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 Background

« Kolsky bar techniques for dynamic characterization of materials
« Challenges in dynamic high-temperature diagnosis (current techniques)
« Additional challenges in dynamic high-temperature diagnosis on thin
Iridium specimens
* Modifications

« Dynamic high-temperature characterization of iridium
« Experimental procedure
« Diagnostic uncertainties

« Experimental Results

« Summary
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Kolsky Bar (Split Hopkinson Bar) ) i,
Techniques
—> e s imen Transmicsion Bar . u, —u, Cb (g__g _gt) . :JZS(T)dT
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m Kolsky bar for high temperature compression test

m Heat specimen and bar ends 2y
= Hot specimen g
m Thermal gradient in the bars jj:ﬁ
m Heat specimen individually %‘232
m Hot specimen ; "
m Cold bars £ I
T

Temperature C)
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Current High-Temperature Kolsky

Compression Bar Techniques

m Hot Specimen/Cold Bars

m Heat transfer
m  Specimen temperature drops
m Bar temperature increases — thermal gradient in the bars

m Cold Contact Time (CCT)
is the time during which the “hot” specimen stays in contact with

the “cold” pressure bars until being dynamically loaded
m should be as short as possible

m ~ milliseconds
_ 1. INITIAL POSITION TR MU OHpE—
E Inu.-r £as /lﬁ "']'-_?I' Furnace Motmentum Trap Bar
a pii ey B
H 2 g 32 “ r}i» . 'Krmmhﬂmi Bar \ Pushing j‘;‘;ﬁsm
= ZZ 0 W
Povcomonm . \|3 e E3 ~\: SN —1 5
& Yo =g —— — —
8 gt it \_Sp ooooo
RRRRRRRRR oL N Bar stopper
SPOT HEATER 5 E Sensor
/\ ﬁ; v 2. FINAL POSITION .
a g3 -— L1 I _ 1
| OUTPUT BAR ’ INPUT aanl J PROJECTILE 3, TESTING STEPS /\ =
— |
/ § L -— f @ ’> | Mowe the speciimen (‘ Cj __J
paPERSTOP  STECIMEN |3 1 Move tie | [ [\&/] out from the furac J_
2 BAR ACTUATOR Shaar the striker, spect “E" |Oi I (- 165 ms ) Push the bars i conla
% (SECTION VIEW) V= (5...40) mis, < i specimer,
a = (55..440) ms. -‘Ufmcc- | {1~ 50 ms).
= o
(Follansbee et al.) (Ramesh, et al.) (Kuokkala et al.)
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Kuokkala’s High-Temperature Kolsky ()&=,
Compression Bar

STEP 1: Sample moved -0 “urnace

STEr 2: Sample removed from “urnace
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Additional Challenges for High-Temperat{pé&:.
Kolsky Bar Testing of Iridium

m Small/Thin Iridium Specimen

m  Temperature drops very quickly when the specimen starts in contact with cold

pressure bars
1200

1000 '\\
800 \

400 \

\\“‘*-_.

T T T
0 0.001 0.002 0.003 0.004 0.005 0.006

-=—|ridium Temperature

Centerline Temperature (C)
0)}
o
(@]

Time Since Contact(s)

m High strength at high temperature
m High-Temperature Lubrication 6




Modified Sandwich Specimen Structures
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SEG Graphite
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Very high temperature .
nonporous alumina ceramic: Alumina Platens

96-99.8% Al,O,

1C

/

Inconel 625 tube
Specimen

Lubricating Ability Versus Temperature in Air

Z’ X
N

Lubrication *

Temperature (°C) 0 100 200 300 400 500 600 700 800 900
Temperature (°F) 0 215 395 575 750 930 1110 1290 1470 1650

* 1/Coefficient-of-friction 7

M Graphite I
M 5EG Super Enhanced Graphite
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Experimental Setup and Procedure




Compression Test at 1000 s-1/750C )

Iridium #28
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Diagnostic Uncertainties
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(Effect of Alumina Platens)

Engineering Stress (MPa)

Modulus, £ (GPa)

300

=~330 GPa@ 750c Wave (mechanical Impedance): peor \/ﬁ
Alumina: 3.6x107 kg/m?/s @ 750C
3.5x107 kg/m?/s @ 1000C
« Steel bar: 4.0x107 kg/m?/s (RT)

=~315 GPa @ 1000C
Density: 3875 kg/m3

Mechanical impedance mismatch is insignificant

2500

Temperature, T(°C)

@ 30% strain ¢ = 2400 MPa F =17000N

2000

1500

1000

500

—— 1000/s (750C

Iridium #28

Alumina platens o =60MPa &=0.00018

6 =0.00018x19.05x2=0.0069mm

o

~ 0.0069

ot

............ 0.65

Engineering Strain
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Diagnostic Uncertainties

2500 Safa & Gary, 2010:
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Engineering Stress-Strain Curves ) .
at Different Strain Rates and Tembperatures
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12
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Improved Modeling with Dynamic Data

(by courtesy of John Bignell)

4.0

Rate Multiplier

1.0

Rate Multiplier vs. Strain Rate

Calibrated Rate Multiplier, 750°C

- B -Test Data, 750°C at 20% Strain

1.0e-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05

Strain Rate (1/s)
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Summary

« Kolsky compression bar (split Hopkinson pressure bar) has been
properly modified to characterize Iridium in compression at high

temperatures
* Key Issues
* Heat transfer from specimen to the bars
» Uncertainty/error analysis
* High ductility and strength of Iridium at very high temperatures
* High-temperature interface lubrication

* Dynamic compressive stress-strain curves of iridium have been
obtained at

» Different strain rates (~400, 1000, 3000, 10000 per second)
* Different temperatures (750 and 1030 C)

« The compressive response of iridium is very sensitive to
e Strain rate

* Temperature 15
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