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Motivation
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Dynamic shear-stress vs shear strain-data for OFHC copper
at strain rates in excess of 10°/s and at test temperatures

ranging from 300°C to 700°C




Motivation (cont.)

Normal Shock Compression Plate-impact Experiments on High-purity Al
(Kanel et al. 1996)
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Anomalous growth in material strength under dynamic loading conditions
at test temperatures approaching melt




Challenges in Conducting Elevated
Temperature Plate Impact Experiments

* |ntroduce heating element in the impact chamber —

resistance/induction colil heating system.

= Modify target holder to allow for remote target manipulation and
alignment to account for differential expansion to maintain impact

parallelism between target and flyer.

» For oblique impact experiments need to utilize flyer and target
plates that will remain elastic over a wide temperature range.

= Need to extend combined NDI and TDI to elevated temperatures.
Need grating that can withstand elevated temperatures.

OUR APPROACH: Design experiments
such that the flyer plate on the sabot
represents the specimen -- heat the
flyer and not the target plate.
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3.25 inch single-stage
gas-gun

Remote tilt
adjustment

Target plate

r

N

assembly
R v Holographic
0 iuo 7\‘0 diffraction grating
e

Fiber-glass
projectile Thin foil metal Combined normal and
specimen transverse displacement

Ceramic target interferometry
holder and pins

heating coils



Investigate Dynamic Strength at Incipient Plastic
flow in Metals at Elevated Temperatures

Trigger and Tilt

.
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Dynamic Shearing Resistance of Metals Near their
Melt temperatures using Pressure-shear Configuration
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Modifications to the Gas Gun

High pressure chamber

3.25 inch dia
gun barrel with
key way

Extension to the gun barrel to
Incorporate the heater assembly



32 amp and 20 Volts for
1200°C operation

Heater with Linear and in oxidizing environment

Rotational degrees of freedom
-

Inconel heater
face with

s alumina

r filament mount

=
i
!

€

......

Proje_(;’»c*i\ié”“c’a“rrying,th_e*__;f»_lyer plate

and the specimen to be heated- Gun barrel with the
Keyway for conducting
Pressure-shear impact
experiments
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Projectile Design

Y

6.5 inches 3.5 inches

Constant Temp B.C. --1850 F
from resistance heater

Aluminum body
k ~ 240 W/(m-K);

Thermal expansion 13 p-strain/°C
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Alumina silicate -- Lava-rock (fired);
Working Temp 2000 °F; k - 2 W/(m-K)
Density ~ 3 Kg/m”3

Thermal expansion 1.95 pstrain/°C

Solid cylinder
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New Instrumentation for Combined Normal and
Transverse Particle Velocity Measurements
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Materials under Investigation

Magnesium (hcp) Aluminum (fcc)

Purity: 99.9% Purity: 99.999%

Melting point: 649 °C Melting point: 660.4 °C
Density at 20°C: 1.74 Kg m3 Density at 20°C: 2.7 Kg m™3

Quasi-static yield strength: 69 MPa Quasi-static yield strength: 10 - 35 MPa
Thermal exp coeff: 14.44 X 10 /°F Thermal exp coeff: 13.1X10° /°F

» Dynamic strength at incipient plastic flow at elevated
temperatures.

» Dynamic shearing resistance at elevated temperatures
and plastic strain rates in excess of 10°/s.



Magnesium 99.9% Purity
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Aluminum 99.999% Purity

Free Surface Particle Velocity (m/s)
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New Sabot Design to hold the Flyer Plate

Omega Bond

OB-300 Cement

> Service Temp
-- 982°C

> Air cure

> Strength

Tensile 3 MPa

Shear 5 MPa

Rupture Mod. 3 MPa

Alumina silicate

Ceramic screws (Alumina) Specimen holder (Inconel 718) Thermal Insulator (Alumina Silicate)

Specimen (High-purity A/Mg specimen) Projectile body (A1 6061 )  Cap (Al 6061)



