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VIDEO BORESCOPE INSPECTION SYSTEM (VBIS)
TECHNOLOGY ADVANCES TO SUPPORT


EXTENDED RANGE GUIDED MUNITIONS (ERGM) PROGRAM


The Authors


Christopher Ange


In 1983, Chris Ange completed a Bachelor
of Science in Mechanical Engineering at Old
Dominion University, Norfolk, Virginia.
The same year he began a career with the
Naval Sea Systems Command in gun testing,
acquisition, and development.


His assignments have covered a wide variety
of gun systems from 16 inch to 5 inch and
included work with small caliber weapons.
Chris is an active member of the Association
of Scientists and Engineers (ASE) and was
recently published in the “Surface Warfare”
magazine.  His article covered development
of the 5 inch MK45 gun in meeting
requirements of the Naval Surface Fire
Support organization.


In 1997, Chris was chosen by his Command
for the AEGIS Excellence Award.    Today,
he continues his engineering and project
management career guiding development of
the ERGM projectile.


Thomas Ellert


In 1981, Tom Ellert began his career with
the Naval Warfare Assessment Station
(NWAS) precision measurement laboratory
in Pomona, California. His assignments at
NWAS have included precision
measurement and certification of Navy
Special Interface Gages used on missile
components, ammunition, and gun barrels.
He helped introduce advanced technology
such as the Leitz Coordinate Measuring


Machine, the computer-driven Moore
Measuring Machine, and video comparitor
(Smart Scope) to the laboratory.


In 1995, Tom was asked to lead a design and
fabrication project team developing a video
system to examine the inside surfaces of gun
barrels.  Less than 18 months later, the team
put a successful working prototype in the
field for testing.


Tom has moved from the Pomona laboratory
to NWAS engineering offices in Corona and
continues to test and improve VBIS.  He
now serves as the NWAS representative to
the team organized to advance VBIS
technology in response to ERGM
requirements.


Abstract


For more than 40 years, the optically based
M3 Borescope had served as the standard
device for gun bore examination.  Today’s
technology far surpasses its limited
capabilities. The M3 has become difficult to
supply with spare parts 40 years after the
design was conceived.  It relies heavily on
operator expertise and can not easily record
inspection findings.  This paper describes
how VBIS was developed to offer remedies
for M3 shortcomings and, in addition, meet
ERGM requirements.


This paper explains the need for enhanced
gun barrel inspection and reporting driven
particularly by concerns raised by the
ERGM program.  It was uncertain what
damage the ERGM round and propelling
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change would inflict on 5”/62 caliber barrel
surfaces.


In response to these concerns, the PMS429-
NSWC-NWAS team was formed to expand
and refine the early VBIS prototype.  The
probe and control console were to be
hardened to withstand the unusual
temperature variations, possible shipping
damage, and contaminants likely to be
encountered.  Camera lighting and image
definition were to be improved to assure the
most discerning examination possible.  The
ability to show barrel defect dimensions and
placement relative to datum points was to be
improved.  The CRT display had to be more
visible in daylight conditions.  Once the
system in the field records the entire barrel
examination, video clips and digital images
of defects had to be provided.  Finally, a
summary inspection report (clips, images,
and text) had to be published in hard copy
and electronic formats.


This paper describes the progress the team
has made in achieving those goals.  Also, it
discusses how the synergy of this team has
produced unanticipated benefits for ERGM
and other possible future uses of the system.


Introduction


A gun barrel must be regarded as a pressure
vessel.  The integrity of any pressure vessel,
where personnel safety is a concern, makes
periodic inspection a normal requirement.
Also, the integrity of the interior surface
configuration has a critical affect on
projectile accuracy and range.  The repeated
abuse of high pressures and temperatures,
abrasion from projectiles, and corrosive
products of combustion, increases the
probability of failure and degradation of
interior surfaces.  For these reasons, the M3
Optical Borescope was developed and put


into regular use by the fleet over 40 years
ago.  It survives today as the standard device
for gun barrel examination.
Three years ago, in response to M3
limitations, engineers at NWAS went to
work on the problem.  The result was a
prototype VBIS unit deployed for field
testing 18 months later.


This feasibility study, prototype probe
contained compact side-looking and
forward-looking video cameras each with
lighting arrays to illuminate interior barrel
surfaces.  The video probe was linked to a
monitor so the entire examination could be
witnessed in real time.  The control console
also included a compact Video Camera
Recorder to preserve the barrel inspection.


At this point, the Naval Sea Systems
Command (PMS429) and engineers at Naval
Surface Warfare Center (NSWC) Dahlgren
took particular interest in the system and its
potential.  With certain refinements, they
envisioned this equipment performing the
kind of discerning barrel inspection urgently
needed for the Naval Surface Fire Support
(NSFS) program.  In early 1998, NAVSEA
(Chris Ange), Dahlgren (R.D. Cooper and
Ray Bowen), and NWAS (Tom Ellert)
formed a team.  VBIS would be upgraded to
evaluate barrels for the NSFS program.
Team objectives were outlined:


I. Hardening the System  The probe
and control console must withstand
shipping, handling, and test range
conditions.


II. Viewing the Display In Daylight
Enhance the CRT display for clarity in
bright daylight.


III. Capturing Video Clips and Still
Images   Enhance video editing capabilities.
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IV. Locating and Dimensioning
Defects  Show defect dimensions and
positions.


V. Publishing a Report Publish a
summary inspection report in electronic and
hard copy formats.


VI. Archiving Inspection Records
Establish an inspection record archive
system.


The team realized other unanticipated
benefits arising from these advances.
Summary inspection reports could also be
posted to a network server and made
accessible to other activities concerned with
the data.  Replacement of the outdated
mechanical STAR gage, long used for gun
barrel diameter measurement, was
investigated.  A laser scanner in place of the
STAR gage could more efficiently collect
diameter measurement data.  Further, a
statistical data base could be established that
might enable analysts to better predict barrel
longevity and replacement cycles.


I. Hardening the System


The team anticipated a number of VBIS
survivability problems.  They could predict
that eventually system components would
experience shock from inadvertent
dropping, surprise rain showers, intense
summer heat, corrosive humidity, and
infiltration of dust particles.


With this in mind, off-the-shelf components
were evaluated for their weight,
compactness, shock resistance, ability to seal
out contaminants, and temperature tolerance.
The few components slated for custom
design and fabrication were reviewed and
judged by the same criteria.


Control system components (video display,
VCR, controller module, display generator,


VBIS Schematic
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and video micrometer) were aligned in a
durable fiberglass-shipping container. The
probe and related loose components were
nested in shock absorbent foam and housed
in a separate rugged, reusable shipping
container.


II.   Viewing the Display In Daylight


The team realized that the system would
normally be used in full daylight and would
require a video monitor bright enough to be
visible in these conditions.  Industry long
ago recognized the problem of daylight use
but has not yet totally resolved the problem.


There is intensive competitive effort in the
field of flat panel technology.  Several
manufacturers tout increased viewing
angles, greater speed, and sufficient back


light intensity for daylight viewing.
Manufacturers forecast further technical
improvements on the horizon and price
reductions as competition heightens and
production levels rise.


Team inquiries revealed that “daylight”
displays appear to achieve that rating by
simply over-exciting fluorescent back
lighting tubes.  Also, prices remain high and
honest estimates of longevity for
overcharged back lighting are not optimistic.


In the final analysis, the CRT is still the
display to beat.  CRTs continue to improve,
with higher resolution, better contrast,
higher luminance, flatter face plates, and
shorter tubes.  In view of this, the team
elected to stay with a high quality (SONY)
display.


III.  Capturing Video Clips and Still
Images


After recording a complete barrel inspection
on video-tape, the team faced editing tasks
that required powerful computer hardware
and software.  They choose a Targa 1000
Pro NLE Workstation with two 9.1 gigabyte
hard drives, 256 megabyte RAM, and dual
400 Megahertz processor units.  Editing the
tape required software that could convert the
entire 45 minute tape to digital format
(MPEG) and store it on the hard drive.  The
editor then needed software to capture
selected video clips and still images from the
digital version on the hard drive.  Video
clips often required dubbing a narrative and
insertion of titles as well.  Still images
required an overlay of dimensioning data
and color or clarity enhancement.  AVID
MCXpress was selected for this task.


.IV.  Locating and Dimensioning
Defects


VBIS Control Components


VBIS Control Components in
Protective Shipping Container
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In the field, defect size is measured by the
JAVELIN JV-6000 Video Mircometer.
Before using this feature of the system, the
operator must bring the dual x and y lines
shown on the display over a calibration
artifact of known size which is placed inside
the barrel.  Then, if a defect is seen, the x-y
lines can be positioned over the area and the
defect size determined.  These preliminary
measurements are displayed for use in the
field but not permanently recorded on video-
tape.  This field defect measurement feature
gives test engineers an early understanding
of barrel conditions, allows for a preliminary
evaluation, and may affect further testing
plans.


Defect position within the barrel is
determined by two features of the system.  A
pendulum device within the probe feeds a
continual display to the CRT showing
clocking position relative to top-dead-center
of the barrel.  In addition, a laser scanner,
normally positioned at the breech, reflects
off the forward end of the video probe and
feeds continual data on probe position
during barrel examination.  Both clocking
position and probe location data are
permanently recorded on the videotape for
later reference.


Back in the lab, digital images of a barrel
defect are captured by the video editor.


Defect length, width, clocking position, and
position relative to the examination start
point are determined.  This information is
then applied to the image.  At this point the
editor relies on VisionGauge software to
size the image, overlay annotations, enhance
quality (where contrast and definition are
inadequate), zoom-in on areas of particular
interest, perform high-precision
measurements, and collect data for later
analysis.


In preparation for defect measurement,
VisionGauge, is easily calibrated by using an
artifact (scale) placed in the barrel area.
With VisionGuage the editor clicks on the
zero and one-inch mark, for example.  When
a defect is seen, simply clicking at the
extreme size limits of the targeted defect
automatically records dimensions on the
image.  This data can also be compiled in a
default or customized report format.


Defect Dimensioning
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V.  Publishing A Report


Reviewing a typical 45-minute barrel
examination captured on videotape would be
time consuming for the busy engineer or
manager.  Defects and critical areas might
also be difficult to isolate.  For that reason,
selected digital images and brief video clips
(clips viewable only on the electronic report
format version) are captured from the master
tape and a summary inspection report is
published that compiles these significant
findings.


To further expedite the review of inspection
results, the report includes a management
summary for those only interested in an
overview.  For a more in-depth look at the
barrel, a detailed section follows that
portrays each defect and critical area with a
video clip or still image showing defect
dimensioning and positioning data.


Further, the report offers a schematic
showing the points on the barrel surface
where images and clips were taken.


The intent of the report is to present enough
information to enable the engineer to make a
well-informed evaluation.  The report avoids
assuming the role of analyst, draws no
conclusions, and avoids recommendations.
However, as a database is acquired on a
particular type of barrel or projectile, future
inspection reports may include statistical
charts and tables dealing with Fatigue,
Failure, Risk, and Erosion Life Estimates as
possibilities.


While an inspection report is produced
highlighting defects and areas of particular
interest designated by engineers at the time
of barrel field examination, the report is not
the final judgment.  The team encourages
those interested to review entire video tapes
and make independent assessments.


LASER SCANNER UNIT
With ADAPTER
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VI.  Archiving Inspection Records


The archive system simply retains the
original master tape to preserve the highest
degree of image quality.  A secondary


master is produced and available on request
to team members.  A third, working copy, is
available for routine use at the NWAS
laboratory.  Finally, a library of inspection
reports in hard copy and on compact disk is
available at NWAS.


Team Synergy


Several examples of team synergy are worth
noting.  Not long into the project the team
found that inspection reports, already
produced in electronic format, could be
posted to a network server at NSWC


Dahlgren and efficiently disseminated to
other Navy activities.  For example,
inspection data is needed by those activities
retained by NSFS to consult on barrel wear


Typical Orientation of Images and Clips
Taken From Videotape


VBIS
Typical Approach to Barrel Inspection


Orientation of Images (Series I-VII)


Series ISeries III
Series VI


Series IV


Series II


Series V


0o


180o


Muzzle Area


One Inch
From Muzzle


12 Inches Fwd
From Origin of
Rifling


One Inch
Fwd From
Origin of
Rifling


Origin of Rifling (OR)
12 Inches


From Muzzle


Camera Field
of Vision (24o)


Series VII
Origin of


Centering Cone


A


A


Camera Field


of Vision (24
o)


Section A-A
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and longevity analysis.  This method
efficiently put the information in the hands
of analysts and will probably preclude any
hard copy or compact disk mailings.


In the course of test firings, the team found
that charred barrel lubricant remaining in the
rifling was a serious detriment to effective
video examination.  Conventional barrel
cleaning by “stovepipe” brush techniques
was slow and lacked thoroughness.  Test
firing schedules often demanded that the test
barrel be cleaned, examined, and returned to
test engineers within a brief window.  The
team brainstormed alternative, more
efficient cleaning methods and agreed on a
concept that took a new approach.  This
innovative cleaning method, now in design
at NWAS, may in time become standard
equipment in the gun community.


Deploying the upgraded VBIS for ERGM
test firings at Dahlgren has provided a
proving ground for the durability of VBIS.
Cross-country shipment of VBIS equipment,
test range environments, repeated startup
and shutdown, and image capture and
editing have put system components to the
test.  System evaluations by the team
identified some shortcomings and concluded
that further upgrades were necessary.  For
example, the control unit should be
reviewed again for possible weight and size
reduction.  The zero reference point for
probe travel in the barrel has been changed
to equal the position of the projectile seating
surface.  Image capture and editing computer
capacity (hard drive, RAM and operating
power) was significantly increased and a
powerful image capture/editing software was
researched and selected.  Inspection reports
on the network, splinter projects such as
barrel cleaning, and other system upgrades
based on experience in the field are results
of team synergy.


Future of VBIS


One pressing need surfaced during the
team’s first year of operation.  It involved
the mechanical STAR gage that was
designed and built over 25 years ago to
measure gun barrel inside diameter.  STAR
gages are a cumbersome device to handle,
particularly vulnerable to damage, highly
dependent on operator expertise, and now
difficult to support with spare parts.  In the
25 years since STAR gage inception, laser
measurement technology has surpassed
mechanical approaches in reliability and
accuracy.  This year, the VBIS team will
evaluate methods to incorporate gun barrel
inside diameter measurement by laser
scanner.  The scanner may be incorporated
as part of the VBIS probe or built as a
separate accessory item.  Either way,
dimensional data will be collected with
greater accuracy and speed than with the
STAR gage.  Laser generated diameter data
would be included with video examination
data in the summary inspection report.
Labor and equipment cost savings to the
user will be substantial.  Hopefully,
additional procurement of replacement


VBIS Probe In Cross Section with Possible Future Laser Scanner
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STAR gages, at approximately $80,000
each, can be avoided.


As VBIS is refined and becomes better
known, the system may attract other users.
Potential fleet users will appreciate, among
other features, reducing VBIS size and
weight so it will transport easily through
narrow passageways aboard ship.  VBIS may
eventually replace the optical M3 Borescope
and the “Serviceability of Naval Gun
Barrels” manual that supports its use.


Christopher Ange


Error! Bookmark not defined.


In addition, Army and USMC test engineers
at Yuma Proving Grounds are using a VBIS
unit on a full time basis to inspect tank and
self-propelled guns.  Where gun bore
condition is a concern, VBIS may be the
better method of inspection.


Thomas Ellert


Error! Bookmark not defined.
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Arm am ent System s


Design Team


● NAWCWD China Lake
➤Project Engineer: Mr. Bland Burchett


● General Dynamics Armament Systems
➤Program Manager:  Ms JoAnn Kramer
➤Engineering Manager:  Mr. Jim Talley
➤Lead Engineer:  Mr. Norm Gagnon


● Sverdrup/Ae gir
➤Design Consultant:  Mr. Arthur Clayson







Arm am ent System s


Proj ect  G oals


● Provide a HERO safe solution for the
M61A1 Gun System


● Develop and document a Production
TDP


● Leverage design concept for M61A2
& M197
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Descri pt ion


● The shipboard Electro-Magnetic Environment(EME) will
initiate electrically primed 20mm ammunition


● Ammunition loading is conducted during shipboard
shutdown of EME


➤ Degrades shipboard situational awareness


● Convert M61A1 to fire percussion primed  ammunition


● Make use of percussion primed 20mm ammunition;
PGU-41
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Design G uidel ines


● Minimal modification to existing hardware


● Footprint within max dia. of gun housing


● Capable of firing both electric & percussion
primed ammunition


● Low maintenance requirements
● No impact on gun performance


● Minimal impact on A/C integration
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Current  Status


● Percussion firing mechanism integrated
and demonstrated with single-shot firings


● Pin fall timing has been quantified


● Firing pin energy has been quantified
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Future Plans


● Analyze bolt locking mechanism


● Improve reliability of electrical contactor
● Fabricate parts for cycling tests


● Conduct 15,000-round endurance test
➤PGU-27/B ammunition (electrically primed)


➤PGU-41/B ammunition (percussion primed)








Bushmaster Continuous Improvement Program
Presented to NDIA Gun & Ammunition Symposium


Monterey, CA


Presented By: Bob Waterfield
      Mike Cleary - Director
           Ordnance Engineering
                Mesa, Arizona
                    27 April 1999


25mm  M242


35/50mm  Bush III


30mm M230


30mm  Bush II







•  Combat Proven


•  10,000 plus in service worldwide


•  Cornerstone of Bushmaster Improvement Program


25mm M242 Bushmaster







US Army Scored Reliability Data from
M242 and Bradley System Testing


U.S. Army & FMC Vehicle Test Data
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Production Improvements Since 1990


• Removable feed covers


• Up rated breech


• Integral round counter


• Extended life firing pin & spring


• Low force recoil system


• High efficiency muzzle brake


• Improved life receiver clutch


• Improved life barrel support







U.S. Army & FMC Vehicle Test Data
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30mm Bushmaster II (Mk 44)


•  Full production for Norway CV90


•  Type classified Mk 44 for Marine AAAV


•  In competition Switzerland & Finland


•  All M242 improvements incorporated plus


Hagglunds CV90/30


AAAV 







Chain Gun MRBS Growth Curve
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Bushmaster Integral Mount System


First Customer
U.S. Marines for AAAV


•  Eases cannon installation in small turrets


•  Combines redundant vehicle / gun parts                               
 


•  Reduces system weight by 20+ pounds                           


•  Improved dispersion by elimination of clearances


•  Direct transfer of recoil forces to structure







Gun & Recoil Maintenance with Integral Mount


• Field strip in turret without tools


• Recoil system visual check inside turret


• Recoil service without cannon removal


• Cannon mounts through front of turret


Mounting Surface







Integral Mount Servicing


Feeder & Barrel
 Removed


Field Stripped


Recoil Service







30mm Bushmaster II Barrel Optimization


Present Dispersion 0.3 to 0.4 Mils


Twist
         Original GAU8   Constant     9.9° exit angle
         Original Bush II   Gain     0 - 8.5°
         Norwegian Request   Gain     0 - 7.0°
         U.S. Marine Request   Partial Gain     3.5 - 7.5°


Number of Grooves
         Original     16 grooves
         Norwegian / Marine     20 grooves


Bore Dia.
         Original     30 + 0.1
         Norwegian & Marine     30 + 0.05







30mm Mk44 (Bush II) Marinization


• Bushmasters are built of anodized aluminium, stainless steel,
semi stainless and phosphate coated alloy steels


• However, the Marine Landing Craft environment is extremely
harsh


Improvements are:


– All stainless hardware


– Phosphate coat on semi stainless steels


– Additional sealants on gearbox covers


– Revised lubricant specifications







Second Generation Gun Control Unit (GCU)


• Full Authority Digital Electronic Control
(FADEC) System


• Overload, stall and reversed polarity protection


• Built in Test (BIT) for gun & GCU with fault read
out


• EMI / EMC qualified to Mil Spec 461 & 462


• Common architecture for high and low rate
systems


• Graceful failure mode due to redundancies







Bushmaster II Family


30MM BMII   


30MM MK44


40MM MK44


13.00







35 / 50 Bushmaster III System


Dual Linked Fed System


     Development complete


     Pre-Production cannons available


     Production systems in 18 months ARO


Integration on going in several mounting systems







35 / 50 Bushmaster III Integral Mount


•  Bradley system shown


•  Optimized for specific turret requirements


•  Ease of installation


•  Ease of maintenance


•  Adaptable to equilibrated or balanced systems


•  Reduces out of balance moment







35mm Bushmaster III / Bradley
Dispersion Improvements


   YPG        Picatinny     APG
  12-96           9-97    10-98


Single Shot       < .45          < .35      < .3
Burst  < .55          < .45      < .4







Compact Feeder


• Original feeder concept designed in 1977


• New layout more compact with stiffer shafts


• 20% lighter


• Allows lower turret roof


• Hardware assembled and in test


newold







Integral Mount with COAX 7.62


• Most compact installation


• Pre-aligned to cannon bore


• One man boresight


• Eliminates second cradle


• Quick detach from main gun







M230 Automatic Cannons


Characteristics M230                 M230LF1      M230LF2


Weight *             132 lbs.                   147 lbs.          147 lbs.


Recoil                 3,000 lbs.                6,000 lbs.       1,650 lbs.


Power Req’d   3HP @ 115 VAC       1HP @ 28 VDC     1HP @ 28VDC


Rate of Fire          625 spm    200 spm        200 spm


Hangfire Safe No       Yes           Yes


Feed         Linkless      Link           Link


* with 42” BBL, add 13 lbs. for 60” BBL







M230 & M230LF Applications







Pressure “Bottle” Stress Optimization


• All firing stresses confined to barrel bolt & breech


• Extremely short stress path of 140mm


• Balanced bearing, bending and shear stresses


• Allows growth in internal ballistic solution


• Allows low stress aluminium receiver


• Long fatigue life 25,000 rounds +
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Presented by
John Cline


JSSAP TACOM - ARDEC


Ed Daniels
Primex Technologies


34th Annual Gun &
Ammunition Symposium


24 April 1999
Monterey, California


OCSW Program Update
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Precision Air Burst
220 Shots per Minute at 300 Meters
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USAIC (Ft. Benning, GA):  Primary User / Proponent


PRIMEX Technologies (Downey, CA):   Prime Contractor,


System  Integration, System Analysis, and Ammunition


Dayron (Orlando, FL):    Air Burst Fuze


Delta Defense (Arlington, VA) :    Armor Piercing Warhead


Dyna East (King of Prussia, PA):  Explosively Formed Penetrator


General Dynamics (Burlington, VT) : Weapon / Ground Mount,
Ammunition Container


Raytheon Systems Company (El Segundo, CA):   Fire Control


JSSAP/Government:   Government Technical & User Community
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Raytheon


Objective Crew Served Weapon
“World-Class” Development Team
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Full Solution
Fire Control System


25mm Weapon


Lightweight
Ground Mount


T & E Controls


Ammunition 
Container


Ambidextrous
User Controls


AP


PRIMEX PROPRIETARY


HE


Objective Crew Served Weapon
Revolutionary Lethality for the 21st Century Soldier


● Lightweight, Compact System
◆ 2-man  Portable & Vehicle


Mountable


● Precision Airbursting Munition
◆ Defeats Defilade Targets


● Armor Piercing Munition
◆ Defeats Light Armor Vehicles


● Long Range Stand-Off to 2 km
● Increased Survivability
● Day / Night / All Weather Capable
● Lethality Block Upgrade to Land


Warrior
● First Unit Equipped:  2008
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Why Objective Crew Served Weapon?


● OCSW is Substantially More Effective Than Existing
Weapons at all Ranges


● OCSW Provides Leap Ahead Overmatch Capability
Against Defilade Targets


● OCSW is a Light Weight Two Man Portable System that
Does Not Require Sand Bag Ballast for Stabilization


● OCSW Weighs the Same as our Medium Machine Guns


● OCSW May Readily be Adapted as a Vehicle Armament


● Only  OCSW Provides Combined Lightweight, Long
Range, Defilade Defeat Capability
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“Crew Served” Weapon


● Two Infantry Men
● Carry Weapon, Tripod, Fire Control, Ammunition
● Required Weight - 70 Pounds Max (35 lbs per man)
● Desired Weight - 64 Pounds Max (32 lbs per man)
● Stable, Accurate Fire Without Ballast
● Rapidly Advance, Emplace, Engage, Defeat
● System Weight


Improved
25mm OCSW 40mm System


64 lbs 153 lbs
w / 60 Rounds w / 48 Rounds


No Ballast Plus Ballast
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HE


AP


TP


SYSTEM WEIGHT UNLOADED:        38.0 lb @ FUE
GUN WEIGHT               23.0 lb
MOUNT WEIGHT 9.0 lb
FIRE CONTROL WEIGHT 6.0 lb (w/thermal)


ROUNDS AVAILABLE IN TRANSPORT MODULES


  Two  35.0 POUND MODULES        74 ROUNDS


  Three 35.0 POUND MODULES     151 ROUNDS


Full Solution Fire Control:    Derived from OICW


Caliber: 25mm
Cartridge Weight: 0.368 lb (167 grams)
Projectile Weight: 0.291 lb (132 grams)


Impulse: 13.4 lb-sec
Chamber Pressure: 40,000 psi
Muzzle Velocity: 1393 ft/sec
Maximum Effective Range 2,000 m
Time of Flight to 2,000 m 8.9 sec
Maximum Range 3,600 m


OCSW System Baseline
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   The OCSW System will provide a Sensor-to-Shooter
    Linkage Through Land Warrior Interoperability


•OCSW IS A LETHALITY COMPONENT OF LAND WARRIOR


 OCSW SENSOR - TO - SHOOTER LINKAGE
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OCSW in MOUT Environment


Light Weight System
Highly Effective Against
Concealed Personnel
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Multiple Tar get Kills
Against Personnel in Defilade
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The OCSW has Potential for Multiple Platform Applications as
Primary / Secondary Armament on Vehicles


The OCSW has Potential for Multiple Platform Applications as
Primary / Secondary Armament on Vehicles


OCSW Vehicle Applications
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Executive Summary
● OCSW -- The Only Truly Two Man Portable Crew Served Weapon System


◆ Light Weight Automatic Weapon System and Tripod (64 lbs with 60 Rounds)
◆ Full Solution, Day-Night, All Weather Fire Control
◆ Precision Air Bursting High Explosive Ammunition


▲ Remote Settable Air Burst Fuze
▲ Muzzle Velocity Correction


● Kills Targets in Defilade From Direct Fire Position
● Large Improvement Over Existing Systems (7.62mm, cal .50, 40mm)


◆ Kills / System Weight
◆ Kills / Ammunition Weight
◆ Cost / Kill


● Currently an Advanced Technology Demonstration (ATD) Program
● A Draft ORD is in Staffing
● EMD Start- FY03
● FUE FY08
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Technical Challen ges


● Miniature Air Burst Electronic Fuzing
◆ Electronics Survival @ 100,000 G’s
◆ Communications @ 220 SPM
◆ Power Consumption to 2,000 Meters


● Continuous Lethality Improvement
● System Weight Reduction
● System Ruggedness / Durability / Reliability
● Light Weight Weapon Stability and Accuracy
● Bursting Munitions Warfighting Tactics
● System Ergonomics
● Fire Control System Integration
● Achieving All User Needs, Affordably







ed87.ppt, 14 JO
IN


T


AS


P
R


O
G


R
A


M


S
E


V
C


SM A LL AR


M
S


J S P


R
I


E


Dayron


Significant Accomplishments


● Demonstrated Precision Air Burst Out to 2 Km
at a 220 SPM Rate of Fire


◆ From a 40 lb Self Contained Prototype System


● Fired 1,400 Rounds to Date in Weapon
Development Tests


● Completed the Design of First Deliverable
Weapon


● Demonstrated <1 mil Dispersion in Automatic
Burst Mode from Ground Mount with no
Ballast
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      FY99                      FY00                 FY01                         FY02                          FY03   -     FY07


   MS I  /II


•  Lightweight Weapon & Mount /
   AP Warhead


               •  Integrated Fuze (AB,PD,SD)
                  Rapid-fire Fuze Set Airburst


                                       •  Fire Control
                                  - Thermal Interface
                                               - Land Warrior


         Interoperability


                                            •   OCSW System


EMD


Critical Performance Demo’s


TFT
DBBL
EXP’T


TRANSITION TO  PMSA


       OCSW ATD


MS III


FUE:
FY08


Objective Crew-Served Weapon (OCSW)
Advanced Technology Demonstration Roadmap
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OCSW with Fire Control System
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OCSW Ballistically Matched
25mm Ammunition Family


● Prescored Steel Warhead
● LX-14 High Explosive
● Defeats PASGT Vest & Helmet
● Aluminum Cartridge Case
● Standard Ball Propellant
● Standard Percussion Primer
● Standard M100 Detonator


● Defeats 51mm RHA
● Defeat 51mm HHA (Goal)


● Two-Piece Projectile
● Integral Rotating Band


HE Cartridge


AP Cartridge


TP Cartridge
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KE Ammunition Can
Only Suppress Personnel
In Defilade


Air Burst Ammunition Kills


 There Is No Hiding from Air Bursting Munitions
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Video
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TARGET  (ANTI-PERSONNEL)


● Target  (50m x 10m area)
◆ 8 man squad
◆ Standing / Prone / Prone-Defilade


● Range of Engagement
◆ 0 to 2000 m
◆ Effectiveness Computed at 200m


Increments


● Effectiveness Analysis
Conducted Using AMSAA
Models (CASRED, FBAR,
LITTON)


PRONE


DEFILADE


STANDING
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OCSW Mk-19 M2 M240 M249
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A Lightweight System with Airburst Munitions is Key
to OCSW Effectiveness


A Lightweight System with Airburst Munitions is Key
to OCSW Effectiveness


System Comparisons
Sys te m 40mm


Mk 19 Mod 3
Cal .50
M2HB


7.62mm
M240


25mm
OCSW


We apon We ight (lb)


Mount We ight (lb)


Fire  Contro l (lb)


75.6


65.4


N/A


84.0


46.1


N/A


24.2


19.2


N/A


23.0


9.0


4.6 (e s t)


Unloade d Sys te m
We ight (lb)


141.0 130.1 43.4 36.6


Ammunition We ight
(lb / Round)


1.24 .38 .10 .45


Ammunition Load
Lbs  Ammo / Kill 111 117 25 3
Lbs  Ammo / 60 s e c
Suppre s s ion


157 133 28 12
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•  Substantial Reduction in Logistics Burden
       •  Significant Improvement in Cost Effectiveness


•  Substantial Reduction in Logistics Burden
       •  Significant Improvement in Cost Effectiveness


23  M240’s


6  M2’s 10  MK19’s


39 OCSW’s  =  1,427 lbs.


M923


M923


M923


3 Truckloads (5-Ton) / 3 Drivers 1 HMMWV / 1 Driver


Equivalent OCSW Ammo
              Weight = 1,431 lbs.


               1.2 Pallets / 103 Boxes


               Avg. Box Wt. = 14 lbs.


               Ammo Cost = $69,428


39 OCSW’s


      39 Weapons  =  3,188 lbs.


OCSW Payoff - Anti-Personnel Role
(Typical Marine Infantry Battalion)


Conventional Ammo
Weight = 31,394 lbs.


9.6 Pallets / 700 Boxes


Avg. Box Wt. = 45 lbs.


Ammo Cost = $295,356 
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OCSW is The 21st Century Crew Served WeaponOCSW is The 21st Century Crew Served Weapon


OCSW Benefit Summary


● Superior Kill Capability


● A Truly Two Man Portable
Crew Served Weapon System


● No Ballast Required


● Major Improvements in
Logistic Infrastructure


● Cost Effective


● Most Importantly.., OCSW
Maximizes the Effectiveness
and Survivability of the U.S.
War Fighter!
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OCSW is The 21st Century Crew Served WeaponOCSW is The 21st Century Crew Served Weapon


OCSW Benefit Summary


● Superior Kill Capability


● A Truly Two Man Portable
Crew Served Weapon System


● No Ballast Required


● Major Improvements in
Logistic Infrastructure


● Cost Effective


● Most Importantly.., OCSW
Maximizes the Effectiveness
and Survivability of the U.S.
War Fighter!








New Maintenance
Technologies: Optimize the
Multiple-Site Deployment


Economics


34th Gun & Ammunition Symposium &
Exhibition


Darrell  McKinley, NADEP Jacksonville
mckinleydw@navair.navy.mil


Bill Custer, SAIC
custerw@saic.com
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Partners, NAVAIR LMTCE


• LMTCE: Lead Maintenance Technology Center,
Environment
– Identify Environmental, Safety, and Health Technology


Needs
– Ensure Technology Transition Process Answers Needs
– Sponsor: Chief of Naval Operations, Environmental


Programs, Safety, and Occupational Health (N45)
– IPT Chair: NAVAIR Acquisition Support (8.4)
– Technology Assessment Support: SAIC
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Challenge


• Environmental Technologies often Promise:
– Lower Costs
– Improved Environmental Performance


• Need Impact Analyses on Technologies for
Military Applications
– Assess Life Cycle Benefits, Productivity, Energy,


and Capital / Operating Costs
– Optimize Technology Deployment Strategy
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Project Background


• This project is part of the following
technology transition process:
– Needs Assessments
› Impact Analyses


• Including economic and environmental metrics


– Implementation Data Packages (IDP’s)
– Transition plans
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Sample of Technologies Analyzed


• Plating:  Zinc-Nickel, Tin-Zinc,
Al-Mn, Cermet, HVOF


• Glass Media Lease/ Recycling
• CO2 Retrofit of Halon


Extinguishers
• Engine Fire Suppression Bottle


Maintenance Cycle Extension
• Steam Catapult Modifications
• Alternative Chaff
• Alternative Ordnance


Materials


• Powdercoat & Electrocoat
Painting


• Low and Zero VOC Topcoats
• Non Chrome Primer
• Conversion Coat Alternative
• Non Chrome Sealants
• Non-HAP Paint Purge Solvent
• Non-HAP Chemical Stripper
• Flashjet Stripper (Gantry &


Mobile)
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Approach


• Data from Technology and Site Experts
– Cognizant Materials Engineers, Sites, & Vendors


• Use Standard Cost-Benefit Methodology
• Develop Dynamic Tool for Technology Assessment


– Site-to-site workload and processing drivers
– Standard technology assumptions
– Default cost factors
– Allows for trade-off and sensitivity analyses


• Assess Environmental Impact
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Technical Data Resources


• NAVAIR Pollution Prevention Technology
Principal Investigators and Project Leaders


• NFESC Environmental Systems Allocation (ESA)
database for estimating factors


• CNO N-88 Aircraft Inventory Program File
• NAVAIR ECHO database for materials data
• MSDS data
• Vendor data
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Cost-Benefit Analysis Method


• NAVAIRINST 11010.5A, Management of the
Naval Air Systems Command Industrial Capabilities
Group Capital Purchases Program (CPP)


• OMB Circular A-11, Planning, Budgeting, and
Acquisition of Capital Assets (Part 3)


• OMB Circular A-94, Guidelines and Discount
Rates for Benefit-Cost Analysis of Federal Programs







Environmental Technology Impact Analysis







Economic & Environmental Metrics


Deployment 
Sites


Investment Payback (yr)
Internal Rate 


of Return
Net Present 


Value


25 $4,812,500 3.49 28% $8,323,551


Baseline $192,500 0.61 84% $1,143,745


Deployment 
Sites


 TRI Materials 
Reductions 


(lbs/yr) 


 TRI Chemicals 
Reductions (lbs/yr) 


 Haz Waste 
Reduction 


(lbs/yr) 


25 140,439 42,581 96,585


Baseline 8,273 2,508 5,690







Multiple Site Deployment Sensitivity Analysis
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Results


• Impact Analysis Users:
– Headquarters:


• Develop Resource Requirements
• Assess Alternatives


– Technology Managers & Site Users
• Optimum Deployment Strategy
• List of Candidate Sites for Deployment
• Assess Cost & Environmental Impacts from


Technology Evaluation Results
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New Development: Integrated
Technology Assessment Tool


• Measure Technical Performance Criteria
• Requirements & Specifications
• Environmental, Safety & Health
• Technical Cost Drivers


• Apply throughout Technology Evaluation and
during Field Implementation


• Integrated Technical, Cost, and
Environmental Assessment


• Linked to Impact Analysis Technology Assumptions







Technology Assessment Tool Analytical Hierarchy


5.80


Score Weight Score Weight Element Name


1.58
0.23 Parameter A


3.98 0.60
Parameter B


1.61 0.20
Parameter C


1.21 0.20
1.55


0.23 MTBM


2.16 0.32
Parameter E


3.95 0.56
Parameter F


0.56 0.11
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Technical


Element FactorsArea Factors
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Apply both Qualitative and
Quantitative Assessment Parameters
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•  Qualitative:


• Compare New
Technology to Old


•  Quantitative:


• Test Results versus
Specifications


• Built-in Data
Normalization Function
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Questions?


David Brock, NADEP Jacksonville
brockdl@navair.navy.mil
904-542-0516 x 122


Bill Custer, SAIC
custerw@saic.com
805-488-1919








Physics and Electronics Laboratory


Present and future trends in
computer assisted design and
evaluation of smart munitions


Present and future trends in
computer assisted design and
evaluation of smart munitions


Nico de Reus
Program manager Weapon Evaluation


Rob van Heijster
Program manager Smart Weapons


TNO Physics and Electronics Laboratory


The Netherlands







Physics and Electronics Laboratory


Nederlandse Organisatie voor 


Toegepast Natuurwetenschappelijk Onderzoek


Netherlands Organisation for
Applied Scientific Research


TNO-FEL


9 Civil institutes 3 Defence Institutes


TNO-TMTNO-PMLTNO-PGTNO-MEP


Total nr of employees   4500


Total turn-over                800  Mfl   (400 M$)
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TNO’s work on smart munition for
Armed Forces
TNO’s work on smart munition for
Armed Forces
■ Evaluation of existing or future systems


✓ enabling smart buyer  role for all Armed forces


■ System development in collaboration with
industry
✓ enabling Navy’s developer  role


e.g.


■ Development of fuze/control for Naval 5 inch gun


■ Participation in NIAG study on gun launched
novel munitions
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Contents


■ Trends in smart munitions


■ Computer aided test / design / evaluation
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Future scenario’s


Surgical strikeSurgical strike


Minimum # ofMinimum # of
shellsshells


Low collateralLow collateral
damagedamage


OperationalOperational
requirementsrequirements


High precisionHigh precision


TechnicalTechnical
requirementsrequirements


Long rangeLong range


TargetTarget


PositionPosition


ImpactImpact
localisationlocalisation
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Future technical requirements


High precisionHigh precision


TargetTarget


PositionPosition


ImpactImpact
localisationlocalisation


ManoeuvrabilityManoeuvrability


RangeRange InitiationInitiation


SensorsSensors ProcessingProcessing


CourseCourse


CommunicationCommunication


ActuatorsActuators
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Intelligence scale for precision
guidance
Intelligence scale for precision
guidance


■ Guided:
✓ Operator controlled


■ Smart:
✓ Finds known target


■ Brilliant:
✓ Finds unknown target
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Enabling systems for precisionEnabling systems for precision


■ New technology
✓ New Sensor Technology (e.g. imaging)
✓ Digital Signal Processing (e.g. sensor fusion)
✓ Actuator Technology


✓ Materialising in:
– GPS
– ASICs
– MEMS (energyless)
– Smart structures
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Trends


■ Improvement in sensors (MEMS)
■ Increased computing power in small size


✓ Sensor fusion
✓ More sensors
✓ 2D imaging sensors


■ Maintain autonomy: “fire and forget”
■ More intelligence in smaller calibres


■ Range and course correction (MEMS)
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Current studies focus on:Current studies focus on:


■ MEMS IMU


■ GPS


■ Processing


■ Drag brake


■ (BLAM)


■ MEMS actuators
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Sensor fusion in precision guidanceSensor fusion in precision guidance


mmWmmW


LaserLaser


Target(s)Target(s)


EnvironmentEnvironment


IRIR


AirframeAirframe SensorSensor
FusionFusionGuidanceGuidanceControl+Control+


ActuationActuation
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MEMS IMUMEMS IMU


Silicon
micro Gyro


Inertial micromachined
accelerometer


by Sextantby Sextant Avionique Avionique
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Range Correction
Drag Brake
   (Team Star)
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Course correction
Barrel Launched Adaptive Munition
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MEMS airflow actuators “energyless”MEMS airflow actuators “energyless”
Flexible Sensor SkinFlexible Sensor Skin


MEMS Actuators on Delta Win gMEMS Actuators on Delta Win g


     MEMS actuators
make small changes
in the air flow which
are amplified by the
flow field itself to
cause large macro
effects.


(UCLA/CalTech)
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Smart Fusing    DARWIN (76 mm)
multi function fuze using ASICs
Smart Fusing    DARWIN (76 mm)
multi function fuze using ASICs


booster
charge


25 V
battery


RF
T/R


ASIC DSP
& controller
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TNO evaluation and design facilitiesTNO evaluation and design facilities


■ Trajectory simulators


■ Endgame simulation
✓ Fuze scale model
✓ Target vulnerability assesment model


■ Electronic Battlespace Facility
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Trajectory simulatorsTrajectory simulators


■  6-DOF
 (WASP-MIST)


■ 5-DOF, 3-DOF ((Modified) Point Mass model)


Autopilot Actuator Weapon body
(dynamic equations)


commanded
fin deflections


Actual
fin deflections


Kinematic
element


Seeker
Proportional
Navigation


Target
(dynamic
equations)


+


-


Guidance
loop


Autopilot loop


Target 
x, y, z,
vx, vy, vz


Relative
x, y, z,
vx, vy, vz


Actual
Line Of
Sight


Commanded
Acceleration


Measured
Line Of
Sight


Midcourse
Nav.


Guidance
computer


ay, az, q, r


Weapon
x, y, z,
vx, vy, vz
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Proximity Fuze evaluation and designProximity Fuze evaluation and design
Air defence gun system with fuzed ammunition


FCS


AA GUN


100 m


EndgameEndgame
simulationsimulation
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Simulation by scaling down the wavelength


REAL
environment


scaled MONA
environment


 GEOMETRIC SCALING  FACTOR:
100


15 m


15
cm


real target


target
model


wavelength  =
1m


wavelength  =
1cm


real  fuze


microwave  unit


MONA (Scale model for fuze evaluation)MONA (Scale model for fuze evaluation)
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MONA (continued)MONA (continued)
MONA simulator set-up


ELEVATORMICROWAVE UNIT


SCALE MODEL


LOWER RAIL


UPPER RAIL
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MONA (continued)MONA (continued)


InterceptIntercept
geometrygeometry
(real world)(real world) scale modelscale model


(Hardware)(Hardware)


FuzeFuze filter filter
processingprocessing
(Software)(Software)


DopplerDoppler
signalssignals


BurstBurst
positionspositions
(real world)(real world)


MONA (MONA (Modelbaan NabijheidsbuizenModelbaan Nabijheidsbuizen))
(=(=FuzeFuze scale model) scale model)


Trans-Trans-
formationformation
(software)(software)


InterceptIntercept
geometrygeometry
(MONA)(MONA)
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Endgame simulationEndgame simulation


TARVACTARVAC


Burst positionsBurst positions


FragmentationFragmentation
characteristicscharacteristics


TargetTarget
characteristicscharacteristics


Intercept geometryIntercept geometry
(angles, distances, velocities)(angles, distances, velocities)


PkPk
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PhysicalPhysical
InteractionInteraction


PlatformPlatformMunitionMunition


OperationalOperational
ConsequencesConsequences


VulnerabilityVulnerabilityLethalityLethality
      TARVAC:
TARget Vulnerabilty
Assesment Code


      TARVAC:
TARget Vulnerabilty
Assesment Code
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Ballistic ResearchBallistic Research
Shooting ranges up to 200 m


Visualisation equipment:


■ Ultra high-speed cameras


■ X-Ray pulsers


Measurement equipment:


■ Doppler radar velocity


■ Laser interferometer


■ Image processing equipment
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Target trajectoryTarget trajectory
generationgeneration


Gun systemGun system
Simulation modelSimulation model


(FELGUN)(FELGUN)


Example application of design and
evaluation (Bofors 40 mm 3P vs Mk2)
Example application of design and
evaluation (Bofors 40 mm 3P vs Mk2)


MunitionMunition
EffectivinessEffectiviness
(TARVAC)(TARVAC)


Post-processingPost-processing


50%50%


15%15%interceptintercept
geometrygeometry


targettarget
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Total mission kill performance in an
air defence scenario
Total mission kill performance in an
air defence scenario


AA GUN


100 m


FCS


Salvo of 10 rounds


Pk


1.0
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0.5


0.2
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(10 rounds)
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Electronic
Battlespace
Facility


Electronic
Battlespace
Facility


SyntheticSynthetic
EnvironmentEnvironment
CompositionComposition


ResearchResearch


RequirementsRequirements NetworkNetwork infrastructuur infrastructuur


Computer Generated ForcesComputer Generated Forces


Scenario managementScenario management


Advanced SimulationAdvanced Simulation
FrameworkFramework


Platform FrameworkPlatform Framework


Computers/Computers/PeriferalsPeriferals


Simulation ManagerSimulation Manager


Briefing/debriefing facilityBriefing/debriefing facility


Logging facilitiesLogging facilities


Evaluation toolsEvaluation tools


Generic SimulatorsGeneric Simulators


Manned SimulatorManned Simulator


WargamesWargames


Life equipmentLife equipment


Instructor stationInstructor station


Evaluation toolsEvaluation tools


Project FederationProject Federation


EBF repositoryEBF repository
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Synthetic 
Environments


Operational
Employment


Training, Exercises &
Mission Rehearsal


Test &
Evaluation


Acquisition
(Procurement)


Warfare
Analysis


Research &
 Development


Operational
Tactics


Operational
System


Lessons
Learned


Requirements


Design &
Prototyping


(Weapon)
System


EBF Application AreasEBF Application Areas
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Horizontal and Vertical InteroperabilityHorizontal and Vertical Interoperability


platformplatform


platform systemsplatform systems
(components)(components)


Synthetic Tactical EnvironmentSynthetic Tactical Environment


otherother
platformsplatforms


higher echelonhigher echelon
unitsunits


Engineering    -    Engagement    -    Mission   -  TheaterEngineering    -    Engagement    -    Mission   -  Theater


Slower thanSlower than realtime realtime RealtimeRealtime Faster thanFaster than realtime realtime
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Images of synthetic environment


Visual IR


Images of synthetic environment


Visual IR
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ConclusionsConclusions


■ Current: Integrated approach towards design
and evaluation


■ Future: Use of distributed simulation and
visualisation techniques for engineering
purposes
✓ Using dedicated sensor-, environment- and


target models
✓ Possible coupling with operators


Resulting in:


■ Increased mission performance
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Increased effectivenessIncreased effectiveness












L2049EP1-2


Multi-Platform Helicopter
Weaponization


● 50 caliber GAU-19


➤ UH-60 Black Hawk
➤ Bell 212 Modern Huey
➤ AH-6 Little Bird
➤ OH-58D Kiowa Warrior


● AC-47 Gunship (Old “Spooky” Gunship)
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1998 / 99 Update


50 Caliber GAU-19


● 50 guns produced and fielded since 1994
● All guns still in service with over 4.3 million


rounds fired
● Proven combat reliability


40mm Mk 19


● First successful helicopter pintle application
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4 GAU-19 Weapons On UH-60L


● 800 rounds per
gun in cabin


● 2 guns fixed
forward fire


● 2 guns pintle
mounted







L2049EP1-5


GAU-19 On UH-60L ESSS


● 800 round
ammunition
supply in cabin


● GAU-19 on
inboard ESSS
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GAU-19 Pintle Mount On UH-60L


● GAU-19 pintle mount
in aft cabin
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GAU-19 on UH-60 Pave Hawk


● External gun mount
● External magazine


(500 rounds)
● External stores capability:


➤Fixed gun
➤Rockets
➤Countermeasures
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MK19 Pintle Mount On BH 212


● 400 round ammo
supply


● Mk19 pintle mount in
aft cabin
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GAU-19 Pintle Mount On BH 212


● 1600 round
ammo  supply


● CF&D plank
installation
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Dual GAU-19 On AC-47


● Low cost platform


● Accurate high volume
firepower


● Long range and loiter
time
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Dual GAU-19 On AC-47


● In-flight reloading


● Long range and loiter
time
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GAU-19 On OH-58D


● Proposed
replacement for M2
single barrel gun
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GAU-19 On AH-6 Little Bird


● Proposed
replacement for M134
minigun


● Dual gun installation
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34th Annual
Gun &Ammunition Symposium & Exhibition


Monterey, CA
26-29 April 1999


40 mm Insensitive Munitions fo r
Combat Vehicle Armament


presented by


Ulf Einefors, Bofors Weapon Systems AB
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07693-Esu


CV 9040 
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40 mm Ammunition Famil y


PFPPX ”3P”


APFSDS-T


HE-T


PFHE Mk2


APDS-T


TP-T


07678 -Esu
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40 mm APFSDS-T
Muzzle velocity 1480 m/s


07680-Esu
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40 mm 3P round


DATA
Fuze programmable
Weight of shell 975 g
Weight of explosive 120 g
Type of explosive PBX
Tungsten pellets, 3 mm 1100


07681-Esu
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Function modes 40 mm 3P


• Basic proximity function
• Gated proximity mode
• Gated proximity mode with


impact override


• Impact with post impact
delay


• Armour piercing
• Time mode


07683-Esu
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40 mm Bushmaster IV


07679 -Esu


Live
firin gs


TDP Preproduction
gun/s


96 98 99 2000 2001


Design
stud y
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             Mil Std 2105B Tests


09132-esu
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Means of achievin g IM/LSM


• Explosives technology
• Mechanical design
• Packaging design
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Ammunition stowa ge CV 9040


Ak 40/70 Ba: 24 rounds
(3x8)


Carousel
magazine: 48 rounds


Carousel: 18 rounds


Ammunition
boxes:           18x8 rounds
                     =144 rounds


Total:             234 rounds


07677 -Esu
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NC Octol HNS


LOVA PBX
RDX + Plastic Octo gen + Plastic


3P Explosive content
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Fragment velocit y


Type Velocity (m/s)


IM 380 - 1330


Conventional 411 - 1502
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Fragment ener gy


No. of fragments capable of incapacitating
soldier wearing flak jacket


IM 720


Conventional 785
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Lethal area com parison


Range 1500m, Defending


09133-esu


Octol 127 m2


PBX 126 m2
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Pkill com parison


Heavy attack helicopter Mi-24 Hind, 4-rounds.


09133-esu


Distance  Octol PBX


1 km 0,95 0,95


2 km 0,76 0,73
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Conclusions


• Available off the shelf
• In average less than 5% in reduction of Pkill


• Up to 25 % increase in Psurvivability for the vehicle
• Up to 40 % increase in Psurvivability for the crew
• Prevents catastrophic kill








OICW Fire Control System
Grant Moule and Susan Franciscus


Contraves Brashear Systems, L.P.
Pittsburgh, Pennsylvania


Contraves Brashear Systems has developed a compact, smart fire
control system as a part of the Objective Individual Combat
Weapon (OICW) Program to ensure that the 21st century soldier
has the decided advantage in any situation. The specific purpose of
the OICW system is to enhance the soldier’s capability including
the ability to defeat defilade targets. The OICW fire control system
provides the capability to detect man and vehicle targets day or
night, to provide an accurate laser range measurement to the
target, and to calculate a full ballistic solution from which a
corrected aimpoint is automatically presented to the gunner and
the appropriate message is sent to the ammunition fuze. This
system offers compatibility with Land Warrior, and with little
modification can be adapted to offer these same features to larger
caliber crew served weapons.


Contraves Brashear Systems’ Objective Individual Combat Weapon (OICW) Fire
Control System (FCS), shown in Figure 1, was developed to give the U.S. Army
combat soldiers and the U.S. Marines a distinct advantage in either rural or
MOUT (military operations on urban terrain) arenas. Teamed with Alliant
Techsystems as the prime contractor and the high explosive (HE) munitions
developer, Heckler & Koch as the weapon developer, and Dynamit Nobel as the
advanced propulsion system technology provider, Contraves Brashear Systems
has developed a smart fire control system as a part of a complete multi-functional
weapon system to ensure the 21st century soldier has the decided advantage in any
situation.







Figure 1 – OICW Fire Control System


The primary purpose of the OICW system, shown in Figure 2, is to incapacitate
the enemy soldier in the defilade position after he has gone to cover. This purpose
is accomplished by accurately placing an air bursting munition over the soldier
who is seemingly in a protected position. To achieve this purpose, the OICW fire
control system measures the range to the target, presents a ballistically corrected
aimpoint to the soldier and programs the fuze. The weapon precisely and reliably
projects the air bursting munition whose fuze accurately detonates at the
commanded range spreading lethal fragments over the protected soldier. In this
way, the integrated design of the weapon, ammunition and fire control system
provides a much higher probability of incapacitation than any other current
individual weapon.


Figure 2 – OICW System


The OICW weapon is of an advanced design employing two barrels - one is a 20
mm barrel for the HE air bursting munitions to support the goals of incapacitating
defilade targets and increasing the probability of incapacitating other targets, and
the other is a 5.56 mm kinetic energy (KE) barrel for standard munitions to
provide for self defense against close in targets. The barrels are configured in an
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over/under fashion on a bullpup style weapon with a single trigger. It is
constructed in a modular manner that allows the two weapons to be separated and
operated without the other. An recoil mitigation system allows the recoil force of
this weapon to be significantly less than that of an M14.


The OICW air bursting ammunition uses dual warheads to optimize its lethal area
effectiveness. Controlled fragmentation allows for the optimal mass and spatial
distribution to maximize the probability of incapacitation and suppression. The
range traveled by the projectile is established using a turns counting technique for
precise on target detonation. In addition, the fuze has several modes that can be
commanded by the fire control system. These modes allow the ammunition to
automatically air burst above the target (bursting mode), detonate on contact with
the target (point detonation mode), detonate after perforating the target (point
detonation with delay mode) or air burst after a fixed delay beyond the target that
is lased upon (window mode). These modes are quickly selectable by turning a
multi-position switch on the FCS allowing the gunner to maximize weapon
effectiveness for each situation.


The prototype OICW FCS, as shown in Figure 1, is a rugged, compact system
weighing approximately five pounds (including the battery placed in the butt stock
of the weapon). The production system will include an infrared module and a
combat ID system internal to the housing and will weigh significantly less than
the prototype.


The OICW FCS provides three different display channels – day, TV and night.
The day channel provides a high quality, 3x magnification, optical viewing system
with a large field of view, nominally 11 degrees, for practical target acquisition.
These direct view optics provide the additional advantage of being available for
use in an unpowered state. The TV channel employs a charged coupled device
(CCD) camera with the same large field of view, but offers the user selectable
options for an additional 2x electronic magnification and/or video tracking and
laser steering. The night channel offers these same options, but extends the
operation of the system beyond dawn to dusk into and through the night. The
resolution of each of these channels exceeds the requirement to detect personnel
targets out to 500 meters and vehicle targets out to 1000 meters.


Each of these channels presents a familiar red dot with an adjustable brightness so
that it is both visible in bright sunlight and clear in the darkness of night to
indicate the position of the laser aimpoint and the ballistically corrected adjusted
aimpoint. The laser aimpoint is coincident with the battlesight (the adjusted
aimpoint at a specified range under nominal conditions) to offer the soldier a
reference point from which to operate the weapon effectively at a moment’s
notice. Figure 3 shows a sample view through the eyepiece.







The FCS is operated using a combination of buttons integrated into the weapon,
switches on the fire control unit itself and a menuing system integrated into the
FCS. The buttons on the weapon provide a means of activating the laser and
incrementing its result using the trigger finger. The switches on the fire control,
depicted in Figure 4, are used to activate functions that may be needed
immediately on the battlefield. These functions include selecting the FCS channel
(off, day, TV or night), selecting the fuze mode (bursting, point detonate, point
detonate with delay or window), selecting the electronic magnification (on or off),
adjusting the brightness of the aimpoint, and activating the data entry mode.


Figure 3 – OICW Eyepiece Configuration


Figure 4 – OICW FCS Switches


The data entry mode provides additional functions through a user friendly
menuing system. Some of the features offered through data entry allow the user to
turn on and off the video tracking and laser steering systems, to display the range
data both with and without any operator adjustments, to display compass data, to
select the ammunition type, and to select the time out period. In addition, the data
entry mode allows the operator to enter other modes of the system including
commanded built-in-test (BIT), boresighting, zeroing, compass calibration,
maintenance and training. A sample menu, as viewed through the eyepiece, is
shown in Figure 5.


Figure 5 – OICW Main Menu


The FCS employs an eye safe erbium laser allowing accurate range measurements
(+/- 1 meter) even from small targets at ranges in excess of 1000 meters. The
narrow beam divergence of the laser enhances the probability of lasing on a man-
sized target without introducing a significant number of returns from the
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background. Since the range measurement is important in the OICW concept, or
any other busting munition concept, and the user has a tendency to wobble while
aiming a shoulder fired weapon, a series of pulses are transmitted and their returns
are collected and processed through a modal analysis algorithm.


The modal analysis algorithm groups similar range measurements and estimates
the true range to the target considering the returns from the largest grouping. The
range resulting from the modal analysis algorithm is presented to the user who has
the ability to increment and decrement the result in 1 meter increments. This
capability allows the user to compensate for the target’s motion since collecting
the range information or to account for the fact that the range measurements may
be made from a distinct, easy to lase target (building, wall, etc.) close to the actual
target of interest.


The range measurement is further enhanced by the video tracking and laser
steering systems. The FCS employs a video tracker to detect moving targets and to
perform scene tracking. The tracking function allows the motion of the target (for
moving targets) and the motion of the weapon introduced by the user to be
characterized separately. This functionality allows the optional laser steering
system to compensate for the soldier’s wobble even for stationary targets. The
laser steering system is steered to the target for moving targets identified by the
video tracking system. The video tracking and laser steering systems are
implemented in an integrated and automated way such that the soldier performs
the same actions for both stationary and moving targets in all modes.


In addition to improving the range measurement, the video tracking system
provides cues to the soldier, as shown in Figure 6, that improve his situational
awareness. Up to four moving targets can be identified by the tracker at a time.
Moving targets identified by the tracking system are indicated with an icon. The
icon remains in the location where the target has gone to cover as an aid to the
operator’s ability to identify the current position of the targets.


Figure 6 – OICW Eyepiece Configuration with Tracker Icons


Once the range to the target has been established, the FCS CPU computes a new
adjusted aimpoint based on a full ballistic solution. The solution takes into
account the cant angle, the site angle, the environment, the HE round
characteristics, the barrel twist angle of the specific weapon being fired and any
corrections established during the boresighting and zeroing processes. The
ballistic algorithm also considers the parallax introduced by the FCS, corrects for
the imperfect alignment of the display devices within the FCS and accounts for
the fuze mode selected by the operator. Combined, the modal analysis and
ballistic algorithms are executed in less than 100 milliseconds. Subsequently, the
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FCS generates a new red dot aimpoint and commands the turns count and mode to
the fuze. The gunner places the red dot aimpoint onto the target and fires. The
result is a system that successfully defeats defilade targets as evidenced in Figure
7.


Figure 7 – With OICW, There’s No Place to Hide.







The cant angle and site angle measurements used in the ballistic algorithm are
provided from an electronic sensor module included as a part of the OICW FCS
with an accuracy of approximately 10 mils. This same device generates compass
heading angles with similar accuracy. The data from the electronic sensor module
is also used to support the Land Warrior interface. Additionally, the compass
heading and site angle can be displayed to the operator at his request.


The OICW FCS is compatible with Land Warrior. This compatibility allows all of
the electronic data presented in the FCS eyepiece to be displayed on Land
Warrior’s heads up display. This feature permits the OICW weapon to be used by
the soldier from a protected position. For example, a soldier can shoot the weapon
around the corner of a building without full exposure, but with all of the
advantages of the OICW system. The knowledge of range and compass heading of
the target also allows Land Warrior to identify the target’s location so that indirect
fire may be used against the target.


The Contraves Brashear Systems OICW Fire Control System provides the modern
American soldier with enhancements to improve effectiveness in all possible
scenarios. Among these enhancements are:


a) Assisting in target acquisition, day or night, with a thermal sight, video
sight or the traditional day optical sight


b) Providing a means to accurately range to stationary or moving targets (+/-
1 meter) automatically and allowing the operator to manually increment or
decrement the range in 1 meter increments


c) Automatically calculating and displaying aimpoints
d) Automatically setting the HE fuze before firing the round
e) Providing video magnification to enhance the video image
f) Providing a Land Warrior video and data interface
g) Providing a battlesight aimpoint for rapid response to threats
h) Providing compass data including heading, elevation, and cant
i) Allowing for consistent, simplified gunner action for all modes


Although the OICW FCS has been designed for a shouldered fired weapon for the
individual soldier, the potential use of the resulting system extends beyond this
application. The remaining part of this paper shows how this fire control system
can be applied to other weapon systems such as the Mk19 40 mm Grenade
Launcher and the M2 Heavy Barrel (HB) .50 Caliber Machine Gun.


The primary design considerations that affect applying the OICW FCS to another
weapon system are the range over which the system must operate and the super
elevation angle of the ammunition associated with this range. The OICW FCS is
designed to operate out to 1000 meters with a maximum super elevation angle of
approximately 8 degrees.







Increasing the range beyond 1000 meters requires a confirmation that both the
laser configuration and the optical resolution are sufficient for the target of
interest. Assuming a maximum range of 2000 meters and a vehicle target, Figure
8 shows that the current laser configuration is more than sufficient for achieving
this range even under harsh environments.


The OICW FCS optics have a 3x magnification which is adequate to support the
detection of a kneeling soldier out to 1000 meters using both the day and TV
channels. To be able to extend this capability to 2000 meters, the optical design
needs to be modified to increase the magnification. This modification is only a
minor rework of the optics using the same lens diameters and only changing the
lens prescriptions. The change in magnification, however, does reduce the
system’s field of view. The changes of magnification and field of view are not
necessary if vehicles are the primary targets of interest beyond 1000 meters.


O IC W  L A S E R  R A N G E  P E R F O R M A N C E
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Figure 8 – OICW Laser Range Performance


The maximum super elevation angle over the range of operation varies
significantly from weapon system to weapon system. Systems with a relatively flat
ballistic trajectory, like the M2 HB .50 Caliber Machine Gun, do not require any
changes to the OICW FCS because the maximum super elevation angle remains
within the field of view for ranges out to 2000 meters. For weapon systems with
greater super elevation angles, like the Mk19 40 mm Grenade Launcher, a super
elevation mechanism can be used to extend the useful range of the fire control
system. Contraves Brashear Systems has developed super elevation mechanisms
that are either manual or automatic in operation.


With the technology developed under OICW, day/night imagery, laser ranging, a
full ballistic fire control solution, an automatic red dot aimpoint, an automatic
fuze setter, an increased probability of hit and the associated cost savings can be
offered to the Mk19 40 mm Grenade Launcher, the M2 HB .50 Caliber Machine
Gun and other similar systems. The FCS can be further enhanced to program a
smart fuze for each of these systems, when available. The Mk19 lends itself to be
converted to an air bursting system. Further enhancements include, calculating
lead angles based on the video tracking data and increasing the display resolution
from VGA to SVGA to extend the range at which targets can be detected and
recognized. For weapon systems mounted on a vehicle, the FCS could be
enhanced for remote operation so that the video and tracker data, range, aimpoint,
bearing, etc. are displayed within the vehicle. The accurate range and compass
data provided by the FCS, combined with the Global Positioning System (GPS) of
the vehicle, could also serve as a forward artillery observation post capable of
transmitting range, bearing and other target data back to the field commander’s
post.


The OICW FCS can be applied to the 155 mm Howitzer system for self-protection
while in the direct fire mode. The same technology can also be readily applied to
medium caliber, rapid-fire systems for combat vehicles.


Contraves Brashear Systems’ OICW FCS is a state-of-the-art system that offers
day/night target acquisition, an accurate laser range finder system, and a full
ballistic solution that automatically provides a corrected red dot aimpoint to the
soldier and the appropriate message to the fuze. This compact, rugged system is
compatible with Land Warrior. With little modification, the OICW FCS can be
adapted to offer these same features to other larger caliber crew served weapons.
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Electrothermal Chemical ProcessElectrothermal Chemical Process


DESCRIPTION
ETC utilizes electrical energy to
augment/control the release of
chemical energy from
existing/new propellants to
achieve significant performance
enhancements using existing
conventional guns.


BENEFITS
• Improved accuracy/hit probability


with precise ignition timing


• Maximum performance at all
conditions with temperature
compensation


• Increased lethality and range with
higher muzzle velocity


• Soft launch potential


• High energy potential
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Army ETC Program Test ResultsArmy ETC Program Test Results
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Constant Performance AcrossConstant Performance Across
Operational Temperature RangeOperational Temperature Range
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DM 13 Kinetic Energy Tank RoundDM 13 Kinetic Energy Tank Round
(similar results with other rounds)(similar results with other rounds)


• ETC provides effective
ignition at all temperatures
and all calibers


• ETC eliminates temperature
dependent performance
variability and provides
consistent lethality


• Applicable to currently fielded
and future munitions
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• ARL funded by United Defense, LP to
estimate lethality gains given 25-35%
muzzle energy increase


• Performance attributes defined and
characterized


• Concepts developed
•


Scope of StudyScope of Study


Objective:  Determine potential gain in combat
effectiveness offered by ETC
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Performance SummaryPerformance Summary


• Performance of 20 to 50 % is Possible with ETC
• These Improvements Manifest themselves in:


– Improved Time-to-Kill
– Higher Ph’s and Pk’s
– Increased Stowed Kills
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Sizes based on today’s battery, converter and capacitor technology.
With additional development, sizes could be reduced up to 25%.


Pulse PowerPulse Power


30 mm System


Energy/Shot 7.5 kJ
Firing Rate 200 Shots/Minute
Avg. Power 25 kw
Volume 2.6 ft3 
Mass 215 lbs
Shots Stored 3,000
Capacitors 3.5 J/cc
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For equivalent lethality, ETC systems are
lighter and smaller than conventional systems


ETC System ComparisonETC System Comparison


Number of Stowed Rounds 250 250


Volume - ft3


Magazine & Rounds 6.3 14.1
Transfer/Loading Equip - -
Pulse Power 2.6 NA


TOTAL 8.9 14.1


Mass - lb
Magazine & Rounds 485 960
Transfer/Loading Equip - -
Pulse Power 215 NA


TOTAL 700 960


30 mm 35 mm
ETC Conventional
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ConclusionsConclusions


• ETC can be done in Medium Caliber
» Interior ballistics growth potential: 25-35% increase


in muzzle velocity while maintaining moderate
flame temperatures


» Modest electric power requirements


• ETC provides:
» 1000-1500 m increased effective range


- or -
» Increases effective gun caliber by 5 mm


♦ providing equal effectiveness with less round volume
♦ increased stowed load


ETC offers the Army substantial lethality gains
with application to existing and future system
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MN 27/30 GS


•• Mauser Naval ActivitiesMauser Naval Activities


•• MN 27 GSMN 27 GS
History / Status
Operational Requirements
System Design / Performance
FC - Concept
Gun & Ammunition Family
System Simulation


•• CIGS AspectsCIGS Aspects
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MN 27/30 GS


• MK 30 mm x 173
Breda Single Naval Mount
Breda Twin Compact Naval Mount
MSI   DS 30 F
MN 30 GS


• BK 27 mm x 145
MN 27 GS   (German Version: MLG 27)
MIDAS/DRAKON   CIWS


• Rh 202   MK 20 mm x 145
S 20  Man-driven Mount


Mauser Naval ActivitiesMauser Naval Activities
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MN 27/30 GS


Breda Single CompactBreda Single Compact
MountMount
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MN 27/30 GS


Breda Twin CompactBreda Twin Compact
MountMount
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MN 27/30 GS


DS 30 FDS 30 F
MSI MountMSI Mount
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MN 27/30 GS


MN 30 GSMN 30 GS


1565


2255


1375
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MN 27/30 GS


DRAKON  EODRAKON  EO


CIWS
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MN 27/30 GS


MN 27 GSMN 27 GS
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MN 27/30 GS


S 20S 20







M e m b e r   o f   R h e i n m e t a l l   G r o u p


MN 27/30 GS


MN 27 GSMN 27 GS


Rate of fire:


Calibre:
Elevation:


Traverse:


Ammunition:


Total weight:


No Deck
Penetration


1.700 rpm


27mm x 145
-15° up to 60°


+/- 170°


TP,TP-D,
HESD, MP,
SAPHE,
FAPDS,
APFSDS
1100 kg
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MN 27/30 GS


MANAGA 27MANAGA 27


Coulevrine II
MN 20 GS


Coulevrine II
MN 20 GS


MLG 27
German Navy


MLG 27
German Navy


MN 30 GSMN 30 GSMN 27 GSMN 27 GS


MAUSER


NAVAL
GUARD
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Prototype testedPrototype tested


MN 27 GS


on the Baltic Sea
in April 96
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MN 27/30 GS


• Prototype tested; Qualification of MLG 27 for German Navy in
1999/01;


• Replacement of 20 mm and 40 mm Mounts for German Navy
starting after Qualification


• Production Lead Time: 18 Months
• Weight (including FCS Sensors): <1000 kg
• Training Radius: 1630 mm
• Elevation: -15° to +60°       Traverse:  +/-170°
• Velocity: 60°/s                  Acceleration: 120°/s2


• Ammunition Box Capacity: 90/135 rds
• Max. Rate of Fire: 1700 rds/min
• Effective Range


Full Calibre: 2.7 km
Sub-calibre: 4.0 km


MN 27 GS     StatusMN 27 GS     Status
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MN 27/30 GS


• Main Armament for smaller
Vessels


• Side Armament for Ships


• Upgunning of 20 to 40 mm
Equipment


• Modular with respect to
Gun Calibre, FCS and
Modes of Operation


• Most economic solution
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MN 27/30 GS


           CLOSE-IN SELF DEFENSE


-  Anti Aircraft -  Effective Range
-  Anti Helicopter    200  to 4000 m
-  Surface Targets -  High Rate of Fire
   Speedboats       200 -1700 rds/min
-  Floating Mines -  Effective Ammunition
-  Shore Targets -  Remotely controlled
-  Sea Policing -  Man or automatically


     operated


MN 27/30 GS   Operational RequirementsMN 27/30 GS   Operational Requirements
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MN 27/30 GS


MLG 27


Remotely Controlled, Man Operated, Standardised Weapon
System for Fleet-wide Use in one Configuration:


•  Complete EO Sensor Package on the Mount
•  Own dedicated Control Console
•  Interface to NCS optional


SYSTEM DESIGNSYSTEM DESIGN
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MN 27/30 GS


SYSTEM DESIGNSYSTEM DESIGN


MN 27/30 GS


Remotely Controlled, Modular System for Integration of different
Weapons and different Fire Control Options:


 •  BK 27 x 145;  MK 30 x 173;  Rh 202; (M242; Bush II)
 •  on-Mount or on-Board EO/Radar Sensors
 •  Hydraulic or Electric Drives
 •  Standard Interface RS 422; CCIR Video Norm
 •  24 VDC, 0.5 kW; 380 V 50 Hz or 400 V 60 Hz, 3 kW
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MN 27/30 GS


Gun Mount - Upper Mount
Assemblies:


• Turntable with Trunnion
• Weapon Guide and Housing for
• Mauser BK 27 or MK 30 Cannon
• Ammunition Box fixed to the Trunnion


and Flexible Ammunition Chute
• Electro-Optical Aiming System


(CCD-Camera, FLIR, LRF)
• Gyros


Gun Mount - Lower Mount
Assemblies:


• Base with Installation Holes
• Electric or Hydraulic Drives
• Weapon Control Unit
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MN 27/30 GS


Remotely controlled System
Operation by the Gunner
from the Operators Console


• Mount Operation


• Control of Electro-Optical
Aiming System


• Determination of Fire Control
Parameters


• Target Lock-On


• Engagement


SYSTEM OPERATIONSYSTEM OPERATION
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MN 27/30 GS


On the Mount:
TV Camera TV Camera TV Camera
Daylight and optionally IR Daylight and IR Daylight


Laser Range Finder IR optionally
On the FC-Console:


Monitor Monitor Monitor
for Witnessing only


Range (Super-elevation) Target Search & Desgt.
& Lead Angle estimated by Gunner or external External Search &


Designation
Control Handle for Control Handle for External Track
Search,Track and Search and Lock-On Automatic Weapon
Weapon Release Tracker, Weapon Release


Release by Gunner


Remotely positioned Gunner at the Control Console


Autonomous Mode
(1) Manual


Autonomous Mode
(2) Semiautomatic


Depending on NCS
(3) Automatic Mode


Fire Control ConceptFire Control Concept
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MN 27/30 GS


FCS (Full Scale)FCS (Full Scale)
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MN 27/30 GS


FCS (Minimum Configuration)FCS (Minimum Configuration)
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MN 27/30 GS


BK 27BK 27


Gripen AS 39


Tornado


EF 2000
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MN 27/30 GS


BK 27 mm • In Service (Tornado, Gripen AS 39)
     Selected for EF 2000


Under Evaluation for the JSF in the US


Type of Weapon • Gas-operated, Five Chamber
Revolver Cannon


Rate of Fire • Switchable: 1,700 / ~1,000 Rpm
Rapid Single, Controlled Bursts


Reliability • MRBF  10,000 Rds


Navalization • Tested and Qualified during CIWS
MIDAS / DRAKON Development


Recoil Force • .9 kN - 28 kN


Weight • 110 kg


BK 27 mm x 145BK 27 mm x 145
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MN 27/30 GS


Anti Air HE High Explosive
HESD HE Self Destruct


Surface and AP Armour Piercing
Shore Targets APHE AP High Explosive


APHESD APHE Self Destruct


Surface Targets FAPDS Frangible Armour 
extended Range Piercing Discarding Sabot


Anti Missile APFSDS Armour Piercing Fin 
Stabilised Discarding Sabot


Training TP Target Practice
TP-T TP-Tracer
TP-FP TP Frangible Projectile


BK 27 Ammunition FamilyBK 27 Ammunition Family
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MN 27/30 GS


Rate of Fire (rds/min) 1700 800


Full-Calibre (HE):
Muzzle Energy (kJ) 113 220
Weapon Performance (kW) 3250 2928
Projectile Velocity (m/s):
       0 m 1025 1100
1000 m 695 791
2000 m 414 545
3000 m 286 350


Sub-Calibre (APFSDS):
Muzzle Velocity (m/s) 1100 1450
Muzzle Energy (kJ) 97 158
Weapon Performance (kW) 2759 2219


27 mm x 145 30 mm x 173
Ammunition PerformanceAmmunition Performance
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MN 27/30 GS


A new war ammunition for the NAVAL GUN MOUNT


projectile mass:             230 g                             v0:          1100 m/s
penetrator mass:           175 g                             v1000:      970 m/s
accuracy:                        0,3 mrad                       t1000:       0,95 s


Frangible tungsten heavy metal penetrator,
combined aluminium - plastic sabot with integrated driving band


27 mm x 145   FAPDS27 mm x 145   FAPDS
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MN 27/30 GS


FAPDS
Short Time of Flight


Low Drag Coefficient


Low Dispersion


High Penetration Capability


High Secondary Damage (Fragmentation)


Training Ammunition
In Service, Cost -efficient


27 mm x 145 Ammunition27 mm x 145 Ammunition
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MN 27/30 GS
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MN 27/30 GS
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Surface Mine
Speedboat
A/C Target
Surface Ship


 Rate of Fire    Burst Length Dispersion     Pointing Error
1700 rds/min          1 s               2 mrad            1.5 mrad


Probability of HitProbability of Hit
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MN 27/30 GS


BASELINE


VARIANT 1


VARIANT 2


• Identical to                             except


for the missing Tracker


• Identical to


• Identical to


Autonomous Mode
(2) Semiautomatic


Autonomous Mode
(2) Semiautomatic


Depending on NCS
(3) Automatic Mode


CIGS (Close-In Gun Support) ConfigurationsCIGS (Close-In Gun Support) Configurations
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MN 27/30 GS


• 10 radially inbound craft


• travelling at 40 kts


• in a 90° arc and


• in a 300 yds (274 m) range band to be


• defeated outside 1,000 yds (914 m)
from the carrier


CIGS Threat ScenarioCIGS Threat Scenario
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MN 27/30 GS


2240 m


         2514 m


   914 m


78 s


• Ammunition Magazine
Capacity: 135 rds


• 13 rds per Engagement


• Burst Length:  0.46 s


• Reaction Time:  < 7.5 s


• Resulting average kill-
probability:  85 %


CIGS Speedboat ThreatCIGS Speedboat Threat
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MN 27/30 GS


2240 m


         2514 m


   914 m


78 s


• Ammunition Magazine
Capacity: 135 rds


• 13 rds per Engagement


• Burst Length:  0.46 s


• Reaction Time:  < 7.5 s


• Resulting average kill-
probability:  85 %


CIGS  Firing SequenceCIGS  Firing Sequence







M e m b e r   o f   R h e i n m e t a l l   G r o u p


MN 27/30 GS


1600       2514 m   914 m


78 s


• Ammunition Magazine
Capacity: 135 rds


• 13 rds per Engagement


• Burst Length:  0.46 s


• Reaction Time:  < 7.5 s


• Resulting average kill-
probability:  95 %


CIGS Speedboat ThreatCIGS Speedboat Threat
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     Jarl Eirik Straume       Project Manager
     Jan Hasslid                 Ballistics R&D 


30mm APFSDS-T
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 30mm APFSDS-T


CONCEPT-
VERIFICATION


DEVELOPMENT QUALIFICATION
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Concept verification Jan  -95 -  Aug -96
Development Aug -96  -  Apr  -99
Qualification Mar  -99 -  Aug -99  


 30mm APFSDS-T
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30mm APFSDS-T


RAUFOSS 30mm X 173 APFSDS-T
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 30mm APFSDS-T
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• Optimization of a sabot-penetrator basic design
– Development of a dynamic model
– Improved in-bore stability


• Compensation for barrel wear conditions
• Allow for a clean, symmetric sabot separation
• Minimize risk of instabilities during flight
• Maximum performance in a variety of targets
• Maintain SAFE- But Optimized!  approach


30mm APFSDS-T
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time


pressure


EI-propellant


30mm APFSDS-T
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SABOT SPIN RATE & STRUCTURAL
INTEGRITY


100%25%


DISPERSION
GOES
WILD!
STILL SAFE
TO FIRE!


BARREL 0- 8,5 DEG       0- 8,5 DEG 0- 7 DEG 3,75 - 7,5 DEG
NEW       WORN NEW NEW
16 L&G       16 L&G 16 L&G 22 L&G


SABOT
VIRGIN HARD ANOD.==================== ANODIZED ============


30mm APFSDS-T
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Analysis of the penetrator with
V0= 1430m/s and 2 deg. initial Yaw


300m


30mm APFSDS-T
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30mm APFSDS-T
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Mach-Shock-wave
Laminar flow


Turbulent zone


Nose cap caught in turbulent zone, eventually strikes the fin
& causes damage+ tip off moment==>Kills dispersion!


30mm APFSDS-T
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2 D- Axisymmetric flow
at Mach 4,2 = 1428m/s
ICAO std. Atmosph.cond


New Design with increased 
stagnation pressure zone
with enhanced
Break-Up & uniform pressure
distribution


30mm APFSDS-T







34th Guns&Ammo  Straume/Hasslid���������������������������������������������	���������
����������


Break-up of the HYTREL Nose-Cap


Proj150908


30mm APFSDS-T
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CRITICAL LOADING CONDITIONS


• ELASTIC STABILITY Pmuzzle 55 MPa
• ELASTIC STABILITY r nose 8mm
• LAUNCH Acc. Pmax 460MPa
• ROTATIONAL Acc. Rel.rotation 1500 Hz
• STAGNATION PRESSURE Vo 1490m/s
• STAGNATION PRESSURE r nose 8mm
• STAGNATION PRESSURE t notch < 0,2mm


Constraint Level Not to Exceed


Design data:
Yield >    40MPa
Elastic Modulus > 900 Mpa
rnose =     7mm
Lcap = 51,6mm
tnotch [ 0,25- 0,65]mm


30mm APFSDS-T
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New Material - ”TYPE 3”


30mm APFSDS-T
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New Material - ”TYPE 3”


301108


30mm APFSDS-T
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New Material -”Type #5”


30mm APFSDS-T
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Canting of leading edge


Resonance domain


Dam
aged fin


Roll Decay Curve


30mm APFSDS-T
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S kudd  1 -10 : 16  g  kantin S kudd  11-20 : 20  g  kanting
A vstand  (m ) S p inn (H +- (Hz) S p inn (H +- (Hz)


50 476 40 446 44
100 348 10 306 19
200 224 17 210 17
300 197 20 167 21
750 170 15 130 15
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DOWNRANGE IN-FLIGHT STABILITY
200 mils EGLIN test


Eg lin  EX-39 and Mann B arrel 
APFSD S-T, F ired at 200 mils
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Results Achieved


Res ults  from  Dis pers ion tes t  05.01.99 100m  F iring Dis tanc e


Nos e-c ap new ty pe 3 Nos e-c ap new ty pe 5


Round nr X Y Round nr X Y
1 4,5 13 11 4,5 0
2 18,5 15,5 12 3 0,5
3 7 11,5 13 3 4,5
4 9,5 8,5 14 0,5 1
5 4 5,5 15 2,5 3
6 3,5 2,5 16 0 8
7 4,5 4 17 3,5 3
8 14,5 0 18 5,5 4
9 1,5 3,5 19 3,5 2,5


10 0 5,5 20 0,5 5
A erage 6,75 6,95 A verage 2,65 3,15


S td.Dev,m ils 0,584 0,501 S td.Dev,m ils 0,181 0,239


25.01.98   0,19      0,22


30mm APFSDS-T
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• Concrete Target at 1576m
12ft x 12 ft x 12inches thick
2 blocks 1.25m apart


Results achieved from a MANN barrel with 3,75- 7,5 deg twist


30mm APFSDS-T


4 rounds


12 rounds
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• A better understanding of the dynamic process
• Improved in-bore stability
• Elimination of run-outs & non-symmetries
• An improved model will cover friction & wear


– Sabot body engraving KILLS dispersion
• A 50% reduction of the initial yaw&pitch
• System performance improvement as predicted
• Technologies developed offers best value


solutions


30mm APFSDS-T
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CLOSE COMBAT SUPPRESSION: NEED,  ASSESSMENT AND USE


Dr D J J Jaya-Ratnam
WS4 Guns & Warheads Department, DERA Fort Halstead


Introduction


Modern small arms have many requirements;
they must be light, easy to use, cheap, robust
and reliable, amongst other things. Their
primary purpose, however, is to provide the
soldier with a means of defending himself, and
attacking an enemy. It is no surprise, then that
terminal effects are specified in terms of
lethality given a hit, and the probability of
hitting the target (ie accuracy).


However, infantry doctrine relies heavily on the
ability to suppress targets, but it has not been
possible to lay down a requirement for
suppressive capability due to the lack of a robust
criteria and means of assessment.


This paper describes the work carried out within
DERA to develop a suppression criteria to assist
in the study of infantry weapon system concepts,
and a trials methodology to assess various
weapon systems. It also aims to highlight the
importance of suppression as a means of
assessing weapon systems performance.


Historical background


Numerous studies of the effectiveness of small
arms in combat have shown that thousands of
rounds are fired for each casualty caused. This
has led, in the past, to the conclusion that small
arms are simply not effective at producing
casualties (especially when used in ernest on the
battlefield), and that new systems are required to
improve the capability to cause casualties.


For instance, work carried out at the Operations
Research Office (ORO), John Hopkins
University and the Ballistics Research
Laboratories, led to the concept of a weapon that
fired several projectiles at once to compensate
for aiming errors (Project Salvo & the SPIW -
Special Purpose Individual Weapon) and then


on to a small-calibre high-velocity concept (the
M16). Both of these were aimed at enabling
soldiers to hit and incapacitate more easily
through new technology and novel concepts.


This logic ignores two very important points,
however. Firstly, although weapons have
become very much more lethal, over much
longer ranges, the actual rate of casualties has
not increased significantly (as stated by ORO,
[1]). This is due to the fact that soldiers do not
wait around to be shot; they run, take cover and
shoot back. Thus any improvement in weaponry
usually results in a corresponding change in
tactics and enemy equipment to compensate
(with occasional exceptions such as the
American Civil War and the First World War -
both of which saw heavy casualties).


Secondly, despite the relatively low number of
casualties caused, battles are still won and lost.
This would suggest that whilst modern weapons
are not effective at causing casualties, they may
still be effective at winning battles - 4000
rounds per casualty sounds wasteful, but is
40000 rounds per engagement won not
acceptable?


The answer to this seeming paradox is the fact
that most ammunition is used to suppress the
enemy, in order to allow ones own troops to get
close enough for their weapons to actually be
effective in causing casualties. Thus, in order to
gain a full appreciation of the effectiveness of a
particular small arm system in combat, it is
necessary to include its suppressive capability in
any assessment.


Scope of suppression criteria


There are three areas where suppression models
and criteria would offer a useful capability;
Operational Analysis (OA), weapon systems
lethality studies, and trials.
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A number of models have been developed in the
past[2], mainly to provide the capability to
model suppression within combat simulations
and wargames. None of these have been
accepted as a standard for the modelling of
suppression (particularly for close combat), and
all use very different assumptions which leads
(not surprisingly) to very different outputs.
Essentially, if any one of them is correct, then
all the others must be wrong [3].


The fundamental problem, however, appears to
be the fact that the part suppression plays in a
battle depends on the complex interaction
between the properties of the different weapons
and the humans that are taking part [4]. As data
for these human factors issues is not easily
available, OA models tend to give simple,
relative outputs [3], that cannot be used to
assess individual weapon concepts and systems.


No attempt appears to have been made to use
suppression models in the technical assessment
of weapon systems. All weapons can be
expected to have some suppressive capability,
and being able to quantify this, even in relative
terms, would greatly assist the selection of
suitable small arms (with respect to both generic
concepts, and particular systems).


Finally, the ability to measure suppressive
capability through trials would not only enhance
the modelling of suppression, but would also
give greater confidence in the choice of weapon
systems.


The work carried out within WX6 focused on
developing a criteria for small arms and direct
fire suppression, which could then be used to
derive a suppression model for systems studies,
and a related test methodology for trials. It
should be noted that this work was aimed only
at the suppressive qualities of the weapon
system, and not the effect of suppression within
a battle (ie this is a technical assessment model
for the weapon, rather than an OA model).


Definition of suppression


The phrase “keeping the enemy’s’ heads down”


is a very simple, but easily understood
visualisation of what suppression means,
particularly to an infantry man. It does not,
however, provide a robust or precise enough
definition from which models or techniques
suitable for weapon system assessments can be
developed.


NATO STANAG 4513 [5] defines suppression
of the soldier as;


“...when he is unable or unwilling to carry out
his task effectively, because of the actual or
perceived threat, or because of fear (in particular
of being wounded)”


The most important thing to note is that it only
occurs when a soldier is unable to carry out his
task - whatever that may be (command,
communication or using a weapon are the three
tasks listed in the STANAG). Thus a soldier
who is unable to return fire, despite having been
ordered to do so, can be considered to be
suppressed. A junior officer taking cover and
formulating an alternative plan (after an attack
has stalled in the open, say) cannot be said to be
suppressed, because he is still carrying out his
task.


This definition does not necessarily include the
demoralising effect of sustained artillery
bombardment, although it will be shown later
that it may be possible to use the same
methodology for analysing close combat for
suppression to investigate the ability of weapons
to contribute to Post Traumatic Stress Disorder
(PTSD).


There are two times associated with
suppression; the delay from awareness of the
suppressive mechanism to actual suppression,
and the duration of the suppression. A soldier in
combat can be suppressed for long periods of
time if he is under continuous fire. Once the fire
has lifted, he will stay suppressed for a certain
time before reacting. This time will vary from
soldier to soldier, scenario to scenario, and also
occasion to occasion, and so it is often only
possible to use a mean or average duration of
suppression after fire lifts (or a round has
passed/detonated).







Suppression by Small Arms: Need and Assessment


3


Previous models


The first studies into suppression probably took
place just after World War II when the
suppressive effects of artillery bombardment
were studied. Later studies into the suppressive
effects of small arms were spurred on mainly by
the need to determine how to upset the aim of an
anti-tank missile operator.


This work centred either on surveys and
questionnaires of combat veterans, trials or a
combination of the two (a comprehensive
summary of the trials and studies carried out can
be found in [3]). These then led to certain
models being derived from the resulting data,
which were used in OA models. As mentioned
before however, none of these were considered
to be robust or thorough enough to gain
widespread usage [3].


A number of these models were compared in
[2], so only a brief discussion of their merits
will be given here.


The Litton model [6] was one of the first
models, and used the fractional casualties
inflicted by a weapon as the parameter that
effects the suppression of the remaining
soldiers. Using fractional casualties as the
variable is useful as it allows weapons to be
assessed using models. However, the Litton
model makes no allowance for other weapon
characteristics (ie noise, flash etc) that could
increase or decrease suppression.


The CDEC model [7]was generated from data
collated from a series of trials. Soldiers were
placed in pits and fired at. They were then asked
to act in the way they would expect to if under
actual enemy fire. This introduced an element of
certainty (compared to survey) although there
were doubts as to whether the artificiality of the
situation would have affected the results. Here,
radial miss distance was taken as the critical
parameter. Coefficients were derived from trials
data for each of the weapon tested. This then
meant that for each weapon type a certain miss
distance could be equated to suppression. The
problem, however, is that it cannot be readily
used in modelling as it is difficult to generate


the coefficients except through trials.


Both the models described so far predict a
Probability of Suppression (PS).


The ASARs model [8] is based on further
developments of the Litton studies [9]. This also
uses fractional casualties as the main parameter,
but rather than predicting PS, it gives the
probability that a man is in one of 6 states. Each
of these states relates to different levels of
ability in observing, moving and firing. Thus it
is possible to derive the expected number of
troops under fire who are in each of these states.
The problems with this particular model are that
the correlation with the trials data is not as high
as would be desired, and it still does not include
differences for different weapon characteristics.


Allen [2] proposed a modified form of the
ASARs model using the original data plus data
from the CDEC experiments. The modified
equation resulted in a higher correlation to the
trials data, and also included a factor for
different weapons.


Whilst the modified ASARs model appeared to
be the most advanced means of including
suppression in OA models, it still lacks the full
range of Human Factors issues, such as
scenario, leadership, training etc. Confidence in
the suppressive effects used in wargames must,
therefore, be limited. It does, however, form a
useful conceptual basis for a model that looks
purely at the suppressive potentials of weapon
systems.


Basis of the suppression criteria


The starting point for the suppression model
described here was a survey of British Army
soldiers who had experienced small arms
suppression in close combat [4]. This built on
earlier studies and surveys to provide a very
comprehensive view of the different parameters
that lead to suppression, including those
dependent on Human Factors. Most interesting
were the statements made concerning the ability
of certain weapon to suppress in certain
scenarios.
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By modelling the scenarios included within the
survey, it was possible to identify the
Probability of Incapacitation (PI) inflicted by
each type of weapon. Then by comparing these
PIs with the views of which weapon do and do
not suppress, a threshold PI was found, above
which a man is suppressed, and below which he
is not. This threshold, however, is only valid for
the soldiers used in the survey, and the weapon
parameters used.


The concept of Perceived PI (PPI) or Perceived
Risk (PR) was then suggested, whereby when a
soldier comes under fire, he makes an
subconscious assessment of his PI, or risk (ie he
evaluates PPI). If the PPI exceeds a certain value
(ie the soldier concludes that his PI is above an
acceptable limit), he then takes such action as to
reduce his PPI (ie he becomes suppressed
because he is doing something other than his
job, such as ducking, taking cover or retreating).
The threshold PPI above which he becomes
suppressed is a constant for a particular soldier,
so it enables comparisons to be made of
different weapon systems.


The key to this is the relationship between PPI
and PI, and this is closely linked to the
expectation and awareness of the event that
causes the soldier to feel suppressed (eg the
crack of the bullet overhead, the kicking up of
soil as a bullet hits the ground, and the bang and
flash of an explosive round detonating nearby).


A veteran will usually have a PPI that is much
closer to his actual PI than a new recruit.
However, his ability to correctly judge his PI is
also affected by the characteristics of the
weapons, as illustrated opposite.


For a system with a very low PI (eg IW), a
soldier’s PPI will also be very low, so he is
unlikely to be suppressed. Against a weapon
with a very high PI (eg artillery) the soldier’s
PPI will also be very high so he will be
suppressed. In both these cases, however, his PI
and PPI will be very close together. In the
former case he knows he is at little risk, due to
the weapon’s inadequacy, whilst in the latter
case he estimates his risk is very high, because it
is actually very high.


Relationship between Actual and 
Perceived PI


Actual PI


P
er


ce
iv


ed
 P


I


PPI


PI


With certain weapons, however, a soldier is
unable to accurately predict his PI, hence the
PPI is very different (usually much higher) than
his actual PI. These weapons are usually those
with medium PI, where the soldier knows that
he will become a casualty if he is hit, but cannot
judge the likelihood of being hit. HMGs and
GPMGs are two of the weapon types that come
under this category, because although their
actual PI is low their terminal effects and large
aural and visual signatures make the soldier very
aware he is under attack and uncertain of the
likelihood of being hit. Hence his PPI is much
higher than it needs to be.


One of the benefits, therefore, of suppression
criteria for a weapon system is the ability to
determine what characteristics it needs to have
to maximise the suppressive effects, for a given
lethal effect (which is somewhat easier than
constantly trying to improve terminal effects in
the face of body armour and field fortifications).


The remaining parameter, duration of
suppression, is more complicated, as it depends
on the proximity of the enemy and the scenario.
If, for instance, a man in a trench is being shot at
from 800m, by an enemy he knows is static, he
is likely to stay suppressed for a longer time
following the shot, than if the enemy is at 300m
and moving towards him. In the latter case, if he
does not get up and fire back the enemy will
eventually close to within a distance from where
he can assault the trench. Thus the man in the
trench must balance the risk of being shot if he
tries to fire back, and the risk of being hit when
the enemy assaults the trench.
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The graphs below illustrate the basic concepts
behind the new suppression criterion.


suppression
threshold
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PPI


time


System 2


duration of
suppression
after fire lifts


System 1


suppression
threshold


PI


PPI


time


individual bursts


System 1 corresponds to an individual weapon,
whilst System 2 correspond to a support
weapon. System 1 achieves a very low PI per
burst, due to inaccuracy, hence the PPI is very
low. System 2 achieves a higher PI (and exceeds
the suppression threshold), so that during the
burst the PPI is such that the soldier decides to
take action to avoid being hit (ie he becomes
suppressed). A little while after the burst is
completed he ceases to be suppressed, until a
second burst is fired. Hence, for any given
period of time, it is possible to calculate the
percentage of that time that a soldier is
suppressed, based on the duration of
suppression, and the rate of fire of the weapon.


These basic concepts led to the Close Combat
Suppression Model (CCSM), to be used
primarily in system studies, and the Suppression
Measurement Methodology (SMM), which
offers a means for testing suppressive capability.


Close Combat Suppression Model (CCSM)


The CCSM contains two important elements
that allow weapon suppressive ability to be
predicted. Firstly, it provides an equation
linking a soldier’s perception of his PI (ie his
PPI) to his actual PI, based on his awareness of
the threat based on aural and visual stimuli.
Secondly, it provides a means of actually
calculating the aural and visual stimuli factors
that affect his PPI.


The CCSM has as its basis, therefore, the
following expression;


PPI = f (PI, ASF, VSF),
where ASF = Aural Signature Factor (relative to
baseline), and VSF = Visual Signature Factor
(relative to baseline).


The terms for ASF and VSF account for the
soldier’s awareness of being under threat, and
are based on the noise, flash and dust caused by
the ammunition, relative to those caused by a
baseline system.


To derive the function relating PPI to PI, ASF
and VSF, it was necessary to make use of work
by Allen [2] in converting the CDEC and Litton
experimental data to a common basis, and to
ensure that the results fitted the observations
from the trials (such as those relating to the
ability to correctly estimate PI discussed above).


Several combinations of equations for PPI, and
the aural and visual signature terms were used,
with various coefficients, in order to find the
values which gave the same value of PPI for all
weapon systems. This equates to the threshold
PPI when the target will stop carrying out his
task in order to reduce his PPI (ie when he
becomes suppressed).


With the CCSM it is now possible to use the
suite of models within DERA to predict the
aural and visual signatures of the weapon, and
by using the systems lethality model (FragSys)
and Scenario Weighted Incapacitation Score
(SWIS) methodology [10] to determine the
ability of the weapon to suppress a range of
personnel targets. It can also be used to
determine the suppressive capabilities of two
designs which deliver the same level of
incapacitation, in order to choose between them;
given tht most ammunition is used to suppress,
this will be a truer indiction of its utility on the
battlefield.


It has been used in the FIST Infantry Section
Incapacitation and Suppression Study (ISISS),
to help assess the balance of suppression and
incapacitation capability required by the section.


Suppression Measurement Methodology
(SMM)


The CCSM described above provides a
predictive capability that is particularly useful in
investigating weapon concepts and assessing
requirements. There is also the need, however,
to test whether a real weapon systems is capable
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of meeting the required level and duration of
suppression within any particular scenario.


The SMM provides a means to conduct practical
tests, and makes use of the CCSM criterion
(although it can be used equally well with any of
the other suppression models, particularly the
CDEC model).


From the CCSM, it is possible to calculate the
PI necessary to cause the PPI to exceed the
threshold, and therefore suppress the target
(based on the aural and visual signatures of the
weapon). Then, the area into which the round
must fall to cause this PI (against the specified
target) must be found, from a knowledge of the
terminal effects of the warhead. This is known
as the Suppressive Area (SA) of the round.


The requirement for the weapon in the trial,
therefore, is to be able to put at least one round
into the SA every “DS/T” seconds, where DS =
duration of suppression after the round has
passed, and T = the number of targets being
engaged.


The weapons are fired in short bursts, with
targets being switched every DS/2 seconds, for a
fixed length of time (5 minutes, say). Whilst
firing, the number of bursts (NB) and number of
rounds fired (NR) should be noted, and the
number of hits within the SA (NH). The time at
which magazine/drum changes take place, along
with any stoppages should be noted.


A number of parameters can now be calculated.
The crudest measure is the number of rounds
fired within the time limit (ie NR). The ability to
pour large numbers of rounds onto an enemy
position has often been considered the prime
requirement (and corresponds to the concept of
“weight of fire”). To do this requires a high rate
of fire, and whilst the visual and aural signatures
of a high rate of fire weapon have an
acknowledged effect on the morale of the troops
firing the weapon, its effectiveness at the target
is suspect. This is because the firer lacks control
of the weapon and this means that only a few
rounds actually hit the target.


A better measure is the number of rounds that


actually hit the target within the time (ie
“effective weight of fire” = NH). Often a
weapon with a slightly slower than average rate
of fire will get more rounds onto the target , as
will a weapon that is very comfortable to fire. A
weapon that achieves a high number of hits on
the target (each of which represents a
suppressive shot) within this particular time
limit will, for a fixed number of rounds, be able
to suppress the target over a longer engagement
period (ie it can fire one suppressive round
every “DS/T” seconds, and continue doing this
for a longer time than an inaccurate weapon).


The round number efficiency (ie percentage of
rounds fired that hit the SA = (NH/NR) x 100)
is an indication of the potential of the weapon to
suppress over a period of time, and gives an
indication of the number of rounds that need to
be fired per burst to hit the suppressive target at
least once. This can be converted into the mass
efficiency (the number of suppressive shots per
kg of ammunition, including magazine/belt). A
caveat to these two parameters, however, is that
they give the potential suppressive capability
based on their current performance, and is not
an absolute indication of their current
suppressive performance. This is due to the fact
that the doctrine concerning the number of shots
in the burst etc is not necessarily the optimum
method of employment for all weapons. Hence,
performance can only be maximised by
developing the proposed firing techniques.


The way in which the actual performance of the
weapon tested can been assessed is to
investigate the system performance over the
total time period, with respect to the number of
hits (ie suppressive shots) per burst. From this it
is possible to see whether suppression was
achieved at all for each burst (given the length
of burst for each weapon) and also when breaks
in the firing occurred due to magazine changes
or stoppages. It can also be used to optimise the
burst length to maximise efficiency.


The graph below gives an illustrative
suppression timeline for three hypothetical Light
Machine Guns (LMGs); one magazine fed, one
belt fed and one drum fed.
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Weapon A gives only 0.8 hits on the target, with
a burst of 3 rounds. Thus it would be necessary
to have a burst of at least 4 rounds to have one
hit per burst (assuming a four round burst does
not have a significantly worse dispersion than a
3 round burst). Weapon C, however, gets 1.5
hits per 3 round burst on average, so could
afford to reduce the burst length to 2 rounds
whilst still getting one round per burst into the
SA, and hence suppressing the target.


LMG suppression
 timelines
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Weapon B, being belt fed, has no stops during
firing. As it also exceeds one hit per burst, it can
be said to be fully suppressing the targets for
100% of the total time. The other two systems
require stops during which a drum or magazine
is changed. By subtracting the total time taken
to change drums or magazines during the time
period, it is possible to calculate the percentage
of the time they were firing (and hence available
to provide fire support, for instance).


To give a final, standardised, comparison
between the systems it is possible to convert the
results into those for a fixed mass of
ammunition and feeds (ie drums, magazines or
links), or a fixed number of rounds. Therefore,
using the optimum length of burst, it is possible
to determine the length of time that the
necessary level of suppression can be achieved
for a given weight limit or front line scales -
“carried suppression duration”.


This technique was assessed in a trial carried out
at the Infantry Trials and Development Unit
(ITDU), and the way in which it was possible to
relate the simple data collected into meaningful
battlefield parameters was felt to be very useful.
Indeed, this appears to be the first time that it
has been possible to assess suppressive effects
in a quantitative fashion, without the use of live
subjects (with their attendant ethical and cost


issues).


Duration of suppression


This parameter has not been fully addressed in
the work so far, as there appears to be no
experimental work that can be taken as a
starting point. As already mentioned, for close
combat this time is a balance for the soldier
between the risk of being hit by the suppressive
weapon whilst returning fire, or being hit by an
enemy closing, unimpeded, on his position.


Currently, both the CCSM and SSM use a fixed
value based on a median value found from the
recent survey [4], discussions with other
military officers and the time currently used in
infantry trials. It is assumed that the actual time
would be a distribution with the current value as
the mean, but that using this value is acceptable
for the type of weapons currently being
assessed, and over the typical ranges over which
close combat occurs.


Further development of the CCSM and SSM
and the underlying suppression criteria will
focus on this issue.


Further applications of the criteria


The initial use of the criteria has been to assist
in the recent studies of the balance between
suppression and incapacitation capabilities
required by the infantry section in various
scenarios. However, there are a number of other
ways that the criteria can be used to optimise
weapon system performance.


The first area is that of Operations Other Than
War (OOTW). The requirements here are often
for systems that can achieve a mission with the
minimum amount of collateral damage. The
problem lies in the fact that any response to a
hostile act (ie coming under sniper attack) has
usually led to some kind of lethal response, with
the attendant risk of collateral damage.


The suppression criteria described could be used
to redesign or modify current weapon systems to
maximise their suppressive capability, without
increasing their lethal capability. This may well


magazine/drum
change


stoppage
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then allow peacekeeping troops to repulse
hostile forces without the high level of damage
that is often associated with current systems.


Alternatively, it may be possible to use the
criterion to develop fire control solutions for
weapon systems to maximise suppressive
potential for a given target size and number, and
the particular phase of the support mission. For
instance, against a section deployed in a 50m by
50m area, aiming marks can be injected into the
sight at differing points at set time intervals to
ensure that at least one round landed within the
suppressive radius of each target within the area
to ensure constant suppression throughout a
time period.


The solution could also modify the time interval
throughout the engagement to take into account
the proximity of troops being supported. The
rate of fire, or burst length could also be
controlled to maximise effect for minimum
ammunition usage.


This criteria was developed primarily to
investigate direct fire suppression by small
arms. In this it appears to be very successful,
having produced results that support the views
of soldiers about certain weapons which
previously could not be scientifically
corroborated. By expanding the incapacitation
criterion to include blast and tertiary injury (eg
due to collapsing trenches) it may be possible to
include the indirect fire suppression that leads to
PTSD.


Finally, suppression is particularly difficult to
counter. The level of incapacitation suffered by
a soldier can be decreased by increasing or
redistributing his protection. To reduce
suppression, however, it is necessary to reduce


awareness of risk, but this would have the side
effect of reducing the awareness of most other
things as well. Thus, whilst small calibre
bursting munitions could be made less lethal by
the use of simple overhead protection, their
suppressive effects would remain largely
unaffected.


Summary


Suppression is the means by which soldiers are
able to get close enough to the enemy to inflict
casualties. Although the lethality of infantry
weapon systems is increasing, the actual
numbers of casualties they will cause in the long
term is unlikely to increase significantly. This is
because any potential enemy will take steps to
reduce their effectiveness (through tactics or
equipment). This will be reinforced by the
natural reaction of enemy soldiers to take
whatever steps are necessary to stay in the battle
for as long as possible. Thus suppression will
remain the principle means of enabling the
infantry to close with the enemy.


The suppression criteria developed within
DERA allows the suppressive capability of
weapon systems to be modelled, and assessed in
trials for close combat systems. Initial trials to
validate the criteria and methodology have been
very encouraging. There is scope for this criteria
to be extended to allow assessment of the
capability of indirect fire systems also.


The use of this criteria to maximise suppressive
capability would have utility to weapon systems
for both general war and OOTW.


As a last thought, the history of weapons
development has seen the application of
different types of fundamental elements to
weapons. First came muscle power, thrusting
the sword, throwing the spear and pulling the
bow-string. This was followed by the use of
elements and compounds with through varying
types of interaction brought about chemical
propulsion (and missiles, fragments and
vehicles). The middle of this century saw the
deployment of the energy within the atom in the
form of the nuclear bomb, followed by the use
of the electrons in all manner of
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communications devices, sensors and possibly
weapons. Developing suppressive capability
into weapons from the outset will be amongst
the first conscious effort to make use of the
neurone (ie the fundamental particle within the
brain) as a defeat mechanism.
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Agenda


● OCSW System Overview
● Current Platforms
● Needs and Capabilities
● Applications
● The Bottom Line
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OCSW System Overview


FUE Weight Goals:


Gun                                          23.0 lb
Mount                                         9.0 lb


Fire Control &Thermal                6.0 lb


System Weight Unloaded         38.0 lb


Caliber: 25mm


Cartridge Weight 0.37 lbs
Muzzle Velocity: 1393 ft/sec
Maximum Effective Range: 2,000 m
Time of Flight to 2,000m 8.6 sec
Maximum Range: 3,600 m


Program Objective:  Fulfill All Heavy and Medium Machine
Gun Roles In a Lethal Two Man Portable Package
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Current Ground Vehicle Platforms


● Heavy Machine Gun
◆ M2 .50 cal


● Grenade Machine Gun
◆ Mk19 40mm


● Medium Machine Gun
◆ M240 7.62mm
◆ M60 7.62mm


✸ HMMWV
✸ M109 Howitzer
✸ M992 FAASV
✸ M113 Armored Personnel Carrier
✸ M88A1 Tank Recovery Vehicle


② HMMWV 
② Light Assault Vehicle (LAV-25)
② Armored Security Vehicle (ASV)
② Abrams M1 Combat Tank
② Bradley Fighting Vehicle


❖ HMMWV
❖ Abrams M1 Combat Tank
❖ Paladin M109 Howitzer
❖ Bradley Fighting Vehicle
❖ M88A1 Full Tank Recovery Vehicle


OCSW Can Replace a Family of Weapons Used on a Broad Range of
Ground, Air and Water Vehicles
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Versatile and Deplo yable


● Weapon System Adaptable to Broad
    Range of Vehicle Applications


◆ Extremely light weight, compact
◆ Right or left ammunition feed
◆ Gun operates +/- 70° elevation
◆ Self-powered
◆ Mounted ammo can or chute
◆ Can fire 500 round duty cycle
◆ Fire control adaptable for remote use; retains 21st century warrior linkage


● Weapon Installation Burden Low
◆ OCSW easily installed on current vehicle mounts via current pintle or


with simple pintle adapter
◆ Seamless transition from ground mount to vehicle mount to bipod
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Precise and Effective


● Weapon Dispersion
Minimal


◆ σxave = 0.5 mrad
◆ σyave = 0.5 mrad
◆ 5 round burst, no


sandbags, 100m
target


● Effective At Long Range
◆ Maximum effective range:  2000 m
◆ Maximum range:  3600 m


σx = .32, σy = .37


The Combination of Accurately Delivered
Airburst Fire is Extremely Lethal
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Lightwei ght / Minimal Recoil


OCSW Offers an Extremely Low Vehicle Burden
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OCSW Bipod


Actual Solid Model


Conceptual Artist’s Rendition


Prototype Bipod Will Be
Complete and Fire Tested in May


● Peak Recoil Loads are small enough (200-
250 lbs) that OCSW can be fired from a
bipod


● Utilizes existing M60 bipod legs
● Compact and lightweight
● Enhanced infantry mobility
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OCSW Vehicle Mount Considerations


● Direct Application:  Manned Pintle
◆ Attach at Pintle Post
◆ T&E Available
◆ Weapon-Mounted Ammo Can


● Adaptable Variants
◆ Vehicle Mounted Ammo Can
◆ Broad Coverage T&E
◆ Remote Turret
◆ Co-Axial Secondary Armament
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OCSW on the HMMWV


● Current Prototype weapon shown with
pintle adapter on the HMMWV


A-frame


◆ T&E In Use
◆ Pintle Adapter


Attaches to universal
A-frame


◆ To be fire tested in
May ‘99
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OCSW Vehicle Applications


The OCSW Can be Easily Adapted as
Primary / Secondary Armament on a
Wide Variety of Vehicles, and Quickly
Dismounted for Perimeter Defense


The OCSW Can be Easily Adapted as
Primary / Secondary Armament on a
Wide Variety of Vehicles, and Quickly
Dismounted for Perimeter Defense
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Small Boat and Helicopter Applications


OCSW Delivers Accurate,
Long-Range, Destructive
Firepower from a Self-
Contained, Lightweight,
Compact Package


OCSW Delivers Accurate,
Long-Range, Destructive
Firepower from a Self-
Contained, Lightweight,
Compact Package


OCSW is Compatible with
Standard Pintle Adapter, Ring
Mounts, Cupola Installations
and Mk-16 Deck Mounts


OCSW is Compatible with
Standard Pintle Adapter, Ring
Mounts, Cupola Installations
and Mk-16 Deck Mounts
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OCSW on the V-22 Tiltrotor


● Baseline M2 firing rate is at
a natural frequency of the
V-22


● OCSW offers increased
lethality, significant weight
reduction and a smaller
stowed package


V-22 Secondary
Armament Location
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OCSW As Secondary Armament on MBT


Integration Tasks for Remote Operation:
● Add Solenoid For Remote Firing
● Route Cable And Integrate Weapon Controls


With Commanders Station
● Provide Fire Control Display And Controls At


The Commander’s Station
● Add Actuators And Resolvers For Laying


OCSW Independent Of Main Gun
● Install Large Capacity Ammunition Container


On Mount
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OCSW Remote Turret


OCSW Provides a Lethal Yet Low Installation
Impact Approach for Crusader Defense


Self Defense Role for
Crusader SPH and RSV
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MOUT Environment


Both Vehicles and
Infantry can Effectively


Utilize OCSW Capability
in MOUT Environment
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Future Marine Scenario


OCSW Versatility, Rapid Deployment and Low
Weight Allow Quick Transition from Transport Mode


to Ready to Fire, Bipod, Tripod or Vehicle Mount.
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The Bottom Line


● The 21st Century Crew Served Weapon


◆ Widely Adaptable to All Current HMG and MMG
Roles


◆ Provides Benefit of Precision Airburst Lethality in
an Efficient Armament Package


◆ Air Mobility Enhanced:  Reduced System Volume
and Weight


◆ Cost Effective:  Particularly in Rapid Deployment


OCSW Provides Overwhelming Firepower for
Both Infantry and Vehicle Roles
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Technologies for Future Tank Gun Systems


Overview


- Introduction


- Protection of Main Battle Tanks


- Effectiveness of Tank Gun Systems


- Conventional Weapons


- ETC-Technologies


- Options for a FTMA


- Conclusion







Technologies for Future Tank Gun Systems


Joint Venture RGR


The companies


- Royal Ordnance (UK)


- GIAT Industries (F)


- Rheinmetall W&M GmbH (D)


all capable of providing a 140mm tank gun, have joined


together in a european JVC, named RGR, to most effectively


meet the FTMA challenge.
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Options for a FTMA


Three future tank weapon and ammunition systems are


currently the subject of technology investigations within


Europe and the USA:


- conventional 140 mm tank gun systems


- Electro-Thermal Chemical (ETC) gun systems


- Electro-Magnetic Gun systems
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Conventional MBT-Weapons
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Electric Guns - Physical Principles
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Basic Considerations on Interior Ballistic Processes
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ETC  -  Basic Considerations on Interior Ballistic Processes 1
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ETC  -  Basic Considerations on Interior Ballistic Processes 2







Technologies for Future Tank Gun Systems


ETC  -  Basic Considerations on Interior Ballistic Processes 3
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ETC  -  Basic Considerations on Interior Ballistic Processes 4
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Options for a FTMA


Characteristics Options


140mm Tank Gun 120mm ETC Gun EM Gun


Performance
Energy at muzzle
(Total shot): MJ
Penetrator
(Effective Energy):
MJ


23


14


16


9


23


14


Timeframe
(for developed
system)


2007 > 2017 >> 2030


Technical Risk Low
- conventional


technology
available now


High
- best case


performance
estimate


- technology not
yet available


Very High
- technology not


available (power
supply, gun
configuration,
armature issues)


Integration Issues Compliance with
existing and new
MBTs


Severe constraints for integration
into existing and future vehicle
systems: power supply, weight,
volume, configuration
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Conclusions (1)


Developments in tank protection levels require a new tank


main armament weapon and ammunition system.


Options are:


- Conventional 140 mm


- ETC as an optional upgrade
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Conclusions (2)


Conventional 140 mm


- offers a low-risk option dependent only on technologies


that will mature with certainty by the Millennium.


- is retrofittable to existing tank platforms with acceptable


integration and usage risks and with operating


characteristics familiar to users of current tank gun


systems.
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Conclusions (3)


ETC:


- offers a medium-risk option dependent on technologies


that will mature within the next ten years.


- is an optional enhancement of a conventional weapon


independent of the caliber.


- fittable to tank platforms with considerable implication on


integration and system layout.







Technologies for Future Tank Gun Systems


More Information


In case you would like to have more information,
please  do not hesitate to contact:


Dr. Josef Kruse


Rheinmetall W&M GmbH


Neuensothriether Strasse 20


D-29345 Unterluesz


Germany


Phone: +49 5827 6471


Fax: +49 5827 6044


e-mail: heinz-josef.kruse@rheinmetall-industrie.com








Advanced Light Armament
for Combat Vehicles


34th Annual NDIA Gun &
Ammunition Symposium


Steven D. Liss, P.E.
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Tech Base Programs
Medium Caliber Combat Vehicle Road Map


ATD ProductionEMD


ProductionEMD AAAV


Longbo
w
Apache


FSCS


TARGET DESTRUCT STO


ALGAT


ARMAMENT SYSTEM TD


AAN FCV


AAN FCV
MRAWS


Smart Ammo/Gun
Armament System


Smart Medium Cal
Munitions Technology


ALACV (STO)


Lethality System 
Improvement


EMD Production
Gun/Ammo
Assessment


Smart 30/40mm
Conv. Munitions


Airbursting Tech.
Improvements


Lethality System
Improvement


PDRR


BRADLEY UPGRADE ?







Threat


• NGIC position on LAV threat
platforms indicates:
– Cheap upgrades to current vehicles


available
– Overmatch timeline is moving to the


left


• Increasingly urban engagements
• Current systems at limit of


capability


•
•







Platform Lethality
Requirements


• The Common Thread
– Infantry targets
– LAV targets
– Self Air Defense
– Kill at greater range


• More accurate
• More lethal


–
–


•
–


– Affordability


– Insensitive Munitions


– Depleted Uranium Issues


– Lighter vehicles







Key Technologies


• Airbursting Munitions (both Aviation and Combat
Vehicle) and associated FC system improvements


• Supershot Family of Ammunition
– Longrod and Airburst


• Cased Telescoped Technology
– Longrod and Airburst


• ETC Technology
• Guided Medium Caliber Munitions Technology
• Advanced Fuzing and Multi-Function Warheads
• MEMs / MIC
• Insensitive Munitions
• Alternatives to DU







Advanced Light Armament for Combat
Vehicles ARD-07 (FY01-03) • FSCS


• Bradley 
• FCS
• AAAV


Leveraging on-goingLeveraging on-going
technologies fortechnologies for
future combat vehicle needsfuture combat vehicle needs


Bursting Munitions


OCSW/OICW
European candidates


KE Rods
Materiel
Novel Penetrators


Goals:
   Demonstrate
enhanced
anti-
armor/personnel
effects
to meet multiple
User lethality
requirements


40m
m


 C
T


A
Providing EnhancedProviding Enhanced


Anti-Armor/PersonnelAnti-Armor/Personnel
Effects for GroundEffects for Ground
Combat VehiclesCombat Vehicles


25m
m


35m
m


Rod and Tube DesignsRod and Tube Designs
Advanced MaterialsAdvanced Materials


Supershot
Technology


Tech Base Programs:







Medium Caliber Status
Ammunition


New technology for Medium Caliber
Airbursting Munitions


Inductively set timed fuze system
Fragmenting Projectile containing Tungsten pellets
Effectiveness increases with larger caliber







8-man Squad  (50m x 10m Area)
2 rounds/burst  (16 total rounds fired)


Range of Performance


Range (m)


Stowed Kills (Incapacitation)


0


1 0


2 0


3 0


4 0


5 0


6 0


7 0


8 0


5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0 3 0 0 0


P D


3  g ra in  


3  g ra in


6  g ra in  


n a tura l 


9  g ra in  


**  aimpoint is each individual soldier


Prone Protected Posture - 30s Assault







KE Penetrator
Advancements


• Study DU alternatives
• Examine rod and tube designs
• Study materials improvements







Supershot Technology


Equivalent
Length


Greater 
Volume


Same Base 
Diameter


30mm        40mm SS
35mm        50mm SS
Bushmaster II & III







Level of Effort


Airbursting Munitions 56%


Advanced KE 26%


Supershot Technology 18%







Summary


• ALACV STO has strong user support at Ft.
Benning and Ft. Knox.


• Will coordinated with work being done by
USMC.


• Significant start for improving medium
caliber systems


• Supports future systems








Advanced Amphibious Assault Vehicle
Lethality: A Carnivore’s Perspective







Advanced Amphibious
Assault Vehicle


••The AAAV Is a Self Deploying, High Water Speed, Fully-The AAAV Is a Self Deploying, High Water Speed, Fully-
tracked, Armored Amphibious Personnel Carrier…. Providestracked, Armored Amphibious Personnel Carrier…. Provides
Tactical Mobility for a Reinforced Marine Rifle SquadTactical Mobility for a Reinforced Marine Rifle Squad







AAAV Schedule
April 1999


TotalFY95 FY96 FY98FY97 FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY08FY06 FY10FY07 FY11FY09 FY12Fiscal Year


Fabricate 3 PDRR
Prototypes


Prototype Testing


Fabricate 11 E&MD Prototypes


Prototype Testing


LRIP Deliveries


Full Rate Production Deliveries


 62 1122712 200 200 200200AAAVs Delivered


III


935 AAAV(P) + 78 AAAV(C) = 1,013 AAAV (Total)


Live Fire Testing


FOC


EOA


DT              IOT&E


LRIP Contract Award


Full Rate Contract Award


912


101


1,013


III


IOC


Baseline


Revised


19 40 101 171166 180 180156


912


101


1,013


IOC


III


Ballistic Hull & Turret







Firepower Mission


● …..to suppress and destroy  enemy forces at
ranges sufficient to  facilitate the effective
maneuver  of our infantry on land and sea.







Targets of Interest


■ Infantry/ATGM
■ Lightly Armored Vehicles 


(1,500-2,000m)
■ Coastal Naval Combatants


(1,000 - 4,000m)
■ Bunkers/Urban/Material
   Targets







Whole System Trades


• Survivability
– 14.5 mm armor
– Reduce signature requirements for


prototype
–Accept design rules as
reqts.


– Accommodate for overhead smoke
– Revise nuclear hardening reqts.


• Water Mobility
– Increase required thrust margin from


7% to 14%
– 9 knots transition speed required,


10.5 knots desired
– Minimize reconfiguration depth as a


design rule


• Lift
– Build for 18


• Lethality
– 240x4 FLIR
– Full Solution F/C
– Build to 30mm w/ 40mm


growth capability
– Remove missile growth


requirement


• Land Mobility
– Capability comparable w/ M1
– Optimizes cost, weight & performance
�Speed:  69 km/hr
�Mobility Rating:  Nominal
�Maximum Tractive Effort:  1.0
�Ground Pressure:  8.9 psi
�Ground Clearance:  16 inches
�Land Range:  275 miles w/ 25nm in water 28







ARMAMENT TRADE
SUMMARY


● At the Force and S ystem level:
■ AAAV’s abilit y to kill/suppress enem y infantr y and


material is of greater importance than its abilit y to kill
armored tar gets


■ Air-burst munitions geometricall y more effective than
PD ammunition a gainst infantr y


■ Don’t take a Medium Cal Gun to a Missile fi ght
■ When the threat IFV becomes a tank, kill it with anti-tank


assets
● 30mm met or exceeded required lethalit y @ cost


comparable to 25mm and half LCC of 35mm
● Given the Volume and Wei ght Constraints of AAAV,


30/40MM is 25% More effective than 35/50MM







MK 44 Mod 1 30/40mm
Automatic Gun


● Enhanced Bushmaster II
■ GAU 8 (30mmx73mm)
■ Super 40 Capable
■ Conditioned for
   Naval Environment
■ 70% Common to
   25mm M242


● Component of USMC&
    USN MK 46 Weapons S ystem







MK 46 30/40 mm Weapon System


● Two Man Turret
● MK 44 Mod 1 30/40 mm Gun


■ Ready  60 AP/ 150 HE
● 7.62 Coax


■ Ready   800


● Full Solution (M1A2) F/C
● Full y Stabilized
● 2nd Gen FLIR (240x4)
● Eye Safe Laser Ran ge Finder
● Embedded Trainin g
● Open System Architecture
● DTUPC FOR THE MK 46 IN FY95: $ 1M







MK 44 Guns and Ammo IPT







TP/TP-T


HEI-T/MPLD-T


APFSDS-T


AMMUNITION OF EXCELLENCE


USMC/USN Family of Ammunition







Full Caliber HEI/MPLD-T
Ammunition


■ Arena Testin g May 99
■ Early Lethality Assessment July 99
■ Component Testin g


▲Fuse Sensitivity  Sept 99
▲Steel vs Al cartrid ge Case         FY 99
▲Propellant   FY 99-00
▲Band Material vs Riflin g
   Profile                                    FY 99-00


■ Soil Type Fuse Characterization    FY 99
■ Indirect Fire Fuse Function
   Characteristics                                  FY99-00







30mm APFSDS-T FCT


● Contract Award
■ Raufoss Dec 98
■ Mauser Feb 99


● Raufoss Ballistic and Spark Range Testing Mar 99
● Wimmis Nitrochemie Propellant Qualification FY 99
● Component Qualification               FY 99-00
● Armor Penetration Testing Jan 00
● Mauser Ballistic and Spark Range Testing Nov 99
● Tracer Testing Jan 00
● Environmental Testing Mar 00
● Operational Testing April 00
● Final Report and Selection Sept 00







USAF and USMC/USN Joint
30mm Ammunition Program


● Goals:
■ Product Improve GAU 8/MK 44 Ammo Famil y
■  Development of Tun gsten GAU-8 API round
■ Harmonization of HE and TP rounds
■ Common Propulsion Packa ge


● Near Term Joint Lethality Testin g to Validate
Common Requirements


● Develop and Execute Common Acquisition
Strate gy


● Cooperative Production







Air Bursting Munitions


● Key to Enhanced Lethalit y
● AAAV/ARDEC ATD 2001-2003
● Demonstration on MK46 2003
● Transition to EMD/
   Qual in 2004


AMMO XXI







“Super Forty”


● Open System Growth Path
● ARL to Test Conce pt
   Rounds Fall 99


AMMO AFTER NEXT







MK 44 Gun and Ammo
Master Plan


April 1999


TotalFY95 FY96 FY98FY97 FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY08FY06 FY10FY07 FY11FY09 FY12Fiscal Year


MK 44 EMD/Qual


APFSDS-T FCT


HEI/MPLD-T LETHALITY Tests


Full Bore Component Tests


USAF/USMC/USN Joint 30mm
Family of Ammo Program


Air Burst Munitions EMD/Qual


 62 562712 200 200 200200


III


BLK I Ammo Qual: TP-T,HEI-T


FOC


ASU MK 44


MK 44 LRIP/Prod Contracts Award


Air Burst Munitions ATD


957


III


IOC


19 40 101 115166 180 180156 957


IOC


III


APFSDS-T Qual


Milestones 


ASU APFSDS-T


ASU BLK I


 Requirements Definition


EMD/Qual ASU Joint Ammo Family


ASU Air Burst Munitions


Air Burst Demo







MK 46 Testing at Eglin AFB







MK 46 IN ACTION












A Simulation Based Approach To Develop
Naval Armament Systems


Jere Mackin, Al Sleder, Pradip Kar, and Paul Huang
United Defense


Armament Systems Division
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Minneapolis, Minnesota 55421







SBA Vision


“... SBA is the integrated process, culture, and environment
through which quality products are rapidly and
economically developed, fielded and sustained. . . .
Modelin g & Simulation enables the execution of SBA.Modelin g & Simulation enables the execution of SBA. ”


        - Dr. Herb K. Fallin
         - LTG Kern at the SBA Conference in Orlando,


January 1998
“SBA is a strategy, not a program or a method of
performing acquisition; it enables DoD to acquire systems
while reaching certain goals.  SBA requires evolutionary
steps to obtain revolutionary results.”


   - Dr. Pat Sanders at the SBA Workshop in Orlando,
March 1998


“.  .  . to have an Acquisition Process in which DoD and Industry are
enabled by robust, collaborative use of simulation technology that is


integrated across acquisition phases and programs”
- DoD Vision


Statement







Problem Statement


• Advanced Gun System is a completely new system with
quantum leap in capability to meet 21st Century Naval
Fire Support requirements


• AGS development encounters many familiar
challenges:
–  much compressed schedule,


–  reduced cost,


–  new technology insertion,


– A “new start” with the prime task,


– IOC in 2005







SBA is not just technology


Continuous Product
Improvement . . . While


Reducing Risk,
Schedule, and Total


Ownership Cost.


Chart based on DoD source


Integrated Advanced
Eng and Mgt
Enterprise


Operational
Need


Req’t Definition
and Analysis


Functional Design
and Analysis System Integration


and Test Training and
Ops Support


Tactical Decision
Support


Modification 
and Upgrade


Maintenance
and


Logistics


HFE/HW/SW
Development


HFE/HW/SW
Implementation


and Anlaysis


Common Project Data Repository
Integrated Product Process Model


(IPPM) Format


•Collaborative
Distributed Engineering
    Seamless Integration of
     Engineering Disciplines


•Info Repository
   User Transparent Web
    Style Access


• Integrated Design           
Data Schema


Environment


What


Why How


What


Why How


What


Why How


What


Why How


IndustryGovernment


Iterative Spiral Process
• Electronic Exchange


of System Models
• Rapid Evaluation of


Multiple Choices


Process


Iterative
Acquisition Process
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Spannin g Full Acquisition Life Cycle


Evolved
Acquisition Culture


•Enabled Integrated
Process Teams


•Changing Roles
And Responsibilities


Culture


SBA is more than Modeling and Simulation, it is
a completely integrated approach affecting all


aspects of acquisition . . . A new way of business


SBA is more than Modeling and Simulation, it is
a completely integrated approach affecting all


aspects of acquisition . . . A new way of business







Building Blocks within United Defense


Culture
• Integrated Product/Process Teams


Process
• Simulation Based Design (SBD)


• Simulation-Emulation-Stimulation (SES) Process


• Integrated Product CAD/CAM


Environment
• Common Operating Environment


• Virtual Enterprise Environment


• System Integration Environment


• Integrated Data/Common Development Environments


These tools/processes/capabilities are foundation
elements of an integrated SBA capability







Approach


• Implement an aggressive systems engineering practice


• Use all technology elements derived from modeling and
simulation from concept development through all life
cycle support
– Simulation-Emulation-Stimulation Process


– Rapid prototyping


– Virtual Prototyping


– Simulation-based Test & Evaluation


– CAE tools/Code Generator


– System Integration Environment







SBA Approach at United Defense


Concept Exploration Program Definition/
Risk Reduction


Engineering & Mfg.
Development


Production & Fielding O&S Disposal


CHPS


Crusader
Grizzly


Bradley A3


AGS


DD21


FSCS


                CRUSADER
• IPPD- “Partnering” - User, 
  Developer, Industrial Team)
• Integrated Data Environment
• Common Dev Environment
• Simulation Based Development
• SBA Manufacturing Planning
• SBA Product Support Planning 
  (Spiral development/SES based)


            BRADLEY A3
• Focus on P3I Integration of
  Electronics/Software upgrades
• Integrated Test, and Training.
• IPT’s 
• CITIS, SES
• Tactical code in simulators
• Synthetic Environment Live Fire
• LUT-1, LUT-2, OT&E


           GRIZZLY
• Focus on Engineering, 
• Manufacturing, 
• Development & Test
• Complex virtual models


Combat Hybrid Propulsion Sys
• Reconfigurable Crew Station
• Controller Design
• Crew Station Interfaces
• New Engineering Models


• SIMLink
• Pulse power
• Motor control
• Load control
• Battery power
• Wheeled vehicle


MILESTONE 0 IIIIII VIV


Mission Area Analysis
Mission Need Statement







Simulation/Emulation/Stimulation (SES)


MODEL  -  SIMULATE  -  TEST  -  FIX - MODEL
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Rapid Prototyping (system)







Rapid Prototyping (MMI)







System Integration Environment


File Serving Apps Serving


ASD DomainASD Domain


Modeling andModeling and
Simulation RoomSimulation Room
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System Integration Environment


SGI Onyx2


File Serving Apps Serving


PCAV Matrix
Switcher


Projection
Rack


Computer RoomComputer Room


ASDASD  DomainDomain


Image Blending


3 Monitors


Screen


Projectors
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Naval Gun Virtual Prototype


Tcl/Tk Control Panel
DIADEM Real-Time


State Machine
(Sun Ultra Sparc)


EAI Magazine Model
with ERGM and Propellant


(SGI)


EAI Gun and Loader
(SGI)


Coryphaeus Flyout
(SGI)







Virtual Prototyping (process)


MULTI-LUG HIGH PRESSURE BREECH


MODULAR RECOIL & COUNTER-RECOIL CYLINDERS


Ada
 or


C Code


ProE Drawing 
of Gun, Magazine
& module structure


MatrixX
Family 
CASE Tool


(SystemBuild)
Control  Algorithm
Development


(AutoCode)


GUI Builder Simulated 3D controls,
panels &displays


Sun


SGI


SGI


Sun


•Multiprocessor  based
 Real-Time Controller
•Multi-Channel I/F HW/SW
•HW/SW-in-the-loop


VME Real-time
 Controller


(ProE)


(Tcl/Tk, etc.)


System Integration Env. Feature
•Rapid virtual prototyping
•Realistic visual  views of operation
•3D real-time animation
•Ready for HWIL operation 
•Test & Evaluation capability
•Automated ICD downloading
•DIS capability


T & E Auto ICD
Downloading







AGS Concept (preliminary)
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AGS M&S Concept (preliminary)
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Conclusion


• Support concurrent engineering practice for parallel
system development


• Enable IPPD from requirements definition and initial
concept development through testing, manufacturing,
and fielding


• Automated software development


• Supply a near realistic operational environment for
customers and future users during development for
system modification and improvement


• Provide a low (relatively) cost risk mitigation
methodology


• Start system integration before completing the design


• Provide system full life cycle support
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Compact Vertical Gun System (CVGS)Compact Vertical Gun System (CVGS)
forfor


Submarines and Surface ShipsSubmarines and Surface Ships


A Presentation toA Presentation to
34th Annual Gun and Ammunition34th Annual Gun and Ammunition


Symposium and ExhibitionSymposium and Exhibition


April 26 - 29, 1999April 26 - 29, 1999


Mr. Theophil A. Kuriata, Director, Large Caliber Armament SystemsMr. Theophil A. Kuriata, Director, Large Caliber Armament Systems
Dr. Martin T. Soifer, Principal Engineer, Advanced Concept FormulationDr. Martin T. Soifer, Principal Engineer, Advanced Concept Formulation


Armament Systems Electric Boat 
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AgendaAgenda


Why a CVGS?


Objective and Payoffs


Concept of Operations


Key Features


Armament and Ammunition Magazine
Subsystems


Development Plan


Summary
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Mission NeedMission Need


Naval Surface Fire Support (NSFS) Doctrine
today dictates:


Voluminous
Timely
Accurate
Deep
Highly Survivable


Fires for Amphibious Forces Ashore
Submarine Fleet seeks New Missions in
Post-Cold War World
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Alternative SolutionsAlternative Solutions


Material Solution  Required


New Start Advanced Gun System (AGS)
…meets the need but takes time to introduce


Missiles and Rockets  such as Tomahawk,
LASM, and NTACMS …can do the job but are
costly against area targets


PIP using Gun Technology  …available and
cost-effective solution for point and area targets
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CVGS Objective and PayoffsCVGS Objective and Payoffs


Objective:  Develop a fully-automated, high
rate-of-fire Gun System for Application on
Existing and Future Small Ships and
Submarines
Payoffs


New Role for Existing Ships and Boats
Timely, Accurate, Voluminous Fires from a
Stealth Platform
Firepower Equivalency of 24-Gun, 155mm M198
Howitzer Battalion
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CVGS Concept of OperationCVGS Concept of Operation


Submerged Submarine in littoral waters receives
target list / call-for-fire


Goes to Periscope Depth or Surfaces …delivers
guided munitions at 10 rounds per minute within
30 seconds of receipt of call-for-fire


Submerges and remains on station for next call-
for-fire or rendezvous with supply ship to
replenish at sea
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CVGS Major SubsystemsCVGS Major Subsystems


Armament
Ammunition Magazine
C4ISR
Module Structure
Auxiliary Equipment
(Platform Specific)
Guided Munitions and
Conventional Propelling
Charges
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CVGS FeaturesCVGS Features
5-inch Armament
200 # projectile /
45 # propelling charge
303 projectile /
231 propelling charges
130,000 # System Weight
Fully-Automated Design
Fires Guided Munitions
Fires while Submerged
Strikedown at Sea
Bolt-in, Bolt-out System
( D-5 Missile Tube or
SSES “A” or “B” Module)
Adaptable to Other
Calibers
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CVGS Armament SubsystemCVGS Armament Subsystem


98-caliber, two-piece, smoothbore, plated Tube
(89-caliber projectile travel)
Interrupted Thread Breech …simultaneous
loading of projectile and propelling charge
Conventional, concentric recoil system
Active cooling system for tube and recoil
Laser ignition system
Forced air Scavenger System
Muzzle Closing System
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CVGS Armament AttributesCVGS Armament Attributes
Attribute 130 # Projectile 200 # Projectile


Max Chamber
Pressure


55 Ksi 55 Ksi


Muzzle Velocity 3060 fps 2425 fps


Muzzle Energy 25 MJ 25 MJ


Max Projectile
Loading


7000 g’s 4800 g’s


Recoil Stroke 42 inches 42 inches


Max Recoil Loading 270,000 lbs 300,000 lbs


Gun Impulse 19,900 lb-sec 22,614 lb-sec


Drag Induced Tube
Bending


0.2 inch 0.2 inch


Heat Load per Shot 4780 BTUs 5000 BTUs
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CVGS Armament FeaturesCVGS Armament Features
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CVGS Ammunition Handling SystemCVGS Ammunition Handling System


Carsousel-based Storage System
Separate, tiered storage of projectiles and
propelling charges
Supports 10 rounds per minute rate-of-fire
Optional External Storage Racks to Increase
Ammunition carrying capacity
Elevator provided to transfer ammunition from
bottom racks to ready-storage rack
Automated ammunition strikedown at Sea
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CVGS Aummunition MagazineCVGS Aummunition Magazine
FeaturesFeatures
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Development PlanDevelopment Plan
1st Year - Phase 1 2nd Year - Phase 2 3rd Year - Phase 3


25 26 27   28 29 30   31 32 33 34 35 36 01 02 03  04 05 06  07 08 09  10 11 12   13 14 15  16 17 18   19 20 21 22 23 24


PROGRAM 
START


VIRTUAL PROTOTYPE
DESIGN REVIEWMILESTONES PROTOTYPE CONCEPT REVIEW


TESTBED DESIGN REVIEW


Phase 1 
Deliverables
•Preliminary Specifications
•Interface Definitions
•Concept Design
•Rapid Prototype Model


Exit Criteria
•Attainable Requirements Defined
•Successful CVGS Concept
•Successful Testbed Design RVW
•Risk Mitigation Plan


VIRTUAL PROTOTYPE
DEMONSTRATION,


 RISK MITIGATION DATA,
PROTOTYPE CRITICAL DESIGN REVIEW


Phase 2
Deliverables
•CVGS Virtual Prototype
•Ignition Test Results
•AAHS Test Results


Exit Criteria
•Prototype Risks Mitigated 
•Successful Prototype Design  RVW
•Successful Virtual Prototype Demo


Phase 3 
Deliverables
•Prototype Cannon
•Firing Data
•Specifications
•Program Plan for PDRR


Exit Criteria
•Successful Prototype Tests
•Technical Risks Mitigated


PROTOTYPE TEST
READINESS


REVIEW


TESTBEDS DESIGN


                 VIRTUAL PROTOTYPE DESIGN


TEST


DEVELOPMENT


REQUIREMENTS  ANALYSIS


FABRICATE


CONCEPT DESIGN


PROTOTYPE  DETAILED DESIGN
FABRICATE  / INTEGRATE


TEST


Order Testbed LLI


Order Prototype LLI


DEMONSTRATE


Submarine
 CVGS


REQUIREMENTS
REVIEW
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SummarySummary


Proposed CVGS provides:
Stealth
Low-cost
Accurate, Voluminous, and Timely


    NSFS for Amphibious Forces
Provides New Role for Small Surface Ships and
Submarines in Early-Entry Operations
Infuses Existing Technology …lowest risk
Adaptable to Other Calibers
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ORIGINAL REQUIREMENTS


Primary round to be high explosive air-bursting
munitions or kinetic energy rounds.


Settable fuze with a maximum burst range
variation of +/- 2 meters. Must include PD
backup.


  Maximum effective range of at least 2,000
meters.
  Capability against vehicles, vessels, light armor
vehicles and slow, low flying aircraft.
  A system weight of 38 pounds.







System Trades


System 
     Size
     Weight
     Portability


Cost
     Weapon
     Fire Control
     Ammunition


Lethality
Effectiveness
Targets 


OCSW


Caliber
Ammo  load
Recoil
Maximum range


Producibility
Technical maturity
Complexity







System Trades


Fuze
Turns counter
Time counter


Power storage
S&A type


Ammunition type
Kinetic energy
High explosive


Warheads
Steel


Tungsten
Embossed


Natural Fragmentation
Configuration


Cartridge Case
Brass 


Aluminum
Plastic


Caseless


Weapon Mechanism
Blowback


Delayed Blowback
Recoil


Open / closed bolt
Rate control


Structural Materials
Steel


Aluminum
Engineering plastics


Advanced composites







WITHIN BURST


Muzzle Velocity (within lot)
Muzzle Velocity Correction


W-B Incl. Mount Interactions - Vert.
W-B Incl. Mount Interactions - Horz.
   Ammunition Dispersion - Vertical
Ammunition Dispersion - Horizontal


Drag Variability
Projectile Mass Variation
MV Correction Algorithm


Fuze Frequency Calibration
Fuze Timing


Error Budgets
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OCSW


M2


Mk-19


M240


OCCASION-TO-
OCCASION


Wind Velocity
Wind Direction


Range Wind
Air Density


Air Pressure
Air Temperature


Muzzle Vel. Error (Temp.)
Coriolis (earth rate)


Latitude
Firing Direction


Cant Angle
Cant Zeroing


Site Angle
Site Angle Zeroing


Jump - Vertical
Jump - Horizontal
Static Boresight


Gun Zeroing
Fire Control Solution


BURST-TO-BURST


   Initial Aiming
B-B Dispersion - Vertical


B-B Dispersion - Horizontal
T&E error (vertical)


T&E error (horizontal)
Visual Resolution


Dynamic Boresight
Muz. Vel. (lot-lot) 







Simulation and Modeling


Ballistics
PRODAS


Lethality
CTH


CALE
SHORTFRAG


DYNA 2D
CASRED


FBAR
ZEUS


Design
ANSYS


ProEngineer
IDEAS10µs
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Detonation
Products
Impingement 
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Application of Advanced Technology


Weapon Technology
Dynamic recoil reduction / mitigation


CAD/CAM Design
Advanced materials
Engineering plastics


Ammunition Technology
Advanced warhead design


Advanced warhead manufacturing
Alternate materials / alloys


Fire Control Technology
High resolution LED display
Miniaturized high rate laser


Low power components 
High efficiency components


Advanced optical design


Fuze Technology
Miniaturized Safe & Arm


Muzzle velocity correction “on the fly”
Engineering plastics


Frictionless mechanisms







   


   


Warhead Test & Evaluation


Cordon Model 121 framing
camera was used,


operating at a rate of
1,000,000 frames per


second,


Conducted at:


TACOM-ARDEC
     Picatinny Arsenal, NJ


Primex
     Marion, IL
     and Tracy, CA 







Manufacturing Technology
(MANTECH)


Powder metal injection molding


TungstenHF-1 Naturally fragmenting Steel


WarheadsWarheads


Investment cast







Manufacturing Technology
(MANTECH)


FuzingFuzing


ASIC


MEMs Safe & Arm


Application Specific Integrated Circuits (ASICs)
Micro Electro Mechanical Systems (MEMS) 


Metastable Intermolecular Composites


MIC: This is a thermite reaction carried out in the nanometer
scale.  Materials have characteristics between pyrotechnics &


Explosives.  Burn rates are tunable.  Addition of organic
material makes an explosive.







Performance


A 38 pound weapon including fire control and tripod….


Capable of hurling a 0.3 lb. grenade 2000 meters with
less than 1 mil accuracy….


That is soft recoiling….


That has the lethality of a 40mm grenade, round for
round….


That is capable of very accurate air burst….


Which can address targets in defilade that existing
systems cannot or in a limited way.


Where we are today….







Airburst Munitions


 Effectiveness
Considerations


NDIANDIA
34th Gun and Ammunition







Effectiveness Considerations


How System Choices Affect Munition
Design.


Examine Good and Bad Characteristics of
Airburst Munitions.


Evaluate Design Parameter Interactions.


Review Basis Measures of Effectiveness.







Weapon Platform Influences


Airborne / Naval Ground Vehicles


Two Basic Groups







Weapon Platform Influences


Targets Mainly Exposed :


Troops


Helicopters


Small Surface Craft


Favored System Characteristics:


Frw’d Projected Frag Pattern


High Projectile Velocity


Good Horz. And Vert. Dispersion


Accept Greater Range Errors


Naval


Airborne







Weapon Platform Influences


Ground Vehicles
Targets Usually Protected:


RPG / ATGM Teams


Defilade Troops


Favored Systems Characteristics:


Spherical Frag Pattern


Lower Projectile Velocity


Good Horz. And Vert. Dispersion


Minimal Range Error







The RGP / ATGM Threat
RPG’s and ATGM’s are popular,
cheap, and available.


Short Range Unguided
Medium Range Unguided
Long Range Guided


0 


1000 


2000 


3000 


4000 


5000 


6000 


Ta
rg


et
 R


an
ge


 (m
)


Sampling of Worldwide Anti-Armor Weapons







Fragment Pattern - Projected
Good for Exposed Targets


Ineffective Against Protected Targets


Large Area Coverage


Burst at Barriers


No allowances for
lateral dispersion
errors.







Fragment Pattern - Projected
Good for Exposed Targets


Ineffective Against Protected Targets


Large Area Coverage


Burst at Barriers


No allowances for
lateral dispersion
errors.







Fragment Pattern - Projected
Good for Exposed Targets


Ineffective Against Protected Targets


Large Area Coverage


Burst at Barriers


No allowances for
lateral dispersion
errors.







Fragment Pattern - Spherical
Good Against Protected


Targets More Forgiving of 
Lateral Dispersion Errors


Able to compensate for high projectile velocities.







Fragmentation


Caliber Size / Fragmenting
Weight


Fragment Size


Projectile Velocity







Projectile Caliber / Weight
Larger / Heavier Projectiles Produce
Larger Fragmentation Patterns.
For Conventional Projectile Designs,
Shorter L/D Configurations Produce
More Efficient Area Coverage.


25mm


30mm 40mm


149 gm


264 gm 635 gm







Low Proj. Velocity
Better for
Defilade Targets


Projectile Velocity Effects on
Fragmentation


High Projectile Velocity
Increases Total Area Coverage
Minimizes Coverage at Burstpoint
Additive to Fragment Impact
Velocity on Downrange Targets.
Lowers Fragment Impact Velocity
on Targets Around Burstpoint.


Higher Velocity
Better for exposed Targets







Velocity & Airburst Effectiveness
Aft Directed Fragments Defeat Defilade Target.
Projectile Velocity Is Detrimental to Aft Directed
Fragment Effectiveness.


Assumes 4,000 fps Fragment Velocity
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Velocity & Airburst Effectiveness


Projectile Velocity Also Lowers Aft Fragment
Density.


Assumes 4,000 fps Fragment Velocity


0.5
11.5


2


0


Less Aft Directed Fragments
Results in Lower Probability of
Hit on Defilade Targets.


Fragment Density vs Proj. Velocity


FrwdAft


500 fps
2000 fps
3000 fps


Forward Projectile Velocity
Reduces Effectiveness Against


Defilade Targets.







Muzzle Velocity and TOF
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Muzzle Velocity and TOF
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P(i) = P(h) X P(i/h)
Larger Fragment Size Must Increase P(i/h)


Fragment Size Influences


3 grain


6 grain
9 grain


Reduce P(i) Plots Means that
Reduction in P(h) is dominant.


It is more important to hit target
with something than to not hit target
at all.
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System Effectiveness Recovery
Doubling Projectile Wt. (i.e. More Fragmentation) can
Compensate for about a 50% System Error Increase.
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Effectiveness Recovery
50% System Error Recovery by Doubling
Proj. Wt. Holds for Defilade Targets Also.


25mm
Defilade
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Recovery of 40mm System Error
Recovery of System Errors up to 50% Holds
Across Caliber Sizes Also.







Conclusions
Design Approaches


Your Weapon Platform Will Dictate Your
Target Set.
Your Target Set Will Define Your
Projectile Parameters.


Fragmentation Patterns
Forward Projected Frags Are Better for
Exposed Targets.
Spherical Frag. Pattern Is a Must for
Protected / Defilade Targets.







Conclusions
Projectile Velocity


High Velocity Good for Exposed Targets.
Low Velocity Necessary for Protected /
Defilade Targets.
Low Velocity Does Not Mean Longer TOF.


Fragment Size
Minimum Size Capable of Defeating Your
Target.
P(h) Is More Important Than P(i/h).


Increased Lethal Area Can Make up for
Some System Inaccuracies.












The Littoral Environment


�������


Air Attack


Missile
Attack







ASuW Asymmetric Threat


• Massed attack by very small, fast, agile craft
- The ‘Boghammer’ Threat
– Size:  ~ 4sq m (frontal area)


– Speed:  40-60 Kts


– Threat: rocket attack/suicide
mission/terrorist/special
forces


– Number:  ~10 to 25







Issues Arising from Boghammer
Threat


To prevent attack from enemy
weapons - RPG/ATGW, etc.


Minimum Keep-Out-Range


Key Issues:


• Detection


• Defeat
– Max. engagement range.
– Pk at range.
– Rate of Fire.
– Stowed on-mount ammunition.
– Time to Acquire & Slew.


Multiple
      target
          attack







Advantages of Bursting
Munitions


Gun Systems with
conventional impact fused
ammunition.
Probe. Hit - Ver y Low
Probe. Kill - Hi gh


Millennium Gun S ystem
with AHEAD burstin g
ammunition.
Probe. Hit - Ver y High
Probe. Kill - Hi gh







Millennium Multi-Role Gun
System


SHIP


TRACKING
DEVICE


WEAPON DIRECTION
SYSTEM


MDG-35 GUN MOUNT


35mm AHEAD 
BURSTING 


AMMUNITION


  


ON-MOUNT
TRACKER







Method of Operation
• 35mm Bursting ammunition -


precision release of sub-projectiles
in front of target


• Increased Hit Probability with high
Kill Probability


• High Payload delivery >1000rpm


• Error budget tolerant







Effectiveness on Target


Witness Plate from single
35mm AHEAD round


Aircraft Fuselage


Millennium Gun System


Coverage from salvo







Fixed Probability of Kill
No of rounds for 90% P roba bil ity o f Kil l a ga inst e a ch of TEN Ta rge ts
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Probability of Killin g TEN Boghammers


• Modelling assumes 20 round burst


• 5 secs allowed for each target engagement (based on 90° arc of incoming craft)


• Ten craft at 40knts distributed over depth of 300m


• Kill defined as 4 hits in 2×2.5m area







Average Number of Kills against TEN
Boghammers vs. Keep out Range
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MILLENNIUM 


SCENARIO


SRS


WDU1
Target 


prediction


WDU2
Aim point 
prediction


OWNSHIP


TIS


TARGET


TARGET EFECTS


PROJ.
LAUNCH


MEASURED
ENVIRONMENT


PROJ.
FLIGHT


GUN


System Analysis







Programme Status
Mount
developed
from
existing
naval
system.


100% gun
functionality
with
‘SkyWhip’
system.


35mm
AHEAD
in-service
with 3
countries.


Millennium
firing
demonstration
mid-99.







Summary


Benefits delivered by the
Millennium Gun System:


•95% Pk against single
Boghammer target at 2500m.


•95% Pk of defeating all 10
threats at 1000m.


•Payload delivery of >1/2 tonne
per minute.


•Flexible integration with
Combat System.







Millennium Gun -Assured
Defence in the Littoral


Environment








Advanced Amphibious Assault Vehicle
Lethality: A Carnivore’s Perspective







Advanced Amphibious
Assault Vehicle


••The AAAV Is a Self Deploying, High Water Speed, Fully-The AAAV Is a Self Deploying, High Water Speed, Fully-
tracked, Armored Amphibious Personnel Carrier….tracked, Armored Amphibious Personnel Carrier….
Provides Tactical Mobility for a Reinforced Marine RifleProvides Tactical Mobility for a Reinforced Marine Rifle
SquadSquad







AAAV Schedule
April 1999


TotalFY95 FY96 FY98FY97 FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY08FY06 FY10FY07 FY11FY09 FY12Fiscal Year


Fabricate 3 PDRR
Prototypes


Prototype Testing


Fabricate 11 E&MD Prototypes


Prototype Testing


LRIP Deliveries


Full Rate Production Deliveries


 62 1122712 200 200 200200AAAVs Delivered


III


935 AAAV(P) + 78 AAAV(C) = 1,013 AAAV (Total)


Live Fire Testing


FOC


EOA


DT              IOT&E


LRIP Contract
Award


Full Rate Contract Award


912


101


1,013


III


IOC


Baseline


Revised


19 40 101 171166 180 180156


912


101


1,013


IOC


III


Ballistic Hull & Turret







Firepower Mission


l …..to suppress and destroy enemy forces at
ranges sufficient to facilitate the effective
maneuver of our infantry on land and sea.


l


l


l







Targets of Interest


n Infantry/ATGM
n Lightly Armored Vehicles 


(1,500-2,000m)
n Coastal Naval Combatants


(1,000 - 4,000m)
n Bunkers/Urban/Material
   Targets







Whole System Trades


• Survivability
– 14.5 mm armor
– Reduce signature requirements for


prototype
–Accept design rules as
reqts.


– Accommodate for overhead smoke
– Revise nuclear hardening reqts.


• Water Mobility
– Increase required thrust margin from


7% to 14%
– 9 knots transition speed required, 10.5


knots desired
– Minimize reconfiguration depth as a


design rule


• Lift
– Build for 18


• Lethality
– 240x4 FLIR
– Full Solution F/C
– Build to 30mm w/ 40mm


growth capability
– Remove missile growth


requirement


• Land Mobility
– Capability comparable w/ M1
– Optimizes cost, weight & performance


ðSpeed:  69 km/hr
ðMobility Rating:  Nominal
ðMaximum Tractive Effort:  1.0
ðGround Pressure:  8.9 psi
ðGround Clearance:  16 inches
ðLand Range:  275 miles w/ 25nm in water 28







ARMAMENT TRADE
SUMMARY


l At the Force and System level:
n AAAV’s ability to kill/suppress enemy infantry and


material is of greater importance than its ability to kill
armored targets


n Air-burst munitions geometrically more effective than
PD ammunition against infantry


n Don’t take a Medium Cal Gun to a Missile fight
n When the threat IFV becomes a tank, kill it with anti-tank


assets
l 30mm met or exceeded required lethality @ cost


comparable to 25mm and half LCC of 35mm
l Given the Volume and Weight Constraints of AAAV,


30/40MM is 25% More effective than 35/50MM
l


n







MK 44 Mod 1 30/40mm
Automatic Gun


l Enhanced Bushmaster II
n GAU 8 (30mmx73mm)
n Super 40 Capable
n Conditioned for
   Naval Environment
n 70% Common to
   25mm M242


l Component of USMC&
    USN MK 46 Weapons System
l







MK 46 30/40 mm Weapon System


l Two Man Turret
l MK 44 Mod 1 30/40 mm Gun


n Ready  60 AP/ 150 HE
l 7.62 Coax


n Ready   800
n


n


l Full Solution (M1A2) F/C
l Fully Stabilized
l 2nd Gen FLIR (240x4)
l Eye Safe Laser Range Finder
l Embedded Training
l Open System Architecture
l DTUPC FOR THE MK 46 IN FY95: $ 1M







MK 44 Guns and Ammo IPT


NSWC Dahlgren    NSWC Crane


                    ARDEC          


NSWC Dahlgren    NSWC Crane


                    ARDEC          
BoeingBoeing


USAFUSAF


PrimexPrimex


RaufossRaufoss


Alliant TechAlliant Tech


MauserMauser
      


  


ARLARL


AMSAAAMSAA


LPD 17   AAAVLPD 17   AAAV


DRPM AAADRPM AAA







TP/TP-T


HEI-T/MPLD-T


APFSDS-T


AMMUNITION OF EXCELLENCE


USMC/USN Family of Ammunition







Full Caliber HEI/MPLD-T
Ammunition


l


n Arena Testing May 99
n Early Lethality Assessment July 99
n Component Testing


sFuse Sensitivity  Sept 99
sSteel vs Al cartridge Case         FY 99
sPropellant   FY 99-00
sBand Material vs Rifling
   Profile                                    FY 99-00


n Soil Type Fuse Characterization    FY 99
n Indirect Fire Fuse Function
   Characteristics                                  FY99-00







30mm APFSDS-T FCT


l Contract Award
n Raufoss Dec 98
n Mauser Feb 99


l Raufoss Ballistic and Spark Range Testing Mar 99
l Wimmis Nitrochemie Propellant Qualification FY 99
l Component Qualification               FY 99-00
l Armor Penetration Testing Jan 00
l Mauser Ballistic and Spark Range Testing Nov 99
l Tracer Testing Jan 00
l Environmental Testing Mar 00
l Operational Testing April 00
l Final Report and Selection Sept 00


l







USAF and USMC/USN Joint
30mm Ammunition Program


l Goals:
n Product Improve GAU 8/MK 44 Ammo Family
n  Development of Tungsten GAU-8 API round
n Harmonization of HE and TP rounds
n Common Propulsion Package


l Near Term Joint Lethality Testing to Validate
Common Requirements


l Develop and Execute Common Acquisition
Strategy


l Cooperative Production







Air Bursting Munitions


l Key to Enhanced Lethality
l AAAV/ARDEC ATD 2001-2003
l Demonstration on MK46 2003
l Transition to EMD/
   Qual in 2004


AMMO XXI







“Super Forty”


l Open System Growth Path
l ARL to Test Concept
   Rounds Fall 99


AMMO AFTER NEXT







MK 44 Gun and Ammo
Master Plan


April 1999


TotalFY95 FY96 FY98FY97 FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY08FY06 FY10FY07 FY11FY09 FY12Fiscal Year


MK 44 EMD/Qual


APFSDS-T FCT


HEI/MPLD-T LETHALITY Tests


Full Bore Component Tests


USAF/USMC/USN Joint 30mm
Family of Ammo Program


Air Burst Munitions EMD/Qual


 62 562712 200 200 200200


III


BLK I Ammo Qual: TP-T,HEI-T


FOC


ASU MK 44


MK 44 LRIP/Prod Contracts Award


Air Burst Munitions ATD


95
7


III


IOC


19 40 101 115166 180 180156 957


IOC


III


APFSDS-T Qual


Milestones 


ASU APFSDS-T


ASU BLK I


 Requirements Definition


EMD/Qual ASU Joint Ammo Family


ASU Air Burst Munitions


Air Burst Demo







MK 46 Testing at Eglin AFB







MK 46 IN ACTION







Questions?Questions?


Facility Tour...Facility Tour...
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•     Background


•     New Fin design


•     AEDC Wind Tunnel Test Results


•     TACOM-ARDEC Wind Tunnel Test results


•     Conclusion


OUTLINE
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Back ground


•     When Kinetic Energy Projectiles Were Fired From A 120mm Smooth-Bore Tank Gun,
      Projectile Spin Is Needed To Minimize Target Impact Dispersion Due To
      Manufacturing Asymmetries.


•     Aluminum Fins Burnt Due To Aerodynamic Heating - Unacceptable Target Impact
      Dispersion.


•     The New Fin Concept Was Tested In The Supersonic Wind Tunnel At Arnold
      Engineering Development Center’s VKF Facility (1987).


•     This Fin Design Was Fabricated By Using Investment Cast Process And Test Fired
      At Yuma Proving Ground (1988).


•     This Fin Design Was Fabricated With Thicker Fin Blade And Was Tested In ARDEC
      Supersonic Wind Tunnel (1990).
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•     The L-tab Fin Design Consists Of A Small Fin Tab At The Tip And Normal To The
      Fin Blade.


•    The Fin Tab Is Located On The Left Side Of The Fin Blade Looking Forward For
      Right Hand Spin.


•    The Fin Tab Is At An Angle Of Inclination With Respect To The Projectile’s Centerline
     To Produce An Offset Normal Force On The Fin Tab In Flight.


•    This Concept Allows The Designer To Use High Melting Temperature Material, Such
      As Steel With Thin Fin Blades.


•    The Novel Idea Of This Concept Is To Eliminate The Beveling/Chamfering Technique
     To Generate Roll Torque.


New Fin Desi gn
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New Fin Desi gn


6 BLADES


0.5000


2.7500


3.9450


TAPERTAPER
C.L.


MATERIAL: 17-4 PH STAINLESS STEEL


3.7300


3.51-.01


0.7500


1.474-.01.913-.01


2.5000


2.782-.012.945+.015


0.2500


1.045+.01


7 DEG + 0 DEG 2 MIN
6 PLACES


4.03-.015
.041-.005


.059-.005
.2527-.005


BLADE


6 X .055-.002


.074-.005


60°
6 PLACES


.913-.01


L-TAB FIN CONFIGURATION
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New Fin Desi gn


3.51"


.913"


L-TAB FIN CONFIGURATION


15 DEG


5 DEG


.242"
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New Fin Desi gn
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 Fin Definition:


   Fin 1:  20.5 deg leading edge angle, 3.176 cal span, 3.993
   cal root chord, 3 degrees rear bevel, 0.807 cal tip
   chord.


   Fin 5:  5.0 deg tab angle, 0.241 cal tab width, 4.233 cal root
   chord, 15.15 deg leading edge angle, 0.605 cal tip 
   chord, 2.798 cal span.


   Fin 6:  Same as Fin 5 with 7 deg tab angle and 0.634 cal tip
   chord.


   Fin 7:  Same as Fin 5 with 0.362 cal tab width.


AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results


-1.00


-0.50


0.00


0.50


1.00


1.50


2.00


2.50


-4.00 -2.00 0.00 2.00 4.00 6.00 8.00


Angle Of attack, Degrees


N
or


m
al


 F
or


ce
 C


oe
ffi


ci
en


t, 
C


n


Config. 111


Config. 115


Config. 116


Config. 117


Mach Number = 4.0 
Roll Angle = 0.0 Deg.







TACOMTACOM
U.S. ArmyU.S. Army


ARDECARDEC
U.S. ArmyU.S. Army


Firing Tables and
AeroBallistics


FFiringiring  T Tablesables   andand
AAeroero BBallisticsallistics


Firin g Tables and AeroballisticsFirin g Tables andFirin g Tables andFirin g Tables and  Aeroballistics Aeroballistics Aeroballistics


28 April 199928 April 1999 2121/31/31
Committed to ExcellenceCommitted to Excellence


AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results


0.60


0.65


0.70


0.75


0.80


-4.00 -2.00 0.00 2.00 4.00 6.00 8.00


Angle Of Attack, degrees


C
en


te
r O


f P
re


ss
ur


e,
 C


P
n


Config. 111


Config. 115


Config. 116


Config. 117


Mach Number = 4.5
Roll Angle = 0.0 Deg.







TACOMTACOM
U.S. ArmyU.S. Army


ARDECARDEC
U.S. ArmyU.S. Army


Firing Tables and
AeroBallistics


FFiringiring  T Tablesables   andand
AAeroero BBallisticsallistics


Firin g Tables and AeroballisticsFirin g Tables andFirin g Tables andFirin g Tables and  Aeroballistics Aeroballistics Aeroballistics


28 April 199928 April 1999 2626/31/31
Committed to ExcellenceCommitted to Excellence


AEDC Wind Tunnel Test Results
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AEDC Wind Tunnel Test Results
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TACOM-AEDC Wind Tunnel Test Results
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TACOM-AEDC Wind Tunnel Test Results
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Conclusion
   Advanta ges:


•    Eliminate Fin Abrasion Due To Aerodynamic Heating In Flight .


•    Eliminate Non-Uniform Coating Thickness On Aluminum Fin Blades.


•    Lower Drag And Higher Stability ( Same Fin Span ).


•    Simple Fin Blade Cross Section Design.


•    Higher Roll Moment At Higher Angle-Of-Attack Shown In TACOM-ARDEC Wind


     Tunnel Test - Spin Pass Through Resonant Frequency Faster.
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Committed to ExcellenceCommitted to Excellence


Conclusion


    Potential Problems :


•    Fabrication - Possible Investment Cast.


•    Structure Integrity At Launch.
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Team LCGM
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Military Requirement


• More Effective Payloads


• Increased Range Capability


(Army - 60 km,      Navy - 150 km)


• Improved Precision







Objectives


• 1 year system study (Land and Navy applications)


• Examine how new technologies can improve
performance or reduce cost


• Examine the maturity of the technologies


• Identify and quantify risks







Equipment compatibility


• 155 mm equipments (AS90 + ERO)
• Modular charge system


• Internal ballistics:- nominal 945 m/s at          
350 MPa for a 45 kg shot







Technologies


• Composite materials
• Gun hardened GPS
• MEMS IMU and associated sensors
• Gun hardened canard control and electronics
• Slipping obturator for rifled barrels







Mass  45 kg
Length 1620 mm


The Concept “A”







Mass Breakdown


Nose structure 2.3   kg
Guidance & control 1.9   kg
Body 4.7   kg
Fin unit 4.0   kg
Payload 32.0 kg
Efficiency 67%







Composite Components


• Carrier body - Filament winding
• Fin blades - Resin transfer
• Fin unit - Compression moulding
• Nose cone - Compression moulding
• Payload support - Pultrusion







Filament Winding







The Resin Transfer Moulding Process


Pressure
pot


Vent


Closed Mould


Injection Port


Seal


Reinforcement
Resin







Fin Manufacture


Resin Vacuum


Preform
Mould


Pre-forming


Infusion







Fin made by RTM







 Glide Trajectory







Lethal Mechanisms


• Bomblets


• Sensor-fuzed sub-munitions


• Deployable Fragmenting sub-Munitions







Unitary Deployable Fragmenting
sub-munition







Effectiveness comparisons (Troops)
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Effectiveness comparisons
(SP battery)
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Modularity Concepts


Standard nose


Guidance nose with IMU/GPS.
Canards for guidance control
and glide


Payload body
Payload dispense system
Payload types:
• bomblets
• anti-armour
• high explosive
• novel systems
• non-lethal


Base bleed


Standard fin unit


Rocket motor fin unit







Conclusions (1)


• LCGM can achieve 60 km operational range
carrying an effective payload


• LCGM can be fired from future & in-service
155 mm gun systems (and is adaptable for other
calibres)


• Technologies for LCGM likely to be available and
affordable in the timescale







Conclusions (2)


• Extended range potential  
(Navy requirement needs propulsion)


• System modularity supports technology
upgrades


• Payload family is effective against the specified
target set


• Cost effective at previously unattainable ranges
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TopicsTopics


Ü Operating Environment
Ü System Requirements
Ü Projectile Design
Ü Qualification Program
Ü Submunition Performance
Ü Production Program
Ü Improvements Program
Ü Expanded Applications
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Operating EnvironmentOperating Environment


Ü Changes in Operating Requirements
l Regional Conflicts vs Global War
l Third World Adversary vs Superpower
l Littoral Areas vs Open Ocean
l Battleships Out of Service


Ü Increased Emphasis on Naval Gunnery
l Support of Land Forces


➮ Precision Fire
➮ Volume Fire


l Against Low Value Targets
➮ HSMST (ASuW)
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System RequirementsSystem Requirements


Ü Issue 5-Inch Cargo Rounds To Fleet which Shall:
l Meet Conventional Ammunition Threshold of 13 NMi


(24Km) and Objective of 21 NMi (39 Km) as Identified in
MK 45 MOD 4 Gun ORD


l Provide a Threshold Predicted Fire Accuracy of 333m
CEP out to 80% of the Objective Range for a Stationary
Target


l Include FCS Improvements to Meet MK 45 MOD 4 ORD
Requirements


Ü
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System Requirements
(Continued)


System Requirements
(Continued)


Ü Survive NSFS Conditions


Ü Improve ASuW Effectiveness


Ü Carry Multiple Loads
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5” Cargo Projectile
MK 172, HE - ICM


5” Cargo Projectile
MK 172, HE - ICM
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PLAYPLAY


System Design DescriptionSystem Design Description


PLAYPLAYPLAYPLAY
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Payload Static Expulsion


Gun Mount Ramming


Payload Static Expulsion
Verification


Charge Determination


NSFS Proof Gunfire &
Recovery


Subcomponent Proof Gunfire
& Recovery


Gunfire Ballistic Expulsion


40-ft Drop


Payload Static Expulsion (Mod
Design)


Test
No.
P1


P2


P3


P4


P6


P7


P8


P9


P10


Proof Gunfire
Structural After
Environ


Payload Dispers.
After Environ


5-ft Drop After
Environ


Gunfire After
Environ & 5-ft Drop


Shock


Gunfire After Shock


Hotgun Cookoff


Q4


Q6


Q7


Q11


Q12


Q17


Environmentals


12m Drop After
Environmental


Slow Cookoff


Fast Cookoff


Bullet Impact


Multifragment
Impact


Symp Det./ Storage


Symp Det./ Trans


Q3


Q8


Q13


Q15


Q18


Q19


Q14


Q16


Proof B/l Gunfire
Structural


B/l Payload Dispers.
Pattern


Gunmount Cycle


Ranging


Fuze Environment


Q1


Q2


Q10


Q9


Q20


Test
No.


Test
No.


Test
No.


Qualification
Test Program


Qualification
Tests


Design
Verification


Tests


Safety & IM
Tests


Performance
Tests


Q5


Qualification ProgramQualification Program
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Gunfire & Recovery in
Australia


Gunfire & Recovery in
Australia


Ü Over Water Recovery Range in
Port Wakefield, South Australia


Ü Fired 6 Projectiles at 5”/54 Proof
Pressure (63 KPSI) and 12
Projectiles at NSFS 75 KPSI


Ü All Projectiles Survived Gunfire
and 83.3% Recovered
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Pre & Post - Environmental
Gunfire at Yuma Proving Ground


Pre & Post - Environmental
Gunfire at Yuma Proving Ground


Ü Pre-Environmental Conducted:


l Ballistic Expulsion - October 1997


l Proof Structural - March 1998


l Payload Dispersion - March 1998


Ü Post-Environmental Conducted:


l Proof Structural - December 1998


l Payload Dispersion - December 1998


Ü Performance


l Cargo Expulsion Rate = 97.8% (Sample Size
134 Rounds)


l Grenade Point Detonate Rate = 98.2%
(Sample Size 5400 Grenades)
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Test Program DescriptionTest Program Description
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Submunition PerformanceSubmunition Performance
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MK 2 SubmunitionMK 2 Submunition
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Land Attack Pattern Model Results


Submunition ExpulsionSubmunition Expulsion
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Deflection Coordinate (50 meter grid)
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Submunitions Impact
Locations


Land Attack Scenario


Ü Pattern Tends to be
Circular Doughnut
Shaped


Ü Pattern Size is
Approximately 100
Yards in Diameter


Ü Pattern will Elongate at
Shorter Ranges for
ASuW Targets
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LethalityLethality


Deflection Coordinate (50 meter grid)


HE


R
an


ge
 C


oo
rd


in
at


e 
(5


0 
m


et
er


 g
rid


)


Submunitions


Deflection Coordinate (50 meter grid)


R
an


ge
 C


oo
rd


in
at


e 
(5


0 
m


et
er


 g
rid


)







program 5-inch cargo projectile program 5-inch cargo projectile program 5-inch cargo  
program


 5-inch cargo projectile program
 5-inch cargo projectile 


99048


5-inch cargo projectile program 5-inch cargo projectile program 5-inch cargo projectile 
pr


og
ra


m
 5


-in
ch


 c
ar


go
 p


ro
je


ct
ile


 p
ro


gr
am


 5
-i


nc
h 


ca
rg


o 
pr


oj
ec


til
e


PM4PM4


ASuW Scenario


Submunition Impact
Locations


Submunition Impact
Locations


Ü Performance
l Cargo Expulsion


Rate = 100 %       
(Sample Size 7 Rounds)


l Grenade Point Detonation
Rate = 95.6%
(Sample Size 343 Grenades)


Ü Ribbons Survived
Ü Vulnerability and


Effectiveness Analysis in
Process


Ü Phit ? .25/Round at 5 K Yards
(Preliminary)


Deflection Coordinate (50 meter grid)
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System
Component


Program Structure


         Baseline                     Improvements


ConfigurationsConfigurations


Body


Fuze


Load


Prop. Charge


FCS


Gun Mount


Range


5” Cargo-NSFS Cond.


EX 429 MFF


49 MK 2 Submunitions
with M223 Fuze


MK 67


MK 86 / MK 160


5”/54


13 NMi (24 Km)


5” Cargo-NSFS Cond.


EX 429 MFF


49 Submunitions
with M234 SD Fuze


EX 175


MK 160


5”/62


21 NMi (39 Km)
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Cargo Baseline Production
Status


Cargo Baseline Production
Status


Ü Weapon System Explosives Safety
Review Board (WSESRB) Successfully 
Completed - 3/25/98


ÜÜ Provisional Approval for Production (PAFP) 
Received - 3/25/98


Ü Limited Production of 14,000 Projectile Body
Assemblies Initiated (w/minimum of 100% Option)


Ü First Deliveries are Anticipated in FY00


Ü Received Numerous FMS Inquiries
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Cargo Improvements
Program Plan


Cargo Improvements
Program Plan


Ü Qualify New EX 175 Propelling Charge For
21 NMi (39Km) Range


Ü Projectile Enhancements
Ü Conduct 21 NMi (39Km) LBTS Evaluation


with 5”/62 MK 45 MOD 4 Caliber Gun
Ü Conduct Shipboard Tests


l ASuW
l DDG 81 - 21 NMi


Ü Receive AFP
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Master ScheduleMaster Schedule
O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D
1995 1996 1997 1998 1999 2000 2001


WSESRB I PBA
WSESRB II
PAFPBASELINE DSN


SHPBD
TEST


DDG 81
MK 45 MOD 4


NEW EX 175 PROPELLING CHARGE


SYSTEM
INTEGRATION


TESTING


B/L QUAL


WSESRB
AFP


MK 23 ILLUM


PROJECTILE ENHANCEMENTS 


PRODUCTION


Cargo Improvement
Program Plan


Cargo Improvement
Program Plan
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Potential ApplicationsPotential Applications


Ü Smoke ( Obscuration / Screening Fire)
Ü IR / RF Decoy
Ü Training
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PLAYPLAY


Potential ApplicationsPotential Applications


Ü Smoke ( Obscuration / Screening Fire)
Ü IR / RF Decoy
Ü Training
Ü Illumination
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Potential ApplicationsPotential Applications


Ü Smoke ( Obscuration / Screening Fire)
Ü IR / RF Decoy
Ü Training
Ü Illumination
Ü SADARM PLAYPLAY
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Potential ApplicationsPotential Applications


Ü Smoke ( Obscuration / Screening Fire)
Ü IR / RF Decoy
Ü Training
Ü Illumination
Ü SADARM


Ü Long Range
(Rocket Assist / GPS Guidance)


PLAYPLAY
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Potential ApplicationsPotential Applications


Ü Smoke ( Obscuration / Screening Fire)
Ü IR / RF Decoy
Ü Training
Ü Illumination
Ü SADARM
Ü Long Range (Rocket Assist / GPS Guidance)
Ü
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ABSTRACT


Recently, a new generation of propellants was successfully introduced. The so called


"extruded impregnated" EI-propellants overcome several drawbacks connected with


conventional propulsion systems and show a significant performance gain under


system-compatible conditions in small and medium calibre applications as well as in


mortars. EI-propellants are produced from extruded single base propellant grains by


impregnation with a blasting oil, followed by deterring with a polymer.


In the medium calibre application range, performance gains of 7 - 12% were attained


with the EI-propellant if compared to conventional alternatives. This improvement in


interior ballistic performance is achieved by a combination of enhanced bulk density,


slightly increased energy content, very progressive burning behaviour and a strongly


reduced temperature sensitivity.


A well balanced combination of two different wear reducing agents was found to suc-


cessfully counteract the adverse effect of the slight increase in flame temperature. The


relatively low erosivity of the EI-propellant was confirmed in both erosion bomb tests


and in trials with the weapon.


The employment of a well stabilised base grain, proven additives, and a diffusion-stable


surface coating kept both chemical and physico-mechanical ageing to a very low level -


excellent safe life and ballistic shelf life values are therefore attainable with EI-propel-


lants.







 1. Introduction


During the last few decades, different approaches have been made in order to improve


the interior ballistic performance of propellants for medium calibre ammunition. All these


"new" developments, such as deterred single and double base propellants, ball pow-


ders, consolidated charges and nitramine propellants had serious drawbacks. In the


case of single base propellants and ball powders, the gain in performance was limited


by the restricted energy content or by the grain geometry. In other propellant types,


shelf life was reduced by diffusion of deterrents and blasting oils, or excessive gun


barrel wear appeared.


Nitrochemie Wimmis AG has recently successfully introduced a new generation of


propellants overcoming the drawbacks mentioned above and showing a significant


performance gain under system-compatible conditions in:


• small calibres (5.56 - 15 mm),


• medium calibres (20 - 50 mm; sub-calibre / finstabilised ammunition), and


• mortars.


The so called "extruded impregnated" EI-propellant is produced from extruded one-,


seven- or nineteen-perforated single base propellant grains by impregnation with a


blasting oil, followed by deterring with a polymer. In such EI-propellants, the blasting oil


forms an outer layer several hundred micrometers thick. A diagram showing the con-


centration profiles of blasting oil and deterrent as well as the distribution of energy


content within a typical EI-propellant grain is given in Figure 1.


The most important features of EI-propellants for medium calibre application, namely


• improved interior ballistic performance,


• increased barrel life,


• excellent safe life and good compatibility to system environment, and


• excellent ballistic shelf life


are discussed in some detail in the following chapters. Other advantages include the


competitive pricing as well as the high parameter flexibility of the EI-process which


allows efficient and quick developments to satisfy the specific demands of our cus-


tomers.
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Figure 1: Blasting oil and deterrent concentration profiles as well as corresponding
distribution of energy content in EI-propellant. The concentration profiles
were determined by Fourier transform infrared (FTIR) microspectroscopy;
the energy content was calculated using the ICT code.


2. Interior Ballistic Performance


During the last years, EI-propellants have proven their superiority over competitors'


products in different medium calibre ammunition systems (in already qualified applica-


tions as well as in new developments; calibres 25, 27, 30, and 35 mm). In general,







performance gains of 7 - 12% were attained compared to conventional alternatives.


This improvement in interior ballistic performance is achieved by:


• Enhanced bulk density: The high bulk density (up to 1100 g/dm3) allows an in-


crease in the charge weight in the cartridge without consolidation. Enhancement of


charge potential directly equals performance gain.


• Slightly increased energy content: Due to the added blasting oils, the energy con-


tent is increased by 200 - 300 J/g compared to single base propellants. This additio-


nal chemical energy contributes to the performance gain.


• Very progressive burning behaviour: The burning characteristic of surface coated


propellants is dominated by the distributions of coating agents and energy content


(see Figure 1). In case of EI-propellant, the deterred outer surface can be expected


to burn much more slowly than the undeterred regions of the grain. This is confirmed


by the results of intercepted bomb tests showing that combustion will start mainly


from the perforations, whereas the energy-rich, blasting oil containing outer layer


burns later in the interior ballistic cycle - exactly at the stage where its energy is


needed most. This very progressive burning behaviour further adds to the perform-


ance gain.


• Reduced temperature sensitivity: Thanks to the high parameter flexibility of the EI-


process, it is possible to alter the product's properties regarding temperature coeffi-


cients of muzzle velocity (v0) and peak pressure (pmax) within certain limits. There-


fore, the strong temperature sensitivity known from conventional products can be


reduced considerably in EI-propellants. This allows the performance potential given


by the system limits of the weapon system to be fully exploited - the maximum per-


formance is obtainable at service temperature.  


The excellent interior ballistic behaviour of EI-propellants is demonstrated in Figure 2.


An EI- and a single base propellant, both optimised for the specific application, were


tested in the APFSDS-T round for the 30 x 173 mm Bushmaster II gun. Thanks to its


higher performance level and reduced temperature sensitivity, the EI-propellant enables


a gain in kinetic Energy E0 of 18% at -50°C, and of 12% at +21°C, to be made.
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Figure 2: Interior ballistic results obtained with the APFSDS-T round for the 30x173mm
Bushmaster II gun. The low temperature sensitivity as well as the significant
increase in performance obtainable with the EI-propellant are clearly visible.


3. Barrel Erosion


From practical experience it is known that each increase in the propellant's energy (or


flame temperature) will reduce the barrel life considerably. However, with high perform-


ance ammunition (especially kinetic energy munitions) one cannot avoid using a charge


with a sufficiently high energy content.


In the case of EI-propellant for medium calibre application, the extent of barrel wear is


kept to an acceptable level by:


• Relatively low flame temperature: For an EI-propellant designed for 25 mm ammu-


nition, flame temperatures of around 3000 K are calculated (using the ICT code).


This value lies somewhat higher than the 2800 K of a single base propellant for the


same application, but is far below the 3500 K calculated for a nitramine propellant


already in service.







• Optimised barrel protection measures (additives): In order to achieve the maxi-


mum possible barrel protection over the entire interior ballistic cycle, two different


additives are employed ("two-phase design"). One of the additives is located at the


surface of the propellant grains to ensure sufficient protection from the beginning of


the cycle (effect in transition zone - free flight zone). The second additive, being


incorporated in the base grain matrix, is released continuously up to the end of com-


bustion (effect on barrel up to muzzle proximity). The introduction of these additives


must be balanced in such a way that no contamination or fouling occurs. It must be


noted that the two additives used in small quantities are not exotic ones but known


and proven "agents".


The barrel protection concept described above has demonstrated its effectiveness in


both erosion bomb and weapon firing tests.


The results of the erosion bomb tests are given in Figure 3 (diagram of the weight


losses of the nozzle as a function of the heat of explosion). From this diagram it is


evident that the erosivity of the EI-propellant lies in the same range as for different


highly surface-treated and thus so-called "cool" burning single-base charge variants,


whereas the "hot" burning nitramine propellant is in the upper investigation range.


During NATO-Homologation at the NATO test centre in the Netherlands, EI-Propellant


in a 25 mm APFSDS application met the barrel life requirements of STANAG 4173


in both Bushmaster and KBA gun.


Extensive trials in the 27 mm Mauser gun revealed a barrel life of substantially more


than 3000 rounds for APFSDS ammunition in conjunction with EI-propellant.
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Figure 3: Results of erosion bomb test for different 25 mm calibre propellants (single
base, EI-, and triple base / nitramine). As can be seen from the diagram of
the weight losses of the nozzle as a function of the heat of explosion, erosi-
vity increases superproportionally to increasing thermal value. The erosivity
found for the EI-propellant did not significantly differ from the values obtained
for different deterred single-base propellants such as PGB 150. The two
propellants PGB 180 and PGB 150 both meet the barrel life values required
in STANAG 4173 when the relevant load rates are applied.


4. Chemical Stability / Safe Life


For the production of EI-propellants, a carefully manufactured and well stabilised base


grain is used, and only known compatible and proven ingredients or additives are


applied. Thus, chemical ageing under normal storage conditions is kept to an almost


negligible level, and an excellent chemical shelf life (safe life) will result. This was


proven in different experiments:


Conventional stability tests: EI-propellants have been subjected to numerous con-


ventional stability tests during development, qualification and production, e.g. to the


90°C weight loss test, 105°C Dutch test, and 115°C Bergmann-Junk test. All test


requirements have been fulfilled.


PGB 150
PGB 180







Heat flow calorimetry / NOx-chemiluminescence: The extremely sensitive heat flow


calorimeter and NOx chemiluminescence detectors, monitoring the actual evolution of


heat and nitrogen oxides even at moderate storage conditions (30 - 80°C), confirmed


the very low ageing rate of EI-propellants.


Chemical shelf life determination: The chemical shelf life (safe life) of different


propellants was determined, whereby the propellant samples were subjected to


accelerated ageing for up to 108 weeks at temperatures of 40°C, 50°C, 60°C and 70°C.


The remaining stabiliser contents were assayed quantitatively for the unaged propellant


as well as for all artificially aged samples by high performance liquid chromatography


(HPLC). From the results, the time period for 50% stabiliser consumption was calcu-


lated and interpolated to designated storage conditions using the Berthelot equation.


This approach is known to be very conservative. The results of these investigations are


shown in Figure 4.
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Figure 4: Assessment of chemical shelf life (safe life) for different propellant types. All
propellants except "double base 2" have been produced by Nitrochemie
Wimmis AG. The safe life values extrapolated from 60°C to 20°C exceed 40
years for all propellants, except for "double base 2" which only manages to
reach 15 years (very conservative estimations). The extrapolation was made
using the Berthelot approach with an ageing factor of 3.0. The Berthelot law
implies that each temperature change of 10°C will increase the rate of







propellant ageing by this factor. From numerous investigations it was found
that the ageing factor generally extends between 3 and 4.







For EI-propellants, the safe storage life was determined to be in the range of 20 - 40


years at 30°C, and of 50 - 100 years at 20°C, respectively.


This excellent behaviour has been confirmed by the recent analysis of two EI-propel-


lants of the same recipe, produced in 1985 and 1995. Despite the older sample having


been stored for 10 years under ambient conditions, it was still found to be chemically


identical to the new propellant, as can be seen from Table 1. In particular, the concen-


trations of primary stabiliser as well as the contents of stabiliser derivatives were found


to be equal within the accuracy of the method.


Type Substance Sample "1985" Sample "1995"


Primary stabiliser Acardite II 1.01 % 0.99 %


2-Nitro-diphenylamine 0.09 % 0.12 %


Stabiliser derivatives N-Nitroso-diphenylamine 0.01 % 0.02 %


4-Nitro-diphenylamine < 0.01 % < 0.01%


90°C Weight loss test 1.36 % 1.26 %


Table 1: Results of HPLC-analysis of two EI-propellants of the same recipe, produced
in 1985 and 1995. Both samples were analysed simultaneously in spring
1996. The results of the 90°C weight loss tests are given as well.


5. Ballistic Shelf Life


In order to guarantee sufficient ballistic shelf life, the phenomena that might contribute


to the changes in the interior ballistic behaviour have to be kept to an acceptable level.


For surface-coated propellants, the main factors are molecular weight reduction of the


nitrocellulose and the diffusion of surface coating agents into the propellant grain. Both


processes have been investigated in some detail:


• Nitrocellulose degradation: From experience we know that changes in the ballistic


characteristics may occur once the molecular weight of the nitrocellulose has been


reduced by more than 45%. Shelf life investigations of EI-propellants, performed by


ageing the samples as described in section 4 and monitoring the nitrocellulose


degradation using size exclusion chromatography (SEC), predicted a molecular


weight reduction of only 40% after approximately 60 years at 20°C. Thus, nitro-


cellulose degradation does not adversely affect the ballistic properties during the







designated shelf life of the round. The low extent of nitrocellulose depletion corre-


sponds to the other chemical ageing processes (the "chemical" ageing processes,


such as stabiliser consumption, nitrocellulose degradation, heat and nitrogen oxide


evolution are strongly connected with each other - in a well stabilised propellant, all


those processes are of low magnitude).


• Diffusion of deterrents and blasting oils: The diffusion of numerous deterrents


and blasting oils into different propellant matrices during accelerated ageing was


investigated using Fourier transform infrared (FTIR) microspectroscopy. The diffusion


coefficient values determined by fitting a Fickian diffusion model to the observed con-


centration profiles correlated to the changes in the interior ballistic behaviour. It was


found that the diffusion effects in single base propellants are too small to significantly


alter the ballistic performance. In double base propellants, however, the diffusion of


deterrents is much faster and will most likely limit the ballistic shelf life. In EI-propel-


lants, the diffusion of surface coating agents can be minimised by carefully balancing


type and concentration of both polymeric deterrent and blasting oil. In such EI-


propellants, diffusion effects are only marginally higher than in single base propel-


lants, and excellent  ballistic shelf life values are achieved. Figure 5 compares the


diffusion of the polymeric deterrent in EI-propellant to the diffusion of dibutylphthalate


(DBP) in a double base propellant.


Assessment of ballistic stability: Ballistic shelf life is determined using a test plan


similar to the one described in section 4. The propellant is aged artificially for up to 36


weeks at temperatures of 40°C, 50°C, and 60°C before being tested in the weapon at


different firing temperatures. The results are extrapolated to standard storage condi-


tions using an ageing factor of 3.0 which is known to be a conservative estimation. This


test has been performed for different weapon / ammunition systems in conjunction


with EI-propellant, revealing excellent ballistic shelf life values in all cases. Over the


entire range of firing temperatures (usually -54°C to +71°C), only marginal changes in


peak pressure and muzzle velocity were introduced by artificial ageing periods equiva-


lent to 20 years storage at 20°C. In particular, no dangerous rises in peak pressure


(> 150 bar) appeared, and the low temperature sensitivity of the EI-propellant was


maintained, thereby proving the effectiveness of the measures to reduce nitrocellulose


degradation as well as blasting oil and deterrent diffusion.
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Figure 5: Investigation of the diffusion of deterrents; concentration profiles of dibutyl-
phthalate (DBP) in double base propellant and polymer in EI-propellant,
determined by FTIR-microspectroscopy. Measured concentration values
(dots) and recalculated concentration profiles (lines) for t0 (unaged
propellant), t1 (propellant stored at 71°C for 1 week), t2 (2 weeks at 71°C)
and t4 (4 weeks at 71°C). The deterrent diffusion is very small in the EI-
propellant and therefore will not influence the ballistic shelf life (diffusion
coefficient determined to be D = 0.13·10-15 m2/s). In the double base
propellant, however, the diffusion is increased by more than two orders of
magnitude (D = 26·10-15 m2/s) - such strong diffusion effects will reduce the
ballistic shelf life considerably.


The results of ballistic shelf life assessments for five different propellants are depicted in


Figure 6. It is evident from this diagram that the single base and all three EI-propellants


exhibit shelf life values of more than 20 years, whereas for the propellant with a strongly


diffusing surface coating, the ballistic shelf life is reduced to about 10 years at 20°C.


The excellent ballistic stability of EI-propellant was confirmed during different


qualification and homologation procedures. In particular, environmental and climatic


condition tests such as MIL STD 810 D have been fulfilled without problems. The most


severe environmental test program, however, was performed at DGA in Bourges (F).


The 30 mm rounds filled with EI-propellant were subjected cumulatively to a "simulation







of climatic conditions" (80 days at +71°C / 20% rel. humidity to +60°C / 80% rel. humid-


ity), 30 cycles "simulation of aircraft conditions" (totally 780 hours from -40°C  to


+100°C), 3 cycles of "complete firing action" (+21°C to +121°C), and a "vibration test",


before being fired in the temperature range -40 to +100°C. Considering the extreme


thermal and mechanical stresses involved in this test procedure, the increase in peak


pressure found to be within 0 and 200 bar over the entire range of firing temperatures


has to be regarded as small. The maximum pressure level obtained with the aged


ammunition was still far below the system limits.
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Figure 6: Assessment of ballistic shelf life for different medium calibre propellants. The
propellant samples stored for 0, 4, 8 and 12 weeks at 60°C have been tested
in the respective weapon systems (temperature during firing test 21°C). The
extrapolation from 60 to 20°C was carried out according to the Berthelot
equation with an ageing factor of 3.0. The single base as well as the three
EI-propellants exhibit only marginal changes in muzzle velocity v0 and peak
pressure pmax; a ballistic shelf life of at least 20 years can therefore be guar-
anteed for all these propellants. In the sample "other composition", however,
the diffusion of improperly balanced surface coating agents leads to an
excessive rise in peak pressure which significantly reduces the ballistic shelf
life of this propellant. The weapon / ammunition systems are: 25mm KBA
APFSDS (single base), 25mm KBA APDS (EI-propellant 1), 27mmx155
APFSDS (EI-propellant 2), 30mmx190 APFSDS-T (EI-propellant 3), and
25mm KBB APDS (other composition).







6. Conclusions


EI technology has opened new perspectives in the field of high performance medium


calibre ammunition. Thanks to the system-compatible behaviour of this product, a


combat rate enhancement can be achieved without drawbacks or undesirable side


effects. EI-propellants are equally suited for application in already introduced ammu-


nition systems as well as in new developments.


As a result, EI technology has established itself with much success especially in the


following applications:


25 mm x 137 APFSDS, APDS, FAPDS (frangible)
qualified according to STANAG 4173 (NATO homologation)
for use in Bushmaster (M242) and KBA-gun


27 mm x 155 APFSDS
qualified according to STANAG 4170
type classified in Germany for use in TORNADO-gun


30 mm x 173 APDS, APFSDS
for use in Bushmaster II and Mauser F-gun


35 mm x 228 APFSDS, FAPDS (frangible)
qualified according to STANAG 4170
type classified in Germany for use in RH 503 gun


50 mm CTA APFSD
Development for the RH 503 gun


In recent years, close cooperation has been built up in these field with competent


system partners, such as (in alphabetic order) Giat, Mauser, Mecar, Oerlicon Contra-


ves, Primex, Raufoss, Royal Ordnance, Rheinmetall, among others. Such cooperations


permitted investigation of system-compatible behaviour of the EI-propellant under a


great variety of configurations and performance requirements. As a result, the reliability


of this system component can be regarded as being fully established.
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Dynamic Model of TB2
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•  Suspension of particles in an insulating fluid
•  Fluids which display a significant change
   in apparent viscosity with application of
   an electric field
•  Change completely reversible, fast response
   time (<1 msec)


ER Fluids
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Isogrid Structural
Technology


Reduces weight - maintains structural integrity
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Summary


• Artillery must adapt to meet future needs
• Current technological exploration


includes: Soft Recoil, ER Fluids &
Advanced Structures


• Actively looking for new technologies to
meet aggressive requirements


Lighter,
Stable


Artillery
 Platforms
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Overview


• Background
• Literature Search
• Force Model
• Engraving Model Description
• Engraving Model “Calibration”
• General Comparison of Constant & Gain Twist


Tubes
• Conclusions
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Why Model Body Engraving?


Body Engraving Leads To:
– Land Flattening
– Large Dispersion
– Increased Gas Blow-by
–


• Resulting In Reduced Tube Life
–


–


•
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Correlation of Body Engraving
and Observed Tube Wear


Comparison of Body Engraving & Tube Wear


0


0.005


0.01


0.015


0.02


0.025


0.03


0.035


0 50 100 150 200 250 300
In Bore Travel, Inches


W
ea


r,
 in


ch
es


Tube  Wear


Projecti le Engraving


• Tube Wear and Body Engraving Start At Similar Points 
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• 155mm Paladin vs. Crusader
– Muzzle Wear Increase With Constant Twist


• 30mm GAU-8/A
– Constant - Gain Twist W/ Thermally


 Expanded Tubes


Background


5NDIA 4-99
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Literature Search:


• In 175mm Howitzer, Body Engraving is Proportional to Volume of
Copper Worn at Muzzle Exit (Implies Leak)


• Obturator Reduces / Eliminates Body Engraving


• Muzzle Wear & Body Engraving Are Related


• 155mm Fwd Bourrelet Force ~ 800 lbf / 0.001” @ 20 cal/rev;
~ 600 lbf / 0.001” @ 22.5 cal/rev


• “Max” CG offset ~ 0.010” (Yawsonde, wrt Bourrelets)


• Body Engraving Significantly Reduced in 30mm W/ Gain Twist BBLS


• Band Wear is a function of Band Melt Temperature
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Force Model


From H.P. Gay Report:


“Static” Force Model (Post Bounce)


aFB = m ε ε s + m ε αε α22  λλ
FR = εε/a [mαα2 (a - λλ) - ms ]


  Where:             εε = CG Offset
 s = Inbore Travel


C.G.
Offset


Principal 
Axis


Barrel
CL


Barrel Land


Barrel Land


Engraved bourrelet
a


λλ


FR FB


..


...


.
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Engraving Model Theory


Body Engraving (BE) is the result of:
• Contact Stress Between Projectile & Gun Tube


• Duration of Contact Stress At Given Location on Projectile Bourrelet


Contact Stress is Determined by:
• Projectile Longitudinal Acceleration
• Spin2


• Projectile Mass
• Barrel & Projectile Geometry
• Projectile Center of Gravity Offset WRT Barrel
Centerline


Contact Location & Time is Determined by:
• Barrel Rifling Twist (Gain) & Land Geometry
• Band Wear
• Bourrelet Length
• Interior Ballistic Cycle
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Body Engraving
Computational Approach


Use Previously Validated Computational Tools
– Interior Ballistics Code (Modified Baer-Frankle / IBHVG2)
– Rotating Band Wear Analysis (e.g. Wolf-Cochran)


“Record Keeping” For Fwd Bourrelet Stress
– Divide Bourrelet into 4000 “Bins”
– Contact Location Reference vs. Time Known Prior to Run


» Function of Local Band Wear & Twist Angle
– Contact Area vs. Engraved Depth Known Prior to Run


» Engages Additional Bins as Body Engraves
»


If Stress-Time Product on Contacted Bins is Above
“Threshold”, Increment Engraving to Next Land Set


•
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Engraving Model “Details”


Bourrelet Bins


Rifling Land


Contacted Bins(4000)


End View of “Flattened” Land / Bourrelet Interface


Projectile Bourrelet


Rifling Lands


Land Movement WRT Bins
Due to Band Wear


Land Movement WRT Bins 
Due to Rifling Change


Radial View of Rifling Land on Fwd Bourrelet
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Comparison of Spin2 Integral
For Various Tubes


Relative Spin2- Travel Integral,
155mm  Projectile
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Body Engraving
Computational Model


• Read Initial Conditions
• Compute Contact Movement vs. Travel
• Compute Contact Area vs. Engraved Depth
• Compute Interface Geometry
• Step Thru Int. Ballistic Cycle, Accumulate Stress


Time Product on Contacted Bourrelet Bins
• Increment Engraved Depth When Stress-Time


Product Exceeds “Threshold”
• Compute New Interface Geometry (CG, Area)
• Continue Until Muzzle Exit
•
• 12NDIA 4-99
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Engraving Model “Calibration”


• Large Caliber
– Oct ‘97 155mm Test Firing Series
– 48 L&G Tube, Top Zone, 22.5 Cal/rev Constant Twist
– Steel Body Projectile Recovered w/ 0.005” Body Engraving


• Medium Caliber
– Late 70’s Measured Body Engraving, GAU-8 Aluminum API
– Original 18 L&G Tube, 0.010” Thermal Expansion, Constant Twist
– Tactical 22 L&G Tube, 0.010”  Thermal Expansion, 6.0-9.9 Deg Gain Twist


Assume: CG offset   =  0.005” (Typical);
Adjust Engraving Stress-Time Threshold
until Observed Engraving is Approximated
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• Effect of Reduced Exit Angle for Constant Twist
Tubes?


• Effect of Number of Lands & Grooves on BE?
• Comparison of Constant Twist vs. Gain Twist Tube?
• Effect of Obturator/Band Leakage on BE?
• Effect of Gain Twist on BE with Leaks?


Use of Body
Engraving Model
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Effect of Exit Angle
For Constant Twist Tubes


Body Engraving vs. In Bore Travel, 
M549A1, Crusader Tube, Z6, 0.009" Initial CG Offset
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20 Cal/Rev Constant Twist 


22.5 Cal/Rev, Constant Twist


Conclusion: No Body Engraving Benefit From Reduced Twist Angle
Due to Reduced Contact Point Movement
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Effect Of # L&G
On Body Engraving


Conclusion: More Lands & Grooves Increases Body Engraving 
(w/ same G/L Width Ratio)


M549A1 Body Engrav ing vs. In Bore Travel
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Can Gain Twist
Reduce Body Engraving?


Conclusion: For Fixed Exit Angle & Given Initial CG Offset, 
Gain Twist Reduces Body Engraving


M549A1 Body Engraving vs . In Bore Trave l
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Does Band Leak
Affect Body Engraving?


Body Engraving Depth vs. 
In Bore Travel & Travel @ Leak
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Conclusion:  1) Band Must Leak Early in Travel to Increase Body Engraving
        2)  Obturator Improvements Should Reduce BE Significantly
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Body Engraving Caused By Leakage
With Constant & Gain Twist Tubes


Conclusions: 1. Leak Must Occur Early in Travel to Increase Body Engraving
2. Gain Twist Reduces B.E. From Leaky Band/Obturator


M549A1  Body  Engrav in g  v s .  Trav e l, 


C o n s tant  &  Gain  Twis t  Tube  Com p a ris o n
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Medium Caliber Body Engraving


Body Engraving Vs. Travel, 
30mm GAU-8/A, 0.010" Thermal Expansion
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Tactical  Gain Tw ist 


• Gain Twist is Critical to Prevent Body Engraving of Aluminum API Carrier
• Dispersion & Barrel Life Significantly Improved with Gain Twist Tube
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Observations


• No Engraving Difference w/ Constant Twist Tubes
– 22.5 cal/rev & 20 cal/rev Constant Twist Tubes Have Same BE
– Reduced Spin Load Offset By Reduced Contact Movement


• Obturator Must Fail Early in Travel to Affect FWD
Bourrelet Body Engraving in Artillery Projectiles


• Improved Gas Seals Should Significantly Reduce BE
• Gain Twist Reduces BE w/o Leaks
• Gain Twist Reduces BE w/ Leaks
• Lower # of L&G Reduces BE







If you can’t get a bigger Target...


22NDIA 4-99


Conclusions:


• Simple File Construction, Rapid Computation


• Avoids FEM Re-meshing & Element Removal


• Body Engraving Model Predicts General Trends
That Agree With Observed Body Engraving
Behavior


• A Little Bit of Rifling Gain Goes A Long Way
Preventing Body Engraving


• Rifling Profile Must Balance Contact Movement &
Band Wear, Leakage Due to Band Wear is Critical


•
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SYMPOSIUM & EXHIBITION
26-29 APRIL 1999 CRUSADER


XM297 CANNON SYSTEM FOR
THE CRUSADER SYSTEM:


“A Unique Government - Industry Team”


David C. Smith, Benet Laboratories
and


James E. Wildman, United Defense LP


Armament Systems Division
United Defense - Limited Partnership


Benet Laboratories/Close Combat Armaments Center
Armaments Research Development & Engineering Center (ARDEC)


Tank automotive & Armaments Command (TACOM)







BRIEFING OUTLINE


• CRUSADER SYSTEM DESCRIPTION


• CRUSADER -”THE ARMY’S FLAGSHIP DEVELOPMENT PROGRAM”
•
•  155MM XM297 CANNON


• CANNON DEVELOPMENT SCHEDULE
•
• SIGNIFICANT ACCOMPLISHMENTS
•


CRUSADER







Why Crusader? . . .
• More Mobile


• More Lethal
• More Survivable


• Enhanced Supportability
• Less Manpower Intensive


Common Componentry


• 66% Common
• 24% SPH
Unique
• 10% RSV
Unique


The Next Generation Field Artillery System of Systems . . . 
155mm Self-Propelled Howitzer and its Companion Armored Resupply Vehicle


System of
Systems


Innovative
 Acquisition


Strategy


Ground Up
Development


CRUSADER
 IS SPH AND


 RSV


What is Crusader?


CRUSADER







Today
(Paladin


)


US Forces
Need a
More
Lethal,
Mobile,
Survivable
Howitzer


Crusader
Provides
Technology
and
Firepower
for the 21st
Century
Warfighter


4 RPM 10-12 RPM


Rate of Fire


Range


Mobility


Manpower


XM297 Requirements
? Burst Fire - 10


rounds/min for 3 mins
? Sustained Fire 3


rounds/min for 10
mins


? Max Range - 40 km
? Min Range - 4 km
 


? Minimum Weight
? Improve Survivability


? High Reliability
? Extended Service


Life
? Increased Maint.


Intervals
? Automated Operation


Capabilities


30 KM 40-50 KM


28 KM/HR 39-48 KM/HR


9 Soldier 
Crew


6 Soldier 
Crew


Threat
Systems Shoot
up to 9 Rounds
per Minute at


Ranges in
Excess of


40 Km


21st
Century


(Crusader)


A Quantum Leap in Total Force Effectiveness


Why Crusader?


CRUSADER







CRUSADER


“THE ARMY’S FLAGSHIP DEVELOPMENT  PROGRAM”


• IMPLEMENTS STREAMLINED ACQUISITION
•
• CONSOLIDATES RESPONSIBILITY TO THE PRIME


CONTRACTOR
•
• AVOIDS USING GOVERNMENT FURNISHED MATERIALS (GFM)







PRIME CONTRACTOR Office of the Project Manager       ARDEC/Picatinny     


Monthly EVMS Reporting
Configuration Conflict Issues


Quarterly Government Internal Reporting
Requests for Funding


Configuration Conflict Issues


Programmatic Direction:
Howitzer System (Less Armaments Sub-system)


Configuration Conflict Resolution


Programmatic Direction:
Armaments Sub-system


Funding
Configuration Conflict Resolution


TRADITIONAL DEVELOPMENTS


FOCUS ON GOVERNMENT FURNISHED MATERIALS







Office of the Project Manager-
Crusader


Picatinny Arsenal, New Jersey


ARDEC
Picatinny Arsenal/Watervliet Arsenal


United Defense Limited Partnership 
Minneapolis, Minnesota


Funding
Programmatic Direction:


Crusader System


Monthly EVMS Reporting
Requests for TACOM-ARDEC


Funding


Programmatic Direction: Armaments Subsystem


Monthly EVMS Reporting
Requests for Funding


THE CRUSADER RELATIONSHIPS


Cannon
CCAC-Benet Labs


Test Management
FSAC


Laser Ignition
WCCAC


DPO
FSAC







• Ammunition Loader
• Gun Pointing/Gun Mount
• PTS
• Cannon
• Thermal Dissipation


 FIREPOWER ELEMENT


CRUSADER







155 mm XM297 CANNON SUBSYSTEM


• GOAL - DEVELOP ARTILLERY CANNON WITH: 
– INCREASED RANGE
– HIGHER RATES OF FIRE
– SIGNIFICANTLY INCREASED SUSTAINED RATE OF FIRE


•
• DESCRIPTION:  XM297 CANNON DEVELOPED  FOR CRUSADER


– 56 CALIBERS IN LENGTH
– FULL LENGTH COOLING
– INTEGRAL MUZZLE BRAKE
– LASER IGNITION
– FULLY AUTOMATED BREECH OPERATION
– COMPLETE INTEGRATION WITH AUTOLOADER


•







XM297 CANNON SUBSYSTEM


CRUSADER10







155MM XM297 CANNON


UNIQUE FEATURES


• FULL LENGTH COOLING
– ENABLES HIGH AND SUSTAINED FIRING RATES
– REDUCES RISK OF PROPELLANT COOKOFF
– REDUCES RISK OF PROJECTILE EXUDATION
– IMPROVES ACCURACY AND DISPERSION
– INCREASES TUBE WEAR LIFE







155MM XM297 CANNON


UNIQUE FEATURES
• LASER IGNITION SYSTEM


– ELIMINATES BURDEN OF CONSUMABLE PRIMERS
– REDUCES OPERATIONAL COSTS
– ENABLES AUTOMATED FIRING
– REDUCES RISK OF MISFIRE
– INCREASED IGNITION


RELIABILITY
–


–


•


–







155MM XM297 CANNON


UNIQUE FEATURES


• AUTOMATED OPERATION
– NO CREW  IN THE WEAPONS COMPARTMENT
– ENABLES AUTO LOADING/REDUCED CREW SIZE
– MAXIMIZES RATE OF FIRE
– MINIMIZES VEHICLE SIZE
–


–


–


•


–


•







SUCCESS POINTS IN THIS ACTIVITY


• NEGOTIATIONS WERE VERY SMOOTH
• TEAM LEVEL COMMUNICATIONS HAVE BEEN EXCELLENT
• TECHNICAL ISSUES TACKLED AND SOLVED JOINTLY
• CANNON  DELIVERED:


–


•


HARDWARE INTEGRATED INTO
CRUSADER TURRET, CANNON
AND MOUNT PROOF FIRED







XM297E2 CANNON


HARDWARE


BREECH DELIVERY


TUBE DELIVERY


CANNON TESTS


PROOF


PDRR CANNON
CHECKOUT


PRELIM FIRING TABLES


TUBE WEAR


VEHICLE FIRING TESTS


SHAKEDOWN


EDT/EUE


GOVERNMENT


EMD ACTIVITIES


155MM XM297 CANNON


CANNON DEVELOPMENT SCHEDULE
1998 1999 2000 2001


B102
B101


B103


T10 T9 T11
T12


T13


ORDER LONG LEAD ITEMS FABRICATE EMD CANNONS







155MM XM297 CANNON


SIGNIFICANT ACCOMPLISHMENTS


• BREECH MOUNTED LASER IGNITER FIRED
& SHOCK TESTED


• CANNON FIRED AT 8.6 ROUNDS/MIN
• FULL LENGTH COOLING DEMONSTRATED
• AUTOMATIC OPERATION DEMONSTRATED


– ELECTRIC BREECH
– LASER IGNITER
– LASER WINDOW CLEANER


• TWO GUN TUBES FATIGUE TESTED
• TWO BREECHS FATIGUE TESTED
• 40+ km RANGE DEMONSTRATED
• OVER 4000 ROUNDS FIRED ( 2800 EFC )
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The Raufoss Ammunition Family
for


Mk44 in AAAV 30 x 173 mm
and


40 mm Supershot.


By


Einar Willassen
Nammo Raufoss AS, Norway
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Content of presentation


•
• Why 30 mm caliber is a good choice.
•
• A complete 30 mm ammunition family for today and the future.
•
• 40 mm Supershot
•
•


Best Value Solutions for Today and Tomorrow
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Study looking at caliber range 25 - 40 mm


Main parameters in study:


• Muzzle energy
• Recoil forces
•


Effectiveness numbers (stowed kill)


• Effect against air targets
• Lethal area
• Penetration
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Key input parameters for the study


        V0           mf


30 mm Full caliber      1070 m/s          370 g


30 mm Sub caliber      1435 m/s          215 g


35 mm Full caliber      1175 m/s          550 g


35 mm Sub caliber      1480 m/s          430 g
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Muzzle energy (E0) and recoil force (Fr)


            E0            Fr


30 mm Full caliber        210 kJ         26000 N


30 mm Sub caliber        220 kJ         21000 N


35 mm Full caliber        380 kJ         55000 N


35 mm Sub caliber        470 kJ         57000 N


            E0            Fr


30 mm Full caliber        210 kJ         26000 N


30 mm Sub caliber        220 kJ         21000 N


35 mm Full caliber        380 kJ         55000 N


35 mm Sub caliber        470 kJ         57000 N


            E0            Fr


30 mm Full caliber        210 kJ         26000 N


30 mm Sub caliber        220 kJ         21000 N


35 mm Full caliber        380 kJ         55000 N


35 mm Sub caliber        470 kJ         57000 N
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Effect against Air targets


    PKH x N         NE    Range


25 mm    0,15 x 560         84    2200 m


30 mm    0,3  x 370        111    2900 m


35 mm    0,35 x 180         63    3100 m


40 mm    0,40 x 80         32    3000 m
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Stowed lethal area


      m       LA       N    LA x N


25 mm     0,18 kg       15 m2       560    8900 m2


30 mm     0,37 kg       30 m2       370  11100 m2


35 mm    0,55 kg      45 m2      180    8100 m2


40 mm    0,96 kg      79 m2       80    6300 m2
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Stored Effect Number (SEN) for Penetration


 PP    PK    N  60 mm  100 mm 140 mm


25 mm   0,6   0.1  560        34 0,0   0 0,0   0


30 mm   0,8   0,15  370        45 0,6  22 0,0   0


35 mm   0,8   0,2  180        29 0,6  22 0,2   7


40 mm   0.8   0,25   80        16 0,6   8 0,0   0
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Raufoss 30 x 173 mm Ammunition Family


•
• MULTIPURPOSE  -Traced with


      Self Destruct


• Target Practice - Traced


• Reduced Ricochet Risk (R3)


     Target Practice - Traced


• Armor Piercing Fin Stabilized


Discarding Sabot - Traced


• Target Practice Discarding


Sabot - Traced


• Programmable Air-burst
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TARGETS:


SHELL TYPES:


HEI


MP


API


UNPROTECTED
PERSONNEL


UNPROTECTED
VEHICLES


LIGHT 
FORTIFICATIONS


LIGHT ARMORED
VEHICLES


HEAVY ARMORED
VEHICLES


LIGHT NAVY APPL. HEAVY NAVY APPLICATIONS


HELICOPTERS FIGHTER AIRCRAFT
FIGHTER BOMBER


TRANSPORT AIRCRAFT
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MULTIPURPOSE DESIGN
30 mm x 173 MPLD- T/ TP- T


Nose


Incendiary
charge


Support
disc


BodyIncendiary
charge


High
explosive


Incendiarism
charge


Tracer


Self-destruct
device


Driving
band
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t = 410µs


t = 350µs


t = 300µs


…… burning process of MP ammunition
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              SAFETY


Because of the fuzeless design,
avoiding the use of sensitive
primary High Explosive, MP 
has proven to be an excellent 
design regarding safety
characteristics.
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Cartridge weight: 840 gram
Projectile weight: 363 gram
Cartridge length: 290 mm max.
Cartridge case: Steel
Ignition: Mechanical primer 


with booster
Muzzle velocity: 1070 m/s (1100 opt)
Dispersion: < 0,4 mils
Tracer + 3000 m


30 mm x 173 TP-T


(Ballistic match with MPLD-T)
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Reduced Ricochet Risk (RRR)
Ammunition


Aluminium 
Nose Cap


Metal
Rod


Driving 
Band


Optional
Tracer


Driving 
Band


Steel Tube
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22Target Impact Area =2000 m x 500 m = 1 km
20 mm TP RRicochet Area:ca 10 km32


The inner Ricochet Areais about 3,5 kmRicochets can only occurin this OUTER AREA atangles of impact from 0  to 3  .
Line of Fire


7000 m oo
2000 m


23 KRS-31/97THE DRAWING OUTLINES THE RICOCHET AREA FOR 20 mm TP-R  . THE AREA IS ABOUT 10 km   .
2Target Impact Area =2000 m x 500 m = 1 km4000 mLine of Fire
JPB-01/98


2500 mTHE DRAWING SHOWS THE CONTRAST BETWEENTHE OLD AND THE NEW RICOCHET AREAS.


o


TP-R3  - Disintergration
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22Target Impact Area =2000 m x 500 m = 1 kmThe inner Ricochet Areais about 3,5 kmRicochets can only occurin this OUTER AREA atangles of impact from 0  to 3  .
Line of Fire


7000 m oo
2000 m


23 KRS-31/97
THE DRAWING OUTLINES THE RICOCHET AREA FOR 20 mm TP-R  . THE AREA IS ABOUT 10 km   .


2Target Impact Area =2000 m x 500 m = 1 km4000 mLine of Fire
JPB-01/98


2500 mTHE DRAWING SHOWS THE CONTRAST BETWEENTHE OLD AND THE NEW RICOCHET AREAS.


o


27 mm @ 12.5o Impact Angle
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30 mm Air-burst Ammunition
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30 mm Air-burst Ammunition
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The Norwegian APFSDS-T in Principle


30mm x 173 APFSDS-T


An optimized sabot penetrator system
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H
ei


gh
t


Range


30mm x 173 TPDS-T


Ballistic match between APFSDS-T and TPDS-T
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40 mm SUPERSHOT


    SUPERSHOT


• Increased armor
   penetration
• Reduced muzzle
   velocity for
   full caliber





