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The Dynamic Response of
Oxynitride Glass
by
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A.D.A., P.0.Box 2250 (24) '
Haifa,31021 Israel
and .
D. G. Brandon
Departinent of Materials Engineering
Tecaniocn, Israel Institute of Techavlogy

Haifa, 3200C, Israel
’,/7[{4»7'4 [& - /;//716/(/}/ 7

late impact eiperiments were performed on two grades of
oxynitride glass supplied by Dr. D. Messier, A.M.T.L., Watertown.
In-material manganin gauges were used to determine the dynamic
response of this material in the range ¢ to 12 GPa. In the high stress
range fhe measured stress signals showed that the transmitted waves

are copposecd of an initial el

[\)

stic jump followed by stress relaxaticn
and & subseguent "plastic" wave. The "plastic" transition occuared at

L
3.C+0.2 Gra for a 6.0 at.% nitrogen glass and at 1C.4+0.3 GPa for a
13.3 at.% nitrogen glass. Tuis behiaviour is characteristic of ductile
metals, but i3 seldoum ovuserved in yglasses. The Hugoniot curves for
both the above nitrogen comnpositions were determined in the range 0 toc
i2 CGra and their spall strength in this pressure regime was estimated

- Accennton bov
from the manganin gauge record. oo
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The dynamic response of brittle solids to impulsive loading has
been the subject of many publications over the past twenty years. The
review article by Davison and Graham1 discusses many of the important
issues in stress wave propagation for these naterials. It would
appear that a single, comprehensive model which could account for all
tiie observed features of impact behaviour is still lacking.

Tiie recent work of Kamel et al.2 on soda-lime glass and our own
resuits on borosilicate glass3 have shown that for shock stresses
exceeding the Hugoniot Elastic Limit (HEL) the spall strength is
ais is in contrast to the more tamiliar spall

signal which is observed in most metals.

Tiiis report presents preliminary enperimental results on the

Gynamic behaviour of two ouynitride glasses supplied by D. Messier

3

(alilL} . The Hugoniot curves of both glasses were measured and the
glass pf higher nitroge:n content was found to give the higher Hugoniot
slope for the elastic portion of the curve. Below the HEL the spall
strength of the iwo glasses was very similar and spalling was found to
occur at the impact pressure. The spall strength decreased to almost

zero with increasing shock pressure above the HEL.




W

U DESCRIPTION

The planar impact experiments were conducted In the 2.5 and 4.0
s . . 4,5 - .
inch gas guns described elsewhere . Impact velocities were measured
-1
to an accuracy of +0.5% and ranged between 100 and 7C0 m.s ~, which

corresponded to stresses in the range 2.5 to 12.0 GPa for a copper

The mnmanganin gauges (M.M. type LM-S53-125c¢H spb60) were previuosly

6,7
s

calibrated uncder both loading and unloading condition . The above

references aliso describe details of gauge emplacexment and data

re

o,

ecuction proceedures. 7Iile gauges are grid-lixe foils 0.5 um thick
deposited on 0.04 mm epoxy sheet. The gauges were either glued between
two plates of lapped ouynitride glass, as shown in fig. 1, or between

a single glass disk and a pouily(methyl-methacrylate) (PMMA) backing

plate, as shown in £fig. 2a. In the first configuration, designated

.

"o

in-material”, we obtain points on the Huygoniot curve, and from the
second“ "back-surface”, configuration we are able <to evaluate the
spali-strength and the HEL of tlie specimens.
The basic principles involved in measuring the spall strength_of
shocx-loaded specimens using - manganin gauges were described
: ,..8 . . : \ . fi A
previously and possible effects are shown schematically in £fig.2b.

This figure 1illustrates the expected behaviour for a zero spall

strength, for f{inite spall strength and for no spalling.




2.2 MATERIAL SPECIFICATIONS

: bl

Two types of onynitride ylass disks designated "a" "

a" and "b" were
suppliied by D. Messier. The disks were cut and lapped to achieve
p.anarity. The compositions have Dbeen published and the major
v s . . . 9
difference is in the nitrogen content” .

Elastic modulus and longitudinal sound velocity were characterised

by ultrasonic measurements. For type "a" glass the follwing data were

obtained:
Zlastic modulus (E) 145 GPa
Shear moduius (G) 56 CPa
Poisson's ratio (v} 0.29

Logitudinal sound

velccity {(C. ) G.3kn s
L
-/
—~ - ~
Seusity (5 2.7+ gm. cia.
A moare - . - .-
3 RZSULTS AND DIsSCUSsSICH

3.1 THE HUGONIQT CURVES

As' noted above, the Hugoniot curves were primarily determineg
using the "in-material" gauge configuration (fig. 1). The final stress
level, as determined from the gauge calibration curve6 and the
measured impact velocity, gives a single point on the stress-particle
velocily Hugoniot of the oxynitride glass. Copper impactors were
mainly used, since accurate Hugoniot data for copper are available in
the 1literature and it's impedance (density = longitudinal sound
velocity) is well matched to that of the oxynitride glass. In the
future we would like t¢ improve the accuracy by performing
symmetrical impact eixperiments in which the impactor is made from the

same oxynitricde glass as the specimeii. The e:nperimental Hugoniot




curves are siovill il £ig.5. These data also include a few of the
data pouints estimated using the "Lack-surface” specimen configuration.
As can be seen from the figure, thie higher nitrogen content glass
yives a&a significantly higher Hugoniot slope. This is in agreement
1 the higher elastic modulus of this material. The reduction in
siope of the Huyuiiut above thie respective HEL values of the two
materialis is also clearly evident.

The accuracy of the stress measurements in fig.3, as determined
frorm the gauge calibration curvese, is +2%. The error in stress
measurement is in effect larger than the error associated with the
Hugoniot curve assymmetry arising from the dissimilar impactor and
target materials. in the "back-surface” configuration with
assymineiricalil diapacts the error in Hugoniot stress determination is
greater and is estimated to be about +5%. In order to reduce this

error more specimens wWould be reguired for additional symmetric

(e}
¥

experinents in the "in-material" confliguration.

The elastic limit of the Hugoniot curve (HEEL) was determined fronm

1

the "Lack-sur

"

ace configuaration (£fig.2a). This configuration also

rt

permits an estimate of the spall strength to be made. A typical gauge

-

record is5 shown in fig.4. The stress jump to the elastic limit is

clearly visible, followed Ly strong elastic stress relaxation and a

slower, "plastic" wave. in £fig.5 & gauge record is given £for the

b

n-inaterial” configuration at a stress level below tine HEL. In this

case the initial stress jump is completely elastic.




The shwock velocity is determined Zrom the difference in transit

For tae type a" glass the calculated shock velocity was 5.3+0.2
- : . . . -1

m.s , which is in excellent agreement with the wvalue of 5.2 km.s

calcusated from the ultrasonic measurements and the elastic modull K

and G using the relations:

C =J ip
The HEL 1is determined from the accoustic impedance of the glass

(2. and PMMA (Z.) in the relation:

J,.., = {(IJ,+2 ‘eZ2,.0
HEL tegt=gli2=y-9g
where o_ is the measured elastic jump in the stress signal transmitted

to the ©MMA backing plate in the configuration. This
relation gave va.iues of HEL for types "a" and "b" glass of 9.0+0.4 Cra

- 1

spectively. These values are much higher than those

I

and 10.4+0.4 CGra re
- s . .. . .0 - - . . .
reported for soda-lime ¢glass (6.4 Gra). The dynainic yield stress can

ey

be esltliimaled from the HEL using the relation:

o
L

§+a55 we outalin a value of 5.3 G for the dynanic
yield stirenginh under uniaxial stress. The dynamic yield strength af
vst FCC metals is approximately egual Yto the static compressive
strengill. Compressive strength data on the oxnynitride glasses would

enavie tuls  conparisoi 1o be nade.




3.2 THE SPALL STRENGTH

The "bacxk-suarface" configuration shown in fig.2 can be used to
determine the spall strength, since when free surface 1is generated
inside the target during spallation part oi the relief wave
reverberates between this surface and the specimen, PMMA interface.
These reverberations are recorded by the manganin Jauge at the
interface and the spall strength is calculated f:om the amplitude of
the reververaticis. A similar approach has been used by Jolw 2 on

copper. The spali strength is estimated from the relation:

c ., = (Z,+v2,).22,.acC
spaii 1 72 A
where ac = .-G is the difference between the maximum and minimum

< 1

spai. rebound signals as illiustrated in fiyg.6
From the wvalue of &g Wwe can compute the spail strength Uuy
assuning that the Hugoniot curves are linear in the region of interest

ng the maaganin gauye callibration curve

(W

and us

7;1

¢ - - -

Or linpacl slieosscs weluw the HIL the srall sigihal reveroveration
resembies that for a metal such 4. copper. There was no significant
Sillerence in tho Lpall stiengths of the two ylasses, which decreased

o 0.8+4C.2 GFa to zero as the impact stress increased from 2 GPa to

ey Spe

r
m
=
r
t
=
v
i
3
v
v
«

Ltiiaii  Las Leen reported previously for alumina
or otlher ceranic armour materials. For e:ample AD-85 grade alumina was

S
<

found to have a mazxiium spall strength of 0.3 Gra .
The decrease of the spall strength to zero above the HEL indicates
that the materiai has disintegrated at this point. This was also the

. 13 s s
conclusion of Munson and Lawrence who recorded a negligible spall

strengtih for Lucalox samples shocked to above the HEL.




Tie shiock wave characteristics of oxaynitride glasses have been

Geternmined using manganin both the "in-material" and the

5
«Q
[
g
(9]
1]
(%]
v
ot

“Lack-surface” configuration to yield inlormation on tie state of the
materials under both loading and unlcading conditions. In particular
the Hugoniot elastic 1imit {(HEL) was fecund to be very high (3 to 10
Gra) with a high Hugoniiot sliope. The spall atrength was also found to
be hiigher than In wost ceramic aimour matsiials. Errors in the present
results were attiributed mainly tc material veariaclility from ocune sample
to anoctaer. Move accuvale measurments  will regquire additional

experiments In order to improve the data statistics

Ann adcitional feature was ailso observed in the stress signal
from the onynitride glasses wiich showeld that the elastic wave was

followed Dy stress relasatlion and a wave. More work will be
reguired in order to understand this behaviour. Although the observed

spaii strengtia was higher than that of muny brittle ceramics it was

still lower than that measured for commercial soda-lime glass.
Complele cl.aracterisation of these materials will reguire ore

eiperimenis in order to resolve the stress relaxation behaviour and to
lmprove the accuracy of the jlugoniot curve by the addition of more

erperimental points, especially in tlie range above the HEL.
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SHOCK WAVE
r—DIRECTION
SPE_CIMEN
PLATES MANGANIN GAUGE
Tig.1i Liameterial’ manganln gauge emUedled Letheen LWo ¢glass Lileo

IMPACTOR SPECIMEN

IMPACTY
— PMMA
! BACKING
%

GAUGE

{a)

ZERO SPALL STRENGTH
FINITE SPALL STRENGTH

o mmgBu

‘/‘1fi-NDSW&L

(b)

Fig.2 "Bacx-surface" configuration:

{a) Experimental sel-up.

(b) Schematic of gauge record showing effect of spalling.
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T
iy,

[#¥]

STRESS (GPa)

- Iy )

O 2 i A L i

. 1 | | L n
0 0.1 02 -03 04 05 06 07
PARTICLE VELOCITY (mm/S)

Measured hugoniot curves and eixperimental points for types

ey e

and "L" onynitride glasses,

" "
a




Fig.4 Typical gauye record for <the vack-suriace

above the HEL.

Fig.5 Typical gauge record for the "in-material" configuration below"

the HEL.




rig.c Schumatic illustration of spall rebound signal.







