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ABSTRACT

Described is an experimental technique for providing long-
duration pulses which can be applied to a part or all of a simple
structure such as a beam, plate or cylinder. The technique employs
essentially the familiar shock tube except that the detonation front of
a gaseous explosive provides the shock wave. Many pulse shapes can
be produced by placing in the tube and against the target, layers of
dif ferent materials such as styrofoam, polyurethane, and Mylar,
and by aending the explosively-induced shock wave through them to
the target. The search for pulse shapes was mainly confined to those

of the blast type but the generation of other types is equally feasible,

Outlines of the theoretical treatments of four problems are
given. They concern the responses of (a) a clamped beam to a blast
pulse uniformly distributed over a central length, (b) a simply supported
circular plate to a blast pulse uniformly distributed over a central
circular area, {(c) a clamped circular plate to a rectangular pulse uni-
formly distributed over the whole plate, and (d) a clamped circular
plate to a rectangular pulse uniformly distributed over a central circular
area. Analytical treatments employ the rigid-plastic theory because of
interest in moderately large permanent deformations and relative sim-

plicity of analysis.

Long-duration pulses were applied to clamped beams and clamped
circular plates, and the permanent central displacements are correlated

with theoretical predictions.

A preliminary arudy is made of the modification of the applied
pulse due to the mobility of the target.
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SECTION I

INTRODUCTION

Re-entry vehicles are liable to be subjected to loads ranging
from sharp pulses, which for structural response may be considered as
ideal impulses, to pulses with durations comparable to the fundamental
elastic response times. Short-duration loads have been applied in tests
on actual ICBM structures [ 1.1 = 1. 4]* and in experimental and theo-
retical studies of simplified ICBM structural components such as cylin-
ders, plates, and beams [ 1.5 - 1.25]. As a result much is known about |
response to short oulses. Less is known about the effects of long-duration ‘
pulses [ 1.26 - 1.29] especially when these act only on parts of a struc-
ture. One reason for this deficiency is the dearth of meaningful experi-
mental results and this in turn is due to the need for controlled long-

duration loading techniques.

In Section II is described such a technique suitable for applying
loads to part of the surface of a structure. The development was

guided by the following pulse requirements:

(1) low peak pressures,

(2) durations comparable with fundamental elastic response
times,

(3) rise time much smaller than duration, ‘

(4) sharp edges to the pressure distribution whenever appro- |
priate, i
(5) pulse shape control, and

(6) adaptability for use over larger areas.

The long-duration loading technique meets these requirements, partly
chosen so that pulses of the blast type (sudden pressure rise and
gradual decay) are included, but in addition it provides mediumand high
peak pressures, medium-duration pulses, and shapes other than those

associated with blast pulses. Section II also includes a preliminary

" 2 b ac/ak ; .
Numbers in brackets indicate refererces listed at the end of .nis report.




study of the effect on the pulse of the mobility of the target and it is
concluded that the effect can definitely be first order.

Section III is a theoretical study of the response of a clamped
beam subjected to a blast pulse uniformly dist .buted over a central
part of the span. On the basis of interest in moderately large perma-
nent deformations the rigid-plastic theory is employed. This theory
neglects elastic deformations and provices a relatively simple approach.
The clamped beam problem was chosen primarily because of its sim-
plicity and because it gives much insight into the response or deforma-
tion mechanisms. Some structural experiments were performed on
clamped beams but since the reproducibility required some improve -
ment the results are regarded as preliminary. They indicate that the
predicted darnage is from 2 to 4 times the actual damage.

Section IV is a theoretical sutdy of the response of a simply
supported plate subjected to a blast pulse uniformly distributed over a
central circular area. The solution, which again uses the rigid-plastic
theory, is for low peak pressures only, cr rather for low values of the
ratio of the peak pressure to the static collapse pressure acting on the

same area,

Section V is a theoretical and experimental study of the response
of a clamped circular plate subjected to a blast pulse over the whole
area of the plate. Using rigid-plastic thecry a solution is presented for
the special case of a rectangular pulse. In the experiments, the plates
were subjected to blast pulses having an exporential decay. Hence true
correlation of theoretical and experimental damage is not achieved. It
is believed that the rectangular pulse among all blast pulses with the
same pressure and impulse causes the greatest damage and the corre-
lation showed that the predicted damage is from 3 to 7 times the actual
damage, so with true correlation these values should be reduced. This
problem was chosen as a preliminary to that in Section VI, where the
plate is partially loaded, because of the complexity of these kinds of

problems.




Section VI is a theoretical and experimental study of the response
o1 a clamped circular plate subjected to a blast pulse over a central
circular area of plate. Using rigid-plastic theory a solution is
presented for the special case of a rectangular pulse. In the experi-
ments, the plates were subjected to pulses which may be considered
approximately rectangular but having an expcnential decay. Correlation
of the theoretical and experimental central deflections shows {hat the
predicted damage overestimates over the wide range of factors from
2 1/2 to 24. The large factors are attributed partly to the fact that
the experimental pulse is not rectangular and partly to the use of thin

plates which, due to their mobility, do not receive the full impulse,

Section VII is a description of a simple mathematical ri.odel of the
experimental configuration of the long-duration loading technique.
The model successfully describes the mechanics of the operation and
forms a good basis for further refinement. It is a valuable aid to

experimental design towards achieving the pulses desired.

Section VIII is a study of the effect of puise shape on simple rigid-
plastic structures. It is proved that for a certain class of structures
the rectangular pulse, among all pulses of equal peak pressure and
impulse, causes the greatest damage. It is also indicated that the
theorem is true for a wider class of rigid-plastic structures. The
importance of this study lies in the fact that it is much easier to
analyze structures when the pulse is rectangular and the result serves

as an upper bound on the damage acquired.
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SECTION 1II

EXPERIMENTS

L. Long-Pulse Technique

In developing a technique for providing and applying long-duration

pulses the following properties are being sought:

(a)  pulse duration about 1/2 msec,

(b) short rise time to peak pressure,

(¢}  monotonic decay following peak pressure,

(d) uniform pressure distribution on loaded surface,

(e) each load unit applicable to small area of structure, and

(f)  units capable of being combined for larger surface loading.

An experimental arrangement which provides pulses meeting the
above requirements when they are applied to fixed targets is shown in
Figs. 2.1 and 2.2. It essentially consists of a shock tube in which the
shock is the deton~tion front of a 50/50 gaseous mixtire of oxygen and
acetylene. One end of the tube is placed against a fixed target plate,
the junction being made air-tight by means of a rubber gasket. In the
fixed endplate is mounted a pressure transducer. The open end of the
tube is sealed with a sheet of Mylar. Inlet and outlet hoses for the gas
mixture pass through this Mylar sheet. The gas is detonated at the
opposite end of the tube to the pressure transducer [2.1], so that the
detonation front travels towards the endplate producing an instantaneous
rise of pressure there and a pulse duration depending on the tube length.
Figure 2.3 shows a typical pulse obtained with this experimental arrange-

ment.

One limitation of this arrangement is that the peak pressure is
always a constant for a given gas mixture although this can be relaxed
somewhat by varying the ratio of oxygen to acetylene. Also the form
of the decay in pressure remains the same, its rapidity depending on

the tube length. Another and more important limitation for spot
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FIG. 2.2 OXYACETYLENE SHOCK TUBE

applications is that separaticn of the target and tube allows rarefaction
waves to travel over the target surface and rapidly curtail :he pulse
duration. The arrangement is, however, suitable fur clamped plates

where the plate support is an extension of the shock tube (see Section V).

An arrangement which does not have these limitations and pro-
vides innumerable pulse shapes consists of filling the end of the tube
next to the target with various materials on which the shock wave
from the detonated gas must act. Ore such arrangement is shown
schernatically in Fig. 2.4 where alternate layers of polvurethane foam
and Mylar form a spring-mass system. Between the gas and the foam-

Mylar combination is a layer of styrofoam which acts as a light piston

W'




FIG. 2.3 ROD-GACL RECORD — OXYACETYLENE GAS PULSE

and helps to spread the pressure uniformly over the face of the target.
By changing this system of masses and nonlinear springs various pulse

shapes can be obtained.

It is desirable that the compressed spring-mass system should
be much more flexible than the target to minimize the disturbance of
the uniformity of the pressure distribution as the target deforms.
This property influenced the choice of the spring material and mass

geometry.

In Figs. 2.5 to 2.9 are displayed sequences of pulses that have
been obtained by varying certain parameters of the spring-mass
system of Fig. 2.4. Attention has been focussed on obtaining pulses
which can be approximated by rectangles, triangles, exponential
curves or simple combinations of these. Many of the pressure records
display the oscillations of the systems but they are of such high fre-

quency that a structure will respond only to the mean pressure,




-

Details of the pulses and config-

E ROD urations are shown in Tables 2.1

% GAGES ]
to 2.5 on the pages opposite the
OXYACETYLENE GAS

pulse records. The main obser-

STYROFOAM PISTON e vation to be rnade is that a fairly
L $14 :
. : 1

POLYURETHANE ‘FOAM —erere high degree of control of the pulse

shaping can be obtained with the

FIG. 2.4 TYPICAL SPRING-MASS SYSTEM  gpring-mass system. Furthermore,
the pulse shaping experiments are

reproducible and provide a reasonably uniform pressure distribution

over the target face. This last point was established by using three

rod gages, located at the center, a half-radius point, and close to the

edge of the target area.

In addition to the cylindrical tube experiments, spring-mass
systems were tried in a tube of rectangular cross section. Similar
pulse shapes were obtained but both the reproducibility and uniformity
of pressure distribution were found to be unsatisfactory (for example,
peak pressure variation was + 10%). These deficiencies are attributed
to the cross-sectional dimencions of the tube used in the experiments.
A rather narrow rectangle,5 inches by 1 inch, was used resulting in
the intrusion of the edge effects (friction, slight lack of fit of spring-
mass system, etc). Should a rectangular tube with the same aspect
ratio for the cross section be required for an experiment it is suggested
that the scale be increased to provide 10 inches by 2 inches, say. Also,
it would be desirable to provide finer tolerances by using machined
parts. Figure 2.10 shows the experimental arrangement using a tube
of rectangular cross section located vertically over three 3-foot rod

gages.




Spring -Mass System for Pulses of Figs. 2.5(a) to (d)

Configuration Di‘aﬂam y
POLYURETHANE FOAM
STYROFOAM
\ ‘MYLAR
\ énoo GAGE
OXYACETYLENE
TARGET

Le - Le

Table 2.1 — Experimental Data

SCALLS
(eidee of equare grid)
P Peak
DIMENSIONS -

u Presosure Impulee
| i {Inches) Upper Trace Lower Trace P ) “b_."“nz)

.
3 s L' Lo L‘ le L' Vert. | Horiz, Vert. | Horis. {ib/in")

(/1n%) | weec) | (b/in?) | poec)

32 |12 9 i 658 i00 1310 100 i0is 0,324
" " 7 " " " " " 114 0.382

g s " " " " " l‘o’ o_z)b
" " 3 " " " " " 1836 0.277

The Mylar dieke are 10-mile thick and are iocated at i/2-inch centers.
Impuiee vaiuee are obtained by crude curve fitting.

w”’-"‘

o L s B
anoe
BN

Deneity

Materiai
lb/ﬂl .m/cm’
g Styrofoam 4 0.

L Polyurethane S 0.
4 Myiar 8.4 1.

=

64
40

-0

1 Observations

1. Trend of the sequence is from an exponential curve to a triangle,

_* 2. Peik pressures increase monotonicaiy from about 1000 lb/in2
' to 1800 Ib/in,

5 Impulses tend to decrease.
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FIG. 2.5 ROD-GAGE
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Spring-Mass System for Pulses of Figs. 2. 6(a) to (f)

Con}iguration Diag ram

-POLYURETHANE FOAM

STYROFGAM
\ MYLAR
\ / ROD GAGE
OXYACETYLENE
TARGET
e \h— Lim -—.} -
L. L'
o Ly Lo ——o=
3 Table 2.2 — Experimental Data
&
E SCALES
2 ‘P DIMENSIONS (sldes of square grid) Peak
1 {inches) Upper Trace Lower Trace | Pressure | 1 lee 2
‘r s pmz {(Ib-sec/In")
Tai' selL L |L L‘ L Vu Horls, \rort2 Horls. | (1b/in®)
" 8] o) o Im] "t linsin®) | pusec) [(v/1nd) | sec)
| als2|i2]14] 9 1| ess 100 1310 100 1080 0. 346
' ”" ‘l " . (1] " " " " l“o 01 ’.9
r " lo " 1 " " " " " ls’o o. szl
) ‘ ” ’ [1} ‘ " " " L1} n l.’o o. "’
! T‘é‘g ) " 1 o ‘ " " so " so z‘zo o‘ 5"
E ¥ ‘ " ‘ ”" ’ " " " n " ’ l‘o o. s l.
] E The Mylar diske are 10-mils thick ard are located at 1/2-Inch centers.
- Impulse values are obtalned by crude curve fltting.
o
Density
Materisl 3 3
/" | gm/cm
Styrofoam 4 0,064
Polyurethane | S 0. 080
- Mylar 8.4 | 1.4
W -
Observations
Trend of the sequence is from a slowly decaying exponential

curve toward a rectangle followed by a rapidly decaying exponen-
tial curve.

2. Peak pressures increase monotonically from about 1000 lb/in2

to 3200 Ib/in2.

3 Impulses,generally higher than those of Fig. 2.5,tend to increase.
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FIG. 2.6 ROD-GAGE RECORDS
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Conﬁ‘urntion Diap;m

Spring-Mass System for Pulses of Figs. 2. 7(a) to (d)

POLYURETHANE FOAM

by a triangle or exponential curve.

STYROFOAM
MYLAR
’/ROO GAGE
OXYACETYLENE
TARGET
i '\L_ L'- —J)
L' Ly
L| e Ls
Table 2,3 == Experimental Data
# i I.C‘ALI'.S : .
oldes of square grid Pe
. D*:E::::?m 2 Ptu:lu Impulee 2
] Upper Trece Lower Trece | (Wb-sec/in")
s 2
o JL L L IL Vert Horle, Vert Horle. {1b/1a%)
] ol s m L' (lhlla,) Giaec) (hlh’) Goec)
ajfd2ji0j2 0 [ ] 680 100 1340 100 1630 0.49%
‘ L] “" L] z ‘ " (1] " " ',‘o o. 4 “
e " " " 4 4 " L " [ 1] ]z’o 0.504
d | " - [ 2 " L] L o 1230 0.566
. The Mylar dlsks are 10-mils thick and ere loceted ot 1/2-inch centere.
Impuiss velues are obtalned by crude curve fitting.
Denelty
Material
n»m’ .mlcm’
Styrofoam 4 0.064
Pol'y\luthau .3 2 ;H‘no
Myler . .
ol
Observations
1. Trend of the sequence is from a triangle to a rectangle followed

2. Peak pressures decrease monotonically from about 1600 lb/in2

to 1200 1b/in2.

3 Impulses in the same range as those of Fig. 2.6 and tend to
increase.
14
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FIG. 2.7 ROD-GAGE RECORDS
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Spring-Mass System for Pulses of Fige. 2.8(a) to (f)

Configuration Diagram

POLYURETHANE FOAM

STYROFOAM

MYLAR
\ ',noo LYY

OXYACETYLENE '
&S TARGET
< \ﬂ—- L'. —4 e
‘-. L'j
L. LQ

Table 2,4 = Experimental Data

SCALES

4 DIME NSIONS No. of 10-mil Mylar Dishe (sides of equare grid) LU | i

) (imehos) at 1/2-inch Specing _ L _Upper Trace Lower Trece "'""' (b':?::;:nzl

o TR [oe [ tm | & Ordered from ’“"‘“"": Vers. THorin. [ var.. THorle. aind)

lﬂ KId /1" )| Gsvec) | (B/in7){ bseec)

als2liofla e o} 2a22zrn "e] 00 100 1360 100 Y] 0.413
Isl= = |=1s |s|azazznrvnay hief = " " " 908 0.542

el " f»lo1e J2a ] 22azaririannnggue} = " " " 108¢ 0.483

dfln | »]v e te] 332221111 LR " 30 " 0" 0.44%

. U is 4332221111 20] » " " " 760 0.516

t]- " l’ 44383222111 123 " “ " 2 0. 426

1
Denslty
Mate rial
n/n’ .mltm’

Styroloam 4 0.064

Polyurethane L] 9.080

Mylar 7.4 ] 1.4

Observations

| Pulse shapes do not change radically.

2. Peak pressures increase monotonically in subsequence (a), )

(c) from about 950 1b/in to 1050 1b/in® and decrease monotonically
in subsequence {d), (e), (f) from about 850 1b/in2 to 650 1b/in‘.

3. Impulses remain fairly steady and are in the same rangeas those of
Figs. 2.5, 2.6 and 2. 7.
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Conﬂ‘uration Dia‘rnm

STYROFOAM

OXYACETYLENE

POLYURETHANE FOAM

Spring-Mass System for Pulses of Figs. 2.9(a) to (d)

MYLAR

F_

Table 2.5 — Experimental Data

LROD GAGE

TARGET

P {oide o o 14)
Y

. “":::*3" No. of 10-mil Mylar Diske e o....2 0
1 st 1/2-inch Spacing Upper Trace Lower Trace biads il 0l o ;: 2
. % P Ordered from Styrofoam o~ - — - — 7‘"}) (d-sec/in")
[ ort oris, ert oris. (b

o| Yo f Lm i rind)| groec) | anlint) | turec) "
siuulzl2l o ! 262 | 100 480 100 760 0.206
% KN KR B F 1111 Is " " “ " 95 0.220
elnl=lal 2 22111 11 " “ “ " 590 0.24)
ef~f= -1 3 322111 1 10 » B & ” s24 0.229
el=j~1-] > 332211 |8 “ " " “ a3 0.212

i
Denelty
Mseterial
nind

Styrofoam 4
Polyurethane ]
Mylar .4
Observations
1. Trend of the sequence is from a triangle to a rectangle followed

by an exponential curve.

. 2

2. Peak pressures decrease monotonically from about 750 1b/in

to 500 1b/in?,
3. Impulses remain fairly steady and are about one -half of the impulses

in Figs. 2.5 to 2.8 (only about half the length of gas used).

L 3




FIG. 2.9 KROD-GAGE RZCORDS
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FIG. 2.10 EXPERIMENTAL ARRANGEMENT — SHOCK TUBE
OF RECTANGULAR CROSS SECTION

2. Photodiode Experiments

In order to assess the effect on the pulses of the mobility of the
target, pulses from the fixed target configurations associated with
Figs. 2.8(d) and 2.9(e) were applied to ‘ree disks placed against the
end on the shock tube (Fig. 2.11). It is reasonable to suppose that,
at least in the carly stages of the application of the pressure, the .
fixed target pressure will be modified most if the plate is compietely

free to move away. .

A

20




EXRMPRR LIGHT SOURCE

& D3 |
f|\'
LUCITE LADDER
OXYACETYLENE —
4
sTvnormu/
MYLAR DISKS AR WD / I
POLYURETHANE FOAM (COATED BLACK) E
PHOTO ~DIODE
GA-4940- 0!

FIG. 2.11 DIAGRAM OF PHOTODIODE SETUP (during motior)

The technigue consists of obtaining an x,t plot for the disk of
sufficient accuracy to allow the second derivative X, or the accelera-
tion, to be computed accurately. Then, by Newton's law p(t) = mx
it is possible to construct the pressure-time relation. Also, for a pulse
of duration T , it is possible to find the iir.pulse since I(T) = m;t(T) .

A diagram of the experimental setup to provide an accurate x,t
plot for the disk is shown in Fig. 2. 11, A lucite "ladder'" in a light
magnesium frame is attached to the center of the disk by means of a
ball joint (Fig. 2. 12) and, as the disk r.oves, the ladder holder is
guided along teflon-lined tracks (Figs. 2.12, 2.13 and 2, 14). The
strip of lucite has 50 or 100 lines per inch equally spaced onone surface,
the lines being perpendicular to the direction of motion and having a
thickness equal to the space between themn. On one side of the ladder
is located a powerful light source while on the opposite side, perpen-
dicular to the ladder, is a lucite rod. The curved surface of the rod
is coated black to exclude light and on the end next to the ladder is an

array of lines with the same spacing and farallel to those on the ladder.

21




ﬂ. FIG. 2.13 EXPERIMENTAL ARRANGEMENT FOR PHOTODIODE MEASUREMENTS
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FIG. 2.14 EXPERIMENTAL ARRANGEMENT FOR PHOTODIODE MEASUREMENTS

Each line is completely opaque so that when they are exactly opposite
each other the maximum amount of light is transmitted along the

lucite rod; almost complete interference or darkness prevails when
the lines are exactly opposite the spaces. As the ladder moves across
the end of the rod, the intensity of light traveling down the rod varies
and is converted into a voltage variaticn by means of a photodiode
located at the other end. The voltage variation is recorded on oscillo-

scopes.

Figures 2. 15(a) and (b) are oscillograms showing the voltage
variation when a ladder having 50 lines per inch is attached to a
1/2-inch-thick aluminum disk which receives a pulse from the con-
figuration associated with the recond in Fig. 2.9(e). The sweep rate
is 20 pusec per cm and by using appropriate delays in two dual beam
oscilloscopes a total time coverage of 800 usec is achieved. The

distance traveled by the disk during the time interval between crests

23




FIG. 2.15 PHOTODIODE RECORDS EXPERIME ¢TAL CONFIGURATION ASSOCIATED
WITH FIG. 2.9(e) (Lodder has 50 lines/inch)

or troughs is 0. 02 inch. Thus an (x,t) plot for the disk is obtained
and is shown in Fig. 2. 16 as the curve labelled ""experiment."
Additional point3 can be obtained by using the trace between the crests
and troughs. In particular, the upper trace in Fig. 2. 15(a) gives the

initial motion of the disk.

As stated earlier the second derivative of the (x, t) plot gives
the pressure. It was found that the method gave the initial part of
the pressure-time diagram satisfactorily, but around the peak pressure
and at later times it appears that the pressure i3 varying quite rapidly
and this demands greater accuracy. However, the ultimate accuracy

of the method has not been reached.

As an inverse method one can take the pressure pulse acting

on the fixed target (rod-gage record), idealize it, and modify it so that
its (x,t) plot falls on top of the experimental (x, t) curve. In Fig. 2. 16,
curves A and B are (x,t) plots from idealized pulses having the shapes
shown in the figure, impulses and peak pressures equzl to those of the
fixed target pulse, and a ramp pressure rise taking 100 psec to reach
peak pressure. Suc' pulse shapes could form a reasonable starting
point, especially for €arly times where the mobility of the target has

least effect.




P,

FIG. 2.16 (x,1) PLOTS FOR FREE DISK-
CONFIGURATION OF FIG. 2.9(e)

| |
|
|

One point worthy of notice is that the impulse imparted to the
free disk is considerably less than that on a fixed target. This can be
seen in Fig. 2. 16 by comparing the f‘inal slope of the curves A and B
with the final average slope of the experimental curve. From two
Photodiode experiments with the configuration of Fig. 2.8(d) the final
velocities correspo:.ded to impulses of 0.208 and 0.219 lb-tu:c/in2 for
a fixed target impulse of 0,363 Ib -sec/in?'. From three photodiode
experiments with the configuration of Fig. 2, 9(e) the impulses were
0.117 0.119, and 0. 120 lb-sec/inz corresponding to the fixed-target
impulse of 0.209 lb-aec/inz. The average ratios of free-target to
fixed-target impulses are respectively 0.59 and 0. 57 which represents

a considerable reduction of impulse due to full motility of the target.

3. Mathematical Model

Each assemblage of layered media used to sha  pulses has been
rcparded as and is called a spring-mass system, whereas it is actu. 'y
a somewhat more complicated system. However, a mathematical rnodel
was constructed consisting of masses and linear or cubic springs which
gives a reasonable account of the behavior of the layered media, at least
for the few cases studied. The description of and results from the
mathematical model are contained in Section VII. The (x, t) plot of a
freely supported disk used in the photodiode experiment with the con-

figuration of Fig. l.9(e) is shown in Fig. 2. 16.
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4. Structural Experiments

Some experinents were performed in each of which a central
length of a clamped beam was subjected to loading by placing the beam
against the target end of the shock tube of rectangular cross section.
The pulse applied to each beam was taken as that measured against a
fixed target (rod-gage record) for the sam? experimental configuration.
As was mentioned above at thc end of Subsection 1, the pulses obtained
were neither sufficiently reproducible nor uniform. In epite of this a
few beame of 6061-T6 aluminum were loade to demonstrate the
feasibility of the structural experiments. The results, which can only
be regarded as preliminary, indicate that the ratio of the theoretical
to experimental final central deflections range from about 3 to 4 for
A values (ratio of r.~ak pressureto siatic collapse pressure) ranging
from about 3 to 12, the theoretical deflection being that from a rec-
tangular pulse. In conclusion it should be stated that these experiments

1 could almost certainly be improved by using wider beams and hence a
F . wider shock tube. This remark is based on the good reproducibility
' and uniformity of pressure distribution obtained when the shock tube is

cylindrical. Experiments on plates are described at the ends of Sections

V and VI

5. Large Surface Loading

For the loading of larger structural surfaces the shock-tube units,
which can have any reasonable cross section, can be placed side by
side to cover the loading area. A number of unita are e:specially re-
quired when the loadirg surface is curved to ensure that the wave
etrikes the surface at right angles and to ensure that the layers are
not buckled or crumpled by being forced to occupy a smaller area.
Figure 2. 17 shows 2a section through a suggested two-unit assembly of
shock tubes for applying a load to a cylindrical surface. Unlike the single

units the assembly shown would involve a detonation wave striking the

26




styrofoam piston obliquely, tie front traveling .long the top of the
styrofoam at a velocity higher than the detonation velocity, The
pressure pulse for this setup would first be obtained from rod gages

and possibly photodiode experiments before being applied to the

structure,

It should be possible to approximate a loading which varies not
only with time but with position on the loaded surface by using an
assemblage of shock tubes each with its own spring-mass configuration.

A cosine distribution of loading around one-half of a cylinder appcars

quite feasible,

GAS INLET HOSE

DETOMATING
MYLAR COVERS -

FIG. 2.17 SECTION OF A TWO UNIT
ASSEMBLY OF SHOCK TUBES
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