
avoid the design and

qualification costs of developing a new
coating.

aint Residue
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istic testing showed large amounts of
ned paint after almost all cold and ambient shots

gation into this phenomena revealed several
> things about the paint:

t does not burn per se, since its ignition temperature is
propellant flame temperature.

degrades slowly under high heat.

= In legacy systems, a large amount of the paint is not consumed, but
~ is instead fractured into small pieces and blown out of the gun
(evi;ienced by confetti-like pieces of paint found in front of the
gun
= This fracturing is believed to be caused by turbulence during the
ballistic cycle.




Paint Residue

s were postulated that contribute to paint

ess mechanical action working on the paint,
nks.

ile/ga esults in less paint being expelled from the

int for a large portion of the ballistic

combustible case prtec
yas turbulence is highest.

specifically the portion wher

1re to Propellant Paint Exposure to Propellant
s, M865 Gasses, MRM
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esidue Conclusions

stand paint behavior during

ations with increased burn rate.



Impulse, Recoil, and the
- M256 Cannon

aveled by the moving parts of the gun
otion of the projectile.

orce x time) felt by the gun due to

1otion o tile.

h on M256 cannon opens automatically at the end
shot cycle

s is accomplished by compressing a spring using the recoil
e gun, then using the spring to drive a cam that opens the

h

"= This yperation is expected to be reliable by the tank crew; a
breech that fails to open is considered a malfunction.

B Recoil is controlled by the spring and a hydraulic
damper.



e is mostly generated by the
e projectile (mass x velocity), low
ow impulse and shorter recoil.

ngaging the cam and the breech will not open.

wough the M256 breech assembly functioned
bly during MRM ballistic testing, the gun was
ays at “Yuma Ambient” temperature (70+ °F)
a cold gun, the hydraulic fluid is more viscous and
xerts more damping force on the gun.

= MRM recoil was at the lower limit of that required
- for reliable breech operation, according to recoil

models.



ting Temperature

enerated and M256 Impulse Required as
tions of Temperature
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Impulse Generated
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ide minimum recoil as a design
ement (duh).
designing guns that tolerate larger

- ranges of impulse across larger temperature
ranges.



Conclusions

gun systems create obstacles that
nging as their high-pressure



e — General Dynamics, Ordnance
ems

nmond - General Dynamics, Ordnance and

l Systems

Inarz - Raytheon

he Program Manager for Maneuver
- Ammunition Systems (PM-MAS) - Picatinny
- Arsenal, N|



	Propulsion System Design in Low Pressure Gun Systems
	Introduction
	Two Totally Different Performance Regimes
	About the Presentation
	Brief Overview of the MRM Round
	Major Problem Areas
	Propellant Design
	Propellant Design
	Propellant Design Conclusions
	Paint Residue
	Paint Residue
	Paint Residue
	Paint Residue Conclusions
	Impulse, Recoil, and the �M256 Cannon
	Low Impulse/Low Recoil
	Limiting Temperature
	Recoil and Impulse Conclusions
	Conclusions
	Acknowledgements

