
i · ,«;/ 

~/· ~ANOIA REPORT 
~Printed March 1982 

SAND82-0344 • Unlimited Release • UC-13 

Dynamic Shear Behavior of 
Alumina-Filled Epoxy 

Laurence S. Costin 

Prepared by 
Sandia National Laboratories 
Albuquerque, New Mexico 87185 and Livermore , California 94550 
for the United States Department of Energy 
under Contract DE-AC04-76DP00789 

. ' /. t 

SF29000(8-81) 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Issued by Sandia National Laboratories, operated for the United States 
Department of Energy by Sandia Corporation. 
NOTICE: This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States Govern
ment nor any agency thereof, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes any warranty, express 
or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or pro
cess disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States Government, any agency thereof or any of their 
contractors or subcontract~rs. The views and opinions expressed herein do 
not necessarily state or reflect those of the United States Government, any 
agency thereof or any of their contractors or subcontractors. 

Printed in the United States of America 
AvAiiAhiP from 
National Technical Information Service 
U.S. Department of Commerce 
5285 Port Royal Road 
Sprinefield, VA 22161 

NTIS price codes 
Printed copy: A02 
Microfiche copy: A01 

'. 



SAND82-0344 
Unlimited Release 

.---------DISCLAIMER--------, 

rhis book was prepared as on aa:ount of WOfk sponsored by an agency of the U~ited States Governme~t. 
Neither the united States Government nor any agency the_r~f: nor any of th~~~/mp11~~C:~ =~:: warranty expre!.S or implied, or assumes any legal hab•hty or respons• 1_11y , ; 
com tete.ness or usefulness of any information, apparatus, product, or proc_ess diSClosed,.~ 
repr~nts th~t its use v.ould not infringe privately owned rights. Reference herem to anv_ 5p~1hc 
commercial product, process. or service by trade name, trademark, ~anufacturer, _or otherwtse, _oes 
not necessarily constitute or imply its endOrsement, recommendatiOn, or favor~ng by th_e Un1ted 
States Government or any agency thereof. The views and opinions of authors exores.'iec1 hr.rP.In rln nnt 
necessarily state or reflect those of the Unhed States Government or any agency thereof. 

* Dynamic Shear Beha.vior of Alumina-Filleu Epoxy 

L. S. Costin ** 
Sandia National Laboratories 
Albuquerque, New Mexico 87185 

Abstract 
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DE82 013397 

Thin-walled tubular specimens of alumina-filled epoxy were loaded in 

torsion at a strain rate of approximately 103 s-l using a stored-torque 

Kolsky bar. In addition to measuring the time resolved shear stress and 

shear strain in the specimen, the axial stress generated by the dilation 

of the material during shear deformation was also obtained as a function 

of time. Tests were conducted at room temperature and at -60°C. At room 

temperature, a moderate amount of plastic deformation occurred before 

failure. Material dilation was associated with the plastic flow. At -60°C, 

there was a marked increase in failure stress over the failure stress at 

room temperature. However, little or no plastic deformation or dilation 

occurred before failure. 

* This work was supported by the U. S. Department of Energy (DOE) under 
Contract DE-AC04-76-DP00789. 

** . AU. S. DOE Facility. 
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Introduction 

Explosively driven power supplies are used in weapon systems to pro-

vide a one-time, high rate burst of energy to power neutron generators. 

These power supplies consist of a ferro-electric element encapsulated in 

an alumina-filled epoxy potting compound. A complete understanding of the 

dynamic response of the encapsulant is a very important element in developing 

a predictive capability for power supply performance. 

In this report, the intermediate rate dynamic behavior of an alumina-

filled epoxy potting compound is examined. Dynamic tests at a strain rate 

3 -1 of approximately 10 s were performed using a stored-torque Kolsky bar. 

Tests were conducted at room temperature and at -60°C. The purpose of 

these experiments is to add to the data base of material behavior under a 

variety of loading conditions and strain rates which can be used to verify 

a recently proposed constitutive model (1). This model has been very 

successful in describing previous shock wave results. However, for com-

pleteness, .the model should be compared to data generated by a variety of 

techniques and over a range of strain rates. 

Experimental Procedure 

Thin-walled tubes of alumina-filled epoxy, such as those shown in 

Figure 1, were loaded at a nearly constant strain rAte using the torsional 
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Figure 1: Photograph of specimens. 



Kolsky bar shown schematically in Figure 2. The specimens used in this 

test series were machined from a cylindrical casting of alumina filled 

epoxy. As shown in Figure 1, the specimens are thin walled tubes with 

integral f1anges at each end. The flanges are acoustically impedance 

matched to the Kolsky bars and are used for cementing the specimen in 

place. The nominal specimen dimensions are 4.0 mm gage length with a 

radius of 8.5 mm and a thickness of 1.0 mm. 

Since a complete description of the apparatus has been given by 

Lipkin and Jones (2), only a brief account need be given here. Referring 

to Figure 2, the sudden opening of the clamp at B releases the torque 

stored in the input bar between A and B. The torsional pulse propagates 

from the clamping·point and interacts with the specimen which is bonded 

between the input and output bars at point C. The wave interaction at 

the specimen results in a portion of the input pulse being transmitted 

through the specimen with the remainder being reflected back into the 

input bar. Strain gages at D and E sense the incident, reflected and 

transmitted pulses which are recorded with a digital oscilloscope. These 

time-resolved stress pulse measurements are then used to calculate the 

stress-strain history of the specimen. Using analysis paralleling that 

of Kolsky (3) for the compressional bar, it can be shown that the stress 

(T) and strain rate (y) in the specimen are related to the incident and 

transmitted torque histories, T
1

(t) and T2(t): 

T (t) ::: (1) 

(2) 
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(3) 

where r, 1- and h are the mean :radius, the gage length, and the wall thick-

ness of the thin-walled specimen, respectively (Figure 1). The product 

pJc is the torsional impedance of the elastic bars where p is the density, 

J is the polar moment of inertia, and c is the. shear wave velocity. The 

strain rate of the test is set by adjusting the magnitude of the input 

pulse T
1 

and the total strain to which the specimen i~ subjected is in

dependently controlled by adjusting the initial pulse length (clamping 

distance A-B). 

In addition to the ·shear gages used to record the incident and 

transmitted pulses, two sets of axial strain gages were also employed 

(Figure 2). As the specimen is loaded torsionally, it may tend to expand 

or dilate axially. In most brittle. materials this is due primarily to 

the nucleation and growth of microcracks. However, in alumina-filled 

epoxy, a second mechanism is also operative: al~~ina grains sliding 

over one another during plastic flow result in a dilation of the material 

a.s it is shea1·ed, Since the specimen is sandwiched between two bars, it 

cannot expand freely. Thus, an axial wave is generated by the inertial 

confinement force exerted by the ends of the bars. As the specimen begins 

to fail, relative rotation of the specimen ends is accommodatE;d by the 

formation of .large cracks. At this point, the response of the specimen is 

controlled by a mechanism wherein the saw tooth edges of the fractured 

tube slide over one another (4). This also results in an axial wave 

being generated, Thus, axial waves generated before failure are indicative 

of material dilation whereas axial waves accompanying failure are indicative 
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of a brittle failure mode in which large tensile cracks are formed a't 45° 

to the applied shear direction. Any axial waves generated during the ·test 

were recorded so that·· a comparison between axial and shear hehavior cou1d 

be made. 

In half of the tests a special set of end constraints was used. These 

end pieces are placed between the ends. of the bars and the specimen flanges. 

Their purpose is to decrease the axial stiffness of the bar system and, 

thus, allow the specimen to e~and axially with greatly reduced resistance. 

The end pieces are designed so that they have the same torsional impedance 

as the bar but are soft axially. It has been shown that reducing the -

axial constraint results in the specimen failing at a somewhat lower shear 

stress .due to the fact that axial loads are not present to help hol!d. 

fracture surfaces together (2,4). Thus, the use of the soft .end pieces 

helps to better define the pure shear failure strength in brittle materi~ls. 

To achieve test. temperatUres below nominal room te~perature, an in

sulated box is placed around the central portion of the bar system c·on-

taining the specimen. A controlled flow of liquid nitrogen is used to 

cool the specimen with the temperature being measured by a thermoc0uple 

attached to the specimen flange. The specimen is allowed to set at the 

test temperature for at least fifteen minutes prior to testing in order· to 

allow thermal equilibrium to be established. 

Results 

The results.of the Kolsky bar tests are presented in Figures 3 through· 

10 and are summarized in Table 1. Each of the figures presents the resul,ts 

of one test under the conditions given at the top of the figure. In each 

figure, three quantities are presented, each .as a function of the shear 
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Table l. Summary of Dynamic Test Results 

T yc T 
END -l c 

SPEC# COND. oc s yc MPa 

l FIXED 25 4oo 0.052 108 

2 FIXED 25 550 0.060 ll4 

4 FIXED -60 150 0.030 134 

5 FIXED -60 370 0.025 136 

6 SOFT 24 480 0.030 105 

7 SOFT 24 500 0.040 107 

8 SOFT -60 200 0.028 140 

9 .SOFT -60 150 0.035 130 

Note: T ' 
. 

andy the stress, strain rate yc are c c 
and strain at the failure point. 
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2-0 

strain in the spe.cimen: shear stress, shear strain rate, and the axial 

.·.stress in the specimen tube (measured at two different gage stations) 

resU:lting from.dilation and failure. 
. . . .·. . ·.· •: . o: 
In the tests at 25 C.with the standard bar configuration (fixed ends), 

·the deformation is nonlinear after about 30 MPa shear stress (Figures 3 

·and 4:). ·Axial stress begins to build up at about 0.025 strain, well before 

the peak shear stress is achieved at 0.05 shear strain. This indicates 

that the·specimen is.trying to expand axially while being deformed in 

shear. At 0~05 to 6.06 strain there is a sharp drop in the shear stress 

··indicating that bri.ttle failure is beginning. Because of the axial stress 

imposed by the end conditions, the shear stress does not drop off as 

rapid~ as one would expect for a brittle failure. Comparing Figures 3 

artd4 with·7 and 8, it .is apparent that the end conditions have some effect 

· cin the . shear stress~shear strain behavior. With axially soft ends, the 

·specimen can expand to a certain extent before axial stress begins to 

build .. This: results. in failure beginning at a somewhat lower strain than 

with fixed end conditions. (Table 1). In addition, the failure stress is 
. . . . 

slig~tly reduced wh~n the axial constraint is lessened. Note that in 

: Fig1lres :7 and .8 the axial. stress is not detected until failure occurs . 
. ·· . . . 0 . 

. The.tests ccir1ducted at .;.60 C (Figs. 5, 6, 9 and 10) show a marked 
. .. . . ... · ... 

· . in.creasE: in· failure .stress. over those at 25°C as well as a more nearly 

li~ear.behavior.upto-~he. failure point. Even with the fixed end 

conditions, axial· stress was not detected until fail,.ure. 

The.dominant faiiu.re mode in all tests was brittle fracturing. For 
. . . .. 0 

the .tests.at 25 c,·a plastic bag was placed around the specimen so that 

the pieces. resulting from the fragmentation of the specimen could be 

collect.ed. Fie:;ure 11 shows the post-test condition of specimen #1. The 



Figure 11: Post-test photograph of specimen #1. Fragments of the specimen 
gage section are in the foreground. 

fracture surfaces on the remaining portion of the tube still attached to 

the flanges have a characteristic saw-tooth appearance. This arises because 

the principal tensile direction is at 45° to the tube axis. Thus, even 

though the tube is deformed in shear, it fails along planes of maximum 

tensile stress. Failure at -60°C occurred by the same mode except that 

there were far fewer fragments (Figure 12) indicating that the fracture 

propagation velocity is greater at -60°C than at 25°C. A greater crack 

vP.l.ocity allows cracko to intersect lllu1·e quickly resulting in fewer and 

larger frAgments. 
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Summary and Conclusions 

Dynamic torsional tests were performed on thin-walled tubes of 

alumina-filled epoxy at two temperatures, 25 and -60°C. The nominal 

3 -1 shear strain rate during the tests was approximately 10 ! At room 

temperature, a moderate amount of plastic deformation and dilation was ob

served to occur prior to failure. At -60°C, the failure strength was sig

nificantly greater than at 25°C and no dilation prior to failure was 

observed. The failure mode in all tests was fracturing along planes of 

maximum tension at 45° to the specimen axis. 

Figure 12: Fbst-test photograph of specimen #4, tested at -60°C. 
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