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SHOCK WAVE RESFONSE OF YTTEREIUM GAUGESD

UPTO 20 KEBARS

INTRODUCTION

In this repaort we have compiled &0

he results of  our
dynamic loading and unlioading experiments on yiterbium
frile. The Yh foile were oriented parallel and perpendicu-
lar *to  the shaock +$ront. These dynamic experiments have
sarved as the hasis of our snalyvtic work on viterbiuom.
These results provide information for the Yo foils without
the complications inftroduced by using a gauge package. We
have taken special care to characterize the foils and used
an experimental configuration that can be easily analvzed.
The results presented here will be of intersst to others who
may wish te analvze these data or to those workers wha may
want  to know the experimentzal resulits in detail to compare
with their own results. This report mavy be viewad az  an

Appendix  to owe  paper  to be pubklished in the Jownal of
Aoplied Bhysics (17,

The infaormation presented here i1s intended to be com-
nlete as far as the sxperimental assembly and results are
concerned. No attempt is made to analwze the data in this
reporkt.

SUMMARY OF EXFERIMENTS AND RESULTS

The gauges were cuh into a fouwr terminal contigu
from S0 uwm  (nominal  thickness) witerbium sheetsz
ambedded in a FMMA matrin (Fig. L1li. The embedding was
By machining closely matching grooves in the FHMA
the gauges into the grooves using Hysol 213 adhesi
lapping  the suwfaces so that the gauges wers flushad
tihe PMMES surfaces, and then gluing the othsr- FMMa ol e
these surfaces. The embedded gauges had two hrimn*aimns_“

orne parallel to the shock front and the other perpendicular
to the shock front.

The superiments were performed using the 2 172 inch gas
aun  at  ouw  laboratary. PHMA was uwsed as the impactor
material and the impactor thickness was chosen fto permit
complete unleading of the longitudinal stress in the matrix
at the gauge site. The duraticn of the sguare wave stress
pulses were 1in the 1.5 - 2.0 ys range The longitudinal
strecsses in the targets were obtained fram axpaerimental
stregss-particle velocity data for PMMA (43, g
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The gauge signal recording svehtem used wasz similar +o
that used by Keough (5) (Fig. ZA). A constant current power
zupply (Fulsar Model Z01) was used. Figure ZB  shows the
recording  system for measuring low resistance change sig-
nal=s. Th15 BT et gmnmratee higher cwrent through the
gaLge, gsulting in  higher veoltace signals. We used this
system Fer the shots at 1.2% and 1.85 kbar.

‘A representative  record  showing vialtage davel oped
aciroEs  the gauge iz given in Fig. JFa. This record can be
reduced to the one showing gauge resistance change asz  a
function of time (Fig. Zhi.

For each gauge in all the shots a dual beam oscillo-

scope was  used to register  the gauge records—-—gne beam
registered the voltage versus time porofile and the other
registered the voltage change (due to stress) as a functicn
of time. In the Appendix, we have given detai ar all the

ls #
shock experiments and experimentally measured profiles.

From the resistance change profiles we determined the

peak resistance change ratio (SR/R)) and the residual
resistance. change ratio (8R)/(R) corresponding to a given
peak longitudinal stress, This procedure is used for both
longitudinally and laterally oriented gauges. The expsri-

mental data are summarized in Table I. The plots P(ﬁRJ/(R]
as a function of longitudinal stress +or both orientas

ticns show  that (SR)/(R )J values increase parabolically
with pesbk longitudinal mm+ x :trese above £ kbary and, A
evpected, the (5R)/(R)J eak Vvalues for longitudinal gauges
lie higher than those for lateral gauges,

But, below Z kbar the resistance change is niaher +faor
lateral gauges, although the lateral matrix stress iz 1ower
than the 1nﬁglfud1m31 stress (Fig. 4). Thiz result i= copn-
trary to the empirical wsage of the gauges, and confirms
theoretical prediction (&).

Initially, the residual resistance chanae for beoth
arientations increases with the peak loading stresses (Fig
21, These resistance values however, saturate at about 3.
kbar for longitudinal gauges and at about 11.46 khar for the
lateral gauge.

Auoust 1R TEAEN



Acknowl edgements

e thantk H. Johnson for  his assistance in
this report.
Smnietr 183 1




Gupta; 5. C. and Bupta, Y. M. (to be published),

These viterbium sheets were sup
cal Corporation; Fhoe g

The mechanical impedance of Hyvsnl 815 is verv close  +o
that of FMMA. :

Barker, L. M. and Hollanbach, R. E.. J. @pgl. Fhysics
4L, 4208 (1970). .

Keough, D. D., Stanford Reserarch Institute Feport, AD
QIFIET (1968) . '

£

2

[

G
i

™
i+
]
=
=
I

¥

e
—
T
o
in
I
1ji
it
5
e
I



TABLE T SUMMARY OF EXPERIMENTAL DATA

Longitudinal Gauge Lateral Gauge
SHOT NO. PEAK STRESS SRR, I seak SR/R I\ osidual SR/Ry | peak SRR | vesidual
82504 5.4 0.37
82506 6.5 0.53 10.09
83505 C11.5 1.1 0.15 0.66 0.23
83510 8.4 0.74 0.15
83511 1.85 0.092 0.033 0.098 0.023
83512 1.25 0.042 0.010 0.072 0.014
83521 3.6 0.23 0.060 0.17 0.045
83522 15.1 1.62 0.15 1.06 0.22
83525 7.4 0.62 0.12 0.38 0.11
83526 18.3 2.15 1.31° 1.53 0.78%

%In this experiment fused silica impactor: was
to the first unloading step.

used; SR/Rulresn values for this experiment

correspond



Direction of shock propagation
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Fig. 1. Schematic view of the PMMA matrix containing the gauges.
(a) dimensions of the typical ytterbium gauge.

(b) for longitudinal gauges, labeled 1 and 2, the gauge surface
is parallal to shock front; for lateral gauges, labeled 3 and 4,
the gauge surface is perpendicular to the shock front.

"(c) final PMMA assembly.
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Fig. 2. Electrical circuit for gauge signal recording system.



SR

voltage

time
(a)
of
g R
Rolpeak
F&r
R | .
1 0'residual
time
(b)

Fig. 3. (a) A representative gauge voltage versus time record.

(b) The corresponding resistance change ratio versus time record.
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APPENDIX

In this appendix we give the details of each experiment and
the experimentally measured profiles.

For each experiment we have given a table listing the important
experimental parameters. Following the table are given the plots of
measured resistance change profiles for every gauge. In these
plots the term "longitudinal gauge" refers to the gauge oriented
parallel to the shock front and the term "lateral gauge" refers

to the gauge oriented perpendicular to the shock front.






Shot Number: 82-504

Projectile Velocity: 0.296 mm/us

Shock Stress: | 5.4 kbar

Impactor Material: PMMA

Impactor thickness: 5.08 mm

Gauge Depth in PMMA Matrix: 5.57 mm

Gauges Embedded in PMMA Matrix: Two longitudinal ytterbium gauges
Remarks: Unloading response could

not be recorded.
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Shot Number:

Projectile Velocity:

Shock Stress:

Impactor Material:

Impactor Thickness:

Gauge Depth in PMMA Matrix:

Gauges Embedded in PMMA Matrix:

Remarks:

82-506

0.352 mm/psec
6.5 kbar
PMMA

3.02 mm

6.44 mm

Two longitudinal ytterbium gauges

The results from two gauges
agreed within 0.2%. The
viscoelastic effect in PMMA

was observed. To reduce the
effect of viscoelasticity on the
resistance change profile of the
gauges, it is better to bring
the gauges closer to the impact
surface.
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DELTR R/RO

0.75

0.50 }

0.25 1

0.00

SHOT 82506 Yb LONGITUDINAL (2)

0.0

1.0 2.8 3.0 4.0

TIME (mlcrosecondsl

5.0
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Shot Number: 83-505

Projectile Velocity: 0.615 mm/usec
Shock Stress: 11.5 kbar
Impactor Material: PMMA
Impactor Thickness: 2.99 mm

Gauge Depth in PMMA Matrix: 0.5 mm for lateral gauges
0.96 for longitudinal gauges
Gauges Embedded in PMMA Matrix: 4 ytterbium gauges-—

2 longitudinal and 2 lateral

Remarks: For one of the gauges (longitudinal}
the length of the leads was reduced
to 7.4 mm as compared to 13.7 mm
for other gauges. We found that
the lead length has no effect on
gauge response.
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Shbt Number:
Projectile Velocity:
Shock Stress:
Impactor Material:
Impactor Thickness

Gauge Depth in PMMA Matrix

Gauges Embedded in PMMA Matrix:

Remarks:

83-510

0.45 mm/us

8.4 kbar

PMMA

2.95 mm

0.96 for longitudinal gauge

1.0 for lateral gauge.

4 gauges

one longitudinal ytterbium, one

lateral ytterbium; one longitudinal
manganin and one lateral manganin

We did not obtain resistance
change profiles for lateral Yb
gauge because power supply

- did not work.
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Shot Number: . 83=511

Projectile Velocity: 0.114 mm/us

Shock Stress: 1.85 kbar

Impactor Material: PMMA

Impaétor Thickness: 2.95 m

Gauge Depth in PMMA Métrix: 0.99 mm for longitudinal gauge

1.0 mm for lateral gauge
Gauge Embedded in PMMA Matrix: One longitudinal ytterbium and

one lateral ytterbium

Remarks: Current source giving a higher
current (v 9 amps) was used
for these gauges; the electrical
circuit is shown in Fig. 2b.
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Shot Number:

Projectile Velocity:

Shock Stress:

Impactor Material:

Impactor Thickness:

Gauge Depth in PMMA matrix:

Gauges Embedded in PMMA Matrix:

Remarks:

83-512

0.074 mm/usec

1.25 kbar

PMMA

2.95 m

1.0 mm

one lateral ytterbium and

one longitudinal ytterbium

Current source giving a higher
current (v 9 amps) was used for
these gauges. Electrical circuit
is shown in Fig. 2b.

Width of the gauges was«48 mm (compared
to about 1 mm for the gauges in other
shots).
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Shot Number: 83~521

Projectile Velocity: 0.202 mm/us
Shock Stress: 3.6 kbar
Impactor Material: PMMA
Impactor Thickness: 2.95 mm
Gauge Depth in PMMA Matrix: 1.0 mm
Gauges Embedded in PMMA Matrix: 2 gauges

one lateral and one longitudinal

ytterbium.
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Shot Number: 83-522

Projectile Velocity: 0.788 mm/us
Shock Stress: 15.1 kbar
Impactor Material: PMMA
Impactor Thickness: ) 2.84 mm
Gaﬁge Depth in PMMA Matrix: 1.01 mm
Gauges Embedded in PMMA Matrix: 4 gauges

one longitudinal and one lateral
ytterbium; one longitudinal and

on lateral manganin

Remarks:
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Shot Number: 83-525

Projectile Velocity: 0.398 mm/us
Shock Stress: 7.4 kbar
Impactor Material: PMMA
Impactor Thickness: 3.048 mm
Gauge Depth in PMMA Matrix: 0.955 mm
Gauges Embedded in PMMA Matrix: 4 gauges

one longitudinal and one lateral
ytterbium; one longitudinal and

one lateral manganin.

Remarks:
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Shot Number:

Projectile Velocity:

Shock Stress:

Impactor Material:

Impactor Thickness:

"Gauge Depth in PMMA Matrix:

Gauges Embedded in PMMA Matrix:

Remarks:

83-526
0.605 mm/us
18.4 kbar

Fused silica

6.35 mm

0.96 mm

4 gauges

one longitudinal and one lateral
ytterbium; one longitudinal and one

lateral manganin.

This experiment was designed

to study step unloading response

of the gauges. Only one step could
be observed before the gauge was
brokent by rarefaction waves from
the edges.
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DELTR R/RO
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GRUGE VOLTAGE (volts)
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GRUGE VOLTAGE (volts)
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