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FOREWORD

This recport was prepared by the Lowell Technological Institute
Research Foundation under U, S, Air Force Contract No, AF 18 (600)-127.
The contract was initiated under Project No, 6077, "Aerial Delivery
Equipment", Task No, 73295, “Shock Absorbing Textiles", formerly RDO
No. 612-12, "Textiles for High Speed Parachutes", and was administered .
under the direction of the Materials Laboratory, Directorate of
Research, Wright Air Development Center, with Mr. J. H. Ross acting
as project engineer.

This report covers the period of work from December 1954 to
June 1955,
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ABSTRACT

The energy absorption characteristics of cushioning materials

impacted under a heavy weight high impact shock machine and analyzed

by an analog computer system are reported. The dynawic performance
curves in the form of graphs of energy versus maxirum stress and
maximum stress versus maximm strain are civen for a wide variety
of materials,
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INTRODUCTION

Test Apparatus

The construction of test apparatus designed to evaluate the dynamic
characteristics of cushioning materials has been described in a previous
report.¥ Since the results reported herein were determined by means of
that test facility, a brief summary of its description is presented.

A pneumatically-driven, flat impact hammer is made to impact cushioning
material specimens supported on a rigid and essentially immovable anvil.
An electrical contactor attached to the hammer runs along a vertical,
linear resistance strip. The output voltage developed as the impact
hammer compresses the test specimen provides a direct measurement of the
displacement of the hammer as a function of time, During the impact,
this voltage-time relationship is applied to an analog computer which
automatically produces on an oscilloscope screen a simltaneous record
of the displacement, velocity, acceleration, and energy voltage-analogs
as a function of time. A camera provides a permanent record of the impact
which is later analyzed for the actual physical values using formulae
and scale factors based on the analog computer settings. This shock
machine was designed and constructed to be used in the investigation
of the performance of cushioning materials as described below.

Area of Investigation

The scope of the test conditions was determined on the basis of use
of the cushioning materials considered in this work, namely, the aerial

delivery of heavy cargos. These basic test conditions define the area
of investigation.

1, The impacting hammer, throughout these tests, has a
static weight of 1.28 psi over the area of the sample.

2. The circular test samples are 24 inches in diameter
with nominal thicknesses of 2, 4, and 6 inches,

3. The velocity of the impact hammer at the time of
initial contact with the test sample is varied from
20 to 50 ft/sec in increments of 5 ft/sec.

4., Tests are taken at three temperatures: ~6790F, 700F,
and 160°F.

#* "Design and Development of a Heavy Weight High Impact
Shock Machine." WADC Technical Report 54-573
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Criteria of Cushioning Material Performance

In any impact, there exists a force-time relationship where the force
decelerating the impacting element generally increases with time to a
maximum value arnd then falls off to zero. In the case of a cushioned
package, the damage incurred by the protected item depends upon both the
maximum value of the impact force and upon the shape of the force-time
pulse; both the elements of force and time determine the amount of
permanent deformation, The effect of force is patent; that of time
is probably related to the ability of the material comprising the
protected item to adjust and to accommodate itself, in a given time,
to changes in force. Perhaps a study of the derivative of acceleration
with respect to time in cushioned impacts would be pertinent. The time
factor, as is well known, is also related to the natural frequency of
vibration of the protected item; a pulse of the proper frequency can
give rise to dangerous amplitudes of oscillation. However, both of these
effects of time are related to the nature of the protected item and not
to the cushion itself, although the cushion is the causative factor,

To establish a more easily measured criterion of cushioning material
performance, one may reason as follows. In these several tests, the
impacting element is always the same as regards the physical character-
istics of size, weight, and construction. Now, for a given velocity of
the impact hammer, the change in momentum (mass times velocity) which is
experienced when the hammer velocity is reduced to zero, is always the
same. Since by the impulse-momentum theorem, where the impulse or the
area under the force-time curve, must equal the change in momentum, this
area must also always be constant. Then, if one considers the maximum
value of the force experienced in an impact as a measure of cushioning
material performance, a cushion giving a2 lower value of maximum impact
force would have to be accompanied by a longer pulse duration. If this
were otherwise, the criterion of maximm force would be less valid,
Actually, maximum acceleration in Cs (1C = 32.2 ft/sec) is measured in
these tests rather than force., The maximum stress, for large values
of acceleration is equal to the maximum acceleration times the static
weight of the hammer.

To study the performance of the cushion under different entry
velocities, the energy of the impact hammer at entry is plotted versus
the maxirum stress.

Similar to the load-deflection curves obtained from static measure-
ments, dynamic maximum stress - maximum strain curves for the range of
test velocities were plotted. Also, other data are presented in tabular
form,
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PROCUREMENT  OF MATERIALS

Early in the test program, manufacturers of cushioning materials
or of materials which might be used for that purpose, were invited to
participate in a cooperative program wherein selected materials would
be tested in an effort to evaluate their performance under these special
test conditions, An attempt was made to include as many different
materials as necessary to represent the various categories used in the
packaging field, The number of materials used in the packaging industry
are many; consequently some cushioning materials may have been omitted
inadvertently,

Large quantities of the materials tested in this program were required
because of the comparatively large dimensions of each test specimen, the
range of test velocities and the three different temperature conditions
studied, and the desire to test each material at its optimum performance,
that is, without subjecting a particular sample to repeated loading, For
some materials, repeated loading was necessary, The failure of others to
withstand repeated loading and the insufficient amounts of such materials
on hand did not permit completion of the tests, Nevertheless, sufficient
data were obtained to permit a comparison of the various cushioning
materials,

Descriptions of the materials tested are presented in Table 1, Each
material is identified in the report by the number assigned it in this
table, The manufacturers of the materials and their (the manufacturers!)
designations for the materials are presented in the appendix.
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PREPARATION OF TEST SPECIMENS

Fabrication of Test Specimens

Test specimens were fabricated in the shape of circular cylinders;
the diameter of the circular bases was 24 inches and the thickness of
the specimen was either 2, 4, or 6 inches, Sufficient layers of
material were used to provide the aggregate thickness, Some of the
specimens were cut with a band saw, others with shears, Fibrous materials
which were in the form of layers were, in general, laid flat, Some of
these materials, as duly noted, were arranged in rolls for end loading,
that is, the rolled material was positioned so that the impact hammer
would descend upon an end of it, In all cases, the 24 ~ inch diameter
dimension was parallel to the flat surface of the impact hammer,

Conditioning of Test Specimens

For the tests at standard conditions, specimens were stored for 5 days
on racks in the air-conditioned testing room maintained at 70° F and 65%
relative humidity,

Cushioning materials tested at-67° F and 160° F were conditioned in a
temperature chamber for three to four hours, At the time of the test, the
specimen was removed from the temperature chamber, placed on the anvil,
and impacted, (This operation takes no more than thirty seconds, but,
undoubtedly permits a small temperature change to take place in the
specimen,)
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THICKNESS MEASUREMENTS

Original Thickness

Original thickness was determined by loading the specimen uniformly
with a plate to 0,02 psi. Measurements were taken on the circumference
at 90° intervals and averaged.

Nominal Thickness

Since the actual thickness of each specimen was not an integral
number of inches, depending on the thickness of the smallest layers
comprising the aggregate thickness, nominal thickness refers to the
nearest integral number of inches in the original thickness,

Static Load Thicknesses

The static load thickness under the stationary weight of the impact
hammer (1.28 psi) before impact was determined by measurements of the
cushion after the hammer had been allowed to rest on it for 30 seconds,

The static load thickness under the stationary weight of the impact
hammer after impact was determined by taking measurements 30 seconds
after the impact.

Thickness Before Impact

After the static load thickmess before impact is obtained, the hammer
is hoisted preparatory to firing. The thickness of the cushion at this
time is referred to as the thickness before impact,
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OSCILLOSCOPE RECORD OF IMPACT

Explanation of Record

As mentioned earlier, the impact is recorded by photographing the
face of the oscilloscope during the test, Figure 1 describes such a
record, The moment of hammer entry is determined from the displacement
curve using the measured projection of the linear resistance strip above
the cushion, The physical values of the various curves are found by
substituting the appropriate voltage readings and analog computer settings
into the mathematical formmlae developed in the work presentd in WADC
Technical Report 54-573, Slide rule calculations complete the analysis,

Examples of Records

Figure 2 shows twelve photographs of the approximately 5-inch screen
of the oscilloscope during various impacts, In these photographs, certain
analog computer settings were adjusted by the operator to be different
from one impact to the other in order to prevent maximum values from
going off-scale,
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PRESENTATION OF RESULTS

Discussion of Terms Used

Several terms used in the figures and tables that present the results
of this investigation are discussed in the following.

Energy Per Unit Volume is the kinetic energy (one-half the hammer
mass times the square of the veloclty) of the impact hammer just prior
to impact. The hammer weight is 577 1lbs; the unit volume is based upon
the cross-sectional area of the 24-inch diameter sample and its original
thickness.

Entry Velocity is the velocity of the impact hammer just prior to
impact,

Maximum Stress is the maximum impact force occurring in the impact
per square inch of contact area. It is given by the product of the
maximum acceleration in Os and the static weight of the impact hammer.

Maximum Force is the maximum value of force occurring in the impact
over the whole area of the test specimen,

Maximum Compression is the maxinum value of the compression or change
in thickness occurring in the impact.

Maximum Strain is the ratio of the maximum compression to the thick-
ness before impact. Materials subjected to repeated cycling would give
less consistent values if the maximum strain had been referred to the
original thickness,

Strain Before Impact under 1,28 psi lead is the ratio of the compres-
sion of the sample under the static weight of the hammer before impact
to the original thickness., Measurements were taken 30 seconds after the
hammer was allowed to rest on the sample.

Strain After Impact under 1.28 psi load is the ratio of the compres-
sion in the sample under the static weight of the hammer 30 seconds after
impact to the thickmess before impact.

Resilience is the ratio, expressed as a percentage, of the energy
returned to the impact hammer by the cushion during restitution, to the
energy transferred to the cushion by the impact hammer during compression.
The energy lost to the cushion (and transformed into internal energy) is
the difference between the energy returned, and the energy transferred.
Thus, Resilience = Energy Returned

’ Ener§§ Transferred X 100 (%).

For an ideally elastic impact, the resilience is 100%; for an ideally
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inelastic impact, the resilience is zero. Since the kinetic energy. varies
as the square of the velocity, the ratio of the rebound or exit velocity
to the entry velocity is given by the square root of the fractional
resilience,

The energy returned is computed as the kinetic energy of the impact
hammer upon rebound and emergy transferred is computed as the kinetic
energy of the impact hammer at entry. Although this does not take into
account the energy lost to the environment as shock and vibration, the
error is small; accepting this error is considered justified by virtue of
the considerably greater amount of time that would be required to measure
by integrating over the force-displacement function,

The Results In Graphical Form

Graphs of Energy per Unit Volume versus Maximum Stress and graphs of
Maximum Stress versus Maximum Strain are presented for Materials Nos.
1 - 36 in Figures 4 through 193 inclusive., Since the kinetic energy is
a function of the mass of the impact hammer and the square of the velocity,
it was possible to draw a non-linear velocity scale along the energy axis.
Of course, this velocity scale is valid only for the particular hammer
mass used herein. The curves shown were drawn through or near plotted
points representing impacts of about 5 ft/sec apart. The tests represent
approximately 600 recorded and analyzed impacts.

Unless otherwise indicated on the figures, the results refer to the
70°F temperature condition. For the materials considered more effective,
results are also shown for the conditions of -67°F and 160°F along with
their counterpart graphs at 70°F when sufficient material was available
to produce a complete curve,

Some of the figures relate to tests where the same specimen was im-
pacted successively starting with the lower velocities. Cushioning
materials in this category are Materials Nos, 5, 6, 7, 8, 9, 10, 11,
and 13.

The Results In Tabular Form

In order to present strain data, values of resilience, and other
information, test results are also given in tabular form for certain
values of thickness and velocity. These appear in Tables 3 - 20 inclusive.
Measurements for the strain before impact under the static weight of the
hammer were not taken under the temperature conditions of -67°F and 160°F
in order to minimize the time during which the temperature of the specimen
was changing after it had been placed on the anvil preparatory to impact,
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The notation "™No Data” under the Maximum Stress column in Tables 3
to 20 inclusive indicates that the maximumm acceleration was too high to
be recorded or that the material was not capable of being impacted safely

at that velocity,

Table 20 sumarizes the results for Materials Nos, 37 = 51 with data
on impacts taken at various velocities, Insufficient quantities of these
materials were on hand to make complete tests,
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VALIDITY OF THE DATA

Duplicability

The following test was made as a measure of the ability of the test
apparatus to give identical results on separate specimens of a given
cushioning material when tested a number of times under the same conditions.
Four separate samples of Material No, 34, similar with respect to past
history and subject only to the inherent variability associated with the
process of manufacture, were impacted consecutively, An attempt was made
to impact each at the same velocity within the limits of control of the
impact hammer. The results are shown in Table 2. It is seen that the
range of maximum acceleration values is consistent with the range of
velocity values and the two lesser values of entry velocity have,
associated with them, the two lesser values of maximum acceleration.

Statistical Problems

Under ideal test conditions, from the standpoint of obtaining
statistical results on these materials, each impact might have been re-
peated several times, perbhaps five, in order to obtain an average for
the various physical values qualifying the impact. If this were done,
the number of tests required would have reached large proportions. The
number of tests for each material would be 3 temperature conditions times
3 thicknesses times 7 velocities times 5 repetitions, i.e., a total which
would exceed 300 impacts. If each cushioning material specimen were
impacted only once in order not to introduce the effects of repeated
cycling, a cylindrical stack of cushions 24 inches in diameter and 105 ft.
high would be required for each material tested under the various test
conditions stated above. Instead, it was decided to make a general survey
of cushioning materials at a sacrifice of statistical results embracing
these limitations,

1. Specimens of materials on hand in insufficient amounts
were impacted successively if the deterioration of the
sample was not marked. These were Materials Nos. 5, 6,
7, 8, 9, 10, 11, and 13.

2. Tests at -67°F and 160°F were conducted only on 6-inch
specimens of Materials Nos. 1 - 14, as permitted by
quantities of each material on hand. Materials in this
group which were not tested at these temperatures were
Materials Nos. 2, 3, 12, and 14,

3. No repetitions of the same test under the same conditions
were made to obtain a statistical average.
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Limitation of Maximum Shock Recordable

When the performance of a cushioning material deteriorated under
increasingly stringent test conditions, the resulting short duration
and high-valued force-time function would cause the velocity and
acceleration curves to go off-scale as a result of the inability of the
analog computer system to follow excessively high frequencies. Testing
was terminated at that point, making it impossible to continue through-
out the full range of desired test velocities. Although this difficulty
may in part be obviated by the graphical method of analysis whereby
double graphical differentiation of the displacement curve was possible,
this was not done in the general test program since the failure of the
cushion had been established; also, there is a limit to the maximum
shock that the hammer can safely withstand.

Overall Accuracy of Results

Comparisons were made of the values of velocity and acceleration
resulting from the analog computer output with those obtained by double
graphical differentiation of the displacement analog. The results were
in good agreement, differing by an amount less than the error in reading
and estimating the voltage values by means of the volt calibration lines,
The displacement analog is simply a record of the voltage developed by
the hammer as it falls through the sample as a function of time., There
is no reason to believe that measurements of voltage and time under these
conditions suffer from a lack of precision.

In view of the several settings, readings, and adjustments required
to effect a complete analysis of displacement, velocity, and acceleration
in an impact, the overall accuracy is problematical. However, it is
believed to be less than the inherent variability existing in the
cushioning material specimens,

WADC TR 55-229

11



DISCUSSION OF RESULTS

The test results reported relate to the performance of the materials
under special test conditions. No inference is made with respect to
other uses intended for them by the manufacturer, either as a cushioning
material or otherwise,

Comparison of Composite Curves

The Energy Per Unit Volume - Maximum Stress curves are compared in
Figure 3 for those materials on hand in sufficient amounts for complete
tests. It should be noted that the range in maximum stress values is
much smaller at the velocity of 20 ft/sec than at the velocity of
50 ft/sec where the higher-numbered materials extend to larger values
of stress. Many of these have values of maximum stress at 20 ft/sec
not appreciably different than those of more effective materials; in
fact, the stress is less in some cases.

Of the materials tested, the expanded polystyrenes are the best
energy absorbers. However, for Materials No. 2 and No, 3, the values
of strain after impact indicate a serious amount of permanent set: also,
for the low density polystyrene, Material No. 3, the maximum stress
increases rapidly as the entry velocity increases beyond about 43 ft/sec.

Material No. 4 (wood fibreboard), Material No. 5 (the high density
wool pad), and Material No, 6 {cane fiber board), in that order, follow
the expanded polystyrenes in energy absorbing capacity.

The curves for the wool pads (Materials Nos. 5, 7, 8, 9, 10) at
velocities less than 42 ft/sec show a correlation between density and
performance, the higher density pads giving lower values of maximum
stress., Beyond 42 ft/sec, some anomalies appear.

_ Materials Nos., 11 and 13, both expanded polyvinyl chloride, give
low values of maximum stress at 20 ft/sec and then display larger
values at the higher velocities. The higher density Material No. 11

shows a more favorable performance beyond 30 ft/sec.

Materials Nos. 12 and 14 are the best of the cotton wadding group
tested. These two materials performed better when they were rolled for
end loading than when they were laid flat.

Materials Nos. 16 - 36 give higher values of stress for comparable
velocities,
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Effect of Temperature

The temperature effect upon Material No. 1 seems negligible within
the precision of measurement possible. For the other expanded polystyrenes,
Materials Nos. 2 and 3, insufficient data were obtainable to allow definite
conclusions,

For material No. 4, wood fibreboard, there seems to be a negligible
difference between its performance at 70°F and 160°F. At —67°F, there is
a small decrease in effectiveness below 45 ft/sec and a small improvement
above 45 ft/sec.

Although Materials Nos. 5, 7, 8, 9, and 10, the wool pads, and Material
No. 6, cane fiber board, displayed some deterioration in performance at the
low and high temperatures, it is quite possible that this was due to the
fact that the same specimen was impacted in each case, i.e., the one sample
was used for all determinations made consecutively. The order of the tests
was towards increasing velocity; the tests at 160°F and ~67°F followed the
tests at 70°F,

Material No. 11, a polyvinyl chloride, exhibits a marked reduction
in performance at the temperature of 160°F. It then shows a marked im-
provement in energy absorption at -67°F; however, this is based upon data
obtained at only two velocities. At 16 ft/sec the sample broke into
pieces; at 46 ft/sec it crumbled into powdered fragments.

The performance of Material No. 13, another polyvinyl chloride, was
similarly affected by ‘temperature, except that the sample did neither
crumble nor break within the range of test velocities.

Some Aspects of Future Work

Cushioning materials giving the lowest values of maximum stress at
20 ft/sec do not give the lowest values at 50 ft/sec. It is conceivable
that a combination of different cushioning materials or layers of different
densities of the same cushioning material may be devised to give a more
uniform and acceptable performance under a wide range of velocities.

Cellular structures are a promising group of materials. Tests on a
type of paperboard material with a cellular structure have been
conducted with the impact shock machine®

Another item of interest is the correlation and comparison of results
obtained from static tests with those obtained by dynamic means.

The design of gross textile structures based upon the understanding

of the behavior of the small scale components has attracted increased
attention; similar theoretical studies on cushioning materials are indicated.

snParformance characteristics of Paper Honeycomb Cushioning Materials Impacted
Under a Heavy Weight High Impact Shock Machine," WADC TR55+«343
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TABLE 1

DESCRIPTION OF CUSHIONING MATERIALS TESTED

Material Number

[0 - AURN I

-3

10
11
12
13
14
15

16
17

18
i9
20
21
22
23
24
25

26

WADC TR 55-229

14

Description

Expanded polystyrene, 4.3-4.7 1lbs/cu ft

Expanded polystyrene, 2.8-3,2 lbs/cu ft

Expanded polystyrene, 1.6-2,0 1lbs/cu ft

Asphalt impregnated wood fibreboard

Extra firm wool pad, SAE Spec. No. F-3
20.8 lbs/cu ft

Cane fiber board 14-18 1lbs/cu ft

Soft wool pad, SAE Spec., No. F-26
9,63 1bs/cu ft

Firm wool pad, SAE Spec. No. F-13
11.3 1bs/cu ft

Extra Firm wool pad, SAE Spec. No, F-7
16.4 1bs/cu ft

Soft wool pad, SAE Spec. No. F-26
9,63 1bs/cu ft

Polyvinyl chloride foam plastic
12 1bs/cu ft

Cotton wadding (blue) in rolls for end
loading

Expanded unicellular polyvinyl chloride
6-8 1lbs/cu ft

Cotton wadding (black) in rolls for end
loading

Laminated crepe paper, 17 ply, in rolls
for end loading

Cotton wadding (blue)

Cotton wadding (white) in rolls for end
loading

Cotton wadding

Cotton wadding (black)

Cotton wadding in rolls for end loading

Cotton wadding (white)

Crepe cellulose wadding in rolls for
end loading

Rubberized, curled, tampico fiber in
rolls for end loading, 3.38 lbs/cu ft

Rubberized, curled, tampico fiber,
3.38 lbs/cu ft

Rubberized, curled, tampico fiber,
2,63 1lbs/cu ft

Rubberized, curled, tampico fiber,
2.91 1lbs/cu ft



TABLE 1 (Continued)

DESCRIPTION OF CUSHIONING MATERIALS TESTED

Material Number
27

28
29
30
31
32
33
34
35
36
37
38
39

40
41
42
43

44
45
46
47
48
49

50
51

WADC TR 55-229

15

Description

Resin-bonded felt wadding in rolls for
end loading 4.6 1bs/cu ft

Resin-bonded felt wadding, 4.3 1lbs/cu ft

Resin-bonded felt wadding, 4,1 lbs/cu ft

Resin-bonded felt wadding, 3,4 lbs/cu ft

Resin-bonded felt wadding, 2,4 1bs/cu ft

Resin-bonded wood fiber felt, 3 lbs/cu ft

White cotton wadding

Rubberized curled hair, firm

Rubberized curled hair, medium

Rubberized curled hair

Corrugated paper wrapping, single~faced

Corrugated paper wrapping, single-~faced

Corrugated paper wrapping, single—faced
in rolls for end loading

Corrugated paper wrapping, without facing

Corrugated paper wrapping, without facing

Corrugatad paper wrapping, without facing

Corrugated paper wrapping, without facing
in rolls for end loading

Alternate layers of asphalt impregnated
wood fiber board and wood fiber felt

Corrugated compressed fibrpus glass,
9,6 Ibs/cu ft

Glass fiber roll, 4 1bs/cu ft

Paper layers

Wood wool pads with kraft wrapping

Alternate layers of composition rubber
and wood fiber felt

Bulk ceramic fibers in porous cloth bag

Asphalt coated paper sheets with a
macerated paper filler
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PHOTOGRAPH OF FACE OF OSCILLOSCOPE DURING
TEST RUN WITH ANALOG COMPUTER
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FiGURE | . EXPLANATION OF OSCILLOSCOPE RECORD OF TEST RUN
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(a)

Material No, 1

Nominal Thickness: 6 in,
Temperature: 160° F

Entry Velocity: 47 ft/sec
Maximum Acceleration: 190 g

(c)

Material No, 4

Nominal Thickness; 6 in,
Temperature: = 67° F

Entry Velocity: 20 ft/sec
Maximum Acceleration: 176 g

(v)

Material No, 3

Nominal Thickness: 6 in,
Temperature: «67° F

Entry Velocity: 38 ft/sec
Maximum Acceleration: 265 g

(d)

Material No, 4

Nominal Thickness: 6 in,
Temperature: 160° F

Entry Velocity: 49 ft/sec
Maximum Acceleration: 510 g

Figure 2 (a,b,c,d). Examples of oscilloscope records of test runms,
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(e)

Material ¥o, 5

Nominal Thickness: 6 in,
Temperature: 160° F

Entry Velocity: 46 ft/sec
Maximum Acceleration: 566 g

(2)

Material No, 13

Nominal Thickness: 6 in,
Temperature: =67° F

Entry Velocity: 50 ft/sec
Maximum Acceleration: 500 g

(£)

Material No, 8

Nominal Thickness: © in,

Temperatures =67° F

Entry Velocity: 48 ft/sec

Maximum Acceleration:

(h)
Material No, 13

815 g

Nominal Thickness: 6 in,

Temperature: «67° F

Entry Velocity: 43 ft/sec

Maximum Acceleration:

260 g

Figure 2 (e,f,g,h), Examples of oscelloscope records of test runs,
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(1) (3

Material No, 9 Material No, 33

Nominal Thickness: 6 in, Nominal Thickness: 6 in,
Temperature: 160° F Temperature: 70° F

Entry Velocity: 28 ft/sec Entry Velocity: 20 ft/sec
Maximum Acceleration: 240 g Maximum Acceleration: 323 g

(k) (1)
Material Ne, 23 Material No, 34
Kominal Thickness: 4 in, .Nominal Thickness: 6 in,
Temperature: 70° F Temperature: 70° F
Entry Velocity: 20 ft/sec Entry Velocity: 20 ft/sec
Maximum Acceleration: 225 g Maximum Acceleration: 336 g

Figure 2 (i, j,k,1), Examples of oscilloscope records of test rums,
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WADC TR 55-229
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PRINTED BY SPAULDING-MOES CO., BOSTON, MASS., RE-ORDER NO. F-#118

WADC TR 55-229
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PRINTED BY SPAULDING-MOM CO., BOFTON, MAR,, RE-CROER 1O, F- 3FT

WADC TR §5-229
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PRINTED BY SPAULDING-MO&5S €O., BOSTON, MASS,, RE-OHDER NO. F-81718

WADC TR 55-~229
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS.,, RE-ORDER NO. F- 318

WADC TR 55-229
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PRINTED BY SPAULDING-MQES CO., BOSTON, MASS,, RE-ORDER NC. F-$118

WADC TR 55-229
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PRINTED BY SPAULDING -MUSS CO., BOSTON, MASS,, AE-ORDER NO. F- 8174

WADC TR 55-229
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FRINTED BY SPAULDING-MOB3 CO., BOSTON, MAMS., RE-ORDER NO. F-9278

WADC TR 55-229
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PRINTED BY SPALLDING-MOSS CO., BOSTON, MASS,, RE-ORDER ND. F- 4318

WADC TR 55-229
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PRINTED BY SPAULDING-MUSS CO, BOSTON, MASS., RE-ORUER NO. ¥- 8218

WADC TR 55-229 80
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PRINTED BY SPAULDING-M(B3 CO,, BOSTON, MASS.,, RE-ORDER NO. F- 8179

WADGC TR 55-229
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PRINTEN BY SPAULOING-MCSS CO., BOSTON, MASS,, RE-ORDER NO. F €279

WADC TR 55--229
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS., AE-ORDER NO. F- 831%

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS, RE ORDER N, F-6279

WADC TR 55~229
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PRINTED BY SPAULDING-MOSS CG., BOSTON, MASS | RE-ORDER NO, F- 6779

WADC TR 55-229
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PRINTED BY SPAULOING-MOSS CO,, BOSTON, MASS., RE-QROER NO, F-BI7T8

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CQ., BOSTON, MASS, . HE-ORDER NC, ¥F- §3219

WADC TR 55-229
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PRINTED BY SPAULDING-MOES CO.. BOSTON, MASS,, RE-ORDER NQ., F-8779

WADC TR §5-229 88
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PRINTEQ BY SPAULDING-MOBS €0., BOSTON, MASS.,, RE-ORDER NO. F- SIT#

WADC TR 55229
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PRINTEL BY SPAULDING-MOSS CO., BOSTON, MASS,, RE-ORDER NO. F-62712

WADC TR 55-229
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FPRINTED BY SPAULDING-MOBS CO., BOSTON, MASS., RE-ORDER NO. F- ¥T8

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CQ., BOSTON, MASS,, RE ORDER NO, F 6278

WADC TR 55-229
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PRINTED BY SPAULDING- MBS CO., BOSTON, MASS,, RE-ORDER NO. F- 4118

WADC TR 55-229
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PRINTEC BY SPAULDING-MOSS5 CO., BOSTON, MASS., RE-ORDER NO. F-821%

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS., RE-ORDER NO. F-37

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASE., RE-ORDER NO., F-§3178

WADC TR 55-229
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FPRINTED BY SPAULDING-MOBS CO,, BOBTON, MASS., RE-ORDEHR NO. F- 1278

WADC TR 55-229
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PRINTEC BY SPAULOING-MOSES CO., BOSTON, MASS., RE-ORDER NO. F-§278

WADC TR 55-229
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FRINTED BY SPAULDING-MOSS CC., BOSTON, MASS, RE-ORDER NO. F- 62718

WADC TR 55-229
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PRINTED BY SPAULDING-MOCSS CO., BOSTON, MASS , RE-ORDEH NO. F 8279

WADC TR 55-229 100
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PRINTED BY SPAULDING-MOS3 CO., BOSTON, MASS., RE-ORDER NOC. F- 619

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS €O, BOSTON, MASS., RE-ORDER NO, F-48118

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CO., BOBTON, MASS., RE-ORDER NO. F- 8119

WADC TR §8-229
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PRINTED BY SPAULDING-MOSS €O, BOSTON, MASS, | RE-ORDER NO, F-8313

WADC TR 55~229
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PRINTED BY SPAULDING-MO88 CO., BOSTCON, MASS.,, RE-ORDER NO. F- 821%

WADC TR 55-229
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PRINTED BY SPAULDING-MGES CO., BOSTON, MASS

WADC TR 55-229
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PRINTED BY SPAULDING- MOSS CO., BOSTON, MASS., RE-CRDER NO, F- §537¢#

WADC TR 55-229
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PRINTED BY SPAULLING-MOSS CO., BOSTON, MAS3,, RE-ORDER NO. F-627%

WADC TR 55-229
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PRINTED BY SPAULDING-MQSS CQ., BOSTON, MASS., RE-ORDER NGO, F- 8379

WADC TR 55-229

109




T

T

i
e
—.‘ = Y- T
-
- -
o - h 4
i
L. P
= =

T g e T
' MA) F {
SENBgEE 2 Ly
) 0T TR0 600 ]
- e d
ERENE EERRNNARRES
H & ek
BEBEERE ol | 6 [INCHES.
I L]

PRINTED BY SPAULOING-MOSS CO., BOSTON, MASS., RE-ORDER NO, F-6279

WADC TR 55-229
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PRINTED BY SPAULDING-MCSS CO., BOSTON, MASS., RE-ORDER NO. F- 8218

WADC TR 55-229
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PRINTED BY SPAULDING-MUSS CC., BOSTON, MASS,, RE-ORDER

WADC TR 55-229

NO, F-£218
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PRINTZO MY SPAULDING-MOSS CO., BOSTON, MASS,, RE-ORDER NO. F-87

WADC TR 55-229
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PRINTED BY SPAULDING-MUSS CO., BOSTON, MASS.,, RE-ORDER NQ. F-6219

WADC TR 55-<229
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PRINTED BY SPAULDING-MOSS €O., BOSTON, MASS., RE-ORDER NG. F- 4¥18

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS., RE-ORDER N

WADC TR $5-229

116



T
&

»

iopl6 .
HOIOH

PRINTED BY SPAULDING-MOBS CCO., BOSTON, MASS., RE-ORDER NO. F- ¢i1y

WADC TR $§-229
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PRINTED BY SPAULDING- MOSS CO,, BOSTON, MASS., RE-ORDER NO. F-411¥

WADC TR 55-229

118




i
I

D

LXa

-t

| KN

i

PRINTED BY SPAUCDING-MOBS CO,, BOSTON, MASS,, RE-ORDER NO. F-B1

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CO,, BOSTON, MASS.. RE-ORDER NO. F-627¢

WADGC TR 55-229
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PRINTED BY SPAULDING-MOSS CC., BOBTON, MASS., RE-ORDER MO. F- 8378

WADC TR $5-229
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PRINTED BY SPAULDING-MOSS CO., BOSTCON, MASS., RE-ORDER NO. F-811

WADC TR 55-229
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PRINTED BY SPAULDING-MOM CO., BOSTON, MASS., RE-ORDER NO. F- 8379

WADC TR 55-229

123



1L

o AT
] 1717

=t

=
1T
- Pt w, fnieid B [
-
o |
i;,, et ﬁ_‘-m
Haq F +

Y
l
L Y
‘.
A .
+
[

i
Fo-

4114

j L0

H
1
1

L. W_m
=

- L N
-3
: - 4
T

PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS., RE-GROER N(). F-8178

WADC TR 55-229
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PRINTED BY SPAULDING-MOSS CC., BOSTON, MASS., RE-CRDER NO. F- ¢ty

WADC TR 55~229
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS., RE-ORDER KC, F-é319

WADC TR 55-229

126.
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PRINTED BY SPAULDING-MOSS CO., BOSTON, MASS., RE-GRDER NO. F- 82718

WADC TR 55-229 127
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PRINTED BY SPAULDING-MOSS CC., BOSTON, MASS , RE-ORDER NO. F-6}1y

WADC TR 55-229 128
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