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BUREAU OF MINES INSTRUMENTED IMPACT TESTER
Preliminary Studies
by

K. R, Becker,! C, M. Mason,? and R, W, Watson?

ABSTRACT

The addition of a force gage and a reaction detector to the Bureau of
Mines drop-weight impact apparatus made it possible to examine the details of
the force exerted on the specimen and make estimates of the time to reaction.
With the current setup the force was found to be oscillatory and not reproduc-
ible. However, single well-defined pressure pulses can be delivered to the
explosive sample by modifying the drop-weight tools. With a modified test
arrangement, the time to reaction and the peak force and energy at the time of
reaction were determined as a function of drop-weight height for several dif-
ferent explosives. All these parameters were found to decrease as the rate of
force application was increased. The same parameters were also found to vary
with the thickness of the test sample. The implications of these results are
discussed in terms of practical drop-weight testing.

INTRODUCTION

, For many years, the impact test has been one of several techniques used
to determine explosive sensitivity. This test has provided a useful index
having practical value; however, it provides only an ordering of the sensitiv-
ities of a series of materials and, because of a lack of standardization® in
apparatus design and test conditions, comparison of results from different
drop testers in terms of drop height, kinetic emergy, or on some other basis
has never been satisfactory.

Many suggestions have been made in favor of extending the interpretation
of results beyond the recording of drop heights. Suggestions ranged from com-
plete standardization in the design to some type of instrumentation to measure
useful quantities that could be used as a basis for comparison of results. An

1 Research physicist.

®Supervisory research chemist.

3Research supervisor.

“Walker, G. R. - The Technical Cooperation Program, Manual of Sensitiveness
Tests. Can. Armament Res. and Devel. Establishment, Valcartier, Quebec,
1956, 152 pp. i



interesting apprecach, using Kistler® force gage instrumentation, was developed
by Smith and Richardson.® They found the gage reliable in providing a force-
time history of the drop-weight event but determined that neither impulse nor
energy measured by the gage was sufficient to provide complete characteriza-
tion of a sensitive material and that a rate term was needed.

This investigation, using force-gage instrumentation, was undertaken to
determine the effects of the drop-weight test parameters on force-time pro-
files (force pulse) and the relation between force pulse and the initiation of
explosives. The report is presented in five sections: (1) Theoretical, in
which expressions for maximum force and rate of applied force (input rate) are
developed in terms of pertinent drop test parameters; (2) interpretation of
force-time profiles; (3) experimental apparatus; {(4) experimental studies; and
(3) discussion and conclusiomns.

THEORETICAL CONSIDERATIONS

Several details of the principles dealing with elastic collisions and
forces are pertinent to the studies. The drop-weight test system treated is
one where energy from a falling weight (m; ) is transferred to a stationary
intermediate weight (mg) in contact with an anvil of essentially infinite
weight (my;). The sample is placed between mp; and m;. The treatment may be
divided into two parts: a collision between m; and m; and, subsequently, one
between my; and m,. Force expressions are developed for the latter collision;
under some circumstances, significant forces may be delivered to m, as a
result of further interactions between the three masses. This phenomenon will
be discussed in the experimental section. ‘

For any elastic collision between two masses my and my having respective
velocities of v, and v, before impact, the respective velocities V, and V,
after collision can be calculated from the conservation of momentum

m V3 Fmp Ve my V, +mg Vo (L

~ and energy m Ve rmpvE = my VW mg VS . 2)

Dividing equation 1 by equation 2 shows that the relative velocity of approach
of two bodies before collision is equal to the relative velocity of recession
after collision:

= VE -Vl . (3)

VI -V2

5Trade names are used for convenience and do not imply endorsement by the
Bureau of Mines.
®Smith, D., and R. H. Richardson. Interpretation of Impact Sensitivity Test

Data. Pyrodynamics, v. 6, 1968, pp. 159-178.



The coefficient of restitution {(e) is a measure of departure from perfect
elastic behavior where

T Y | (%)

vy -V

When the collision is perfectly elastic, e = 1; when e = 0, the collision is
perfectly inelastic and the two bodies adhere and move as one body after col-
lision. In most collisions 1 > e > 0.

Applying these principles to a drop-weight tester where a fal.ling drop
weight (m ) impacts a stationary intermediate weight (my;) along a straight
line, the velocity (V;) of mg; after impact, assuming e = 1, is

v, = 2 mvy , (5) "
m ot Mg
where v, =/2 g h,
h = drop height for m,
and g = constant of gravity.
The velocity of m after impact is
V, = Vz-v; . ‘ (6)
The kinetic energy (KE;) of the intermediate weight after impact is
(KEg) = 1/2 w8 = *"2 ™ 8 1 )

(m + mg)?

Several useful concepts deducible from equations 5, 6, and 7 are as
follows:

a. When my < m , the direction of both masses immediately after impact
is toward the anvil; oscillatory inputs are possible in this case.

b. When my > m , the direction of my is toward the anvil while m, under-
goes an immediate rebound.

¢c. Vz is proportional to /1.
d. V, - 2 v, (its maximum velocity) as my — O.

e. (KE;) = m g h when my = m;; thus, all of the kinetic energy is trans-
ferred under these conditions.

The kinetic energy transfer efficiency for various mass ratios (R) of m and
m; is shown in figure 1; the mass ratio is taken so that R < 1, and the
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KINETIC ENERGY TRANSFERRED, percent

| v percent transferred is the
same for equal values of R.
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These concepts provide
useful information as to the
kinetic energy transfer
efficiency in the first
impact phase; they also
indicate the direction of
the drop weight after the
— first impact phase, which
provides perspective on the
— possible role of the drop
weight in future interac-
tions, and they specify the
state of the intermediate
weight which is about to
engage in the second impact
7 phase--that between my and
the anvil m,.
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i Assuming perfect elas-
tic behavior in the second
05 0 impact phase, the collision
MASS RATIO, R between the intermediate
weight (my) and the anvil
FIGURE 1, - Kinetic Energy Transfer Efficiency for Various of infinite mass (my) may be
Mass Ratios of the Impact Tools. visualized as an elastic
compression of the two com-
ponents with the force reaching a maximum value when all the kinetic energy
(KE;) of mp, is stored as elastic energy. The elastic energy is then released,
the force declines progressively, and my rebounds with velocity -V, (equal but
opposite in sign to the approach velocity). The energy transfer efficiency is
zero since no kinetic energy is transferred to the anvil (m;).
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The forces generated in this collision can be described by considering
the problem of a mass subject to a linear resistive force:

F=-kx x = position of mp
(at” impact, x = 0)
k = elastic constant (8)

Since this type of force produces simple harmonic motion, the solution of
equation 8 in the special case where t = 0 when x = 0 is x = A sin w t. The
force is then



F=-kAsinwt ' t = time :
2 m £ yhere £ = fre-
quency of oscillation

A= I”gig where E is the

total energy of the
oscillator - 9)

b=
n

The quantity E depends on initial comditions; it is.the kinetic energy
(KEz) of the intermediate weight at impact:

F=-/2%k (KE;) sin w t . (10)

Equation 10 shows that the force = O,“when t = 0 (at impact); it

where T is the periocd of a complete cycle of oscillation:
Foax = - V2 k (RE) . (11)

. . L. . N . S m
The time to maximum force can be specified By considering 7 = 2 T[Jti , Where
T is the period for a simple harmonic oscillator. From the fact that in this

: . - - T
case the force level went from zero to maximum in the time —,

_ 4
t =£=§./Zz, (12)
where t; = time to maximum force
and my = mass of intermediate weight.

The average rate of applied force can be obtained by dividing equation 11 by
equation 12:

Fmax -k S(KEB)

Average rate = € = ——;;*—. . (13a)
: _ 2 mwv, . '
Since (KEz) = 1/2 myV3 and Vo = IETIE;T where v, = /2 g h (see equation 5),
1 )
Frax -4 k my, ( )
= = E— h 13b
Average rate.= t (- - :)(jnh " m3> /2 g (13b)

where h = drop height,"
m, = mass of drop weight,

and m; = mass of intermediate weight.



Several additional concepts deducible from equatioms 11, 12, and 13b are
as follows:

a. The maximum force increases with /(KE;), where (KEy) is the kinetic
energy of the intermediate weight (also Fyax ~ /h).

b. The time to maximum force is independent of the velocity of interme-
diate weight but increases when the mass increases; that is, t; ~ /ms.

"¢. The rate of applied forcé (input rate), which will be shown to have a
significant effect on the reaction mechanism, may be increased in two ways
(see equation 13b):

(1) The input rate will increase with the drop height (input
rate ~ /h); the rate increases wholly by virtue of an increase in ‘the maximum
force level (Fyey) since the time to maximum, force remains constant in elastic
behavior.

(2) The input rate will increase when the mass of my is decreased
relative to that of my. The rate increase will depend on the value of the

quantlty (

value of unlty when my = 0. It should be emphasized, however, that any
increase in the input rate by this method will bea accompanled by a correspond-
ing decrease in the maximum force:. level because Fy,; ~ /KE;. (equation 11);
this will result in poorer energy transfer efficiency.

:). Thus, for given m , this quantity approaches a maximum

These concepts are based upon the assumption of perfect elastic behavior.
In the collision between m; and my;, the contact surfaces of these components
are hardened steel, and the collision should, for all practical purposes,
approximate an elastic one. The effects from inelastic properties would be to
reduce the velocity and kinetic energy of the intermediate weight given in
equations 5 and 7. These equations, however, still provide insight on how
these quantities vary in terms of the initial collision parameters.

In the interaction betweén my; and the anvil, my, the insertion of granu—
lar material between the masses will reduce the -elastic nature of the colli-
sion significantly; however, even under these conditions approximate elastic
behavior has been observed experimentally after the explosive is somewhat
crushed and compressed. The equations for maximum force and input rate should
in any event indicate how these quantities are affected by the system
parameters.

INTERPRETATION OF FORCE-TIME PROFILES

An interaction between my and the anvil will produce a force-time profile
as depicted in figure 2, providing there is no interference from m during the
interval T/2. C e



The total impulse delivered to the anvil is

©oaT/2
I=Jﬁ,_ Fdt=m A v. _ (14)
.. Yo ‘

Fér perfect elastic behavior (e = 1),’A v=2VV; fore<l1l, Av<2V,.
The energy (E,;) of any impulse (I) is

12
Il (15)

where m = mass.

The kinetic energy of my,, however, is calculated from the shaded area
(A), since all kinetic energy of my was stored as elastic energy in a time t,
(Vo =0 at t = t;). Thus, whene =1,

e

and the energy of rebound (fbr_n@)‘is associated with area B.

When perfect elasticity does not exist, e < 1; for example, when a sample
is placed between m; and m,, areas A and B would be diminished somewhat. How-
ever, an impulse measured from the force-time profile would still represent
the actual impulse that the sample was subjected to, but an energy E' calcu-
lated from the shaded area A would now be less than KE; since some energy
would be used to deform the sample.

For loosely packed
explosive crystals or pow-
ders, e will not be constant
during the initial phases of
compression. It has been
shown’ that the relatively
small forces developed dur-
ing this phase increase in
a more linear fashion with
time, followed by the sinus-
oidal pulse shown in

mlh— — — = —

FORCE

7Rideal, E. K., and
o . A. J. B. Robinson. The
0 1 ' A T Sensitiveness of Solid
~ : m . /2 High Explosives to Impact.
Proc. Roy. Soc. (London),
_TWhAE . v. Al95, 1948,
FIGURE 2. - Force-Time Profile for Elastic Collision, pp. 135-150.
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FIGURE 3. - Impoct Apparatus.

figure 2. Some primary explosives may
react during this initial compression
pulse.. In our studies, the secondary
explosives used reacted on the sinus-
oidal pulse at force levels requiring
attenuation of the input signal so that
the forces in the initial compression-.
phase were barely detectable; hence,
they were not: integrated into the
impulse measurements.,

EXPERIMENTAL APPARATUS

Drop Tester

- The drop-weight impact apparatus
in use (fig. 3) utilizes a 5-kilogram
drop weight (''drop hammer') that is
raised or lowered by an electromagnet
mounted in a yoke situated between
guide rails formed by three steel
T-beams. The falling drop weight

- strikes an intermediate. hammer

(plunger), about 1-1/4 inches in diam-
eter by 6 inches long, that is cou-

‘pled but not rigidly attached to a
"striking pin that fits into a 1/2-inch-

diameter steel cup containing the explo-
sive (fig. 4). The steel cup rests

upon a steel anvil that is firmly
attached to and supported by a steel
plate and massive concrete base. All
steel impact surfaces are hardened to a
value of 55-60 on the Rockwell C scale.

‘In this investigation, the Bureau
equipment was modified by the introduc-
tion of a force gage in the anvil
assembly. A study of the force-time

" profiles produced by the Bureau tools

and with modified tools using inert
samples is discussed later in this
report. In subsequent experiments with
explosives, an ionization reaction
detector was added to the system to aid
in detecting precise times of reactions.
The force gage and detector are similar
to those used by Smith and Richardson.®
Other minor modifications will be

8Work cited in footnote 6.
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FIGURE 4. - Anvil Assembiy for Cup and Plunger Method.

discussed where appllcable The instrumented system used in explosive trials

is shown in- flgure 5.
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FIGURE 5. - Force Gage, Reaction Detector, and Other Equipment Used in Instrumented
Impact-Test Studies. '

Force Gage

The Kistler force gage (fig. 5) is a model 907-A piezoelectric element
(load washer) sandwiched between a hardened steel anvil and a steel mount and
is used with a Kistler model 504 Dial-gain charge amplifier that converts
charge signals from the piezoelectric transducer to voltage signals suitable
for display on readout equipment. Voltage output is proportional to the force
exerted on the gage anvil. The gage system was capable of measuring a maximum
dynamic force load of about 45,000 pounds. Except in some calibration tests,
the force levels attained in experimental tests were less than 75 percent of
this value. The gage was calibrated by releasing several different weights of
different mass, at various drop heights (no intermediate component used); the
drop and rebound velocities were measured by photoelectric means. In each
case the quantity m A v (actual impulse delivered to the anvil) was equated

T/2 .

(see equation 14). to [ Fdt obtained by mechanical integration of areas under
. ) Yo ' 3 ! ) 7

the entire force pulses as recorded on oscillograms. If these quantities are

equal, the system is "direct reading;' otherwise the ratic of the two quanti-

ties is the calibration factor.

Reaction Detection Instrumentation

The detector consisted of a simple R-C discharge circuit that applied a
90-volt potential between the intermediate weight and anvil (fig. 5). 1In
priﬁciple; a conducting path was provided by ionization when a reaction took
place. The output of the R-C circuit (a fast-rising pulse) was monitored on
the lower beam of a dual-beam scope (the upper beam recorded the force-time
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profile). For nonreactions, the circuit did not discharge because the layer
of compressed explosive (solid) continued to provide isolation of the compo-
nents. - Other necessary insulation.included a nylon liner in the guide bushing
and insulating tape on the guide rails in the region directly above the inter-
mediate weight (for a distance equal to the length of the drop weight).

EXPERIMENTAL STUDIES

Force-Time Profile

The purpose of these experiments is to demonstrate the effects that
changes in various test parameters (tool mass ratio, drop height, and sample
thickness) have on the shape of the force pulse presented to the sample.

Inert starch samples were used throughout these demonstrations because inter-
nal forces from reacting explosives could alter or obscure that portion of the
force pulse: following reaction. The shape of or change in shape of the force
pulse resulting from changes in test conditions can be explained (qualita-
tlvely) by the collision mechanics presented earlier, and references to equa-
tions in the theoretlcal section will be made where appllcable

The first demonstratlon is to show the effect of tool mass ratio
C-R ——i) on the force-time profile. The various tools used in these experi-

ments are shown in figure 6, and corresponding force-time profiles are given
in figure 7. The oscillograms in figure -7 show results of three repeat trials
for reproduc1b111ty, the sweep velocity and scope gain were 50 psec/cm and
about 5 X 10° 1b F/em (pounds of force per centimeter), respectively.

The Bureau toecls in figure 6A (m = 5.0 kg, m; = 0.73 kg, striking
pin = 17 g) produced the profiles in figure 7A. ' If we consider the interme-
diate weight (mp) and striking pin as one mass, then the mass ratio (R) for
these tools is 0.15. These tools produced profiles exhibiting numerous force
pulses for which reproducibility was good for the first force pulse and poor
for subsequent pulses; maximum force was attained on the second pulse. An
analySLS of this profile is deferred pending presentatlon of profiles result-
1ng from a sllght modification of the Bureau tools

The 'slightly modified tools are shown in flgure 6B the intermediate com-
ponent {m;) and striking pin have been combined into one component. The mass
ratio (R = 0.16) is essentially the same. The profiles produced (fig. 7B) are
quite similar to those for the Bureau tools except that reproducibility is
quite good over the whole force-time profile. Thus, loose coupling between my
and the striking pln was the cause of the nonreproduc1ble aspects for the
Bureau tools

Both sets of profiles presented so far exhibit oscillatory-type inputs
with the second pulse dominant--a feature which is undesitable because, when
the inert samples were replaced by explosives, reactions took place on the
domminant force pulse; thus, -the éxplosive, when tested, would be subjected to
a full compression cycle before reacting on a subsequent cyele:
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1 -
=O_ m, =50kg |_~Drop weight m, =50kg m, =50kg m, 2.5 kg
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________4JETﬁ ;: ::Aan \LJ/ ‘ :J i
= 7 i
A (R=0.15) : £ (R=0.16) C(R=0,38) 0 (R=0.77)

FIGURE 6. - Impact Tools Used To Produce Force Profiles Shown in Figure 5.

Oscillatory force pulses occur as a result of insufficient kinetic energy
transfer from m, to my. Figure 1 shows that the kinetic energy transfer effi-
ciency for R = 0.16 is only about 45 percent; thus, as equations 5 and 6 pre-
dict, the direction of my after impact with my is toward the anvil. The drop
weight (m, ) does not rebound immediately and is available for further interac-
tions with m; when m, rebounds (or partially rebounds) from the anvil.

Two additional force-time profiles are presented from tools having pro-
gressively more favorable mass ratios. The tools in figure 6C (m = 5.0 kg,
my = 1.96 kg) were used to produce the profiles given in figure 7C where
R = 0.38. The three profiles are quite reproducible; the kinetic energy trans-
fer efficiency is 75 percent. The first force peak is now dominant; however,
significant energy is still delivered on the second and third oscillation of

Mg -

Lastly, the tools in figure 6D (m = 2.5 kg, my = 1.96 kg) were used to
produce the profiles given in figure 7D. In this case, R was 0.77, resulting
in an energy transfer of about 95 percent. Essentially all the impulse. or
energy was delivered via a single force pulse. It should be pointed out that
the cup (to contain sample) was not used in the latter two cases; the cup
altered the profiles only in miner details and had no effect on reducing the
oscillatory nature of the profiles.. '
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FIGURE 7. - Effect of Mass Ratio {R) on Force-Time Profiles,

These experiments demonstrate that oscillatory inputs will result if
my < < m; the drop weight cannot be removed from the scene and caught mechan-
ically after the first force pulse (as is done in some systems) because it
does not rebound until the oscillatory input is complete. No experiments were
carried out for m < m, because it required major changes in the existing
equipment; however, the input should not be oscillatory in these cases because
m should rebound immediately after impact with ms. (V, would be negative in
equation 6.) The drop weight should, however, not be much lighter in weight
than m, because the kinetic energy transfer efficiency would be reduced (equa-
tion 7); hence equations 11 and 13a indicate that both the maximum force level
and the input rate would be reduced correspondingly.

Having dispensed with the mass ratio effect on the force-time proflle we
now wish tc demonstrate the effects of drop height (h) and sample: thlckﬂess (T)
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on force pulse shape; these effects are shown. in figures 84 and 8B, respec-
tively. ~In figure 8A, the drop height was varied from 25 cm to 50 cm in two
steps, producing the three profiles shown. Note that the effect is to
increase the maximum force level and that the times to maximum force remain
essentially constant, indicative of elastic behavior (equation 12). Thus, the
sample, after having been deformed by the impact, exhibits elastic properties.
The maximum force levels, however, camnot be predicted with precision without
detailed knowledge about the elastic properties of the deformed sample in each
case. . The most important point ‘is that the maximum force and hence the input
rate (equation 13b) increase with the drop height.

In figure 8B, the inert sample thickness (T) was increased by 'a. factor of
two 'in two steps; h was constant. An increase in T reduces the value of the
elastic constant, k, in equation 12, and the time to maximum force increases
for thicker samples. The maximum force decreases as T is increased because
the elastic constant, k, and possibly the kinetic energy of my (KE;) were
reduced at the time of elastic compression of the sample (equation 11). The
important point here is that the input rate is reduced drastically by virtue
of a lower force level and by virtue of a longer time to maximum force.

The effects of h and T on the force-time profile presented are important

because in the explosive trials that follow the input rate has a marked effect
on the occurrence of reaction. - /

Explosives

Since the arrangements of tools shown in figure 6D transmitted the most
energy to the sample under the best conditions tried, they were used to study

5x10°1b F/division

4 T=constant B -h==con§*onf»
| | 20 4 sec/division. |
FIGUIRE 8. - Effect of Drop; ‘Height (h) and Sarrnpyle Thickness (T) on F_.orce-T-ime Profile. .
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the force pulse relatiomships with-three explosives: HMX,°? PETN,lO and RDX.!?
Simultaneous measurements were made of reaction time and force pulse. The
consistency of all was crystalline (rather than powdery), so chosen because it
was easier to maintain uniform thickness layers in the crystalline form. In
each case, the explosives were dried and screened in one batch and placed in a
desiccator until needed. -They were dried 4 hours at 100° €. Approximate
average particle sizes,.determined by screenlng, were 165, 165, and 275
microns for HMX, PETN, and RDX, respectively. For tests, the samples were
placed on the anvil (no cups: used) in layers 3/4 inch in diameter (the contact
surface of my was only 1/2 inch in diameter), using thin hard cardbeard cards
with 3/4-inch holes in them to maintain'a comsistent boundary and, hence, uni-

form layer thickness. Thicknesses (T) specified were based upon the mass (M),
loose packing density (p), and radius (r)} of the explosive sample (:T = pﬁrz

For T = 0.33 mm, the correspondlng masses of HMX, PETN, and RDX explosive dis-
tributed over the 3/4-inch-diameter area were 200 mg, 167 mg, and 262 mg,
"respectively. These samples, as well as others at different T values, were
weighed to within *2 mg. ‘ ' '

All tests were made at drop heights higher than the H-o5 height because in
preliminary trials the time-to-reaction measurements for trials at or near
. that point varied by as much as 300 percent, making it impossible to attach
significance to average results. This preliminary result demonstrated that
the input to the explosive at the Hy, point is marginal, producing highly noun-
' reproducible reaction response. Thus, in the ensuing studies, the force pulse
shape was varied by varying the drop he1ght (at heights above the H,, height)
and the exp1051ve thickness.-

Sample oscillograms from tests with HMX are shown in figure 9; the force
pulse is.on the upper trace, and the time of reaction is on the lower trace.
The sweep velocity and gain here were 20 pusec/em and 10* 1b F/cm. Figure 94
shows a case for no reaction, while figures 9B and 9C are cases where reactions
occurred at progressively earlier times. In most trials, the result was more
like that in figure 9C. Note that the portion of the force pulse, after reac-
tion, is markedly altered after a relatively violent reaction (fig. 9C); the
change is more subtle for less vicolent reactioms (fig. 9B). The detector
pulse, however, clearly indicates the time of reaction in each case.

Time-to-Reaction Data

Time-to-reaction measurements are shown as a function of‘drop height (h)
for several explesive thicknesses (T) in figures 10, 11, and 12 for HMX, PEIN,
and RDX, respectively. The thickness range investigated was 0.12 to 1.0 mm;
average values from four trials are shown. The scope was triggered on the
input pulse at a force level that was, for all practical purposes, zero.

?Bureau Identification No. X-874 (high purity).
-1%Bureau Identification No. M-8342.
'l Bureau Identification No. X-873 (high purity).
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10*1b Frdivision

£ late reaction S £ early reaction

. 204 sec/division
FIGURE 9. - Dual-Trace Oscillograms Showing Force-Time Profiles and Time Detection
Pulse From Actual Instrumented Impact Trials With HMX,

The HMX data clearly show that the time to reaction decreases markedly
when the height, h, is increased, confirming the results of Rideal and
Robinson.'® For example, using a 0.33-mm-thick HMX sample, the time to reac-
tion at 100-cm drop height was about 50 usec less than it was at 60-cm drop
height. Similar trends were observed for the other HMX explosive thicknesses
tested:at drop heights ranging from 40 to 100 cm. The data also show lower
time-to-reaction values as thickness, T, was increased.

Tests with PETN and RDX performed at T values of 0.33 and 0.50 mm and at
h values ranging from 40 to 100 cm show trends quite similar to those observed
for HMX. The time measurements decrease when h is increased and also tend to
decrease as T increases.

12Work cited in footnote 7.
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Data Reproducibility

Figure 13 shows the reproducibility of individual measurements in terms
of percentage variation as a function of explosive thickness (T) for trials
carried out at 100-cm drop height with HMX, PETN, and RDX. The percentage
variation is the difference between the highest and lowest wvalue from four
trials, divided by the average value. Variations for RDX trials were signifi-
cantly less than those observed for HMX and PETIN, with HMX exhibiting the
greatest variations. Variations also decreased as T was increased. Although
not shown, the variations were also substantially larger at lower drop heights
(at lower input rates). These nonreproducible aspects make it difficult to
accumulate meaningful data at low input rates (low drop heights) and with thin
explosive samples.

Energy and Pressure Data

Impulse measurements were taken from the two least variable available
) data sets; these were
60 T T impacts on 0.5-mm-thick
' PETN and RDX samples.
Energy equivalents were
calculated from impulse
values, and force values
were converted to pres-
sure equivalents. The
energy here is that of
the force pulse pre-
sented to the explosive
up to the time of reac-
tion while the pressure
is that at reaction.
Energy and pressure were
‘ . plotted against drop
’ "I~ ~height in figures 14 and

Drop height=100cm 15 for the PETN and RDX

- - trials, respectively.

50

PETN
30

PERCENT VARIATION

Energy is not con-
stant; in the PETN
trials, the energy at

‘40—cm drop height is -
about 7.5 times larger
than that at 100 cm; a
factor of 6.5 is

. observed in the RDX

N0

ROX
oL | 1

- ,J .trials. These differ-
Q2 - 0.3 04 - 05 ences are much larger
EXPLOSIVE THICKNESS, mm than could be assigned

to experimental errors.
FIGURE 13. - Reproducibility of Time-to-Reaction Measurements.
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FIGURE 14. - Force-Profile and Pressure Data Obtained at Various Input Rates in the
PETN Trials,

The pressure levels at the time of reaction ranged from 2.9 to 4.0 kilo-
bars, with generally lower pressure levels corresponding to higher input rates
and with slightly higher pressure levels associated with the RDX trials.

Thus, the pressure levels, the force-profile energies as measured by the
gage, and the times at which reactions‘occurred were not constant; they
decreased as the rate of input was increased. Reproducibility of these mea-
surements was also much better at the higher input rates. The input rate is
therefore a pertinent consideration in the reaction phenomenon.

E;ﬁlosive Thickness Effect

The exp1051ve thickness effect requires further clarification. Contrary
to’expectatlons, the time-to-reaction observations decreased as the thickness
was, increased over the range 1nvest1gated The input rate, however, was shown
to decrease for thicker samples (fig. 8). This apparent paradox clearly
demonstrates an important sample-size effect. Possibly, in thinner samples,
the localized decompositions ate less likely to be propagated to neighboring
explosive particles and more likely to be absorbed by metal parts sco that
reactions are delayed. In these experiments, the sample-size effect opposed
the rate effect and was dominant. The importance of u51ng approprlate size
samples and malntalnlng unlformlty is indicated. :
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in the RDX Trials,

DISCUSSION AND CONCLUSIONS

The application of a force gage and a reaction detector to the Bureau of
Mines drop-weight apparatus has provided valuable insight into the nature of
the stimulus delivered to the test specimen and the response of the specimen
to the stimulus. The results indicate the desirability of certain modifica-
tions of the present test apparatus. They should also be of considerable
value in the development of standards for drop-weight testing.

With the tools currently employed in routine drop-weight testing, it was
found that the force pulse delivered to the test specimen was oscillatory in
nature and not reproducible. Reproducibility is markedly improved if the
striker pin used in the current setup is rigidly affixed to the intermediate
hammer. In addition, single well-defined force pulses can be generated if the
masses of the drop weight and intermediate hammer are made more nearly equal.
This, in effect, decouples the drop weight from the intermediate hammer and
allows the hammer to deliver a smooth compression pulse to the specimen.

After the drop-weight tools were modified to generate 51ng1e compression
pulses, other factors were found to influence the stimulus delivered to the
test specimen. The peak force with attendant rate of force appllcatlon was
found to vary with sample thickness and presumably with initial sample density;
particle size may also be important. Rigid control of these parameters must
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be maintained if the sample is to ''see' the same stimulus for a given set of
impact conditions.

Given complete control over the input stimulus, other factors affect the
response of the test specimen to a given impact. The most important of these
are thought to be meisture content, particle size, and degree of confinement
of the test specimen. These variables must also be controlled.

An attempt was made to attach some fundamental significance to the vari-
ous physical quantities measured in drop-weight tests on several explosives.
The least ambiguous of these was the peak force or prassure applied to the
sample at the time the sample explodes. This was found to decrease only
moderately as the rate of force application was increased. As a consequence,
no unique value can be assigned to this parameter. Values of total delivered
energy at the time of sample reaction can also be deduced from the force-time
data accrued in the drop-weight tests. However, the distribution of this
energy among the various mechanical components and the explosive is not known.
Since the compressibility of the explosive sample is much greater than the
mechanical components, it would appear that most of the energy resides in the
test specimen. Even so, this quantity was found to decrease with increasing
drop height which controls the rate of force application. Thus, from a prac-
tical point of view, the drop-weight height at which reactions occur is as
significant a variable as the physical quantities available from force-gage
measurements, and there would be little wvalue in incorporating such instrumen-
tation in a standardized drop-weight test procedure. This is not to say that
force-gage instrumentation would not be useful in the calibration of drop-
weight testers or in more fundamental studies of ignition mechanisms.

The results of these studies point up the fallacy of the common practice
of equating the results of different impact testers in terms of so many
kilogram-centimeters of drop weight-mass height, or so many joules of drop
weight-kinetic energy. At present, there appears to be no way of normalizing
the results obtained with impact devices of different design. In fact, the
attainment of equivalent results from identical impact machines will require
much more control over sample preparation and test procedures than is cur-
rently exercised in the industry.
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