' T R T g%
Hypervelocity Impact Phenomena N A A

Jon Tandy1 Jon Mlha|y, Marc Adams, Ares Rosakis National Nuclear Security Administration

Velocimetry Small Particle Hypervelocity Impact Range (SPHIR) Debris Capture Pack

Stack of alternating foam _
plates and plastic films Light Box

Photron Camera | [ Y - il L ; | i i Two-Stage Light Gas Gun

150,000 fps -- t = . - Impact velocity: 3 —10 km/s
i Target chamber: Imx1mx2m

Chamber pressure: 1 — 50 Torr

6” x 6” aluminum 6061-T6 targets Computer

Camera FOV Ad sty p— i spheres > 2 —3 km/s " i N , ’

.
. s g , 5.5 mg nylon 6/6 =
Shot Line 41 - \E : . = i i Archi
i = cylinders > 5—10 km/s \@ts A RN Architectural Foam
A e/ : : (1) X-Y position of debris particle perforations
3.6 mg nylon 6/6 e’ /- SR/ - Inexpensive on each film [dispersion of debris]

spheres > 5 -6 km/s L T ) highly elzln%in?ered (2) Size of debris particle perforations [debris
(controlled ptys) particle size]

(3) #1 combined with film distance from target

perforation site gives debris particle direction

. . ‘ e Fle and penetration path length in foam [related to
Mirror ® . ' S = - ~ mass & velocity of debris particle]
: . ' : ' : —_— " | ; Film sheet (4) Recovery of debris material from
after test selected tests

0.7 Target D63
06 Thickness =0.5mm

05 Impact Speed =5.74 km/s
0.4

0.3

0.2

0.1

0.0 I l = = - - —_

6 7 8 9 10 11 12
Radlal Dlstance from Average of P1 (cm)

Opaque plastic film Measurements

Perforations measured in 1 cm annular rings

30

Number of Holes / cm 2

Impactor plasma “streak”

Target D88 —— @PpPl
Thickness 1.5 mm m P2
Impact Speed =5.45 km/s OP3
-~ mP4

H PS5

Impact flash expansion

Number of Holes / cm 2

Impactor ionizes atmosphere, producing a plasma sheath Lo -

. . _ 2
Impact speed determined by tracking the plasma sheath __ 3 : 2 ot S 8 1 8 8 1011 12

Laser Side-Lighting Shadowgraphs T s PG . IR Imaging and UV-vis Spectroscopy

Coherent ¥ : Al S RN - 2 o YR P % Vimpact = 6.05 km/s

\ Verdi V6 " ’ gt et B ~
Free Beam i AR S Tkl o B o texposure - 2.0 us

Expander 1 & & LN e | : ﬂ i o T impact + 12.3 ys
i sl LR Y R (LW ' iy S AT TR T (Artificial color added)

| Beam Impactor = Nylon 6/6 cylinder

Expander 2 Impact velocity = 5.45 km/s

& Target thickness = 1.5 mm
CORDIN 214-8 Camera | Chamber pressure = 1.0 Torr

Acton SP-2560 spectrograph

Infrared Imaging Camera (OMA V) - 500 mm focal length (0.05 nm resolution)

- Liquid nitrogen cooled InGaAs detector - All components operated by integrated
array computer control software
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