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Objectives
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Develop diagnostics for high-speed impacts with
particulate materials

_everage world-wide creativity & capabillities

Learn to think in the way that
particulate materials behave

Shrink the world

Timeline: 3-year projects
administered in 1-Year
renewable grants.

DISTRIBUTION: A Public Release. Distribution Unlimited. 96-ABW-2011-0088.
Dr. William Cooper, 850-882-7986, william.cooper@eglin.af.mil




Why International?
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e Access to creative thinkers
e Access to unique facilities

e Excellent research value/$ ratio—Large
teams for minimal $

e Research immersion & focus time

* Access to Pacific Rim research community
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Payoff
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e By the numbers:

2 years nearly complete

$100K AFRL/RW funds
Invested

$100K AFOSR/AOARD funds
Invested

2 Senior professors

1 Associate Professor

1 PhD Research Associate
3 M.S. Students

4 Presentations

4 Journal Papers

* International Exchange:

3 months in Japan performing
research (WoW—AFOSR/IO)

Japanese PI visited USA for 3
months at no cost

150 page Tech Report:

2-D Quasi-static Punch Experiment & Analysis

Mechanics models (1,2 & 3) for punch loading force
Analysis of rate and size effects

Model 4: Force Chain Stability Modeling

Confining forces PDFs

Problems with assuming fixed coefficients of friction

Propagation of forces in curved chains w/ friction

Special case where inter-granular friction eliminates need for confining forces
Estimate of minimum required coefficient of friction

Special case of granular contact with rigid surface
Estimate of minimum coefficient of friction as function of chain angle relative to wall

Dynamic Cylinder Impact Experiments & Analysis

Internal shearing layer and friction estimates
Observations regarding stability of false nose as function of coefficient of friction behavior

Generalized shearing model for granular, crushed material, and solid surface interfaces
Dynamic Sphere Impact Experiments & Analysis

Impact with glass beads
Impact with Eglin sand
Internal shearing layer and friction estimates

Tohoku University High-Speed Impact Experiment

General Techniques
Triboluminescent Techniques
3-D Sectioning & Mapping Techniques

Osaka University High-Speed Impact Experiment General Techniques
New Equipment Designs for Potential Collaborative Experiments

Osaka Gun Precision Container Catch Tank
Modular Particulate Material Container
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B ENDRHEEFEBAFFEDE T
MEASUREMENT OF HIGH-SPEED PENETRATION PROPERTIES INTO SAND

K. Watanabe!, K. TanakaZ, K. Iwanel, S. Fukumal, K. Takayama3, K. Kobayashi!
| Osaka University, ? Chubu University, * Tohoku University (E-mail: keikow@me.es.osaka-u.ac.jp)
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Collisions between geological materials and rigid bodies occur in various situations, which are = To establish experimental method and
excavation, construction, military application and asteroid impact. Accordingly, the impact and penetration data analyzing method
of projectiles in soil have long been studied extensively. However, for geological particulate materials such Investigation ltems
as sand, because the particle behavior is so complicated due to heterogeneity and instability of granular
media, there have been few experiments investigating the impulse loading of these media, and the = Behavior of ejecta
penetration propertes on them are less understood. = Relationship between impact velocity and
Dynamics of projectile penetration into sand depends greatly on the features of motion and state of peneiralion depth
the sand material at the interface with the projectie. Therefore, the goal of this study is to develop an * Fractured grain and its distribution
understanding of behavior of projectile during penetration, condition and distribution of comminuted sands * Pressure distribution
and pressure distribution in sand under the impulse loading and then evaluate the influence of impact = Behavior during penetration
velocity, initial porosity and particle size on behavior of comminuted sands. (Projectile trajectory, Penetration/ wave speed)

Vertical Powder Gun Target Box
Container A
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Broeciie sive crashed sand (bulk density > 2x10° kg/im?)
Body shape: Cylinder . ted ahead of projectie and vertical angle 2.
I (¢|5:25m} ] o around 60° as the velocity increases.

Nose shape: Fiat

o = & & N B N NS

SUMMARY

Dmlyz.smo'w ,///" .:; Sabot: Polycarbonate Some methods

Giass optical fiver was used to measure the penetration L
' speed of projectiie and the siow down history became clear. ..
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A study of penetration of a sphere into sand layer
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Jspan Associsnon for the Advincement of Medical Equpment, 3426 Moage, Buskyo-bu, Tekyo, 1130013 JAPAN
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Papers

‘havior Induced by High-Speed Penetration of Projectile

Watanabe, Koichi Tanaka"", Keisuke Iwane’, Syungo Fukuma’,
Kazuyoshi Takay *** and Hidetoshi Kobayashi®

S AL 1 Science and B Oraen Us

1-3 Machslane yama, Toyonaks, Osalos, 360.8331, Japan,
e-mpul keskow rme es osalos-u s gp
" Departmens of Mecharseal Enpineenng. Chubu Unsverssry,
" Instinge of Flmd Science, Tobokw Univeruty

prumary objective 1s establishmng tangble exp | methods and data
hods 1 order to grasp vanous phenomena, which were the behavior of
jectile, the penetration depth and speed of projectile, fractured grams and
istnbution, induced by high-speed umpact of projectile on sand. The plate
nents were conducted using vercal powder gun. The prncipal results are
& follows: Sands around the penetrated projectile were smashed to fine
jm or Jess like a potato stach. Circumferennial crashed sands were
ibuted and generated at impact velocity above 300 m/s. Comcal massive
was produced ahead ol'pto]«:nle and \mul angle converged to around
BTy The p P d at a speed about equal to the
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mions between geological matenals and npid bodies occur m vanous
ich are excavanon, construction, mubitary application and asteroad unpact
the 1mpact and penetration of projectiles in soil have long been studied
However, for geological particulate matenals such as sand, because the
ot 18 %0 I d due to } and bility of granular
have been few expenments wmvestigating the umpulse loading of these
Be penetranion properties on them are less understood. Dymanucs of
ttration o sand depends greatly on the features of motion and state of

nal at the mterface with the projecule
final goal of thus study is to develop an understanding of hhauot of
ing p ds and distnt of 1 d sands and

h:nonwuudm&zlhewpulw loading. As the first step, the prmary
ftablishing tangible expenimental methods and data analyzing methods m
vanous phenomena wduced by lugh-speed impact of projectile on sand.
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esses by Chains of Grains in High-Speed Particulate Media
Tmpacts

Diagnostics Engmneer, Aur Force Research Laboratory. AFRLRWMW,
V. Eglin Bivd Suite 135, Eghn AFB, FL 32542

pm x 16 mm) p were fired verncall (130-720 m's) imto scryhic
quartz Eglin sand  Decreasing container size increaved progectile drag and decreased
ptainer is within the projectibe’s svent borzon for at least 3 portion of penetration path
for communication between projectile and contaner. The particulste media fractred
s npd, comcal false nose on the front face of the propectile, but the fracrored medis
projectile diameters of the shot live. Jamumed grains (ie. mechanically-compacted, but
1o the fractured media, surounded by sconsally mitial-denuty grams. It 43 theorzed
th the container via stress chains in the ve-fractured grains which span the distance
and container wall The stress chain event horizon may be hmited by either mechamical
lmited stress wave speeds 1n the pariculate medis  Thas paper focuses upon the
wmnmmmmﬂwwmmm-mcmmum-ndawu
fugth and thereby the abiliry of il twrough the media

jtacabe 2010] conducted expeniments 10 observe the high-speed mpact of nght-cireular

face, polycarbonate body) with quartz Eglin sand (4 75-1.400 ym graims, dsg=400 pm.
0]. Projectiles were launched vertically downward and impacted the sand surface
bt 150-720 mys.  Propectile velocsties were meavured nung mduction locps and impact
M photography. Two containers were nsed: § 80 mm & 4 190 mm ternal disnseter,
Jepth did not vary spprecisbly with impact velocity, but was strongly affected by the
gmer wuze from 190 mm 1o 50 mm cut the penetration depth i balf as shows m Fug 1
phle communscates with the comtainer-.the stresses st the projectibe surface and the drag
[pontainer uze The goal of thus amalyus i 10 examune the mechamics that enable the
mtasner
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Projectile penetration depth as function of impact velocity
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Questions?
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